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INTRODUCTION
Innate immunity is considered to be important for the 
elimination of  invading microbes from the gastrointestinal 
tract and for the control of  their systemic dissemination. 
Mammalian toll-like receptors (TLRs) are members of  
the pattern-recognition receptor (PRR) family and play 
a central role in the initiation of  innate cellular immune 
responses and the subsequent adaptive immune responses 
to microbial pathogens[1,2]. The capacity to recognize 
diverse pathogen-associated molecular patterns (PAMPs) 
that are unique to microorganisms and therefore absent 
from host cells makes TLRs well-suited to act as an early 
warning system against invading pathogens. Activation of  
the TLR signal transduction pathway leads to the induction 
of  numerous genes that function in host defense, including 
those for inflammatory cytokines, chemokines, antigen-
presenting molecules, and costimulatory molecules[1,2]. 
Recognit ion of  PAMPs by TLRs differs from the 
recognition of  microorganism-specific antigens by the 
adaptive immune system, in that PAMPs are typically 
highly conserved across several species of  microorganisms, 
such as surface lipoproteins common to several bacterial 
species, or genetic material from an entire family of  
viruses. The ability of  TLRs to recognize a broad spectrum 
of  microbial molecules enables the host to detect the 
presence of  pathogens rapidly, before a more widespread 
infection occurs.

In this review, we have briefly summarized the recent 
progress in the understanding of  the role of  TLRs in 
the host defense against gastrointestinal pathogens and 
in the maintenance of  immune tolerance to commensal 
microflora. For more general information on the biological 
functions of  TLRs and the TLR signaling pathway, the 
readers are referred to a number of  excellent review 
articles in this field[3-7].

TLRs, TLR LIGANDS AND TLR SIGNALING 
PATHWAYS
To date, 11 related TLR genes have been identified and 
characterized (tlr1 to tlr11) (Table 1)[3,4,7-9]. Some TLRs, 
such as TLR3, TLR5 and TLR9, only recognize one 
type of  PAMP, while others, such as TLR2, appear to 
recognize several different microbial molecules. Among 
these, TLR4 is the signal-transducing element of  the 
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Abstract
The human gastrointestinal (GI) tract is colonized 
by non-pathogen ic commensa l mic ro f lo ra and 
frequently exposed to many pathogenic organisms. 
For the maintenance of GI homeostasis, the host must 
discriminate between pathogenic and non-pathogenic 
organisms and init iate effective and appropriate 
immune and inflammatory responses. Mammalian toll-
like receptors (TLRs) are members of the pattern-
recognition receptor (PRR) family that plays a central 
role in the initiation of innate cellular immune responses 
and the subsequent adaptive immune responses to 
microbial pathogens. Recent studies have shown that 
gastrointestinal epithelial cells express almost all TLR 
subtypes characterized to date and that the expression 
and activation of TLRs in the GI tract are tightly and 
coordinately regulated. This review summarizes the 
current understanding of the crucial dual roles of TLRs 
in the development of host innate and adaptive immune 
responses to GI infections and the maintenance of the 
immune tolerance to commensal bacteria through down-
regulation of surface expression of TLRs in intestinal 
epithelial cells.
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lipopolysaccharide (LPS) receptor complex, and is also 
involved in the signaling response to other exogenous 
stimuli [e.g., bacterial HSP60 and fimbriae, Streptococcus 
pneumoniae pneumolysin, lipoteichoic acid (LTA) from 
gram-positive bacteria, and respiratory syncytial virus coat 
protein][10,11]. TLR2 binds to bacterial lipoproteins, LTA 
and peptidoglycan[11-13], although some recent studies have 
argued that peptidoglycan recognition does not occur 
through TLR2[14], or that TLR2 alone is not sufficient 
to detect peptidoglycan[15]. Flagellin, a bacterial protein 
involved in motility, binds TLR5[16]. CpG, a repetitive 
sequence of  unmethylated nucleic acids found in high 
quantities in bacterial DNA, is recognized by TLR9[17]. 
Also, although the specific ligand is not yet known, murine 
TLR11 is involved in protection from uropathogenic 
bacterial infection in mice[18]. Certain bacterial virulence 
factors, such as fimbriae or enterotoxins, have been 
shown to activate TLR2 and/or TLR4[19-23]. Some viruses 
are also recognized by TLRs. Double-stranded RNA 
(dsRNA), which is found in many types of  virus, elicits 
immune responses through TLR3[24] and probably another 
PRR[25, 26]. Human TLR7 and/or TLR8 are known to 
bind single-stranded RNA (ssRNA) from viruses, such 
as human immunodeficiency virus (HIV)-1, influenza 
and human parechovirus-1[27-29]. TLR specificity is not 
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limited to bacterial or viral PAMPs. TLR2 and/or TLR4 
have been implicated in the detection of  Candida albicans 
and Entamoeba histolytica[30-34]. In addition, some TLRs also 
bind endogenous molecules, such as HSP60, fibronectin, 
surfactant protein A, and β-defensin-2[4, 9].

TLRs vary from one another by their ligand specificity, 
determined by the extracellular portion of  the receptor. 
The cytoplasmic tails of  TLRs appear to be associated 
with the tails of  other TLRs in a process known as 
TLR cooperation[35]. This can occur between receptors 
of  similar or different specificity. For example, TLR2 
requires association with TLR6 in order to propagate the 
correct intracellular signal after binding peptidoglycan or 
zymosan (a yeast cell-wall particle)[35]. In the cytoplasmic 
domain of  TLRs, the element common to all TLRs is the 
Toll-interleukin-1-related (TIR) domain. After homo- or 
heterodimerization of  TLRs, the intracellular TIR domains 
self-associate, and bind TIR domains of  intracellular 
adaptor molecules. All TLRs except TLR3 associate with 
the TIR-containing myeloid differentiation factor (MyD) 
88[36], which upon activation mediates a signaling cascade 
leading to activation of  the NF-κB transcription factor[6]. 
The end result of  TLR signaling is an upregulation of  
pro-inflammatory cytokines and chemokines, such as 
TNF-α and IL-8, and the induction of  a localized immune 
response. 

TLR4 was the first PRR to be properly identified as 
having a specific ligand[10], and the mechanism of  TLR/
LPS interaction is thus the best studied. LPS is transferred 
to cell-surface CD14 by LPS-binding protein (LBP)[37,38]. 
CD14 does not signal LPS presence directly to the cell 
because it lacks a cytoplasmic domain. Instead, the 
proximity of  CD14 to TLR4 allows CD14 to “present” 
LPS to TLR4[10,39,40], which itself  is bound to MD-2 on 
the cell surface. A physical association on the cell surface 
between MD-2 and TLR4 is essential for TLR4 function[41], 
and MD-2 is in fact essential for TLR4 to be trafficked to 
the cell surface in the first place[42].

TLR ACTIVITY IN THE GASTROINTESTINAL 
(GI) TRACT
Emerging evidence has shown that TLR expression and 
activation is specially regulated in the GI tract. This is 
probably due to the continuous presence of  physiological 
microflora in the gut. It is essential that TLRs do not 
react to PAMPs expressed by commensal microflora, 
yet retain the ability to detect and mount effective 
immune responses against invading pathogens. This is 
mainly accomplished by the down-regulation of  surface 
expression of  TLRs, such as TLR2, TLR4 and MD-2, 
in the gut epithelium[5,43-47]. Although intestinal epithelial 
cells (IEC) can and sometimes do express TLR2 and/
or TLR4[46,48-50], these TLRs usually relocate to either 
intracellular compartments such as the Golgi apparatus, 
or to the basolateral membrane of  the cell as a result 
of  the continuous stimulation by varying components 
of  the commensal bacteria[50-53]. Indeed, in vitro studies 
of  an IEC line have shown that LPS or peptidoglycan 
stimulation relocates the constitutive surface expression 

Table 1 Toll-like receptors and known microbial ligands[4,7,18]

TLR family Microbial ligands

Lipid ligands

TLR1 Tri-acyl lipopeptides (bacteria, mycobacteria)
TLR2 Lipoprotein/lipopeptides (a variety of pathogens)

Peptidoglycan (Gram-positive bacteria)
Lipoteichoic acid (Gram-positive bacteria)
Lipoarabinomannan (mycobacteria)
A phenol-soluble modulin (Staphylococcus epidermidis)
Glycoinositolphospholipids (Trypanosoma Cruzi)
Glycolipids (Treponema maltophilum)
Porins (Neisseria)
Zymosan (fungi)
Atypical LPS (Leptospira interrogans and 
Porphyromonas gingivalis)
Hemagglutinin (measles)

TLR4 LPS (Gram-negative bacteria)
Fusion protein (respiratory syncytial virus)
Envelope proteins (mouse mammary tumor virus)
HSP60 (Chlamydia pneumoniae)

TLR6 Di-acyl lipopeptides (mycoplasma)

Nucleic acid 
ligand

TLR3 Double-stranded RNA (virus)
TLR7 or 8 U-rich ssRNA

TLR9 CpG DNA (bacteria)

Protein ligand

TLR5 Flagellin (bacteria)

Uropathogenic 
bacteria

TLR11 Uropathogenic bacteria

Ligand unknown

TLR10 ?
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of  TLR2 and TLR4 into intracellular compartments near 
the basolateral membrane[51]. Others have shown that 
both primary and immortalized IEC responded to TLR 
ligand stimulation, and that prolonged exposure to these 
ligands reduced surface expression of  TLRs without 
reducing mRNA levels[49]. It is important to note that 
intracellular TLR4 retains its full signaling capability, and 
detects both internalized LPS and intracellular bacteria[52,53]. 
This mechanism allows the host to detect the pathogenic 
organisms that have penetrated the intestinal epithelium 
without overreaction to commensal bacteria on the surface 
of  intestinal epithelium.

There have been some debates over the precise cellular 
localization of  TLR5, the receptor for flagellin, in IEC[54-57]. 
One group has shown that TLR5 was only expressed on 
the basolateral membrane[55], whereas another group using 
a different cell line showed both basolateral and apical 
TLR5 expression following the stimulation with Escherichia 
coli flagellin[54]. Apical TLR5 expression has also been 
demonstrated ex vivo in the murine ileum[54]. In addition, 
Salmonella typhimurium flagellin can translocate across 
epithelial cells to the basolateral membrane, a process 
that is essential for S. typhimurium flagellin to induce 
inflammatory responses[55,58,59]. These data strongly suggest 
the possibility that under normal circumstances TLR5 is 
only expressed at the basolateral membrane in IEC. The 
basolateral expression of  TLR5 may be important for 
the maintenance of  GI homeostasis since flagellin from 
commensal bacteria generally does not translocate to the 
basolateral membrane and thereby does not induce an 
inflammatory response[58].

The intestinal epithelium also uses specific tissue 
distribution and compartmentalization of  TLR-expressing 
cells to avoid unnecessary TLR activation and at the 
same time allow the development of  rapid and efficient 
host defense against invasion by pathogenic organisms. 
In this regard, intestinal myofibroblasts are capable of  
upregulating TLR2, TLR3, TLR4, TLR6 and TLR7 
expression after LPS or LTA stimulation, thereby allowing 
a functional TLR response to invasive pathogens in the 
subepithelial compartment[60]. It has also been shown that 
crypt epithelial cells express TLR2 and TLR4, whereas 
mature IEC express TLR3 only[44]. Since crypt epithelial 
cells do not come into direct contact with commensal 
bacteria, their expression of  TLR2 and TLR4 should 
not be detrimental to the host. TLR3 expression in the 
intestinal lumen is also non-detrimental because the TLR3 
ligand, viral dsRNA, is not a natural presence in the gut 
microflora.

Another strategy in the regulation of  TLR activities 
in the GI mucosa is through high expression of  TLR-
antagonists to suppress the activation of  these TLRs 
still present at the cell surface. For example, TLR9 is 
constitutively expressed in IEC, but remains completely 
unresponsive to CpG[61]. In this regard, various proteins, 
termed TLR-attenuating factors, are known to attenuate 
TLR signaling, and this was extensively reviewed by Liew 
et al[6]. Some of  these TLR-attenuating factors have been 
shown to be highly expressed in TLR-hyporesponsive 
IEC, or to be lacking in cases of  intestinal inflammation. 
Toll-interacting protein (TOLLIP) inhibits TLR signaling 

by interfering with IL-1 receptor-associated kinase 
(IRAK), an important component of  the TLR signaling 
cascade[62]. TOLLIP was found to be upregulated in TLR-
hyporesponsive primary and immortalized IEC after 
prolonged exposure to TLR ligands[45,49], and TOLLIP 
mRNA was highly expressed in healthy colonic mucosa[49]. 
Peroxisome proliferator-activated receptor γ (PPARγ) limits 
TLR activity by inhibiting NF-κB activation[63,64]. PPARγ 
was more highly expressed in the colon compared to the 
small intestine[65], and has been shown to have a crucial 
role in the induction of  tolerance to commensal bacteria[66]. 
Stimulation of  IEC by TLR ligands or by intestinal 
microflora extracts increased PPARγ expression[67]. Thus, 
TOLLIP and PPARγ appear to down-regulate TLR activity 
in direct response to the continual exposure of  IEC to 
commensal bacteria.

It has recently been identified that TIR8/single Ig IL-
1-related receptor (SIGIRR) can negatively regulate TLR 
activity, possibly by interfering with TLR4 and IRAK 
signaling[68,69]. Studies in TIR8-/- mice showed that these 
mice developed more severe intestinal inflammation than 
wild-type control mice after LPS treatment[70], implicating 
the role of  TIR8 in the suppression of  the intestinal 
inflammatory response. In addition, it has been shown 
in a mouse model of  colitis that vasoactive intestinal 
peptide (VIP) treatment can restore the overexpressed 
TLR2 and TLR4 to baseline levels[71]. The mechanism 
of  action was unknown, but might involve either VIP-
mediated suppression of  NF-κB activation (leading to a 
cessation of  further TLR expression) or suppression of  
cytokines known to contribute to TLR upregulation in 
IEC[71]. This appears to be a novel mechanism by which a 
natural intestinal peptide suppresses TLR activity. Finally, 
macrophages isolated from the intestinal lamina propria of  
IL-10-/- mice, which develop inflammatory bowel disease 
(IBD)-like colitis, were shown to express reduced levels 
of  IκBNS, an inhibitor of  NFκB activation[72]. IκBNS 
is responsible for suppression of  LPS-induced cytokine 
production by lamina propria macrophages[72]. The lamina 
propria macrophages are normally hyporesponsive to TLR 
stimulation except in cases of  intestinal inflammation[73], 
but these from IL-10-/- mice were responsive.

There are some known cases where commensal 
bacteria actually enhance anti-inflammatory activity in the 
intestinal epithelium. One example is the aforementioned 
upregulation of  TOLLIP and PPARγ by commensal 
bacteria[45,49,66]. Others have shown that non-pathogenic 
S pullorum could block the activation of  NF-κB by S 
typhimurium[74]. Furthermore, Backhed et al[75] showed that 
hypo-acylated LPS was less stimulatory towards TLR4 
compared to normally acylated LPS, and that it actually 
inhibited the pro-inflammatory effects of  wild-type LPS. 
Several species of  commensal bacteria produce hypo-
acylated LPS, which may contribute to the down-regulation 
of  TLR4 activities[75].

TLRs AND INFLAMMATORY BOWEL 
DISEASE
IBD, comprising Crohn’s disease (CD) and ulcerative 
colitis (UC), is a chronic, relapsing GI disorder of  
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unknown e t io log y. The deve lopment of  IBD i s 
hypothesized to be the result of  dysregulated immune 
responses to one or more intestinal luminal antigens 
(loss of  tolerance) in genetically predisposed individuals. 
While the pathophysiological features of  IBD are 
uncontrolled, excessive inflammation in the GI mucosa 
and the upregulation of  a host of  pro-inflammatory and 
T cell cytokines[76,77], the root of  the problem may lie in 
the defective immune tolerance to commensal bacteria 
and other intestinal luminal antigens. Experimental and 
clinical studies suggest that the over-expression of  certain 
TLRs and down-regulation of  TLR antagonists in IEC 
can be one of  the underlying mechanisms leading to an 
improper reaction to commensal bacteria by the host. In 
this regard, TLR4 expression was reported to be elevated 
in colonic tissue of  UC and CD patients[47], and TLR4 
polymorphisms at Asp299Gly and Thr399Ile have been 
linked to the development of  both CD and UC[78,79]. It 
was also shown that TLR2 activity was increased in a 
mouse model of  colitis[80]. The presence of  high titers of  
flagellin-specific antibodies in the serum of  CD patients 
raises the possibility that flagellin from commensal bacteria 
might trigger an improper immune response in the GI 
mucosa through TLR5[81,82] and that TLR5 may also play 
an important role in the pathogenesis of  IBD. In addition, 
as discussed above, intestinal myofibroblasts express TLR2 
and TLR4 and respond to LPS and LTA stimulation, and 
have been implicated in the development of  CD-associated 
fibrosis[60]. Moreover, PPARγ was found to be decreased 
in intestinal epithelial tissue of  UC patients[67]. Thus, TLR 
mutations and dysregulation are likely major contributing 
factors in the predisposition and perpetuation of  IBD.

More recently, it has been shown that TLRs may 
contribute to the pathogenesis of  IBD in conjunction 
with another family of  PRRs termed nucleotide-binding 
oligomerization domain proteins (Nod). Specific genetic 
variations in Nod2 have been strongly linked to the 
development of  CD[83,84] and to excessive NF-κB activity[85]. 
Interestingly, the Nod2 variations may also have a direct 
effect on TLR-mediated control of  intestinal inflammation. 
In IEC from Nod2-variant patients, TLR2 stimulation led 
to excessive production of  both pro-inflammatory and Th1 
cytokines[15,86,87]. These cytokines are heavily involved in 
the pathogenesis of  IBD[77]. It appears that the association 
between Nod2 and TLRs seen in normal intestinal tissue[88] 
is important for intestinal homeostasis. Alteration of  
this association by genetic variation in Nod2 leads to the 
development of  chronic intestinal inflammation. Further 
exploration into how Nod2 mutations affect TLR function 
will undoubtedly shed light on novel interactions between 
Nod1/2 and TLRs in the GI mucosa.
  
TLRs AND HEL ICOBACTER PYLORI 
INFECTION 
Helicobacter pylori (H pylori) is a Gram-negative bacterium 
that colonizes the gastric mucosa and causes chronic 
gastritis and gastric ulcers. The bacterium adheres strongly 
to the surface of  gastric epithelial cells (GEC) without 
actually invading them[89,90]. As is the case with IBD, the 
host inflammatory response to H pylori infection directly 

contributes to disease pathogenesis[91]. Although the 
host mounts a strong specific immune response to the 
pathogen, this response is for the most part ineffective[92]. 
H pylori infection is relatively common worldwide, yet 
less than one quarter of  infected individuals progress to 
disease[93]. Whether or not an individual proceeds to a 
disease state might be influenced by any combination of  
host, bacterial and environmental factors.

Because of  the clinical significance of  H pylori infec-
tion, the interaction between TLR and H pylori is probably 
the most extensively studied. Since the first step in H pylori 
infection is the adherence to GEC by the bacterium, it is 
logical to postulate that TLRs would play a role in H py-
lori detection, as well as the subsequent mounting of  the 
deleterious cellular and inflammatory immune response. 
Despite extensive studies on this subject, as yet there is 
no clear consensus as to which TLR(s) is involved in the 
detection of  H pylori by GEC. Several groups have shown 
the apical and basolateral expression of  TLR4 in H pylori-
infected GEC[94,95]. TLR5 and TLR9 were also expressed 
both apically and basolaterally in the GEC of  healthy indi-
viduals, but the apical expression of  these TLRs was lost 
in H pylori-induced gastritis[95]. GEC expression of  TLR2, 
another important receptor for bacterial PAMPs, has yet to 
be fully characterized.

Several studies have suggested that TLR4 may play an 
important role in the recognition of  H pylori infection by 
gastric mucosa[94,96] as TLR4 and MD-2 expression, as well 
as responsiveness to H pylori LPS stimulation, in gastric 
biopsy samples of  patients with H pylori infection were up-
regulated[94]. However, others have reported that the detec-
tion of  H pylori by primary GEC is TLR4-independent[97]. 
Interestingly, Smith et al[98] found that the gastric epithelium 
recognizes H pylori LPS through TLR2 rather than TLR4, 
suggesting the possible disassociation between the up-
regulation of  TLR4 and the pro-inflammatory potential of  
H pylori LPS. Similarly, Mandell et al[99] showed that whole 
H pylori elicited an immune response through TLR2, not 
TLR4, in mice. These findings are not entirely surprising 
since it has been long recognized that H pylori LPS does 
not share all the characteristics of  other Gram-negative GI 
bacteria.

Although H pylori flagellin was initially shown to be able 
to interact with TLR5[100], more recent studies have found 
that TLR5 was unresponsive to H pylori flagellin, suggest-
ing the low immunogenicity of  this molecule[101-103]. An-
derson-Nissen et al[101] have recently mapped low TLR5 re-
sponsiveness to a specific area of  the amino acid sequence 
in the H pylori flagellin. Introduction of  this sequence into 
Salmonella flagellin renders the new construct devoid of  all 
TLR5-activating activity[101]. Thus, it is possible that H pylori 
uses TLR5 evasion to avoid immune detection. The ability 
of  H pylori to induce chronic and persistent gastric inflam-
mation suggests that PAMP(s) other than flagellin may be 
involved in the pathogenesis of  the infection. Indeed, Tak-
enaka et al[104] have shown that H pylori heat shock protein 
(HSP) 60 is able to activate TLR2 and TLR4 and increase 
NF-κB activity and IL-8 production in GEC. 

Evidently, there is still much to be discovered regarding 
the interactions of  H pylori with TLRs in the gastric 
epithelium. While it is likely that host factors in the 
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immune response might play a role in disease pathogenesis, 
there does not appear to be any evidence in the literature 
demonstrating an association between genetic variation 
in TLRs and H pylori disease progression, as is the case in 
IBD.
 
TLRs AND INFECTIONS WITH INTESTINAL 
BACTERIA
Despite a relatively large amount of  information available 
concerning the roles of  TLRs in the GI tract, there is 
surprisingly little data showing the actual in vivo role for 
TLRs in combating enteric pathogens. The obvious 
assumption is that invasive pathogens expressing known 
bioactive PAMPs will trigger a TLR-mediated immune 
response upon invasion of  the IEC barrier. However, 
in vivo models of  this scenario are scarce. Of  the most 
common enteric pathogens, the interplay between TLRs 
and S typhimurium has been most extensively studied.

Invasion of  IEC by S typhimurium leads to bacterial 
replication in intracellular vacuoles, localized inflammation, 
and lysis of  infected cells. Several TLRs (TLR2, TLR4 
and TLR5) appear to play a crucial role in the host 
defense against S typhimurium infection. Allelic variation 
in chicken TLR4 has been linked to the susceptibility 
to S typhimurium[105]. Studies of  systemic S typhimurium 
infection in TLR4-deficient mice have also shown an 
important role for TLR4 in controlling the infection, 
TNF-α and chemokine production, and cellular immune 
responses[106-108]. Moreover, results from several recent 
studies have implicated TLR4 in the immediate detection 
of  S typhimurium and early macrophage responses, and 
TLR2 as a key player in late responses after cellular 
invasion and intracellular replication have occurred[109,110].

S typhimurium flagellin induces a strong, TLR5-mediated 
inflammatory response in IEC[55,59]. Interestingly, this 
phenomenon does not require cellular invasion; adherence 
to IEC is sufficient[55,58,111]. The fact that IECs do not 
express TLR5 on the apical membrane[55,58] implies that S 
typhimurium actually has to translocate flagellin molecules 
through IEC to the basolateral membrane where TLR5 is 
expressed[55,58,59]. This process is dependent on the presence 
of  S typhimurium pathogenicity island 2 (SPI2)[59,112], and 
probably also S typhimurium guanine nucleotide exchange 
factor, SopE2[113]. Therefore, it appears that the interplay 
between TLR5 and S typhimurium flagellin is a major 
determinant in the host response to IEC infection and 
the clinical outcome of  the infection. Indeed, Sebastiani 
et al[114] linked the murine TLR5 gene to an S typhimurium 
susceptibility locus, and showed that susceptible mice 
expressed decreased levels of  TLR5. Also, Zeng et al[115] 
found that S typhimurium strains lacking flagellin expression 
induced minimal inflammatory responses, suggesting that 
flagellin is the primary cause of  inflammation in enteric S 
typhimurium infection.

The impor tant ro le of  TLRs in the immuno-
pathogenesis of  Salmonella infection is further verified 
in infection with S typhi, the etiological agent of  typhoid 
fever. Unlike S typhimurium, S typhi infection fails to 
induce IL-8 production or neutrophil recruitment to the 
intestinal epithelium that is characteristic of  S typhimurium 

infection, thereby allowing the systematical dissemination 
of  the infection. It has been suggested that the ability 
of  the S typhi capsular antigen (Vi, a virulence factor not 
expressed in S typhimurium) to inhibit the TLR4 and TLR5 
response to the infection may partially contribute to its 
pathogenesis[116]. 

The role of  TLRs in the pathogenesis of  and immunity 
to other enteric bacterial infections remains largely 
unexplored. Recognition of  LPS by TLR4 is unlikely to be 
a major contributing factor in diarrheagenic E coli infection 
because lipid A, the structure within LPS which activates 
TLR4, is highly conserved, and is therefore common to 
both pathogenic strains and non-pathogenic commensal 
strains of  E coli. Although the O antigen of  E coli LPS 
is more variant between strains, this antigen does not 
activate TLR4[75]. In addition, commensal bacteria-derived 
LPS is known to induce the intracellular relocalization 
of  TLR4 in IEC[51]. It is, therefore, reasonable to assume 
that IECs do not react to LPS from E coli adhered to the 
outer apical membrane of  the cell. However, other E 
coli PAMPs may play a role in the up-regulation of  TLR 
activities in IEC. In this regard, it has been shown that 
flagellin from several strains of  pathogenic E coli can 
induce NF-κB activation and IL-8 production through 
TLR5[117-119]. In addition, it has recently been shown that 
aggregative adherence fimbriae (AAF), an EAEC virulence 
factor, is involved in cell adhesion and contribute to 
inflammation and IL-8 production in IEC[120], although 
it is unclear whether this effect is TLR-mediated. Since 
both Porphymonas gingivalis fimbriae and E coli P fimbriae, a 
virulence factor in uropathogenic E coli, can activate TLR2 
and/or TLR4[20,22,121,122], it is possible that the inflammatory 
response induced by EAEC AAF is mediated through 
TLR recognition as well. Furthermore, it has been shown 
that the E coli type II heat-labile (LT-II) enterotoxin, 
expressed by ETEC, activates TLR2 via its B subunit[21]. 

Campylobacter jejuni infection is one of  the most 
common causes of  food-born gastroenter i t i s. C 
jejuni infection leads to adhesion to IEC, followed by 
cellular damage due to invasion, toxins and excessive 
inflammation[123,124]. Infection of  IEC by C jejuni leads 
to an enhanced IL-8 production, which is dependent on 
bacterial adhesion to IEC[125]. However, it is not known 
whether this inflammatory response is TLR-mediated and, 
if  so, which TLR(s) and ligand(s) are involved. Studies of  
TLR4 and CD14 polymorphisms commonly associated 
with susceptibility to other infections showed no link to 
C jejuni infection or disease progression, suggesting that 
TLR4 does not play a role in the immune response to this 
pathogen. Moreover, C jejuni flagellin failed to stimulate 
TLR5[101,125], as it possesses the same site-specific mutations 
as H pylori that allow it to avoid TLR5 recognition[101]. One 
possible candidate for the induction of  the inflammatory 
responses seen in the above study could be C jejuni 
fimbriae, as is the case with the fimbriae of  other bacterial 
species[20,22,121,122]. However, it remains controversial 
whether C jejuni expresses any sort of  fimbriae[126,127]. 

Shigella flexneri , the causative agent of  dysentery, is 
able to survive in a highly acidic environment such as the 
stomach. As a result, a relatively low dose of  S flexneri can 
initiate an intestinal infection[128]. S flexneri lipoproteins 
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can activate TLR2 in non-intestinal epithelial cell lines[129], 
but TLR2 reactivity to S flexneri lipoproteins in IEC 
remains to be demonstrated. The ability of  S flexneri to 
invade IEC plays an important role in the induction of  
inflammation[130]. Cellular invasion by S flexneri induces 
NF-κB activation and IL-8 production in both IEC and 
non-intestinal epithelial cells[130-133]. However, this response 
appears to be independent of  TLR and MyD88, and is 
mediated by Nod1[132]. Some clinical isolates of  S flexneri 
have been shown to express a type I fimbriae[134], which 
could potentially be detected by TLRs similar to fimbriae 
of  other enteric bacteria[20,22,121,122].

TLRs AND INTESTINAL VIRAL INFECTIONS
Viral infection in the GI tract can lead to invasion and 
destruction of  IEC and gastrointestinal inflammation. In 
most cases, an individual becomes immune to reinfection, 
suggesting that an effective adaptive immune response 
occurs in viral gastroenteritis[135]. Although it has been 
proposed that TLR3, TLR7 and TLR8 are likely to play a 
major role in sensing the viral infection in the GI tract and 
initiating an effective mucosal immune response, there is 
little published evidence to support this notion. The four 
most common viruses associated with viral gastroenteritis 
are rotavirus, calicivirus, astrovirus and adenovirus 
(serotype 40, 41). Of  these, only rotavirus infection of  
IEC has been examined for TLR involvement. It appears 
that extracellular TLR3 was not involved in the response 
to rotavirus dsRNA since dendritic cells pretreated with 
TLR3-blocking antibodies, thereby blocking the surface 
TLR3, remained responsive to rotavirus dsRNA[136]. 
Because viruses are intracellular pathogens, the viral 
genetic material is more likely to be exposed after invasion 
of  the cell. Indeed, intracellular expression of  TLR3 has 
been demonstrated in several cell types[136-138]. However, 
studies on TLR3-deficient mice showed that responses 
to infection by reovirus, a dsRNA virus which is known 
to infect the gastrointestinal epithelium, were TLR3-
independent[26]. Therefore, it seems that despite its 
constitutive expression in IEC[44], TLR3 may not play an 
important role in the host defense against GI infection by 
dsRNA viruses.

The role of  TLR7 and TLR8 in the GI infection with 
ssRNA viruses, such as calicivirus, has not been directly 
investigated, despite the importance of  these TLRs in 
the recognition of  ssRNA viruses. It is worth noting 
that of  the four major types of  viral gastroenteritis, 
calicivirus infection tends to occur equally in adults and 
children, whereas infections with rotavirus, astrovirus 
and adenovirus are mostly seen in children. Glass  
et al[135] suggested that this could be caused by short-lived 
immunity to calicivirus or because of  antigenic variation, 
rendering the adaptive immune response less effective in 
the face of  future infection. If  the former is the case, it 
would be interesting to know if  the short-lived immune 
response could be attributed to a unique property of  TLR7 
and/or TLR8-mediated detection of  calicivirus in IEC, 
compared to detection of  the other three dsRNA viruses. 

TLRs IN PARASITIC GASTROINTESTINAL 
INFECTION 
Despite the high incidence and economic significance 
of  parasitic GI infections, particularly in the developing 
countries, there is very limited information in literature 
on the role of  TLRs in the parasitic GI infection, with 
the exception of  E histolytica infection. E histolytica can be 
ingested with contaminated food or water, and colonize the 
colon. The infection can sometimes remain asymptomatic, 
but can also cause diarrhea, vomiting and ulcers. Studies 
performed prior to the discovery of  TLRs showed that E 
histolytica infection induced neutrophil influx into the site 
of  infection[139,140] in mice and IL-8 production in IEC lines 
as well as in human IEC xenografted into immunodeficient 
mice[141,142]. In the IEC cell line, the IL-8 response was 
contact-independent, and presumably mediated by E 
histolytica soluble factors[142]. It has recently been shown that 
E histolytica lipopeptidophosphoglycan (LPPG) induces 
TLR2- and TLR4-dependent IL-8 production in human 
kidney cell lines and monocytes[33,34]. These studies also 
suggest that LPPG might be a novel PAMP, and the factor 
responsible for induction of  IL-8 and the neutrophil 
response seen in previous studies of  E histolytica infection.

CONCLUSION AND PROSPECTIVE
Emerging experimental and clinical evidence have shown 
that TLR expression and activation are specially regulated 
in the GI tract, probably due to its unique environment 
(the presence of  commensal microflora and the exposure 
to invading pathogens). This is mainly accomplished by: 
(1) the down-regulation of  surface expression of  TLRs 
by the gut epithelium; (2) the specific tissue distribution 
and compartmentalization of  TLR-expressing cells in 
the gut; and (3) the high expression of  TLR-antagonists/
attenuating factors that suppress the activation of  these 
TLRs still present at the cell surface. These mechanisms 
render the GI mucosa able to avoid unnecessary TLR 
activation to commensal microflora yet retain the ability to 
detect and mount rapid and efficient immunity against the 
invasion of  pathogens. 

TLRs are expressed by both epithelial and non-
epithelial cells throughout the entire GI tract. The unique 
patterns of  cellular localization and tissue distribution of  
TLRs in GI tract allow the host to differentiate between 
commensal non-pathogenic and pathogenic microbes. 
Recent studies strongly suggest that dysfunction or 
dysregulation of  TLR expression and activation in IEC 
is one of  the underlying mechanisms leading to the 
development of  IBD. Although there is little doubt now 
that TLRs play important roles in both the predisposition 
and perturbation of  IBD, caution must be exercised in 
the interpretation of  the clinical and experimental data on 
TLR studies because it remains to be determined whether 
the TLR dysregulation seen in patients with IBD is the 
pathological consequence or the underlying cause of  the 
chronic inflammation. In addition, conflicting results have 
been reported in regard to the TLR4 activity[80], and the 
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expression of  some TLRs by IEC was found unchanged 
(TLR9) in patients with IBD[47,61]. This is hardly surprising 
and probably reflects the complexity of  the nature of  
the disease, the diversified patient populations, and the 
different research approaches employed.

Despite the demonstrated roles of  TLRs in host 
defense against many microbial infections, there is 
surprisingly little data on the actual in vivo role for TLRs in 
combating GI pathogens, particularly in viral and parasitic 
infections. For bacterial pathogens, although the interaction 
between H pylori and GEC has been extensively studied, 
there is no clear consensus as to which TLR(s) is involved 
in the recognition of  H pylori by the host, or the role of  
TLRs in the pathogenesis of  H pylori-induced gastritis 
and gastric ulcer. S typhimurium is another well-studied GI 
pathogen although many studies regarding the interaction 
between TLR and this pathogen were conducted in animal 
models where the infection was initiated by systemic 
injection rather than the natural GI route. In this regard, 
studies on systemic and respiratory infections have shown 
that the requirement of  different subtypes of  TLRs in 
host defense against microbes appears to be dependent on 
the type of  pathogen, the route of  infection, and the initial 
dose of  infection[143-145]. 

Many virulent strains of  pathogens have evolved 
multiple mechanisms to evade recognition by TLRs. In this 
regard, a new family of  PRRs, the NACHT-LRRs (NLRs), 
which include both nucleotide-binding oligomerization 
domains (NODs) and NALPs [NACHT-, LRR- and pyrin 
domain (PYD)-containing proteins], has been recently 
identified and implicated in the recognition of  bacterial 
components in the cytosol[146]. It has been suggested that 
the Nod family of  proteins is a major contributor to innate 
immunity in IEC when TLR activity is attenuated[147-149]. 
The intracellular location of  NODs allows the detection 
of  invasive pathogens in a similar fashion to intracellular 
or basolateral TLR expression (Figure 1). In addition, 

Nod1/2 can activate NF-κB through a different signaling 
pathway from TLRs[150-152], thus rendering them functional 
even in the presence of  TLR-attenuating factors such as 
TOLLIP and TIR8/SIGGIR that are highly expressed in 
IEC. Furthermore, Nod1/2 can positively influence TLR 
activity[15,88,153], and may contribute to the pathogenesis 
of  IBD in conjunction with TLRs. The discovery of  the 
NLR family definitely adds further complexities to the 
host immune regulation but is also likely to shed new 
insights into the pathogenesis of  GI disorders and provide 
additional opportunities for the development of  novel 
immunotherapeutic strategies.

TLRs were discovered relatively recently, and their 
involvement in health and diseases of  the GI tract remains 
a new and exciting field of  study. Future work in this 
field will lead to a better understanding of  the unique 
mechanisms involved in the fine balance between tolerance 
and immune response. An array of  new treatment options 
for IBD, H pylori infection, and other GI disorders could 
involve tissue-specific suppression of  TLR signaling 
pathways by either chemical means, introduction of  natural 
TLR suppressors and antagonists such as PPARγ, or use of  
gene therapy to correct TLR gene defects. In this regard, 
further exploration of  the recently characterized negative 
regulatory mechanisms, that have evolved to attenuate TLR 
signaling by the host, may be fruitful for the development 
of  new generation of  more effective immunotherapeutic 
agents for the treatment of  GI disorders.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is the most 
common cause for elevated l iver enzymes in the 
developed nations. Beyond prevention programs which 
are of particular interest because of the increasing 
number of overweight children, treatment should be 
focussed on the most important risk factors, obesity and 
insulin resistance. As a consequence of elucidating the 
pathomechanisms of NAFLD, the number of potential 
therapeutic options increased. However, many studies 
investigating the therapeutic effect show shortcomings 
in at least one of the following points: lack of a serial 
liver biopsy, short term of treatment and limited number 
of included patients. The second generation insulin 
sensitizer pioglitazone and rosiglitazone show the most 
promising improvements in NAFLD, but weight gain and 
potential hepatotoxicity calls for attention. In conclusion, 
a general recommendation for the application of specific 
drugs cannot be given. Besides controlled clinical trials, 
weight reduction and physical activity to improve insulin 
sensitivity in obese patients should be the priority 
objective.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Insulin resistance and obesity represent the most 
important risk factors for development of  NAFLD[1]. 
Fatty liver has a benign prognosis, whereas up to 20% of  
patients with NASH develop cirrhosis[2, 3]. Risk factors 
for development of  fibrosis are age, BMI>30, glutamic-
oxaloacetic transaminase (AST)/glutamic-pyruvic 

transaminase (ALT)>1, and diabetes[4]. In addition, the risk 
for development of  hepatocellular carcinoma (HCC) is 
comparable to that of  patients with hepatitis C infection[5]. 
The pathophysiology of  NAFLD is described as a “two 
hit model”. The first hit is supposed to be the increase of  
free fatty acids in hepatocytes which results in a decrease 
of  β-oxidation. Downregulation of  β-oxidation further 
aggravates accumulation of  fatty acids. The second step 
includes all mechanisms contributing to the development 
of  inflammation and fibrosis[6]. In detail, increase of  fatty 
acids enhances the expression of  cytochrome peroxidase 
2E1 (CYP2E1). CYP2E1 stimulates generation of  
oxidative species and thereby enhances lipid peroxidation 
of  the hepatocyte membrane[7, 8]. Endotoxin and TNF-α 
have been demonstrated to play a harmful role in 
development of  alcoholic steatohepatitis[9]. Injection of  
lipopolysaccharide (LPS) in leptin-deficient, obese ob/ob 
mice resulted in a significantly more severe liver injury 
probably caused by TNF-α compared to lean control 
animals[10]. Administration of  anti-TNF-α-antibody 
ameliorated liver damage in this model of  NAFLD[11]. 
Both endotoxin and oxidative stress upregulate expression 
of  CD95 ligand and contribute to apoptotic cell death[12]. 
In fact, increased hepatocyte apoptosis correlating with 
disease severity was described in patients with NASH[13].

Here we discuss the role of  a drug-free management in 
improvement of  insulin resistance and NASH and give a 
critical summary of  recent data on medical treatment. The 
potential concepts of  treatment are summarized in Figure 1.

REDUCTION OF BODY WEIGHT
Although insulin resistance occurs in patients with normal 
BMI and anthropometric measurements, the majority 
of  these patients are adipose with increased visceral fat. 
So, in overweight or obese patients, weight loss is usually 
recommended as the first line management[14]. The 
American Gastroenterological Association recommends 
a target of  10% of  baseline weight as an initial goal 
of  weight loss if  BMI exceeds 25 kg/m2. Weight loss 
should proceed at a rate of  1-2 lb/wk. Rapid weight 
loss due to a very low energy diet (<500 kcal daily) or 
jejunoileal bypass has been associated with exacerbation 
of  steatohepatitis in obese patients[15-17]. Weight loss 
should be achieved by restricting calorie intake and 
physical exercise. Both have been shown to improve 
insulin resistance[18]. Physical exercise is proven to be 
beneficial for coronary heart disease and peripheral 
vascular disease. Rollins demonstrated that moderate to 
high-intensity exercise (30 min 3-5 times/wk) reduces the 
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risk of  complications associated with obesity[19]. However, 
it is not clear whether patients with NAFLD would 
benefit from merely increasing physical activity. The goal 
of  weight management is to induce a negative calorie 
balance. A calorie deficit of  500-1 000 calories/d for 
those who are overweight or obese appears to be rational, 
although there are no specific studies on this subject. 
Dietary recommendation should include reduction of  
dietary carbohydrates, because lipid profile of  overweight 
patients improves[20, 21]. However, weight loss is rarely 
achieved or maintained over a long period. Most studies 
to date have been short term with a small number of  
patients included. Children with NASH may benefit from 
weight loss, because serum liver enzymes normalized and 
sonographic abnormalities disappeared[22]. Another study 
investigated 48 patients with elevated liver enzymes and 
clinical, histological, and sonographic characteristics of  
fatty liver disease[23]. Eighty-one percent of  these patients 
were obese, 73% were glucose-intolerant or diabetic, and 
85% had dyslipidemia. Dietary intervention as well as 
lipid-lowering medication and oral antidiabetics as needed 
were included into the treatment protocol. These dietary 
interventions resulted not only in a moderate weight loss, 
but also in a reduction of  serum liver enzymes in 96% of  
patients. However, it remains unclear, if  improved liver 
enzymes were accompanied by an improvement of  liver 
histology, because serial liver biopsies were not performed. 
In another study, 15 obese patients followed a restricted 
diet (25 calories per kilogram ideal body weight) and 
exercise regimen over a 3 mo period[24]. Liver enzymes 
decreased in all patients and steatosis determined by biopsy 
was reduced compared with patients from control group.   

A recently published study analyzed the effect of  short 
term weight loss on liver histology[25]. Twenty-three obese 
patients (BMI>25kg/m2) with biopsy-proven NASH 
received standardized nutritional counseling to reduce 
insulin resistance and body weight. Each subject received 
individualized nutrition counseling in order to achieve 
dietary goals. The dietary adjustments included increased 
intake of  fiber and a decreased intake of  calories. The daily 
calory intake consists of  40%-45% carbohydrates with an 
emphasis on complex carbohydrates with fiber, 35%-40% 
fat with emphasis on mono- and polyunsaturated fats, 
and 15%-20% protein. In addition, all participants 
were encouraged to increase their physical activity to 

achieve a heart rate of  70% of  the calculated target heart 
rate. Food frequency questionnaires were performed 
to assess dietary intake and the Paffenberger Activity 
Questionnaire was used to evaluate the level of  physical 
activity. Sixteen patients successfully completed 12 mo of  
intense dietary intervention. Mean weight decreased from 
98.3 kg to 95.4 kg. There was also a reduction of  mean 
waist circumference, visceral fat, fasting glucose, insulin 
resistance, triglycerides, serum levels of  liver enzymes and 
histological score, but the differences were not statistically 
significant. Fifteen patients underwent repeat liver biopsy. 
Nine of  these 15 patients had a histological response, 6 
patients had a stable score and none had worsened.

Phar macological treatment of  obesi ty may be 
applied to patients with a BMI>27 kg/m2 and obesitiy-
associated comorbidities. Sibutramine is a serotonin 
reuptake antagonist which should not be used in patients 
with coronary heart disease and moderate or severe 
hypertension[26]. The intake of  orlistat results in fat 
malabsorption. Sabuncu and coworkers analyzed the 
effects of  orlistat and sibutramine in obese patients with 
clinically presumed NASH. Both orlistat and sibutramine 
improved liver enzymes and decreased the sonographic 
hallmarks of  fatty liver. However, liver biopsies were 
not performed and the level of  alkaline phosphatase 
increased[27].

Those patients with a BMI>35 kg/m2 and obesity-
associated comorbidities may be considered for more 
aggressive weight management, including bariatric surgery. 
Because liver failure occurs after jejuno-ileal bypass, the 
later has been replaced by the proximal gastric bypass 
operation. Two studies demonstrated improvement of  
liver histology after weight reduction and stabilization of  
weight for long term[28, 29]. However, occasional cases of  
worsening liver function can also occur during period of  
rapid weight loss following this procedure. The results of  
studies investigating the safety of  such surgery in patients 
with severe NASH have to be awaited. Patients considered 
for this procedure should be monitored carefully and the 
pros and cons should be discussed with the patient in 
detail.

ANTIOXIDANTS
Oxidative stress is proposed to act as the “second hit” in 
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the pathogenesis from steatosis to NASH and fibrosis. 
Therefore, using antioxidant substances seems to be 
rational in the treatment of  steatohepatitis. Several in vitro 
and animal in vivo studies revealed that application of  
vitamin E decreased levels of  profibrogenic TGF beta, 
improved liver histology and inhibited hepatic stellate 
cell activation[30-32]. Two open-label pilot trials examined 
the effect of  vitamin E in patients with NAFLD[33, 34]. 
Eleven pediatric patients with presumed NASH were 
prescribed 400-1 200 IU of  oral vitamin E. Diagnosis was 
based on the presence of  chronically elevated levels of  
AST and ALT, and fatty liver on ultrasound. Other causes 
for hepatitis were excluded. Two patients had biopsy-
proven NASH. Treatment resulted in normalization of  
liver function test. However, serial biopsies were not 
performed, liver remained increased echogenic during 
treatment and improvement of  enzymatic values was not 
sustained after discontinuation of  vitamin E[33]. In another 
study[34], 10 patients with the clinical diagnosis of  NAFLD 
and 12 patients with biopsy proven NASH were treated 
with vitamine E (300 mg/d) for 1 year. Treatment resulted 
in a significant improvement of  liver enzymes. In the nine 
patients with steatohepatitis who had a posttreatment liver 
biopsy, the degree of  steatosis, inflammation, or fibrosis 
also improved or remained unchanged. The plasma 
levels of  TGF-β decreased significantly with vitamin E. 
However, these promising results were not confirmed 
in a subsequent randomized, double-blind, placebo-
controlled trial[35]. In this study, vitamin E (1 000 IU/d) in 
combination with vitamin C (1 000 mg/d) to potentially 
enhance the regeneration of  oxidized vitamin E was 
given to 23 patients with NASH, while 22 patients were 
randomized to placebo. The duration of  treatment was 6 
mo. In addition, a low fat, low calorie diet in combination 
with increased physical activity was recommended. The 
degree of  adherence to these recommendations remained 
unclear. The results showed a significant improvement of  
ALT levels in the placebo group but not in the treatment 
group. The fibrosis stage of  11 (48%) patients of  the 
vitamin group and 9 (41%) of  the placebo group improved 
by at least one stage. The authors concluded from this 
within group comparison that vitamin C and vitamin E 
are effective in improving liver fibrosis, although only two 
more patients in the vitamin group showed a regression 
of  fibrosis. Adams and Angulo[36] criticized that the effect 
of  placebo treatment was ignored, because no comparison 
between groups was performed. A between group analysis 
revealed that 6 mo of  therapy with the combination of  
vitamin E and C is not better than placebo for patients 
with NASH.

URSODEOXYCHOLIC ACID
This hydrophilic bile acid is approved for the treatment of  
primary biliary cirrhosis. Ursodeoxycholic acid (UDCA) 
has been shown to reduce the portion of  hydrophobic 
bile acids which contribute to oxidative stress. This is of  
particular importance, because fatty hepatocytes reveal an 
increased sensitivity to hydrophobic bile acids[37]. A pilot 
study published in 1996 analyzing the effect of  UDCA 
on serum liver enzymes and histology in patients with 

NAFLD showed promising results[38]. The hepatic steatosis 
decreased on repeat liver biopsy in 12 of  19 patients and 
there was also a statistically significant improvement in 
liver enzymes, but there were no changes in the histological 
grade of  inflammation or fibrosis. In a subsequent 
controlled trial 166 patients were randomized with liver-
biopsy proven NASH to receive 13 and 15 mg/kg of  
UDCA daily[39]. One hundred and twenty-six patients 
completed 2 years of  therapy and serial liver biopsies were 
available in 107 patients. Analysis of  serum liver chemistry, 
changes in the degree of  steatosis, necro-inflammation 
or fibrosis revealed no significant difference between the 
verum and placebo-treated groups. However, the results 
from this study showed a high rate of  spontaneous 
improvement in hepatic steatosis in the placebo arm 
probably explaining in part why the data were negative. In 
addition, the dose of  13 and 15mg/kg pre day was possibly 
insufficient to improve NAFLD, so effect of  higher doses 
needs to be evaluated in further studies.

INSULINSENSITIZER
The association of  insulin resistance and hyperinsulinemia 
with NAFLD suggests a possibility of  therapeutical 
intervention. The first evidence came from leptin-
deficient, obese ob/ob mice. Metformin, a biguanide that 
reduces hyperinsulinemia and improves hepatic insulin 
resistance, reduced hepatomegaly and hepatic steatosis 
in ob/ob mice, whereas caloric restriction did not result 
in a substantial improvement[40]. The authors postulated 
that metformin improve hepatic insulin resistance by 
decreasing hepatic expression of  TNF-α, a cytokine 
that promotes insulin resistance. A pilot study evaluated 
the effect of  metformin in 20 patients with histological 
proven NASH[41]. When compared with the six patients 
not complying with treatment, intake of  metformin 
for 4 mo significantly reduced levels of  transaminases. 
They normalized in 50% of  treated individuals. Also, 
insulin sensitivity improved significantly and liver volume 
decreased by 20%. Metformin was well tolerated and there 
was no case of  lactic acidosis. However, the authors did 
not provide a serial liver biopsy to evaluate the effect of  
metformin on liver histology. These promising results 
were only in part supported by another open label trial [42]. 
Fifteen patients with biopsy proven NAFLD completed 12 
mo of  treatment with metformin (20 mg/kg). During the 
initial 3 mo, liver enzymes improved significantly. There 
was also an improvement in insulin sensitivity detectable. 
However, after 3 mo, insulin sensitivity did not further 
improve and levels of  AST and ALT gradually increased 
back to pretreatment levels. Among the 10 patients with 
posttreatment biopsy, three showed improvement in 
steatosis, two showed improvement in inflammation score 
and one in fibrosis.

Another trial evaluating the effect of  metformin was 
performed by a Turkish group from Ankara[43]. Uygun 
and coworkers randomized 36 patients with NASH into 
two groups. The first group was given lipid and calorie-
restricted diet alone, while the second group was treated 
with metformin in addition to the diet for a period of  
6 mo. The comparison between both groups showed no 
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significant differences in inflammatory activity or fibrosis, 
although more patients in the treatment group showed 
an improved liver histology. The improvements of  liver 
enzymes, insulin, insulin resistance index and c-peptide 
levels in the metformin group were significantly greater 
than those detected in the group with dietary treatment 
alone. The most recently published controlled trial by 
Bugianesi and colleagues demonstrated a better effect of  
metformin on improvement of  liver enzymes compared 
to a prescriptive diet or the administration of  vitamin E[44]. 
Unfortunately, the histological data were limited to support 
an association between improvement of  liver chemistry 
and histological findings.

Another class of  agents presumably improving insulin 
sensitivity is the thiazolinediones. These compounds 
are ligands for the peroxisome proliferator-activated 
receptor gamma (PPAR gamma), which is expressed at 
high levels in adipocytes. Troglitazone, a first generation 
thioglitazone, and metformin were shown to inhibit the 
expression of  sterol regulatory element binding protein-1 
(SREBP-1), a key regulator of  lipogenic enzymes[40, 45]. 
Troglitazone was investigated in a pilot study including 6 
patients with biopsy-proven NASH[46]. Patients received 
200 mg of  troglitazone twice daily, which was well 
tolerated. Levels of  ALT normalized in 4 of  6 patients 
on therapy and they persisted in normal range 3 mo after 
discontinuation of  troglitazone. However, the Food and 
Drug Administration removed troglitazone from the 
market in March 2 000 because of  serious hepatotoxicity[47, 

48]. The second-generation thioglitazones rosiglitazone 
and pioglitazone appear to be safer, although their use is 
currently contraindicated in the presence of  active liver 
disease or of  ALT more than 2.5 times normal. An open 
label trial including 26 biopsy-proven NASH patients 
analyzed the effect of  rosiglitazone, 4 mg twice daily for 
48 wk[49]. All patients were overweight, and 23% had a 
BMI>35 kg/m2. Twenty-six patients had posttreatment 
biopsy. The mean necro-inflammatory score significantly 
improved with treatment and biopsies of  10 patients did 
not fulfill published criteria for NASH anymore after 
treatment . Twenty-five patients completed 48 wk of  
treatment and showed a significant improvement in liver 
enzymes and insulin resistance. However, 3 patients had 
to be withdrawn because of  adverse events. One of  these 
individuals discontinued because of  increased ALT levels. 
In addition, weight gain occurred in more than two-
thirds of  participants and liver enzyme levels increased 
to near pretreatment level 6 mo after discontinuation 
of  study medication. Another pilot study demonstrated 
similar results in 18 patients with biopsy proven NASH, 
who were treated with pioglitazone[50]. By 48 wk, levels 
of  ALT normalized in 72% of  patients. Hepatic fat 
content and size decreased which was determined by 
magnetic resonance imaging. There was also a significant 
improvement in l iver histology regarding features 
of  steatosis, inflammation and fibrosis. Histological 
improvement occurred in two-thirds of  patients. The main 
side effect in this study was also weight gain and increase 
in total body adiposity.

In a recently published pilot study by Sanyal and 
coworkers 20 nondiabetic patients with biopsy-confirmed 

NASH were randomized to take the combination of  
pioglitazone (30 mg daily) and vitamin E or vitamin E 
(400 IU daily) alone for a period of  6 mo[51]. ALT levels 
normalized in all patients within 6 mo. Compared to 
baseline, treatment with vitamin E alone resulted in a 
significant decrease in steatosis, whereas the combination 
therapy produced a significant improvement in steatosis, 
cytologic ballooning, Mallory´s hyaline and pericellular 
fibrosis. Although vitamin E did not have any significant 
effects on metabolic endpoints, combination therapy 
improved insulin sensitivity, lowered fasting free fatty acid 
(FFA) levels and decreased metabolites of  FFA oxidation. 
However, like in the previous trial by Neuschwander-
Tetri and coworkers[49] , one of  10 patients receiving 
pioglitazone plus vitamin E had a significant increase in 
ALT level and was withdrawn from the study. 

LIPID LOWERING DRUGS
Because NAFLD frequently occurs with a disordered 
lipid homeostasis, lipid-lowering drugs are considered as 
possible treatment for NAFLD. Hypertriglyceridemia and 
reduced HDL-cholesterol level are typical dyslipidemias 
associated with NAFLD. Gemfibrozil reduces very low-
density lipoprotein triglyceride production. In a small 
controlled study of  46 patients with NASH, levels of  AST 
were significantly decreased in 74% of  the gemfibrozil 
group compared with 30% in the control group after 
4 wk of  treatment[52]. There was no correlation with 
pretreatment serum triglyceride levels. Posttreatment 
liver biopsies were not performed and the duration of  
biochemical response was not evaluated.

In NASH patients with hyperlipidemia statins are 
another potential treatment option. However, existing 
data are predominantly uncontrolled with a small number 
of  patients. One study analyzed 28 hyperlipidemic 
patients with biopsy-proven NASH. Patients were given 
atorvastatin 20 mg daily for 24 wk. Both significant 
reduction of  LDL-cholesterol and liver enzymes were 
detectable after treatment[53]. Statin-induced hepatoxicity 
did not occur and the risk seems to be not increased in 
patients with presumed NAFLD[54]. However, controlled 
trials with a bigger number of  patients are required to 
demonstrate the benefit and elucidate potential risks of  
administrating statins.

BLOCKADE OF TNF-α
Adipose tissue produces several cytokines and biologically 
active proteins, denoted as adipokines, regulating hepatic 
and peripheral glucose and lipid metabolism. These 
adipokines include leptin, resistin, adiponectin and TNF-α. 
Expression of  resistin is not increased in patients with 
insulin resistance, although resistin inhibits insulin action 
in animal models[55]. NASH patients show increased serum 
leptin levels, suggesting the attempt to overcome hepatic 
leptin resistance to stimulate hepatic lipid turnover[56]. 
In several studies investigating the pathomechanisms of  
fatty liver disease increased TNF-α levels have also been 
demonstrated[57, 58]. TNF-α contributes to insulin resistance 
and thereby increases hepatic steatosis and plays a 
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potentially proinflammatory role[59]. This was supported by 
studies in leptin deficient ob/ob mice. Treatment of  anti-
TNF-α antibody improved liver histology, reduced hepatic 
total fatty acid content, and decreased ALT levels[11]. 
However, studies of  ob/ob mice lacking type I and II 
TNF receptors have suggested that TNF-α is not involved 
in the liver disease[60]. Further evidence of  the involvement 
of  TNF-α came from studies of  pentoxifylline which 
acts as an inhibitor of  TNF-α[61, 62]. In these two studies 
20 patients and 18 patients, respectively, with biopsy 
confirmed NASH were enrolled. Pentoxifylline was given 
for 6 or 12 mo. Both studies demonstrated a significant 
improvement of  AST and ALT levels after application of  
pentoxifylline in patients with NASH, although histological 
evidence of  its benefit remains unknown. 

Adiponectin is exclusively secreted from adipose tissue 
in inverse proportion to BMI[63, 64]. Although the three 
dimensional structure of  adiponectin closely resembles 
that of  TNF-α[65], these two proteins have completely 
opposite effects. Adiponectin and TNF-α suppress 
each other´s production and antagonize their biological 
effects[66]. Adiponectin acts to reduce body fat[67], improve 
hepatic and peripheral insulin sensitivity[68] and decrease 
fatty acid levels[69]. Adiponectin has also antiinflammatory 
effects which could prevent l iver disease. Xu and 
coworkers replenished recombinant adiponectin in mice 
fed with a high fat ethanol containing diet and in obese 
ob/ob mice with NASH. In both mice, administration 
of  adiponectin ameliorated hepatomegaly, steatosis, and 
elevated ALT levels[70]. Both hepatic TNF-α expression 
and serum levels of  TNF-α significantly decreased, which 
is further evidence for a harmful role of  TNF-α. 

This concept was further supported by a study of  over 
100 patients with NAFLD[71]. Multivariate analysis revealed 
that decreased serum adiponectin levels and increased 
TNF-α and soluble TNFR2 levels correlated with the 
presence of  NASH independent of  the presence of  insulin 
resistance. NASH patients showed lower adiponectin levels 
than patients with simple steatosis. Levels of  adiponectin 
correlated with the degree of  hepatic necroinflammation. 
These data provide evidence for the involvement of  
TNF-α and adiponectin in human NAFLD. Therefore, 
studies evaluating the effect of  adiponectin in treatment of  
NASH are required.

LIVER TRANSPLANTATION
NASH is considered the most common cause of  
cryptogenic cirrhosis[72]. Patients with pure steatosis have a 
benign prognosis, whereas the risk for developing cirrhosis 
and hepatocellular carcinoma in NASH patients is 
increased[73, 74]. Complications of  cirrhosis or hepatocellular 
carcinoma may require liver transplantation. In one 
study by Laurin and colleagues six of  eight patients who 
underwent transplantation for NASH developed recurrent 
NASH. In three of  these six patients, perivenular fibrosis 
recurred[75]. The patients with recurrences revealed post-
transplant hyperlipidemia and increases in body weight. 
In two subsequent studies the recurrence rate of  steatosis 
was between 60 to 100% of  transplant recipients[76, 77]. In 

one third of  these patients progression to steatohepatitis 
occurred.

CONCLUSIONS
Because of  increasing incidence of  obesity and insulin 
resistance NAFLD has become increasingly the focus of  
basic and clinical research. Whereas fatty liver shows a 
benign prognosis, patients with NASH should be treated. 
Progress in understanding the pathomechanisms which 
contribute to aggravation of  fatty liver pathology offers 
potential treatment options. However, a standard therapy 
has not been established. The most promising results came 
from trials with second generation insulin sensitizer in 
obese patients with insulin resistance. Blockade of  TNF-α 
by adiponectin showed impressive improvement of  NASH 
in an animal model. Clinical trials investigating therapeutic 
effect of  inhibiting TNF-α in NAFLD have to be awaited. 
So, beyond clinical studies, the first step in treatment 
should be improvement of  insulin sensitivity by weight 
loss and physical activity. 
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Abstract
AIM: To study the role of CDH1/E-cadherin  (E-cad) 
gene alteration profiles including mutation, loss of 
heterozygosity (LOH), promoter polymorphism and 
hypermethylation in mechanisms of CDH1 inactivation in 
gastric carcinoma (GC).

METHODS: Specimens were collected surgically from 
70 patients with GC. Allelotyping PCR and detection of 
LOH, denaturing high pressure liquid chromatography 
and DNA sequencing, restriction fragment length 
polymorphism analysis, methylation specific PCR, and 
immunohistochemical staining were used.

RESULTS: Promoter polymorphism was not a major 
mechanism of E-cad inactivation. Only one truncating 
mutation was found in a diffuse type tumor (3%). 
Both LOH and promoter hypermethylation were major 
mechanisms of E-cad inactivation, but interestingly, there 
was a negative association between the fraction of allelic 
loss (LOH) in tumors and hypermethylation of CDH1 . 
Therefore LOH and hypermethylation were two different 

tumorigenic pathways involved in GC.

CONCLUSION: Given the f indings that somatic 
mutation was extremely low and the relationship 
between LOH and hypermethylation was inverse, any 
two combinations of these three factors cannot fulfill the 
classical two-hit hypothesis of CDH1 inactivation. Thus, 
other mechanisms operating at the transcriptional level 
or at the post-translational level might be required to 
induce E-cadherin inactivation.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
CDH1/E-cadherin (E-cad) is a member of  the family 
of  transmembrane glycoproteins expressed on epithelial 
cells and is responsible for calcium-dependent cell-to-cell 
adhesion[1]. E-cad forms complexes and connects actin 
filaments with α-, β-, and γ-catenins[2,3], which are essential 
to neoplastic transformation and metastasis[4, 5]. Loss of  
cell adhesion may contribute to loss of  contact inhibition 
of  growth, which is an early step in the neoplastic process. 
Furthermore, loss of  cadherin activity may result in cancer 
cell detachment and metastasis[6, 7].

Gastric carcinogenesis is a multi-step process with 
morphological progression involving multiple genetic and 
epigenetic events. E-cad gene (CDH1) is an important 
putative tumor suppressor gene. In gastric carcinomas 
(GCs), the reduction in E-cad expression activation of  E- 
cad gene varies from 17% to 92%, and is more frequent in 
diffuse type than in intestinal type tumors[8-13]. Germline 
mutation of  the CDH1 gene is found in all familial GCs[14, 

15]. Somatic mutations of  CDH1 are found in more than 
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50% of  diffuse type GCs but are not found in intestinal 
type GCs in Caucasians and Japanese populations[16-19]. The 
rate of  loss of  heterozygosity (LOH) ranges from 2.8% to 
60% in diffuse and intestinal type tumors[16-20]. In addition 
to the well-known ‘two-hit’inactivation mechanism 
proposed by Knudson (1971), CDH1 can be silenced in 
GC by epigenetic promoter hypermethylation[17, 21]. Besides, 
Li et al[22] reported that the-60C/A polymorphism has a 
direct effect on the transcriptional regulation of  CDH1. 
All above previous studies of  the inactivation of  this gene 
in patients with GC have been limited in their analyses. In 
this study, we investigated a range of  alterations in CDH1 
expression profiles, including genetic mutations, LOH, 
promoter polymorphism, promoter hypermethylation, and 
immunohistochemical stain of  E-cad protein together to 
determine possible genetic and epigenetic mechanisms of  
CDH1 inactivation.

MATERIALS AND METHODS
Patients and samples
Specimens were collected surgically from 70 Taiwanese 
patients with GC between July 1999 and July 2002 at the 
Division of  General Surgery, Department of  Surgery, 
Tri-Service General Hospital, Taipei, Taiwan. None of  
the subjects received preoperative anticancer therapy. 
Clinical information was obtained from medical records. 
Samples were taken from representative cancerous lesions 
and the adjacent non-cancerous epithelial parts of  the 
tissues were flash frozen in liquid nitrogen and stored at 
-80℃. All tumor DNA samples were obtained by micro-
dissection from 5-µm thick hematoxylin and eosin stained 
and paraffin embedded tissue sections[23]. Non-cancerous 
DNA was extracted from tissues which were flash-frozen 
in liquid nitrogen and stored at -80℃. All 70 samples were 
classified according to the Lauren’s criteria[23]: 27 were 
intestinal and 43 were diffuse types. The tumors were 
staged at the time of  surgery using the standard criteria by 
TNM staging, with the unified international gastric cancer 
staging classification[24].

Allelotyping PCR and detection of allelic loss or loss of 
heterozygosity (LOH) of CDH1
DNA samples from tumor and normal mucosal specimens 
were used for allelotyping PCR with fluorescent primers 
(markers). Three micro-satellite markers (D16S3043, 
D16S3050, and D16S3021) at 16q22.1 were used to 
detect LOH at the CDH1 locus. PCR amplification was 
carried out as previously described[26]. PCR products were 
separated electrophoretically on an ABI PRISM 377 DNA 
sequencer, and fluorescent signals from the differently 
sized alleles were recorded and analyzed using Genotyper 
version 2.1 and GeneScan version 3.1 software packages. A 
given informative marker was considered to display LOH 
when a threefold or greater difference was seen in the 
relative allele intensities of  the tumor and normal DNA 
samples.

Denaturing high pressure liquid chromatography (DHPLC) 
analysis and DNA sequencing for CDH1 mutation analysis
We used DHPLC and direct sequencing to determine 
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inactivating mutations responsible for the loss of  CDH1 
expression. The promoter region and 16 exons including 
the exon-intron boundaries were analyzed using the 
previously described protocol and primer pairs[26]. The 
optimal conditions for DHPLC analysis of  each amplicon 
were available as requested. All variants detected by 
DHPLC were re-amplified and the site of  variation was 
identified by direct DNA sequencing using an ABI PRISM 
377 DNA sequencer.

Restriction-fragment length polymorphism (RFLP) 
analysis to identify nucleotide changes at –160 of the 
CDH1 promoter
The -160 polymorphic site contained either a C or A 
residue. The tumor type was determined by BstEII 
digestion of  the PCR products amplified using the primer 
set 5´-TGATCCCAGGTCTTAGTGAG-3´ (upstream) and 
5´-AGTCTGAACTGACTT CCGCA-3´ (downstream). 
The 318-bp PCR product was cut into two fragments 
(208 and 110 bp) if  it contained the A residue. To ensure 
that the observed polymorphism was specific and not an 
experimental artifact, the results were confirmed by direct 
DNA sequencing.

Methylation-specific PCR (MSP) and bisulfite-modified 
genomic sequencing to detect promoter hypermethylation 
of CDH1
Genomic DNA was modified by bisulfite treatment, 
converting unmethylated cytosines to uracils and leaving 
methylated cytosines unchanged. MSP was performed 
on the treated DNA to detect all three CpG islands in 
the CDH1 promoter region as previously described[27]. 
Each unmethylated–methylated primer pair set was 
engineered to assess the methylation status of  4-6 CpGs 
with at least one CpG dinucleotide positioned at the 3´
end of  each primer to discriminate between methylated 
and unmethylated alleles following bisulfite modification. 
Hs578t cells, which contain a heterogeneously methylated 
CpG island 1 and methylated CpG islands 2 and 3, served 
as the positive control, and MCF7 cells were used as the 
negative control.

Immunohistochemical staining and evaluation of E-cad 
expression
Sections (5 µm thick) were treated with monoclonal anti-
E-cad antibody (Cappel, Aurora, OH, USA), then with 
secondary antibody. The signal was detected using a kit 
containing avidin–biotin complex and diaminobenzidine 
(DAB; Vector Laboratories, Burlingame, CA, USA). DAB 
produced a yellowish brown staining if  the sample was 
positive. If  more than 90% of  the tumor cells exhibited 
intense membranous staining similar to that of  normal 
cells, the result was considered positive (++). If  the 
staining intensity was demonstrably reduced relative 
to that of  normal cells and/or the staining pattern 
was heterogeneous (10%-90% positive), the result was 
deemed to be weakly positive (+). If  IHC expression was 
completely lost or positive in less than 10% of  cells, the 
result was defined as negative (–).

Statistical analysis
Analyses were perfor med using S-Plus® 2000 for 
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Windows statistical software (CANdiensten, Amsterdam, 
Netherlands). Significance was assumed at P < 0.05 for all 
tests. Categorical variables were tested using Fisher’s exact 
test.

RESULTS
Of  the 70 patients, 52 were men and 18 were women. 
Their median age was 69.7 years (range 32-88 years). 
According to Lauren’s classification, 27 and 43 tumors 
were intestinal and diffuse histotypes, respectively. 
Reduced gene expression was more frequent in diffuse 
type tumors (38/43, 88%) than in intestinal type tumors 
(13/27, 48%; P = 0.006). Representative examples of  
immunohistochemical staining for E-cad expression in 
diffuse type tumors are shown in Figure 1.

Promoter polymorphism
Three of  the 70 patients were omitted from our analysis 
of  the -160C/A polymorphism due to insufficient 
samples. Among the other 67 patients, 29 were genotype 
C/C (43%), 24 were genotype A/C (36%) and 14 were 
genotype A/A (21%) (Figure 2). There was no significant 
difference in the frequency of  the C/A + A/A genotypes 
between diffuse and intestinal type tumors (27/42, 64% vs 

11/25, 44%). There was no significant difference in LOH 
between the C/C and C/A + A/A genotypes (10/25, 40% 
vs 13/33, 39%). There was also no significant difference 
in hypermethylation between C/C and C/A + A/A 
genotypes (20/29, 69% vs 24/37, 65%). There was no 
significant difference in the frequency of  the C/A + A/A 
genotypes between tissues with reduced and normal E-cad 
expression (12/17, 71% vs 27/50, 54%).

Loss of heterozygosity
To detect allelic loss at CDH1, three micro-satellite markers 
(D16S3043, D16S3050, D16S3021) at 16q22.1 were used 
(Figure 3). The allelic status of  this gene was reflected well 
by these three markers, because its locus was very close to 
the loci of  these markers (LOD score > 4 estimated by 
linkage analysis). We considered the results for all three 
markers together and found heterozygosity in at least one. 
Of  the 70 samples collected, 10 were omitted from the 
analysis or homozygous and could not be detected. A high 
frequency of  allelic loss at CDH1 was detected (23/60, 
38%). The frequency of  LOH at CDH1 was similar 
between diffuse type tumors (15/38, 39%) and intestinal 
type tumors (8/22, 36%). Reduced E-cad expression was 
more frequent in LOH-positive tumors (21/23, 91%) than 
in LOH-negative tumors (24/37, 65%; P = 0.03).

Figure 1 Immunohis tochemica l 
staining for positive (A) and negative 
(B) E-cad expression in diffuse type 
tumor.

A B
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Figure 2 PCR-restriction fragment length polymorphism (RFLP) analysis of genetic 
polymorphism of the -160 site of the E-cad promoter. The C/A polymorphism was 
differentiated by BstEII digestion of PCR products homozygous for the wild-type 
(high-activity) allele (wt/wt, CC gentoype), heterozygous for the variant (low-activity) 
allele (wt/vt, CA genotype), and homozygous for the low-activity allele (vt/vt, AA 
genotype)

13.3
13.2
13.1

12
11.2
11.1
11.1
11.2
12.1
12.2
13
21

22
23
24

↑

↑

4.7 cM

D16S3043

D16S3021

D16S3050

E-cad

Normal

Tumor

Figure 3 Allelic loss or loss of heterozygosity (LOH) of CDH1/E-cad. Left panel: 
E-cad detected by allelic loss or loss of heterozygosity (LOH) of the E-cad locus, 
reflected by three microsatellite markers (D16S3043, D16SS3050 and D16S3021) 
at 16q22.1. Right panel: LOH in a representative GC. The locius of markers 
D16S3043, D16S3050, and D16S3021 were considered to be informative when 
they were heterozygous in normal tissue (i.e. two alleles were seen), and showed 
LOH when a 3-fold or greater difference was seen in the relative allele intensity 
ratio between the tumor and normal DNA (arrow).
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Promoter hypermethylation
The degree of  hypermethylation estimated by MSP was 
defined as strongly detectable (+++, ++), detectable (+), 
or not detectable (–)(Figure 4). Three of  the 70 samples 
were omitted from our analysis of  hypermethylation 
due to insufficient samples. The CDH1 promoter 
was hypermethylated in 45 of  these 67 GCs (67%). 
Hypermethylation was more frequent in diffuse type 
tumors (31/41, 76%) than in intestinal type tumors 
(13/26, 50%; P = 0.03 by Fisher’s exact test). Furthermore, 
hypermethylation was more frequent in GCs with reduced 
E-cad expression than in those with normal levels (37/45, 
82% vs 12/22, 55%; P = 0.02). The fraction of  allelic loss 
(FAL) of  CDH1, calculated as the frequency of  LOH 
at CDH1 locus, was generally inverse to the degree of  
hypermethylation (Tables 1, 2).

Mutation
In these 70 patients, five diffuse type tumors (Case No. 15, 
24, 29, 30, and 39) had a single-nucleotide polymorphism 
(SNP) at amino acid 692, and four diffuse type tumors 
(Case No. 35, 40, 59, and 63) had an SNP at position 755 . 
Case No.15 had a truncated mutation at position 699 
(Figure 5). No CDH1 mutation was found in intestinal 
type tumors.

DISCUSSION
In this study, 27 and 43 tumors were of  the intestinal and 
diffuse histotypes, respectively. Inactivation of  the CDH1 
gene and loss of  normal E-cad expression were involved 
more frequently in diffuse type than in intestinal type 
tumors (88% vs 48%; P = 0.006). However, the percentage 
of  reduction in E-cad expression of  GC varies from 17% 
to 92% in previous reports[8-13]

Promoter polymorphism
Li et al [22] reported that the A allele of  the -160C/A 
promoter polymorphism alters transcriptional binding, 
resulting in a reduction in transcriptional efficiency of  
68% relative to that of  the C allele. In our study, there 
was no significant difference in the frequency of  the C/A 
+ A/A genotypes between diffuse and intestinal type 
tumors. There was no significant difference in LOH and 
hypermethylation between the C/C and C/A + A/A 
genotypes. There was also no significant difference in the 
frequency of  the C/A + A/A genotypes between tumors 
with reduced and normal E-cad expression, suggesting that 
the A allele does not play a major role in the inactivation 
of  CDH1 and can not serve as the ‘second hit’.

Mutations
Somatic mutations of  CDH1 are found in more than 
50% of  diffuse type GCs but not in intestinal type GCs in 
Caucasian and Japanese populations[16-19]. A review by Berx 
et al[28] noted that the predominant defects in diffuse type 
tumors are splice mutations causing skipping in exon 8 or 
9, which account for in-frame deletions, whereas mis-sense 
and truncating mutations are less frequent in diffuse GCs. 
Moreover intragenic polymorphisms arise from changes in 
the third (wobble) position of  the respective codons and 
are more frequent in codons 692 and 751. In the present 
study, five of  the diffuse type tumors had a codon 692 
polymorphism and four diffuse type tumors had a codon 
755 polymorphism. Only one of  38 diffuse type tumors 
had a truncated codon 699 mutation. Because consistent 
findings have been obtained by repeated detection of  
the same specimens, we considered this finding to be 
valid. Therefore, this low rate of  CDH1 mutation in 
the Taiwanese GCs may suggest different tumorigenic 
mechanisms to inactivate this gene.

Marker
No.1

U        M
No.2

U        M
No.3

U        M
No.4

U        M
Figure 4 Promoter hypermethylation of the CDH1/E-cad detected by methylation-specific 
PCR (MSP). The presence of a visible PCR product in the lanes marked U indicates the 
presence of an unmethylated allele, while the presence of the product in the lanes marked 
M indicates the presence of a methylated allele. The intensity of each methylated band 
was further semi-quantitated, and as shown in the figure, cases 1 and 4 were defined 
as “hypermethylation”with “+”and “++”, respectively, and cases 2 and 3 were defined as 
“unmethylation”.

A GG C A N A G C C G A C A A C G T T T A
110

Figure 5 CDH1/E-cad mutation and polymorphism detected by direct DNA sequencing. Two tumors subjected to DNA sequencing were found to harbor C-to-T transversion 
in exon 13 (A), resulting in a truncated mutation (Gln to stop condon TAG) and C-to-T transversion in exon 14 (B), resulting in no amino acid change, which was considered 
to be polymorphism.

A 180 B
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Loss of heterozygosity
It was reported that the rate of  LOH ranges from 2.8% 
to 60% in diffuse and intestinal type tumors [16-20]. A high 
frequency (38%) of  allelic loss at CDH1 was identified in 
our study. The frequency of  LOH was similar between the 
diffuse and intestinal type tumors (39% vs 36%). Reduced 
E-cad expression demonstrated by immunohistochemical 
analysis was more frequent in LOH-positive tumors 
than in LOH-negative tumors (91% vs 65%; P = 0.03), 
suggesting that LOH is a major mechanism for the 
inactivation of  CDH1.

Promoter hypermethylation
Tamura et al[29] and Graziano et al[30] indicated that CDH1 
promoter methylation may play a major role together 
with mutations or deletions, in causing the inactivation 
of  the CDH1 gene in GCs, especially in diffuse type 
tumors. They also repor ted that CDH1 promoter 
hypermethylation is associated with reduced E-cad 
expression detected immunohistochemically. In the present 
study, the CDH1 promoter was hypermethylated in 67% 
of  GCs. Hypermethylation was more frequent in diffuse 
type tumors than in intestinal type tumors (P = 0.03). 
Furthermore, hypermethylation was more frequent in 
tumors with reduced E-cad expression than in normal 
E-cad expression (82% vs 55%; P = 0.02), suggesting that 
CDH1 promoter hypermethylation is a major mechanism 
for gene inactivation.

Methylat ion of  the CDH1 promoter has been 
documented as the ‘second hit’ responsible for the 
development of  hereditary diffuse GCs[31] and sporadic 
diffuse GCs[17] among Caucasians. Because there was 
only one genetic mutation in diffuse type tumors and 
no mutation in intestinal type tumors in this series, we 
examined the hypermethylated status of  tumors with 
or without LOH at the CDH1 locus. We investigated 
the relationship between hypermethylation and FAL, 
which was estimated from the allelic status at D16S3043, 
D16S3050, and D16S3021. Hypermethylated tumors 
tended to have significantly lower FAL values (Table 1). 
This is contrary to the result predicted by the two-hit 
hypothesis. Further examination using individual markers 
to redefine the LOH status of  tumors yielded similar 
results (Table 2). Therefore, cancers having lost one CDH1 
allele and those carrying hypermethylated CDH1 alleles 
may be involved in two different tumorigenic pathways. 
Because the somatic mutation rate is extremely low, any 

two combination of  these three factors cannot fulfill the 
classic ‘two-hit’ hypothesis. Other molecules involved in 
the E-cad-mediated cell-cell adhesion complex, such as the 
intracellular attachment proteins α, β, and γ-catenin, may 
be subjected to targeted inactivation[32-36]. Receptor tyrosine 
kinase (RTK), the main positive regulator of  progression 
and tissue expansion, can repress E-cad function by 
transcriptional repression of  CDH1 via the transcription 
factor SNAI1 [37,38], posttranscriptional repression via 
direct or indirect phosphorylation of  adheren junction 
components such as β-catenin[39], or RTK-associated 
endocytosis and degradation of  the E-cad protein[40]. 
This more flexible status achieved either by retaining 
an intact allele subsequent to LOH or by regulation via 
epigenetic mechanisms operating at the transcriptional 
or posttranslational levels, could provide an advantage 
in counteracting the changing microenvironment during 
tumor progression. Further investigation is needed at the 
transcriptional level and the post-translational level into 
E-cad inactivation of  GC.

In conclusion, given the finding that somatic mutation 
was extremely low and the relationship between LOH 
and hypermethylation was inverse, any two combinations 
of  these three factors can not fulfill the classical two-
hit hypothesis of  E-cadherin inactivation. Thus, other 
mechanisms operating at the transcriptional level or at the 
post-translational level, might be required to inactivate 
E-cadherin in GC.
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pylori -infected animals fed with a 5g/kg NaCl diet. 

CONCLUSION: VacA decreases the viability of AGS 
cells, and this effect can be enhanced by NaCl. NaCl also 
affects the production of pro-inflammatory cytokines in-
duced by VacA, suggesting that NaCl plays an important 
role in H pylori-induced gastric epithelial cell cytotoxicity. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Gastric cancer is one of  the leading causes of  cancer-
related death[1, 2]. Epidemiological studies in humans and 
rodents have demonstrated that chronic gastritis caused by  
Helicobacter pylori  (H pylori) is a strong risk factor for this 
malignancy[3]. Current models suggest that H pylori is not 
directly carcinogenic but rather acts indirectly on inducing 
cancer. For example, it may act through inflammatory 
mediators or by decreasing gastric acid secretion, thus fa-
voring the formation of  mutagenic adducts[4]. H pylori ex-
presses several major proteins that are critical to the patho-
genicity of  the bacterium[5]. The vacuolating cytotoxin, 
VacA, is an H pylori-secreted virulence factor that induces 
the formation of  large cytoplasmic vacuoles in epithelial 
cells, which precedes cultured cell death both in vitro and in 
vivo[6-9]. In the past decade, a considerable number of  stud-
ies have contributed to our understanding of  the mecha-
nism of  VacA-induced intracellular vacuolation[6].

Salt consumption is considered a risk factor for gastric 
cancer[10]. H pylori-associated mucosal atrophy is partially 
associated with a high salt diet[11]. Excessive NaCl intake 
enhances H pylori colonization in mice and humans, while 
chronic salt intake may exacerbate gastritis by increasing  
H pylori colonization[12]. Furthermore, salt intake may inter-
fere with H pylori infection and modify the cancer risk[13]. 
The high prevalence of  H pylori infection and high salt 
diets may significantly affect the rate of  occurrence of  gas-

 Helicobacter pylori

Effect of NaCl and Helicobacter pylori vacuolating cytotoxin 
on cytokine expression and viability

Juan Sun, Kazuo Aoki, Jin-Xu Zheng, Bing-Zhong Su, Xiao-Hui Ouyang, Junichi Misumi

www.wjgnet.com

Juan Sun, Kazuo Aoki, Junichi Misumi, Department of Public 
Health and Hygiene(Ⅱ), Faculty of Medicine, Oita University 
Oita 879-5593, Japan 
Jin-Xu Zheng, Department of Pulmonary Medicine, Affiliated 
Hospital, School of Medicine, Jiang Su University, Zhenjiang 
212001,China 
Bing-Zhong Su, Xiao-Hui Ouyang, First Affiliated Hospital 
of Inner Mongolia Medical College, Hohhot 010000, Inner 
Mongolia, China, 
Co-correspondents: Juan Sun
Correspondence to: Junichi Misumi, Department of Public 
Health and Hygiene(Ⅱ), Faculty of Medicine, Oita University 
Oita 879-5593, Japan. misumijc@oita-med.ac.jp 
Telephone: +81-97-5865742  Fax: +81-97- 5865749
Received: 2005-08-24             Accepted: 2005-11-18

Abstract
AIM: To determine whether Helicobacter pylori (H pylo-
ri ) vacuolating cytotoxin (VacA) regulates release of pro-
inflammatory cytokines (IL-1β, IL-8, TNF-α, and IL-6) 
or alters gastric epithelial cell viability and to determine 
whether NaCl affects these VacA-induced changes. 

METHODS: Vacuolating activity was determined by 
measuring the uptake of neutral red into vacuoles of 
VacA-treated human gastric epithelial (AGS) cells. AGS 
cell viability was assessed by direct cell counting. Spe-
cific enzyme-linked immunosorbent assays (ELISA) and 
reverse transcriptase-polymerase chain reaction(RT-PCR) 
were performed to examine the effects of H pylori VacA 
and NaCl on cell pro-inflammatory cytokine production in 
AGS cells. Immunohistochemical staining of gastric tis-
sue from Mongolian gerbils was used to confirm VacA-
induced pro-inflammatory cytokine production and the 
effects of NaCl on this VacA-induced response.

RESULTS: Addition of VacA alone reduced AGS cell via-
bility (P  < 0.05), and this reduction was enhanced by high 
doses of NaCl (P  < 0.05). VacA alone induced expression 
of TNF-α, IL-8 and IL-1β, while NaCl alone induced ex-
pression of TNF-α and IL-1β. Changes in mRNA levels 
in the presence of both VacA and NaCl were more com-
plicated. For the case of TNF-α, expression was dose-
dependent on NaCl. IL-6 mRNA was not detected. How-
ever, low levels of IL-6 were detected by ELISA. Positive 
immunohistochemical staining of IL-1, IL-6, and TNF-α 
was found in gastric tissue of H pylori-infected gerbils 
fed with either a normal diet or a high salt diet. However, 
the staining of these three cytokines was stronger in H 
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tric carcinogenesis[14-17]. 
It has been reported that cytokines play an important 

role in gastric cancer. Proinflammatory cytokines such as 
interleukin-8 (IL-8) and tumor necrosis factor-α (TNF-α) 
may up regulate cyclooxygenase-2 (COX-2) during gastric 
carcinogenesis[18]. Genotypes of  IL-1β (-511 T/T) and 
TNF-α (-308 A/A) are associated with the risk of  non-
cardia gastric cancer. The presence of  TNF-α SNPs -308 
and -1031 might favor H pylori infection and promote an 
inflammatory response in infected gastric mucosa[19]. IL-
1β genotype has been found to increase the risk of  distal 
gastric cancer[20]. IL-1β is one of  the potent proinflamma-
tory cytokines elicited by H pylori infection[21, 22]. In human 
gastric cancer cells, IL-1β induces vascular endothelial 
growth factor (VEGF), a dominant angiogenic factor in 
gastric cancer[23]. Moreover, levels of  IL-1β and IL-8 have 
been found to be significantly higher in H pylori-positive 
gastric cancers compared with controls, and eradication of  
H pylori can significantly reduce the levels of  these cyto-
kines[24]. Genetic polymorphisms identified in IL-6 can be 
attributed to ethnicity and appear to be independent of  the 
clinical outcome of  H pylori infections[25]. 

The present study was to examine the combined effects 
of  VacA and NaCl on cell viability and pro-inflammatory 
cytokine expression both in AGS cells and in Mongolian 
gerbils.

MATERIALS AND METHODS
Preparation of VacA
The toxin-producing strain, H pylori ATCC49503, was 
used as the source of  VacA. H pylori was grown under 
microaerophilic conditions on Columbia blood agar plates 
with vigorous shaking in a controlled microaerophilic at-
mosphere of  50 mL/L O2 and 100 mL/L CO2 at 37℃ 
for 3-4 d, harvested and re-suspended in brucella broth 
(Difco) supplemented with 100 mL/L fetal calf  serum. H 
pylori cells were grown for 48 h at 37℃ in an Erlenmeyer 
flask with shaking at 60 r/min. Cells were then pelleted 
by centrifugation at 500 r/min for 20 min. The culture 
supernatants were collected and pooled. Solid ammonium 
sulfate was added to the pooled material at 4℃ to 50% 
saturation. The precipitate was collected by centrifugation 
at 12 000 r/min for 20 min, dissolved in 60 mmol/L Tris-
HCl (pH 7.7) containing 0.1 mol/L NaCl and subjected to 
liquid chromatography on a Superose 6 HR 10/30 column 
(1cm × 30 cm) equilibrated with 60 mmol/L Tris-HCl (pH 
7.7) containing 0.1 mol/L NaCl. The material was eluted 
with the same buffer at a flow rate of  0.5 mL/min. The 
eluted protein was monitored by Western blotting using 
polyclonal anti-VacA (Santa Cruz Biotechnology, Inc., 
Santa Cruz, CA). The fractions containing VacA were 
collected, pooled, diluted with deionized water to the in-
tended concentration and maintained at -20℃[26]. VacA 
concentration was determined by Micro-BCA assay (Bio-
Rad, Hercules, CA ).

Vacuolating activity assay
The human gastric epithelial cell l ine AGS (ATCC 
CRL 1739) was maintained in Ham’s F-12 medium 
supplemented with 100 mL/L fetal calf  serum and 
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50 mg/L penicillin-streptomycin (Life Technologies, 
Inc.) under 50mL/L CO2 at 37℃. AGS cells were seeded 
in 96-well culture plates (5 × 103 cells/well in 90 µL) 
and cultured as monolayers for 20 h in a 50 mL/L CO2 
atmosphere at 37℃. Samples (10 µL) of  VacA were added 

to achieve the indicated final concentrations and cells were 
incubated for an additional 2-8 h at 37 ℃[27]. Vacuolating 
activity was determined by measuring the uptake of  
neutral red into vacuoles in VacA-treated cells. Cells were 
incubated for 5 min at room temperature with 50 µL of  
freshly prepared 0.5 g/L neutral red in PBS containing 
3 g/L BSA and washed three times with 0.1 mL of  PBS 
containing 3 g/L BSA. After addition of  0.1 mL 700 mL/
L ethanol in water containing 0.4 mL/L HCl, absorbance 
at 540 nm (A540) was measured. Vacuolating activity was 
determined by subtracting the A540 of  cells incubated 
without VacA from the A540 of  VacA-treated cells. To 
evaluate the effect of  NaCl on vacuolating activity, AGS 
cells were incubated with 40 mg/L VacA and 0-10 mmol/
L NaCl for the indicated periods.

Assessment of AGS cell viability
AGS cells were seeded to a subconfluent density of  5
× 104 cells/well in 24-well plates and incubated at 37℃ 
overnight. The supernatant was discarded before co-incu-
bation. AGS cells were grown with NaCl alone or in the 
presence of  VacA and NaCl in F-12 medium supplement-
ed with 100 mL/L FBS. Control cells were inoculated into 
F-12 and incubated for up to 72 h in triplicate. At the end 
of  each time of  incubation, cell viability was determined in 
a hemacytometer by trypan blue exclusion. 

Cytokine and cytokine mRNA measurement
After AGS cells were incubated for 24 h. H pylori VacA (40 
mg/L) and 10 mmol/L NaCl were added. The cells were 
incubated for an additional 4 h. The supernatants were 
then collected and stored at -20℃ until assay. The levels of  
IL-6, IL-8, IL-1β and TNF-α in the culture supernatants 
were determined by enzyme-linked immunosorbent assay 
(ELISA) using commercially available kits (Immunotech, 
France) according to the manufacturer's instructions. In 
these assays, the lower limits of  detection were 3 ng/L for 
IL-6, 8 ng/L for IL-8, 1.5 ng/L for IL-1β and 5 ng/L for 
TNF-α. 

Total RNA was extracted from AGS cells (incubated 
as indicated above, under cytokine measurement) using 
Isogen (Nippon Gene, Tokyo, Japan). Aliquots (2.5 µg) of  
total RNA were incubated at 70 ℃ for 5 min, chilled on 
ice and reverse transcribed in a final volume of  10 µL of  a 
solution containing 200 MU/L Moloney murine leukemia 
virus reverse transcriptase (M-MLV RT) (Invitrogen Life 
Technologies), first-strand buffer (250 mmol/L Tris-HCl, 
pH 8.3 at room temperature, 375 mmol/L KCl, 15 mmol/
L MgCl2) containing 0.1 mol/L DTT and 2.5 mmol/L 
dNTPs plus random primer (6 mer) pd(N)6 (TaKaRa, 
Japan). Reactions were incubated at 22 ℃ for 10 min, at 
37 ℃ for 60 min, heated to 80℃ for 5 min, and stored at 
-20℃ until use. 

The resultant cDNA from above (1 µL) was added to 
a 29-µL reaction containing PCR reaction buffer, 1 µL 
of  4 nmol of  each primer (IL-1 β, IL-6, IL-8, TNF-α), 
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0.1 µL of  5 MU/L of  Taq DNA polymerase and water. 
Oligonucleotide primers were designed based on previous 
reports[28]. PCR was performed with an automatic thermal 
cycler using an initial denaturation step at 95 ℃ for 5 min 
followed by 36 cycles of  denaturation at 94 ℃ for 1 min, 
annealing at 60 ℃ for 1 min, and an extension at 72 ℃ for 
1 min. The final cycle included an extension for 7 min at 
72 ℃ to ensure full extension of  the products. Aliquots (5 
µL) of  each PCR product were analyzed by electropho-
resis on 1.5 g/L agarose S gels (Wako Chemical Co., Ltd., 
Osaka, Japan) containing ethidium bromide, and the bands 
were examined under UV light to detect amplified DNAs. 

Animal experiment
H pylori-infected and non-infected 7-wk-old male Mongo-
lian gerbils (MGS/Sea; Seac Yoshitomi, Fukuoka, Japan) 
were housed in steel cages on hardwood chip bedding in 
an air-conditioned biohazard room with a 12 h light-12 h 
dark cycle. The animals were classified into four groups ac-
cording to H pylori infection and NaCl diet (n = 3). H pylori-
infected and non-infected gerbils were given autoclaved 
distilled water ad libitum and CE-2 irrigated with 50 g/kg 
NaCl (Kyudo Co. LTD, Japan) or CE-2 only (normal diet). 
After 4 mo, the gerbils were sacrificed and stomach tissue 
was obtained and frozen.

The frozen tissue blocks were sectioned (6 µm thick) 
as previously described[28] and the sections were fixed with 
4 g/L paraformaldehyde and acetone for 10 min each. 
The sections were treated with 30 mL/L H2O2 (Wako, 
Japan) in methanol for 5 min followed by blocking with 
10 ml/L normal rabbit serum (Vector Laboratories, Inc., 
Burlingame, CA) for 10 min. We used goat polyclonal 
antibodies as primary antibodies directed against the fol-
lowing mouse proteins: TNF-α, IL-1β, and IL-6 (R & D 
Systems, Inc.). Tissue sections were incubated for 60 min 
at room temperature in a moist chamber with the desired 
primary antibody diluted according to the manufacturer’s 
instructions. Biotinylated rabbit anti-goat immunoglobulin 
G (Vector Laboratories) was then applied for 30 min at 

room temperature. After three times of  5-min rinse with 
PBS, the signals from the antibodies were amplified using 
an ABC kit (Vector Laboratories) for 30 min and visual-
ized with DAB reagent (Vector Laboratories) for 5 min. 
The sections were counterstained with Mayer hematoxylin 
(Muto Pure Chemicals Co., Ltd., Tokyo, Japan), dehydrated 
and mounted using histological mounting medium (Fisher 
Scientific). Negative control reactions contained purified 
goat IgG (Vector Laboratories) instead of  specific primary 
antibodies. 

Statistical analysis
All data in each experiment were expressed as the 
mean ± SE. The statistical significance of  the response 
of  cytokine production to VacA was evaluated using the 
Student's t-test. Differences between cytokine levels were 
considered significant at P < 0.05.

RESULTS
VacA visualization 
VacA, partially-purified from a toxin-producing H pylori 
strain, was visualized on a Western blot with a VacA-spe-
cific antibody (Table 1). An antibody-reactive protein at 87 
ku, the molecular weight expected for the mature toxin[26] 
was found. 

VacA-induced vacuolation in AGS cells
AGS cells showed dose-dependent vacuolation induced 
by VacA (Figure 1). Different VacA concentrations were 
shown for the indicated incubation times. Vacuolization 
was quantified by measuring the uptake of  neutral red into 
vacuoles. The experiments were carried out in triplicate. 
When VacA was incubated with AGS cells at 4, 6 and 
8 h, its activity was stable in the range of  17-70 mg/L. 
Vacuolation was not seen in AGS cells in response to 
VacA after incubation for 2 h, except at the maximum 
concentration. 

VacA-induced vacuolating activity was not influenced by 
NaCl 
The time course for vacuolation within cultured cells in the 
presence of  VacA and NaCl showed the effect of  NaCl on 
the vacuolating activity (Figure 2). The vacuolating activity 
was shown as a function of  incubation time at different 
NaCl concentrations. Cells were induced with 40 mg/L 
VacA. The experiments were carried out in triplicate.

Table 1 Viability of AGS cells grown in the presence of NaCl or 
VacA and NaCl (P  value, t -test)

VacA
(mg/L)

NaCl  
(mmol/L) 24 h 48 h 72 h

  (−)

0 - - -
2.5 0.12 0.07 0.22
5 0.04 0.09 0.18
10 0.06 0.11 0.15

50
0 0.03 0 0.01
2.5 0.02 0 0.01
5 0.01 0.02 0
10 0 0 0

50

0 - - -
2.5 0.45 0.36 0.13
5 0.27 0.08 0.01
10 0.12 0.01 0.04
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Figure 1 Activity of VacA-induced vacuolization.



At all NaCl concentrations, the vacuolating activity was 
minimal after incubation for 2 h. Time-dependent vacu-
olating activity increased linearly, doubling every two hours 
between 2 and 6 h of  incubation. Because the curves at all 
NaCl concentrations were similar, NaCl did not appear to 
significantly affect VacA-induced vacuolation. As a control, 
the same concentrations of  NaCl were added to AGS cells 
without VacA and no vacuolating activity was observed 
(data not shown).

Viability of AGS cells was decreased after coculture with 
VacA and NaCl
The effect of  NaCl on AGS viability was assessed with 
and without VacA at the indicated incubation times. Cell 
viability was determined by trypan blue exclusion. The 
experiments were carried out in triplicate. Upon incuba-
tion with increasing levels of  NaCl for 72 h, there was 
an apparent slight increase in the viability of  AGS cells. 
However, culture for 24 or 48 h apparently decreased the 
viability of  AGS cells (Figure 3). These results, however, 
were not statistically significant (P > 0.05) compared with 
control AGS cells at all incubation time (Table 1). Fur-
thermore, the viability of  AGS cells cultured with VacA 
and 10 mmol/L NaCl was significantly reduced (P < 0.05) 
compared with VacA alone after incubation for 48 and 72 h. 
Although the average viability values after incubation for 
24 h were similar to those at 48 and 72 h, the viability at 
10 mmol/L and 0 mmol/L NaCl was not significantly dif-
ferent (P > 0.05) because large variances were obtained for 
the 24-h samples. The reduced viability in the presence of  
VacA was similar at all three incubation times. 

VacA-induced cytokine production in AGS cells
To examine cytokine production after cell culture with 
VacA combined with NaCl, AGS cells were incubated with 
VacA or VacA and NaCl. The secretion of  TNF-α, IL-8, 
IL-6 and IL-1β assessed by ELISA, is shown in Figure 4. 
The experiments were carried out in triplicate. In addition, 
we assessed the cytokine response of  cultured human AGS 
cells to NaCl alone. The secretion of  TNF-α increased in 
cells exposed to VacA, but this increase was inhibited in 
the presence of  both VacA and NaCl. However, the secre-
tion of  TNF-α seemed to increase slightly in culture with 
NaCl alone (P > 0.05, Figure 4A). The secretion of  IL-8 
increased in cells exposed to VacA compared with cell-
only control cultures or those exposed to NaCl alone. The 
secretion increased when VacA was combined with NaCl. 
However, NaCl did not appear to increase IL-8 secretion 
in the presence of  VacA. NaCl did not induce IL-8 secre-
tion from AGS cells at any concentration tested (Figure 
4B). IL-6 secretion increased in cultures incubated with 
VacA or NaCl or both VacA and NaCl (Figure 4C). IL-
1β secretion increased after culture with VacA or NaCl 
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Figure 2 Time course of VacA-induced vacuolization of AGS cells at different NaCl 
concentrations.
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alone. The addition of  5 or 10 mmol/L NaCl enhanced 
VacA-induced IL-1β secretion, although it was not dose-
dependent (Figure 4D). 

Cytokine mRNA expression induced by VacA in AGS cells
To examine the ability of  VacA combined with NaCl to in-
duce the production of  cytokines, cytokine-specific mRNA 
expression in AGS cells was analyzed by RT-PCR at 4 
h post-induction. The expression of  TNF-α, IL-8, IL-6 
and IL-1β mRNAs is shown in Figure 5. TNF-α mRNA 
expression increased slightly after culture with NaCl, and 
there was a significant increase in TNF-α expression after 
culture with VacA. TNF-α mRNA expression decreased 
after culture with VacA combined with NaCl and displayed 
a significant NaCl dose-dependence. IL-8 mRNA expres-
sion was not stimulated by NaCl alone. However, the IL-8 
mRNA PCR product increased after culture with VacA 
especially with VacA combined and NaCl, although a de-
crease was observed at the highest NaCl concentration. 
IL-6 mRNA was not detected in the control cells or upon 
exposure to any of  the above conditions. IL-1β mRNA 
expression was induced in response to NaCl in a dose-
dependent manner. Expression was also induced upon 
exposure to VacA, but this effect was not stimulated by 
NaCl.

Proinflammatory cytokine production in gastric tissue 
Positive staining of  IL-1β, IL-6, and TNF-α in gastric 
tissue was found in all but one of  the H pylori-infected 
subjects (n = 6) regardless of  diet. However, we observed 
more staining of  all three cytokines in H pylori-infected 
gerbils on a 50 g/kg NaCl diet than in infected gerbils on 
a normal diet, suggesting a potential role of  NaCl in the 
up-regulation of  VacA-induced pro-inflammatory cytokine 
production in gastric epithelium. IL-6 displayed less in-
crease in staining than the other two cytokines, consistent 
with the in vitro ELISA results. There was no significant 
difference between the specific primary antibody staining 
and the IgG negative control staining in tissues from un-
infected animals fed with 50 g/kg NaCl and positive stain-
ing was not observed in the untreated gerbils (data not 
shown).

DISCUSSION
The neutral red uptake assay is often used for quantita-
tively determining H pylori cytotoxicity in vitro[9]. Because 
the shortest time point at which vacuolation was induced 

in this study was 4 h, 4 h incubation was chosen for fur-
ther experiments. The appropriate dose of  VacA to induce 
vacuolation was determined to be 17.5 mg/L, and 40 
mg/L VacA decreased AGS cell viability to 40% after 24 h. 
Therefore, 40 mg/L VacA was used in experiments to as-
sess VacA-induced cytokine production.

Significant vacuolating activity is stimulated by acidic 
(pH < 5.5) or alkaline (pH > 9.5) conditions[27]. We evalu-
ated the effect of  high Na+ and Cl- concentrations on 
vacuolization induced by VacA. AGS cells exposed in vitro 
to VacA at various concentrations of  NaCl had vacuoliza-
tion rates similar to those exposed to VacA alone, suggest-
ing that VacA may be activated by exposure to acidic or 
alkaline conditions but not under the osmotic conditions. 

H pylori has been shown to either reduce or enhance 
gastric epithelial cell viability in vitro[29]. All strains of  H 
pylori decrease cell viability of  microvascular endothelial 
cells after 72 h[30]. Furthermore, co-culture of  H pylori with 
AGS cells significantly decreases cell viability[29]. Consistent 
with these studies, our results demonstrated that VacA 
alone could reduce AGS cell viability (P < 0.05), which was 
enhanced by high doses of  NaCl (P < 0.05). 

Increased levels of  proinflammatory cytokines in-
duced by VacA in AGS cells and gerbils can be considered 
a cytotoxic effect. Consistent with our findings, others 
have noted that the damage caused by H pylori is partially 
attributed to the enhanced secretion of  the proinflamma-
tory cytokines IL-1β, IL-6, IL-8, and TNF-α, particularly 
in response to VacA-expressing H pylori strains[31,32]. It 
has been reported that gastric H pylori infections induce 
mucosal production of  various cytokines, including IL-
1β, IL-6, IL-8 and TNF-α[33]. Our study further confirmed 
the cytokine response to the combined effect of  NaCl and 
VacA in vitro and in vivo. First, we examined the expres-
sion profile of  proinflammatory cytokines in response to 
stimulation by NaCl alone. The addition of  NaCl alone to 
AGS cells resulted in a dose-dependent increase in IL-1β 
mRNA level, whereas expression of  the other three cyto-
kine mRNAs did not change significantly both in vitro and 
in vivo. It has been reported that normal human dermal 
fibroblasts ele-vate IL-1β mRNA levels upon exposure 
to 0.5 mmoL/L NaCl and that normal human epidermal 
keratinocytes increase levels of  IL-6 and IL-8 mRNA in 
response to NaCl[34]. These reported differences in IL-6 
and IL-8 expression in response to NaCl exposure may be 
attributable to differences in cell types or the higher NaCl 
concentration used in the other studies, which was fivefold 
higher than that in our study. We found that NaCl could 

IL-1β (443 bp)

IL-6 (819 bp)

IL-8 (585 bp)

TNF-α (468 bp)

GAPDH (985 bp)

NaCl (mmol/L) 0             2.5            5             10               0             2.5            5             10 
NaCl                         VacA + NaCl

Figure 5 Expression of cytokines induced by NaCl 
or VacA with NaCl (RT-PCR) in gastric tissue of H 
pylori-infected gerbils (×200) fed with a normal diet 
(top) and a 50g/kg NaCl diet (bottom).
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not alter VacA-induced IL-8 expression. However, the in-
duction of  IL-8 by VacA alone is consistent with previous 
studies that H pylori infection increases mucosal produc-
tion of  IL-8 and interaction between viable H pylori and 
AGS cells increases levels of  IL-8 mRNA expression and 
protein secretion[33, 35].

It has also been reported that polymorphisms within 
the IL-1β and TNF-α genes are associated with a risk for 
gastric carcinoma in individuals infected with H pylori[36]. 
Our study demonstrated that VacA-induced expression of  
IL-1β and TNF-α mRNAs could be up-regulated by NaCl 
in gerbils, whereas NaCl increased IL-1β expression and 
decreased VacA-induced TNF-α expression in AGS cells.

IL-6 is a multifunctional cytokine that plays a central 
role in host defense mechanisms[37-40]. IL-6 production 
upon H pylori infection could be induced in response to 
urease in human AGS cells[41]. IL-6 can also be induced by 
VacA in bone marrow-derived mast cells[42]. These findings 
are consistent with our ELISA results, but we were unable 
to detect IL-6 mRNA with RT-PCR under any of  the con-
ditions we tested. 

VacA directly activates AGS cells to produce pro-
inflammatory cytokines, which might be a host early innate 
immune response, suggesting that VacA plays a role in the 
pathogenesis of  H pylori-infected gastritis although the cag 
pathogenicity island is closely related to induction of  pro-
inflammatory cytoikine[43]

High-salt diet ( NaCl 75g/kg versus 2.5g/kg) intake 
enhances H pylori colonization in mice and humans, while 
chronic salt intake might exacerbate gastritis by increasing 
H pylori colonization[12]. Our study indicated that excessive 
dietary NaCl (50 g/kg) influenced cytokine production in 
the Mongolian gerbil model of  H pylori infection. VacA 
may be regulated by NaCl to influence cytokine production 
through a variety of  mechanisms. One mechanism might 
be through an effect on VacA channels, which are likely to 
be an important component in the mode of  action of  this 
toxin[36]. 

In conclusion, the virulent H pylori cytotoxin, VacA, de-
creases the viability of  AGS cells, which can be enhanced 
by NaCl. NaCl also affects the production of  proinflam-
matory cytokines induced by VacA. Our results suggest 
that NaCl plays an important role in H pylori-induced AGS 
cell cytotoxicity. However, the interactions between H 
pylori, NaCl and gastric cancer are complex, more studies 
are required to understand the mechanism by which NaCl 
affects the progression of  H pylori-related gastric cancer.

ACKNOWLEDGMENTS
The authors thank Sakurai Mami for skillful technical 
assistance. 

REFERENCES
1 Sun J, Misumi J, Shimaoka A, Aoki K, Esaki F. Stomach can-

cer-related mortality. Eur J Cancer Prev 2001; 10: 61-67
2 Sun J, Misumi J, Shimaoka A, Aoki K, Kono A. Stomach can-

cer-related mortality rate is higher in young Japanese women 
than in men. Public Health 2002; 116: 39-44

3 Cover TL, Krishna US, Israel DA, Peek RM Jr. Induction of 
gastric epithelial cell apoptosis by Helicobacter pylori vacuolat-

ing cytotoxin. Cancer Res 2003; 63: 951-957
4 Shirin H, Sordillo EM, Oh SH, Yamamoto H, Delohery T, 

Weinstein IB, Moss SF. Helicobacter pylori inhibits the G1 to S 
transition in AGS gastric epithelial cells. Cancer Res 1999; 59: 
2277-2281

5 Gobert AP, Mersey BD, Cheng Y, Blumberg DR, Newton JC, 
Wilson KT. Cutting edge: urease release by Helicobacter pylori 
stimulates macrophage inducible nitric oxide synthase. J Im-
munol 2002; 168: 6002-6006

6 Patel HK, Willhite DC, Patel RM, Ye D, Williams CL, Torres 
EM, Marty KB, MacDonald RA, Blanke SR. Plasma membrane 
cholesterol modulates cellular vacuolation induced by the 
Helicobacter pylori vacuolating cytotoxin. Infect Immun 2002; 70: 
4112-4123

7 Vinion-Dubiel AD, McClain MS, Cao P, Mernaugh RL, Cover 
TL. Antigenic diversity among Helicobacter pylori vacuolating 
toxins. Infect Immun 2001; 69: 4329-4336

8 Willhite DC, Ye D, Blanke SR. Fluorescence resonance energy 
transfer microscopy of the Helicobacter pylori vacuolating cyto-
toxin within mammalian cells. Infect Immun 2002; 70: 3824-3832

9 Ricci V, Galmiche A, Doye A, Necchi V, Solcia E, Boquet P 
High cell sensitivity to Helicobacter pylori VacA toxin depends 
on a GPI-anchored protein and is not blocked by inhibition of 
the clathrin-mediated pathway of endocytosis. Mol Biol Cell 
2000; 11: 3897-3909

10 Ogimoto I, Shibata A, Fukuda K. World Cancer Research 
Fund/American Institute of Cancer Research 1997 recommen-
dations: applicability to digestive tract cancer in Japan. Cancer 
Causes Control 2000; 11: 9-23 

11 Calam J. Helicobacter pylori modulation of gastric acid. Yale J 
Biol Med 1999; 72: 195-202

12 Fox JG, Dangler CA, Taylor NS, King A, Koh TJ, Wang TC. 
High-salt diet induces gastric epithelial hyperplasia and pari-
etal cell loss, and enhances Helicobacter pylori colonization in 
C57BL/6 mice. Cancer Res 1999; 59: 4823-4828

13 Bretagne JF. Could Helicobacter pylori treatment reduce stom-
ach cancer risk? Gastroenterol Clin Biol 2003; 27: 440-452

14 Ngoan LT, Yoshimura T. Work, salt intake and the develop-
ment of stomach cancer. Med Hypotheses 2003; 60: 552-556

15 Nozaki K, Tsukamoto T, Tatematsu M. Effect of high salt diet 
and Helicobacter pylori infection on gastric carcinogenesis. Nip-
pon Rinsho 2003; 61: 36-40

16 Tsugane S, Sasazuki S, Kobayashi M, Sasaki S. Salt and salted 
food intake and subsequent risk of gastric cancer among 
middle-aged Japanese men and women. Br J Cancer 2004; 90: 
128-134

17 Xibin S, Moller H, Evans HS, Dixing D, Wenjie D, Jianbang L. 
Residential Environment, Diet and Risk of Stomach Cancer: a 
Case-control Study in Linzhou, China. Asian Pac J Cancer Prev 
2002; 3: 167-172

18 Konturek PC, Konturek SJ, Bielanski W, Kania J, Zuchowicz 
M, Hartwich A, Rehfeld JF, Hahn EG. Influence of COX-2 
inhibition by rofecoxib on serum and tumor progastrin and 
gastrin levels and expression of PPARgamma and apoptosis-
related proteins in gastric cancer patients. Dig Dis Sci 2003; 48: 
2005-2017

19 Zambon CF, Basso D, Navaglia F, Falda A, Belluco C, Fogar 
P, Greco E, Gallo N, Farinati F, Cardin R, Rugge M, Di Mario 
F, Plebani M. Increased risk of noncardia gastric cancer associ-
ated with proinflammatory cytokine gene polymorphisms. 
Gastroenterology 2004; 126: 382-384

20 Garza-Gonzalez E, Bosques-Padilla FJ, El-Omar E, Hold G, 
Tijerina-Menchaca R, Maldonado-Garza HJ, Perez-Perez GI. 
Role of the polymorphic IL-1B, IL-1RN and TNF-A genes in 
distal gastric cancer in Mexico. Int J Cancer 2005; 114: 237-241

21 Basak C, Pathak SK, Bhattacharyya A, Mandal D, Pathak S, 
Kundu M. NF-kappaB- and C/EBPbeta-driven interleukin-
1beta gene expression and PAK1-mediated caspase-1 activa-
tion play essential roles in interleukin-1beta release from He-
licobacter pylori lipopolysaccharide-stimulated macrophages. J 
Biol Chem 2005; 280: 4279-4288

22 Nishi Y, Isomoto H, Uotani S, Wen CY, Shikuwa S, Ohnita K, 
Mizuta Y, Kawaguchi A, Inoue K, Kohno S. Enhanced produc-

www.wjgnet.com

Sun J et al. NaCl and H pylori  vacuolating cytotoxin                                                               2179



2180          ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol     April 14,  2006   Volume 12    Number 14

tion of leptin in gastric fundic mucosa with Helicobacter pylori 
infection. World J Gastroenterol 2005; 11: 695-699

23 Kawaguchi M, Akagi M, Gray MJ, Liu W, Fan F, Ellis LM. 
Regulation of vascular endothelial growth factor expression in 
human gastric cancer cells by interleukin-1beta. Surgery 2004; 
136: 686-692 

24 Konturek PC, Kania J, Kukharsky V, Raithel M, Ocker M, 
Rembiasz K, Hahn EG, Konturek SJ. Implication of peroxisome 
proliferator-activated receptor gamma and proinflammatory 
cytokines in gastric carcinogenesis: link to Helicobacter pylori-
infection. J Pharmacol Sci 2004; 96: 134-143

25 Hwang IR, Hsu PI, Peterson LE, Gutierrez O, Kim JG, Graham 
DY, Yamaoka Y. Interleukin-6 genetic polymorphisms are not 
related to Helicobacter pylori-associated gastroduodenal dis-
eases. Helicobacter 2003; 8: 142-148

26 Yahiro K, Niidome T, Hatakeyama T, Aoyagi H, Kurazono H, 
Padilla PI, Wada A, Hirayama T. Helicobacter pylori vacuolat-
ing cytotoxin binds to the 140-kDa protein in human gastric 
cancer cell lines, AZ-521 and AGS. Biochem Biophys Res Com-
mun 1997; 238: 629-632 

27 Yahiro K, Niidome T, Kimura M, Hatakeyama T, Aoyagi H, 
Kurazono H, Imagawa K, Wada A, Moss J, Hirayama T. Ac-
tivation of Helicobacter pylori VacA toxin by alkaline or acid 
conditions increases its binding to a 250-kDa receptor protein-
tyrosine phosphatase beta. J Biol Chem 1999; 274: 36693-36699

28 Sun J, Bi L, Chi Y, Aoki K, Misumi J. Effect of sodium acetate 
on cell proliferation and induction of proinflammatory cyto-
kines: a preliminary evaluation. Food Chem Toxicol 2005; 43: 
1773-1778

29 Peek RM Jr, Blaser MJ, Mays DJ, Forsyth MH, Cover TL, Song 
SY, Krishna U, Pietenpol JA. Helicobacter pylori strain-specific 
genotypes and modulation of the gastric epithelial cell cycle. 
Cancer Res 1999; 59: 6124-6131

30 Kalia N, Jones C, Bardhan DK, Reed MW, Atherton JC, Brown 
NJ. Effects of genotypically different strains of Helicobacter py-
lori on human microvascular endothelial cells in vitro. Dig Dis 
Sci 2001; 46: 54-61

31 Brzozowski T, Konturek PC, Konturek SJ, Kwiecien S, Pajdo R, 
Karczewska E, Stachura J, Hahn EG. Water extracts of Helico-
bacter pylori delay healing of chronic gastric ulcers in rats: role 
of cytokines and gastrin-somatostatin link. Digestion 1999; 60: 
22-33

32 Mitsuno Y, Yoshida H, Maeda S, Ogura K, Hirata Y, Kawabe T, 
Shiratori Y, Omata M. Helicobacter pylori induced transactiva-

tion of SRE and AP-1 through the ERK signalling pathway in 
gastric cancer cells. Gut 2001; 49: 18-22

33 Sharma SA, Tummuru MK, Miller GG, Blaser MJ. Interleu-
kin-8 response of gastric epithelial cell lines to Helicobacter 
pylori stimulation in vitro. Infect Immun 1995; 63: 1681-1687

34 Terunuma A, Aiba S, Tagami H. Cytokine mRNA profiles 
in cultured human skin component cells exposed to vari-
ous chemicals: a simulation model of epicutaneous stimuli 
induced by skin barrier perturbation in comparison with that 
due to exposure to haptens or irritant. J Dermatol Sci 2001; 26: 
85-93

35 Ohkusa T, Okayasu I, Miwa H, Ohtaka K, Endo S, Sato N. 
Helicobacter pylori infection induces duodenitis and superficial 
duodenal ulcer in Mongolian gerbils. Gut 2003; 52: 797-803

36 Iwamoto H, Czajkowsky DM, Cover TL, Szabo G, Shao Z. 
VacA from Helicobacter pylori: a hexameric chloride channel. 
FEBS Lett 1999; 450: 101-104

37 Sun J, Tian Z, Zhang JH. Effect of recombinant Human In-
terleukin-6 on Mouse NK and CTL Cells in vitro and in vivo. 
Zhongguo Zhongliu Shengwu Zhiliao 1995; 2: 188-190

38 Sun J, Tian Z, Zhang JH. Effect of recombinant Human Inter-
leukin-6 on Mouse LAK Cells in vitro and in vivo. Zhongguo 
Mianyixue Zazhi 1996; 12: 98-100

39 Sun J, Tian Z, Zhang JH. Effect of recombinant Human Inter-
leukin-6 on Mouse blood system. Zhongguo Shenghua Yaowu 
Zazhi 1995; 16: 154-156

40 Sun J, Tian Z, Zhang JH. Effect of recombinant Human Inter-
leukin-6 on Mouse Microphage in vitro and in vivo. Zhonghua 
Zhongliu Zazhi 1995;17: 446-447

41 Tanahashi T, Kita M, Kodama T, Yamaoka Y, Sawai N, Ohno T, 
Mitsufuji S, Wei YP, Kashima K, Imanishi J. Cytokine expres-
sion and production by purified Helicobacter pylori urease in 
human gastric epithelial cells. Infect Immun 2000; 68: 664-671

42 Supajatura V, Ushio H, Wada A, Yahiro K, Okumura K, 
Ogawa H, Hirayama T, Ra C. Cutting edge: VacA, a vacuolat-
ing cytotoxin of Helicobacter pylori, directly activates mast cells 
for migration and production of proinflammatory cytokines. J 
Immunol 2002; 168: 2603-2607

43 Censini S, Lange C, Xiang Z, Crabtree JE, Ghiara P, Boro-
dovsky M, Rappuoli R, Covacci A. cag, a pathogenicity island 
of Helicobacter pylori, encodes type I-specific and disease-
associated virulence factors. Proc Natl Acad Sci USA 1996; 93: 
14648-14653

S- Editors  Pan BR and Wang J    L- Editor  Wang XL    E- Editor  Liu WF

www.wjgnet.com



Santosh K Tiwari, Aleem A Khan, Mohd. Ibrahim, Mohd 
Aejaz Habeeb, C M Habibullah, Center for Liver Research and 
Diagnostics, Deccan College of Medical Sciences, Kanchanbagh, 
Hyderabad 500 058, Andhra Pradesh, India
Mohd Aejaz Habeeb, C M Habibul lah, Department of 
Gastroenterology, Deccan College of Medical Sciences Hyderabad 
500 058, Andhra Pradesh, India
Supported by the Department of Biotechnology, Government of 
India
Co-correspondence: Aleem A Khan
Correspondence to: Professor C M Habibullah, Director, Centre 
for Liver Research and Diagnostics, Deccan College of Medical 
Sciences and Allied Hospitals Kanchanbagh, Hyderabad, Andhra 
Pradesh, 500 058, India. cmhabib@rediffmail.com.
Telephone: +91-40-24342954  Fax: +91-40-24342954
Received: 2005-09-29   Accepted: 2005-11-12

Abstract
AIM: To investigate the presence of Helicobacter  
species by nested PCR of 16S rRNA genes followed 
by the presence of Helicobacter pylori（H pylori）16S 
rRNA, ureA , cagA  genes in bile obtained at endoscopic 
retrograde cholangio-pancreatography (ERCP) from 60 
Indian subjects. 

METHODS: Sixty bile samples were obtained from 
patients diagnosed with various hepato-biliary diseases 
and control subjects at ERCP. PCR analysis was carried 
out using primers for Helicobacter  genus 16S rRNA gene 
and H pylori  (16S rRNA, ureA  and cagA) genes. Gastric 
H pylori  status was also assessed from biopsies obtained 
at endoscopy from patients with various hepato-
biliary diseases and controls. The control group mainly 
consisted of subjects with gastric disorders. Sequencing 
analysis was performed to confirm that PCR products 
with 16S rRNA and cagA  primers were derived from H 
pylori . 

RESULTS No Helicobacters  were grown in culture from 
the bile samples. Helicobacter  DNA was detected in bile 
of 96.7% and 6.6% of groups I and II respectively. Ten 
from group I were positive for 16S rRNA and ureA  and 9 
were positive for cagA  gene. In contrast of the 2  from 
the control, 1 amplified with 16S rRNA, ureA  and cagA  
primers used. The sequences of the 16S rRNA genes and 
cagA  were 99% similar to Helicobacter pylori . 

CONCLUSION: Helicobacters  are associated with the 
pathogenesis of various hepato-biliary disorders.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
The re-discovery of  Helicobacter pylori (H pylori) as a curved 
bacterium in the stomach by histological examination of  
gastric biopsies[1, 2] and its subsequent first isolation by 
Warren & Marshall in 1983 have probably etched new 
avenues in the management of  various gastro-duodenal 
disorders. Since its discovery, this microaerophilic Gram 
negative pathogen has been linked to various gastric 
pathologies including gastric carcinoma and mucosa 
associated lymphoid tissue (MALT) lymphoma[3, 4]. 
Numerous other Helicobacter species along with Helicobacter 
pylori have subsequently been isolated from sites other than 
the stomach, including oral cavity, liver and biliary tree of  
animals and humans[5-7]. Recent studies have implicated 
the association between Helicobacter infections with certain 
diseases of  the liver of  some animal species such as H canis 
in dogs[8] and H hepaticus & H bilis in mice[9-11].

In humans, other Helicobacter species including H 
pylori DNA has been detected in the liver of  patients 
suffering from cholestatic diseases[12, 13]. In one study, a 
high frequency of  H pylori and H pullorum sequences were 
detected by PCR, in the liver of  patients with cirrhosis 
and superimposed hepatocellular carcinoma[14]. More 
recently, a study by Pellicano et al suggests that presence 
of  Helicobacter spp in liver samples could possibly serve as a 
co-factor in the development of  end-stage of  liver disease 
in humans[15]. These concerns have spurred considerable 
interest in determining the mechanisms by which these 
extra cellular bacteria and the associated inflammatory 
response endorse hepatic and biliary disease.

Therefore, we investigated the presence of  Helicobacter 
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spp genomes in the bile specimens obtained from patients 
with different hepato-biliary diseases and among control 
group (without any hepatic and biliary disease but with 
different gastric disorders) at endoscopic retrograde 
cholangio-pancreatography (ERCP). We also evaluated the 
association between the presence of  Helicobacter species 
with various hepato-biliary disorders.  

MATERIALS AND METHODS
Subjects
The study population consisted of  60 subjects categorized 
into two groups (thirty in each) viz., Group I (those with 
hepato-biliary disorders) and Group II (those with no 
pathologically proven liver or biliary disease but with 
different gastric disorders, served as control). Patients of  
both sexes and age range: 23-68 years, average age: 48.1 
years were included in the study. Subjects from either 
group underwent ERCP followed by upper gastrointestinal 
endoscopy at the Department of  Gastroenterology, 
Deccan College of  Medical Sciences, Hyderabad. The 
study protocol was approved by the Institutional Review 
Board (IRB) and Institutional Ethical Committee (IEC). 
Approval was obtained from IEC for the initiation of  
the study. Informed consent was obtained from all the 
patients before their enrolling in the study according to the 
Helsinki Declaration. None of  the patients included for 
the study were on antibiotics prior to ERCP or endoscopy.

Patients’ details and diagnoses were recorded and 5-10 
mL bile samples were collected in glycerol by aspiration 
during the ERCP procedure and 3 gastric biopsies were 
collected during endoscopy from the same patient: one in 
urea solution for rapid urease test (RUT), one in brucella 
broth supplemented with fetal calf  serum (FCS) for 
culture and 1 in phosphate buffered saline (PBS) for DNA 
isolation. Aspirated bile samples and the biopsy collected 
in PBS were stored at -80 oC until DNA was isolated.

Helicobacter culture
T he g a s t r i c b i op sy co l l e c t ed i n supp l emen t ed 
brucella broth was immediately transported to the 
laboratory and streaked on the chocolate brucella 
agar supplemented w i t h 7 0 m L / L s h e e p b l o o d 
and 6 mg/L-vancomycin, 2 mg/L-amphoteracin-B 
and polymixin-B 2500/L (Sigma Chemicals, USA) and 
incubated at 37 oC in microaerobic conditions. A small 

aliquot (about 0.5 mL) of  the collected bile sample was 
also instantaneously homogenized within half  an hour 
of  collection in 0.5 to 1 mL brucella broth (Becton and 
Dickinson, USA) containing 50 mL/L fetal calf  serum 
(Gibco BRL, Germany) and streaked over the same 
medium for primary isolation of  H pylori  and incubated as 
described above. Approximately 50 µL of  the sample was 
plated onto each plate and the remaining sample was used 
for DNA isolation.

DNA extraction
The genomic DNA from the gastric tissue, isolated 
culture and bile samples was isolated as per the standard 
protocol previously described[16]. In case of  bile sample, 
briefly 450 µL of  the sample was diluted with equal 
volume of  PBS and centrifuged at 15 000 g for 20 min. 
The supernatant was discarded and the pellet was again 
subsequently mixed with 250 µL of  the PBS and DNA 
isolated by modified cetyl trimethyl ammonium bromide 
(CTAB) method. The DNA was extracted and preserved 
at -20oC until amplification was performed. Appropriate 
care was taken during extraction to remove the PCR 
inhibiting substances present in the bile[17]. Briefly as 
Helicobacter DNA was isolated from an unusual source, 
there is possibility of  existence of  specific inhibitors and 
competing substrates. For such situations, dilution of  
inhibited samples provides a rapid and straightforward 
way of  permitting amplification. This dilution exploits 
the sensitivity of  PCR by reducing the concentration of  
inhibitors relative to target DNA. 

PCR amplification
Amplification was performed as per standard protocol 
described previously[13] with minor modifications. All 
primers were synthesized at Bioserve Biotechnologies Pvt 
Ltd, Hyderabad, India. Amplification was performed in 
a PTC 100 thermocycler (M J Research Inc. Water town, 
USA). 

PCR amplification with Helicobacter genus-specific 
primers
Nested PCR was carried out using two oligonucleotide 
pairs previously reported by Pellicano et al [15]  and 
designated as Heli in Table 1. The primers (Helinest-S & 
R, Heli-S & R) used in our study were reported to amplify 
26 species of  Helicobacter genus[15]. At each amplification, 
H pylori DNA was used as a positive control, while water 
instead of  DNA served as a negative control.

First amplification 
Amplification was carried out in a total volume of  20 µL 
containing 0.5 µL DNA, PCR buffer (1×), 200 µmol/L 
dNTPs, 1.5 mmol/L Mg 2+, 0.2 µmol/L primers (Heli-nest-S 
and Heli-nest-R), 1U Taq DNA polymerase (Invitrogen Life 
Technologies, Germany). Amplification conditions were 
optimized and are enlisted in Table 2. A sample was scored 
positive if  an amplification product of  1 300 bp could be 
resolved after electrophoresis on 15 g/L agarose gel.

Second amplification
One microliter of  amplicon from the first amplification 

www.wjgnet.com

Table 1 List of primers used for the study

Primer                 Sequence (5’→3’)         Product size 
                                                                                           (bp)
Heli-nest S         5’ATTAGTGGCGCACGGGTGAGTAA 3’                   1 300
Heli-nest R         5’ TTTAGCATCCCGACTTAAGGC 3’
Heli-S                  5’ GAACCTTACCTAGGCTTGACATTG 3’                  480
Heli-R                 5’ GGTGAGTACAAGACCCGGGAA 3’
16S-rRNA.F        5’ TAAGAGATCAGCCTATATGTCC 3’                       534
16S-rRNA.R       5’ TCCCACGCTTTAAGCGCAAT 3’ 
UreA-S                5’GCCAATGGTAAATTAGTT 3’                                    411
UreA-R               5’ CTCCTTAATTGTTTTTAC 3’
CagA-S         5’ CCATGAATTTTTGATCCGTTCGG 3’                     349
CagA-R         5’ GATAACAGGCAAGCTTTTGAGAGGGA 3’
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step was used with primers Heli-S and Heli-R (Table 1) 
and amplification was repeated with minor alterations 
(Table 2). The expected product size of  the amplicon was 
480 bp. 

Specificity test of genus specific primers 
The specificity of  genus specific primers viz., Helinest-S, 
Helinest-R, Heli-S and Heli-R as well as primers specific 
to H pylori was assessed by using 6 bacterial strains. This 
included two different Helicobacter pylori strains along with 4 
other enteric bacteria commonly residing the stomach.

H pylori specific 16S rRNA PCR
The samples positive with Helicobacter genus PCR were 
further analyzed for the presence of  H pylori DNA in the 
culture, biopsy and bile samples by targeting the 16S rRNA 
gene using primers enlisted in Table 1.  Amplification was 
carried out as per the mentioned protocol (Table 2). The 
amplification product size was 534 bp typical of  H pylori.

Amplification of ureA gene
Samples positive for H pylori were subsequently analyzed 
with a different set of  primers designated ureA, in Table 1. 
The sense and anti-sense primers of  this gene were used 
for PCR as per the mentioned protocol in Table 2. The 
amplification product size was 411 bp typical of  H pylori.

Amplification of cagA gene	
Samples positive for H pylori were subsequently screened 
for the presence of  cagA gene using specific primers (Table 
1). Amplification was carried out as per the program given 
in Table 2 with minor alterations increasing the annealing 
time to 1 min and extension time to 2 min. The expected 
product size of  the primers used was 349 bp. 

Sequencing of the 16S rRNA products and cagA 
amplification product
The H pylori positive DNA fragments from the bile 
samples were sequenced. Comparison of  DNA sequences 
of  the genomic 16S rRNA amplicons and cagA amplicons 

with those of  H pylori was performed using sequence 
alignment with the BLAST programme. The presence of  
H pylori sequence was thus confirmed in these bile samples.

Statistical analysis
Helicobacter genus positivity and negativity was compared 
using the Fisher’s exact test. P < 0.05 was considered as 
significant. 

RESULTS
Culture
Of  the 60 gastric biopsies streaked, colonies could be 
isolated from 54(90%) subjects (26 from group I and 
28 from group II). No Helicobacter pylori colonies could 
be grown of  the 60 bile samples streaked, even after 
prolonged incubation for up to 2 wk under microaerophilic 
conditions. 

Specificity test
Helicobacter genus specificity was tested using a panel of  H 
pylori strains by PCR with specific primer sets used for this 
study. All the H pylori DNA gave a positive amplification 
with the expected product size. The non-Helicobacter 
species DNA extracts did not yield any result with the 
oligonucleotide primers used.

PCR amplification with Helicobacter genus-specific 
primers
Helicobacter DNA was detected by nested-PCR in 29(96.7%) 
of  the 30 bile samples collected from group I patients 
and 2(6.6%) of  the subjects from group II sub-group 
respectively. All the 29 samples from group I and 2 from 
group II amplified at both first and second amplification 
reactions. The amplification product sizes of  both the 
PCR are shown in Figures 1A and 1B respectively. DNA 
isolated from 60 biopsy and 54 cultures, gave a positive 
amplification with the expected product size.
Screening for H pylori DNA in bile	
Of  the 29 Helicobacter genus positive samples from group 
I subjects, 10(33.3%) bile samples were amplified with the 
H pylori specific 16S rRNA primers, yielding a product 
size of  534 bp on electrophoresis (Figure 1C). While of  
the 2 Helicobacter genus positive from group II, only 1 was 
amplified with the H pylori 16S rRNA primers used (Table 3). 

Confirmation of gastric H pylori colonization
Screening of  the 60 biopsy DNA and 54 culture DNA 
from both the study groups gave positive amplification 
with the specified primers used, yielding a product size of  
534 bp.

Analysis of ureA and cagA gene	
Of  the 29 subjects analyzed for the presence of  ureA and 
cagA sequences from group I sub-group, we found that 
10 (33.5%) were amplified with ureA gene while 9 (30%) 
amplified with the cagA primer. On the other hand, 1 
sample which was amplified for H pylori 16S rRNA gene in 
group II, also gave positive amplification for ureA and cagA 
respectively (Table 3). The amplified products of  these 
genes are represented in Figure 1D, E.

Table 2 Conditions of polymerase chain reactions used in the study

Target                 Initial              Temperature o    Cycle      Final 
gene           denaturation  denaturation,       extension         
                          step                annealing and       step                                                                                  
                                                                                   extension
Helicobacter              94 ℃ for 5 min      94℃ for 30 s
Spp,16S rRNA                                        55℃ for 30 s       35     72℃ for 7 min                        
                                                                                                       72℃ for 1.5 min
Second                     94℃ for 5 min     94℃ for 30 s
amplification          60℃ for 30 s       35     72℃ for 7 min
     step       72℃ for 30 s     
Helicobacter              95℃ f                     94℃ for 30 s
pylori, 16S rRNA           56℃ for 30          40    72℃ for 5 min                        
                                                                                                        2℃ for 1 min
     ureA                    95℃ for 5 min       94℃ for 30 s
                  52℃ for 30          35     72℃ for 6 min                        
                                                                                                        72℃ for 1 min
     cagA                     95℃ for 5 min    94℃ for 1 min
                 52℃ for 1 min     35    72℃ for 10 min                        
                                                                 72℃ for 2 min
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Sequence analysis of PCR product from bile DNA with 16S 
rRNA and cagA primers
To confirm that the PCR product obtained with the 16S 
rRNA and cagA primers belonged to H pylori, we examined 
the sequence of  the PCR product in 4 bile samples (3 from 
Group I and 1 from Group II). The nucleotide sequence 
of  the amplified products shared 99% identity with the 
16S rRNA and cagA gene of  H pylori respectively.

DISCUSSION
The presence of  Helicobacter species DNA in the bile 
samples of  patients with different hepato-biliary diseases 
is interesting since some reports in the past have suggested 
a positive association of  Helicobacter and the evolution of  
liver diseases[9, 15, 18, 19]. Recent studies on Helicobacter spp 
in different diseases of  liver and bile ducts have shown 

that Helicobacter can be detected not only in the extremely 
hostile milieu of  the stomach but also in human bile[20, 

19]. Although none of  the previous studies including the 
present study have not been able to isolate H pylori in 
vitro, it has been proven that some of  Helicobacter species 
live in the gall bladder. In a recent study[15], by PCR and 
subsequent sequencing of  the 16S rDNA and amplification 
of  cagA gene, Helicobacter spp was detected in 17 of  20 
patients operated for hepatocellular carcinoma (HCC). The 
same study reported the presence of  a 290 bp product of  
128 KDa CagA protein specific only for type I H pylori. 
Further, it has been shown that several Heli cobacter  spp . 
secrete a liver specific toxin that causes hepatocyte necrosis 
in cell culture and might also be involved in damaging liver 
parenchyma in vivo[15]. In contrast, other authors did not 
detect any Helicobacter or H pylori DNA in the patients with 
similar diseases[21, 28]. These observations impelled us to 
explore a possible association of  Helicobacter and hepato-
biliary disease among Indian patients.

In the present study, which comprised of  two groups 
(I & II), of  the 30 subjects from group I with various 
hepato-biliary ailments, we could detect Helicobacter genus 
specific 16S rRNA sequence in 29 bile samples by nested 
PCR and only 1 sample did not give any amplification 
with the specific primers used. By contrast, in Group II 
subjects, i.e. those with no significant hepato-biliary disease 
but with various gastric disorders (Control subjects) only 
2 subjects gave positive amplification with the Helicobacter 
genus specific primer used yielding the desired fragment. 
We carried out 16S rRNA amplification specific to H pylori 
on 29 subjects positive from group I and 2 from group II 
for Helicobacter genus, followed by subsequent sequencing 
of  the amplified products to confirm the presence of  
H pylori DNA in the bile samples. We found that 33.3% 
samples from group I and 3.33% from group II were 
amplified giving a product of  534 bp (Figure 1C). Further, 
we also investigated the presence of  ureA and cagA gene in 
all the bile specimens followed by sequencing of  the 16S 
rRNA and cagA amplified products of  4 bile samples (3 
from group I and 1 from group II). Sequence comparison 
of  the sequenced samples confirmed the presence of  H 
pylori DNA sequence in the bile samples. 

The usage of  less invasive ERCP procedure to obtain 
bile is an adequate method for this purpose compared 
with other invasive approaches currently in practice. 
This procedure also avoids contamination with H pylori 
colonizing the stomach, as the sampling devices are 
inserted inside the endoscope and hence never traverse the 
stomach[28]. 

This is the first Indian study to simultaneously 
investigate the presence of  Helicobacter DNA in bile 
specimens and gastric t issues and underscore the 
association of  Helicobacter in bile obtained from patients 
with various hepato-biliary disorders. We detected 
Helicobacter DNA by nested PCR using two sets of  primer. 
Further, our study also successfully demonstrated the 
presence of  ureA and virulence genes such as cagA specific 
to H pylori in the DNA isolated from bile samples. As 
evident from the results, 33.3% carried ureA gene whereas 
30% were amplified with the primers used for cagA 
detection (Table 3). Of  the 9 positive for H pylori cagA 

Table 3 Details of Helicobacter  genus, H pylori  16S rRNA, 
ureA, cagA positivity in the study subjects

        Category     Helicobacter       H pylori  16S     ureA           CagA
 No   (n=60)     genus positivity   rRNA positive   positive        positive
                             n (%)       n (%)           n (%)          n (%)

1 Group I 29(96.7) 10(33.3) 10(33.3) 09(30)
2 Group II 02(6.6) 01(3.3) 01(3.3) 01(3.3)

1    2    3    4    5    6  C  N  P   M

N     1     2    3     4     5    P     M

1       2       3       M       5       P

1        2       3       P    C   N     M

M      1       2      3       P     N   C

← 2 Kp

← 1 Kp

← 600 bp
   480 bp

← 600 bp
   534 bp

← 600 bp
   411 bp

   400 bp
← 349 bp

A

B

C

D

E

Figure	1 A schematic representation of the PCR products of the Helicobacter 
spp DNA. A: Gel image showing first amplification products of 16S rRNA PCR 
with Helicobacter  genus specific primers at 1 300 bp. Lanes 1 to 6 represent 
Helicobacter DNA isolated from bile samples, ‘P’ represents positive control 
andLanes C, N and M represents negative control, reaction negative control and 1 
Kb molecular weight marker. B: Second amplification products of 16S rRNA PCR 
with Helicobacter genus specific primers at 480 bp. Lanes 1 to 5 represent bile 
DNA, ‘P’ represents positive control. Lanes N and M represent reaction negative 
control and 100 bp molecular weight marker ladder respectively. C: Gel picture 
showing 16S rRNA amplification products specific to H pylori of bile samples at 
534 bp. Lanes 1, 2, 3 and 5 represent bile DNA samples while Lanes M and P 
represent 100 bp ladder and positive control respectively. D: ureA amplification 
products at 411 bp. Lanes 1 to 3 represent bile DNA, Lane ‘P’ represents positive 
control and Lanes C, N and M represent negative control, reaction negative 
control and 100bp molecular weight ladder respectively. E: Gel picture illustrating 
the cagA amplification products at 349 bp. Lanes 1, 2 and 3 represent bile DNA 
while Lanes M, P, N and C represent 100bp molecular weight ladder, positive and 
reaction negative control, negative control respectively.
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gene, 5 belonged to cholangio-carcinoma, 2 belonged to 
common bile duct stones and the remaining subjects had 
pancreatico-biliary malignancies (Data not shown). In 
addition, we also found that among 10 subjects positive 
for H pylori in group I, ureA and cagA were simultaneously 
detected in 9 subjects, 1 subject gave amplification only 
for ureA gene and the only sample which was amplified 
with the 16S rRNA specific primer of  H pylori from group 
II was found to possess both genes respectively (data not 
shown). The only subject whose bile sample gave positive 
results with 16S rRNA, ureA and cagA primers in group II 
was found to suffer from antral gastritis endoscopically and 
was co-incidentally positive for H pylori by culture and PCR 
of  both the biopsy and culture DNA (data not shown). 
Every possible precautionary measure was taken to assure 
that laboratory contamination did not account for the 
positive amplification results such as diluting the bile with 
sterile distilled water, centrifuging the samples at 15 000 
× g for 20 min, and the supernatant being discarded, thus 
by concentrating the bacterial cells in the pellet, enabling 
removal of  some of  the inhibitors predominantly present 
in the bile. Collection of  bile in glycerol and immediate 
plating nevertheless did not prove to be successful for in 
vitro isolation of  Helicobacters from any of  the bile samples 
as we could not get any growth even after extended 
incubations for up to 15 d. 

The present study also investigated the gastric H pylori 
status of  the patients enrolled in both the sub-groups to 
see if  at all the gastric H pylori status had any impact on 
the etiology of  the hepato-biliary diseases. Unfortunately 
from the results we could neither associate the severity 
of  the hepato-biliary disease with that of  the gastric 
diseases nor could we link the gastric H pylori status and 
the detection of  H pylori DNA in bile of  the hepato-biliary 
diseases. Even though 29 subjects from group I showed 
the presence of  Helicobacter species DNA, only 10 showed 
the presence of  H pylori DNA in the bile thus signifying 
the possibility of  the presence of  the other bile-resistant 
Helicobacters that normally reside in the liver and biliary 
tract. Besides the above results obtained in this study, we 
noticed that patients with various hepato-biliary disorders 
had much greater probability of  positive Helicobacter species 
DNA compared to those with no pathologically proven 
liver and biliary diseases. Why these intestinal Helicobacters 
have been identified in Chilean patients[26] and H pylori has 
been identified in patients in other geographical regions, as 
we observed in this study warrant further investigations. In 
fact, the typical finding of  the present study, correlates well 
with those of  Kuroki et al[22], who recently demonstrated 
that the level of  epithelium proliferation was higher in 
Helicobacter-positive biliary epithelium than in bacterium-
negative epithelium.

The results of  our study also suggest that besides 
Helicobacter spp sequences, even sequences pertaining to 
the virulence genes of  H pylori are consistently found at 
a high frequency in bile samples and that they may be a 
significant cause of  biliary diseases. Several hypotheses 
have been proposed[23-25] , by which these Helicobacters find 
their way into the liver and bile duct. But these hypotheses 
entail strong evidences to underline the precise mechanism 
by which the Helicobacter species anchor the liver and 

aggravate the clinical outcome. 
The findings of  this study are in concert to those 

obtained by Fox et al[26] and Linn et al[18] who reported 
Helicobacter spp in gall bladder tissue from Chileans with 
chronic cholecystitis but different from those of  Fallone 
et al[28] and Mendez-Sanchez et al[21] who were not able to 
detect Helicobacter sequences in the bile samples of  North 
Americans and Mexicans respectively. The raison d’être for 
these discordant results could be the regional variations in 
the distribution of  bile-resistant Helicobacter species[20]. The 
other alternative reason for the inconsistent results in their 
studies could be the methodology used, the selection of  
primers used, as both the studies had used a single primer 
set for the amplification of  the conserved 16S rRNA 
gene. In contrast, our study used nested PCR for 16S 
rRNA amplification of  Helicobacter genus, which according 
to Stark et al[27] is 104 times more sensitive than a 1-step 
PCR. Though we used only one set of  oligonucleotide 
primers each for amplifying ureA and cagA, the specificity 
and sensitivity of  the selected primers were previously 
determined during our routine screening. The primers were 
found to possess the sensitivity and specificity of  90% and 
95% for ureA and 89% and 85% for cagA, particularly in 
this geographical area.   

In conclusion, this study demonstrated that Helicobacter 
spp DNA can be detected in bile by PCR and that gastric 
presence of  H pylori in patients with proven hepato-biliary 
disease had no clinical correlation with the hepatic and 
biliary disease. However, like other previous studies, we 
were unable to isolate the bacterium in culture. There are 
different reasons to justify this finding. Firstly, this could 
be due to the bacterial conversion from viable helicals to 
non-viable coccoids in an adverse bile rich environment. 
It is also possible that the number of  bacterium is very 
few and that they may have been partially inhibited by 
unfavorable environment that exists in the biliary milieu. 
In addition, our study also confirmed by DNA sequencing 
that sequences specific to H pylori (16S rRNA, cagA) can 
be found at a high frequency in the bile samples, thus 
instilling strong evidence that presence of  Helicobacter 
spp may in someway aggravate the etio-pathogenesis 
of  hepato-biliary diseases. However, mere detection of  
Helicobacter DNA from patients with different hepatic and 
biliary disease does not confirm the precise role played 
by these organisms. Further, future studies unraveling 
the molecular mechanisms by which these Helicobacter 
members contribute to the clinical outcome of  hepato-
biliary disorders would be helpful to assess the true impact 
of  enterohepatic Helicobacters and its metabolites in the 
genesis of  biliary diseases.
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Abstract
AIM: To provide the accurate alternative metrical means 
of monitoring the effects of new antiviral drugs on the 
reversal of newly formed collagen.

METHODS: Digitized histological biopsy sections taken 
from 209 patients with chronic C virus hepatitis with 
different grade of fibrosis or cirrhosis, were measured 
by means of a new, rapid, user-friendly, fully computer-
aided method based on the international system meter 
rectified using fractal principles.

RESULTS: The following were described: geometric 
perimeter, area and wrinkledness of fibrosis; the collation 
of the Knodell, Sheuer, Ishak and METAVIR scores with 
fractal-rectified metric measurements; the meaning of 
the physical composition of fibrosis in relation to the 
magnitude of collagen islets; the intra- and inter-biopsy 
sample variability of these parameters; the “staging” 
of biopsy sections indicating the pathway covered by 
fibrosis formation towards its maximum known value; 
the quantitative liver tissue architectural changes with 
the Hurst exponent.

CONCLUSION: Our model provides the first metrical 
evaluations of the geometric properties of fibrosis and 
the quantitative architectural changes of the liver tissue. 
The representativeness of histological sections of the 
whole liver is also discussed in the light of the results 
obtained with the Hurst coefficient.
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INTRODUCTION
Background
Experimental medical research based on reductionism 
retains in principle that the causes governing the processes 
and controls of  the formation, growth and behavioral 
dynamics of  living beings at macro-scalar levels can be 
derived from the processes and controls that take place at 
micro-scalar level. 
    This conception has led the hepatological disciplines 
to seek exact quantitative descriptions of  the contents of  
liver fibrosis on the basis of  the blood molecules related to 
the presence of  the newly formed structure[1-5]. The basic 
idea is that the laws governing the set of  processes and 
controls acting at the scale of  the formation of  septal and 
anular collagen structures can be translated into the set 
of  laws that regulate the dynamics of  these molecules at 
micro-scalar level when they enter the blood stream. 
    Sophisticated mathematical, physical and environmental 
studies suggest that these phenomena are governed 
by different multiple processes and controls (causality) 
at every larger or smaller scale rather than that of  
observation. The set of  these multiple processes and 
controls is known as multiple scale causality (MSC)[6]. 
The macro-scalar growth of  liver collagen fibres evolving 
into the septa and annuli of  fibrosis is regulated by the 
physical events of  diffusion, percolation, stratification and 
contraction of  the extra-cellular matrix (ECM), and by the 
processes of  neo-vascularisation. These physical processes 
are not involved in generation of  microfibrils and fibrils, 
which is limited on ECM deposition. This phenomenon 
depends on the relationships between the processes of  
collagen synthesis and lyses, which are different from the 
biochemical processes that at a lower scale, regulate the 
quantitative and qualitative behaviors of  the molecules 
formed during fibrogenesis and found in circulating blood. 
In other words, this means “what happens in the test tubes 
may be the same, the opposite, or bear no relationship at 



all to what happens in the living cells, still less the living 
organisms”.
    In brief, the MSC-based conception rejects the idea 
that the laws regulating phenomena at one scale can in 
principle be derived from those regulating phenomena at a 
lower scale. In other words, every scale is characterized by 
different degrees of  entropy[6].
    As the characteristics of  MSC are not universal, it is 
almost always impossible to establish a strict connection 
between the phases leading an observed object from micro- 
to macro-scalar positions and vice versa. Consequently, it is 
very difficult to identify a one-to-one relationship between 
the macro- and micro-scalar processes and controls of  
liver fibrosis production. 
    These considerations have convinced us to improve a 
direct, rapid and friendly method of  measuring fibrosis 
using a meter that is suitable for its naturally irregular 
shape, provided that the biopsy procedures are performed 
by experts[7-12]. 
    Liver biopsy is the only direct means of  discovering the 
changes in liver tissue induced by chronic B or C virus-
dependent inflammation and the fibrosis it causes[12-17]. 
Although it is the canonical point of  reference for 
establishing the progression of  the process, fibrosis has so 
far only been estimated on the basis of  semi-quantitative 
evaluations[18-21] or morphometric methods[22-26] that must 
be considered approximate because of  their use of  the 
international system (IS) meter, which is unsuitable for 
measuring irregular shapes[7-11]. 
    Like all natural objects, the collagen islets making up the 
fibrosis appear to be difficult to measure at all degrees of  
magnification because of  their highly irregular shapes[7-11]. 
Furthermore, they do not have a single measurement 
because, at each enlargement (scale), their shape changes 
as a result of  the addition of  new details which are 
imperceptible at smaller scales. Mandelbrot have termed 
these irregular bodies fractal objects[27].
    The studies of  Perrin[28] in 1906, Hausdorff[29] in 1919, 
Richardson[30] in the 1950s, and Mandelbrot et al[26] in the 
1970s and 1980s suggested a new geometry that has made 
it possible to measure such objects using a method that 
can be made simple with aid of  computer technology. 
    The aim of  this paper was to present the first results 
of  the quantitative analysis of  histological liver bioptical 
sections made using new metrics suggested by the 
concepts of  fractal theory. 
    Our contribution to the quantitative evaluation of  
fibrosis in liver biopsies concerns: (1) the closest to real 
metric estimate of  the surfaces covered by fibrosis and 
the quantitative classification of  collagen islets; (2) the 
collation of  metric and traditional semi-quantitative 
evaluations of  collagen area; (3) considerations concerning 
the relationships depending on specific estimates defined 
by real numbers as a means of  identifying the stadium 
of  fibrosis; (4) the interior-to-edge metric relationship of  
the collagen islets used as an index of  wrinkledness; (5) 
the definition of  the harmonic state of  the architectural 
structure of  l iver t issue, and the recognit ion and 
classification of  its disharmonic states or architectural 
disorder using Hurst’s exponent; (6) the intra-sample 
variability of  fibrosis (area, wrinkledness and Hurst’s 

exponent); and (7) the variability of  the latter parameters 
in eight samples taken from the explanted liver of  a 
transplant patient.

Theory and objects
Characteristics of  collagen islets The spaces occupied 
by the collagen islets making up fibrosis (Figure 1), and 
those occupied by the surviving fragments of  parenchymal 
t issue, are both characterized by ir regular shapes 
that exclude them from the application of  Euclidean 
geometry[7-11]. However, their configurations make them 
members of  the family of  asymptotic statistical fractals 
(also called truncated fractals as they cannot be endlessly 
fracted)[31]. 
Dimension The dimension of  an object indicates the 
Euclidean space it occupies. The fractionable “smooth” 
objects of  classic geometry (a point, straight line, plane, 
and solid figure) occupy spaces whose dimensions are 
expressed by the whole numbers zo, 1, 2 and 3, whereas 
the irregular objects that are frangible into irregular 
pieces (sets of  points, broken lines, undulating planes 
and irregular solids) occupy the intermediate spaces, and 
therefore have dimensions that cannot be expressed by 
whole numbers. In 1977, Mandelbrot[27] defined the objects 
whose dimensions are denoted by non-whole numbers as 
“fractals”. The fractal dimension is indicated by D, and the 
Euclidean (or topological) dimension by Dγ.
Harmonic state of  liver tissue The use of  an analytical 
method based on a new geometry requires a brief  formal 
description of  the natural history of  chronic virus-related 
hepatitis starting from the axiom that is defined by the 
persistence of  a discreet necro-inflammatory process 
maintaining the activity of  the ECM→collagen→fibrosis 
production system. The growth of  fibrosis interrupts the 
continuity of  the parenchyma, dissects it into irregular 
pieces, and compresses and atrophies the pieces enclosed 
in the fibrotic mass. This has two consequences: 1) it 
disrupts the natural harmonic state of  the metric spaces 
covered by both natural fibrosis and the parenchyma, and 2) 
it alters the typical lobular architecture of  hepatic tissue. 
    Using these axioms, the process can be represented by 
the first-order general equation:
                    z = f(x, y)                                   1)
in which z denotes the harmony of  the natural architecture 
of  liver tissue, x the metric space covered by fibrosis, 
and y the metric space covered by the parenchyma. 
The relationship of  z to x and y can be indicated by the 

Figure 1 Prototypical catalogues 
of the Sirius-red stained collagen 
islets forming liver fibrosis, which 
consists of a set of irregularly shaped 
(wrinkled) objects.
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categorial representation (Figure 2), which shows the 
dependence of  the state of  z on the extension over z of  
the relationships between the “objects over” indicated by x 
and y in f(x →y).
    As the variations in x and y are interconnected by 
the equality (z-x)+(z-y)=1, we can consider x and y as 
complementary spaces, and so the expression z = f(x→y) 
can be simplified to the form z = f(x). The harmony of  
natural architecture of  liver tissue is characterized by 3% 
fibrosis and 97% lobular parenchyma[32].
    The evaluation of  the metric space covered by the 
fibrosis induced by pathogenic agents is therefore sufficient 
by itself  to describe the variations in the harmonic state of  
liver tissue architecture. 
    An alteration in the natural quantitative relationship 
between fibrosis and the parenchyma leads to the loss 
of  the natural lobular architecture of  hepatic tissue in a 
continuous but irregular progression that fractal geometry 
calls a random walk, or Brownian process[33,34]. 

MATERIALS AND METHODS
Patients
Two hundred and seven consecutive needle biopsy 
specimens (≥10 mm long) were taken from 74 female 
and 135 male patients (mean age: 52 ± 13 years) with 
chronic C virus-related liver disease. To evaluate the 
inter-sample variability of  geometric characteristics of  
fibrosis, a total of  six biopsy specimens were sampled 
from a liver explanted from a patient with clinically and 
histologically proved cirrhosis undergoing orthotopic liver 
transplantation. Each biopsy specimen was taken from a 
single segment of  the liver. 

Histological procedure
The study was performed in accordance with the 
guidelines of  the Ethics Committee of  the Istituto Clinico 
Humanitas, Rozzano and Ospedale Maggiore, Milan, Italy. 
All the patients were informed of  the possible discomforts 
and risks of  bioptic sampling. The liver specimens were 
fixed in 10% formalin and embedded in paraffin, and 2 
μm thick sections were cut and stained with a freshly made 
0.1% Sirius red staining solution[35].

Semi-quantitative evaluations
At least three expert pathologists independently staged the 
biopsies using Knodell’s histology activity index (HAI), 
and the Sheuher, Ishak and METAVIR scoring systems. 
The number of  available portal tracts in the liver fragment 

was assured on the basis of  the indications established for 
the individual methods[18-21].

Quantitative image analysis
Our specially developed computer program could ensure: 
computer-driven microscopy focusing, digitation of  the 
whole histological section and its fractal dimension and 
Hurst’s exponent, less-biased measurements of  each 
collagen islet and fibrosis mass raster perimeter length 
and area magnitude corrected by the fractal dimension, 
and wrinkledness of  the fibrosis[7-11]. The time required 
for the whole analytical operation using this software was 
30 s/mm2, as determined on a standard reference needle 
specimen section, and was carried out at a microscopic 
magnification of  ×200 (the measurements were valid only 
for that scale). The observed objects were measured using 
the IS meter rectified by their fractal dimension. When 
present, Glisson’s capsule was included in the physiological 
amount of  ECM, which was estimated as being 3% of  the 
true area of  the section[32].

Fractal dimension estimates
The fractal dimensions were automatically estimated using 
the box-counting method and the formula:          
                      DB = lim  LogN(ε)                           2)
                             ε→0 Log(1/ε)    
in which, DB is the box-counting fractal dimension of  
the object, ε the side length of  the box, and N(ε) the 
smallest number of  boxes of  side ε required to cover the 
surface or the outline of  the object completely[7-11,33,34]. As 
the zero limit could not be applied to biological objects, 
the dimensions were calculated as D = d, where d is the 
slope of  the graph of  log [N(ε)] against log 1/ε. The log-
log graphs were plotted, and the linear segments were 
identified using least squares regression. Their gradients 
were calculated using an iterative resistant line method. 

Computation of Hurst’s exponent
Hurst ’s exponent , which g ives a measure of  the 
heterogeneous distribution of  a set of  irregularly-shaped 
objects[36-38], was obtained using the general relationship:
                     H = E +1 - D                            3)
where E indicates the Euclidean topological dimension, 
and D the fractal dimension of  the surface covered by 
the extensions of  all the collagen islets making-up the 
fibrosis. This exponent is capable of  evaluating the loss 
of  natural order that occurs in the histological picture 
as a result of  the disruption of  the natural quantitative 
relationship between the metric spaces covered by fibrosis 
and the parenchyma[11]. This could give the alterations the 
significance of  a physical variable, make Hurst’s exponent 
the descriptor of  the configurational disorder of  the 
hepatic tissue, and leave the fractal dimensions of  the 
collagen islets and fibrosis the significance of  an evaluation 
of  how “densely” they occupy the metric space in which 
they lie and their spatial position. 
    In brief, Hurst's exponent values near to 1 quantitatively 
indicate a large loss of  architectural harmony in the system 
(i.e. disordered states), whereas values near to zero indicate 
its preservation (i.e. states of  structural order).
    The reduction in Hurst’s exponent could also be 
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Figure 2 Categorial model of the 
harmonic state of liver tissue, in 
which z denotes the harmony 
of the natural architecture of 
liver tissue, x the metric space 
covered by fibrosis, and y the 
metr ic space covered by the 
parenchyma.
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interpreted as an index of  the limited stability of  a fractal 
object progressing towards more advanced states of  stability.  

Unit of measure
The construction of  a meter with the most favorable 
spatial dimension for measuring the perimeter and area 
of  the collagen islets was based on the assumptions that 
broken or mixed (in any case irregular) lines could be 
described as a “dilatative” (expanded) state of  a straight 
line, and that their irregularity could be measured using the 
fractal dimension with similar criteria to those with which 
the coefficient of  dilatation (λ) could be used to describe 
the length of  a linear object before (s) and after (S) its 
exposure to the effect of  heat expressed in the following 
formula:
                    S = s (1+λt)                             4)
where t is the duration of  heat exposure[10].
    According to this principle (which has been discussed 
elsewhere), the meter suitable for measuring a fractal 
object (mF) could be obtained using the formula:
                     mF = m [1 + β (DP-Dγ)]            5)
in which, mF indicates the rectified meter, m the IS meter, 
β the dilatation constant of  the unit of  measure, DP the 
fractal dimension of  the perimeter, and Dγ the topological 
or Euclidean dimension[10]. The metric perimeter and area 
measurements were detected using the true liver biopsy 
area (indicated by the symbol AB), by which we meant the 
surface area excluding any vascular, bile channel, sinusoidal 
or other empty spaces created by tissue loss during 
specimen manipulations.

Statistical analysis 
All the data were expressed as mean±SD. The linear 
regression analysis was made using Spearman’s correlation 
and Student’s t test with Statistica software (StatSoft Inc., 
Tulsa, OK, USA). P < 0.05 was considered statistically 
significant. The degree of  intra- and inter-sample 
variability was quantitatively evaluated using the coefficient 
of  variation (CV) given by the formula CV = SD/mean. 
Quantitative measures of  fibrosis surfaces were compared 
(collated) with those of  the score categories of  the four 
currently used semi-quantitative methods.

RESULTS
Measurement of fractal dimension
By evaluating this parameter in our case-list of  patients 
with chronic C virus-related hepatitis, we obtained 
dimensional values (D) ranging from 1.22 to 1.79. The 
value of  this parameter increased depending on the 
extension of  the fibrosis, with a regression curve ratio of  
r = 0.81. 

Perimeter measurements
The fibrosis perimeter (PC) defined the sum of  the 
perimeters all of  the Sirius Red-stained areas of  collagen 
in each biopsy section measured using the IS meter. The 
fractal fibrosis perimeter (PCF) defined the same sum of  
perimeters measured using the fractal-rectified meter. 
The mean PC was 860.64 ± 588 μm, and the mean PCF was 
2966.1 ± 2304.4 μm (P < 0.0005). The marked difference 

∆ was 225.21 ± 38.69% due to the rectification, which 
included most of  the fine, irregular particulars escaping 
the IS meter, thus making the result very close to reality. In 
this study, we only used the measurements corrected using 
the fractal dimension. The scalars indicating the length of  
the perimeters of  fibrosis in each of  the sections of  the 
209 bioptic samples fell within a range that was only closed 
at the zero point because the maximum value was not 
defined and could theoretically be greater.

Area measurements
The area of  fibrosis (AC) defined the sum of  the areas of  
the Sirius Red-stained collagen islets measured using the 
IS meter. The fractal area of  fibrosis (ACF) was the sum 
of  the areas of  Sirius Red-stained collagen islets measured 
using the fractal-rectified meter. Both were expressed as 
a percentage of  the total true area. The minimum and 
maximum values of  AC were 1.01% and 48.47% of  the 
specimen area, the corresponding ACF values were 1.34% 
and 48.84%. In this case, although statistically significant 
(P < 0.005), the ∆(6.61%±4.79%) was small because 
histological sections were planar and the fractal measure 
of  area depended only on its irregular contour. The scalars 
indicating the extent of  the area of  fibrosis in each of  
the sections of  the 209 bioptic samples also fell within a 
range that was only closed at the zero point because the 
maximum value was not yet defined and could theoretically 
be greater. 

Fibrosis staging of histological section
We constructed a geometrical model of  the set of  all states 
of  ECM deposition on the line of  real numbers as their 
state space using the scalars obtained from the fibrosis 
measured in our biopsies. The α (start) of  the fibrotic 
process was fixed at 0% and the ω (end) at 48.84% of  the 
area of  the section (Figure 3). This model could represent 
a conventional interpretation of  the ideal path that could 
be covered by potential fibrosis deposition in liver tissue. 
The staging observed in the histological section under 
examination was given by the relationship between the 
scalar expressing the actual fibrotic state of  the section and 
the point indicated by this geometric model.

Classification of collagen islets
During the course of  chronic hepatitis, fibrosis appeared 
under the control of  stellate cells in the form of  thin 

F igure 3 Tra jec to ry o f t he 
dynamics of the fibrotic process 
considered as a cont inuous 
straight line going from 0% to 
48.84% (the highest empirically 
observed percentage), without 
any jumps or abrupt swervings. 
T h e i n t e r a c t i o n o f  e v e r y 
experimental scalar expressing 
the state of the propositus fibrosis 
and the points of the geometric 
mode l g ives the s tag ing o f 
fibrogenesis.
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fibers that tended to grow in width and length within the 
portal space, around these structures and the central veins, 
and along the capillarised sinusoidal network. The three-
dimensional interconnections of  these collagen structures 
led to the formation of  a fibrous network in which 
irregular meshes appeared as a set of  collagen islets on 
different magnitudes on planar histological sections.
    The logarithmic distribution of  this set of  2.8 million 
collagen islets from 209 cases showed that it could 
be divided into three classes of  elements of  different 
magnitude: the collagen islets of  10-103 μm2, those of  
between 103 and 104 μm2, and those between 104 and 106 
μm2. All the histological sections contained islets with 
these classes of  metrical values. In order to clarify the 
meaning of  their presence, we first ordered the results of  
the fibrosis surface areas and constructed them in function 
of  their magnitude as a Markovian curve (Figure 4).
    The values of  the islets belonging to the three 
subclasses in each bioptic section were plotted on the 
basis of  the order of  a Markovian curve, which generated 
the three irregular curves formed by the sets of  islets 
belonging to each subclass. The fractal dimension of  these 
curves showed that the Markovian reference curve had a 
fractal dimension of  1.1, whereas the curves of  the three 
subclasses of  the largest, medium-sized and smallest islets 
were respectively 1.9, 1.99 and 1.95. Fractal geometry 
suggested that the high fractal dimensions of  the collagen 
islet subclasses could describe the instability of  the 
collagen structure as it passed towards more stable fibrotic 
states[33].

Collagen area metric and semi-quantitative evaluations
The relationships between our measurements of  fibrosis, 
the semi-quantitative Knodell histology activity index, and 
Sheuer, Ishak and METAVIR scores were investigated 
by comparing the portraits of  each category of  elements 
obtained by labeling the different semi-quantitative values 
on a geometric model using the line of  real numbers as 
state space (Figure 5). The overlapping metric measures 
showed that samples with very similar metric surface areas 
fell into different categories while specimens with different 
metric surface areas fell into similar categories. Incidentally, 
our results reinforced the criticism by Rousselet et al[39] 
who have recently criticized the METAVIR system for 

evaluating fibrosis.

Wrinkledness
Wrinkledness (W), a typical characteristic of  all natural 
fractal objects[11], could be obtained using the formula: 
                          W = PCF - R                   6)
                                 2√лACF

where R is the roundness coefficient of  each islet.
    The mean W value obtained by measuring the 
209 biopsy sections was 731.3±298.72. As expected, 
this variable did not depend on the area of  collagen 
(r = 0.14), but was highly dependent on the length of  its 
perimeter (r = 0.80). Preliminary data showed that W was 
independent of  the degree of  necro-inflammatory activity 
(data not shown).

Measurement of Hurst’s index
The same 209 patients provided us with H values ranging 
from 0.21 and 0.71. As said in the premises, we considered 
this index a quantitative variable of  the alteration in hepatic 
tissue architecture. The ratio between H and the extension 
of  the area of  fibrosis indicated that the increased fibrotic 
area could lead to an extended loss of  the natural harmony 
of  this architecture (r = -0.81). 

Figure 4  Comparative analysis of 
Markovian sequence of the amount 
of fibrosis, and the three sequences 
expressing the classes of magnitude 
of the collagen islets identified in 
209 needle biopsy specimens. (1). 
Markovian sequence of the total 
amount of fibrosis in a histological 
biopsy sect ion (blue l ine); (2). 
Percentage of collagen islets with a 
magnitude of 104-106 μm2 (red line); 
(3). Percentage of collagen islets 
with a magnitude of 103-104 μm2 
(fuchsia line); (4). Percentage of 
collagen islets with a magnitude of 
101-103 μm2 (green line).  
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Intra-sample variability in area, wrinkledness and Hurst’s 
exponent of fibrosis 
In order to define the usefulness of  generating numbers 
(or other kinds of  invariants) to label the investigated 
structures in such a way that those with the same label 
could be considered alike and those with different labels 
could be considered different, the irregular tectonics of  
fibrosis was investigated in 30 sections taken at equal 
intervals from two patients with different degrees of  
disease severity and one was considered normal. The 
data (Table 1) showed the highly multifarious areas and 
wrinkledness of  the collagen islets in the different sections. 
However, the Hurst’s exponent was found less variable.

Inter-sample variability in area and wrinkledness of 
fibrosis
There was a high degree of  inter-sample variability in 
the area (CV = 41%), outline perimeter (CV = 61%), and 
wrinkledness of  fibrosis (CV = 38%). The inter-sample 
variability in Hurst’s exponent was less (CV = 13%). 

DISCUSSION
We have described a purely quantitative method of  
assessing liver fibrosis based on the theory of  measure, 
which is the point of  departure of  all our concrete 
knowledge of  the physical world, and the main reference 
for the construction of  predictive and monitoring 
models[40].
    During this study, our first difficulty was to measure 
the collagen islets making up liver fibrosis using standard 
metrics, because their irregularity excluded them from 
Euclidean geometry, which was created to describe 
smooth objects. Collagen islets can therefore only be 
measured using the principles of  fractal mathematics and 
geometry[7-11]. 
    Unlike the regular objects of  Euclidean geometry, fractal 
objects do not have a single measure because it changes at 
every scale of  observation as the result of  the appearance 
of  details that are imperceptible at lower magnifications, 
thus measurements have to be made at a well-defined 
scale[41].
    The second difficulty was to identify the epistemological 
difference between the meanings of  quantitative metric 
measures and the definition of  a diagnosis of  fibrosis in 
chronic inflammation or its progression to cirrhosis, which 
could be considered a radically different clinical condition.
After making numerous experiments with our computer 

program, to analyze entire Sirius red-stained biopsy 
sect ions we es tab l i shed that the most favorable 
magnification was 200 ×, thus this magnification was used 
to digitize the microscope images.
    After this methodological study, which considered the 
process of  fibrogenesis as nothing rather than a physical 
phenomenon, we asked ourselves three basic questions, 
namely what have we learned about the meaning of  liver 
tissue fibrosis? what new knowledge have we acquired 
after having measured the new canons of  liver tissue 
architecture and classified their changes with scalars? 
and how much can these new notions be used in clinical 
practice to discriminate the progression or regression of  
fibrosis?
    The first new notion was to extend the concept of  
the fractal dimension to metric measurements that might 
closely approximate the real magnitude of  the irregular 
objects under observation.
    Sensu stricto, the results of  the intra-sample behavior 
and inter-sample variability study showed the non-
representativeness of  the perimeter and areas of  fibrosis: 
the former due to its dependence on the extension of  the 
bioptic specimen, and the latter for the high variability of  
the distribution of  the inflammation process in the organ.
    We added the staging of  the evolution of  ECM 
deposition towards stages of  non-tolerability using the 
scalars obtained from the two-dimensional measurements 
of  the area of  the fibrotic mass. Although hardly 
representative and no more than a resonance of  the 
mesomorphic process taking place in the environment, 
this information has some clinical interest if  only as a very 
generic quantitative portrait of  the general condition of  
the liver. 
    The quantitative relationships between the edge-interior 
of  the fibrosis mass generated the new concept of  its 
wrinkledness.
    The collagen islets were categorized into three classes 
on the basis of  the magnitude of  their areas, which 
provided clues to their state of  instability that indicated 
the activity of  the fibrogenetic process. High presence of  
islets belonging to these subclasses according to the fractal 
geometry, is a signal of  collagen structure instability in 
transition towards more stable states.
    The distribution of  the quantitative values of  the areas 
covered by fibrosis in each category of  the four semi-
quantitative methods of  evaluation clearly and simply 
confirmed the unreliability of  the semi-quantitative 
systems themselves. This inadequacy could also be seen 
even when the histological preparations were analyzed by 
expert hepato-pathologists whose experience encompasses 
a large number of  observed cases.
    Interest in the collagen/parenchyma ratio led us to 
recognize the canons (mathematical laws) governing the 
natural “harmonic state of  liver tissue”, by which the order 
that characterizes its organized fibrous and parenchymal 
components (considered prime bodies) in such a way 
can provide a definition of  the natural histological 
architecture of  liver tissue. This can be defined in two 
dimensions on the basis of  the extension of  the metric 
spaces covered by fibrous tissue (no more than 3%) and 
the parenchyma (97%). It can be intuitively understood 

Table 1 Intra-sample variability in the area and wrinkledness of 
fibrosis 

Patient 
number n ACF(%) CV W CV H CV

1 30 5.97 ± 4.95 0.83 788.63 ± 590.48 0.75 0.51 ± 0.14 0.27
2 30 9.77 ± 2.64 0.27 830.52 ± 124.93 0.15 0.475 ± 0.04 0.08
3 30 20.15 ± 5.51 0.27       69 ± 140.88 0.18 0.38 ± 0.03 0.09

Note: Patient No.1 = Without pathology; Patient No.2 = Chronic hepatitis with 
intial fibrosis; Patient No.3 = Cirrhosis; n = number of sequential sections; 
ACF = Fractal fibrosis area; CV = Coefficient of variability (standard deviation/
mean); H = Hurst' exponent.
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that altered proportions between these spaces disrupt the 
natural harmonic state by creating disorder in the natural 
lobular structure of  the liver tissue. In this sense, the 
words “measure” and “architectural alteration” in Ishak’
s classical semi-quantitative definition (1995) …"[Staging]
… is a measure of  fibrosis, and architectural alteration, i.e. 
structural progression of  the disease…" really indicate a 
rigorous metric value, and the term architectural alteration 
of  this definition acquires the consistency of  a measurable, 
scientific variable of  state. 
    In order to quantify the architectural alteration, we 
used Hurst’s exponent, and analysis of  its variability gave 
the following promising results: the least variability in 
thirty sequential sections (intra-sample variability), the 
greatest representativeness in six samples of  hepatic 
tissue obtained from different parts of  the liver (it was 
not possible to speak of  lobes because of  the advanced 
structural alterations induced by cirrhosis). This last result 
is currently further investigated in our laboratories.
    In conclusion, although a number of  serum fibrosis 
markers have been discordantly proposed[1-5,42-46], the results 
of  this study strongly underline the primary role of  liver 
biopsy in the qualitative diagnosis of  chronic liver disease 
and its usefulness in evaluating fibrosis in a metrically 
rigorous manner. The use of  quantitative descriptors of  
irregularly-shaped fibrosis should shed new insights into 
the dynamics of  viral and non-viral liver diseases. We are 
concentrating on the clinical use of  Hurst’s exponent after 
antiviral drug treatment as it can quantitatively demonstrate 
a drug’s effect on fibrosis with a very low error. 
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Abstract
AIM: To observe the effect of protocatechuic aldehyde 
on the proliferation of hepatic stellate cells (HSCs).

METHODS: Liver fibrosis was induced in rats by carbon 
tetrachloride (CCl4).  Then normal and fibrotic drug sera 
were extracted from rats. The effects of protocatechuic 
aldehyde, raw Radix Salvia miltiorrhiza  and drug sera 
of Salvia miltiorrhiza  on HSC growth were determined 
by CCK-8. The protocatechuic aldehyde was separated 
by high performance liquid chromatography (HPLC) in 
a Alltima C18 column (250 mm × 4.6 mm, 5 μm) with 
a mobile phase of acetonitrile-4% glacial acetic acid 
solution (gradient elution) at the wavelength of 281 nm.

RESULTS: Protocatechuic aldehyde, raw Radix Salvia 
miltiorrhiza  and drug sera of Salvia miltiorrhiza  were 
found to have inhibitory effects on proliferation of rat 
HSCs. Raw Radix Salvia miltiorrhiza had a stronger 
inhibitory effect than the drug sera. The fibrotic drug 
sera showed a higher suppressive effect than the normal 
drug sera (P  < 0.05). Protocatechuic aldehyde was 
found in crude materials of both Radix Salvia miltiorrhiza  
and its corresponding drug sera. The average recovery 
(n = 6) was 110.5% for raw Salvia miltiorrhiza Bge, 
102% for normal drug sera and 105.2% for fibrotic drug 
sera. The relative standard deviation (RSD) was 0.37%, 
1.96% and 1.51%, respectively (n = 6). The contents of 
protocatechuic aldehyde were 0.22%, 0.15% and 0.19%, 
respectively (n  = 6) (P < 0.05). The RSD was 0.33%, 
0.75% and 1.24% (n = 6) for raw material of Radix Salvia 
miltiorrhiza,  normal drug sera and fibrotic drug sera, 
respectively. The samples were stable for 6 d.

CONCLUSION:  Protocatechuic aldehyde can inhibit the 

growth of HSCs. HPLC is suitable for the determination of 
virtual bioactive components of Chinese herbal medicines 
in vitro.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Radix Salvia miltiorrhiza is an important traditional Chinese 
medicine (TCM) for activating blood and eliminating 
stasis[1]. Its effects on chronic hepatic diseases, such as liver 
fibrosis and cirrhosis, have been proved in experiments 
in vitro (cell culture) and in vivo (animal experiment)[2-4]. 
Liver fibrosis is a necessary stage during the development 
of  liver cirrhosis. The activation and proliferation of  
hepatic stellate cells (HSCs) are the critical steps in 
hepatic fibrogenesis[5,6]. Radix Salvia miltiorrhiza could 
markedly inhibit the activation and proliferation of  
HSCs. Protocatechuic aldchyde is one of  the bioactive 
components of  Radix Salvia miltiorrhiza, which could 
inhibit the proliferation of  HSCs and might be one of  the 
efficient components of  Radix Salvia miltiorrhiza acting on 
HSCs.

“Traditional seropharmacological method” usually 
utilizes healthy animals (such as rats) as medicine takers. 
The effect in vitro can be studied by isolating the drug 
sera (normal drug sera) from healthy animals to clarify 
the functions of  the components in drug sera [7]. But 
different functional status of  liver, which is the biggest 
organ for biological metabolism, could lead to some 
differences in the conversion of  the same drug. Therefore, 
we used rats with liver fibrosis as the drug receivers and 
drug serum resources in our study. The corresponding 
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drug sera (pathological drug sera) were drawn after oral 
administration of  the herbs. We termed it “modified 
seropharmacological method”.

We compared the contents of  protocatechuic 
aldchyde in raw Radix Salvia miltiorrhiza in normal and 
fibrosis rats before and after administration. Whether this 
method could predict the curative effects of  Radix Salvia 
Miltiorrhiza was evaluated. 

MATERIALS AND METHODS
Materials
Twenty male Sprague-Dawley (SD) rats weighing 200-250 g 
were provided by the Laboratory Animal Center of  Hebei 
Medical University. All rats were randomized into group A 
(normal rats) and group B (liver fibrotic rats), 10 in each 
group. The rats in group A were treated with saline, while 
the rats in group B were treated with 40% carbon tetra-
chloride (CCl4). Hepatic fibrosis was induced in rats of  
group B by 40% CCl4 4 mL/kg body weight for the first 
injection, then 2 mL/kg body weight, twice a week, for 
9  wk.

HSC cell line was presented by Professor Greenwell, 
Marion Bessin Liver Research Center, Albert Einstein Col-
lege of  Medicine. The phenotype of  CFSC was obtained 
from CCl4-cirrhotic liver of  rats after spontaneous im-
mortalization in culture.

RPMI-1640 was from GIBICO. CCl4 was of  analytical 
grade. Radix Salvia miltiorrhiza was provided by Hebei Le-
rentang Chinese Medicine DrugStore Co. Drug sera were 
drawn from rats.

Methods
Preparation of samples for HSC cultivation
Radix Salvia miltiorrhiza was ground into powder and 
filtered with a sieve plate. The powder was dissolved into 
pure RPMI-1640 media to make the concentration 15 
times that of  the decoction for adults (within the range of  
safe concentration for HSCs). Then the dissolution was 
filtered to remove the bacteria for HSC cultivation.

SD rats weighing 200-250 g were randomized into 
group A and group B, 10 in each group. Liver fibrosis was 
induced in rats of  group B by 40% CCl4, 4 mL/kg body 
weight first, then by 2 mL/kg body weight, twice a week, 
for 9 wk. The rats in group A were treated with saline. The 
decoction of  Radix Salvia miltiorrhiza was administrated to 
all rats for 5 d. The quantity of  raw Radix Salvia miltiorrhiza 
in solution was 1.33 g/mL. Blood was drawn from inferior 
vena cava 2 h after the drugs were given on the fifth 
day. Then drug sera were obtained by centrifugation at 
3000  r/min for 20 min at 4 ℃. The sera were deactivated 
at 5 6℃ for 30 min. Then the drug sera were dissolved 
in RPMI-1640 to obtain 10% drug sera-1 640 medium for 
analysis.

Detection of inhibitory rate of protocatechuic aldchyde, 
raw Radix Salvia miltiorrhiza and drug sera of Salvia 
miltiorrhiza on HSC growth by CCK-8
Cell suspension (100 μl) was incubated on a 96-well plate. 
When HSCs grew to 90% confluence they were incubated 
in pure RPMI-1 640 overnight to synchronize HSCs into 

the G0 period. The solutions of  protocatechuic aldchyde, 
raw Radix Salvia miltiorrhiza and the corresponding 10% 
normal and fibrotic drug sera-1 640 media in the wells 
were changed. The results were obtained. A group of  con-
trols was set at the same time. One hundred microliters of  
CCK-8 solution were added to each well of  the plate after 
the drug sera were allowed to work for 24 h. Then the 
plate was incubated for 4 h. The absorbance (A) at 450 nm 
was measured with a microplate reader. The inhibitory 
rates (IR) of  all solutions on the growth of  HSCs were 
calculated (IR = experiment group-control group /control 
group×100%).

Systems for HPLC
Waters 810 controller, Waters 486 tunable absorbance de-
tector, Waters 510 HPLC pump, Millipore Waters U6K, 
Waters system interface module, Waters baseline 810 chro-
matography workstation (America) were used for HPLC. 
Sep-Park C18 purification column, ultrafree-MC filters 
(10 000 NMWL filter unit) and Autoscience ultrasonic pro-
ducer were all from Millipore Corporation, America. Stan-
dard of  protocatechuic aldchyde (NO. 110810-200205), 
glacial acetic acid and methanol were all special for HPLC. 
All reagents used in HPLC were filtered and deprived of  
vapor by ultrasound. 

Preparation of samples for HPLC
Radix Salvia miltiorrhiza (100 g) was ground into powder 
and filtered with a sieve plate. The powder of  Radix Sal-
via miltiorrhiza was put into a volumetric flask contain-
ing methanol. Then ultrasound was used to facilitate the 
dissolution of  the powder for 5 min and methanol was 
added to obtain 100 mL solution. This solution was then 
filtered through filters with 0.45 μm Millipore, purified 
by Sep-Park C18 column, and repeatedly filtered through 
Ultrafree-MC filters. Finally, the filtered solution was used 
as samples of  raw Radix Salvia miltiorrhiza and kept in dark-
ness at 4 ℃.

Samples of Radix Salvia miltirrhiza drug sera (normal and 
fibrotic drug sera)
The preparation of  drug sera was the same as that of  the 
sera for HSC cultivation. After the drug sera were obtained 
by centrifugation at 3000 r/min for 20 min at 4 ℃, ace-
tonitrile was mixed with the sera to get rid of  protein by 
centrifugation. Then the supernatant was filtered through 
filters with 0.45 μm Millipore, purified by Sep-Park C18 
column, and filtered through filters. Finally, the filtered so-
lutions were kept in darkness at 4 ℃. 

Parameters of HPLC
The parameters for HPLC included: HPLC column: 
Alltima C18 column (250 mm × 4.6 mm, 5 μm); velocity 
of  flow: 0.5 mL/min; detection wavelength: 281 nm; tem-
perature for HPLC column: 30 ℃; mobile phase: A: aceto-
nitrile; B: 4% glacial acetic acid; gradient elution: A-B (2:98): 
0-10min; A-B (10:90): 10-26 min.

Linear relation
Protocatechuic aldchyde (4.125 mg) was added into a volu-
metric flask. Then methanol was used to dissolve the pow-
der to a final volume of  100mL (final concentration was 
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0.04125 mg/mL). Afterwards, 2, 5, 8, 10, 12, 15, 18 and 
20 μL of  protocatechuic aldchyde standard solution were 
injected into U6K for detection. Each volume was de-
tected 3 times by HPLC under the conditions as described 
above. The standard curve was plotted with X axis (μg) to 
Y axis (mv.min).

Experiment of exactitude and evaluation of stability of 
samples
For the experiment of  exactitude, 10 μL of  protocatechuic 
aldchyde standard solution (41.25 μg/ml) was injected into 
U6K for detection. The detection was repeated 6 times, 
10 μL for each time. Then the relative standard deviation 
(RSD) of  the peak areas was calculated to evaluate the ex-
actitude of  the experiment.

For the experiment of  stability, the same volume of  
standard solution was injected into U6K for detection, 6 
times each day for 9 d. The RSD of  the peak areas each 
day was calculated to evaluate the stability of  the samples 
during the 9 d.

Experiment of recovery rate
In brief, 0.05 mg of  protocatechuic aldchyde was put into 
25 mg powder of  raw Salvia miltiorrhiza. Then the samples 
for research were injected into U6K for detection. The av-
erage recovery rate (n = 6) was calculated.

Six samples of  drug sera (400 μL for each sample) were 
taken out and 10 μL of  protocatechuic aldchyde standard 
solution (0.04125 mg/mL) was dispensed into each sample 
of  drug sera. Then the products were detected by HPLC 
(n = 6) to calculate the average recovery.

Experiment of repeatability
Radix Salvia miltiorrhiza (100 mg) was disposed as in prepa-
ration of  samples of  raw Radix Salvia miltiorrhiza. Then the 
samples were detected by HPLC for the content of  pro-
tocatechuic aldchyde (n = 6). The detection was repeated 6 
times independently. RSD of  the peak areas was calculated 
to evaluate the repeatability of  the experiment. 

Four hundred µL of  a certain drug serum was disposed 
as in preparation of  samples of  drug sera. The samples 
were detected for the content of  protocatechuic aldchyde 
by HPLC (n = 6). RSD of  the peak areas was calculated to 
evaluate the repeatability of  the experiment. 

The content of protocatechuic aldchyde in samples was 
detected by HPLC.

Statistical analysis
SPSS 10.0 was used to perform χ2 test and P <0.05 was 
considered statistically significant.

RESULTS
Obvious proliferation of  fibers appeared in the livers when 
the rats in group B (Figures 1C and 1D) were treated with 
40% CCl4 for 9 wk. There were obvious signs of  vacuole 
degeneration, lobular inflammation and necrosis in the tis-
sues of  fibrotic liver. No evident changes appeared in the 
rat liver of  group A (Figures 1A and 1B).

It showed that protocatechuic aldchyde, raw Radix Sal-
via miltiorrhiza, the corresponding normal and fibrotic drug 
sera could all inhibit the proliferation of  HSCs compared 
with blank control group (P < 0.05). The raw Radix Salvia 

Figure 1 Healthy 
liver tissue of rats 
of group A (A, B) 
and fibrotic l iver 
t issue of rats of 
group B (C, D ) . 
A  a n d  C  (  HE , 
100 × ); B and D 
(Masson, 100 × ).

A B

C D
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miltiorrhiza had a stronger inhibitory effect than the corre-
sponding drug sera. The fibrotic drug sera of  Salvia miltior-
rhiza from fibrotic rats showed a higher suppressive effect 
on HSC growth than the normal drug sera from healthy 
rats (P <0.05) (Table 1). The contents of  protocatechuic 
aldchyde showed a nice linearity within the range of  0.1-0.8 
μg (Y=2.14×104X+2.77, r = 0.9999).

Protocatechuic aldchyde standard solution was detected 
6 times. The RSD was 0.33% for the peak areas of  pro-
tocatechuic aldchyde. Within the 9 d of  observation, the 
peak areas of  protocatechuic aldchyde in standard solu-
tions did not change significantly in the first 6 d. The RSD 
was 0.45% (n = 6) for the peak areas of  protocatechuic 
aldchyde in the first 6 d. It indicated that the solutions of  
standards could be kept in darkness at 4 ℃ for 6 d.

The average recovery of  raw Radix Salvia miltiorrhiza 
was 110.5%. RSD was 0.37% (n = 6). The average recovery 
of  drug sera of  Salvia miltiorrhiza was 102%, and the RSD 
was 1.96% (n = 6). The average recovery of  fibrotic drug 
sera was 105.2%, and the RSD was 1.51% (n = 6).

Protocatechuic aldchyde in raw Radix Salvia miltiorrhiza 
was 0.22%, and the RSD was 0.33% (n = 6). The ratio of  
protocatechuic aldchyde in normal drug sera was 0.15%, 
and the RSD was 0.75% (n = 6). The ratio of  protocat-
echuic aldchyde in fibrotic drug sera was 0.19% and the 
RSD was 1.24% (Table 2, Figures 2A-2C).

DISCUSSION
Radix Salvia miltiorrhiza is the dried root of  labiate-Salvia 
miltiorrhiza Bge, an important drug in traditional Chinese 
medicine for activating blood flow and eliminating sta-
sis. Radix Salvia miltiorrhiza has certain curative effect on 
coronary heart diseases and chronic liver diseases with 
few adverse effects. No ideal anti-fibrosis drugs in West-
ern medicine have been developed so far. A series of  
blood-activating and stasis-eliminating Chinese medicines 
such as Radix Salvia miltiorrhiza, have a positive effect on 
prevention and reversion of  fibrogenesis. However, it is 
difficult to clarify the working mechanism and real active 
components of  Chinese anti-fibrosis herbs. Radix Salvia 
miltiorrhiza can improve liver function and ameliorate 
hepatic pathological changes in rats and humans. In our 

study, when the aqueous extract of  Radix Salvia miltiorrhiza 
was given to rats before the injection of  CCl4, liver fibrosis 
was produced. On the other hand, in cell culture in vitro, 
Radix Salvia miltiorrhiza showed its inhibitory effect on lipid 
peroxidation and some key signal transduction circuits in 
HSCs, delaying the activation and proliferation of  HSCs. 
A kind of  extract from Radix Salvia miltiorrhiza-monomer 
IH764-3 could activate caspase-3 and induce apoptosis of  
HSCs.

Many bioactive components in Radix Salvia miltiorrhiza, 
including soluble and insoluble parts have various 
pharmacological effects such as blood-activating and 
stasis-eliminating and facilitate the circulation of  blood 
and oxygen. The insoluble components mainly include 
compounds of  phenanthrenequinone (PAQ), such as 
tanshinonesⅠand Ⅱcryptotanshinone and isotanshinone. 
The soluble components are mainly composed of  phenolic 
acids. Salvianolic acid B[8] is one of  the bioactive parts 
of  Radix Salvia miltiorrhiza to inhibit the activation and 
proliferation of  HSCs by blocking the intracellular signal 
transduction of  transforming growth factor-β1 ( TGF-β1 ).

Protocatechuic aldchyde is one of  the water-soluble 
components of  Radix Salvia miltiorrhiza and can be used 
to treat dysmenorrhea in gynaecology. Protocatechuic 
aldchyde can inhibit the proliferation of  HSCs (CCK-8) 
in vitro and might be used to treat liver fibrosis. In this 
study, the peak areas maintained stable for 6 d. Since the 
stability of  protocatechuic aldchyde is much better than 
other components (such as salvianolic acid B) in Radix 
Salvia miltiorrhiza, protocatechuic aldchyde performs the 
pharmacological effects for a longer time in vivo and in vivo.
The content of  protocatechuic aldchyde in raw Radix 
Salvia miltiorrhiza is higher than that in the corresponding 
drug sera, which could explain the phenomenon that 
the inhibitory effect of  raw Radix Salvia miltior rhiza 
was stronger than that of  drug sera. It indicates that 
only part of  metabolites of  protocatechuic aldchyde in 
raw Radix Salvia miltiorrhiza could enter blood to exert 
pharmacological effects after metabolism in vivo. If  crude 
medicines are used to work on HSCs directly in vitro, 
the pharmacological effect of  the medicine would be 
exaggerated. On the other hand, some other herbs could 
perform their pharmacological effect only after decocted 
in vitro and metabolized in vivo, because the process of  
decoction and metabolism would promote the activation 
of  the bioactive components in this kind of  crude 
medicines. Under this condition, the herbs seem useless 
if  they are directly used on cells in vitro, suggesting that 
the effect of  raw Radix Salvia miltiorrhiza is not equal to 

Table 1 Inhibitory rates of protocatechuic aldchyde, raw Radix 
Salvia miltiorrhiza and corresponding normal and fibrotic drug 
sera on proliferation of HSCs

Group              IR (%)       A

A 24.36 1.565 ± 0.08a

(Protocatechuic aldchyde)
B 36.10 1.322 ± 0.10a

(raw Radix Salvia miltiorrhiza)
C 16.14 1.735 ± 0.12ab

(Normal drug sera of Salvia miltiorrhiza)
D 21.41 1.626 ± 0.53ab

(Fibrotic drug sera of Salvia miltiorrhiza)
E — 2.069 ± 0.37
(Control)

aP < 0.05 vs group E; bP <  0.05 vs group D
IR = (experiment group–control group) ÷ control group × 100%.

Group Content of protocatechuic 
aldehyde

Salvia miltiorrhiza Bge                 0.22 ± 0.07
Normal drug sera of Salvia miltiorrhiza Bge                 0.15 ± 0.01a

Fibrotic drug sera of Salvia miltiorrhiza Bge                 0.19 ± 0.01a c

Table 2  Results of sample determination (mean±SD, %)

aP <  0.05 vs Salvia miltiorrhiza Bge; cP <  0.05 vs Normal drug sera of Salia 
miltiorrhiza  Bge.
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the effect of  Salvia miltiorrhiza in vivo. The differences are 
related to the characteristics of  herbs. Active constituents 
of  TCM are influenced by soils, climates, growth stages, 
and factors in vitro and in vivo. So the “Pharmacological 
method” is more suitable for researching herbs. 

Protocatechuic aldchyde in pathological drug sera is 
more than that in normal drug sera, which is in accordance 
with the different effects of  normal and fibrotic drug 
sera [3]. Because of  this difference between the two kinds 
of  drug sera and the phenomenon that most of  the 
medicine takers are patients with hepatic diseases, it is 
better to use “modified seropharmacological method” and 
“ pathological drug sera” to carry out research on herbs 

in vitro (vs “ traditional seropharmacological method” and 
“normal drug sera”). In this way, the impact of  different 
liver functional status on herbs’ metabolic process could be 
included as a parameter in experiment. The phenomenon 
that the content of  protocatechuic aldchyde is higher in 
fibrotic drug sera than in normal sera, coincides with the 
working characteristics of  herbs, which might be caused 
by different “first pass effect” of  the liver under different 
liver conditions and metabolism of  drugs. From the 
traditional Chinese medicinal theory of  “diagnosis and 
treatment on the basis of  an overall analysis of  the illness 
and the patient’s different symptoms and pathogenesis” 
and “bidirectional regulation”, TCM works best only when 
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the symptoms and etiology are just their corresponding 
indications. Radix Salvia miltiorrhiza is one of  the blood-
activating and stasis-eliminating drugs. Liver fibrosis 
is considered as “blood obstruction”[9] in traditional 
Chinese medicine. Undoubtedly it is the indication for 
Radix Salvia miltior rhiza. So the blood-activating and 
stasis-eliminating herbs such as Radix Salvia miltiorrhiza 
have better pharmacological effects on fibrotic rats. The 
active components in Radix Salvia miltiorrhiza might be 
activated and released more efficiently to perform stronger 
pharmacological effects. The ability of  fibrotic liver to 
transform and inactivate drugs might decrease because the 
metabolic functions of  fibrotic liver decrease, thus making 
the concentration of  the effective components higher, 
prolonging the effective working period. 

The value of  this research lies in that we could get 
the real active components of  Radix Salvia miltiorrhiza by 
“modified seropharmacological method” after they are 
metabolized in vivo. HPLC is a quick and sensitive method 
the determination of  effective components in drugs in vitro 
and in vivo.
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INTRODUCTION
The term “inflammatory bowel disease (IBD)” usually 
means two similar but distinct chronic diseases of  the gut: 
ulcerative colitis (UC) and Crohn’s disease (CD) character-
ised by episodes of  remission and exacerbation with sys-
temic complications[1-4].

During the last 20 years the treatment of  IBD has been 
greatly improved although it is still empirical due to its 
unknown aetiology[5-8]. It seems that both ulcerative colitis 
and Crohn’s disease are multifactorial in origin. However, 
regardless of  the cause, the final pathway of  tissue dam-
age in IBD is mediated by the cellular immune response 
through white blood cells in the intestinal mucosa. Corti-
costeroids are a mainstay of  acute therapy for moderate to 
severe ulcerative colitis or Crohn’s disease. However, up to 
40% of  patients do not respond to the high-dose steroid 
therapy. So, new therapeutic approaches are needed to 
improve the clinical outcome of  active steroid-refractory 
IBD.

Classic immunosuppressant drugs like azathioprine 
or mercaptopurine need some weeks to exert their full 
activity, so they are useless during the acute phases of  
the disease. Moreover, newer immunosuppressants like 
cyclosporine A have shown only a temporary benefit and 
often serious side effects.

In recent years some trials have suggested that leuko-
cytapheresis can be a useful and safe way to induce clinical 
remission in patients with IBD[9-11, 15]. Subsequent trials 
have proved that granulocytapheresis (GCAP), a technique 
that sequestrates much selectively granulocyte and mono-
cyte subpopulations, is equally effective in patients with 
active IBD[16, 17].

Even if  with a limited casuistry, we aimed at bulking 
the published data by referring our experience with GCAP. 
We analyzed the clinical, endoscopic and laboratory pa-
rameters of  patients with active, steroid-refractory IBDs, 

 CLINICAL RESEARCH

Treatment of active steroid-refractory inflammatory bowel 
diseases with granulocytapheresis: Our experience with a 
prospective study

Bresci Giampaolo, Parisi Giuseppe, Bertoni Michele, Mazzoni Alessandro, Scatena Fabrizio, Capria Alfonso

www.wjgnet.com

Bresci Giampaolo, Parisi Giuseppe, Bertoni Michele, 
Mazzoni Alessandro, Scatena Fabrizio, Capria Alfonso, 
U.O. di Gastroenterologia, U.O. di Immunoematologia Azienda 
Ospedaliera-Universitaria Pisana, Pisa, Italy
Correspondence to: Giampaolo Bresci, Via A. Della Spina, 11 
56125 Pisa, Italy. gbresci @ libcro. it
Telephone: +39-50-45227  Fax: +39-50-45227
Received: 2005-09-12           Accepted: 2005-10-26

Abstract
AIM: To report our experience with the use of granulo-
cytapheresis (GCAP) in 14 patients with active steroid-
refractory inflammatory bowel disease (IBD) in order to 
evaluate its efficacy in achieving remission and maintain-
ing a long lasting symptom-free period.

METHODS: The activity of the disease was evaluated 
by clinical activity index (CAI) and endoscopic index (EI) 
in ulcerative colitis (UC), while by Crohn’s disease activity 
index (CDAI) in Crohn's disease (CD). The patients were 
treated using the AdacolumnTM system, an adsorption 
column which selectively binds to granulocytes and 
monocytes. One session/week of GCAP was performed 
for 5 wk. Steroids were stopped during apheresis.

RESULTS: All the patients completed the five-week 
course showing no complications. At the end of the last 
session, 93% of patients showed a clinical remission of 
the disease that persisted for 6 mo. Nine months after 
the end of the treatment, 60% of the cases maintained 
remission, while 23% of the patients were still in clinical 
remission after 12 mo.

CONCLUSION: Even if the number of our patients with 
steroid-refractory IBDs was not big, we can assert that 
GCAP is well tolerated and effective, especially in the 
first six months after the treatment, in a significant per-
centage of cases. The rate of sustained response drops 
slightly after 6 mo and significantly after 12 mo, however 
the absence of severe side effects can be a stimulus for 
further evaluating new schedules of treatment.

© 2006 The WJG Press. All rights reserved.

Key words: Granulocytapheresis; Ulcerative colitis; 
Crohn’s disease; Steroid-refractory
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before and after the completion of  GCAP during a follow-
up period of  12 mo. This work was to get more informa-
tion about the real effectiveness of  GCAP in achieving 
remission and possibly in maintaining it.

MATERIALS AND METHODS
All the patients with UC or CD treated with GCAP in 
our department because of  steroid-resistant IBD were 
followed up by monitoring clinical, laboratory and endo-
scopic parameters for UC.

Before admitted for GCAP, all patients signed an 
informed consent and underwent routine laboratory 
tests and basal ECG. Moreover, they were visited by a 
cardiologist in order to exclude serious cardiovascular 
diseases.

All patients received a 5-session (1 session/wk) treat-
ment with GCAP. This was an extracorporeal procedure in 
which 1.8 L of  blood was filtered through an Adacolum-
nTM (JIMRO, Takasaki, Japan). AdacolumnTM is a 335 mL 
capacity column filled with 35 000 cellulose diacetate beads 
(2 mm in diameter) that bind to granulocytes and mono-
cytes via the CR3 receptors present on these cells. Each 
apheresis procedure required the addition of  1500 UI of  
sodium heparin as an anticoagulant. Blood was obtained by 
antecubital vein puncture. Methylprednisolone daily dose 
was progressively reduced until discontinuation in a 6-wk 
period (one week after the last apheresis procedure). Con-
comitant treatment with aminosalicylates was maintained 
during the treatment and follow-up at the same dosage.

In ulcerative colitis patients, the activity of  the disease 
was evaluated by clinical activity index (CAI): Clinical re-
mission was defined if  less than 6 and endoscopic index 
(EI): endoscopic remission was defined if  less than 4. In 
the subjects with Crohn’s disease, the activity was meas-
ured by Crohn's disease activity index (CDAI): clinical re-
mission was defined if  less than 150.

After the end of  the five-week course of  granulocyta-
pheresis and every 3 mo, each patient was visited for a 
clinical and endoscopic assessment, paying particular at-
tention to the activity indices. The subjects who achieved 
clinical remission were followed up for 12 mo by the last 
session of  GCAP.

Relapse was defined as an increase of  clinical and en-
doscopic scores (CAI, EI, CDAI) more than 6, 4 or 150 
respectively. Patients who were on 5-aminosalicylic acid 
continued this medication but no additional treatment.

www.wjgnet.com

Hemograms, biochemistry and coagulation were re-
corded during the apheresis treatment.

Statistical analysis
Data were expressed as mean ± SD if  required. Student’
s t test for paired variables was performed. Statisticcal 
analyses were analysed with SPSS 11.5 (®SPSS inc. 2002).

RESULTS
We treated and followed up 14 patients (8 with ulcerative 
colitis and 6 with ileal Crohn’s disease).

Baseline characteristics
Baseline characteristics of  the 8 UC patients were mean 
age: 35.2±7.4 years; female/male ratio: 3:5; mean time 
of  disease history: 7.8±3 years. All patients had an active 
pancolitis with a mean CAI of  10.0±3.4 at baseline and a 
mean endoscopic index (EI) score of  10.5±2.5 (Table 1). 
All the patients showed an active disease and were treated 
with 0.8-1 mg/kg pre d of  i.v. or i.m. methylprednisolone 
and 2.4 g/d of  oral mesalazine during the 8 wk period 
prior to GCAP initiation, without achieving response. 
None of  the patients was under inmuno-supressor therapy 
at baseline but all of  them were on mesalazine at 2.4 g/d.

Baseline characteristics of  the 6 CD patients were 
mean age: 37.8±2.5 years; female/male ratio: 3:3; mean 
time of  disease history: 7.1±3.2 years. All patients had an 
active ileal CD with a mean basal CDAI of  213.3±32.0 
(Table 2).

Induction of remission in UC patients
One week after GCAP treatment, all UC patients achieved 
remission (Figures 1A and 1B) and stopped methyl-
prednisolone treatment. The mean CAI decreased from 
10.0 ± 3.4 to 3.5 ± 1.2 (P < 0.001). Also EI decreased from 
10.5±2.2 to 2.6 ± 0.5 (P < 0.001). The mean values of  CRP 
and ESR decreased from 32.5 ± 11.2 to 4.5 ± 4.7 mg/L 
(P < 0.001) and 48.5 ± 8.6 to 15.0 ± 2.3 mm/h respectively 
(P < 0.001) (Figures 3A and 2B).

Induction of remission in CD patients
One week after GCAP treatment, 5 out of  6 patients 
achieved remission (Figure 3A) and stopped methylpred-
nisolone treatment. The mean CDAI decreased from 
213.3 ± 32.0 to 135 ± 50 (P < 0.015). The mean CRP values 
decreased from 39.0 ± 12.6 to 9.5 ± 9.1 mg/L (P < 0.01) 
and ESR values from 52.3 ± 9.8 to 21.7 ± 18.0 mm/h 
(P < 0.05) (Figures 3B and 3C).

Table 1 Baseline characteristics of UC patients (n=8) (mean ±
SD)

Female/Male      3/5
Age (yr) 35.2 ± 7.4
Colonic involvement All PanUC
Disease duration (yr)   7.8 ± 3.0
Basal CAI 10.0 ± 3.4
Basal EI 10.5 ± 2.5

Table 2 Baseline characteristics of CD patients (n=6) (mean ±
SD)

Female/Male      3/3

Age (yr)   37.8 ± 2.5
Disease location All ileal CD
Disease duration (yr)     7.1 ± 3.2
Basal CDAI 213.3 ± 32.0
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Adverse events
All the patients completed GCAP without severe side 
effects. Only a transient mild headache was recorded in 
two patients during the procedure.

Follow-up
All the patients were followed up for 12 mo after GCAP 

treatment and no additional treatment was added. Clini-
cal remission persisted for 6 mo in all the patients and 
was achieved early after apheresis (93%). At the 9th mo 
of  follow-up, 6 of  8 UC patients and 2 of  5 CD patients 
were still in clinical remission. At the 12th mo of  follow-
up, only 1 of  8 UC patients and 2 of  5 CD patients were 
in remission (Figure 4).

DISCUSSION
Currently, the use of  steroid drugs is a common strategy 
for the treatment of  acute inflammatory bowel disease. 
However, large doses of  steroids are often necessary to 
control active diseases and some patients do not respond 
to this conventional treatment. Colectomy rate varies 
from 10% to 40% in these patients[12]. The treatment 
with cyclosporin in these patients can avoid acute colec-
tomy in 57% of  cases, but after a 6-mo follow-up period 
73% of  patients undergo surgery[13]. Azathioprine or 
6-mercaptopurine has been reported to be beneficial for 
steroid resistant cases, but their use requires several weeks 
to get full effects[14].

Recent data from literature have pointed out that 
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granulocytapheresis, which acts on specific subpopulations 
of  leukocytes involved in the inflammatory process, can 
represent a useful and probably much safe treatment for 
patients with ulcerative colitis or Crohn’s disease[16, 17].

In fact it is well known that inflammatory bowel dis-
ease is associated with elevated circulating and tissue levels 
of  leukocytes. Granulocytes are the first cells mobilizing 
to inflammation sites and interact with lymphocytes to 
orchestrate the inflammatory response. For these reasons 
the removal of  granulocytes may be a logical therapeutic 
manoeuvre. Moreover, the good results obtained so far by 
granulocytapheresis have been attributed not only to the 
removal of  granulocytes and monocytes, but also to its im-
munomodulatory effect[10, 11, 15, 16].

The goal of  this study was to assess the safety and 
efficacy of  GCAP in patients with active inflammatory 
bowel disease that was refractory to conventional drug 
therapy. In our small casuistry, the procedure was well tol-
erated and 93% of  cases showed remission at the end of  
a five-week course of  GCAP. No serious side effects were 
recorded and clinical/endoscopic remission lasted for six 
months in all the patients, achieved at the end of  the thera-
peutic course (“responders”). Nine months after GCAP 
treatment, about 60% of  responders were still in remis-
sion, without any significant difference between UC and 
CD patients. The remission rate dropped dramatically at 
the 12th mo, with slightly better outcome in CD patients.

In conclusion, this new approach to active steroid-
refractory IBD seems an important innovation and a use-
ful therapy after the failure of  conventional treatments. 
GCAP is able to achieve clinical remission in a large pro-
portion of  “difficult” IBD patients. This new technique is 
virtually free of  severe side effects and could be repeated 
more times if  necessary.

We hope that our data could represent a stimulus for 
further trials aimed to evaluate the real usefulness of  
apheresis in IBD, to clarify the optimal length of  treatment 
and to know which patients could get most benefit from it.
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Abstract
AIM: To descr ibe and d i scuss echo-enhanced 
sonography in the differential diagnosis of cystic 
pancreatic lesions.

METHODS: The pulse inversion technique (with 
intravenous injection of 2.4 mL SonoVue®) or the power-
Doppler mode under the conditions of the 2nd harmonic 
imaging (with intravenous injection of 4 g Levovist®) was 
used for echo-enhanced sonography.

RESULTS: Cystadenomas frequently showed many 
vessels along fibrotic strands. On the other hand, 
cystadenocarcinomas were poorly and chaotically 
vascularized. ”Young pseudocysts” were frequently found 
to have a highly vascularised wall. However, the wall of 
the ”old pseudocysts” was poorly vascularized. Data from 
prospective studies demonstrated that based on these 
imaging criteria the sensitivities and specificities of echo-
enhanced sonography in the differentiation of cystic 
pancreatic masses were > 90%.

CONCLUSION: Cystic pancreatic masses have a 
different vascularization pattern at echo-enhanced 
sonography. These characteristics are useful for their 
differential diagnosis, but histology is still the gold 
standard.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Cystic tumours of  the pancreas are rare, accounting for 
about 1% of  all pancreatic neoplasms[1]. Cystadenomas 
and cystadenocarcinomas are the most frequently 
encountered cystic lesions[1-3]. There are problems in the 
differentiation of  cystic pancreatic masses. It is obvious 
that the discrimination between these lesions is critical for 
prognosis and therapy[4].

Conventional transabdominal ultrasound displays 
no characteristic signs for the differentiation of  cystic 
pancreatic tumours and the diagnostic accuracy is low [5-7]. 
The vascularization pattern is helpful for the tumour 
differentiation and can be investigated by fundamental 
power and colour Doppler sonography. However, there 
is a low sensitivity of  these procedures for detecting 
low blood flow velocity or small vessels. The sensitivity 
can be increased by echo-enhancers, such as SonoVue®. 
Therefore, echo-enhanced sonography is an increasingly 
used procedure for the differentiation of  pancreatic 
tumours[8, 9].

In this review, echo-enhanced sonography in the 
differential diagnosis of  cystic pancreatic tumours is 
depicted and discussed.

MATERIALS AND METHODS
All patients were investigated first by conventional 
sonography using a dynamic sector scanner. A special 
preparation of  the patients was not necessary. The pulse 
inversion technique or the power-Doppler mode under the 
conditions of  the 2nd harmonic imaging was used for echo-
enhanced sonography. The pulse inversion mode was used 
more frequently than the 2nd harmonic imaging.

For echo-enhanced sonography, the pulse inversion 
2.4 mL SonoVue® (sulfur hexafluoride gas-based contrast 
agent, Bracco International B.V., Amsterdam, Netherlands) 
was injected intravenously, and the mechanical index varied 
between 0.1 and 0.2 (low MI procedure). The investigation 
could be done in real time, and lasted for approximately 2 
min.

Echo-enhanced power Doppler sonography was 
started immediately after intravenous injection of  4 g 
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Levovist® (galactose-based contrast agent, concentration 
300 mg/mL, Schering AG, Berlin, Germany). Intermittent 
sweeps were done, and the investigation lasted for 
approximately 2 min. One focus zone with depth adapted 
to the area of  interest and a mechanical index of  0.8-1.3 
(high MI procedure) should be used.

RESULTS
Criteria for the differentiation of  pancreatic masses by 

conventional and echo-enhanced sonography[10, 11] are 
shown in Table 1. Cystadenomas consisting of  small 
cystic areas (< 3 cm) and thin fibrotic strands are shown 
in Figure 1A. At echo-enhanced sonography highly 
vascularized solid tumour parts and arteries along the 
fibrotic strands are shown in Figure 1B. On the other 
hand, cystadenocarcinomas were found to have large 
cystic areas (about 5 cm) and solid tumour parts in the 
conventional ultrasound examination (Figure 2A). After 
injection of  an echo-enhancer, poorly vascularized solid 

Figure 2  Cystadenoma at conventional and echo-enhanced ultrasound A: A tumour (7 cm in diameter) at the pancreatic tail with large cystic (c) and solid areas (s); B: 
A poorly vascularized solid (s) tumour (maximum of contrastation 15 s after injection of the echo-enhancer).

Figure 3 Pseudocust at conventional and echo-enhanced ultrasound A: A lesion with an echo-free pattern and a sharply delineated wall. The Wirsungs Duct is dilated; B: 
A highly vascularized wall (maximum of contrastation 20 s after injection of the echo-enhancer).

Figure 1  Cystadenoma at conventional and echo-enhanced ultrasound. A: A tumour at the pancreatic tail (5 cm in diameter) with small cystic areas (small arrows) and thin 
fibrotic strands; B: Highly vascularized tumour arteries (large arrows) along the fibrotic strands (maximum of contrastation 15 s after injection of the echo-enhancer).
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areas could be detectable (Figure 2B). Pseudocysts were 
found to be characterised by an echo-free pattern and 
a sharply delineated wall (Figure 3A). In the remaining 
pancreatic parenchyma features of  chronic inflammation 
such as calcifications and a dilated Wirsung’s duct could 
also be found. After injection of  an echo-enhancer the 
wall of  the pseudocysts was highly (”young cyst”, Figure 
3B) or poorly vascularized (”old cysts”).

A recently published study with 31 patients showed 
that echo-enhanced sonography could differentiate cystic 
neoplasms from pseudocysts[12]. The sensitivity of  echo-
enhanced sonography with respect to diagnosing cyst 
adenomas was 95% and its specificity was 92%. The 
corresponding values for pseudocysts were both 100%. 
However, one cystadenoma was misdiagnosed as a cyst- 
adenocarcinoma, and vice-versa. The morphological 
variabi l i ty of  these cystic lesions at conventional 
ultrasound and the difficulties in the evaluation of  the 
vascularization of  cystic masses might be responsible for 
the false results. On the other hand, only 27% of  cyst- 
adenomas and 67% of  pseudocysts could be correctly 
classified by conventional ultrasound[12].

DISCUSSION
So far not a single ideal diagnostic procedure is available 
for the differentiation of  cystic pancreatic tumours. 
Histology is the gold standard but nevertheless can 
produce false negative results. The correct differential 
diagnosis of  cystic neoplasms of  the pancreas has proven 
to be difficult and imaging techniques have low correct 
diagnosis percentages[5, 13-15], which can be attributed to the 
particular anatomicropathological features of  these tumors 
and the difficulty to discriminate them from pseudocysts.

Conventional ultrasound cannot provide the reliable 
characteristics of  different cystic pancreatic lesions. Thus, 
it is difficult to distinguish these tumours. Cystadenomas 

often consist of  small cystic areas and a spoke-like pattern 
of  fibrotic strands. In contrast, cystadenocarcinomas often 
show large cysts (frequently larger than 5 cm in size). 
Pseudocysts are frequently echo-free and have a sharply 
delineated wall.

The angiographic vascularization pattern contributes to 
the differentiation of  pancreatic tumours[16-18]. Since cyst 
-adenomas are characterised by their hypervascularization, 
they are often found to be hypovascularized with a chaotic 
pattern. However, the diagnostic accuracy of  angiography 
is low because it is not possible to investigate the 
macroscopic tumour features[17].

The vascularization of  tumours may also be studied 
by fundamental power and colour Doppler sonography. 
However, the sensitivity of  these procedures is low in 
detecting low blood flow velocity or small vessels. This 
sensitivity can be improved by echo-enhancers, such as 
SonoVue® and Levovist®. Levovist® consists of  air-filled 
microbubbles which enhance the Doppler signal at 20-30 
dB[19-21]. However, the signal intensity of  echo-enhanced 
sonography from flowing blood is lower than that of  tissue 
movements. To overcome these difficulties the technique 
of  the 2nd harmonic imaging has been developed based 
on the property of  microbubbles to resonate and emit 
harmonic waves in an ultrasound field with a frequency of  
1-5 MHz. If  the harmonic frequency is to be detected at 
twice the transmitted frequency, the procedure is called the 
2nd harmonic imaging. Since tissue particles have fewer of  
the 2nd harmonic waves than microbubbles, the signals of  
echo-enhancers are better distinguishable[19].

The new contrast agent Sonovue® is used more 
frequently for echo-enhanced sonography. Furthermore, 
the 2nd harmonic imaging can be replaced partially by the 
pulse inversion imaging technique. There are observations 
that with this new procedure more favourable results can 
be achieved than with the 2nd harmonic imaging. The 2nd 
harmonic imaging cannot separate the transmitted and 

   Conventional ultrasound Fundamental power
Doppler sonography

         Echo-enhanced
         sonography

Cystadenoma • small cystic areas (often < 3 cm) • no tumour vessels
   detectable

• highly vascularised tumour  
   arteries along the fibrotic strands

• spoke- l ike  pat tern  of  f ibrot i c    
    strands with small calcifications
•  no dilated Wirsung's duct

Cystadeno-
carcinoma

• large cystic areas (often > 5 cm)
• solid areas

• rarely tumour vessels
  with chaotic pattern detectable

• poorly and chaotic vascularised  
    solid areas

• no dilated Wirsung's duct

Pseudocyst • often echo-free pattern • rarely tumour vessels 
   detectable in ”young cysts”

• ”young cysts” (a few weeks of  
   a g e )  s h o w  o f t e n  a  h i g h l y   
     vascular-ised wall

• sharply delineated wall
• features of acute and/or chronic   
    pancreatitis
• signs of bleeding and/or calcifica- 
    tions
• bowel infiltration is possible

• ”old cysts” (a few months of age)  
   show often a poorly vascularised  
    wall

Table 1 Criteria for differentiation of cystic pancreatic tumours with conventional ultrasound, fundamental 
power Doppler sonography, and echo-enhanced ultrasound[10, 11]
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received harmonic signals completely because of  limited 
bandwidth. However, pulse inversion imaging avoids these 
bandwidth limitations using characteristics specific to 
microbubble vibrations to subtract rather than filter out 
the fundamental signals. Because this imaging technique 
transmits two reciprocal pulses, leading to a subtraction of  
the two fundamental signals, it allows the use of  broader 
bandwidths for the transmission and reception yielding 
an improved resolution and can provide an increased 
sensitivity to contrast[22]. However, comparative results of  
large prospective studies are missing.

We want to point out that according to our experience, 
conventional ultrasound, power and colour Doppler 
sonography, and echo-enhanced sonography should 
not be used as single imaging techniques, exclusively. 
Conventional ultrasound is the basic sonographic method, 
and tumour differentiation is hardly possible based on an 
echo-enhanced sonographic examination alone. Echo-
enhanced sonography offers more diagnostic criteria 
than conventional ultrasound alone, but similar to the 
angiography it is impossible to investigate macroscopic 
tumour features with this procedure alone. Therefore, 
all sonographic procedures should be performed in 
combination.

The characteristic signs of  pancreatic tumours at 
echo-enhanced sonography have been published [10, 11]. 
Solid areas of  cystadenocarcinomas and the wall of  the ”
old pseudocysts” are found to be hypovascularized. In 
contrast, solid parts of  cystadenomas and the wall of  
the "young pseudocysts" are mostly hypervascularized. 
A recently published study showed that echo-enhanced 
sonography can differentiate cystic neoplasms better than 
conventional ultrasound alone[12].

The successful treatment of  cystic pancreatic tumours 
requires a highly sensitive and specific diagnostic 
procedure. Echo-enhanced sonography can fulfil this 
requirement. However, histology is still the gold standard 
for the differentiation of  cystic pancreatic lesions.
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Abstract 

AIM: To clarify the innervation of the antro-pyloric 
region in humans from a clinico-anatomical perspective. 

METHODS: The stomach, duodenum and surrounding 
structures were dissected in 10 cadavers, and immersed 
in a 10mg/L solution of alizarin red S in ethanol to stain 
the peripheral nerves. The distribution details were 
studied to confirm innervations in the above areas using 
a binocular microscope. Similarly, innervations in 10 
Suncus murinus were examined using the method of 
whole-mount immunohistochemistry. 

RESULTS: The innervation of the pyloric region in 
humans involved three routes: One arose from the 
anterior hepatic plexus via the route of the suprapyloric/
supraduodenal branch of the right gastric artery; the 
second arose from the anterior and posterior gastric 
divisions, and the third originated from the posterior-
lower region of the pyloric region, which passed via 
the infrapyloric artery or retroduodenal branches and 
was related to the gastroduodenal artery and right 
gastroepiploic artery. For Suncus murinus, results similar 
to those in humans were observed. 

CONCLUSION: There are three routes of innervation 

of the pyloric region in humans, wherein the route of 
the right gastric artery is most important for preserving 
pyloric region innervation. Function will be preserved 
by more than 80% by preserving the artery in pylorus-
preserving pancreaticoduodenectomy (PPPD). However, 
the route of the infrapyloric artery should not be 
disregarded. This route is related to several arteries 
(the right gastroepiploic and gastroduodenal arteries), 
and the preserving of these arteries is advantageous 
for preserving pyloric innervation in PPPD. Concurrently, 
the nerves of Latarjat also play an important role in 
maintaining innervation of the antro-pyloric region in 
PPPD. This is why pyloric function is not damaged in 
some patients when the right gastric artery is dissected 
or damaged in PPPD.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION 
With the concept of  less invasive surgery, pylorus-
preserving pancreaticoduodenectomy (PPPD) has taken the 
place of  conventional Whipple pancreaticoduodenectomy 
as a standard operative procedure for the treatment of  
various benign and malignant diseases in the periampullary 
region, even pancreatic head carcinoma, since 1978[1-5]. 
Early delayed gastric emptying has been described 
as a common and frustrating complication after this 
procedure, which occurs in 20% to 46% of  patients[6-16]. 
Although delayed gastric emptying is self-limiting, not 
life-threatening, and can be treated conservatively[7,9,17], 
it results in discomfort and a significant prolonging of  
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the hospital stay, and so contributes to increased hospital 
costs[7,8,18,19]. However, the pathogenesis of  delayed gastric 
emptying after PPPD remains controversial.

The procedure may impair gastric peristalsis. The 
duodenal pacemaker, which is located 0.5 to 1 cm distally 
from the pylorus, should therefore be preserved to avoid 
disturbances in normal gastric peristalsis[20]. Gastric 
arrhythmias may be another cause of  delayed gastric 
emptying in the early postoperative period, probably 
exacerbated by intra-abdominal complications[21]. Problems 
caused by the surgical procedure itself  include injury to 
the nerves of  Latarjat or the placement of  suture material 
through the pyloric muscle. In addition, ischemia of  the 
duodenal stump and antropyloric muscle mechanisms 
could influence gastric emptying, although mucosal 
edema at the site of  anastomosis and peri-anastomotic 
fluid collection seem to be more common problems[22]. In 
regard to maintaining the pylorus as a functional unit, it is 
of  paramount importance to maintain normal innervation 
of  the antro-pylorus, an adequate blood supply and a 
pyloric muscle unimpeded by sutures[1,23]. 

Moreover, there has been no detailed description 
concerning clinico-anatomical and morphologic studies 
of  the innervation of  the antro-pyloric region in other 
literature, although there are some records of  human 
pyloric innervation in literatures[24-27]. Therefore, we 
attempted to clarify the innervation of  the antro-pyloric 
region in humans from a clinico-anatomical point of  view, 
and to evaluate the innervation-preserving procedure 
of  PPPD and its modified procedures, by using the 
peculiar method of  labeling and dissecting the autonomic 
nerves of  the viscera, not the current dissection of  gross 
anatomy as in our previous studies[28-30]. Furthermore, the 
experimental animal, Suncus murinus, has been used for a 
comparative study to demonstrate general morphologic 
characteristics more similar to humans than other current 
laboratory animals, e.g., mouse, rat and rabbit[28-31]. 

MATERIALS AND METHODS
Cadavers
The study was performed on 10 cadavers (5 men and 5 
women) with a mean age of  79.8 (range, 50 to 94) years. 
All cadavers were selected from bodies used for research 
and practice of  anatomy at Kanazawa University School 
of  Medicine during the years 1999-2000, and were free 
from diseases of  the liver, stomach, duodenum, pancreas, 
and their surrounding areas (Table 1). 

Animals and tissue preparation
Adult laboratory house musk shrews, S. murinus, were 
obtained and maintained from a closed breeding colony 
bred in our laboratories in the Department of  Anatomy 
and Neuroembryology, Kanazawa University, Japan. The 
animals were housed and handled in accordance with 
the Guide for the Care and Use of  Laboratory Animals 
and the Guide for the Care and Use of  Experimental 
Animals of  the Canadian Council on Animal Care. 
Briefly, all shrews were kept individually after weaning 
(20 d after birth) in plastic cages equipped with a wooden 
nestbox containing paper strips, and were kept in a 

conventionally conditioned animal room: 23 
℃ to 27 

℃, 
no humidity control, and 14 L: 10 D. Commercial trout 
pellets containing 45.0% protein, 3.5% fat, 3.0% fiber, 
13.0% ash and 26.2% complex carbohydrate (Nippon 
Haigou Shiryou, Tokyo, Japan) and water were supplied 
ad libitum. The mother colony, JIc: CR, is maintained in 
the Central Institute for Experimental Animals, Kawasaki, 
Japan[28]. Adult animals (6 females and 4 males, weighing 
45-80 g) were first anesthetized with ether and received an 
intraperitoneal injection of  a solution of  urethrane (sodium 
ethyl carbamate, 900 mg/kg). After each S. murinus was 
completely narcotized, the abdominal cavity was opened, 
and a catheter was inserted retrogradely into the abdominal 
aorta at the level immediately above the bifurcation of  
this artery into the common iliac arteries. Perfusion 
was commenced with normal saline containing heparin 
(10 KU/L), and thereafter with phosphate-buffered 
saline (PBS) containing 40 g/L paraformaldehyde. After 
perfusion, the animals were injected with neoprene latex 
to label the blood vessels in the pylorus region. Thereafter, 
the abdominal organs including the stomach, duodenum, 
common bile duct, and pancreas were extracted en bloc 
with the related nerves and vessels, postfixed with 40 g/L 
paraformaldehyde in PBS (pH 7.4) at 4 

℃ overnight to 
prepare for whole mount immunostaining.

Anatomical procedures of under-stereoscopic microscopy
The anatomical procedures of  the cadavers were 
performed, according to our previous description[29,30], as 
follows. From the adult autopsy, the viscera of  the upper 
abdomen (including the liver, pancreas, lower esophagus, 
stomach, and duodenum) were resected en masse with 
the abdominal aorta (region including the celiac artery 
and superior mesenteric artery), portal system, and nerves 
(including the vagus nerve, celiac ganglion, and plexus). 
The resected specimens were immersed in a 10 mg/L 
solution of  alizarin red S (Wako, Osaka, Japan) in ethanol 
to melt the fat tissue and stain the peripheral nerves. The 
solution was changed 3 times every 2 to 3 d, in principle, 
but this process may be prolonged if  necessary depending 
on the degree of  progression of  elimination of  fat and 
staining. The area of  each sample surrounded by the 
horizontal plane that passed through the portal region and 
the lower margin of  the horizontal part of  the duodenum 
and the sagittal plane that passed through the descending 
part of  the duodenum and hilum of  the spleen was 
dissected to the depth of  the celiac plexus with the aid of  
a stereoscopic microscope (magnification, × 40), keeping 
the sample immersed completely in 100% ethanol. In 
dissection, the lymphatic vessels and lymph nodes were 
removed, and particular attention was paid to preserve 
not only the nerves but also the arteries and veins around 
the stomach including the hepatogastro mesenteriolum, 
hepatoduodenal ligament and lower esophagus. Figures 1 
and 2 show two such dissections.

Whole mount immunohistochemistry
The whole mount immunostaining procedures for the 
S. murinus were performed as previously described[28,30]. 
Briefly, after rinsing in PBS, the fixed specimens were 
treated with 10 g/L periodic acid for 20 min to prevent 
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any intrinsic peroxidase reaction. They were then 
incubated in freshly prepared 5 g/L papain (Sigma) 
in 0.025 mol/L Tris-HCl buffer (pH7.6) for 1 h and 
25 g/L, 50 g/L, and 100 g/L sucrose in PBS for 30 min, 
respectively, followed by freezing and thawing thrice. The 
specimens were incubated with primary antibody (NFP-
Ab) in PBS containing 2 g/L bovine serum albumin 
(BSA), 3 g/L Triton X-100, and 1 g/L sodium azide for 
3 d at 4 ℃. After a thorough wash in PBS, the specimens 

were then incubated with secondary antibody labeled 
with peroxidase-conjugated affinity-purified sheep anti-
mouse IgG (HRP) in PBS containing 2 g/L BSA and 3 
g/L Triton X-100 for 3 d at 4 

℃. After a thorough wash 
in PBS, coloration was performed in 0.05 mol/L Tris-
HCl buffer containing 20 mg/L 3,3'-diaminobenzidine 
(DAB) and 0.1 ml/L H2O2 for 1 to 3 d at 4 

℃. The 
stained preparations were then stored in glycerin to obtain 
transparency. The primary antibody was anti-neurofilament 
protein (NFP) antibody, a monoclonal mouse anti-all 
neurofilament consisting of  three subunit proteins: NF-H 
(200 ku), NF-M (160 ku), and NF-L (70 ku) (M0762, lot 
089, clone: 2F11, Dako).

RESULTS
In human 
The innervation of  the pyloric region in human involved 
three routes: via the right gastric artery, the nerves of  
Latarjet, and the infrapyloric artery.

Via the suprapyloric/supraduodenal branch of the right 
gastric artery

   Case    Sex    Age             Death  Number1   Route I   Route II Route III

A F 94 Pneumonia 1 O O
B F 81 Cerebral hemorrhage 2 O O O
C F 83 Myocardial infarction 1 O O
D M 87 Myocardial infarction 4 O O O
E M 86 Pneumonia 4 O O
F M 73 Cerebral hemorrhage 3 O O O
G M 87 Cerebral hemorrhage 4 O O
H M 75 Myocardial infarction 4 O O
I F 82 Subarachnoid hemorrhage 5 O O O
J F 50 Pneumonia 3 O O O

Table 1 Cadavers used in this study and pyloric innervation in the superior part
1The number of hepatic divisions, a total of 46 hepatic 
divisions (average of 4.6). Route I, from the anterior 
hepatic plexus via the right gastric artery to the pyloric 
region; Route II, descending division from the hepatic 
division to the right gastric artery directly; Route III, 
from the nerves of Latarjat. 
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The hepatic division of  the vagus, arising from the anterior 
vagal trunk, ran through the hepatogastric ligament near 
the edge of  the liver (caudal liver), and joined the anterior 
hepatic plexus in the hepatoduodenal ligament. The 
plexus, containing the parasympathetic and sympathetic 
fibers (the latter originate from the celiac plexus), wound 
around the proper hepatic artery, then the suprapyloric or 
supraduodenal branch which comes from the right gastric 
artery, sent some branches to the pyloric region in the 
superior part of  the pyloric regions (Figures 1, 2). This 
route was displayed in all ten specimens.

There was variation in the number of  hepatic divisions. 
The total number of  hepatic divisions was 46 (average, 4.6) 
in the 10 specimens in this study. The position where the 
hepatic division joined the anterior hepatic plexus occurred 
at different levels between the hepatic hilum and the root 
of  the right gastric artery(Table 1, Figure 3). There were 2 
cases of  accessory left gastric artery in the 10 specimens. 
The hepatic division ran along the arteries to the hepatic 
hilum in these 2 cases(Figures 3I and 3J).

The branches, arising from the origin of  the hepatic 
division, sent single or double descending branches of  
the hepatic division, ran in the lesser omentum, did not 
reach the proper hepatic artery or join the anterior hepatic 

plexus, joined directly to the right gastric artery, and then 
entered the pyloric region. Five cases of  this route were 
observed in the 10 cadavers (Table 1, Figures 3B, 3D, 3F, 
3I, and 3J).

Via the anterior and posterior gastric divisions
The anterior and posterior gastric divisions, namely 
the nerves of  Latarjet, extended to and ran along the 
gastric lesser, while giving off  some offshoots to the 
lesser curvature, sending some peripheral nerve fibers to 
the antro-pyloric region. The nerves of  Latarjet passed 
through the lesser omentum, which lies 0.5 to 1.0 cm from 
the lesser curvature, or extended and anastomosed with the 
offshoots along the right gastric artery, or lay beneath the 
serosa of  the gastric wall, entered the antro-pyloric region. 
The route was observed in all cases (Table 1, Figures 1, 2, 
and 3).

Via the infrapyloric artery or retroduodenal branches
There is always one or several infrapyloric arteries or/and 
retroduodenal branches, intended for the posterior-lower 
region of  the pylorus. All of  these arteries arise either 
from the gastroduodenal artery, or from one or the other 
of  these two terminal branches, the right gastroepiploic 
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Figure 3 Diagram indicating the distribution in and around the cardia, the lesser curvature, the porta hepatica and the antro-pyloric region in 10 cadavers. Among them, 
A and B are diagrams of Figures 1A and 2, respectively. Five specimens, B, D, F, I and J, showed hepatic divisions joining directly to the right gastric artery, while, for the 
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artery, or the cranial and ventral pancreaticoduodenal 
artery. 

This route with the arteries supplying the posterior-
lower region of  the pylorus, passed the nerve branches 
to the pyloric region. The nerve branches, arising from 
the anterior hepatic plexus, ran along the gastroduodenal 
artery, or the right gastroepiploic artery, to the infrapyloric 
artery or/and retroduodenal branches, reached the 
posterior-lower region of  the pylorus. The route was 
observed in all cases (Figure 4).

In suncus murinus
Firstly, it is necessary to describe the morphological 
characters of  the pyloric region in S. murinus. The pylorus 
closed the duodenal papilla, supplied by the branches of  
the gastroduodenal artery. The latter sent the branches to 
the duodenal papilla and the pyloric region. The arterial 
branch that supplied the pyloric region corresponded to 
the right gastric artery in humans. However, there existed 
no ramus anastomoticus between this artery and the left 
gastric arteries in S. murinus (Figure 5). There was the 
lesser omentum in this animal, and the right gastric artery 
sent anterior and posterior branches to the anterior and 
posterior of  the pyloric region. Furthermore, there was 
no infrapyloric artery arising from the gastroduodenal 
artery in contrast to humans. Even though there are these 
differences, the innervation of  the pyloric region in S. 
murinus was very similar to that in humans.

Via the branches of the right gastric artery
In S murinus, the nerves originating from hepatic plexus, 
ran along the gastroduodenal artery, the right gastric artery, 
and reached the pyloric region. This route was simple, and 
did not form the ramus anastomoticus with the anterior 
or posterior gastric branches, which originate from the 
vagal trunk or the left gastric artery. The innervation was 
observed in all cases (Figure 5).

Via the lesser omentum
In S murinus, the anterior and posterior gastric branches, 

corresponding to the Latarjet nerves in humans, while 
giving off  some divisions to the lesser curvature and the 
gastric wall, sent some branches to the pyloric regions in all 
cases (Figure 5). The posterior-lower region of  the pylorus 
in S murinus was innervated by nerve branches originating 
from the right gastric artery, in constrast to humans. The 
anterior and posterior gastric branches ran along the lesser 
omentum and close to the lesser curvature, or lay beneath 
the serosa of  the gastric wall. Similarly, the route passing 
through the lesser omentum was also observed in some 
specimens, and these nerves originated from the anterior 
or posterior vagal trunk directly. The innervation was 
observed in all cases (Figure 5).

DISCUSSION 

The present paper is concerned with a detailed observation 
of  the innervation of  the antro-pyloric region, with the 
objective of  providing an anatomical basis for surgical 
operations in this region, especially concerning ‘organ and 
function-preserving surgical procedures’ like PPPD.

There are three routes of  pyloric innervation in 
humans. One is the superior region of  the pylorus, which 
is related to the hepatoduodenal ligament, whereby the 
nerve branches arose from the anterior hepatic plexus 
containing the branches coming from the hepatic division 
of  vagus. The nerves ran along the right gastric artery, 
via the suprapyloric or supraduodenal branch, intended 
for the antro-pyloric region. The second route is the 
posterior-lower region of  the pylorus, which is related 
to the gastro-pancreatic ligament. The nerves ran along 
the gastroduodenal or right gastroepiploic artery, to the 
infrapyloric artery, and reached the antro-pyloric region. 
The third route is the lower antrum region, which is related 
to the left gastric artery and the nerves of  Latarjet. This 
route involves the branches of  Latarjet nerves passing 
through the lesser curvature, and entering the antro-pyloric 
region. The animal model, S murinus, used in this study, 
allowed the complete anatomic observation of  cadavers, 
exhibited the important arterial supply routes of  the 
pylorus and anterior and posterior gastric divisions for the 
innervation of  the pylorus.

The route of  the superior region is the most important 
for pyloric innervation, in which the right gastric artery 
shows a core mission (main rule). The nerves of  this route 
contain both sympathetic and parasympathetic fibers, 
originating from either the anterior hepatic plexus which 
arise from the celiac plexus, or the hepatic division of  
the anterior vagal trunk which joins the proper hepatic 
artery to the right gastric artery. The route was observed 
in all 10 cadavers. There were 4 cases of  hepatic division 
distal to the hepatic edge, the division passing through 
the hepatogastric ligament, terminating in the right gastric 
artery in 10 cadavers. But only one case showed the pattern 
illustrated by McCrea[24], whereby a single descending 
branch of  the hepatic division directly reached the pylorus. 
We agree with Skandalakis et al[27] that this pattern is typical 
but not universal. Namely, pyloric branches of  the hepatic 
division do not, usually, directly reach the pyloric region, 
but pass via the arterial supply of  the region, as the right 
hepatic artery and its branches.
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Figure 4 An example of innervation in the posterior part of the pylorus. The 
stomach was raised. The nerves originating from the right gastroepiploic artery 
(RGEA) or the gastroduodenal artery (GDA) running along the retroduodenal 
artery (RDA) (white arrow) or the infrapyloric artery (IPyA) (white arrowhead) 
reached the first duodenum posterior part and the pylorus of the posterior part.
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The right gastric artery arises from the hepatic artery 
and proceeds to the first portion of  the duodenum 
(the supraduodenal artery), the pylorus and the antrum 
(the suprapyloric branch) along the lesser curvature. 
These routes via these arteries are important for pyloric 
innervation via the superior region of  the pylorus. The 
preservation of  the right gastric artery and its branches 
is potentially of  great importance in providing earlier 
gastric emptying after operation. The drawback of  pyloric 
preservation is a prolonged period of  gastric suction. This 
time can be shortened by attention to the preservation 
of  the supraduodenal artery and vagal innervation of  the 
antrum, which is essential for gastric emptying[7]. In any 
event, as there was a reliable route of  the right gastric 
artery, it is not necessary to preserve the hepatogastric 
ligament in order to preserve the route in clinic practice. In 
principle, it is only important to preserve the right gastric 
artery in order to preserve the innervation and function of  
the pylorus in PPPD.

For the route of  the nerves of  Latarjet, innervation 
originating from the anterior and posterior gastric 
branches of  the nerves of  Latarjet passed through the 
lesser omentum close to the lesser curvature, or extended 
to and anastomosed with the offshoots along the right 
gastric artery, or lay beneath the serosa of  the gastric wall, 
and entered the antro-pyloric region. Skandalakis et al [26] 
reported that the nerves of  Latarjet could be traced distally 

to about the level of  the incisura in most specimens, but 
in many cases it reached the pylorus, and in six cases it 
was visible as far as the first part of  the duodenum. It is 
possible that the nerves of  Latarjet innervate the antro-
pyloric region according to our observations in humans 
and S. murinus. Great care must be taken to preserve the 
blood supply from the left gastric artery to the lesser 
curvature of  the stomach and pylorus in PPPD.

For the innervation of  the posterior-lower region of  
the pylorus, it was disregard ordinarily. The route is via the 
arterial supply of  the posterior-lower region of  the pylorus. 
The branches are sent off  by the gastroduodenal or the 
right gastroepiploic artery, termed by the infrapylorus 
branch or artery, or the retroduodenal branches. These 
branches come from the gastroduodenal artery in 30% 
of  cases, from the right gastroepiploic artery in 44% of  
cases or from the ventral pancreaticoduodenal arch in 20% 
of  cases[32]. The gastroduodenal artery should probably 
be severed distally to its first branch and should be 
preserved in cases of  chronic pancreatitis where dissection 
could proceed by taking the pancreaticoduodenal artery 
at its origin from the gastroduodenal artery. Equal 
attention must also be given during the procedure to 
preserving innervations to the antrum and pylorus[9]. 
The gastroepiploic artery, with its large ascending pyloric 
branch, should probably be taken close to its origin from 
the gastroduodenal artery[9]. The origin of  the innervation in 

Figure 5 Two cases showing innervation of the pyloric region (Py) in Suncus murinus by whole-mount immunostaining. High magnifications of 
the boxed areas in A and C are shown in B and D. White arrows show the nerves of Latarjet intended for the antro-pyloric region. Black arrows 
indicate the nerves arising from the right gastric artery (RGA), running along the pyloric artery (PyA), and reaching the pyloric region. An, pyloric 
antrum; CBD, common bile duct; Duo, duodenum; E, esophagus; L, liver; LGA, left gastric artery; P, pancreas; RGA/V, right gastric artery/vein; S, 
stomach. Scale bar = 2 mm in A and B.
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this route is similar to that of  the superior region, coming 
from the anterior hepatic plexus. Hence, the innervation 
also contained both the sympathetic and parasympathetic 
fibers. If  the right gastric artery is damaged, the route is 
able to compensate by its function in innervation. Grace et 
al [33] emphasized that an intact neurovascular supply to the 
pylorus and the first part of  the duodenum is essential for 
the success of  the pylorus preserving operation. By not 
ligating the gastroduodenal artery and right gastric artery 
at their origins and not freeing the tissues along the lesser 
curvature of  the antrum and the gastrohepatic ligament-
all these tissues remaining intact-the surgeon cannot 
rotate the proximal duodenum and antrum anteriorly and 
to the patient's left in PPPD. Thereby, it is advantageous 
to preserve all blood supply and innervation to antrum, 
pylorus, and proximal duodenum[16]. In fact, innervation 
of  the antro-pyloric region takes several routes. When 
dissecting the lymph nodes in the hepatoduodenal 
ligament, the nerve branches originating from the anterior 
hepatic plexus to the right gastric artery could be damaged, 
however, as there are other routes of  the posterior-lower 
region of  the pylorus and the nerves of  Latarjet, their 
influence on pyloric function may often be unclear.

In conc lus ion , we demonstra ted the deta i l ed 
description of  the innervation of  the antro-pyloric region 
from clinico-anatomical and morphologic perspectives 
in this study. The useful methods of  whole mount 
immunostaining with a peripheral neuron marker for 
S murinus, and the alizarin red S staining technique for 
humans are effective for peripheral nerve labeling, as 
shown in our studies. There are three routes of  pyloric 
innervation in humans, wherein the route of  the right 
gastric artery is the most important for preserving pyloric 
region innervation. The function is preserved by more than 
80% by preserving the artery in PPPD. However, the route 
of  the infrapyloric artery should not be disregarded. This 
route is related to several arteries (the right gastroepiploic 
and gastroduodenal arteries), and the preservation of  these 
arteries is advantageous for preserving pyloric innervation 
in PPPD. Concurrently, the nerves of  Latarjet also perform 
an important role in maintaining innervation of  the antro-
pyloric region in PPPD. This is why the pyloric function is 
not damaged in some patients if  the right gastric artery is 
dissected or damaged in PPPD. 
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Abstract
AIM: To estimate the standard liver weight for assessing 
adequacies of graft size in live donor liver transplantation 
and remnant liver in major hepatectomy for cancer. 

METHODS: In this study, anthropometric data of body 
weight and body height were tested for a correlation 
with liver weight in 159 live liver donors who underwent 
donor right hepatectomy including the middle hepatic 
vein. Liver weights were calculated from the right 
lobe graft weight obtained at the back table, divided 
by the proportion of the right lobe on the computed 
tomography. 

RESULTS: The subjects, all Chinese, had a mean 
age of 35.8 ± 10.5 years, and a female to male ratio 
of 118:41. The mean volume of the right lobe was 
710.14  ± 131.46 mL and occupied 64.55% ± 4.47% of 
the whole liver on computed tomography. Right lobe 
weighed 598.90 ±117.39 g and the estimated liver 
weight was 927.54  ± 168.78 g. When body weight 
and body height were subjected to multiple stepwise 
linear regression analysis, body height was found to 
be insignificant. Females of the same body weight had 
a slightly lower liver weight. A formula based on body 
weight and gender was derived: Estimated standard liver 
weight (g) = 218 + BW (kg) x 12.3 + gender x 51 (R2 = 0.48) 
(female = 0, male = 1). Based on the anthropometric 
data of these 159 subjects, liver weights were calculated 
using previously published formulae derived from 
studies on Caucasian, Japanese, Korean, and Chinese. 
All formulae overestimated liver weights compared to 
this formula. The Japanese formula overestimated the 
estimated standard liver weight (ESLW) for adults less 
than 60 kg. 

CONCLUSION: A formula applicable to Chinese males 
and females is available. A formula for individual races 
appears necessary.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Small-for-size graft is a common problem in live donor 
liver transplantation[1]. In major hepatectomy, a small 
remnant liver is a key factor attributing to hospital 
mortality[2], even in the non-cirrhotic liver[3]. Size of  the 
partial liver graft or the remnant liver is often expressed 
as a percentage of  the estimated standard liver weight 
(ESLW) of  the patient. Very often, the native liver of  a 
transplant recipient is small and cirrhotic, and that of  a 
patient undergoing major hepatectomy houses a large 
tumor. The size of  the patient’s liver, therefore, has little 
bearing on the preoperative assessment. Under both 
circumstances, reference to ESLW has a clinical relevance. 
The Shinshu group of  Japan deduced a formula by 
drawing a relationship between the estimated standard 
liver volume (ESLV) and body surface area (BSA) from 96 
patients who underwent abdominal computed tomography 
(CT), yet without liver diseases: ESLV (mL) = 706.2 × 
BSA (m2) + 2.4[4].  BSA was derived from the clinical 
parameters of  body weight (BW) and body height (BH) 
as described by DuBois and DuBois[5]. In view of  the 
low mean age (11.1 years) of  the patients in the study, the 
Shinshu group subsequently validated the formula by the 
same methodology in an independent sample of  96 adult 
live liver donors[6]. Nonetheless, this formula when applied 
to Caucasians underestimates the liver volume from studies 
based on autopsy data[7] and CT of  patients without liver 
diseases[8]. 

Underestimation of  liver volume was even found in 
another group of  Asian population, the Koreans. In this 
Korean group the increase in liver volume in relation to 
BSA showed a nonlinear relationship. A piecewise linear 
model and a nonlinear model have thus been developed 
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in Korea[9]. In another study, a sample of  33 Chinese in-
patients admitted for abdominal ailments apart from liver 
diseases were evaluated by CT. The main purpose of  
the study was to use them as control in comparison with 
cirrhotic livers and not intended for a broader application 
of  liver size estimation[10]. As early as the sixties, it was 
pointed out that females of  the same body size as males 
have a smaller liver[11]. A study of  a wider scale recently 
has affirmed this concept[12]. Our study was to clarify the 
above issues by analyzing the right lobe graft weight which 
was measured directly on the back-table during donor right 
hepatectomy in healthy live liver donors. The weight of  
the whole liver was calculated by the measurements of  the 
liver volumes from CT.

MATERIALS AND METHODS
Study design
From May 10, 1996 to October 25, 2004, 182 consecutive 
right lobe live donor liver transplants were performed 
at the University of  Hong Kong, Queen Mary Hospital. 
These 182 live liver donors being evaluated and operated 
were healthy with normal liver biochemistry. None of  
them was hepatitis B or C carriers, or had the habit 
of  alcohol consumption. Donor anthropometric data 
including age, gender, BW (measured to the nearest 0.5 
kg), and BH (measured to the nearest 1 cm) were recorded 
prospectively and entered into a liver transplantation 
database by 2 designated liver transplant research assistants. 
BSA was calculated by the formula by DuBois and DuBois: 
BSA (m2) = BW (kg)0.425 × BH (cm)0.725 × 0.007184[5].  
Body mass index = BW/BH × BH.  CT of  the donors 
was performed before the donor operation. Estimation 
of  the liver volumes on CT was done by 3 dedicated 
radiologists using the Heymsfield method[13]. They had 
no information of  the body size of  the live liver donors 
or the liver transplant recipients. All subjects underwent 
single slice spiral CT (HiSpeed Advantage System; General 
Electric Health Care, Milwaukee, WI) and multi-slice 
CT study (LightSpeed QX/i 4-MDCT or LightSpeed 
16-MDCT, General Electric Health Care, Milwaukee, WI) 
from 2000. Cuts were made at 5 to 7.5 mm intervals and 
continuously. Demarcation of  the right and left portions 
of  the liver was made by tracing along the middle hepatic 
vein, corresponding to the Cantlie’s line. Volumes of  the 
right lobe plus right caudate lobe (segment 1r) and the 
left lobe plus left caudate lobe (segment 1l)[14,15], were 
measured independently. All but 1 donor underwent donor 
right hepatectomy including the middle hepatic vein. This 
donor’s right lobe graft did not include the middle hepatic 
vein for anatomical reason (case no. 85). The donor was a 
non-Chinese, and was therefore excluded. Details of  the 
donor right hepatectomy have been described elsewhere[16]. 
In short, the transection line was determined by temporary 
inflow control. Transection by Cavitron ultrasonic surgical 
aspirator (CUSA; Valleylab, Boulder, CO), was just onto 
the left of  the middle hepatic vein, including the latter into 
the right lobe liver graft. The right lobe liver grafts were 
perfused with University of  Wisconsin Solution (NPBI, 
Emmer-Compascuum, the Netherlands), and from case no. 
110 of  the series, with histidine-tryptophan-ketoglutarate 

solution (Dr. Franz Köhler, Chemie GmbH, Alsbach-
Hähnlein, Germany). The gallbladder was removed in the 
early phase of  the hepatectomy during hilar dissection. 
No parts of  the inferior vena cava, triangular ligament, 
or coronary ligament were included. The right lobe liver 
grafts were then weighed at the back-table. The weight of  
the whole donor liver was calculated by the right lobe graft 
weight (GW) divided by the volume fraction of  the right 
lobe in relation to the entire liver as measured on the CT.

Exclusion criteria
We excluded 23 donors over this entire period of  8 years 
from this study. These included fatty change of  the liver 
over 10% as documented by biopsy of  the liver graft 
intraoperatively (n = 9). Non-Chinese donors (n = 6) were 
also excluded. The above 2 conditions occurred in 1 of  the 
donors (n = 1). Donors with missing data of  height were 
also excluded (n = 4). Donors with BW (n = 2) or BH (n 
= 1) lying beyond 97.5% were excluded. The number of  
subjects for analysis thus became 159.

Statistical analysis
Following testing for normal distribution (Kurtosis and 
Skewness tests), data were expressed as mean ± SD. 
Simple linear regression analysis by the least-squares fit 
method was used to plot the relation between calculated 
liver weight against BSA. This was then done with BW, 
and also BH as independent variables. Male and female 
subjects were analyzed separately. By stepwise multiple 
linear regression analysis, the correlation between 
calculated liver weight as a dependent variable and with 
BW and BH as independent variables, and gender as a 
binary factor, was tested. Goodness of  fit of  the formula 
was tested by analysis of  residuals. Formulae deduced 
from other studies and this study were used to calculate 
the ESLW using BW, BH, BSA, and gender of  these 
159 subjects as appropriate[4,7-9,11,12,17,18]. ESLV derived 
from the respective formulae[4,7-10,18] was converted to 
ESLW by a factor of  1.19 mL/g as derived from analysis 
of  data from this study. This was obtained by plotting 
liver volume on CT against calculated liver weight of  
these 159 subjects. The ESLW so derived was compared 
with the calculated liver weight of  this series by 2-sided 
paired-samples t test. P < 0.05 was considered statistically 
significant. Regression lines of  representative series 
were drawn and compared with the regression line of  
this study[4,8,9,12]. All statistical analyses were performed 
by SPSS Version11.0 program (SPSS, Chicago, IL).  

RESULTS
Baseline characteristics
Characteristics of  the 159 subjects and their livers are listed 
in Table 1. They were young. Females outnumbered males 
by 2 fold. Such a female preponderance was attributed to 
a higher proportion of  male recipients (n = 118), and their 
wives volunteered as the donor (n = 58). Donors who were 
healthy had normal built as reflected from the BMI.

Liver weights and volumes
From the measurements made on the preoperative CT, 
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the mean volume of  the right lobe was 710.14 ± 131.46 
mL and the whole liver was 1099.10 ± 181.51 mL. On the 
back-table, the right lobe grafts after being perfused with 
preservation solution, weighed 598.90 ± 117.39 g. The right 
lobe accounted for an average of  64.55% ± 4.47% of  the 
entire liver on the CT. The total liver weight calculated was 
927.54 ± 168.78 g. 

Regression models
When the calculated liver weight was plotted against BSA 
for males (R2 = 0.37) and females (R2 = 0.26), the linear 
relationships were distinctly different (Figure 1A). Those 
females with the same BSA as males had a lower calculated 
liver weight. When BW was used instead of  BSA, a 
similar pattern occurred for males (R2 = 0.38) and females 
(R2 = 0.34) (Figure 1B). The correlation of  calculated liver 
weight with BH was much weaker for males (R2 = 0.13) 
and in particular for females (R2 = 0.02) (Figure 1C). 

By stepwise multiple linear regression analysis, the 
relation of  calculated liver weight with BW, BH, and 
gender (male = 1, female = 0) was tested. BH was excluded 
by the collinearity statistics of  tolerance from the following 
formula so derived:
ESLW (g) = 218.32 + BW (kg) × 12.29 + gender × 50.74          
(R2 = 0.48)
or more conveniently:
ESLW (g) = 218 + BW (kg) × 12.3 + gender × 51

The ESLW is predictably correlated with ESLV. Based 
on linear regression analysis, the relation between ESLW 
and ESLV is as follows: ESLV (mL) = 302.34 + ESLW 
(g) × 0.859 (R2 = 0.64), ESLW (g) = 111.25 + ESLV 
(mL) × 0.743 (R2 = 0.64). For simplicity, the conversion 
factor is 1.19 mL/g (Figure 1D).

Comparison of different formulae to estimated liver size
Using the formulae for ESLV and ESLW from other 
studies[4,7-9,11,12,17,18], and the anthropometric data of  the 
159 subjects of  this study, the ESLV and ESLW were 
calculated. The ESLW was converted from ESLV by 
factor of  1.19 mL/g. The ESLWs calculated from each 
formula were compared with the calculated liver weight 
of  these 159 subjects by two-sided paired-samples t 
test. All except that calculated from the Urata formula 
(P = 0.098) were found to deduce a higher ESLW, with 
statistically significant differences (P < 0.000, Table 2). 

Amongst these, 4 regression models were selected for 
comparison using the regression line of  best-fit method. 
In one German study using autopsy data, the ESLW was 
markedly higher[12], whereas the other series had fairly close 
ESLWs[4,8,9]. The regression line of  the model from Urata 
correlated nicely in subjects of  the middle range of  body 
weights. Nonetheless, divergence was seen in subjects with 
body weight less than 60 kg, resulting in a higher ESLW.

DISCUSSION
The results of  this study demonstrate that in healthy 
Chinese adults, ESLW was positively related to BW, and 
such correlation was also gender-dependent. The liver 
of  the male was slightly heavier than that of  the female 
of  the same body weight. Furthermore, BH was found 
to be not required in the estimation of  the standard liver 
weight. Statistically, by the test of  collinearity for tolerance, 
BH was eliminated as an independent factor. Though 
many studies have used BSA as the independent factor 
for liver size estimation, in which BH is a key component 
in calculating BSA, our findings here corroborate with 
those studies which evaluated BW, BH , and BSA 
independently[8,12]. This is also in concordance with the 
use of  only body weight as reference in determining the 
adequacy of  the size of  the liver graft from studies of  
North America[19] and Europe[20]. In such convention, the 
graft weight to recipient body weight ratio is expressed 
as graft recipient weight ratio (GRWR). However, the 
intercept of  the regression line in this study did not meet 
at zero, using body weight as denominator as in GRWR, 
accuracy may be compromised in subjects who deviate 
much from the mean body weight of  the population.

The DuBois formula for calculating BSA[5] has been 
used for estimating liver size in 4 formulae[4,7,11,18]. The 
deficiency of  the BSA formula is that it is published in 
1916 and deduced from planometric measurements of  
the body castings made on 9 subjects spanning a wide age 
range[5]. Larger series of  BSA estimation by geometric 
methods revealed that the DuBois equation can predict 
lower BSA values[21]. The Mosteller equation which 
illustrates that BSA (m2) = square root BH (cm)  × BW (kg) 
/3600[22] has been used in 2 series for the sake of  easier 
calculation[8,17].  On the whole, convenience of  using BSA 
is in using the simple formula from linear regression. The 
easy access to personal computer nowadays may make this 
point relatively invalid. Using BW and BH from which 
BSA is derived also evades all possibilities of  using data 
not applicable to the local population from which BSA 
formulae are deduced. One study showed that liver volume 
had a curvilinear relation with BSA[9]. The formula for 
calculating BSA itself  has a curvilinear nature with BW 
and BH. Thus, a pure relation with BW and BH should 
rather be addressed. 

The gender factor in relation to liver weight is alluded 
to as early as in the sixties[11]. This has been recently 
validated by another study which included gender in 
the formula deduced in estimating the ESLW[12]. Such 
phenomenon of  gender difference can be anticipated as 
the female has a smaller fat-free mass given the same BW 
and BH[23-25]. A slightly small liver is therefore required to 

CT: computed tomography.

Age (yr)   35.8 ± 10.5 (18-57)

Gender (M : F)            53 : 106
Body weight (kg)        56.3 ± 8.4 (41.0-78.5)
Body height (cm)      161.7 ± 7.5 (144.5-181.3)
Body mass index (kg/m2)        21.5 ± 2.6 (16.5-29.1)
Body surface area (m2)        1.59 ± 0.14 (1.30-2.13)
Computed tomography liver volume (mL) 1,099.10 ± 181.51
Right lobe graft volume on CT (mL)    710.14 ± 131.46
Right lobe to total liver volume on CT (%)      64.55 ± 4.47 %
Right lobe graft weight (g)    598.90 ± 117.39 
Estimated whole liver weight (g)    927.54 ± 168.78 

Table 1  Characteristics of subjects (mean±SD, n  = 159)

Chan SC et al. Estimating liver weight                                                                                                              2219



www.wjgnet.com

meet her metabolic need. The gender factor is also age-
dependent, and becomes less important as the subjects 
become older[12]. This helps to explain why the gender 
factor was significant in our series in which the mean age 
of  the subjects was 35.8 years.

Weight in gram is the common unit used in liver 
transplantation for quantifying the size of  the liver 
graft. Handiness at the back-table enables this unit of  

measurement to prevail. Otherwise, the graft size is 
expressed either as GW/ESLW or as GRWR. A formula 
determining the ESLW in the unit of  gram is direct and 
requires no further conversion. In our center, donor right 
hepatectomy is performed along the Cantlie’s line, and 
the graft includes the middle hepatic vein. At operation, 
the line of  demarcation between the right and left lobes 
is determined by temporary inflow control and marked 
by diathermy. It is our experience that the middle hepatic 
vein is predictably encountered during the course of  liver 
transection employing the CUSA from the demarcation 
l ine to the mid portion of  the inferior vena cava. 
Intraoperative ultrasonography certainly helps to define 
this plane and navigates the liver transection[26]. Weighing 
of  the right lobe graft obviates the reliance on volume 
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determination of  the liver by CT. Instead, it is the volume 
ratio of  the right versus the left lobe that calculates the 
weight of  the entire liver. 

There is no perfect way of  measuring the liver volume 
as this cannot be done with the organ in-situ in a healthy 
human subject. Many attempts have been made to get 
closest to the actual liver volume. ESLV can be obtained 
from measurement of  the cadaveric internal organs. By 
definition, these measurements are acquired from non-
healthy subjects with age bias, and influenced by sequelae 
of  either the major illness leading to the demise, or the 
treatments like fluid resuscitation. Autopsy data excluding 
those with severe postmortem changes, extensive 
burns, blood transfusion, fluid infusion, and injury and 
pathological changes of  the organ can minimize such 
errors[27]. By the principle of  Archimedes, the liver volume 
is measured. An average tissue density of  1.04 kg/L[9] 
to 1.08 kg/L[7] is derived from correlation with the liver 
weight. Heinemann et al[7] have not pointed out the findings 
of  the increase in liver volume in those with longer 
periods of  survival before death. Furthermore, a gradual 
increase in liver volume has also been observed during the 
time interval between death and postmortem[7]. Deceased 
donor livers might be weighed with deduction of  2.3% 
for the weight of  the gallbladder. The time from brain 
death to organ harvesting is usually short. Nonetheless, 
changes of  volume status as a result of  diabetes insipidus 
and fluid resuscitation, which are common in donors with 
intracerebral pathologies and perfusion with preservation 
solution, can still affect the liver size.

The accuracy of  CT in assessing the liver volume has 
been evaluated. Inflow and outflow vessels of  the liver 
from cadavers can be retrieved and dissected free of  fascia 
and fat. They are weighed and underwent CT scan ex-vivo. 
A high correlation between the actual liver volume and the 
volume assessed by CT has been identified by Heymsfield 
et al[13]. Urata et al[4], reported that 19 children with end-
stage liver disease undergoing liver transplantation also 
have their liver volume assessed preoperatively by CT. The 
liver volume obtained from CT is accurate. Another study 
reported the livers of  fresh sheep can be scanned in-vitro 

and the volume can be measured by water displacement 
method[28]. All these 3 studies showed that the error of  the 
CT is less than 5%. Nevertheless, it is worth noting that 
these are measurements of  organs excised from deceased 
or diseased subjects. Misregistration errors made in tracing 
the peripheries of  the liver on CT occur particularly in 
the thin portions such as the left lateral segment. Partial 
volume effect and respiratory movements are also possible 
sources of  error. Overestimation for small livers and 
underestimation for large livers have also been observed[28]. 
Spiral CT which requires a shorter breath-holding period 
theoretically should minimize artifacts from breathing 
movements. This has, however, shown to be of  no 
significance[29].

A potential major source of  error in this study might 
come from the measurement of  BW and BH in the ward. 
As donors were weighed wearing clothes, BW could be 
expected to have a systematic error of  overestimation due 
to the weight of  the clothes. As the BW and BH were 
measured in different wards over a long period, potential 
systematic errors from the equipments could be expected 
to be random instead of  systematic. With continuous data 
collection, accuracy of  the formula could be improved by 
more meticulous recording of  BW and BH. 

In comparison with ESLW/ESLV derived from 
other formulae, except that from Urata, the ESLW of  
the subjects in the current study was significantly smaller. 
Though statistically not significant, the Urata formula did 
overestimate liver weight in our adults less than 60 kg. The 
discrepancy between our formula and the others might 
be attributed to the fact that our liver grafts were weighed 
blood-free on the back-table. The liver already flushed 
with perfusion solution and devoid of  back-perfusion 
via hepatic vein as in-situ is smaller and lighter. This 
nonetheless is the state at which the liver graft harvested 
is weighed. The conversion factor of  1.19 mL/g could 
be used for converstion of  weight to volume. It is also 
possible that a smaller liver may be required to meet the 
metabolic need of  the adult Chinese. The racial difference 
in the amount of  visceral adipose tissue has been 
demonstrated by whole-body magnetic resonance imaging. 

        Study          Formula Mean ESLW (ESLV) Difference in ESLW    P 

Deland and North[11] ESLW = 1020 × BSA1 – 220 1 400.41 g - 472.86 g 0.000a

Heinemann[7] ESLV = 1 072.8 × BSA1 - 345.7 1 141.67 g (1358.59 mL) - 214.12 g 0.000a

Yoshizumi[17] ESLW = 772 × BSA2 1 225.50 g - 297.95 g 0.000a

Yu[9] ESLV = 21.585× BW(kg)0.732 × BH(cm)0.225 1 087.32 g (1293.91 mL) - 159.77 g 0.000a

Choukér[12] ESLW = 452 + 16.434 × BW(kg) + 11.85 × age – 166 × gender  (F=1, M=0) 1 690.90 g - 763.35 g 0.000a 
Urata[4] ESLV = 706.2 × BSA1 + 2.4 944.79 g (1124.30 mL) - 17.24 g 0.098
Vauthey[8] ESLV = 1 267.28 × BSA2 -794.41 1 022.95 g (1217.30 mL) - 95.40 g 0.000a

Lee[18] ESLV = 691 × BSA1 + 95 1 002.31 g (1192.75 mL) - 74.76 g 0.000a

Lin[10] ESLV = BH × 13 + BW × 12 - 1530 1 048.85 g (1248.13 mL) - 121.30 g 0.000a

This study ESLW = 218.32 + BW × 12.29 + gender × 50.74 (M=1, F=0) 927.47 g 7.60E-2 0.994
Calculated liver weight 927.54 g
Conversion factor 1.19 mL/g paired samples t test      aP < 0.05

Table 2  Comparison of regression models

ESLV: estimated standard liver volume; ESLW: estimated standard liver weight; BSA: body surface area; BW: body weight; BH: body height; F, female; M, male.
1DuBois and DuBois[5]

2Mosteller[22] 
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Asian Americans have a higher amount of  visceral adipose 
tissue, thus less lean mass for the same body size[30].  A 
word of  caution ought to be made in the application of  
data obtained from healthy and relatively young subjects 
to patients with various morbidities like wasting, edema, 
ascites, and perhaps to those of  an older age.

In conclusion, these data demonstrate that ESLW can 
be derived from simple clinical parameters of  weight and 
gender. The formulae for Caucasians may not be applicable 
to Chinese adults. Additional studies of  more age- and 
weight-diverse subjects can provide additional information 
to this subject of  interest.
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Abstract
AIM: To investigate the prevalence and clinical pattern 
of gastrointestinal stromal tumors (GISTs) in Hong Kong 
Chinese, and to assess the impact of introduction of 
CD117 on the disease incidence.

METHODS: From the database of the Department 
of Pathology of Yan Chai Hospital, 47 patients, with 
GISTs from September 1995 to December 2003 were 
included in this study. Ten GISTs were diagnosed before 
the introduction of CD117. The clinical features, tumor 
characteristics, and treatment were analyzed. Factors 
predicting tumor related death or recurrence were 
studied with Cox proportional hazard model.

RESULTS: The patients included 26 males and 21 
females, with a mean age of 66.6 years (SD 13.1, range 
29-87 years). The estimated prevalence of GISTs was 
13.4-15.6 per 100 000 people, with an annual incidence 
of 1.68-1.96 per 100 000 people. The annual incidence 
of GISTs before and after the introduction of CD117 
was 1.1 per 100 000 people and 2.1 per 100 000 people 
respectively. Stomach (34 patients, 72.3%) was the most 
common location for the tumor, followed by the small 
intestine (8 patients, 17.0%), esophagus (2 patients, 
4.3%), omentum (2 patients, 4.3%) and colon (1 
patient, 2.1%). Thirty-one patients (66%) had complete 
tumor resection. Eleven out of 16 deaths (23%) were 
tumor-related.  The median survival time was 26 mo. 
Five-year survival rate was 61.3%. The significant factors 
associated with tumor-related death or recurrence were 
incomplete resection, tumor size 5 cm or above, invasion 

to the adjacent organ or presence of metastasis.

CONCLUSION: The incidence of GIST in Hong Kong 
is comparable to that in the United States but lower 
than that in Finland. The true incidence of GISTs could 
be underestimated before the introduction of CD117. 
Incomplete resection, tumor size 5 cm or above, invasion 
to the adjacent organ or presence of metastasis are 
factors predicting tumor-related death or recurrence.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION 

Gastrointestinal stromal tumors (GISTs) are uncommon 
mesenchymal tumors that have been a controversial topic 
since their first description by Golden and Stoot in 1941[1]. 
In the past three decades, there has been considerable 
debate regarding its nomenclature, cellular origin, diagnosis, 
and prognosis[2]. Before the discovery of  gain-of-function 
mutations in the c-KIT proto-oncogene in GISTs by 
Hirota and colleagues in 1998[3], most GISTs were thought 
to be smooth muscle neoplasm, and were classified as 
leiomyosarcoma due to their similar appearance by light 
microscopy. At present, GISTs are defined as spindle-cell, 
epithelioid, or occasionally pleiomorphic mesenchymal 
tumours of  the gastrointestinal tract that express the c-KIT 
protein[4]. The precise cellular origin of  GISTs recently has 
been proposed to be the interstitial cell of  Cajal, an intestinal 
pacemaker cell[5]. The definition of  c-KIT-negative GISTs 
remains a focus of  research. In this study, we analyzed 47 
Chinese patients with GISTs in Yan Chai Hospital to study 
their clinical, pathological characteristics, survival pattern 
and recurrence. The impact of  introduction of  CD117 on 
the incidence of  this tumor was assessed, as well.
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MATERIALS AND METHODS
Patient selection
From the database of  the Department of  Pathology of  
Yan Chai Hospital, we selected patients with the diagnoses 
of  gastrointestinal stromal tumors (GISTs), leiomyoma, 
leiomyoblastoma and leiomyosarcoma from September 
1995 to December 2003. Their histology slides were 
reviewed by a separate pathologist of  the Department 
of  Pathology. Patients with the diagnosis of  GISTs were 
recruited to our study. 

Clinical information including age, sex, comorbidity 
of  the patients and presentation status of  the tumor 
were recorded. The presentation status of  the tumor 
reflected the extent of  disease and the history of  prior 
treatment when the patient was first seen in our hospital. 
The tumor was categorized as primary, metastatic or 
locally recurrent. Acute gastrointestinal haemorrhage was 
defined as significant blood loss requiring transfusion or 
haemodynamically significant blood loss. The criteria for 
chronic gastrointestinal haemorrhage were intermittent 
melena, guaiac-positive stool or iron deficiency anaemia. 
Ranges of  diagnostic tests were used in these patients. 
They involved evaluating the gastrointestinal tract 
with contrast such as barium studies, endoscopies or 
ultrasound of  abdomen. Computerized tomography scan 
and mesenteric angiography were used in some patients. 
Histology with or without adjacent organ involvement 
was also recorded. Histological subtype was determined 
by examination of  light microscopy applying different 
staining methods. Immunohistochemistry stain included 
vimentin, alpha-smooth muscle actin, desmin, neuron-
specific enolase (NSE), S100 protein and CD 34. CD117 
was introduced to our Department of  Pathology since 
October 1998. Electronic microscopy was also performed. 

Tumor size was tabulated based on actual measurement 
of  the gross surgical specimen or imaging when the 
tumor was inoperable. It was recorded as the largest 
diameter in any dimension of  the primary tumor and was 
classified into < 5 cm, 5 to 10 cm, or >10 cm. Resection 
margins were checked closely for presence of  microscopic 
disease. Tumors were also grouped according to their 
mitotic numbers as no mitosis (0/10 HPF), low mitotic 
index (1-4/10 HPF) and high mitotic index (≥5/10 
HPF). Tumor cellularity, presence or absence of  invasive 
growth, tumor necrosis and the presence or absence of  
haemorrhage were also examined.    

Complete resection was defined as the excision of  
all gross disease regardless of  microscopic margins. 
Resections were classified as incomplete when gross 
residual disease was present after resection. Inoperable 
was defined as when the tumor was unresectable at 
surgical exploration. Patients with incompletely resected 
tumor, metastatic or unresectable tumor were referred to 
oncology units for chemotherapy and radiation therapy 
as indicated. In total, 47 patients satisfied the diagnosis of  
GISTs.   

Survival analysis 
All times were calculated from the first presentation to the 
date of  last follow-up or death. Time of  last follow-up of  

dead patient was recorded as the time of  certification of  
death. Others were censored at the time of  last follow-
up in specialist outpatient clinic or admission (clinical or 
emergency) whichever was later. Clinical variables, tumor 
characteristics, as well as modality of  treatment were 
analyzed against tumor recurrence or death. 

Statistic analysis
Statistical analyses were performed using SPSS 10.0(SPSS 
Inc., Chicago, USA). Influence of  the factors in predicting 
tumor recurrence or death was assessed by univariate 
analyses. Multivariate analysis was performed with the 
Cox proportional hazards model to identify significant 
prognostic factors. P <0.05 was considered statistically 
significant. 

RESULTS
Patient characteristics
Between September 1995 to December 2003, 47 patients 
(26 men and 21 women) were diagnosed with GIST. 
Mean follow up time in this cohort was 31 mo (range 0-99 
mo). Mean age was 66.6 years (SD 13.1, range 29 to 87). 
Stomach (34 patients, 72.3%) was the most common site 
for the tumor, followed by the small intestine (8 patients, 
17.0%), esophagus (2 patients, 4.3%), omentum (2 patients, 
4.3%) and colon (1 patient, 2.1%). Gastrointestinal 
bleeding was the most common presenting symptom (28 
patients, 60%), followed by epigastric pain (21 patients, 
45%), and the presence of  an abdominal mass (10 patients, 
21%). Three patients (6%) with GIST were diagnosed 
incidentally. Endoscopically, the most common finding 
was a round tumor mass, either pedunculated or sessile, 
resembling a leiomyoma. Huge tumor usually presented as 
submucosal mass bulging into the lumen. Active bleeding 
ulcer or ulcer with stigmata of  recent haemorrhage was 
present in 5 cases (71%) (Table 1). Radiological imaging 
including computerized tomography (CT) scan of  the 
abdomen and barium studies were employed in most of  
our patients to identify the site and to assess the size of  
the lesions as well as the presence of  any local invasion or 
distant metastases (Figure 1). Two patients had metastases 
delineated by CT scan, one in liver and one in omentum 
respectively, which precluded any curative surgical 
intervention. 

Tumor characteristics
Tumor size ranged from 0.3 to 24 cm (median 4.5 cm, 
inter-quartile range 3-7.5 cm). Twenty-seven (57%) 
patients had tumor size less than or equal to 5 cm, 14 (30%) 
patients with tumor size between 5 cm to 10 cm, whereas 
6 (13%) patients presented with tumor size greater than 10 
cm. Seven (15%) patients had high mitotic index (≥ 5/10 
HPF), 18 (38%) patients low (1-4/10 HPF) and 22 (47%) 
no mitotic index (0/10 HPF). Necrosis inside the tumor 
was found in 15 patients (32%) with GISTs. Seven out 
of  47 patients (15%) had presence of  tumor metastases 
or invasion to adjacent organs. Immunohistochemical 
analyses were performed in all cases. Eleven (23%) GISTs 
had markers for neuronal and neuroendocrine tumors, 
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8(17%) demonstrated immunohistology markers for myoid 
series. Twenty-eight (60%) GISTs were undifferentiated 
tumors (Table 2).

Treatment
All patients were assessed for tumor resection either 
endoscopically or surgically. Thirty-one patients (66%) had 
complete resection of  the tumor, and 7 patients (15%) 
underwent incomplete resection. In 5 patients (10%), 
resection of  tumor was impossible because of  extensive 
tumor metastases or poor general condition at the time 

of  diagnosis. Endoscopic resection was possible only in 
7 patients (15%) (5 gastric, 1 oesophageal and 1 colonic 
GISTs).  All small bowel GISTs required surgical resection. 
Adjuvant chemotherapy by Imatinib (Glivec) was given in 
2 patients post-operatively.  

Survival 
Totally 16 deaths were recorded in the study period, and 
11 deaths were tumor related. The overall median survival 
was 26 mo. Five-year survival probability was 61.3% (SE 
8.0%). The median survival time for completely resected 
GISTs was longer than that for incompletely resected or 
inoperable patients, 37 mo versus 10 mo respectively (log 
rank test, P = 0.0013) (Figure 2). Two patients receiving 
imatinib were still alive at the end of  the study, with liver 
metastatsis. Their survival time censored at the end of  the 
study was 26 mo and 37 mo respectively.

Prognostic factors
By univariate analyses, the significant factors predicting 
tumor recurrence or tumor related death included tumor 
size 5 cm or above (P = 0.003), presence of  significant 
mitotic figures (1/10 HPF or above) (P = 0.021), presence 
of  necrosis (P = 0.005), invasion to adjacent organ and/or 
presence of  metastases at the time of  diagnosis (P  < 0.001), 

 

Table 2  Tumor characteristics of  47 patients with GISTs

                                                         n  (%)

Number of patients      47
Median tumor size in cm (IRQ)   6.05 (3-7.5)

≤5 cm 24 (51)
>5-10 cm 13 (28)
>10 cm   4 (9)

Mitotic index 
High   7 (15)
Low 18(38)
No 22(47)

Presence of distal metastasis
or local invasion

  7 (15)
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Survival of 47 patients with GISTs
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Figure 2 Kaplan-Meier survival curve of GIST patients with complete and 
incomplete tumor resection.
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Table 1 Characteristics of patients with GISTs

Characteristics                                        n  (%)

Number of patients           47
Male/Female (ratio) 26:21 (1.23:1)
Mean age at the time of
diagnosis(SD)

66.60 (SD 19.1)

Median follow up time 
in months (IQR)

26.00 (10-43)

Presenting symptoms 
GI bleeding 28 (60%)
Epigastric pain 21 (45%)
Abdominal mass 10  (21%)
Incidental finding   3 (6.3%)

Locations 
Stomach 34 (72.3%)
Small bowel   8  (17.0%)
Esophagus   2   (4.3%)
Colon   1    (2.1%)
Omentum   2   (4.3%)

Resection1

Complete 31 (66%)
Incomplete   7 (14.9%)
Inoperable   5 (10.6%)

Recurrence
(after initial surgery) Total   4 (8.5%)

Local recurrence   1 (2.1%)
Distal metastasis   3 (6.4%)

Death Total 16 (34%)
Tumor related 11 (23.4%)
Tumor unrelated   5 (10.6%)              

1Two patients refused resection of tumor. Two GISTs were discovered 
incidentally during autopsy. IQR: Inter-quartile range

colon 1 patient
       (2%)

Omentum 2
patients (4%)

Esophagus 2
patients (4%)

Small intestine 8
 patients (17%)

Stomach 34
patients (72%)

Figure 1 Tumor Locations of 47 GISTs



incomplete tumor resection (P = 0.002) (Table 3). By 
multivariate analyses, tumor size 5 cm or above (hazard 
ratio = 9.6, P = 0.042), invasion to adjacent organ and/or 
presence of  metastases at the time of  diagnosis (hazard 
ratio 14.0, P = 0.003), and incomplete tumor resection 
(hazard ratio = 2.1, P = 0.032) remained the significant 
factors predicting tumor recurrence or tumor related death 
(Table 4). 

DISCUSSION
In this study, we summarized our 8 years’ experience in the 
diagnosis and management of  GISTs in a regional hospital 
in Hong Kong. Stromal tumors of  the gastrointestinal 
tract are rare, accounting for less than 1% of  al l 
gastrointestinal tract malignancies. Their presumed origin 
from smooth muscle cells has led to the use of  terms 
such as “leiomyoma”, “leiomyoblastoma” and “epithelioid 
leiomyosarcoma”. However, the exact origin of  the tumor 
was difficult to determine in the early days until discovery 
of  gain-of-function mutations in the c-KIT proto-oncogene 
in GISTs by Hirota and colleagues in 1998[3]. Therefore, 
the incidence of  GISTs was rarely reported in the literature 
and was not reported in Chinese population. 

O u r h o s p i t a l s e r ve s a l o c a l p o p u l a t i o n o f  
300 000-350 000. The estimated prevalence of  GISTs was 
13.4-15.6 per 100 000 people, with an annual incidence of  
1.68-1.96 per 100 000 people. This is comparable to that 
of  the United States where the estimated annual incidence 
is 1-2 cases per 100 000 people, of  which 20%-30% 
are malignant[4]. In contrast, Finland has higher annual 
incidence of  malignant GISTs, 0.4 per 100 000 people[6], i.e. 
estimated 4 GISTs per 100 000 people. 

The true incidence of  GISTs could be underestimated 
before the introduction of  CD117. In our hospital, all 
gastrointestinal tract tumors suspected to be GISTs were 
routinely tested for CD 117 marker since October 1998. 

Interestingly, only 10 patients out of  47 (21%) were 
diagnosed as GISTs before the introduction of  CD117. 
The annual incidence of  GISTs after the introduction of  
CD117 increased from 1.1 per 100 000 people to 2.1 per 
100 000 people (Figure 3). Similar trend was also noted in 
the United States. The estimated incidence of  GISTs in 
the United States was around 0.6 per 100 000 people in 
the 1980s.  The incidence increased to approximately 1-2 
patients per 100 000 people after 2 000[4]. 

There existed some conflicting evidence on male 
predominance, however, most studies indicated no sex 
predilection[18, 21, 24, 31].   In our study, the occurrences of  
GISTs were similar in both sexes (1.2 male to 1 female). 
The age of  presentation had a unimodal distribution, 
similar to the published data where the majority of  patients 
presents in the fifth to seventh decade of  life[4], the mean 
age of  presentation of  our patients was 66 years. GISTs 
are occasionally found in young adults, but they are very 
rare in children[7].

The vast majority of  GISTs arise as a result of  somatic 
mutation, but rare familial cases associated with mutated 
c-KIT have been identified[8, 10-12].  In our study, we could 
not identify any patient with familial relation.  All the 
patients with GISTs were sporadic, and the predisposing 
factors were unknown.

Similar to other published data[7,13,14], the stomach was 
the most frequent site of  involvement in our patients 
(72%), followed by small intestine (17%). The large 
bowel, esophagus and omentum were least likely involved. 
Symptomatic lesions have manifestations that depend 
on tumor size, location and growth pattern[7,13,14]. Ludwig 
and Traverso reported that GISTs with intraluminal 
nodule less than 2 cm was generally asymptomatic while 
tumors >4 cm were associated with symptoms[15]. In the 
literature approximately 50% of  patients presented with 
acute or subacute gastrointestinal bleeding as the major 
symptom leading to diagnosis[25]. In our local patients, the 
most common presenting symptoms were gastrointestinal 
bleeding (60%), as results of  overlying mucosal ulceration, 
followed by epigastric pain and abdominal mass. Other 
symptoms included fever, anorexia, dysphagia, obstruction 
and perforation of  bowel were seldom seen in our series.  
Clinically palpable mass usually implies invasion to adjacent 
organs or distant metastasis, thus in turn predicts poor 
outcome of  the patients. Surgical resection is the treatment 
of  choice and should be performed with the intention to 
performing complete en bloc resection of  the tumor, as it 

Table 3 Univariate analyses of factors predicting GISTs 
recurrence or tumor related death

Prognostic factors                                       Hazard ratios     P  value 

Tumor size 5 cm or above 20.5 0.003
Presence of significant mitotic 
figures (1/10 HPF or above )

3.8 0.021

Presence of necrosis 4.4 0.005
Invasion to adjacent organ and/or presence of 
metastases at the time of diagnosis

16.5 <0.001

Incomplete tumor resection 4.6 0.002

Table 4 Multivariate analyses of factors predicting GISTs 
recurrence or tumor-related death

Prognostic factors                           Hazard ratios (CI)          P  value 

Tumor size 5 cm or above   9.6 (1.1-86.0) 0.042
Invasion to adjacent organ 
and/or presence of metastases 
at the time of diagnosis

14.0 (2.5-78.6) 0.003

Incomplete tumor resection  2.1 (1.1-86.0) 0.032

2.5

0.0

0.5

1.0

1.5

2.0

The annual incidence before 
introduction of CD117 

The annual incidence after 
introduction of CD117 

Figure 3 The annual incidence of GISTs before and after the introduction of 
CD117 was 1.1 per 100 000 people and 2.1 per 100 000 people respectively.
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is difficult or impossible to differentiate between benign or 
malignant lesions before or during operation[16]. Tumor size 
and frozen section during operation are not conclusive [17,18].  

Prognostic factors
Gastrointestinal stromal tumors are unique in that their 
malignant potential is not always predictable. Most 
GISTs appear relatively low grade histologically, and it 
has been difficult to distinguish benign from malignant 
GISTs, especially at the low-grade end of  the histological 
spectrum. Many previous studies suggest a single factor 
or even combinations of  two factors are not sufficient 
to reliably predict the outcome of  GISTs[19]. Currently 
no accepted staging system exists. Most pathologists 
use a multiparametric approach to predict the biological 
behavior of  GISTs. The most reproducible predictor 
of  malignancy has been mitotic rate >1-5 mitosis per 10 
HPF[20-22]. Other poor prognostic factors include tumor 
size > 5 cm[23-27], mutation in the c-kit gene[28-30], necrosis[18, 

20, 24, 31], infiltration and metastasis to other sites[13]. In our 
study, significant prognostic factors were tumor size 5 cm 
or above, invasion to adjacent organ and/or presence of  
metastases at the time of  diagnosis as well as incomplete 
tumor resection. In contrast to previous studies[20-22], 
mitotic index did not appear as significant prognostic 
factor in our cohort. The different approaches to sample 
tissue from large tumors with considerable heterogeneity 
for microscopic assessment may explain such discrepancy 
between different studies. At present, the best method to 
adequately sample tumor tissue and report mitotic index is 
still controversial. In our hospital, our pathologists choose 
random sampling approach and report the highest mitotic 
index among different tissue samples. From the literatures, 
approximately 10% to 30% of  all GISTs display malignant 
behavior[4, 14]. Our patients with GIST demonstrated similar 
ratio regarding malignant GISTs. 

Survival 
The overall survival appears to reflect the completeness of  
resection[7, 18, 32]. In Roswell Park Cancer Institute (RPCI), 
the United States, the median survival rate was significantly 
higher in those who underwent complete resection (33 mo) 
as compared to those who underwent palliative surgery 
(15 mo)[32]. Similarly in our center, the median survival 
time for completely resected GISTs was significantly 
longer than incompletely resected or inoperable patients, 
37 mo versus 10 mo. The adjuvant therapy appeared to 
improve the survival and the quality of  life in patients with 
incomplete tumor resections. Despite extensive metastasis, 
the 2 patients receiving imatinib were still alive at the end 
of  the study. The survival times of  26 mo and 37 mo were 
much longer than the median 10 mo of  other patients 
with incomplete tumor resection, although the number of  
patient in this group was too small for statistical analysis. 

Recurrence is commonly local and peritoneal, often 
associated with liver metastasis.  Peritoneal metastases are 
most probably a result of  tumor cells seeding from the 
primary tumor directly into the peritoneal cavity.  Liver 
metastases most probably result from haematogenous 
seeding into the portal vein[33].  Extra-abdominal disease 

in the absence of  peritoneal involvement is rare[13]. There 
exist few reports in the literature describing a survival 
advantage after the resection of  abdominal recurrence.  In 
our hospital, local recurrence of  GIST was not routinely 
operated again.

In conclusion, the incidence of  GIST in Hong Kong 
is comparable to that of  United States but lower than 
that in Finland. The true incidence of  GISTs could 
be underestimated before the introduction of  CD117. 
Incomplete resection, tumor size 5 cm or above, invasion 
to the adjacent organ or presence of  metastasis are 
factors predicting tumor-related death or recurrence. 
The survival of  the completely resected tumor is good. 
The introduction of  medical adjuvant therapy appears 
to improve the survival and the quality of  life in the 
unresectable and incompletely resected GISTs patients. 
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Abstract
AIM: To investigate risk factors for pancreatic cancer 
and establish a risk model for Han population.

METHODS: This population-based case-control study 
was carried out from January 2002 to April 2004. One 
hundred and nineteen pancreatic cancer patients and 
238 healthy people completed the questionnaire which 
was used for risk factor analysis. Logistic regression 
analysis was used to calculate odds ratio (ORs), 95% 
confidence intervals (Cls) and β value, which were fur-
ther used to establish the risk model. 

RESULTS: According to the study, people who have 
smoked more than 17 pack-years had a higher risk to 
develop pancreatic cancer compared to non-smokers or 
light smokers (not more than 17 pack-years) (OR 1.98; 
95% CI 1.11-3.49, P = 0.017). More importantly, heavy 
smokers in men had increased risk for developing pan-
creatic cancer (OR 2.11; 95%CI 1.18-3.78, P = 0.012) 
than women. Heavy alcohol drinkers (＞20 cup-years) 
had increased risk for pancreatic cancer (OR 3.68; 
95%CI 1.60-8.44). Daily diet with high meat intake was 
also linked to pancreatic cancer. Moreover, 18.5% of the 
pancreatic cancer patients had diabetes mellitus com-
pared to the control group of 5.8% (P = 0.0003). Typical 
symptoms of pancreatic cancer were anorexia, upper 
abdominal pain, bloating, jaundice and weight loss. Each 
risk factor was assigned a value to represent its impor-
tance associated with pancreatic cancer. Subsequently by 
adding all the points together, a risk scoring model was 
established with a value higher than 45 as being at risk 
to develop pancreatic cancer.

CONCLUSION: Smoking, drinking, high meat diet and 
diabetes are major risk factors for pancreatic cancer. A 
risk model for pancreatic cancer in Chinese Han popula-
tion has been established with an 88.9% sensitivity and 
a 97.6% specificity.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Pancreatic cancer is one of  the most deadly cancers in the 
world. The mortality over morbidity ratio is 0.99:1. Only 
10% patients have cancer cells confined in pancreas at 
the time of  diagnosis, 40% have local invasion and 50% 
have distal metastasis. Although surgery, radiotherapy 
and chemotherapy have improved the life quality and 
survival rate in the cancer patients, only 10% patients 
show significant improvement. Most patients die from the 
cancer after 4 to 6 mo from diagnosis. Niederhuber et al[1] 
reported that one-year survival rate was less than 20%, 
decreasing to 7% for three-year and 3% for five-year. It is 
proposed that the best way to reduce the mortality is to 
improve early detection of  this deadly cancer. In this paper 
we analyzed the possible risk factors and symptoms that 
correlated to pancreatic cancer based on a questionnaire 
survey among pancreatic patients and control subjects, 
and established a risk model for cancer estimation with 
weighted scores of  risk factors and symptoms in an 
attempt to help early detection of  pancreatic cancer in 
Chinese Han population.

MATERIALS AND METHODS
Subjects
A total of  119 cases of  pancreatic cancer included in this 
study were diagnosed by Peking Union Medical College 
Hospital (PUMCH) between January 2002 and April 
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2004. The diagnosis was based on pathological, clinical 
and surgical evidence (Table 1). Among the 119 cases, 
42 (35.3%) were confirmed by pathology; 17 (14.3%) 
by surgical findings; the rest (50.4%) by clinical findings. 
Those patients with a past history of  chronic pancreatitis 
were diagnosed based on evidence of  pancreat ic 
calcification and pancreatic duct dilatation on imaging tests. 
All patients came from Beijing and its peripheral areas and 
were Han nationalities. The normal control group was 
randomly selected from normal general population in the 
same geographic area. The two groups were matched in 
gender and age and marriage status (Tables 2 and 3). 

Methods
This is a case-controlled epidemiological study. We 
interviewed each subject in both groups based on a pre-
determined questionnaire, which included questions 
about demographic data, smoking and drinking habits and 
family history of  related diseases with pancreatic cancer. 
According to World Health Organization’s definition 
of  smoking, we defined the smokers as those who have 
smoked for 12 mo or more continuously or cumulatively 
in their lives. We measured the smoking history by the unit 
of  pack-year which was defined as smoking of  a package 
(20 pieces) of  cigarette per day for one year. The number 
of  pack-year = (the number of  cigarette per day/20) × the 
number of  years smoked. Because some persons used the 
pipe, we converted 50 g of  pipe tobacco to 10 pieces of  
cigarettes. We defined the alcohol drinker as drinking at 
least twice a week and continuously for at least one year. 
Regarding the drinking volume, we adopted the unit of  
“drink”, which was commonly used in North America. 
One drink contains 14 mL or 10.9 g of  pure alcohol, which 
equals to 280 mL of  beer (50 mL/L alcohol), 112 mL of  
wine (125 mL/L alcohol), 70 mL of  rice wine (200 mL/L 
alcohol) or 35 mL of  hard liquor (400 mL/L alcohol). In 
China, one bottle of  beer is 640 mL, which is converted to 
2.29 drinks. A glass of  wine has 50 mL in volume, which 

is 0.45 drink unit. One cup of  hard liquor is 55 mL, which 
equals to 1.57 drink units. One cup of  rice wine having 50 
mL in volume is converted to 0.71 drink unit. We assumed 
the subject drank the same amount of  alcohol per day 
per year. The total drinking volume is calculated by the 
following formula: Total volume (drink-years) = (Numbers 
of  bottle of  beer × 2.29 + Numbers of  glass of  wine ×
0.45 + Numbers of  cup of  hard liquor ×1.57 + Numbers 
of  cup of  rice wine × 0.71) × (Numbers of  drinking years). 
Because a large number of  subjects in this study did not 
drink or only drank once in several weeks or months, we 
did not adopt the calculating method of  gr (alcohol)/per 
day, which is often used to define heavy drinking.

According to the relat ive amount of  meat and 
vegetable intake during most time of  one’s life, diet habit 
was divided into high meat consumption, high vegetable 
consumption and equal meat and vegetable consumption.

The high-risk scoring model was established on the 
basis of  multivariate logistic regression analysis. The 
variables included risk factors and symptoms of  pancreatic 
cancer. Possible risk factors and symptoms described in 
the questionnaire were compared between two groups 
with the t test or χ2 test. The OR value of  each factor was 
also calculated and those with statistical significance were 
listed. Combined with our clinical findings, significant 
and borderline risk factors and symptoms were selected 
as variables. With multivariate logistic regression analysis, 
we obtained regression coefficient β of  each independent 
variable. Selecting the minimal β value as radix, and 
through division of  every β value by the radix, the 
weighted numerical scores of  each variable were derived. 
We made small adjustments to some scores based on 
the suggestions of  some experts of  epidemiology and 
gastroenterology and established the risk scoring model. 
The risk score of  each patient could be calculated through 
simple addition of  weighted score of  each variable. The 
risk scores were compared between two groups by the t 
test. Receiver operating characteristic (ROC) curve was 
used to set a cutoff  value for high cancer risk. 

RESULTS
Analysis of risk factors for pancreatic cancer
The body mass index of  pancreatic cancer patient was 
distinctively higher than that of  control group. After 
correction by age and gender, the average weight index 
of  patient group was 24.89 (17.99-36.73), while that of  
control group was 23.99 (14.53-32.74), with significant 
difference (P = 0.033) between these two groups. A clinical 
manifestation of  pancreatic cancer patient was weight loss 
in a short term. Among the 109 patients who had weight 
index, the average weight loss was 6.70 (-5-31) kg during 
the one-year period before diagnosis. However, among 
the 197 control subjects who had weight index, their body 
weight increased by an average of  0.33 (-10.5-5) kg during 
the same period. The weight changes between the two 
groups had significant difference (P < 0.0001). Therefore, 
we used the weight index of  the subjects one year before 
they were recruited into the study group.

Heavy smoking was shown as a r isk factor for 
pancreatic cancer. There was no significant difference 

A. Confirmed diagnosis by pathology
B. A valid confirmation requires at least 2 of the following listed items of 
imaging tests
(1) Ultrasound indicates there are low-density area in pancreas, as well as 
pancreatic duct dilation and common bile duct and gall bladder swelling
(2) CT indicates local enlargement and mass occupying lesion in pancreas
(3) ERCP indicates discontinuity of pancreatic duct, having mouse-tail 
ending, stiff and irregular duct wall, or any pull sign and double-duct sign
(4) MREP indicates there are stenosis and dilation in pancreatic duct and/or 
bile duct and space-occupying lesion in pancreas
(5) EUS indicates there is low-density, occupying lesion in pancreas
(6) IDUS
(7) Angiography
(8) PET
C. Palpable mass in surgery and at least an item of radiology evidence

ERCP: Endoscopic retrograde cholangiopancreatography
MREP: Magnetic resonance cholangiopancreatography
EUS:  Endoscopic ultrasound sonography
IDUS: Intraductal ultrasound sonography
PET:  Positron Emission Tomography

Table 1 Diagnostic standards for pancreatic cancer
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between patient group (39.5%) and control group (35.92%) 
in terms of  the percentage of  smokers. After we divided 
each group into three subgroups (0, ≤17 package years 
and ≥17 package years) in terms of  smoking history, we 
found significant differences between the patient group 
and control group. For those who smoked more than 17 
package years (heavy smoker), the percentage of  smokers 
accounted for 30.7% in patient group, which was 10% 
higher than that of  control group. The risk of  developing 
pancreatic cancer in the heavy smoker subgroup was 1.51 
times that of  the non-smokers (no statistic significance). 
When we combined the non-smoker and intermediate 
smoker subgroups  (≤17 package years) together, it 
showed that the heavy smoker had increased risk of  

pancreatic cancer (OR, 1.98; 95% CI, 1.11-3.49; P = 0.017). 
If  divided by gender, there were more male heavy smokers 
in patient group (47.7%) than control group (30.3%). 
The risk of  pancreatic cancer was increased for male 
heavy smokers (OR, 2.11; 95% CI, 1.18-3.87, P = 0.012). 
However, no conclusion for females was made due to the 
low percentage of  smokers within the patient group and 
control group.

Heavy drinking was shown as a r isk factor for 
pancreatic cancer. According to the median total drinking 
volume of  control group, we divided the drinkers into 
three subgroups: non-drinking, low-drinking (≤ 20 
drink-years) and heavy-drinking (>20 drink-years). The 
result indicated that the distribution frequencies of  
three subgroups in patient group were 74.0% (88/109), 
5.9% (7/109) and 20.2% (24/109) respectively, while in 
control group were 84.5% (175/207), 8.2% (17/207), 
7.3% (15/207) respectively. The distribution in patient 
group had significant difference from control group. After 
correction of  age, gender and smoking factors, the OR 
value of  low-drinking compared to the non-drinking was 
1.003, while for the heavy-drinking subgroup, it increased 
to 3.681. Therefore, heavy-drinking had higher risk to 
develop pancreatic cancer.

Diet with high meat consumption was shown as a high 
risk for pancreatic cancer. In this study, we only explored 
the relationship between dietary habit and pancreatic 
cancer. The results showed that those who claimed meat 
as their major daily diet accounted for 31.0% of  patient 
group, while the number dropped significantly to 7.6% in 
control group. For those who claimed vegetable was their 
major daily diet accounted for 39.7% (46/116) in patient 
group and 28.9% (57/197) in control group. The diet 
containing half  meat and half  vegetable was reported by 
25.9% (30/116) of  patient group and 57.9% (114/197) 

                         Inclusion criteria                               Exclusion criteria

Patients

(1) The patient voluntarily took part in this research; agreed to 
take necessary clinical examinations and answer epidemiological 
questionnaire survey; and give consent to the publication of research 
data.

  (1) The patient did not agree upon the conditions to participate in the study  
   or the patient information was not available at the inclusion time.

(2) Diagnosed by the pancreatic cancer team from PUMCH.    (2) Not diagnosed by the pancreatic cancer team from PUMCH.
(3)Clinical examination and epidemiological investigation were 
acceptable for the patient’s condition.

  (3) The patient’s condition did not allow the clinical examination and  
   epidemiological investigation.

(4) Patient was diagnosed for pancreatic cancer between 2002 and 
2004.

  (4) The patient was not diagnosed for pancreatic cancer for the first time  
   between 2002 and 2004.

(5) Patients did not undergo radiotherapy and anticancer therapy 
before surgery, and did not have other primary tumors.

   (5) Patients whose pancreatic tumor was a metastatic carcinoma or who had   
    other tumors.

(6) Patients belonged to Han nationality.     (6) Patients were not from Han nationality.

Controls

(1) The person voluntarily took part in this research; agreeed to 
take necessary clinical examinations and answer epidemiological 
questionnaire survey; and give consent to the publication of research 
data.

   (1) The person did not agree upon the conditions to participate in the study  
     or the person’s  information was not available at the inclusion time.

(2) The person did not have any kind of tumor.     (2) Person had any kind of malignant tumor.
(3) The person matched with the patients for gender and age (±5 
years).

    (3) Person suffered from severe coronary heart disease or stroke.

(4) Being the resident of Beijing or its peripheral area for at least 5 
years.   

  (4) Person did not match with the patient group for gender and age (±5  
    years).

(5) Han nationality.     (5) Not from Han nationality.

Table 2 Inclusion and exclusion criteria for patients and controls

    Patients    Controls
χ2 P  n        (%)   n         (%)

Age (yr)
Male   ≤ 50   16 (20.8)   36 (31.9)
            50-59   17 (22.1)   27 (23.9) 3.6583 0.1606
      ≥ 60   44 (57.1)   50 (44.3)
Female ≤ 50    9 (21.4   28 (29.5)
              50-59    8 (19.1)   26 (27.4) 3.1297 0.2091
       ≥ 60   25 (59.5)   41 (43.2)
Gender  Male   77 (64.7) 113 (54.3)
              Female   42 (35.3)   95 (45.7) 3.3496 0.0672

Marriage status
    Married 115 (96.6) 183 (87.9)
   Divorced    0   (0)     7  (3.4)
   Widowed    4 (3.4)   16  (7.7) 8.093 0.082
   Separated    0   (0)     1  (0.5)
   Spinsterhood    0   (0)     1  (0.5)

Table 3 Demographic characters of patients and controls

Lu XH et al. Risk factors of pancreatic cancer                                                                                                   2231



www.wjgnet.com

of  control group. Therefore, people who had meat as 
their major diet faced higher risk of  developing pancreatic 
cancer.

Also we found that 18.5% patients with pancreatic 
cancer had a history of  diabetic mellitus; however this 
ratio dropped to 5.8% in the control group. There was 
significant difference between patient group and control 
group in having chronic pancreatitis, cholelithiasis 
and cholecystitis (Table 4). Moreover, we asked each 
subject for any cancer family history among the primary 
and secondary generation relatives, but no significant 
differences were found between the two groups. In 
patient group, those who had a family history of  cancer 
accounted for 26.9%, while in the control group was 
31.3% (P = 0.4064). For those who lost weight in patient 
group, 48.9% patients lost weight within 3 mo, 33.3% in 
4-6 mo, 16.7% in 7-12 mo, and 1.1% in more than 1 year. 
In addition, 45. 6% of  patients had weight lost less than 
5 kg, 30.0% between 6 to 10 kg, and 24.4% more than 10 
kg (Table 5).

Although most factors had significant difference 
between two groups, their OR value did not show 
significance except for smoking and drinking due to 
relatively small sample of  this study.

Establishment of the high-risk scoring model of pancreatic 
cancer
With mult ivar iab le log is t ic reg ress ion and some 
adjustments, we established the high-risk scoring model (as 
shown in Table 6).

The score of  pancreatic cancer group was 80.6 ± 30.0 
(95% CI 74.9-86.3), and the score of  normal control 
group was 7.4 ± 11.9(95% CI 6.0-8.7), (P < 0.001, Mann-
Whitney test). According to the scores of  pancreatic group 
and normal control group, we protracted ROC curve and 
the area below the curve was 0.981. When selecting ≥ 45 

as the differential cutoff  between pancreatic cancer and 
normal control, the sensitivity and specificity of  diagnosis 
were quite ideal, which were 88.9% and 97.6% respectively.

DISCUSSION
Because the two groups in our study were matched 
according to age and gender, there were no significant 
differences of  the two factors. Based on previous studies 
on risk factors we included the two factors into high 
risk model. We have reported earlier that mortality of  
pancreatic cancer rises with age[2]. In a study involved 
1619 cases of  pancreatic cancer, 3.95% of  the patients 
died before 40, but the mortality rate between 65 to 80 
years was more than 5 times that of  the average[2], which is 
consistent with other reports[3-6]. From 1991 to 2000, the 
epidemiological data of  pancreatic cancer in China showed 
that the average male’s mortality rate, revised mortality and 
standardized mortality grew 4.23%, 5.1% and 3.1% per 
year respectively, but the average growth rates for female 
were 7.7%, 8.6% and 6.74% respectively[2]. Although the 
gender disparity had been decreasing during this period, 
the increasing mortality rate in female has outpaced male. 
The age standardized mortality rate of  male and female 
decreased from 1.97 in 1999 to 1.41 in 2000, which was 
consistent with report by Zheng et al[7].

Smoking is the only widely recognized risk factor 
for pancreatic cancer. Compared to non-smokers, the 
mortality rate of  pancreatic cancer in smokers increased 
by 1.2-3.1 fold, and showed a dose-effect relationship. 
We found that the risk of  pancreatic cancer occurrence 
increased in the heavy-smoking group (OR, 1.98; 95% CI, 
1.11-3.49; P = 0.017), which is consistent with previous 
literatures[4,8,9]. There was no consistent conclusion drawn 
for the risk of  drinking associated with pancreatic cancer 
in literatures[4,10-12]. The OR value in the heavy-drinking 

Diseases                    Patients                     Controls P
n Yes No Not stated n Yes No Not stated

Chronic pancreatitis 119   2.5 95.0 2.5 205   0.5      99.5 0  0.012
Acute pancreatitis 119 0 98.3 1.7 205 0 100 0 0.06
Cholelithiasis 119   10.01 89.1 0.8 205   4.9      95.1 0 0.08
Cholecystitis 118   9.3 87.3 3.4 205   0.5      99.5 0 <0.0001
Cholecystectomy 119   3.4 95.8 0.8 205   2.9      97.1 0 0.41

Table 4 Benign digestive diseases in patients and controls

Symptom Symptom 
duration (mo)a

Patients Controls

P
n Yes No Not stated n Yes No Not stated

Anorexia 2 118 45.8 54.2 0 203 0.5 99.5 0 <0.0001
Epigastric pain 3 119 60.5 38.7    0.8 181 2.2 97.8 0 <0.0001
Backache 2 119 32.8 66.4    0.8 205 2.0 98.1 0 <0.0001
Hypogastralgia 3 119 16.0 82.4    1.7 205 3.4 96.6 0 <0.0001
Abdominal pain  2 119 38.7 61.3 0 205 4.9 95.1 0 <0.0001
Jaundice 1 119 42.0 58.0 0 205 0.5 99.5 0 <0.0001
Skin itch 1 119 13.5 86.6 0 205 8.7 91.3 0  0.0032
Weight loss 3 119 76.5 22.7    0.8 205 2.4 97.6 0 <0.0001

Table 5 Clinical symptoms of patients and controls
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subgroup was 3.70 (95% CI, 1.604-8.443) compared to 
non-drinking subgroup. Therefore, we considered the 
risk of  drinking associated with pancreatic cancer mainly 
existed in the heavy-drinking patients. Immigration 
epidemiological research showed that the mortality rate of  
pancreatic cancer among Asian and African populations in 
their homeland was low. However, for Asians and Africans 
who lived in western countries and adopted western diet 
habits, the risk of  having pancreatic cancer was similar to 
or even higher than the Caucasians[13]. From our study, the 
percentage of  people who had high meat consumption 
in their daily diet was much higher in the patient group 
than in control group (P < 0.0001). Currently, 35% of  
pancreatic cancers were attributed to the dietary factor. It 
was reported earlier that the vegetable abundant diet could 
prevent 33%-50% of  pancreatic cancer cases[14].

Whether diabetes is the etiologic factor or the early 
manifestation of  pancreatic cancer is still controversial. 
When probing into the relationship between them, we 
cannot draw a conclusion because it is impossible to carry 
out a randomized prospective research. At the same time, 
it is difficult to obtain evidence from animal experiments 
because of  lacking credible animal model for type II 
diabetes. Currently, most investigations have used case-
control study and prospective cohort study in general 
population. In our case-control study, 18.5% of  pancreatic 
cancer patients had diabetes history, while only 5.8% of  
the control group did. This finding is in accordance with 
other researches[15-18].

The relationship between chronic pancreatitis and 
pancreatic cancer is still under debate. Our study showed 
that 22.5% of  pancreatic cancer patients had chronic 
pancreatitis while only 0.49% of  control group did. 
Karlsen reported that the risk of  pancreatic cancer 
increased 13 times from a follow-up investigation of  715 
chronic pancreatitis patients for an average of  10 years 
during 1971 to 1995[19]. At the same time, the author 
noticed that the incidence of  pancreatic cancer was much 
higher than non-pancreatic tumors among those patients.

A population based case-control study showed that 
performing cholecystectomy a year before the diagnosis 
of  pancreatic cancer was related to the occurrence of  
pancreatic cancer. However, the risk gradually decreased 

along with the delay of  the surgery, but still positively 
related [11]. Because pancreas and bile duct tumors are 
difficult to distinguish, some researchers believed that 
patients with concealed pancreatic tumor were likely to 
have cholecystectomy performed because of  presumed 
cholelithiasis. However, we did not discover any relation 
between pancreatic cancer and cholecystectomy in our 
study. Therefore, it still awaits further clarification.

We established the high-risk scoring model on the basis 
of  the results of  case-control study and clinical experience. 
The risk factors in the high-risk model including smoking, 
weight loss and diabetes are basically the same as that of  
overseas studies. For instance, in the cancer risk index 
established by Harvard University[20], the risk factors for 
pancreatic cancer are smoking (moderate to high dose), 
family history of  pancreatic cancer, diabetes, chronic 
pancreatitis and carbohydrate ingestion. In that index, they 
mainly do allotment of  fraction according to the OR value 
of  each risk factor. However, our model is to confirm 
the fraction of  each factor according to the result of  
logistic multivariate regression, and it reveals the relative 
contribution of  each risk factor to pancreatic cancer. Our 
risk model is to help clinical diagnosis, which is different 
from the cancer risk index of  Harvard University whose 
purpose is cancer prevention. So we added the associated 
symptoms of  pancreatic cancer to the risk model. 
Although the main symptoms of  pancreatic cancer such as 
abdominal pain and jaundice usually appear late when the 
tumor is already in advanced stage, there are some non-
specific symptoms such as anorexia and weight loss which 
are very obscure and easy to be overlooked by patients 
and doctors or mistakenly diagnosed as other diseases 
and functional abnormity[21,22]. So tackling the symptom 
clues might be helpful for screening and early diagnosis of  
pancreatic cancer. Our research showed that weight loss, 
epigastric pain and diabetes all had significant differences 
in the two groups, but weight loss in mo offers the best 
indication for diagnosis, so its score is the highest.

In conclusion, we have established a risk factor model 
for early screening of  pancreatic cancer in Chinese Han 
population through case-control study. In future, we will 
apply this model in areas that have high incidence of  
pancreatic cancer in Han population to further improve 
our model.
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Abstract
AIM: To find out whether there is a significant difference 
in the prevalence of the precore stop codon mutation 
between HBeAg positive and anti-HBe positive children.

METHODS: We investigated a large pediatric population 
of 155 European children (mean age 10.9 years) with 
chronic hepatitis B by PCR and direct sequencing. Ninety 
were HBeAg positive and 65 had seroconversion to anti-
HBe. Additionally genotyping was performed.

RESULTS: Seventy-four (48%) of the sequenced HBV 
strains were attributed to genotype D and 81 (52%) to 
genotype A. In the group of 90 HBeAg positive patients, 
2 (2.2%) 1896-G-to-A transitions leading to precore stop 
codon mutation were found, and in the group of 65 anti-
HBe positive children, 5 (7.7%) were identified harbour-
ing HBeAg-minus mutants. The difference was not statis-
tically significant (P= 0 .13). 

CONCLUSIONS: HBeAg minus variants as predominant 
viral HB strains play a minor role in the course of chronic 
hepatitis B in European children.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Chronic hepatitis B (HB)-infection is a serious health 
problem worldwide and the leading cause of  liver cirrhosis 
and hepatocellular carcinoma (HCC). In Germany 
0.3%-0.5% of  the population are HBsAg carriers and it 
is estimated that approximately 5% of  them are children. 
Mutations preventing the expression of  HBeAg, so-called 
precore stop codon mutations, have been reported to 
aggravate liver disease and to cause fulminant hepatitis 
in children as well as in adults[1-3]. Currently it is not yet 
clear whether these mutations influence the response to 
antiviral treatment. However, a recent study has shown 
a better outcome after interferon-alpha treatment for 
chronic hepatitis in individuals without precore mutant 
strains before treatment[4]. The most common stop-
mutation is the G1896A-substitution in the precore region 
of  HB-virus. A guanine (G) to adenine (A) mutation of  
the HBV precore gene at nucleotide 1896 (numbered from 
the EcoRI site) leads to a conversion of  codon 28 from 
TGG (tryptophan) to TAG, which is a stop codon, thereby 
rendering HBV incapable of  producing HBeAg[5]. In adults 
the prevalence of  this mutation ranges between 20%-95%, 
whereas it is more common in HBeAg-negative than in 
HBeAg-positive patients[6]. Results of  a cross-sectional 
multicenter study of  adults with chronic HBV infection 
in the United States show an association of  the presence 
of  precore variants with higher serum HBV DNA levels 
in HBeAg-negative but not in HBeAg-positive patients[7]. 
The selection of  precore variants is dependent on HBV 
genotype. It is most common in patients with genotype D 
and rare in patients with genotype A[8]. This phenomenon 
is related to base pairing in the stem-loop structure of  the 
pregenome encapsidation sequence[9,10].
    Fukuda et al[11] have postulated that hepatitis B virus 
exists mainly as a quasi species. On account of  this, a 
correlation of  nucleotide sequences with clinical and 
serological findings has to be made with caution. Available 
data about prevalence and significance of  precore 
mutations in childhood are limited. A study of  children 
with chronic HBV infection (n = 60) has shown the 
1896-G-A-transition in 93% as mixed infection, with a 
similar prevalence of  mixed viral populations in responders 
and non-responders to interferon treatment[12]. In the 
course of  chronic HBV infection in children the frequency 
of  precore mutant is increased after seroconversion from 
HBeAg to anti-HBe. It has been postulated that the higher 



the aminotransferase levels are, the higher and the earlier 
the mutant emerges[13].
    The aim of  this study was to evaluate the prevalence of  
precore mutations in a large cohort of  European children 
with chronic hepatitis B.

MATERIALS AND METHODS
Patients
A cross sectional testing of  sera from 155 randomly 
assigned HBsAg positive chronic hepatitis B virus carriers 
was performed. The median age of  the children at the time 
of  blood sampling was 10.9 years. Ninety were HBeAg 
positive and 65 had seroconversion to anti-HBe 1 - 3 years 
before blood sampling. Fifty-four (35%) were female, 
101 (65%) male; 108 (70%) of  Caucasian, 42 (27%) of  
Mediterranean and 5 (3%) of  Southeast Asian origin. ALT 
was elevated in 66 (73%) of  HBeAg positive individuals 
(mean: 1100 nkat/L) and in 18 (28%) of  anti-HBe positive 
individuals (mean: 367 nkat/L; normal <417 nkat/L).

HBV molecular analyses
DNA was extracted from sera with the QiaAmp blood 
kit (Qiagen, Chatsworth, CA, USA) and eluted with 
50 µL distilled water according to the manufacturer’s 
recommendations. The precore region of  the HBV 
genome was amplified and re-amplified with a proof  
reading of  expand-polymerase (Expand High Fidelity 
PCR System) by nested PCR. The following primers 
were used for amplification (nucleotide positions are 
according to the unique EcoRI site[14]: Sense P1: 5’
-TGTCAACGACCGACCTTGAG-3’ (nt 1683-1702), anti-
sense P2: 5’-CAATGCTCAGGAGACTCTAAGGC-3’ 
(nt 2045-2023); nested PCR: sense P3: 5’-GAGGAGT
TGGGGTAGGACATT-3’ (nt 1736-1756), anti-sense 
P4: 5’-TAGCTCCAAATTCTTTATA-3’ (nt 1936-1918). 
PCR was performed in a 50-µL mixture with 20 pmol 
of  each primer (Roth, Germany), 100 mmol/L of  each 
dNTP, and 2.5 units of  a Taq-Tgo polymerase mixture 
(Expand High Fidelity PCR System, Roche, Germany) 
diluted in 10 × expand polymerase buffer (Expand High 
Fidelity PCR System, Roche, Germany) in a DNA thermal 
cycler (Eppendorf  Mastercycler personal). The amplified 
products were visualized by 20 g/L agarose electrophoresis 
and ethidium bromide staining.

Direct sequencing of PCR products
The amplified PCR products were purified by QIA Quick 
PCR-purification kit (Quiagen, Chatsworth, CA) according 
to the manufacturer’s recommendations and precipitated 
with isopropanol to remove residual dNTPs and primers 
and re-suspended in a final volume of  10 µL distilled 
water. Nucleotide sequences of  the PCR products were 
determined using a dye terminator cycle sequencing kit 
(big dye vs 3.1) in an automated sequencer (ABI PRISM, 
Foster City, CA, USA). The sequencing primers were the 
same as those used for DNA amplification.

Genotyping
The HBV-DNA sequences were ass igned to the 

appropriate genotype based on the restriction fragment 
length polymorphism (RFLP) created by Ava2 and 
Dpn2 action on an amplified segment of  the pres-S-
region according to Lindh et al[15]. PCR of  certain serum 
samples was performed under conditions as previously 
described with the following primers: Sense P1: 5’-CGA
GGCAGGTCCCCTAGAAGAAGAA-3’ (nt 2356-2380), 
anti-sense P2: 5’-GTCCTAGGAATCCTGAA-3’ (nt 
187-171); nested PCR: sense P3: 5’-TCACCATATTCT
TGGGAACAAGA-3’ (nt 2819-2841), anti-sense P4: 5’
-TTCCTGAACTGGAGCCACCA-3’ (nt 82-63). The 
PCR products were incubated with restriction enzymes 
Ava II and Dpn II (New England Biolabs, Inc., USA) 
for 3 h at 37 °C in a 15 µL reaction sample according to 
the manufacturer’s recommendations. The products were 
visualized by 2 g/L agarose electrophoresis and ethidium 
bromide staining. 

Statistical analysis
Fisher’s exact test was used for statistical analysis P  < 0.005 
was taken as significant.

RESULTS
A total of  155 patients were enrolled. Seventy-four (48%) 
of  the sequenced HBV strains were attributed to genotype 
D and 81 (52%) to genotype A. In the group of  90 HBeAg 
positive patients, 2 (2.2%) 1896-G-to-A transitions leading 
to precore stop codon were found, and in the group of  
65 anti-HBe positive children, 5 (7.7%) were identified 
harbouring HBeAg-minus mutants. The difference was not 
statistically significant (P = 0 .13). 
    First, all sera were randomly selected for analysis with-
out association with patients’ identities. We were then able 
to additionally investigate four HBeAg positive sera of  the 
five patients who showed precore-mutations in anti-HBe 
positive status of  the disease in order to find out if  muta-
tions already emerged in the HBeAg positive status. One 
of  them was also positive for the G1896A-substitution in 
the HBeAg positive phase. All mutations identified were 
found in HBV DNA sequences of  genotype D (Figures 1, 2).   
    The ALT levels in the two HBeAg positive sera with 
precore-mutation were 883 and 2983 nkat/L, reflecting a 
considerable elevation in one patient compared to the wild 
type sera of  HBeAg positive status (mean: 1100 nkat/L). 
In the five anti-HBe positive individuals with the G1896A-
substitution, the ALT levels were mildly elevated (mean: 
467 nkat/L) compared to the group of  60 patients with 
wild type virus infection (mean: 367 nkat/L).

DISCUSSION
In contrast to previous studies with adults in particular, 
which reported HBeAg stop codon mutants in 20-95% 
of  investigated patients (6, 16), we found a very low 
prevalence in children, both in the HBeAg (2.2%) and 
anti-HBe positive (8%) phase of  the disease. However, 
our results demonstrated consistently that precore variants 
were more common in anti-HBe positive children, but the 
difference did not reach statistical significance. We were 
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not able to show that mutations in anti-HBe positive sera 
have necessarily emerged already in the HBeAg positive 
phase of  the disease. Thus, our data suggest that there is at 
least no strong evidence for the hypothesis that the mutant 
is selected by host immune pressure[13].
    Due to the fact that the occurrence of  the G1896A 
mutation is restricted to HBV genotypes with T at 
nucleotide position 1858 (genotype D)[17], it was not 
surprising that no mutations were identified in the group 
of  genotype A virus strains. It has to be conceded that the 
existence of  viral quasi-species including small amounts 
of  precore stop mutations could not be excluded in our 
survey due to the method of  direct sequencing. However, 
considering the high proportion of  genotype D in our 
survey (48%), the postulation of  a high prevalence of  the 
G1896A precore mutation in these HBV strains[16] was not 
confirmed in chronically infected children. 
    It was reported that the precore mutation is common 
in Mediterranean and Asian populations, and two studies 
have shown a high prevalence of  16%-40% of  the HBeAg 
minus variants in German adult populations as well[18,19]. 
It seems obvious that the age of  the patients is more 
important than their ethnic origin.
    Due to the elevated levels of  transaminases in HBeAg 
positive sera, precore mutations may inf luence the 

inflammatory activity of  the disease. But indeed, evidence 
is limited due to the small number of  patients. In contrast 
to former studies, wherein a difference in clinical courses 
between genotypes B and C was described[20], this seems 
to be different for the most prevalent genotypes A and D 
in Europe, because they were equally distributed in our 
patients.
    In summary, HBeAg minus variants as predominant 
viral HB strains play a minor role in the course of  chronic 
disease in European children. Our results confirm the 
recent study of  Söderström and colleagues who postulated 
that the most influential factors of  HB-infection in 
childhood are epidemiologic parameters and the route of  
transmission[21].
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Abstract
AIM: To analyze our Wilson disease patient cohort 
(n = 106) for alterations in the gene coding for MURR1.

METHODS: Patients with an established diagnosis of 
Wilson disease but normal ceruloplasmin blood lev-
els were chosen for our study (n = 14). Patients with 
two known disease-causing mutations in the ATP7B  
gene were not included. The three exons of the human 
MURR1 gene were sequenced after amplification of the 
genomic DNA by polymerase chain reaction.

RESULTS: Our study did not reveal any mutations lead-
ing to an amino acid change in the MURR1 sequence of 
Wilson disease patients. A polymorphism at 472 bp of 
the coding sequence could be confirmed.

CONCLUSION: The MURR1 gene plays no role in the 
pathogenesis of Wilson disease patients with normal se-
rum ceruloplasmin levels.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
In humans, Wilson disease (WD) is an autosomal reces-

sively inherited disorder of  copper metabolism[1, 2] charac-
terized by the impaired biliary excretion of  copper. Wilson 
disease leads to toxic copper accumulation predominantly 
in the liver and brain, causing liver cirrhosis and severe 
neurological defects. Common clinical findings in WD 
are low serum ceruloplasmin (CP) levels, elevated hepatic 
copper contents, elevated urine 24-h copper excretion 
and Kayser-Fleischer rings[3]. Homozygous or compound 
heterozygous mutations in the copper-transporting P-type 
ATPase ATP7B lead to Wilson disease[4, 5].

The genetic background is highly variable, with more 
than 300 mutations reported so far[6]. But not all cases are 
unambiguous because no mutations in the ATP7B gene 
have been found in some WD patients. It is unclear why 
no ATP7B mutations are detectable in a subgroup of  pa-
tients presenting with typical features of  Wilson disease. 
It might be due to an incomplete analysis of  the ATP7B 
gene or due to other yet unidentified defects of  genes in-
volved in copper metabolism.

The clinical presentation is highly variable even among 
patients with the same mutation. In Wilson disease a low 
serum ceruloplasmin level is a typical finding and can be 
observed in 80%-90% of  the patients. Ceruloplasmin is 
a copper binding ferroxidase in blood[1]. Today’s under-
standing of  the underlying molecular mechanisms[7] is that 
ATP7B is predominantly localized to the trans Golgi net-
work and transports copper across the membrane to the 
lumen of  the Golgi apparatus where apoceruloplasmin is 
loaded with copper. In case of  a malfunction of  ATP7B, 
apoceruloplasmin can not be loaded with copper and is 
degraded more rapidly, resulting in reduced blood levels of  
ceruloplasmin. Under elevated copper conditions, ATP7B 
translocates from the trans Golgi network to a vesicular 
compartment where it may facilitate biliary copper excre-
tion[8, 9].

Recently, the autosomal recessively inherited canine 
copper toxicosis has been described in Bedlington ter-
riers. Like in Wilson disease these dogs develop copper 
accumulation in the liver due to impaired biliary copper 
excretion leading to chronic hepatitis and cirrhosis. Neu-
rological abnormalities have not been reported. The ge-
netic basis of  this defect is a deletion of  the exon2 of  the 
Murr1 gene[10-12] mapped to 10q26 in Bedlington terriers. 
The human orthologous gene has been identified on chro-
mosome 2p13-16 and is distinct from the ATP7B gene 
locus[11]. Furthermore, affected dogs present with normal 
ceruloplasmin serum levels, suggesting that the defect is 
beyond the trans-Golgi network. A direct interaction be-
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tween MURR1 and ATP7B has been reported[13]. There is 
biochemical evidence that decreased MURR1 levels lead to 
intracellular copper accumulation[14]. Based on these obser-
vations a role of  MURR1 in the biliary copper excretion 
downstream of  ATP7B has been suggested[15]. 

It would be interesting to identify a human disorder 
caused by defects in the human MURR1 gene. Recently, a 
novel protein family (COMMD proteins) of  structural and 
functional homologues of  MURR1 (COMMD1) has been 
identified[16]. Recently, we reported an association between 
an MURR1 polymorphism and onset of  neurological 
and hepatic symptoms in WD patients homozygous for 
the most common ATP7B mutation H1069Q. Onset of  
disease was significantly earlier in patients with a heterozy-
gous state at codon Asn 164 (GAT/GAC) than in patients 
with wild type (GAT/GAT)[17]. In the former study pa-
tients with low ceruloplasmin serum levels were included.

To identify possible disease related mutations in the 
MURR1 gene in the current study we focused on patients 
with Wilson Disease but normal ceruloplasmin serum lev-
els and at least one unknown mutation of  ATP7B. 

MATERIALS AND METHODS
Patients
Data of  patients with an established diagnosis of  Wilson 
disease were collected (n  = 106). The diagnosis of  Wilson 
disease was based on the criteria of  the 8th International 
Conference on Wilson Disease and Menkes disease[19] 
(Leipzig, Germany April 16-18, 2001). For this study only 
patients with at least one undetermined mutation of  the 
ATP7B gene were selected (n  = 73), patients with two 
known disease defining mutations were excluded (n  = 33). 
The ATP7B gene was sequenced in most patients in coop-
eration with Professor Ferenci, Department of  Gastroen-
terology and Hepatology, Vienna, including the H1069Q 
mutation state in all patients. For our investigation out 
of  the subset of  WD patients without or with only one 
disease defining mutation, patients with normal or only 
slightly reduced ceruloplasmin levels were selected (n  = 14) 

at the beginning of  the study. 
Ceruloplasmin cutoff  was defined at a CP level of  

0.15 g/L (normal in healthy persons: 0.2-0.6 g/L). Patients 
were excluded if  the finding of  a CP level above 0.15 g/L 
could be explained otherwise (e.g. contraceptive medica-
tion, pregnancy, acute phase reaction). A total of  14 pa-
tients with a CP level > 0.15 g/L and without any or with 
only one ATP7B mutation could be identified (Figure 1).

Mutation analysis of MURR1 
Mutation analysis of  MURR1 was performed as described 
in detail previously[17]. In short, total DNA from the 14 
selected patients was isolated and the three exons of  the 
MURR1 gene were amplified by polymerase chain reac-
tion. The used primer combinations (exon 1 sense primer 
5‘-GGT GGT TTT GCA CAG GCT ATT TAG-3‘, exon 
1 anti-sense primer 5‘-GGC TTG TGA GGA CAG GGG 
AAG G-3‘; exon 2 sense primer 5‘-CAG TGA TTT AAG 
AGT CAC TC-3‘, exon 2 anti-sense primer 5‘-GCT GAA 
TAG ACA AGC TAA CAT GTA-3‘; exon 3 sense primer 
5‘-GGG TAT TTT GAG TTT GGT CAT GC-3‘, exon 
3 anti-sense primer 5’-TGA GAA CCT CTG CAC TGG 
AAC-3‘) resulted in PCR products covering the exons and 
parts of  the 3` untranslated region and parts of  the 5` 
region upstream of  the start codon[17]. Additional putative 
exons or putative regulatory regions of  the MURR1 gene 
were not analyzed. 

PCR products were purified as described previously[17]. 
Sequencing reactions were carried out by SEQLAB (Se-
quence Laboratories, Goettingen, Germany) or by MPI 
sequencing (Max Planck Institute, Dresden, Germany). 
For later analysis NM-152516 and AB17881 (NCBI se-
quence Viewer, http://www.ncbi.nlm.nih.gov/) were used 
as reference sequence. Nucleotide changes were numbered 
corresponding to their position in the MURR1 mRNA be-
ginning with the adenine of  the ATG start codon.

RESULTS
The human orthologue of  the Murr1 gene encoded a 
protein of  190 amino acids. The gene spanned nearly 235 
kb. Both introns were about 100 kb each in size (Figure 
2). Therefore only the three exonic sequences were ana-
lyzed. In this study no mutations changing the amino acid 
sequence were found in the analyzed patients. A polymor-
phism at 472 bp of  the coding sequence was detected (Table 
1). Ten Patients (71%) were homozygous for wild-type 
GAT, 3 patients (21%) were heterozygous GAT/GAC 
and 1 patient was homozygous for GAC. The frequency 
of  these variations was in line with previous reports[17]. We 
already reported a putative association between the GAT/
GAC heterozygous state at codon Asn-164 with an earlier 
onset of  disease in H1096Q ATP7B homozygous patients 
[17]. However, in the present study no significant genotype/
phenotype correlation could be found, which might be due 
to the small number of  patients. 

DISCUSSION
Some patients with Wilson disease show no disease caus-
ing mutation in the ATP7B gene. Therefore other patho-
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genetic factors might be involved. Due to the in part 
comparable phenotype of  canine copper toxicosis and the 
reported interaction with ATP7B, the MURR1 protein is 
an interesting candidate.

In this study we focused on Wilson disease patients 
showing a comparable phenotype to the copper toxicosis 
in dogs in regard to the normal ceruloplasmin serum level. 
However, in our group of  patients with non-homozygous 
ATP7B mutation, no mutation in the coding sequence of  
the MURR1 gene was found. Mutations in other parts of  
the Murr1 gene were not analyzed but could affect the 
gene expression and thus affect the phenotype. The find-
ing that copper toxicosis gene MURR1  is not changed in 
Wilson disease patients with normal blood ceruloplasmin 
levels needs to be evaluated in a larger clinical study.

Although our data do not necessarily rule out the pos-
sibility that MURR1 is involved in biliary copper excretion 
under physiological conditions, there is no direct evidence 
that it is indeed a disease-causing factor in human Wilson 
disease. This is in agreement with the findings of  other 
investigators[17, 18]. In fact, a homozygous mutation of  AT-
P7B resulting in the absence of  this protein in the trans-
Golgi network may be the only cause of  Wilson disease. 
In our study population with detectable heterozygous or 
absent mutations of  ATP7B, the other mutations may 
have not been identified yet. A low normal ceruloplasmin 
concentration was also observed in patients with homozy-
gous mutations, suggesting that it may represent an unde-
fined compensatory process by which apoceruloplasmin is 
loaded with copper by an ATP7B independent route, even 
outside the trans-Golgi network. This route seems to be 
less efficient but could result in low normal serum coeru-
loplasmin levels.

Although the possibility that MURR1 is involved in 
biliary copper excretion in humans has not been ruled out, 
MURR1 does not seem to play a role in the pathogenesis 
of  Wilson disease. 

ACKNOWLEDGMENTS
The authors thank the patients for their help and willing-
ness to participate in this study and Dr. Bettina Stuehler 
for her advice and help with the sequencing reactions.

REfERENCES
1 Harris ED. Cellular copper transport and metabolism. Annu 

Rev Nutr 2000; 20: 291-310 
2 Gitlin JD. Wilson disease. Gastroenterology 2003; 125: 1868-1877
3 Riordan SM, Williams R. The Wilson’s disease gene and phe-

notypic diversity. J Hepatol 2001; 34: 165-171 
4 Bull PC, Thomas GR, Rommens JM, Forbes JR, Cox DW. The 

Wilson disease gene is a putative copper transporting P-type 
ATPase similar to the Menkes gene. Nat Genet 1993; 5: 327-337

5 Tanzi RE, Petrukhin K, Chernov I, Pellequer JL, Wasco W, 
Ross B, Romano DM, Parano E, Pavone L, Brzustowicz LM. 
The Wilson disease gene is a copper transporting ATPase 
with homology to the Menkes disease gene. Nat Genet 1993; 5: 
344-350 

6 URL: http://www.medgen.med.ualberta.ca/database.html
7 Lutsenko S, Petris MJ. Function and regulation of the mam-

malian copper-transporting ATPases: insights from biochemi-
cal and cell biological approaches. J Membr Biol 2003; 191: 1-12 

8 Schaefer M, Roelofsen H, Wolters H, Hofmann WJ, Muller M, 
Kuipers F, Stremmel W, Vonk RJ. Localization of the Wilson’
s disease protein in human liver. Gastroenterology 1999; 117: 
1380-1385 

9 Roelofsen H, Wolters H, Van Luyn MJ, Miura N, Kuipers F, 
Vonk RJ. Copper-induced apical trafficking of ATP7B in polar-
ized hepatoma cells provides a mechanism for biliary copper 
excretion. Gastroenterology 2000; 119: 782-793 

10 van De Sluis B, Rothuizen J, Pearson PL, van Oost BA, Wij-
menga C. Identification of a new copper metabolism gene by 
positional cloning in a purebred dog population. Hum Mol 
Genet 2002; 11: 165-173

11 van de Sluis BJ, Breen M, Nanji M, van Wolferen M, de Jong 
P, Binns MM, Pearson PL, Kuipers J, Rothuizen J, Cox DW, 
Wijmenga C, van Oost BA. Genetic mapping of the copper 
toxicosis locus in Bedlington terriers to dog chromosome 10, 
in a region syntenic to human chromosome region 2p13-p16. 
Hum Mol Genet 1999; 8: 501-507

12 Klomp AE, van de Sluis B, Klomp LW, Wijmenga C. The ubiq-
uitously expressed MURR1 protein is absent in canine copper 
toxicosis. J Hepatol 2003; 39: 703-709 

13 Tao TY, Liu F, Klomp L, Wijmenga C, Gitlin JD. The copper 
toxicosis gene product Murr1 directly interacts with the Wil-
son disease protein. J Biol Chem 2003; 278: 41593-41596 

14 Burstein E, Ganesh L, Dick RD, van De Sluis B, Wilkinson JC, 
Klomp LW, Wijmenga C, Brewer GJ, Nabel GJ, Duckett CS. A 
novel role for XIAP in copper homeostasis through regulation 
of MURR1. EMBO J 2004; 23: 244-254

15 Wijmenga C, Klomp LW. Molecular regulation of copper ex-
cretion in the liver. Proc Nutr Soc 2004; 63: 31-39

16 Burstein E, Hoberg JE, Wilkinson AS, Rumble JM, Csomos 
RA, Komarck CM, Maine GN, Wilkinson JC, Mayo MW, 
Duckett CS. COMMD proteins, a novel family of structural 
and functional homologs of MURR1. J Biol Chem 2005; 280: 
22222-22232

17 Stuehler B, Reichert J, Stremmel W, Schaefer M. Analysis of 
the human homologue of the canine copper toxicosis gene 
MURR1 in Wilson disease patients. J Mol Med 2004; 82: 629-634 

18 Muller T, van de Sluis B, Zhernakova A, van Binsbergen E, 
Janecke AR, Bavdekar A, Pandit A, Weirich-Schwaiger H, 
Witt H, Ellemunter H, Deutsch J, Denk H, Muller W, Sternlieb 

Table 1 MURR1 gene analysis in WD patients and associated 
CP blood values listed by WD gene mutation

Mutation in the
 ATP7B gene

n MURR1 gene base changes    CP level

GAT/GAT GAT/GAC GAC/GAC

2299InsC/ m n d. 1 1 - - 0.15
3400DelC/ m n d. 1 1 - - 0.18
G1030C/ m n d. 1 1 - - 0.28
H1069Q/ m n d. 1 - - 1 0.31
m.n.d./ m n d. 7 7 - - 0.23 (± 0.09)
m.n.d./ m n d. 3 - 3 - 0.26 (± 0.08)

m n d: mutation not detected.

Weiss KH et al. Murr1 in WD with normal CP                                                                                                     2241

Exon 3
aa 152-190
bp 463-573

Asn 164

▲

Exon 1
aa 1-60
bp1-180

Exon 2
aa 61-151
bp 181- 462

Intron 1
(IVS1)
95 kb size

Intron 2
(IVS2)
135 kb size

Figure 2  Map of the human MURR1 gene. Localization of the reported 
polymorphism (492 T > C) in exon 3 is marked.
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Abstract
AIM: To assess the actigraphy, an ambulatory and con-
tinuous monitoring of wrist motor activity fitted to study 
sleep/wake patterns in hepatic encephalopathy (HE). 

METHODS: Twenty-five cirrhotic patients (17 M, 8 F, 
mean age 56 ± 11 years, 24/25 alcoholic, Child-Pugh A , B, 
C: 2, 6, 17) were included. The patients were classified 
into 3 groups: stage 0 group (n = 12), stage 1-2 group 
(n = 6), and stage 3-4 group (n = 7) of encephalopathy. 
Over three consecutive days, patients had clinical evalu-
ation 3 times a day with psychometric test, venous am-
moniemia, flash visually evoked potentials (VEP), elec-
troencephalogram and continuous actigraphic monitoring 
for 3 d, providing 5 parameters: mesor, amplitude, ac-
rophase, mean duration of activity (MDAI) and inactivity 
(MDII) intervals.  

RESULTS: Serum ammonia and VEP did not differ 
among the 3 groups. Electroencephalography mean 
dominant frequency (MDF) correlated significantly with 
clinical stages of HE (r = 0.65, P = 0.003). The best cor-
relation with HE stage was provided by actigraphy espe-
cially with MDAI (r = 0.7, P<10-4)  and mesor (r = 0.65, 
P < 10-4). MDAI correlated significantly with MDF (r = 0.62, 
0.004) and was significantly shorter in case of HE com-
pared to patients without HE (stage 0: 5.33 ± 1.6 min; 
stage 1-2: 3.28 ± 1.4 min; stage 3-4: 2.52 ± 1.1 min; 
P < 0.05). Using a threshold of MDAI of less than 4.9 
min, sensitivity, specificity, positive predictive value, neg-
ative predictive value for HE diagnosis were 85%, 67%, 
73% and 80%, respectively.

CONCLUSION: Actigraphy may be an objective method 
to identify HE, especially for early HE detection. Motor 
activity at the wrist correlates well with clinical stages of 
HE. MDAI and mesor are the most relevant parameters.
 
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION 
Hepatic encephalopathy (HE) diagnosis is based on 
clinical criteria. Serum ammonia, evoked potentials and 
electroencephalogram (EEG) have low sensitivity[1-3]. 
Actigraphy allows ambulatory and continuous monitoring 
of  motor activity and is fitted to study sleep/wake 
patterns. The actigraph worn on the non dominant wrist is 
based on a miniaturized acceleration sensor that translates 
physical motion to a numeric representation. It has already 
been successfully used in insomnia and extra pyramidal 
syndrome[4,5]. We assessed the actigraphy in HE. 

MATERIALS AND METHODS
Twenty-five cirrhotic patients (17 M, 8 F, mean age 
56 ± 11 years, 24/25 alcoholic, Child-Pugh A ,B, C: 2, 
6, 17) were consecutively included. Patients with serum 
sedative or alcohol detection were excluded. Patients 
were classified into 3 groups: stage 0 group (n = 12), stage 
1-2 group (n = 6), and stage 3-4 group (n = 7) of  acute 
encephalopathy. HE causes were alcoholic hepatitis (n = 5), 
severe liver insufficiency (n = 3), digestive bleeding (n = 1), 
bacterial infection (n = 1), or undetermined (n = 3). Over 
three consecutive days, patients had clinical evaluation 3 
times a day with the psychometric test Trail making test A 
when permitted by consciousness, venous ammoniemia 
using da Fonseca-Wollheim method, flash visual evoked 
potentials (VEP) with measurement of  latencies of  wavex 
N2, P2, N3, EEG and continuous actigraphic monitoring for 
3 d using a small non dominant wrist-worn piezoelectric 
accelerometer (Gaehwiler electronic actimeter, CH 8634 
Hombrechtiken, Switzerland) with a 0.1 G lower limit of  
sensitivity. Activity (wrist movements) measured at one-
min intervals over a period of  24 h, was stored into the 
actigraph memory. Data downloaded to a compatible 
computer, were analysed by MONITOR software. The 
cosinor method or entire data linear adjustment by least-
square method, provided 3 parameters: mesor (rhythm-
adjusted mean), amplitude (half  the variability between 
peaks to troughs), acrophase (peak time). Mean duration 



of  activity (MDAI) and inactivity (MDII) intervals 
independent of  recording time, were measured. An activity 
interval was defined as a period during which the patient 
had more than 2 movements per minute, and an inactivity 
interval as a period during which the patient had less than 
2 movements per minute. After 3 d, means of  pooled 
data were calculated. Recording was made in hospitalized 
patients, so that physical activity was standardized. 

Statistical analysis
Quantitative data were compared by ANOVA. Correlations 
were performed by Pearson test (P < 0.05). 

RESULTS
There was no difference between the 3 groups according 
to venous ammonia (41 ± 17 vs 46 ± 33 vs 65 ± 50 μmol/L 
respectively) or VEP (N3 = 201 ± 31 vs 205 ± 38 vs 227 ± 70 
milliseconds). Electroencephalography mean dominant 
frequency (MDF) correlated significantly with clinical 
stages of  HE (r = 0.65, P = 0.003). The best correlation 
with HE stage was provided by actigraphy especially with 
MDAI (r = 0.7, P < 10-4) (Figure 1) and mesor (r = 0.65, 
P < 10-4). Moreover MDAI correlated significantly with 
MDF (r = 0.62, 0.004) and was significantly shorter in 
case of  HE compared to patients without HE (stage 0: 
5.33 ± 1.6 min versus stage 1-2: 3.28 ± 1.4 versus stage 3-4: 
2.52 ± 1.1; P < 0.05). In stages 0 and 1-2 of  HE, MDAI 
correlated significantly with Trail making test A (r = -0.61; 
P < 0.05). Using a threshold of  MDAI of  less than 4.9 min, 
sensitivity, specificity, positive predictive value, negative 
predictive value for HE diagnosis were 85%, 67%, 73% 
and 80%, respectively.

DISCUSSION
We suggest for the first time that actigraphy may be an 
objective method to identify HE. In our study, motor 
activity at the wrist recorded over three days, correlated 
well with clinical stages of  HE. MDAI and mesor were 
the most relevant parameters. According to other works, 
neither serum ammonia[1] nor VEP[2] correlates with HE, 
contrary to EEG. However, EEG is a hospital procedure 
which has low specificity[3]. Using actigraphy, Cordoba et 
al[6] have previously shown a decrease of  motor activity in 
cirrhotic patients without clinical evidence of  HE. Seven 
out of  20 cirrhotic patients complained of  unsatisfactory 
sleep, but they did not perform psychometric tests to 
screen subclinical encephalopathy. Actigraphy[4,5] is non 
invasive and simple to use. It can provide data under 
natural conditions over several days, which allows to take 

into account the oscillations in HE. One limit in our study 
is the decrease of  motor activity due to bed-rest. However, 
we showed a significant relationship between actigraphy 
and encephalopathy. Actigraphy exhibits non specific 
changes in motor activity, but since we standardized 
physical activity, the observed changes might be due to 
HE. Our results suggest that actigraphy is especially fitted 
for early HE detection, since MDAI is significantly shorter 
in HE stage 1-2 patients compared to HE stage 0 patients. 
Moreover in cases of  HE stages 0 and 1-2, MDAI, mesor, 
and acrophase correlate significantly with Trail making 
test A, a psychometric test routinely used to detect sub 
clinical encephalopathy. Further studies are needed to 
confirm actigraphy interest in sub clinical encephalopathy, 
a predictive factor of  HE which is reversible by lactulose.
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Abstract
AIM: To investigate the hepatoprotective effect of 
manual acupuncture at Yanglingquan (GB34) on CCl4-
induced chronic liver damage in rats. 

METHODS: Rats were injected intraperitoneally with 
CCl4 (1 mL/kg) and treated with manual acupuncture 
using reinforcing manipulation techniques at left GB34 
(Yanglingquan) 3 times a week for 10 wk. A non-
acupoint in left gluteal area was selected as a sham 
point. To estimate the hepatoprotective effect of manual 
acupuncture at GB34, measurement of liver index, 
biochemical assays including serum ALT, AST, ALP and 
total cholesterol, histological analysis and blood cell 
counts were conducted.

RESULTS: Manual acupuncture at GB34 reduced the 
liver index, serum ALT, AST, ALP and total cholesterol 
levels as compared with the control group and the sham 
acupuncture group. It also increased and normalized the 
populations of WBC and lymphocytes. 

CONCLUSION: Manual acupuncture with reinforcing 
manipulation techniques at left GB34 reduces liver 
toxicity, protects liver function and liver tissue, and 
normalizes immune activity in CCl4-intoxicated rats.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION 

Herbal medicine and acupuncture are the two main 
methods to treat disease in oriental medicine. Because of  
chemical residue contamination, there is recent gaining 
suspicion that herbs may be harmful to the liver. Accord-
ingly, acupuncture is getting more interest these days for 
the treatment of  liver diseases in oriental medical clinics. 
In the present study, we tried to investigate the effects of  
manual acupuncture on long-term liver damage. To inves-
tigate the effects of  manual acupuncture at GB34 on liver 
damage, we used CCl4-intoxicated rat model and chose 
GB34 as an acupoint to protect liver and treat liver damage 
induced by CCl4 administration.

GB34 is an acupoint located on the gall bladder merid-
ian. In oriental medical theory, the liver and gall bladder 
corresponds to each other and their meridians are also 
closely related with each other in the ‘interior-exterior re-
lationship’[1,2]. Gall bladder meridian pertains to the gall 
bladder organ and connects with the liver organ. The liver 
meridian pertains to the liver organ and connects with the 
gall bladder organ. Therefore, the acupoints on the liver 
meridian are used to treat gall bladder organ diseases as 
well as liver organ diseases. Consequently, the acupoints on 
the gall bladder meridian are used to treat liver organ dis-
eases as well as gall bladder organ diseases. Hence, GB34 
is closely related with the liver as well as the gall bladder. It 
explains why GB34 is used to treat liver disease so often. 
Moreover, GB34 is the He (meaning “sea”) point of  gall 
bladder. In oriental medical theory, a “sea He” point is con-
sidered to be the entrance of  the meridian energy to the 
corresponding organ[3]. Therefore, GB34 influences the 
liver and gall bladder more strongly than other acupoints. 
The functions of  this point are regulating and tonifying 
the liver, regulating the gallbladder, spreading liver Qi (ori-
ental medical term for “vital energy”), subduing liver Yang, 
draining liver pathogens, etc. GB34 has been clinically used 
for hypochondriac pain, jaundice, hepatitis, acute biliary 
tract diseases, cirrhosis of  the liver and hypertension due 
to liver Yang excess, etc[1,4]. 

We presume that neuronal activity is involved in the 
transmission of  acupuncture stimulation, so the animals 
were not anesthetized during the acupuncture administra-
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tion. To keep the animals from moving during the acu-
puncture administration, they were put in cages with five 
holes for tail and four limbs. To estimate and exclude the 
effect of  stress from restriction within the cage, the rats in 
the control group were also kept in the cages in the same 
manner as the acupuncture group. 

The action of  acupuncture could be influenced by acu-
puncture techniques as well as point selection. There are 
two main categories of  acupuncture techniques: reinforc-
ing technique and reducing technique. Clockwise needle 
rotation, scraping downward of  needles, and odd number 
of  manipulating operations are considered as reinforcing 
techniques. On the other hand, counterclockwise needle 
rotation, scraping upward of  needles, and even number of  
manipulating operations are considered as reducing tech-
niques. Reinforcing acupuncture manipulation techniques 
are used for chronic and deficient syndrome, while reduc-
ing techniques are used for acute and excess syndrome［1］.  
Since the animals in the present study were injected with 
CCl4 for a long period, we considered it as a chronic and 
deficient condition, and therefore, we administered acu-
puncture with reinforcing manipulation techniques. 

MATERIALS AND METHODS 

Animals 
Sprague-Dawley male rats (200-250 g) were purchased 
from Deahan Biorink Co. The animals were adapted to the 
environment of  22 ± 2℃ room temperature, 12-h light/
dark cycle for 2 wk and had free access to water and food. 
Our animal experiment has been conducted in accordance 
with the Use of  Laboratory Animals as adopted and pro-
mulgated by the U.S. National Institutes of  Health.

Experimental design
Experimental animals were randomly divided into four 
groups: normal; control (CCl4); Sham (CCl4 + manual 
acupuncture at sham point); and GB34 (CCl4 + manual 
acupuncture at left GB34). Each group consisted of  7 
rats. Liver injury was induced by intraperitoneal injections 
with 500 mL/L CCl4 (Sigma, USA) solution in olive oil 
(1 mL/kg), twice a week for 10 wk. Manual acupuncture 
was administered 3 times a week during the same period[5].

Acupuncture
Cages with five holes for the tail and four limbs were man-
ufactured for this study. During acupuncture administra-
tion, the animals were kept in the cage with left hind limb 
fastened to the wall of  the cage with tape. Sterilized dis-
posable stainless steel needles (0.25 mm × 30 mm, Dong-
bang Acupuncture Inc., Korea) were inserted perpendicu-
larly as deep as 2-3 mm at left GB34 or sham point. Rat 
GB34 was determined according to human GB34 which 
locates on gall bladder meridian, in the depression anterior 
and inferior to the head of  the fibula[1]. A non-acupoint in 
the gluteal region was selected as a sham point (Figure 1). 
After the needles were inserted, they were rotated clock-
wise with amplitude of  90° nine times, and scraped down-
ward nine times. Nine rotations and nine scrapes consti-
tuted one manipulation unit, and three manipulation units 
constituted one treatment session. After each manipulation 
unit, there was a hold for about 1 s. The full manipulation 
took about 30 s. The rats in the control group were kept 
in a cage for 30 s with the left hind limb tied without acu-
puncture treatment (Figure 2). All acupuncture was admin-
istered by a trained and experienced oriental medical doc-
tor who was unknown about the research protocol except 
the needle manipulating methods. 

Liver index measurement
Rat’s body weight was measured before the animals were 
sacrificed. Rat liver was removed and weighed right after 
the animal was sacrificed and the liver index (% of  liver 
weight/body weight)[6,7] was estimated.

Biochemical analysis and blood counts
Forty-eight hours after the last administration with CCl4, 
the rats were anesthetized with ethyl ether and blood 
samples were taken from the heart. Blood was centrifuged 
at 3000 r/min for 15 min and serum was taken. Alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), 
alkaline phosphotase (ALP), total cholesterol in serum and 
the populations of  RBC, WBC, lymphocytes in plasma 
were detected. 

Histological analysis
The rats were sacrificed and the liver tissues were obtained 
individually from each group and fixed in 40 g/L formal-
dehyde. After decalcification in 50 mL/L formic acid, the 
specimens were processed for paraffin embedding. Tissue 
sections were obtained and stained with hematoxylin and 
eosin (HE) or masson’s trichrome (MT). Tissue destruc-
tion and fatty changes of  liver were observed at 400 × 
magnification.

www.wjgnet.com
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Figure 1 GB34 and sham point for acupuncture.
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Nine rotations of needles (clockwise with amplitude of 90°)
Nine scraping downwards

Figure 2 Acupuncture scheme.
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Statistical analysis 
Data were obtained from the rats which survived to the 
end of  the experiment. All in normal group, 3 in control 
group, 3 in sham group and 5 in GB34 group survived to 
the end of  the experiment. Data were expressed as mean 
± SD. Statistical significance of  difference between groups 
was determined using ANOVA, followed by t-test. P < 0.05 
was considered statistically significant. 

RESULTS 

Liver index
CCl4 injection induced a significant increase in liver index. 
On the other hand, manual acupuncture at GB34 lowered 
it similar to the normal value (Figure 3).

Serum ALT, AST, ALP and total cholesterol
ALT, AST, ALP and total cholesterol in serum were in-
creased remarkably by long-term CCl4  administration, in-
dicating damage to the liver. Manual acupuncture at GB34 
significantly reduced serum ALT, AST and total choles-
terol in comparison with the control group. Serum ALP 
was also reduced by manual acupuncture at GB34 but no 
statistical significance was found (Figure 4). 

Blood cell counts
The number of  RBC was slightly reduced by CCl4 intoxica-
tion and restored by manual acupuncture at GB34, though 
statistical significance was not observed. The number of  
WBC and the percentage of  lymphocytes out of  WBC 
was significantly reduced by CCl4 intoxication and restored 
by manual acupuncture at GB34 close to the normal level 
(Figure 5). 

Liver histology
Histological analysis using HE stain showed that necrosis 
of  liver tissue and fatty changes were viciously induced by 
CCl4 administration. The group treated with manual acu-
puncture at GB34 showed reduced feature of  hepatocyte 
necrosis and fatty change compared to the control group 
and the sham group. In addition, MT staining showed low-
er accumulation of  extracellular matrix in the GB34 group 
compared to the control group and sham group (Figure 6). 

DISCUSSION 

CCl4 has been widely used to induce experimental hepatic 
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damage[8,9]. It induces liver cell necrosis and apoptosis, 
and can be used to induce hepatic fibrosis or cirrhosis by 
repetitive administration[10-12]. Liu et al[13]  investigated the 
effect of  manual acupuncture at ST36 and LR3 on CCl4-
induced acute liver damage. In the present study, we in-
vestigated the effect of  manual acupuncture at GB34 on 
chronic liver damage induced by long-term CCl4 adminis-
tration. 

ALT and AST are the specific markers to assess hepa-
tocellular damage leading to liver cell necrosis[14]. Slight to 
moderate increases in ALP (1-2 times normal) occurred in 
liver disorders[15]. Serum cholesterol is one of  the general 
indications of  the synthetic and general metabolic capacity 
of  the liver[16].  In the present study, CCl4 injection signifi-
cantly increased serum ALT, AST, ALP and cholesterol 
levels, indicating induction of  hepatic damage. Manual 
acupuncture at GB34 inhibited the increases of  these pa-
rameters, indicating that manual acupuncture at GB34 pro-
tected liver and reduced liver toxicity. Histological analysis 
also showed that the acupuncture at GB34 protected liver 
tissue against CCl4-intoxication. Our histological analysis in 
this study was only qualitative. Quantitative assessment of  
anti-fibrotic effect of  acupuncture, such as determination 
of  hepatic hydroxyproline

 content, would be meaningful in the next study. 
In the present study, long-term CCl4 administration 

reduced the population of  leucocytes and lymphocytes in 
blood. We infer that this reduction was due to the decline 
of  immune activity by long-term liver damage. Manual 
acupuncture at GB34 recovered the population of  leuco-
cytes and lymphocytes in blood. Therefore, we presume 
that manual acupuncture at GB34 restored the immune ac-
tivity, which is also in agreement with Hau’s report on the 

white cell increase by acupuncture[17]. However, the effect 
of  acupuncture on inflammation in liver is not clear yet. 
It is known that inflammatory cells are infiltrated in CCl4-
intoxicated liver, and there exists an abnormality of  cyto-
kines in liver tissue. For instance, TNF-α and IL-10 are 
increased, and IL-2 and IFN-γ are reduced in CCl4-intoxi-
cated liver tissue[18,19].  More profound studies are required 
on how acupuncture influences the chronic inflammatory 
conditions of  the liver. 

Based on the results of  the present study, we speculate 
that manual acupuncture at GB34 is beneficial to protect 
liver function and tissue, reduce hepatic toxicity and nor-
malize immune activity against CCl4-intoxication in rats. The 
hepatoprotective effect of  manual acupuncture at GB34 in 
this study may be related to the immune reinforcing effect 
of  acupuncture or neuro-immune interaction on the path-
way of  the transmission of  acupuncture stimulation.
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Abstract
AIM: To investigate whether krÜppel-like factor 6 (KLF6) 
plays an important role in the development and/or 
progression of colorectal cancer.

METHODS: A total of 123 formalin-fixed and paraffin-
embedded colorectal cancer specimens were analyzed 
by immunohistochemistry using tissue microarray for 
the expression of KLF6 protein. The specimens were 
collected over a 3-year period in the laboratories at our 
large teaching hospital in Seoul, Republic of Korea. The 
correlation of KLF6 expression with clinicopathologic 
parameters was analyzed by χ2 test and Bartholomew 
test.

RESULTS: Normal colonic epithelium showed weak to 
moderate expression of KLF6, whereas reduced KLF 6 
expression or loss of KLF6 expression was seen in 45 
(36.6%) of the 123 colorectal carcinoma specimens. 
Interestingly, aberrant expression of KLF6 was detected 
in 25 (43.1%) of 58 cases with metastasis to regional 
lymph node and in 31 (47.0%) of 66 tumors more 
than 5 cm in size. Statistically, loss of KLF6 expression 
was significantly associated with tumor size (P < 0.05). 
However, there was no significant correlation between 
KLF6 expression and Dukes’ stage (Bartholomew test, 
P > 0.05), tumor location and lymph node metastasis (χ2 

test, P > 0.05).

CONCLUSION: Loss of KLF6 expression may be a 
common and early event in colorectal carcinogenesis.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION 
Colorectal cancer is the second leading cause of  cancer-
related death in the Western world[1]. In Korea, it accounts 
for an estimated 11.2% of  all malignancies, with 11.6% in 
the male population and 10.7% in the female population[2]. 

Thus, colorectal cancer remains a significant contributor 
to the world’s health burden. At a molecular level, great 
progress has been made in the last two decades in 
identification and characterization of  the genetic changes 
involved in the malignant colorectal transformation 
process. Thus, the concept of  multistage carcinogenesis 
is now widely accepted as a consequence of  multiple 
genetic alterations accumulated in cancer cells [3]. However, 
the molecular mechanisms underlying dysregulated cell 
growth in colorectal cancer remain the subject of  intensive 
investigation. 

Krüppel-l ike factor 6 (KLF6) is a ubiquitously 
expressed zinc finger transcription factor that is part of  a 
growing KLF family. The KLF family is broadly involved 
in growth-related signal transduction, cell proliferation, 
development and apoptosis, as well as angiogenesis[4, 5]. In 
functional analysis, wild-type KLF6 up-regulates the cell 
cycle inhibitor p21 in a TP53-independent manner and 
suppresses growth, whereas tumor-derived KLF6 mutants 
fail to upregulate p21 or suppress proliferation in prostatic 
and non-small cell lung cancer cells[6, 7]. In addition, 
introduction of  KLF6 disrupts cyclin D1-dependent kinase 
4 complexes and forces the redistribution of  p21, which 
promotes G1 cell cycle arrest[8]. Furthermore, KLF6 plays 
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a role as an inhibitor of  cell proliferation by counteracting 
the function of  the c-Jun protooncoprotein[9]. 

Recently, genetic alterations of  KLF6 gene have been 
identified in several human cancers, including colorectal 
cancer, hepatocellular carcinoma, prostate and gastric 
cancer[10-13]. Reduced expression of  KLF6 protein has been 
found in non-small cell lung cancers and glioblastomas[7, 14]. 
Interestingly, the survey of  gene expression in a panel of  
60 NCI cancer cell lines showed that expression of  KLF6 
mRNA was reduced in colon cancer cell lines[15]. However, 
there is no report describing the expression pattern of  
KLF6 protein in colorectal cancers. 

In the present study, to determine whether altered 
expression of  the KLF6 protein is involved in colorectal 
cancer development, we analyzed the expression pattern 
of  KLF6 on a series of  123 colorectal cancer specimens. 

MATERIALS AND METHODS
Tissue samples 
One hundred and twenty-three formalin-fixed and 
paraffin-embedded colorectal cancer specimens collected 
between 2002 and 2003 were enrolled in this study. No 
patient had a family history of  colorectal cancer. Tumor 
stage was classified according to Dukes’ criteria. Thirteen 
patients were classified as Dukes’ A, 47 as Dukes’ B, 
55 as Dukes’ C and 8 as Dukes’ D[16]. Two pathologists 
screened histological sections and selected areas of  the 
representative tumor cells. Three tissue cores (0.6 mm in 
diameter) were taken from each tumor sample and placed 
in a new recipient paraffin block using a commercially 
available microarray instrument (Beecher Instruments, 
Micro-Array Technologies, Si lver Spring, MD) as 
previously described[17]. One cylinder of  normal colonic 
mucosa adjacent to each tumor was also transferred to the 
recipient block.

Immunohistochemistry for KLF6
The primary polyclonal rabbit anti-KLF6 antibody 
(Santa Cruz Biotechnology, Santa Cruz, CA) was used. 

Immunostaining was performed on microarray tissue 
sections with a tyramide signal amplification kit (NEN 
Life Science, Boston, MA) for signal intensification. 
Antigen retrieval was performed by microwave heat-
ing in a citrate buffer (pH 6.0). Other procedures were 
performed as previously described[18]. Reaction products 
were developed with diaminobenzidine (Sigma, St Louis, 
MO) and counterstained with hematoxylin. Because all 
the corresponding normal colonic mucosae showed KLF6 
expression, tumors were considered as negative when 
nuclear and cytoplasmic staining was seen in less than 
20% of  cancer cells. We calculated the KLF6 positive and 
negative cancer cells in three representative areas at X200 
magnification. We only considered the percentage of  
stained nuclei in each tumor, independent of  the intensity. 
Three pathologists independently reviewed the results and 
those cases with discrepant results were discussed until 
agreement was achieved. As a negative control, we used 
non-immune rabbit serum instead of  the KLF6 antibody. 

Statistical analysis
The correlation of  KLF6 expression with clinicopathologic 
parameters, such as tumor site, size, lymph node metastasis 
and clinical stage, was analyzed by χ2 test and Bartholomew 
test. P < 0.05 was considered statistically significant.

RESULTS
Expression of KLF6
We assessed the pattern of  KLF6 protein expression in 123 
colorectal carcinoma specimens by immunohistochemistry 
using tissue microarray. The KLF6 expression was positive 
in cytoplasm and nuclei of  normal colonic mucosal 
epithelial cells, but weak to moderate in lymphocytes 
and fibroblasts. The expression of  KLF6 in tumor cells 
was compared to the expression in their corresponding 
normal colonic mucosae. Interestingly, reduced KLF6 
expression or loss of  KLF6 expression was found in 45 
(36.6%) of  the 123 colorectal carcinoma specimens, in 
which immunostaining on cytoplasm and nuclei of  tumor 
cells was predominantly (Figure 1). Unexpectedly, over-
expression of  the KLF6 in cancer was also found in 12 
cases. Negative immunoreactivity was seen in 15.4% (2 of  
13 cases) of  stage A, 38.3% (18 of  47) of  stage B, 41.1% 
(23 of  56) of  stage C, and 25.0% (2 of  8) of  stage D, 
respectively (Table 1). Loss of  expression was found in 
25 (43.1%) of  58 cases with metastasis to regional lymph 
nodes and 32 (32.7%) of  98 left-side colorectal cancers. 
In addition, immunostaining was negative in 31 (47.0%) 
of  66 cases with tumors >5 cm. Statistically, loss of  KLF6 
expression was closely associated with tumor size (χ2 test, 
P < 0.05). However, there was no significant correlation 
between KLF6 expression and Dukes’ stage (Bartholomew 
test, P  > 0.05), tumor location and lymph node metastasis 
(χ2 test, P  > 0.05). 

DISCUSSION
It has been reported that several KLFs play an essential 
role in maintaining the homeostasis of  mammalian 
cel ls through the regulat ion of  prol iferat ion and 

Table1 Re lat ionsh ip between KLF6 express ion and 
clinicopathologic parameters of colorectal carcinoma

Clinicopathologic 
parameters

KLF6
+         -

Positive (%) P

Stage 0.29691

   A  11      2 84.6
   B  29    18 61.7
   C  32     23 58.2
   D     6       2 75.0
Lymph node metastasis 0.17542

   +   33    25 56.9
   -   45    20 69.2
   Site 0.07302

   Right   12    13 48.0
   Left    66    32 67.3
Tumor size 0.01002

   > 5 cm  35    31 53.0
   ≤ 5 cm  43    14 75.4
Total   78    45 63.4

1Bartholomew test; 2χ2 test.
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differentiation[4, 5]. The KLF6 is regulated during mam-
malian development and tissue regeneration, while its 
aberrant expression is associated with tumor formation. 
Recently, KLF6 has been identified as a tumor suppressor 
gene in several kinds of  cancer because of  reduced 
expression and its frequent genetic alterations, such as 
loss of  heterozygosity and mutation, as well as functional 
suppression of  cell proliferation. To further clarify the 
role of  KLF6 in colorectal cancer, we examined loss of  
expression in 123 colorectal cancer samples. 

In this study, reduced KLF6 expression or loss of  
KLF6 expression was found in 45 (36.6%) of  the 123 
colorectal adenocarcinoma specimens. Statistically, loss 
of  KLF6 expression was closely associated with tumor 
size (χ2 test, P < 0.05). However, there was no significant 
correlation between reduced KLF6 expression and other 
clinicopathologic parameters, including Dukes’ stage 
(Bartholomew test, P > 0.05), tumor location and lymph 
node metastasis (χ2 test, P > 0.05). It has been reported 
that the expression of  KLF6 protein is frequently down-
regulated in non-small cell lung cancer and glioblastoma [7, 

14]. Interestingly, down-regulation of  KLF6 expression is 
not associated with the histology or surgical-pathological 
stages of  lung tumors[7]. Taken together, these results 
further support that down-regulation of  KLF6 may 
contribute to the development of  human solid cancers and 
that inactivation of  KLF6 may occur in the development 
of  colorectal cancer as an early event. 

Unexpectedly, upregulation of  KLF6 was also seen in 
14 colorectal cancer cases. Since KLF6 is broadly involved 
in growth-related signal transduction, cell proliferation, 
differentiation and apoptosis, upregulation of  KLF6 might 
reflect compensatory mechanisms directed at reestablish-
ing the equilibrium in proliferation, differentiation, and 
survival characteristics of  colonic epithelial cells disrupted 
during carcinogenesis. Because mutation of  the KLF6 is 
frequently found in colorectal cancer [13], over-expression 
of  KLF6 might be caused by the genetic alteration of  

the KLF6 gene. Further studies are necessary to inves-
tigate the precise molecular mechanisms underlying its 
over-expression. 

Tissue microarray (TMA) consists of  numerous 
tissues and tumor types. The use of  TMA can stain a 
large number of  cases at minimal cost and allow a rapid 
assessment of  the staining profile. However, whether 
cores of  tumor are representative of  whole sections 
remains unclear. It was reported that immunostaining 
of  one to four 0.6-mm cores is correlated with whole 
sections staining [19], suggesting that the use of  small cores 
is equivalent to whole section immunohistochemistry. An-
other issue for consideration is that the scoring of  TMA 
immunohistochemistry experiments remains subjective and 
not easily quantifiable. Significant efforts have been made 
to quantify protein expression levels on TMA sections [20], 
but most TMAs are subjectively scored by eyes. In this 
study, expression of  KLF6 in three cores of  tumor tissues 
was compared to their corresponding normal colonic mu-
cosae by three pathologists. Although we did not perform 
immunohistochemistry on whole section, our results on 
TMA may be consistent with those of  whole section 
immunohistochemistry. 

Generally, the inactivation of  a tumor suppressor 
associated with loss of  expression results from genetic 
or epigenetic alterations, such as mutation, allelic loss 
or hypermethylation of  the promoter region of  the 
genes. Recently, genetic alterations of  KLF6 gene have 
been identified in several human cancers, including 
hepatocellular carcinoma, prostate, gastric and colon 
cancers [10-13]. However, no mutation of  KLF6 has 
been found in human cancer[21-23]. Further studies on a 
large number of  patients are necessary to find out the 
discrepancy in incidence of  KLF6 mutation. Interestingly, 
the KLF6 mRNA is also frequently down-regulated in 
non-small cell lung cancer, glioblastoma, and colon cancer 
cell lines[7, 14, http://smd.stanford.edu/cgi-bin]. No mutation has been 
found in these cancer tissues and KLF6 is down-regulated 
in all samples with allelic loss[7]. Additionally, the KLF6 is 
suggested to be a methylation-silenced gene in esophageal 
squamous cell carcinoma[24]. In the present study, we found 
that KLF6 expression was reduced or lost in 36.6% of  
colorectal cancers (Table 1). Although we did not perform 
the genetic or epigenetic analysis of  the KLF6 gene, our 
results suggest that reduced KLF6 expression or loss of  
KLF6 expression may be a common and early event in 
colorectal carcinogenesis.
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Abstract
AIM: Many cirrhotic patients have muscular symptoms 
and rhabdomyolysis. However, myopathy associated 
with liver cirrhosis has not been established as a disease 
entity. We evaluated the clinical significance of acute 
myopathy associated with liver cirrhosis.

METHODS: We retrospectively reviewed the medical 
records of 5 440 cirrhotic patients who had been admit-
ted to Gyeongsang National University Hospital from Au-
gust 1997 to January 2003. Among these, 99 developed 
acute myopathies, and they were analyzed with respect 
to clinical and laboratory parameters, and outcomes.

RESULTS: The Child-Pugh classification at the time 
of myopathy onset was A in 3(3.1%) cases, B in 
33(33.3%), and C in 63 (63.6%). Infection was identified 
as the most predisposing factor to myopathy. Fifty per-
cent of 18 idiopathic cases who were tested for influenza 
antibody were positive. Forty-two of the 99 cases were 
complicated by acute renal failure, and 25 (59.5%) of 
these expired. Apart from 6 cases lost to follow-up, 64 of 
93 recovered, giving a mortality rate of 31.2%. Mortality 
was higher in Child-Pugh class C than in B or A.

CONCLUSION: Acute myopathy can develop as a seri-
ous complication in liver cirrhosis. Its frequency, severity 
and mortality depend on underlying liver function, and 
are higher in decompensated liver cirrhosis. Influenza 
should be considered as an etiologic factor in idiopathic 
cases. It is proposed that acute myopathy associated 
with liver cirrhosis be called ‘hepatic myopathy’, and that 
careful monitoring for hepatic myopathy is necessary in 
the patients with advanced liver cirrhosis.

© 2006 The WJG Press. All rights reserved.

Key words: Myopathy; Rhabdomyolysis; Liver cirrhosis 

Lee OJ, Yoon JH, Lee EJ, Kim HJ, Kim TH. Acute myopathy 

associated with liver cirrhosis.  World J Gastroenterol 2006; 
12(14): 2254-2258

 http://www.wjgnet.com/1007-9327/12/2254.asp

INTRODUCTION
Since many investigators[1-3] had been interested in a 
causal relationship between alcohol ingestion and acute 
myonecrosis, Martin et al[4] systematically described the 
clinicopathological features of  acute and chronic myopathy 
associated with alcoholism, and defined this as alcoholic 
myopathy. Now, it is well known that alcoholism and 
alcoholic liver diseases can be accompanied by alcoholic 
skeletal myopathy[5,6]. Moreover, a higher prevalence 
of  muscle cramps was reported in patients with liver 
cirrhosis than in a matched population without cirrhosis, 
and it was suggested that muscle cramps be included as a 
recognized symptom of  cirrhosis[7]. Muscular symptoms 
such as muscle cramps, weakness, aching and tenderness 
are also common in patients with liver cirrhosis, and 
even rhabdomyolysis can occur[8-10]. However, myopathy 
associated with liver cirrhosis has not been established 
as a disease entity. Here, we investigated the clinical 
characteristics of  acute myopathy, which developed in 
patients with liver cirrhosis, and evaluated its clinical 
significance.

MATERIALS AND METHODS
Inclusion criteria
Of  the 5 440 patients with liver cirrhosis who had been 
admitted because of  various problems related to cirrhosis 
to Gyeongsang National University Hospital from August 
1997 to January 2003, 99 patients who developed acute 
myopathy were included. We reviewed and analyzed their 
medical records retrospectively so to find out predisposing 
or etiologic factors, and possible factors influencing the 
frequency, severity, and prognosis of  acute myopathy asso-
ciated with liver cirrhosis.

A diagnosis of  liver cirrhosis was made based on liver 
biopsy, or clinical, laboratory and radiological evidence of  
chronic hepatocellular dysfunction and portal hyperten-
sion. Underlying liver function was assessed by Child-
Pugh’s classification based on laboratory data and physical 
signs at the time of  most recent visit.

Acute myopathy was defined as an elevated serum 
muscle enzymes, i.e., creatine kinase (CK, 45-390 IU/L), 
lactate dehydrogenase (LDH, 30-170 IU/L), and aspartate 
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transaminase (AST, 5-45 IU/L), and/or accompanied by 
acute muscular symptoms, such as muscle cramps, general-
ized or localized muscle weakness, muscle edema, muscle 
pain, or tenderness.

Possible predisposing factors were defined as the 
events occurring within one week prior to the onset time 
of  myopathy. 

Acute renal failure was diagnosed when the serum cre-
atinine level increased by more than 50% of  the baseline 
value, to above 1.5 mg/dL[11]. If  there was no improve-
ment in serum creatinine despite optimization of  intra-
vascular volume in azotemia, hepatorenal syndrome was 
diagnosed[12].

Exclusion criteria
Exclusion criteria were a history of  myocardiac infarction, 
cardiomyopathy, cerebrovascular accident and other car-
diovascular diseases, thyroid disease, peripheral neuropathy, 
phlebitis, primary muscle disease, heat stroke, and underly-
ing kidney disease, and the ingestion of  agents known as 
triggering agents of  myopathy such as digitalis, cimetidine, 
clofibrate, lithium, opiate, nifedipine, beta 2-agonist, beta-
blockers, penicillamine (except for Wilson’s disease), cyclo-
sporine, quinidine, antispastic drugs, verapamil, amphet-
amine, cocaine, vitamin E, or taurine[9,13].

RESULTS
General characterisitics 
Ninety-nine (1.8%) of  5440 patients with liver cirrhosis 
developed acute myopathy. With exception of  4 patients 
who developed myopathy during hospitalization after tran-
sarterial embolization, 95 patients were admitted due to 
acute myopathy. Seventy-four patients were male, giving a 
male to female ratio of  2.96. Mean age of  patients was 51 
± 10 years (range; 27-76 years), and most were in the 6th 
decade. The etiology of  the liver cirrhosis was alcohol in 
47, hepatitis B virus in 41, hepatitis C virus in 5, Wilson’s 
disease in 1, and cryptogenic in 5 (Table 1). 

Underlying liver function
Child-Pugh classification at the time of  myopathy onset 
was A in 3 (3.0%), B in 33 (33.3%), and C in 63 patients 
(63.6%) (Table 1).

Etiologic factors
The most predisposing factor to myopathy was infection 
(46.5%); respiratory tract infections including common 
cold in 17, gastrointestinal infections in 12, urinary 
infection in 8, and septic shock in 5. Alcohol (8.1%), 
exercise or trauma (8.1%), transarterial embolization 
(4.0%), herb medicine (3.0%), dehydration (2.0%), 
and gastrointestinal bleeding (1.0%) were also possible 
predisposing factors of  acute myopathy, and 27 cases 
(27.3%) were idiopathic (Table 2). In cases of  transarterial 
embolization, acute myopathy developed after hepatic 
arterial embolization for primary liver cancer in two, 
and after splenic arterial embolization for splenomegaly 
with severe pancytopenia in two. Influenza antibody was 
checked in 18 of  the 27 idiopathic cases and 9 (50%) had 
positive results.

Symptoms and signs
Patients presented with muscle pain (57.6%) and/or 
generalized muscle weakness (23.2%). However, in 
19 patients (19.2%) muscular symptoms were masked 
with concomitant complicat ions, namely, hepatic 
encephalopathy (15.2%) or spontaneous bacterial 
peritonitis (4%).

Muscle enzyme changes
Peak levels of  AST, CK, and LDH in serum were 1264.8 
IU/L, 20 693.2 IU/L, and 1926.7 IU/L, respectively. The 
intervals from symptom onset to peak levels of  these 
muscle enzymes were 5.1, 5.4, and 6.2 days. According 
to Child-Pugh class, AST, CK, LDH levels were 925, 
6 820.7, 1013 IU/L in A, 1 359.8, 21 083.3, 1 991.7 IU/L 
in B, and 1 231.2, 21 147.9, 1 936.1 IU/L in C, respectively. 
No statistically significant difference was found in muscle 
enzymes according to Child-Pugh class (Table 3).

Myoglobin
Sixty cases received a urine orthotolidine test for myo-
globin; 38 (63.3%) were negative, and 22 (37.6%) posi-
tive. The incidence of  myoglobinuria was not different 
significantly between patients with or without renal failure 
(41.2% vs 33.4%). Serum myoglobin concentrations were 
high in all patients, but did not differ in myoglobinuria-

Table 1 Clinical characteristics of patients with liver cirrhosis 
who developed acute myopathy

Clinical parameters Number of cases (n=99)  

Sex (M:F) 74:25 (2.96:1)
Age (yr)   range 27 - 76 
                  mean 51 ± 10
Etiology of LC  
       Alcohol 47
       CVH (B)   41
       CVH (C)   5
       Wilson's disease   1
       Idiopathic   5
Child-Pugh Class
A:B:C 3:33:63

 LC, Liver cirrhosis; CVH, Chronic viral hepatitis.

 Predisposing factors   Number of cases (%)

 Infection               46 (46.5)
    Respiratory infection               17
    Gastrointestinal infection               12
    Genitourinary infection                 8
    Septic shock                 5
 Alcohol                 8 (8.1)
 Exercise or trauma                 8 (8.1)
 Transarterial embolization                 4 (4.0)
 Herb medicine                 3 (3.0)
 Dehydration                 2 (2.0)
 Gastrointestinal bleeding                 1 (1.0)
 Idiopathic               27 (27.3)

Table 2  Predisposing factors of acute myopathy in patients with 
liver cirrhosis (n=99) 
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negative and -positive patients (565 ± 267 vs 575 ± 183 
mg/dL, P > 0.05), or between patients with or without 
renal failure (616.3 ± 332.1 vs 629.9 ± 269.8 mg/dL, 
P > 0.05).

Radionuclide bone scan
A 99mTc-HDP (hydroxymethylene diphosphonate) 
radionuclide bone scan was performed in 28 patients, and 
radionuclide muscular uptake increased in 18 (64.3%) who 
received the test within a few days of  onset. However, 
it should be noted that all 10 patients who did not show 
increased muscular uptake received the scan when they 
showed signs of  symptomatic improvement rather 
immediately after onset.

Hospital course
Guidelines of  discharge from hospital were the complete 
disappearance of  muscular symptoms and a normalization 
or maintenance of  muscle enzymes at < 1.5 times the 
normal value. Mean length of  hospital stay was 20.8 ± 
14.9 d, and this was longer for Child-Pugh B or C patients 
than for Child-Pugh A patients (21.6 ± 13.1 d, 20.4 ± 16 d 
vs 12.2 ± 3.1 d). Acute renal failure was a complication in 
42 of  the 99 (42.4%) acute myopathy patients.

Clinical outcomes
Of  the 93 patients followed, i.e., except the 6 lost to 
follow-up, 64 (68.8%) recovered, and 29 (31.2%) expired. 
In-hospital mortality was higher in Child-Pugh class C 
(24/59, 40.7%) than in Child-Pugh class B (5/31, 16.1%) 
or A (0/3, 0%)(Table 4, Figure 1). Forty of  the 93 cases 
(43.0%) were complicated by acute renal failure, and 25 
(62.5%) of  these expired. The incidences of  renal failure 
were 0%, 30.3%, and 49.2% in Child-Pugh A, B, and C, 
respectively. The most common causes of  death were 
hepatic failure (14, 48.3%), renal failure (6, 20.7%), septic 
shock (6, 20.7%), and upper gastrointestinal bleeding (3, 
10.3%).

DISCUSSION
Many investigators[7-9] have reported on the high preva-
lence of  muscle cramps in patients with liver cirrhosis. 
Konikoff  et al[7] found an 88% incidence of  painful cramps 
in 33 cirrhosis patients, as compared to 21% in a matched 
population without liver disease. They concluded that the 
strikingly high incidence and uniformity of  the phenom-
enon might justify the inclusion of  painful muscle cramps 

among the recognized symptoms of  cirrhosis. Abrams et 
al[8] suggested that cramps in cirrhotic patients are specifi-
cally related to the development of  cirrhosis, and that a 
worsening liver function may be a risk factor for the devel-
opment of  cramps. Angeli et al[9] found that the prevalence 
of  cramps was higher in cirrhotic patients than in controls, 
and that it was related to the duration of  recognized cir-
rhosis and to the severity of  liver function impairment. 
Moreover, they concluded that the pathophysiological link 
between cirrhosis and cramps may associate with a reduced 
effective circulating volume, and also indicated that weekly 
human albumin infusion may be an effective treatment for 
cramps in cirrhosis. However, these reports focused upon 
muscle cramps as a symptom observed in liver cirrhosis 
patients, and not on the clinical and laboratory findings as-
sociated with muscular symptoms. Moreover, in addition 
to muscular symptoms such as muscle cramps, weakness, 
aching and tenderness, rhabdomyolysis can also occur in 
liver cirrhosis patients[8-10]. However, no systematic inves-
tigation has been conducted on rhabdomyolysis develop-
ment in cirrhotic patients.

Rhabdomyolysis may be defined as a clinical and labo-
ratory syndrome resulting from skeletal muscle injury with 
the release of  muscle cell contents into the plasma[14]. In-
creased concentrations of  these released substances, such 
as CK, permit clinicians to diagnose this syndrome[14]. We 
found an incidence of  acute myopathy of  1.8% among 
hospitalized liver cirrhosis patients. We investigated here 
cirrhotic patients with elevated muscle enzyme concentra-
tions and/or muscular symptoms, i.e., rhabdomyolysis. 
And, we described this syndrome as acute myopathy rather 
than rhabdomyolysis, to better characterize the syndrome 
and to highlight its significance in liver cirrhosis patients, 
much like that of  the myopathies of  alcoholism and alco-
holic liver diseases.

We observed that almost all cirrhotic patients who 
developed acute myopathy had a poor liver function, i.e., 
Child-Pugh B or C at the time of  onset, with exception of  
3 cases with Child-Pugh A. Therefore, patients with ad-
vanced liver cirrhosis and a poor liver function should be 
monitored carefully for acute myopathy, in addition to the 
better known complications of  hepatic encephalopathy, 

    AST (IU/L)     CPK (IU/L)    LDH (IU/L)

Class A 925   6 820.7 1013
Class B 1 359.8 21 083.3     1 991.7
Class C 1 231.2 21 147.9     1 936.1
Total 1 264.8 20 693.2     1 926.7
Peak daya       5.1         5.4          6.2

Table 3 Muscle enzymes in patients with liver cirrhosis and 
acute myopathy

aThe intervals from symptom onset to peak levels.

        5440 
cirrhotic patients

     99 (1.8%) 
acute myopathy

Child-Pugh C
 63 (63.6%)

Child-Pugh A
  3 (3.0%)

Child-Pugh B
 33 (33.3%)

Recovery
3 (100%)

 Recovery
26 (83.9%)

  Death
5(16.1)%

  Recovery
35 (59.3%)

   Death
24(40.7)%

▲▲

▲

▲▲ ▲▲

Lost to follow-up2
4

Figure 1  Clinical course of the patients with liver cirrhosis and acute myopathy. 
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gastrointestinal bleeding, or hepatorenal syndrome.
Compared with rhabdomyolysis in the general popula-

tion, in which drug overdose and septicemia are the most 
common etiologic factors[15], we found that the most pre-
disposing factor to myopathy development in cirrhotic 
patients was infection (46.5%), including respiratory, 
spontaneous bacterial peritonitis (E. coli), urinary tract in-
fection, and Vibrio vulnificus sepsis. Furthermore, 50% of  
idiopathic cases were positive for anti-influenza antibody, 
suggesting that an infectious etiology may account for over 
50% of  acute myopathy associated with liver cirrhosis, and 
that influenza should be considered an etiologic factor of  
acute myopathy developing in cirrhotic patients without 
a definite etiology. In addition to influenza, various viral 
and bacterial infections have been reported to be etiologic 
factors of  rhabdomyolysis in the general population[16-20]. 
Although the precise pathophysiology underlying virus or 
bacteria-induced rhabdomyolysis is unknown, proposed 
pathophysiological mechanisms include direct viral or bac-
terial invasion of  skeletal muscle and toxin generation[17]. 
Muscle biopsies performed on rhabdomyolysis patients 
found lymphocytic infiltrate or viral inclusions, which sup-
port the hypothesis of  direct viral invasion[21-23]. Viral DNA 
PCR analysis of  muscle specimens and the identification 
of  viral particles and bacteria in the muscle biopsy speci-
mens, and the isolation of  virus by culture from muscle 
specimens provide more compelling evidence of  direct 
viral or bacterial invasion[22-24].

As 19.2% of  our subjects presented with symptoms 
of  concurrent complications other than muscular symp-
toms, acute myopathy may be difficult to identify in some 
cirrhotic patients by symptoms alone, i.e., without testing 
muscle enzymes. Because cirrhotic patients can develop 
various complications, muscle enzymes investigations are 
recommended for the detection of  acute myopathy. On 
this point, previous investigations[7-9] were limited because 
they evaluated only muscular symptoms.

Increased levels of  muscle enzymes are the result 
of  skeletal muscle injury and the consequent release of  
muscle cell contents into the plasma[14]. AST, CK, and 
LDH peaked 5-6 d after symptom onset, and symptom 
alleviation was followed by a reduction in muscle enzyme 
levels (data not shown). The patients with decompensated 
liver cirrhosis had higher plasma levels of  muscle enzymes 
than cirrhotic patients with a well preserved liver func-
tion. These findings represent the natural course of  acute 
myopathy development in cirrhotic patients.

Rhabdomyolysis may or may not result in myoglobin-
uria, depending on the amount of  myoglobin released 

into plasma, the glomerular filtration rate, and the urine 
concentration[14]. In the present study, myoglobinuria was 
present in only 37.6% of  subjects who took the urine or-
thotolidine test; however, serum myoglobin was elevated in 
all patients. Moreover, myoglobinuria and serum myoglo-
bin levels were unrelated to each other or to the develop-
ment of  renal failure. Different urine sampling times may 
also have influenced the low incidence of  myoglobinuria. 
Though myoglobinuria is an important clue for the diagno-
sis of  rhabdomyolysis, it cannot be used alone to identify 
all myopathies. Increased levels of  muscle enzymes and 
serum myoglobin are more sensitive for the diagnosis of  
rhabdomyolysis, and in particular, CK is a highly sensitive 
marker of  muscle injury[25]. 

Many case reports have mentioned the usefulness of  
Tecnetium-99 m bone scintigraphy for the early diagnosis, 
and for determining the location and extent of  the muscle 
damage in rhabdomyolysis[26-28]. In the present study, a 
99mTc-HDP radionuclide bone scan was diagnostic in 
64.3% of  the patients evaluated. Patients evaluated within 
a few days after onset showed increased muscular uptake, 
but not all patients showing symptomatic improvement 
who received this test showed increased muscular uptake. 
Thus, 99mTc bone agent scintigraphy may be useful for the 
evaluation of  the degree and extent of  muscle injury, if  it 
is timely performed.

The length of  hospital stay was about 12 d in patients 
with Child-Pugh A and about 3 wk in the patients with 
Child-Pugh B or C. Over 40% of  cirrhotic cases with acute 
myopathy were accompanied by acute renal failure. The in-
cidence of  renal failure depended on Child-Pugh class, and 
was highest in patients with Child-Pugh C. Although the 
pathophysiologic mechanisms of  rhabdomyolysis-related 
acute renal failure are unknown, several mechanisms have 
been proposed, for example, tubular obstruction by myo-
globin plugs and/or urate, renal vasoconstriction caused by 
the inhibitory effect of  myoglobin on endothelial vasodila-
tor production, and toxic free radical produced by ferrous 
compound, a metabolite of  myoglobin[29, 30]. The frequency 
of  acute renal failure in cases of  rhabdomyolysis was re-
ported to be 16%-33% in the general population[14,31], and 
40.4% in acute myopathy associated with liver cirrhosis. 
In the present study, among rhabdomyolysis cases compli-
cated by acute renal failure, 62.5% expired, and acute renal 
failure accounted for 20.7% of  these mortalities. Thus, 
acute renal failure seems to have a prognostic role and 
its frequency was found to depend on Child-Pugh class. 
These findings suggest that the status of  underlying liver 
function may be the most important prognostic factor in 
cases of  acute myopathy associated with liver cirrhosis.

The mortality rate reported in the general population 
was 10%-12%[14, 15, 31], and the overall mortality rate in the 
present study was 31.2%, which is higher than those re-
ported in cases of  rhabdomyolysis in the general popula-
tion. The mortality rate also depended on the status of  un-
derlying liver function. In particular, in-hospital mortality 
of  Child-Pugh C patients was 40.7%. The most common 
cause of  death in cirrhotic patients with acute myopathy 
was hepatic failure (48.3%).

There are some limitations in this study. First, since the 
present study was based on retrospective review of  medi-

                      Child-Pugh class (%)

Outcome     A      B     C   Total

Recovery  3(100)  26(83.9) 35(59.3) 64(68.8)
Death  0(0)   5(16.1) 24(40.7) 29(31.2)
Total  3 31 59 93a

Table 4 Clinical outcome of patients with liver cirrhosis and 
acute myopathy by Child-Pugh's classification (n=93)

aSix patients (2 with Child-Pugh B and 4 with C) were lost to follow-up.
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cal records of  only symptomatic hospitalized patients, the 
incidence of  acute myopathy was underestimated. In addi-
tion, all 5 440 cirrhotic patients were hospitalized because 
of  various problems related to cirrhosis so that a majority 
of  them had advanced diseases and the patients with well 
compensated diseases were not included. Therefore, for 
all that an analysis of  all cirrhotic patients including those 
without any complication is necessary for defining the 
predisposing factors for acute myopathy, we could not 
compare underlying disease function between the patients 
with myopathy and those without. Thirdly, the diagnosis 
of  myopathy was based on the laboratory and clinical find-
ings, not electromyography or muscle biopsy. However, the 
decompensated cirrhotic patients can hardly receive elec-
tromyography or especially muscle biopsy. Furthermore, 
the term ‘myopathy’ was used as rhabdomyolysis in this 
study.

We found that acute myopathy development is a seri-
ous complication in liver cirrhosis patients and that this 
has several predisposing factors. Moreover, its frequency, 
morbidity, and mortality were found to depend on underly-
ing liver function and to be higher in decompensated liver 
cirrhosis. The authors propose that acute myopathy associ-
ated with liver cirrhosis be called ‘hepatic myopathy’ and 
that careful monitoring is required for its early recognition 
in the advanced liver cirrhosis patients. The avoidance of  
predisposing factors by identifying disease mechanisms is 
certain to reduce the occurrence and mortality of  hepatic 
myopathy. Further studies on the pathophysiologic mecha-
nism and treatment of  hepatic myopathy are warranted.

Footnote: Abstract of  this paper was presented at Di-
gestive Disease Week 2004, New Orleans, USA
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Abstract
AIM: To investigate the mechanism of bombesin-induced 
circular smooth muscle cell contraction in cat esophagus.

METHODS: Specific G protein or phospholipase C in-
volved in cat esophagus contraction was identified, 
muscle cells were permeabilized with saponin. After per-
meabilization of muscle cells, the Gi3 antibody inhibited 
bombesin-induced smooth muscle cell contraction. 

RESULTS: Incubation of permeabilized circular muscle 
cells with PLC-β3 antibody could inhibit bombesin-
induced contraction. H-7, chelerythrine (PKC inhibitor) 
and genistein (protein tyrosine kinase inhibitor) inhibited 
bombesin-induced contraction, but DAG kinase inhibitor, 
R59949, could not inhibit it. To examine which mitogen-
activated protein kinase (MAPK) was involved in bombe-
sin-induced contraction, the specific MAPK inhibitors (MEK 
inhibitor, PD98059 and p38 MAPK inhibitor, SB202190) 
were used. Preincubation of PD98059 blocked the con-
traction induced by bombesin in a concentration-depen-
dent manner. However, SB202190 had no effects on con-
traction.

CONCLUSION: Bombesin-induced circular muscle cell 
contraction in cat esophagus is madiated via  a PKC or a 
PTK-dependent pathway or p44/p42 MAPK pathway.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Bombesin is originally isolated from Bombina bombina, 
a European frog. Utilizing antibodies to amphibian 
bombesin, bombesin-l ike immunoreactivity has 
been identified in mammalian brain, lung, and gut[1]. 
Bombesin has a wide range of  biological effects that 
include release of  hormones, stimulation of  pancreatic 
enzyme secretion, inhibition of  gastric emptying, 
modulation of  gastric acid secretion and contractions 
of  various smooth muscle preparations from isolated 
gut[2]. Until now, four different subtypes of  bombesin 
receptors have been discovered, which can lead to the 
activation of  multiple cell signaling pathways[3]. The 
primary structures of  all these receptor subtypes as 
deduced from corresponding cDNAs, display seven 
transmembrane domains coupled to signaling pathways 
via heterotrimeric G proteins[4-6]. 
    Protein kinase C (PKC) is a family of  homologous 
serine/threonine kinases and presents in cytoplasm. 
Upon agonist stimulation, it rapidly translocates to the 
particulate or membrane fraction[7,8]. PKC plays a role in 
the regulation of  sustained agonist-induced contraction of  
various vascular smooth muscle preparations[9].
    Increased protein tyrosine phosphorylation occurs 
rapidly (within seconds) in response to both polypeptide 
growth factors and vasoconstrictor hormones[10,11]. 
Furthermore, epidermal growth factor and platelet-derived 
growth factor increase vascular tone[12], and are blocked by 
genistein and typhostins, both of  which are inhibitors of  
tyrosine kinases, indicating that tyrosine phosphorylation is 
involved in the contractile response[12].
    The p44/42 MAP Kinase pathway consists of  a protein 
kinase cascade linking growth and differentiation signals 



with transcription in nuclei. Activated p44/p42 MAP 
kinase translocates to the nuclei and activates transcription 
by phosphorylation of  transcription factors such as Elk-1 
and Stat3. A selective and potent inhibitor of  the p44/42 
MAP kinase cascade, PD98059, has been identified[13]. 
This compound binds to inactive MEK and prevents 
phosphorylation and activation by Raf.
    To test whether bombesin-induced contraction is 
mediated via a PKC- or PTK- or MAPK- dependent 
pathway and which G protein and phospholipase C 
isozyme is coupled to bombesin, we investigated the 
signals in mediating contraction induced by bombesin in 
cat esophageal circular muscle cells. 

MATERIALS AND METHODS
Materials
R59949, PD98059 and SB202190 were purchased from 
Calbiochem (La jolla, CA). G protein antibodies (Gi1, Gi2, 
Gi3, Gq, and Go), and PLC isozyme antibodies (β1, β3, 
γ1) were purchased from Santa Cruz Biotechnology (Santa 
Cruz, CA). HEPES, collagenase type F, and other reagents 
were purchased from Sigma (St Louis, MO).

Preparation of dispersed muscle cells 
S ing le musc l e ce l l s were i so l a t ed a s p rev ious l y 
described[14,15]. Muscle strip was incubated overnight in 
normal potassium HEPES buffer containing 1 g/L papain, 
1 mmol/L DTT, 1 g/L bovine serum albumin (BSA) and 
0.5 g/L collagenase (type F, Sigma) and equilibrated with 
950 mL/L O2 and 5 mL/L CO2 to maintain a pH of  7.0 
at 31 ℃. The normal potassium-HEPES buffer contained 
1 mmol/L CaCl2, 250 µmol/L EDTA, 10 mmol/L 
glucose, 10 mmol/L HEPES, 4 mmol/L KCl, 131 mmol/
L NaCl, 1 mmol/L MgCl2 and 10 mmol/L taurine. Next 
day we warmed up the tissue at room temperature for 30 
min and incubated the tissue in water bath at 31 ℃ for 
30 min. After incubation, the digested tissue was washed 
with 50 mL enzyme-free solution on 360 µm Nitex filter 
and reincubated in enzyme-free solution at 31 ℃ and 
gassed with 950 mL/L O2 and 5 mL/L CO2 and the cells 
were allowed to disperse spontaneously for 10-20 min. 
Suspensions of  single muscle cells were harvested by 
filtration through 500 µm Nitex meshes. Before beginning 
the experiment, the cells were heated at 31 ℃ for at least 
10 min to relax the cells. Throughout the entire procedure, 
care was taken not to agitate the f luid to avoid cell 
contraction in response to mechanical stress. 

Preparation of permeabilized smooth muscle cells
Cells were permeabilized to diffuse the agents such as 
G protein antibodies or PLC isozyme antibodies. After 
completion of  the enzymatic phase of  the digestion 
process, the partly digested muscle tissue was washed 
with an enzyme-free cytosolic buffer containing 20 
mmol/L NaCl, 100 mmol/L KCl, 5.0 mmol/L MgSO4, 
0.96 mmol/L NaH2PO4, 1.0 mmol/L EGTA, 0.48 mmol/L 
CaCl2, and 2% bovine serum albumin. The cytosolic buffer 
was equilibrated with 950 mL/L O2 and 5 mL/L CO2 to 
maintain a pH of  7.2 at 31 ℃. Muscle cells dispersed 

spontaneously in this medium. The cytosolic buffer 
contained 0.48 mmol/L CaCl2 and 1 mmol/L EGTA, 
yielding 0.18 µmol/L free Ca2+ calculated as previously 
described[16]. After dispersion, the cells were permeabilized 
by incubation for 5 min in cytosolic buffer containing 
saponin (75 mg/L). After exposure to saponin, the 
cell suspension was centrifuged at 350 r/min and the 
resulting pellet was washed with saponin-free modified 
cytosolic buffer containing antimycin A (10 µmol/L), 
ATP (1.5 mmol/L) and an ATP-regenerating system 
consisting of  creatine phosphate (5 mmol/L) and creatine 
phosphokinase (166.7µkat /L). After the cells were washed 
free of  saponin, they were resuspended in modified 
cytosolic buffer.

Measurement of contraction by scanning micrometry
Contraction of  isolated muscle cells was measured by 
scanning micrometry[17]. An aliquot of  cell suspension 
containing 107 muscle cells/L was added to HEPES 
medium containing the test agents. The react ion 
was terminated by addition of  formalin (10% final 
concentration). The length of  40-50 muscle cells treated 
with a contractile agent was measured at random by 
scanning micrometry, phase contrast microscope (model 
ULWCD 0.30 Olympus, Japan) and digital closed-
circuit video camera (CCD color camera, Toshiba, Japan) 
connected to a Macintosh computer (Apple, Cupertino, 
CA) with a software program, NIH Image 1.57 (National 
Institutes of  Health, Bethesda, MD) and compared with 
the length of  untreated cells. Contraction was expressed as 
the percentage decrease in mean cell length from control. 

Statistical analysis
Data were expressed as mean ± SE. Data differences 
between means were determined by Student's t test.

RESULTS
Characterization of G protein subtype-coupled receptor of 
bombesin
Freshly isolated smooth muscle cells were stimulated for 
30 s with bombesin (10-6mol/L) and bombesin induced 
the contraction of  smooth muscle cell (24.3% ± 2.2% 
decrease in cell length from control). G proteins, Gi1, Gi2, 
Gi3, G (40 ku), Gq (42 ku), Gs (46 ku) in cat esophagus 
cells were established as previously described[17,18]. To 
identify the specific G protein involved in cat esophagus 
contraction, muscle cells were permeabilized with saponin 
preincubated in cytosolic medium containing G protein 
antibody to allow the antibodies to diffuse into the 
cytosolic region of  the cell membrane. These antibodies 
could block receptor-induced activation of  G protein by 
binding to the terminal peptide region of  G protein that 
could interact with the receptor. After permeabilization, 
the Gi3 inhibited contraction, but Gi1, Gi2, Go, Gq did 
not (Figure 1).

PLC-β3 mediated bombesin-induced contraction
We have previously shown that PC-PLC inhibitor 
D609 could block the bombesin-induced contraction[17] 
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and Western blot analysis of  homogenates obtained 
from dispersed smooth muscle cells using monoclonal 
antibodies to PLC isozymes could demonstrate the 
presence of  immunoreactive protein bands corresponding 
to 150 Ku PLC-β1, and PLC-β3 antibody, and 145 Ku 
PLC-β1 antibody[18]. Incubation of  permeabilized circular 
muscle cells for 1 h with PLC- 3-specific antibody inhibited 
bombesin- (10-6 mol/L) induced contraction (P < 0.05). No 
other PLC-β3-specific antibodies had any significant effect 
on the contraction (Figure 2). 

Role of protein kinase C and tyrosine kinase in bombesin-
induced contraction
Cells were preincubated with either the tyrosine kinase 
inhibitor genistein (10-5 mol/L) for 20 min or with the 
protein kinase C inhibitor H-7 for 15 min (10-5 mol/L) or 
chelerythrine (10-5 mol/L) and diacylglycerol (DAG) kinase 
inhibitor R59949 (10-5 mol/L) for 1 min respectively, 
before the addition of  bombesin (10-6mol/L). Bombesin-
induced contraction was inhibited by preincubation with 
genistein as follows: percent age decrease in cell length 
was 24.3% ± 2.2% vs 10.4% ± 2.5% and 9.1% ± 2.5% 
vs 9.5% ± 2.5% in the cells preincubated with H-7 and 

chelerythrine, respectively (Figure 3).  

Role of MAPK in bombesin-induced smooth muscle cells 
contraction
To examine which MAPK was involved in bombesin-
induced contraction, specific MAPK inhibitors were used. 
Preincubation of  PD98059 (the MEK inhibitor) blocked 
the contraction induced by bombesin in a concentration-
dependent manner. The maximal inhibition was observed 
in 10-5mol/L (Figure 4). However, preincubation of  
SB202190 (the p38MAPK inhibitor) did not inhibit 
bombesin-induced concentration, suggesting that 
bombesin-induced concentration might be mediated via 
the p44/p42 MAPK pathway.

DISCUSSION
Bombesin is an amidated tetradecapeptide originally 
purified from the skin of  the European frog Bombina 
bombina[1]. Exogenous introduction of  this peptide into 
various organ systems elicits a wide range of  responses 
including secretion of  gastrointestinal, adrenal and 

Figure 2 Inhibition of bombesin-induced contraction in permeabilized esophageal 
circular muscle cells by antibodies to PLC isoforms (Mean ± SE, Student’s t test, 
aP < 0.05 vs Control). 
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Figure 1 Inhibition of bombesin induced-contraction in permeabilized esophageal 
circular muscle cells by antibodies to G protein isoforms (Mean ± SE, Student’s t 
test, aP < 0.05 vs Control). 
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Figure 4 Effect of MEK inhibitor, PD98059 and p38 MAP kinase inhibitor, 
SB202190 on the bombesin-induced cat esophageal smooth muscle cell 
contraction (mean ± SE, n =  4).
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pituitary hormones and gastric acid, pancreatic enzyme 
and mucous, as well as regulation of  smooth muscle 
contraction and modulation of  neuronal firing rate[19]. 
Bombesin receptor is a member of  the rhodopsin family 
of  receptors containing seven transmembrane domains 
coupled to a G protein[20]. Molecular cloning studies 
have revealed the identity of  three mammalian bombesin 
receptors: gastrin-releasing peptide (GRP receptor)[6], 
neuromedin B (NMB receptor)[21] and bombesin receptor 
subtype 3 (BRS-3)[4]. These three receptors share about 
50% amino acid sequence identity. In adult animals, 
GRP-R and NMB-R are widely expressed in the central 
nervous system[21] and gastrointestinal tract[22,23], whereas 
BRS-3 shows limited expression in the hypothalamus but 
is expressed in secondary spermatocytes[4]. Peripheral 
administration of  bombesin produces a variety of  effects 
directly or indirectly linked to the activation of  receptors 
for bombesin-like peptides in the gastrointestinal tract, 
including exocrine pancreatic secretion, gastrointestinal 
peptide hormone release, smooth muscle contraction and 
reduction of  food intake. Bombesin receptor is activated 
after ligand binding and then catalyzes the exchange of  
GDP bound to the Gα subunit for GTP. After dissociation 
from Gβγ subunits, functional GTP binds to Gα subunit 
and activates β isoform of  phospholipase C that catalyzes 
the hydrolysis of  phosphatidyl inositol 4,5-bisphosphate 
(PIP2) in the cell membrane[24]. Gq (42 Ku), Gi1 (40 Ku), 
Gi2 (40 Ku), Gi3 (40 Ku), Go (40 Ku), Gs (46 Ku) in 
esophageal circular muscle have been detected by western 
blot[17]. In addition, when the same G protein antibodies 
are used to examine which G protein could mediate the 
contractile response of  esophageal muscle, bombesin-
induced contraction of  esophageal muscles is inhibited by 
antibodies against the alpha subunits of  Gi3[17]. 
    We have previously shown that the response of  
esophageal cells to bombesin is blocked by the inhibitor 
of  specific phosphatidylcholine-phospholipase C (PLC), 
D609[17] and Western blot analysis can demonstrate the 
presence of  immunoreactive protein bands corresponding 
to 150 Ku PLC-β1, PLC-β3 antibody, and 145 Ku PLC-γ1 
antibody[18]. Permeabilization was used to examine the 
participation of  PLC isozymes in bombesin-induced 
muscle contraction in this study. Antibodies to PLC-β3, 
similarly to rabbit intestine[25], could inhibit bombesin-
induced contraction. PLC-β1 and PLC-γ1 antibodies had 
no effect by themselves. The result suggests that PLC-β3 
plays a role in mediating esophageal muscle contraction. 
    Many vasoconstrictor agonists increase protein tyrosine 
phosphorylation and ERK activity in smooth muscle 
preparations[26,27]. Furthermore, tyrosine kinase inhibitors 
block agonist-induced contraction[26,28,29], suggesting that 
this pathway is important for smooth muscle contraction. 
In this study, we investigated the regulation of  tyrosine 
phosphorylation following bombesin stimulation and 
the role of  this pathway in the contractile response. 
Genistein, a tyrosine kinase inhibitor, reduced contraction 
in response to bombesin in cat esophagus cells, suggesting 
that tyrosine kinases are involved in bombesin-induced 
contraction pathway. 
    Protein kinase C (PKC) is an enzyme activated by 
DAG, a second messenger produced by the PLC-catalyzed 

hydrolysis of  PIP2. PIP2 hydrolysis produces two signaling 
molecules, DAG and IP3. DAG is the physiological 
activator of  the classical and novel isoforms of  PKC[30], 
whereas IP3 regulates intracellular Ca2+ movements[31]. 
DAG kinase plays an essential role in attenuation of  
DAG signals in agonist-stimulated cells. DAG kinase, 
which phosphorylates DAG to phosphatidic acid, is 
divided into a membrane bound and a soluble form. DAG 
kinase inhibitor increases PKC activity by blocking the 
phosphorylation of  DAG to phosphatidic acid[32]. In this 
study, we showed that R59949 (the DAG kinase inhibitor) 
did not increase the bombesin-induced contraction. We 
found that PKC inhibitor, H-7 and chelerythrine, blocked 
the contraction induced by bombesin. This result is similar 
to those of  Bitar et al [33]. 
    MAP kinase is a serine/threonine-specific protein kinase, 
activation and phosphorylation of  which are induced by a 
variety of  extracellular factors such as mitogenic growth 
factors and neuropeptides[34,35]. In colonic smooth muscle 
cells[36,37], agonist-induced contraction involves a kinase 
cascade initiated by PKC and activation and redistribution 
of  MAP kinase. The activation of  MAP kinase by 
bombesin is rapid (within 15 s), reaching a maximum 
within 30 s, followed by a decline[37]. We found that p44/
p42 MAP Kinase was involved in the bombesin-induced 
contraction in cat esophagus, indicating that the bombesin-
induced signaling pathway progresses to p44/p42 MAP 
kinase to induce contraction. 
    In conclusion, bombesin induces circular muscle cell 
contraction in cat esophagus, which is mediated by protein 
kinase C and tyrosine kinase pathway. Bombesin induces 
contraction via Gi3 and PLC-β3. The contraction is 
mediated via p44/p42 MAP kinase pathway. Our findings 
provide the basic and clinical experimental data on 
bombesin-induced contraction and its signal transduction 
in esophagus.
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Abstract
AIM: To assess the role of lactase non-persistence/per-
sistence in school-aged children and their milk-related 
symptoms. 

METHODS: The genotypes for the C/T-13910 variant 
associated with lactase non-persistence/ persistence 
were determined using PCR-minisequencing in a group 
of 172 children with a mean age of 8.6 years (SE = 0.02, 
93 boys) participating in a follow-up study for cow’s milk 
allergy. The parents were asked to assess their children’s 
milk consumption and abdominal symptoms. 

RESULTS: The presence of allergy to cow’s milk was 
not associated with the C/C-13910 genotype related with 
a decline of lactase enzyme activity during childhood 
(lactase non-persistence).  The frequency of the C/C-13910 

genotype (16%) was similar to published figures for the 
prevalence of adult-type hypolactasia in Finland. The 
majority of the children (90%) in this series consumed 
milk but 26% of their families suspected that their chil-
dren had milk-related symptoms. Forty-eight percent of 
the children with the C/C-13910 genotype did not drink milk 
at all or consumed a low lactose containing diet prior to 
the genotyping (P < 0.004 when compared to the other 
genotypes).

CONCLUSION: Analysis of the C/T-13910 polymorphism 
is an easy and reliable method for excluding adult-type 
hypolactasia in children with milk-related symptoms. 
Genotyping for this variant can be used to advise diets 

for children with a previous history of cow’s milk allergy. 
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INTRODUCTION
Lactase deficiency (LD, lactase non-persistence) is the 
most common cause of  milk intolerance in children and 
adolescents world-wide[1]. It plays a significant role in 
recurrent abdominal pain in populations with common 
consumption dairy products[2]. Immunologically medi-
ated adverse reaction to ingested proteins of  cow’s milk 
is referred to as cow’s milk allergy (CMA), the symptoms 
of  which usually appear under one year of  age[3]. CMA af-
fects 1.9%-3.2% of  infants[4] though recent studies suggest 
that allergy to cow’s milk protein may have an impact on 
abdominal symptoms at schoolage also[5].  CMA is easily 
differentiated from LD if  it manifests at an early age with 
skin and/or respiratory symptoms[6]. In cases of  CMA that 
present with gastrointestinal symptoms, the clinical picture 
may overlap with symptoms caused by low lactase activ-
ity especially at schoolage, when the downregulation of  
lactase enzyme activity occurs[7]. 

The differential diagnosis of  milk-related symptoms in 
children is difficult to establish because of  the variability 
of  clinical symptoms and inaccurate diagnostic laboratory 
tests[8]. The diagnosis of  lactose malabsorption is based on 
the measurement of  disaccharidase activities in intestinal 
biopsy specimens, a method which is not suitable for every 
day clinical practice. The indirect commonly used lactose-
tolerance test (LTT) is not reliable in children and results in 
up to 30% of  false positive results, thus reducing its value 
in clinical use[9]. In addition, children with normal lactose 
digestion complain of  symptoms during LTT[10]. 

Recently, a C to T single nucleotide polymorphism re-
siding 13 910 base pairs upstream of  the lactase-phlorizin 
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hydrolase (LCT) gene has been shown to associate with 
lactase persistence/non-persistence, the C/C-13910 genotype 
defining lactase non-persistence as well as C/T-13910 and 
T/T-13910 genotype lactase persistence[11]. The association 
of  the C/T-13910 variant with disaccharidase activities and 
lactase/sucrase ratio (L/S) has been verified in a total of  
>600 intestinal biopsy specimens[7, 11, 12].  In Finnish chi-
ldren (8-20 years of  age) the mean level of  lactase activity 
among subjects with the C/C-13910 genotype is 6.5 U/g 
protein. The C/T-13910 genotype is 29.9 U/g protein and 
50.0 U/g protein respectively, showing a trimodal distribu-
tion of  the lactase activity[7]. Functional evidence for the 
C/T-13910 variant in regulation of  lactase activity has been 
obtained in several studies[12-15] and a greater increase in 
LCT promoter activity was reported for the T-13910 vari-
ant[13, 14]. The down-regulation of  intestinal lactase varies 
according to ethnicity but the differences at the timing 
of  down-regulation are not marked and most commonly 
start to appear around 5-6 years of  age[7].  At the age of  
12 years, all children with the C/C-13910 genotype have low 
lactase activity in their intestines[7].

The aim of  the present study was to evaluate the role 
of  lactase non-persistence in milk consumption and milk-
related clinical symptoms by analysing the C/T-13910 geno-
types of  lactase persistence/non-persistence in a group of  
172 school-aged children from eight to nine years of  age 
with or without a previous history of  CMA. 

MATERIALS AND METHODS
Subjects
This study was part of  a prospective follow-up study of  
children with a history of  CMA diagnosed at a mean age 
of  seven months [16]. The present study group comprised 
172 school-aged children (mean age 8.6 years; SE = 0.02, 
93 boys, 79 girls) who were clinically examined during Au-
gust 2003-March 2004 at the Helsinki University Central 
Hospital, Helsinki, Finland. Ninety-three children (54%) 
had a previous diagnosis of  CMA and 79 children com-
prised the control group. All these children were subjects 
in the study by Saarinen and collaborators[17], in which 
6209 unselected infants born between August 1994 and 
November 1995 in the Helsinki region were followed up 
from birth for the development of  CMA. The presence 
of  CMA was confirmed by a challenge test[17]. At the time 
of  the present visit, the families were asked about the chil-
dren’s milk consumption and possible milk-related symp-
toms and those agreeing to participate in genetic testing 
of  adult-type hypolactasia were included in the study. IgE-
mediated hypersensitivity to cow’s milk was measured by 
skin prick test. A diameter >3 mm exceeding the negative 
control was considered as a positive response[18]. Those 
children who were still avoiding milk due to previous 
CMA were re-challenged by cow’s milk[16]. A supplemen-
tary questionnaire on the amount of  milk consumed and 
possible abdominal symptoms during the preceding week 
was mailed later. Celiac disease was screened as previously 
described[19 ].

Ethics
The study was approved by the Ethical Committee of  

the Hospital for Children and Adolescents, University 
of  Helsinki. The families/children gave their informed 
consent.

Genotyping
DNA was isolated from blood by phenol-chloroform ex-
traction as previously described[20] and DNA fragments 
spanning the C/T-13910 variant were amplified using one 
biotinylated primer and one unbiotinylated primer (primer 
sequences available on request). Briefly, PCR amplifica-
tions were carried out in a 50-µL volume with genomic 
DNA (100 ng), primers (20 ng), dNTPs (200 µmol/L), and 
0.5 U of  Taq polymerase in a standard buffer (Dynazyme, 
Finnzymes, Espoo, Finland). The PCR cycle conditions 
were as follows: an initial round of  denaturation at 94 ℃, 
then 35 cycles at 94  ℃ for 30 s, at 53 ℃ for 30 s, at 72 ℃ 
for 1.25 min and a final extension at 72  ℃ for 10 min. Ten 
µl of  the PCR product was captured in a streptavidin-coat-
ed microtiter well (Thermo Electron, Vantaa, Finland) and 
two parallel minisequencing reactions were carried out for 
each PCR-product. The minisequencing reaction contained 
10 pmoles of  the minisequencing primer (primer sequence 
available on request), 0.1 µL of  tritium-labelled dNTP 
(Amersham Biosciences, Little Chalfont, Buckingham-
shire, UK), and 0.05 U of  DNA polymerase (Dynazyme, 
Finnzymes, Espoo, Finland). The microtiter wells were 
incubated for 15 min at 56  ℃ and finally the wells were 
washed. The detection primer was eluted and the eluted 
radioactivity was measured in a liquid scintillation counter 
(Rackbeta 1209, Wallac, Finland) as previously described [21].

Statistical analysis
The Mann-Whitney U test and Spearman’s rank correla-
tion test were used for nonparametric comparisons. Fisher’s 
exact 2-sided test was also used. 

RESULTS
Twenty-six percent of  the families (45/172) suspected 
that their children had milk-related symptoms at 8-9 years 
of  age at the time of  this study. A significantly greater 
proportion of  these came from those diagnosed to have 
CMA (76%, 34/45) at a mean age of  seven months[17] than 
those serving as controls (P < 0.003). 

Skin-prick test with cow’s milk was positive (> 3 mm) 
in 12% of  the children undergoing these tests (20/168) 
and all these children had a previous history of  CMA (Table 
1). At the time of  this study, the challenge test with cow’s 
milk was positive in 11 of  the 16-challenged children[16]. 

The frequency of  C/C-13910 genotype defining adult-
type hypolactasia was 16% in the total study group of  172 
children. There was no correlation with the genotype and 
positive reaction in the skin prick test or food challenge. 
Of  the 27 children with the C/C-13910 genotype, two were 
challenged with cow’s milk at the time of  this study and 
one of  them had a positive challenge for cow’s milk. The 
milk consumption of  different genotypes is presented 
in Table 2.  Screening for celiac disease was negative in 
170/172 of  the children. The two children with a positive 
screening test consumed milk and reported no abdominal 
symptoms. The genotypes in these two children were C/
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T-13910 and T/T-13910 (data not shown).
Fifty-two children out of  the total study group of  172 

children drank less than one dL of  milk per day or did not 
consume milk products. The C/C-13910 genotype defining 
adult-type hypolactasia was present in 25% (13/52) and 
CMA in 21% (11/52, confirmed in a challenge test) of  
these children. Each child with CMA had a previous di-
agnosis of  CMA. Milk consumption did not have any sig-
nificant effect on body mass index (BMI, kg/m2) and BMI 
was similar in children with different genotypes for adult-
type hypolactasia (data not shown).

The questionnaire on daily milk consumption and 
abdominal symptoms was filled in by 95% (163/172) 
of  the families (Table 3). Adult-type hypolactasia was 
suspected in 9% (15/163) of  the children by their parents 
but was confirmed by genotyping in not more than 20% 
of  these children (3/15 with the C/C-13910 genotype). One 
of  these three children with the C/C-13910 genotype had 
a diagnosis of  lactose malabsorption based on intestinal 
biopsy at the age of  7 years and the other two were 
noticed to have lactose-related symptoms at the age of  
1.5 and 7 years. Two of  the 27 children with the C/C-13910 

genotype did not consume milk because of  CMA. Eighty 
percent of  the children (20/25) with the C/C-13910 genotype 
who had no CMA at this age had a low lactose containing 
diet at home or drank quantities of  milk less than one 
dL/day already prior to the genetic testing (Table 2). 
A similar diet with milk restriction was practiced more 
rarely among children with genotypes associated with 
lactase persistence (31/119 of  the children with C/T-13910 

or T/T-13910 genotypes who answered the question and 
did not have allergy to milk, P < 0.004).  Children with 
the C/C-13910 genotype did not report significantly more 
abdominal pains than children with the C/T-13910 or T/
T-13910 genotypes but there was a difference in the presence 
of  flatulence (P < 0.04, Table 3). Among the children with 
the C/C-13910 genotype, 4/15 children had milk restriction 
beyond two years of  age because of  milk allergy.  Two of  
these four children experienced lactose-related symptoms.

The acceptance of  genetic testing was good, as only 
two families did not participate in the study. Based on 
the interviews of  the families among the children with 
the C/C-13910 genotype, 30% of  the families reported to 
have another family member with symptoms of  adult-
type hypolactasia. Thirteen percent of  the families of  
the total series and one third of  the children with the 
C/C-13910 genotype reported that the result of  the genetic 
test for adult-type hypolactasia had a probable effect on 
their milk consumption (Table 4). Of  the families with 
genotypes associating with lactase persistence (C/T-13910 

or the T/T-13910 genotype), 10% reported that the result 
of  the genetic test was helpful in avoiding unnecessary 
restrictions on milk consumption. 

DISCUSSION
Our results show that the overlap of  IgE-mediated c ow ’s 
milk allergy, CMA, and lactase non-persistence is unlikely 
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  Previous allergy1     Controls

Questionnaire completed 92% (n = 86) 97% (n =77)
Milk product consumption  80% (n = 69) 100%a (n = 77)
Milk consumption < 1 dL/d          36% (23/69) 16%b (12/77)
Low lactose content in diet 14% (10/69) 8% (6/77)
Abdominal symptoms: Flatulence 13% (11/86) 8% (6/77)
                                         Loose stools 5% (4/86) 4% (3/77)
Skin prick test >3 mm to cow’s milk                 22%2  (20/91) 0 (0/77)

Table 1 Milk consumption and abdominal symptoms in school-
aged children with a history of cow’s milk allergy1 and their 
controls

1milk challenge positive at a mean age of 7 mo; aP < 0.0001 vs milk 
consumption; bP < 0.02 vs milk product consumption.

T/T1-13910 C/T1
-13910 C/C2

-13910

Total number of children
n = 172 n = 68 n = 77 n = 27
Milk products consumed 95% 95% 93% 
(n = 163) (54/62) (67/74) (25/27)
Drinks milk < 1 dL/day 22% 18%  44%a

(n = 146) (12/54) (12/67) (11/25)
Low lactose content in the diet 7% 4% 36%b

(n = 146) (4/54) (3/67) (9/25)
Skin prick test >3 mm to cow’s milk 13%5 11%5 12%3

(n = 168) (9/67) (8/75) (3/26)

Table 2 Milk consumption and abdominal symptoms in school-
aged children genotyped for adult-type hypolactasia

1lactase persistence; 2defines adult-type hypolactasia; aP < 0.02 vs genotypes 
associated with lactase persistence (T/T-13910 plus C/T-13910); bP < 0.002 vs T/
T-13910 genotype or C/T-13910 genotype; 3each of these prick positive children 
had a diagnosis of cow’s milk allergy at a mean age of seven mo[17].

Total T/T1-13910 C/T1-13910 C/C2-13910

Questionnaire completed n = 163          n = 62     n = 74      n = 27
Abdominal symptoms (n = 38) 15% (n = 9) 27% (n = 20) 33%a (n = 9)
Flatulence (n = 17) 5% (n = 3) 12% (n = 9) 19%b (n = 5)
Periumibilical pain         (n = 10) 6.5% (n = 4) 5.4% (n = 4) 7.4% (n = 2)
Loose stools (n = 7) 3.2% (n = 2) 5.4% (n = 4) 3.7% (n = 1)
Upper epigastric pain (n = 7) 5% (n = 3) 4.0% (n =3) 3.7% (n = 1)
Constipation (n = 5)        0 5.4% (n = 4) 3.7% (n = 1)
Dyspepsia (n = 1)        0 1.4% (n = 1)         0

Table 3 Abdominal symptoms during a one-week period in 
school-aged children genotyped for adult-type hypolactasia 

1lactase persistence; 2 defines adult-type hypolactasia; aP = 0.05, bP < 0.04 vs 
T/T-13910 genotype.

  T/T1-13910 C/T1-13910 C/C2-13910

Questionnaire completed 94% (62/68) 97% (74/77) 100% (27)
No change in milk consumption  89% (n = 54) 81% (n = 61) 59%3 (n = 16)
Less lactose containing milk          0         0 33% (n = 9)
More lactose containing milk 8% (n = 5)  11% (n = 8)         0
Not decided 5% (n = 3)  7% (n = 5) 7% (n = 2)

Table 4 Probable changes in milk consumption of families 
after receiving the results of genetic testing for adult-type 
hypolactasia in school-aged children

1lactase persistence; 2defines adult-type hypolactasia; 333% of the families 
consumed low lactose containing diet prior to genetic testing.
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to occur at schoolage. The prevalence of  adult-type hypol-
actasia in our study was 16% corresponding to the report-
ed frequency in our population[7,11,22,23] and was not associ-
ated with CMA but correlated with the consumption of  
low lactose containing diets and the presence of  flatulence. 
All children with a positive skin prick test for cow’s milk 
at this age (12%) had a previous diagnosis of  CMA, set-
tled at a mean age of  seven months as previously reported 
in detail[16]. It is noteworthy that not a single child in the 
non-CMA group turned IgE-positive for milk at school-
age, further confirming that IgE-mediated reactions with 
cow’s milk develops at an early age. Tolerance to c ow ’s 
milk develops in the majority of  children with CMA (70%) 
by the age of  three and eight to nine years. At the time 
of  the present study, 85% of  the children recovered from 
CMA[16]. 

It was reported that one third of  the Finnish children 
at the age of  eight years with the genotype C/C-13910  have 
a high intestinal lactase activity[7] and are unlikely to deve-
lop symptoms caused by adult-type hypolactasia. It should 
however be borne in mind that in children the decline of  
intestinal lactase occurs slowly and depends on ethnicity 
[7]. Based on our previous study about the timing of  down-
regulation of  lactase activity[7], we can estimate that about 
10% (0.63 × 16%) of  the children being studied have a 
reduced lactase activity (<10 U/g/protein) and all the 
others have a high lactase activity (>10 U/g/protein). In 
the present study, 60% of  the children with the C/C-13910   
genotype consumed a low lactose containing diet or had 
milk-related symptoms at this age and 40% of  those with 
the C/C-13910 genotype were considered milk-tolerant. The 
avoidance of  milk and consumption of  low lactose con-
taining diet was much more common among children with 
the C/C-13910 genotype than among those with the geno-
types associated with lactase persistence. This confirms our 
preliminary finding[7] and suggests that the children have 
experienced milk-related symptoms triggering a reduced 
lactose intake. 

It is common, however, that children with abdomi-
nal dysfunction after consuming milk are unaware of  its 
cause[24, 25]. This was also obvious in our series as the sus-
picion of  milk-related symptoms was not increased in the 
families of  the children with the C/C-13910 genotype defin-
ing adult-type hypolactasia. However, restricted lactose 
intake was more common in these families. Although this 
dietary modification, the children with the C/C-13910 geno-
type reported more flatulence when compared to those 
with the genotype T/T13910 associated with lactase persis-
tence (P < 0.04). There was no difference in the frequency 
of  abdominal pain between the children with either CMA 
or lactose malabsorption and the control children.

It is common that only some individuals who self-
report them as lactose intolerants are in fact lactose maldi-
gesters when tested objectively[26-30]. The data on children, 
however, are limited. In our series, every fifth child sus-
pected not to tolerate lactose was confirmed to have the 
predisposing genotype for adult-type hypolactasia. The 
lack of  awareness of  lactose maldigestion may increase 
abdominal symptoms in children as reported by Webster 
et al[31] who noticed that after a proper diagnosis of  lactose 
malabsorption, the avoidance of  milk products is more 

rigorous and results in a decrease in complaints. It is un-
clear whether individuals with adult-type hypolactasia and 
lactose maldigestion but without obvious symptoms of  
lactose intolerance should avoid milk or not. A recent dou-
ble-blind study suggested that lactose maldigesters might 
benefit from lactose avoidance even though the diagnostic 
criteria for lactose intolerance are not fulfilled[32]. On the 
other hand, studies in adults reported that as many as 32% 
of  lactose mal-absorbers experience no symptoms from 
lactose containing milk products[26], but at present there are 
no means to predict this at an individual level. 

In the present study, 10% of  the children with the C/
T-13910 genotype reported symptoms such as flatulence and 
loose stools suggestive of  milk intolerance. One of  these 
children had CMA (milk challenge positive) but in the 
other cases the causes for these symptoms were unknown. 
It is possible that some of  these children are carriers of  
a mutation of  congenital lactase deficiency (CLD), a rare 
congenital disorder which may result in low lactase activity 
but no disease manifestations in heterozygotes[33, 34]. Celiac 
disease may cause secondary hypolactasia but screening 
tests for the disease are negative in these children.

Parents easily suspect milk as a causative agent for 
abdominal symptoms in countries where dairy products 
are widely used. In the present study, 26% of  the families 
reported a suspicion of  milk-related symptoms in their 
school-aged children. The majority of  these children did 
not drink milk nor had low lactose containing diets. When 
milk-related symptoms were suspected, the parents recog-
nized CMA easily due to the previous history of  CMA 
but their suspicion of  adult-type hypolactasia was seldom 
confirmed. Accurate diagnosis of  possible milk-related 
symptoms poses a challenge for clinicians as the elimina-
tion of  milk and a proper challenge test for milk proteins 
or tolerance test for lactose are both time-consuming and 
may give unsatisfactory results[8]. The genetic testing of  
adult-type hypolactasia performed from a drop of  blood 
was accepted well by the families as 99% of  the families 
agreed to test their children. About 10% of  the families 
reported that a negative result for adult-type hypolactasia 
was helpful as they may now avoid unnecessary restrictions 
on milk consumption.

In conclusion, a suspicion of  milk-related symptoms is 
common in everyday clinical practice. The genetic test of  
C/T-13910 polymorphism is reliable in excluding adult-type 
hypolactasia in children with milk-related symptoms. Ge-
notyping for this variant may help in planning the diet for 
children with a suspicion of  milk-related symptoms. 
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Abstract
AIM: To identify the variants in UDP-glucuronosyltransfe-
rase 1 (UGT1A1) gene in Gilbert’s syndrome (GS) and to 
estimate the association between homozygosity for TA 
insertion and GS in India, as well as the frequency of TA 
insertion and its impact among normal controls in India. 

METHODS: Ninety-five GS cases and 95 normal controls 
were selected. Liver function and other tests were 
done. The promoter and all 5 exons of UGT1A1 gene 
were resequenced. Functional assessment of a novel 
trinucleotide insertion was done by in silico  analysis and 
by estimating UGT1A1 promoter activity carried out by 
luciferase reporter assay of appropriate constructs in Hep 
G2 cell line.

RESULTS: Among the GS pat ien ts , 80% were 
homozygous for the TA insertion, which was several-fold 
higher than reports from other ethnic groups. The mean 
UCB level was elevated among individuals with only 
one copy of this insertion, which was not significantly 
different from those with two copies. Many new DNA 
variants in UGT1A1 gene were discovered, including a 
trinucleotide (CAT) insertion in the promoter found in 
a subset (10%) of GS patients, but not among normal 
controls. In-silico  analysis showed marked changes in 
the DNA-folding of the promoter and functional analysis 
showed a 20-fold reduction in transcription efficiency 
of UGT1A1 gene resulting from this insertion, thereby 

significantly elevating the UCB level.

CONCLUSION: The genetic epidemiology of GS 
is variable across ethnic groups and the epistatic 
interactions among UGT1A1 promoter variants modulate 
bilirubin glucuronidation.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Gilbert’s syndrome (GS) is generally considered to be 
an autosomal recessive disorder (OMIM #143500) 
cha rac t e r i z ed by mi ld , ch ron i c , non-hemoly t i c 
unconjugated hyperbilirubinemia in the absence of  
liver disease. Although it has long been perceived to 
be an innocuous clinical entity with a benign course, 
recent data suggest that affected individuals may be 
predisposed to development of  liver injury following 
treatment with various drugs and xenobiotics and that 
the genetic defect in GS may influence the outcome of  
liver transplantation and other clinical conditions. The 
disorder due to a deficiency in bilirubin glucuronidation, 
is commonly caused by dinucleotide (TA) insertions and 
[TA (TA)7TAA] alleles in the promoter region of  the 
bilirubin UDP-glucuronosyltransferase 1 (UGT1A1) 
gene. This dinucleotide insertion reduces the efficiency 
of  transcription of  the gene and decreases hepatic UDP-
glucuronosyltransferase activity to about 30% of  normal 
levels in homozygous subjects[6-9]. The prevalence of  GS, 
the frequency of  the (TA)7TAA allele in the UGT1A1 
promoter and the proportion of  GS patients who 
are homozygous for the (TA)7TAA allele vary widely 



across populations[10-19]. Recent data have also shown 
that variants in UGT1A1 gene other than the classical 
dinucleotide insertion in its promoter, can contribute 
to hyperbilirubinemia, including the milder form as in 
GS, although their effects appear to be variable across 
populations[5,20-24]. Thus, as recently emphasized[20], 
detailed investigations into genetic polymorphisms of  
UGT1A1 gene in Asian populations may provide a better 
understanding of  unconjugated hyperbilirubinemia.
    The objectives of  our case-control study were to 
estimate the association between homozygosity for the 
(TA)7TAA allele and GS in India, to identify and study the 
impact of  this and other polymorphisms in the promoter 
and exons of  the UGT1A1 gene on serum bilirubin 
levels, and to estimate the frequency of  the (TA)7TAA 
homozygous genotype in the general population in India.

MATERIALS AND METHODS
Participant recruitment and clinical biochemistry analysis
This study was conducted in 95 consecutive patients 
presenting to the Liver Clinic at the Department of  
Gastroenterology of  the Institute of  Postgraduate Medical 
Education & Research, Kolkata, India, for evaluation 
of  persistent unconjugated hyperbilirubinemia (serum 
bilirubin greater than 1.2 mg/dL) documented at least 
twice over a period of  one month. Serum total bilirubin 
and its unconjugated fraction were estimated in fasting 
condition. Each of  these individuals had a normal finding 
on physical examination, normal hepatobiliary ultrasound, 
normal liver function test excluding hyperbilirubinemia 
and a normal reticulocyte count. A total of  95 adult 
healthy volunteers from the same ethnic population as 
the GS patients were included as controls. Each control 
also underwent the same set of  investigations as the 
patients. Their fasting serum bilirubin level estimated 
twice at intervals of  fifteen days was consistently less than 
1.0 mg/dL. Patients were excluded if  they were under 
any medication during the past one month or consumed 
alcohol regularly or had present or past history of  
hepatic/hematological disease. Additionally, quantitative 
estimation of  hemoglobin fractions (A0, A2 and F) was 
carried out on each patient and control by cation-exchange 
HPLC using the VariantTM Hemoglobin Testing System 
Beta Thalassemia Short Program (Bio-Rad Diagnostics, 
Hercules, USA). A 5 mL blood sample was collected 
from each patient by venipuncture and DNA was isolated 
using a standard protocol[25]. Data and samples were 
collected with written informed consent of  the patients 
and controls, after the approval was obtained from the 
Human Research Ethics Committee of  the Institute of  
Postgraduate Medical Education & Research, Kolkata. 

DNA re-sequencing and identification of variant alleles
DNA re-sequencing of  the promoter and exon 1*1 
encoding the substrate-specific region of  bilirubin-UGT1 
gene as well as the 4 common exons (exons 2-5) was 
carried out using an automated DNA sequencer (ABI-3100; 
Applied Bio-systems, Foster City, USA.). DNA samples 
were first amplified by the polymerase chain reaction 
technique using an ABI-9700 thermal cycler. PCR products 

were then cleaned using exonuclease-I (USB. Corporation, 
Cleveland, USA) and shrimp alkaline phosphatase 
(Amersham, Freiburg, Germany), and sequencing reactions 
were carried out. DNA resequencing was carried out in 
both forward and reverse directions. Raw DNA sequences 
were analyzed as previously described[26], and variant 
genotypes were identified.

Functional analysis of a novel trinucleotide insertion by 
luciferase reporter assay
UGT1A1 promoter fragments, 331-336 bp in length 
depending on the number of  TA repeats and CAT 
insertion, were amplified using primers (F: 5’-tgtagatcttcct
ctctggtaacact-3’) and (R: 5’-atgaagctttgctcctgccagaggttc-3’) 

from genomic DNA of  individuals homozygous for six 
and seven TA repeats, and CAT insertion on (TA)7TAA 
background. DNA amplification was carried out with 
polymerase chain reaction (PCR) using FastStart Taq 
DNA polymerase (Roche, Mannheim, Germany) with an 
initial denaturation at 95 ℃ for 10 min, followed by 35 
cycles at 94 ℃ for 1 min, at 56 ℃ for 45 s and at 72 ℃ for 
30 s on an ABI-9 700 (Applied Bio-systems, Foster City, 
USA.) thermal cycler. To facilitate subcloning of  the PCR 
products in the reporter gene construct, oligonucleotides F 
and R were designed with a Bgl II and a Hind III restriction 
enzyme site at the 5’ end, respectively. PCR products 
were doubly digested with Bgl II and Hind III, purified by 
Qiagen gel purification kit (Qiagen, Hilden, Germany) and 
subcloned into pGL3-basic vector (Promega, Madison, 
USA). The integrity of  the resulting plasmids was 
confirmed by restriction mapping and sequencing analyses. 
Promoter activity of  each construct was measured in 
HepG2 cell line. Cells were grown in MEM medium 
supplemented with 2 mmol/L L-glutamine, 0.1 mmol/L 
non-essential amino acids, 1 mmol/L sodium pyruvate and 
10% fetal calf  serum (GIBCO -BRL, Grand Island, USA) 
at 37 ℃ with 50 mL/L CO2. Exponentially growing cells 
were trypsinized, seeded at 2.5×105 cells, and incubated 
overnight prior to transfection. Transfection was carried 
out by lipofectamin (Invitrogen, Carlsbad, USA) using 2 
µg of  each of  the constructs (namely (TA)6 TAA, (TA)7 

TAA and CAT insertion on (TA)7 TAA background), 
as well as the pGL3-basic and pGL3-control as positive 
controls (TA)7TAA, the luciferase gene was under the 
control of  SV40 promoter and enhancer. After 48 h of  
transfection, the cells were lysed and centrifuged in cell 
culture lysis buffer (Promega, Madison, USA). Luciferase 
activity was assayed in the cell lysate by measuring the 
photoluminescence in a Monolight 2010 single channel 
luminometer and the total cellular protein content was 
measured by the standard Bradford’s method. Luciferase 
activity was normalized to total cell protein concentration. 
Normalized luciferase activity of  each construct was 
expressed as a ratio to that of  the pGL3-basic vector. 
Three independent experiments were performed for 
each construct and all measurements were determined in 
duplicate.

Statistical analysis
Equality of  proportions was statistically tested by the 
standard normal test procedure[27]. Equalities of  mean 
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values of  various hematological parameters for individuals 
belonging to different genotypes at various polymorphic 
loci were statistically tested using the Student t-test or the 
analysis of  variance (ANOVA) procedure, as appropriate. 
Regression analysis was performed to test the significance 
of  dependence of  un-conjugated serum bilirubin level on 
some relevant variables. Allele frequencies were estimated 
using the gene-counting method. 

RESULTS
Characteristics of patients and controls
No statistically significant (P > 0.05) differences in the 
proportions of  males and females were observed between 
the patients (87 males, 8 females) and controls (77 males, 
18 females). The mean ages of  male and female patients 
(30.1 ± 1.1 years of  males, 26.8 ± 5.1 years of  females) 
and controls (30.2 ± 1.1 years of  males, 31.1  ± 2.9 years 
of  females) were not significantly different (P > 0.05). 
Since elevated HbA2 levels could potentially increase the 
unconjugated bilirubin level, we tested the significance of  
the regression coefficient of  HbA2 level on unconjugated 
bilirubin, separately for patients and controls. In both 
sets, there was no statistically significant impact of  
HbA2 (P-values for patients and controls were 0.638 
and 0.106, respectively). The difference in the mean 
values of  HbA2 between patients and controls was not 
significantly different (t = 1.76, d.f. = 128, P > 0.05). The 8 
GS patients, but none of  the normal controls, who were 
habitual smokers were asked to refrain from smoking 
for 24 h prior to blood collection. We tested whether 
the inclusion of  these 8 GS patients had a significant 
impact on our findings. We therefore, examined whether 
the mean value of  un-conjugated bil irubin among 
patients who were smokers (n = 8) was significantly 
higher than that among patients who were not smokers 
(n = 87). No significant difference was found (mean for 
smoker patients=2.67 ± 0.33, mean for non-smoker 
patients = 3.38 ± 0.30, t = 0.696, d.f. = 93, P = 0.488). We 
have performed all analyses that were reported below with 
and without the inclusion of  the 8 GS patients who were 
habitual smokers. No differences in inferences were found 
(results not shown). Therefore, we presented all results 
including these 8 GS subjects.

UGT1A1 sequence variants and their relation with bilirubin 
level
Eleven sequence variants in UGT1A1 gene was observed, 
of  which 3 each were in the promoter, 3 in exon 1, 2 in 
exon 2, 1 in exon 3 and 2 in exon 4. No variant was found 
in exon 5. The genotype and variant allele frequencies at 
these positions in patients and controls are given in Table 
1. Of  these 11 variant sites, 2 were non-polymorphic 
(frequency of  the rarer allele < 1%), while the remaining 
9 sites were polymorphic either among patients or among 
controls or in both. One of  the polymorphic sites was the 
TA insertion [(TA)7TAA allele] in the TATA box of  the 
UGT1A1 promoter[2,3]. The frequencies of  the (TA)7TAA 
allele (0.879) and the 7/7 genotype (80%) among the 
patients were significantly higher (P < 0.005) than those 
among the controls (0.384 and 10%, respectively). The 

un-conjugated serum bilirubin values for GS patients 
belonging to the 6/6, 7/6 and 7/7 genotypes are presented 
in Figure 1. The mean values of  un-conjugated bilirubin 
for GS patients and normal controls were 2.5 ± 0.25 
mg/dL and 0.61 ± 0.09 mg/dL respectively. The mean+SE 
value of  un-conjugated bilirubin among patients with 
the 7/6 genotype was 3.46 ± 0.54 mg/dL, which was not 
significantly different (P = 0.05) from patients with the 7/7 
genotype (3.31 ± 0.33 mg/dL). The mean un-conjugated 
serum bilirubin values for these genotypes among controls 
were only 0.59 ± 0.10 mg/dL and 0.64 ± 0.15 mg/dL, 
respectively. 
    No significant differences (P = 0.05) were found in 
the mean bilirubin levels among individuals belonging 
to the var ious genotypes at the remaining s ingle 
nucleotide polymorphic loci. With respect to the C6844G 
polymorphism resulting in a non-synonymous amino 
acid change (A321G), all patients were CC homozygotes, 
while about 30% of  the controls were CG heterozygotes 
(Table 1). We did not find any significant effect of  the 
G71R polymorphism on un-conjugated bilirubin level. 
This polymorphism also showed no significant interaction 
with the TATA box insertion polymorphism (results not 
shown). These findings are discordant with those reported 
among the Japanese[19].

A novel human-specific trinucleotide insertion in Gilbert’s 
syndrome patients and its impact on bilirubin level 
Among the polymorphic variants described in Table 1, 
aside from the familiar TA insertion, the most striking 
was the CAT insertion (nucleotide positions -85 to -83) 
in the CAAT box of  UGT1*1 promoter. Normally, there 
is one copy of  the CAT trinucleotide present in human 
Genbank (http://www.ncbi.nlm.nih.gov/Genbank/). 
We found two copies of  this trinucleotide in some GS 
patients. To confirm that this was an insertion we searched 
the chimpanzee (gi|6456543|gb|AF135463.1|AF135463) 
and gorilla (gi|6456545|gb|AF135464.1|AF135464) 
databases. In both species there is only copy, confirming 
that the single copy is the ancestral state. This CAT 
insertion was found only among nine (10%) GS patients, 
who were all homozygous for the TA insertion. We found 
that GS patients with the CAT-insertion had a significantly 
(P < 0.001) elevated mean level (6.13 ± 1.61 mg/dL) 
compared to those without the insertion (2.93 ± 0.28 
mg/dL). Individuals who possessed the CAT insertion did 
not consistently possess a variant allele at any of  the other 
sites. One individual who was heterozygous for the CAT 
insertion was also heterozygous for the I322V variant, 
and other three CAT-insertion heterozygotes were also 
heterozygotes for the H376R variant.

Functional analysis of CAT insertion
Since about 10% of  the (TA)7TAA homozygotes carried 
the CAT insertion and the insertion significantly elevated 
the bilirubin level, we postulated that the insertion had a 
functional impact. To examine this, we studied the change 
in DNA-folding of  the promoter region caused by this 
insertion. The most stable structures, namely those with 
lowest free energy (dG) values, are given in Figure 2 for 
the UGT1A1 promoter region without (dG = -14.4) and 
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with (dG = -14.8) the additional CAT insertion. A striking 
structural change was found around the region of  the 
insertion, the loops were converted to stems. It is well 
known that formation of  stems in the promoter could 

reduce transcription of  the gene. A detailed functional 
analysis of  the UGT1A1 promoter by luciferase reporter 
assay confirmed that there was a two-fold decrease 
in transcription efficiency for the variant (TA)7TAA 
promoter allele, and a 20-fold decrease when there was 
a CAT insertion in the promoter on the background of  
the (TA)7TAA allele compared to the normal (TA)6TAA 
promoter allele (Figure 3). 

DISCUSSION
Genetically determined un-conjugated hyperbilirubinemia 
constitutes a spectrum of  clinical entities characterized 
by incremental serum bilirubin values related to graded 
reduction of  UGT1A1 enzyme activity. The most 
novel finding of  our study is that a trinucleotide (CAT) 
insertion in the nucleotide positions -85 to -83 of  the 
UGT1A1 promoter was present in GS patients who were 
homozygous for the causal TA insertion, but not in other 
GS patients or in controls. This insertion significantly 
(P < 0.001) elevated the un-conjugated bilirubin level 
(mean = 6.13 mg/dL) in the patients to the range usually 
seen in Crigler-Najjar (CN) II syndrome. We have 

Table 1 DNA sequence variations observed among Gilbert’s syndrome patients and normal controls

Location of variant and
nucleotide position (np) Description of variant1 Genotype/Allele frequency (p) Patients (%) Control (%)

UGT1*1 promoter CAT insertion Insertion/Insertion   3   0
nps -85 to -83 Insertion/non-insertion   6   0

Non-insertion/non-insertion 86 95
p(Insertion)   0.063   0.000

UGT1*1 promoter G→C GG 93 95
np -63 GC   2   0

p(C)   0.011   0.000
UGT1*1 promoter (TA)6 TAA→ (TA)6 TAA /(TA)6 TAA   4 32
nps -53 to -38 (TA)7 TAA (TA)7 TAA /(TA)6 TAA 15 53

(TA)7 TAA/(TA)7 TAA 76 10
p[(TA)7 TAA]   0.879   0.384

Exon 1 G→A GG 85 90
np +211 (G71R) GA   9   5

AA   1   0
p(A)   0.058   0.026

Exon 1 T→C TT 93 94
np +476 (I159T) TC   2   1

p(C)   0.011   0.005
Exon 1 T→C TT 94 95
np +625 (R209W) TC   1   0

p(C)   0.005   0.000
Exon 2 C→G CC 95 66
np +6 844 (A321G) CG   0 29

p(G)   0.000   0.152
Exon 2 A→G AA 87 89
np +6 846 (I322V) AG   7   6

GG   1   0
p(G)   0.042   0.032

Exon 3 G→A GG 94 95
np +7 640 (D359N) GA   1   0

p(A)   0.005   0.000
Exon 4 C→T CC 93 95
np +7 939 (P364L) CT   2   0

p(T)   0.011   0.000
Exon 4 A→G AA 92 95
np +7 975 (H376R) AG   3   0

p(G)   0.016   0.000

1Amino acid changes resulting from nucleotide changes in the exons are indicated in parentheses.

Figure 1 Distributions of un-conjugated serum bilirubin values among Gilbert’s 
syndrome patients classified by the genotype of the common TA insertion in the 
TATA box of the UGT1A1 promoter.
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demonstrated that this insertion in the background of  
the (TA)7 allele classically described in GS, diminishes 
UGT1A1 transcriptional activity to about 5% (2.4 light 
units/103 µg protein) of  the normal (44.9 light units/103 µg 
protein), much lower than the 50% reduction (22.9 light 
units/103 µg protein) observed for (TA)7 alone. Thus the 
combined biological effect of  the CAT and TA insertions 
is a further elevation in the un-conjugated bilirubin 
level compared to that of  the TA insertion alone, which 
is exactly what we have observed in the GS patients 
carrying the CAT insertion. This initial description of  
the interactive influence of  a novel trinucleotide insertion 
and the GS-type abnormality in the promoter region 
alone, in the absence of  a consistent exonic mutation, 
to quantitatively elevate un-conjugated bilirubin to levels 
observed in Crigler-Najjar II (CN II) provides further 
evidence of  genetic heterogeneity and overlap of  the 
clinical syndromes of  un-conjugated hyperbilirubinemia. 
Thus, Gilbert’s, Crigler-Najjar I (CN I) and CN II 
syndromes may not be mutually exclusive clinical-genetic 
entitities but are different windows of  the quantititative 
spectrum of  elevated serum unconjugated bilirubin levels. 
    The association (80%) between homozygosity 
for the (TA)7TAA allele and GS is much stronger in 
India than reported earlier from most other ethnic 
groups[14,15,16,20]. Graded reduction of  UGT1 activity has 
been demonstrated with increasing length of  the TA 
repeats in a recent study[28]. It was demonstrated that 7/7 
homozygotes and 7/6 heterozygotes have, respectively, a 

52% and a 37% reduction of  UDP glucuronyl transferase 
activity in liver tissue homogenates. In our study, serum 
un-conjugated bilirubin values among 7/6 heterozygote 
GS patients were high but not significantly different from 
the 7/7 homozygotes. The finding of  increased serum 
bilirubin values among the 7/6 heterozygote GS patients 
to the same extent as those homozygous for the classically 
described 7/7 genotype, even in the absence of  any other 
consistent change in the UGT1A1 gene, is intriguing. We 
could not explain this finding, but speculate the role of  
other interacting non-UGT1A1 genetic variants. 
    Although the insertion of  additional TA repeats in the 
(TA)6 TAA promoter, sequence of  the UGT1A1 gene 
is the most common variation associated with Gilbert’s 
syndrome, (TA)5 and (TA)8  sequences in the TATAA 
box have also been found[4,14]. We did not find (TA)5 

and (TA)8 alleles in our study participants. Moreover, 
several mutations in the exons have been found in other 
populations, particularly from Asia, in association with GS 
and hyperbilirubinemia, either as the only abnormality or 
in addition to the more common promoter defect[20-22,29-31]. 
We have identified several promoter and coding region 
(all non-synonymous) variants of  the gene (Table 1). 
The G71R variant has been reported earlier[19, 22-24], and 
the P364L variant has recently been reported in one 
Japanese GS patient[19]. Contrary to the finding among 
the Japanese[32], the G71R change had no impact on un-
conjugated bilirubin level in our samples, nor did it interact 
with the dinucleotide (TA) insertion in the TATA box of  
the UGT1A1 gene. Many variants discovered in this study 
have not been reported earlier and many variants reported 
earlier were not found in the present sample. Although all 
the observed variations in exons could result in amino acid 
substitutions, none of  these significantly altered the mean 
bilirubin level. Thus, the UGT1A1 gene appears to tolerate 
a large number of  mutations without any significant 
deleterious effect. None of  these was strongly associated 
with the (TA)7TAA allele in our study. However, the amino 
acid change from isoleucine to valine at the amino acid 
position 322 was only found among the controls and not 
among the GS patients. Further studies are necessary to 
test whether this change helps bilirubin glucuronidation by 
the UGT1A1 gene. 
    The UGT1A1 polymorphisms have recently acquired 
significance because they predispose individuals to altered 
metabolism and enhanced toxicity of  several drugs like 
paracetamol, propofol, irinotecan, indinavir, etc, which are 

Figure 3 Transcriptional activities of the (TA) 6TAA, (TA)7 TAA and CAT alleles as 
assessed by a luciferase reporter assay.
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substrates for glucoronidation by UGT1A1[33-36]. Exons 
2-5 are shared by other UGT1A transcripts and isozymes 
that mediate metabolism of  xenobiotics apart from A1 
involved in bilirubin glucuronidation[37]. The new variants 
in these exons may be relevant to drug metabolism, but we 
have not tested this. Our findings reveal that it is crucial 
to carry out detailed surveys on genetic variations in and 
around the UGT1A1 gene and functional studies on 
these variants for a deeper understanding of  quantitative 
anomalies of  bilirubin. 
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INTRODUCTION
Ultrasonic diagnosis has been widely used in the clinical 
medicine. However, contemporary ultrasonic diagnosis 
technique is limited to the qualitative description at fre-
quency ranging between 0.5-10 MHz based on the gray 
scale presentation in ultrasonic image. Due to the longer 
wavelength at a low frequency, the image resolution is not 
very high. Besides, the physical quantity using the ultrason-
ic image is the amplitude of  the echo while the spectrum 
of  the echo is overlooked. 

The research on the ultrasound scatter spectrum has 
begun since 1970s. Shung and Reid[1] conducted an experi-
mental study of  ultrasound backscatter in calf  liver and 
muscle using the pulse insert-substitution method. The 
backscatter coefficients for calf  heart, kidney, pancreas and 
spleen were studied by Ten and Shung[2] at frequency be-
tween 2-7 MHz using bandwidth pulse insert-substitution 
measurement system. The ultrasound backscatter in myo-
cardial muscle of  dog was studied by Donnell et al[3]. The 
anisotropy for ultrasound backscatter in myocardial muscle 
was reported by O’Mottley and Miller[4], which coincides 
with the theoretical prediction. The backscatter coeffi-
cient for human brain was studied at frequency between 
0.5-1.5 MHz by Barger[5], who successfully differentiated 
the white from the gray matters in the brain. Nicholas[6] 
studied the backscatter coefficient of  human tissues us-
ing spectrum technique. However, the frequency used in 
these researches is below 10 MHz. To increase the reso-
lution of  imaging, the frequency of  ultrasound must be 
increased. D’Astous et al[7] and Foster et al[8] have achieved 
the high frequency imaging of  breast. Turnbull[9-12] studied 
mouse embryos using ultrasound backscatter microscopy. 
Ye et al [13] and Pavlin et al[14,15] studied the ocular tissue us-
ing high frequency imaging. The ultrasonic properties of  
vascular tissues and blood were measued from 35 to 65 
MHz by Lockwood et al[16] and Meyer et al[17].  Yano et al[18] 

and Liu et al[19] studied the high frequency imaging of  skin 
and thyroid. Ultrasound backscatter microscopy images of  
the internal structure of  living tumor spheroids have been 
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Abstract
AIM: To study the relation between acoustic parameters 
and histological structure of biological tissue and to pro-
vide the basis for high-resolution image of biological tis-
sues and quantitative ultrasonic diagnosis of liver disease.

METHODS: Ultrasonic imaging and tissue characteriza-
tion of four normal porcine liver and five cirrhotic liver 
tissue samples were performed using a high frequency 
imaging system. 

RESULTS: The acoustic parameters of cirrhotic liver tis-
sue were larger than those of normal liver tissue. The 
sound velocity was 1577 m/s in normal liver tissue and 
1631 m/s in cirrhotic liver tissue. At 35 MHz, the attenua-
tion coefficient was 3.0 dB/mm in normal liver tissue and 
4.1 dB/mm in cirrhotic liver tissue. The backscatter coef-
ficient was 0.00431 dB/Srmm in cirrhotic liver tissue and 
0.00303 dB/Srmm in normal liver tissue. The backscatter 
coefficient increased with the frequency. The high fre-
quency images coincided with their histological features. 
 
CONCLUSION: The acoustic parameters, especially 
the sound backscatter coefficient, are sensitive to the 
changes of liver tissues and can be used to differenti-
ate between the normal and pathological liver tissues. 
High frequency image system is a useful device for high-
resolution image and tissue characterization.

© 2006 The WJG Press. All rights reserved.

Key words: Porcine liver tissue; Hepatocirrhosis; High 
frequency imaging; Tissue characterization; Acoustic 
parameter 
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obtained[20,21].
Liver is the important organ for metabolism. Hepatic 

lobule is the basic element in liver, and is surrounded by 
connective tissue. Most blood capillaries pass through 
the boundary of  its connective tissues. Hepatic tissue 
regeneration and connective tissue hyperplasia induce 
change of  the normal structure of  hepatic lobule. The liv-
er becomes deformed and stiff, known as hepatocirrhosis. 
Common liver diseases can be diagnosed by B- ultrasound. 
However, it is difficult to diagnose diffuse diseases of  liver.

The present study was to investigate the relation be-
tween acoustic parameters and histological structure of  
biological tissue and to provide the basis for high-resolu-
tion image of  biological tissues and quantitative ultrasonic 
diagnosis of  liver disease.

MATERIALS AND METHODS
Experimental system
High frequency imaging system was set up in our labora-
tory. The sample was fixed in the sample-holder between 
quartz and a thin plastic membrane and then mounted 
in water bath. The focused ultrasound transducer (center 
frequency 35 MHz, -3dB bandwidth from 25 MHz to 55 
MHz, f-number 1.6, focus depth 1 mm, beam width 70 µm) 
was excited with a pulse (300 Vpp in amplitude, 15 ns in 
width). The ultrasonic pulse passing through the mem-
brane, sample reflected from the quartz flat was received 
by the same transducer. The transducer and the step motor 
were carefully moved, the region of  interest in the sample 
was located in the focus area and in the focal depth of  the 
transducer. The scan parameters for raster motion were 
downloaded by MTM2500 pp (Newport Co, USA). The 
attenuation signal and backscatter signal were recorded by 
a 400 MHz digital scope (HP54502A, USA). The informa-
tion about the C-scan imaging was acquired by sampling 
the backscatter signal after a specified delay correspond-
ing to the focus and stored in a hard disk for software 
scan conversion after data collection was completed. An 
IEEE-488 bus transferred the digitized signals to the con-
trol computer for further processing

The transducer in a raster fashion over a 3 mm × 5 mm 
area was removed and a backscatter image of  the sample 
was generated using C-scan mode. The region of  homo-
genous tissue was selected for quantitative measurement. 
The incident direction of  the sound beam was perpendicu-
lar to the surface of  the sample during the measurement. 
The interest region containing 16 points in 4 by 4 grids 
was selected to measure the velocity of  sound, 64 points in 
8 by 8 grids were selected to measure the attenuation and 
backscatter coefficients of  the sample and each grid was 
separated by 80 µm. 

Sample preparation
Liver tissue samples were obtained from the Meat Pro-
cessing Plant. In the experiment, the sample was clamped 
between plastic membrane and reflector quartz flat in a 
specially designed sample holder and both sides of  the 
sample were cut at -10 ℃ using Cryostat 2 700 (Frigo-
cut, Reichert-june, Germany) to make the surface with 
a homogenous thickness between 0.5-1.5 mm. Then the 

sample was thawed in saline solution and sealed with a thin 
plastic membrane. In the study, four normal liver tissue 
samples and five cirrhotic liver tissue samples (hepatocir-
rhosis) were used. A slice from each sample was stained. 
The corresponding histological  diagram and ultrasound 
image were obtained.                                                          

RESULTS
 Images
The ultrasound imaging of  normal and cirrhotic liver 
tissues and their corresponding pathological slices are 
shown in Figure 1A-1D. From the images, some micro-
structures of  the tissue could be observed. However, 
the image of  normal liver tissue (Figures 1A, 2B) was 
different from that of  cirrhotic liver tissue (Figures 1C, 
1D). The image of  normal liver tissue was ultrasonically 
homogenous while the image of  cirrhotic liver tissue was 
contrary to that of  normal liver tissue. From the imaging, 
we could see the hyperecho of  the cirrhotic liver. Some 
short and strong echoes caused by hyperplasia of  connec-
tive tissue occurred.

Sound velocity, attenuation and backscatter coefficient
A summary of  the acoustic parameters measured in the 
liver are listed in Table 1.The experimental results showed 
that the acoustic parameters from cirrhotic liver were 
larger than those from normal liver. The sound velocity in 
normal liver was 1 577 m/s and 1 631 m/s in cirrhotic liv-
er, which coincides with the sound velocity (1 600 m/s) in 
bovine liver[22]. At 35 MHz, the attenuation coefficient was 
3.0 dB/mm in normal liver and 4.1 dB/mm in cirrhotic 
liver. However, it has been reported to be 9.73 dB/mm at 
70 MHz[22] and 0.89 dB/mm at 10.0 MHz respectively in 
liver[23]. The backscatter coefficient was 0.00431/Srmm at 
35 MHz in cirrhotic liver and 0.00303/Srmm in normal 
liver. The power-law fits with the backscatter coefficient 
in normal liver as a function of  frequency. However, it has 
been reported to be (2.66×10-6±1.43×10-6)f1.98/Srmm) and 
(4.85×10-6±1.52×10-6)f1.91/Srmm in cirrhotic liver[24]. The 
increase of  backscatter coefficient is caused by hyperplasia 
of  the connective tissue in cirrhotic liver (Figure 2). The 
backscatter occurs when the size of  backscatter structure 
is similar to the wavelength of  the sound beam, suggesting 
that the size of  backscatters is within the wavelength of  
the ultrasound wave and the size of  porcine liver lobules 
may be similar to it. The frequency-dependent decrease in 
cirrhotic liver reflects the increase of  scattering elements 
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                                             Normal liver                Cirrhotic liver

Sound speed (m/s)                           1577 ± 7                              1631 ± 5
Attenuation                     α1              0.121 ± 0.045                      0.082 ± 0.023
(dB/mm)                         α35                 3.0 ± 0.6                              4.1 ± 0.8
                                           m                  0.9                                       1.1
Backscatter coefficient   μ1    2.66 × 10-6 ± 1.43 ×10-6   4.85 × 10-6 ± 1.52 ×10-6

(1/Srmm)                        μ35         0.00303 ± 0.00015                0.0043 ± 0.00025
                                           n                   1.98                                      1.91

Table 1 Sound speed and attenuation and acoustic backscatter 
coefficient (mean ±SD)
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in the liver.

DISCUSSION
Ultrasonic tissue characterization based on spectrum 
analysis of  backscattered radio frequency (RF) echo signals 
provides information regarding the acoustic properties of  
tissue, such as the size, concentration, and acoustic imped-
ance of  scatterers that are not available by conventional 
imaging methods[25,26]. The ultrasonic backscatter coeffi-
cient in human liver was measured in the range of  2.0-4.0 
MHz[24]. The ultrasonic propagation properties at 100 
MHz in excessively fatty rat liver were studied[27]. Strong 

correlation of  ultrasonic speed with both water concentra-
tion and fat concentration in the liver was observed. The 
ultrasonic attenuation and velocity in rat liver as a function 
of  fat concentration at 100 MHz were investigated[28] and 
the acoustic properties of  freshly excised bovine liver were 
characterized at the frequency range between 20-200 MHz 
by the ultrasonic spectroscope system[22].

On the other hand, ultrasonic imaging systems in medi-
cine depend fundamentally upon analysis of  the ultrasonic 
scattering properties of  the soft tissues investigated. How-
ever, the mechanism governing ultrasonic scattering within 
most soft tissues have not been delineated. In many cases 
the absolute magnitude of  the scattering process has not 
been accurately quantified. The relationship between col-
lagen and ultrasonic backscatter in myocardial tissue was 
evaluated[3]. The dependence of  the ultrasonic scatter coef-
ficient on collagen concentration in mammalian tissues was 
addressed[29]. And the mean-scatter spacing estimated with 
spectral correlation was used for tissue characterization[30]. 
However, there is little report on tissue characterization of  
hepatic tissues in the range between 25-55 MHz.

In this study, ultrasound images and sound parameters 
for hepatic tissues were studied by using C-scan ultrasound 
system at the frequency between 25-55 MHz. The above 
experimental results indicate that the resolution of  high 
frequency image is much better than that obtained at low 
ultrasound frequency because some microstructure of  the 
tissue can be seen. The information obtained from the 
ultrasound image is coincided with the histological fea-
ture of  the sample. Furthermore, the samples need not to 
be stained. The acoustic parameters especially the sound 
backscatter coefficient are sensitive to the changes of  the 

Figure 2 Backscatter coefficients changing with frequency in normal liver (A) and 
cirrhotic liver (B).
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Figure 1  Ultras-
ound  images  o f 
normal and c i r r -
hotic liver and their 
corresponding pa-
thological slices A: 
ultrasound imaging 
of normal liver; B: 
pathological slice 
of normal liver; C:
ultrasound imaging 
of cirrhotic liver; D: 
pathological slice of 
cirrhotic liver.

A

C

B

D



www.wjgnet.com

S- Editor   Guo SY    L- Editor  Wang XL    E- Editor  Cao L

tissues and can be used to differentiate between the nor-
mal and pathological tissues, the frequency dependence of  
backscatter coefficient could be reflected by the change of  
scattering elements and may be employed as a parameter 
for characterizing tissues and their physiological states. 
Therefore the high frequency image system is a useful de-
vice for high-resolution image and tissue characterization 
within the high frequency range.
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Abstract 
AIM: To study the antiviral effect of Chinese medicine 
jiaweisinisan (JWSNS) on hepatitis B virus (HBV) 
infection in transgenic mice (TGM).

METHODS: Twenty two 6-8 wk old HBV TGM in the 
third generation were divided into TGM control group 
and TGM treated group randomly. The normal control 
group included ten normal BC 57L/6 mice at the same 
age. The mice in treated group were administrated with 
JWSNS at the concentration of 4 g/mL and the dosage 
of 50 g/kg per d for 30 d, while the mice in TGM control 
group and normal control group were administrated with 
normal saline at the same dosage and the same time. 
Polymerase chain reaction (PCR) was used to assess the 
contents of HBV DNA in serum of HBV TGM before and 
after treatments, whereas blot hybridization was utilized 
to measure the contents of HBV DNA in the liver of both 
HBV TGM and normal BC 57L/6 mice. 

RESULTS: The levels of serum HBV DNA in TGM treated 
group were remarkably decreased after the treatment 
of JWSNS (7.662 ± 0.78 vs  5.22 ± 3.14, P < 0.05), while 
there was no obvious change after administration of 
normal saline in TGM control group (7.125 ± 4.26 vs 
8.932 ± 5.12, P > 0.05). The OD values of HBV DNA in the 
livers of the mice in TGM treated group were significantly 
lower than those of TGM control group (0.274 ± 0.096 vs 
0.432 ± 0.119, P < 0.01). 

CONCLUSION: JWSNS exerts suppressive effects on 
HBV DNA in the serum and liver of TGM.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
In this in vivo study, HBV transgenic mice (HBV TGM) 
models were established to detect the antiviral effects of  
traditional Chinese medicine, jiaweisinisan (JWSNS) on 
HBV TGM, so to further confirm the inhibitory effects of  
this traditional Chinese herb on HBV infection. 

MATERIALS AND METHODS
Experimental animals
Normal C57BL/6 mice and the HBV transgenic mice, 
living in the same cote, were provided by Department of  
Transgenic Engineering in Hepatopathy Research Center 
of  Guangzhou Military Hospital. All the non-transgenic 
mice were under close surveillance to ensure the HBV 
DNA in serum and tissue to be negative. 

Traditional Chinese herbs
JWSNS, including buplerum chinense DC, flea body, 
prunus persica (L.) batsch, of  10 grams each, and radix 
paeoniae alba, fructus aurantii immaturus, dipsacus asper 
wall, rhizoma dryopteris crassirhizomae, eupatorium 
adenophorum sprengel, of  12 grams each, as well as 5 
grams of  glycyrrhizaglabral, and 30 grams of  loranthus 
parasiticus, was prepared according to the traditional 
procedures. Five compounds of  drugs were mixed 
together, 141 grams per compound, and dissolved into the 
water to distil twice, yielding 1500 mL distillation solution, 
followed by inspissation of  the distillation to 180 mL. The 
final concentration was 4 g/mL, stored in refrigerator for 
use.

PCR primer and reagent
PCR primers and relevant reagents were provided by 
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Shanghai Bioengineering Research Center of  Chinese 
Academy of  Sciences. The sequence of  PCR primer one is 
5’-TGGCACTAGTAAACTGAGCC-3’ and that of  PCR 
primer two is 5’-ACATCAGGATTCCTAGGACC-3’. 
Other reagents such as MgCl2, dNTP, buffer, Tag enzyme, 
and paraffin oil were purchased from Promega Company 
(Madison, USA). Quantitative diagnostic kit (batch number 
1000-902-1) for HBV DNA was provided by Biotromcs 
Technological Company (San Francisco, USA). 

DNA extraction kit
DNA extract ion k i t was obta ined from Maikang 
Biotechnological Company of  Zhongshan Medical 
University.

Recombinant plasmid PBR322-2.0 HBV rapid extraction 
reagents
The reagents included host strain, antibiotics, peptone, 
yeast extract, gelose, bufferⅠ(50 mmol/L glucose, 
25 mmol/L Tris HCl, 10 mmol/L EDTA),  bufferⅡ
(0.2 mol/L NaOH, 1% SDS), and buffer Ⅲ (5 mol/L 
potassium acetate 60 mL, iced acetic acid 11.5 mL, water 
28.5 mL).

α-32 P-DNA probe labeled reagents
It included NEN kit (Promega Co., Madison, USA ), 
Sephaclex G-50 columniation, purified recombinant 
plasmid PBR322-2.0 HBV (100 ng/μL), 0.5 mol/L 
EDTA.

Blot hybridization reagents
It included nitrate fibrous membrane (aperture 0.45 μm, 
Amersham Co., Buckinghamshire, UK), Formamide 
20 × SSC buffer, 37% formaldehyde, dyestuff  (25% 
Bromophenolblue dissolved into Ficoll), TE buffer.

Apparatus
Gene amp PCR system (Techne, England), AG-9600 
equipment for analytical f luorescence microscope 
(USA), low-temperature freeze centrifuge (Biofuge 22R, 
Germany), water bath, pH meter, magnetic shaker, vacuum 
pump, refrigerator, balance (China), constant temperature 
rocker, constant temperature incubator, superclean working 
table (China), ZXZ-4 gyral vacuum pump (Zhejiang Linhai 
Vacuum Apparatus Factory), 721 spectrophotometer (The 
Third Spectrophotometry Factory, Shanghai) were used.

Establishment of HBV TGM model
P2.0 HBV plasmid passed through a series of  EcoRI/
SalⅠrestriction enzyme digestion, and electrophoresis, 
followed by the collection of  7.0 kb DNA fraction, which 
contained two end-to-end 3.2 kb HBV entire genes, 
and 0.6 kb PBR322 DNA vector. After electrophoresis 
quantitative analysis, the collected DNA fractions were 
dissolved in TE buffer under bioclean condition to ensure 
the concentration to be 1 mg/L, then respectively packed 
and stored at -20 ℃ to wait for micro- injection. C57BL/6 
mice injected entire genome plasmid which contained 
HBV were identified to be G0 generation. Positively 
integrating male mice of  G0 generation were selected to 

hybridise with infraspecific normal female mice, producing 
G1 generation. In similar manner, positively integrating 
male mice of  G1 generation were selected to copulate 
with infraspecific normal female mice, producing G2 
generation. Mice of  G3 generation were produced in the 
same way[1].

Selecting procedures of HBV TGM
A total of  one hundred and fifteen 6-8 wk old mice of  G3 
generation, weighing 20 g, were provided by Department 
of  Transgenic Engineering in Guangzhou Military 
Hospital. HBV DNA detection kit was purchased from 
Baosheng Bioengineering Company (Dalian). Tissues 
were firstly detected to select HBV DNA positive mice, 
followed by serum detections. Twenty-two serum HBV 
DNA positive mice were eventually selected from 115 mice 
of  G3 generation to be labeled as HBV DNA transgenic 
mice. 

Grouping 
Twenty-two HBV TGM, whose serum HBV DNA was 
positive, and 10 normal C57BL/6 mice were grouped 
into TGM treated group, 12 TGM mice; TGM control 
group, 10 TGM mice; normal control group, 10 normal 
C57BL/6 mice; and then registered. Additional six 6-8 
wk old C57BL/6 mice, weighing (20 ± 2) g, whatever 
male or female, were also prepared. All the mice were fed 
in Experimental Animal Center of  Guangzhou Military 
Hospital. Auto-supply of  water and standard food were 
offered as well as air condition to maintain the constant 
temperature during the whole experimental procedures.

Administration
Mice in TGM treated group were administrated with 
JWSNS at 50 g/kg per d,  in 0.3-0.4 mL JWSNS solution 
(about 4 g/mL, ig) once a day for four weeks, while the 
mice in the other two control groups were administrated 
with the same dosage of  normal saline at the same time.

Sample collection
Two hours after the last administration, eyeballs were 
extirpated to collect peripheral blood before the execution 
of  the mice followed and sera were then separated for 
detection of  HBV markers. Promptly, livers were removed 
and broken, frozen by liquid nitrogen and stored at -70 ℃ 
for detection.

Detection method
PCR quantitative analysis[2, 3] was used to detect the serum 
contents of  HBV DNA of  TGM at the moment when 
the total contents had reached up to 1.0×105 kb/mL, while 
blot hybridization[4,5] was utilized to analyze the contents 
of  HBV DNA in liver of  mice. The extraction of  DNA 
in liver tissue was processed according to the instruction 
provided by the manufacturer of  the kit. The rapid 
extraction of  recombinant plasmid PBR322-2.0 HBV was 
performed by alkali fission method[6]. α-32 P-DNA probe 
was labeled according to instructions of  Promega Co. 
reagent kit. Blot hybridization was performed as follows: 
40 μL α-32 P-DNA probe labeled solutions was used 
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to dot on the membrane, which was then dipped in the 
metamorphic solution, and baked in the oven at 80 ℃ for 
two hours. After pre-interaction, membrane washing, slice 
nipping, the positive degree was justified according to the 
OD value of  each blot.

Statistical analysis
Statistical data was analyzed by SPSS software. The 
comparability prior to and after disposal of  the same 
sample was verified by paired-samples t-test, whereas 
the difference of  the mean value among various groups 
was analyzed by χ2 test. P less than 0.05 was taken as 
significant. 

RESULTS
Effects of JWSNS on serum contents of HBV DNA in 
HBVTGM
The levels of  serum HBV DNA in TGM treated group 
displayed considerable distinction before and after 
treatment of  JWSNS (P < 0.05), compared with those in 
TGM controlled group in which no significant difference 
was shown before and after administration with normal 
saline (P > 0.05) (Table 1). 

Effect of JWSNS on levels of HBV DNA in the liver of HBV 
TGM
HBV DNA blot hybridization was positive in HBV TGM 
both before and after treatment. The OD value showed 
extremely significant difference between TGM controlled 
group and TGM treated group (P < 0.01), whereas blot 
hybridization in normal control group appeared to be 
negative (Table 2).

DISCUSSION
Value of HBV TGM model in the study of inhibitory effect 
of the traditional Chinese medicine on HBV 
The host infected by HBV showed violent phyletic and 
tissue specificity, resulting in the remarkable restriction in 
the establishment of  the animal model infected by HBV 
and anti-HBV study. In the past, data related to anti-HBV 
entirely came from HBV-infected patients, orangutan 

or cell in vitro. In addition, significant distinction existed 
between experimental data of  other hepatophilic DNA 
virus such as duck or groundhog HBV and those of  
human HBV[7,8].

In 1980, microinject ion HBVTGM model was 
successfully established which obviously overcame 
the limitation described above. Chissari [9] established 
TGM model and claimed that HBV DNA and HBsAg 
granules were detected in TGM blood and congregated 
in a fraction of  hepatocyte, inducing tumefaction and 
dysfunction of  the endoplasm as well as the ground 
glass hepatocytes, besides enhancing the sensitivity of  
hepatocytes to the lipopolysaccharide and IFN-γ, resulting 
in the damnification, necrosis and regeneration of  the 
hepatocyte, or even the occurrence of  hepatocarcinoma. 
Thus, HBVTGM model was, to a great extent, similar to 
the immune interaction between virus and host during 
natural infection of  HBV[10].

HBVTGM is v iewed as an immune to lerance 
condition. Despite limited damnification of  hepatocytes 
in some mice, inflammation was not obvious, which is 
consistent with the pathologic change in human beings 
infected with HBV. The objective of  our study emphasized 
on suppressive effect of  JWSNS on HBV including the 
change of  HBV contents in blood and tissue rather than 
the inflammatory level in liver. Thus, it is appropriate that 
HBVTGM served as the anti-HBV model.

Anti-HBV effect of traditional Chinese medicine and 
significance of HBV DNA detection
The symptom in different stage of  HBV persistent 
infection varies from chronic asymptomatic HBV 
carrier and chronic hepatitis to hepatocirrhosis and 
hepatocarcinoma[11,12]. According to modern medicine 
chronic asymptomatic HBV carrier is viewed as the earlier 
stage of  chronic persistent infection of  HBV, in which the 
immune system is inhibited, leading to the inefficacy of  
interferon and lamivudine, the traditional antivirus drugs. 
Thus it is a widespread viewpoint that there is no effective 
treatment for earlier stage of  HBV infection. However, 
it does not mean that there is no need for treatment[13,14]. 
Of  note, at this stage, viruses copy themselves constantly, 
accompanied with the obvious viraemia, and approximately 

Table 1 Changes of serum levels of HBV DNA in HBV TGM before and after 
treatment of JWSNS (mean±SD)

1Analyzed by t-test.   TGM treated group, 1P < 0.05 vs TGM controlled group, 1P > 0.05.

                                                                                         Serum HBV DNA

Case transformed
Group  n from DNA    Content of HBV1 

positive to
negative

TGM controlled group
Prior to administration
 of normal saline

10          0          7.125 ± 4.26

After administration 
of normal saline

10          0          8.932 ± 5.12

TGM treated group
Prior to JWSNS
 treatment

10          0          7.662 ± 0.78

After JWSNS treatment 10          3          5.122 ± 3.14               

Group n HBV DNA blot 
hybridization

Normal control group   9            0
TGM control group  9   0.432 ± 0.119
TGM treated group  9   0.274 ± 0.096b

Table 2 Effect of JWSNS on levels of 
HBV DNA in the liver of HBVTGM
(mean±SD)

bP < 0.01  TGM control group.
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normal liver function. However, as the copying process 
continues, a series of  immune reaction of  the host would 
be triggered to damage the liver and other organs. This 
stage may be a chance for traditional Chinese medicine to 
act as antivirus agent[15]. Pioneering clinical experiences 
indicated that traditional Chinese medicine such as 
phyllanthus urinaria L., matrine could endow the host in 
immune tolerance condition advantage in antivirus effect 
and protective effect on liver, and the detection of  HBV 
DNA contents could help evaluate the antivirus effect of  
traditional Chinese medicine.

Theoretic basis for treatment of HBV infection by JWSNS 
The treatment regimen of  chronic hepatitis B by JWSNS 
is rooted in pathologic hypothesis of  traditional Chinese 
medicine proposed by Bao Yi Liu, a famous doctor in 
ancient China who stated that whenever the nephric qi is 
inadequate, the protective function of  human body against 
disease would decline, whereas sick qi would take the 
chance to invade the human body, weakening the hepatic 
qi, inducing the damp and the heat, which then attack the 
spleen and stomach, leading to the disfunction of  both 
liver and spleen. This main pathologic process persists 
during the whole course of  disease. According to this 
pathologic hypothesis, nothing but nourishing nephric qi is 
the key step to cure chronic hepatitis B. JWSNS, a famous 
compound, is used to enrich nephric qi, thus to reinforce 
the protective effect of  the human body, and to overcome 
the state of  immune tolerance. 

Inhibitory effect of JWSNS on HBV of HBVTGM 
In this study, HBVTGM model was used to observe the 
change of  HBV DNA content both in serum and in 
hepatic tissue before and after the JWSNS treatment. The 
contents of  HBV DNA in liver reflect the contents of  
HBV in hepatocyte. HBV, a hepatophilic virus, invades into 
the hepatocyte, in which they copy themselves, and then 
migrate into the peripheral circulation, inducing the diffuse 
chronic infection of  HBV. The contents of  HBV DNA 
reflect the level of  virus copy. In the study, hepatocellular 
DNAs were extracted, and with the probe of  P32 labeled 
plasmid P2.0 HBV, blot hybridization proceeded in nitrate 
fibrous membrane. The results of  blot hybridization 
showed that no blot could be seen in normal control 
group, in striking contrast with the obvious blot appearing 
in both TGM control group and TGM treated group. The 
measurement of  OD value of  the blot demonstrated that 
the contents of  HBV DNA in hepatocyte dramatically 
decreased four weeks after JWSNS treatment, compared 
with HBVTGM control group (P < 0.01).

PCR, a comparatively sensitive method was utilized 
in detecting the change of  serum HBV DNA before and 
after JWSNS treatment in treated group or before and 
after administration of  normal saline in control group. 
Four weeks later, no significant change could be seen in 

TGM control group administrated with normal saline, 
whereas HBV DNA of  three mice was converted from 
positive to negative after treatment with JWSNS, and the 
serum contents of  HBV DNA showed significant decline 
before and after treatment (P < 0.05).

The detection of  HBV DNA contents in both 
liver tissue and serum shows that JWSNS could, to 
certain extent, inhibit HBV DNA, which provides the 
experimental proof  for treatment of  chronic hepatitis B 
with JWSNS. 
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Abstract
AIM: To investigate the effect of f ir ing noise on 
gastrointestinal transit and probe its mechanism by 
measuring the levels of plasma polypeptide hormones. 

METHODS:  A total of 64 SD rats were randomly 
divided into a control group and three stimulating 
groups. Firing noise of different intensity by sub-machine 
guns was used as inflicting factor. The effect of firing 
noise on liquid substance gastrointestinal transit and 
solid substance gastrointestinal transit was observed 
by measuring the ratio of carbon powder suspension 
transmitting and barium sticks transmitting respectively. 
Plasma levels of polypeptide hormones were measured 
by radio-immunoassay. 

RESULTS: The noise accelerated gastrointestinal transit 
of solid food by more than 80 db;and accelerated 
gastrointestinal transit of liquid food significantly by more 
than 120 db. Meantime, plasma levels of plasma motilin 
(MTL)(157.47±16.08; 151.90±17.08), somatostatin 
(SS)(513.97±88.77; 458.25±104.30), substance P 
(SP)(115.52±20.70; 110.28±19.96) and vasoactive 
intestinal peptide (VIP) (214.21±63.17; 251.76±97.24) 
remarkably changed also. 

CONCLUSION: Within a certain intensity range, 
the fir ing noise changes the levels of rat plasma 
gastrointestinal hormones, but the gastrointestinal transit 
is still normal. Beyond the range, the noise induces 
plasma hormone levels disturbance and gastrointestinal 
transit disorder.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Explosive noise may produce an adverse effect on 
gastrointestinal tract, and there is higher incidence of  
digestive system disease in war time. Current studies mainly 
focus on morphological changes of  gastrointestinal tract[1], 
and there is little information available in literature about 
the effect of  firing noise on the gastrointestinal transit. 
The aim of  this study was to show the effects of  explosive 
noise on gastrointestinal transit, and probe its mechanism 
by measuring the levels of  plasma polypeptide hormones. 

MATERIALS AND METHODS
Materials
Healthy SD rats were purchased from Animal Center of  
the Fourth Military Medical University (FMMU). The 
ND2 volume level meter was provided by the School of  
Aerospace Medicine of  FMMU. Radioimmunoassay kits 
were supplied by Naval Radioimmunoassay Technology 
Center. An FJ-2003/8PS radioimmunity counter and a 
high-speed and low-temperature centrifuge were used in 
this experiment.

Experimental procedures
After an adaptive phase of  7 d, 64 SD male rats were 
randomly divided into 4 groups: Group A, consisting 
of  16 rats, which were not stimulated; Group B, which 
were stimulated with 40 dB noise; Group C, which were 
stimulated with 80 dB noise; and Group D, which were 
stimulated with 120 dB noise. Different groups received 
different intensity noise stimulations respectively. Then 8 
rats of  each group (including Group A) were intragastricly 
administrated with carbon powder suspension[2,3], 
anesthetized 20 min later, and then decapitated. Blood 
was sampled and the ratio of  carbon powder suspension 
transmitting measured. The other 8 rats were intragastricly 
administrated with barium small sticks[4], anesthetized 10 h 
later, and decapitated. Blood was sampled in the same way 
and the ratio of  barium sticks transmitting observed under 
X-ray.
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Noise stimulation 
After 12-h abrosia, rats were put into sound-proof  room. 
Firing noise of  submachine guns acted as an inducing 
factor which had been recorded and was played to rats 
through a loudspeaker at a distance of  20-30 cm for 12 h. 
Examined with ND2 volume level meter and frequency 
spectrum analyzer, the intensity of  the firing noise was 
measured as 0 dB (Group A), 40 dB (Group B), 80 
dB(Group C) and 120 dB(Group D) respectively and their 
frequency as 0.25-4.00 kHz.

Liquid substance gastrointestinal transit
Rats were intragastricly administrated with 1 mL carbon 
powder suspension,  consisting of  carbon powder 
(50 g/L), gum arabic (100 g/L) and water(850 g/L), then 
anesthetized and dissected 20 min later. Small intestine 
was taken out of  abdomen and tiled on the bench. The 
distance of  carbon powder transmission from pyloric 
sphincter to the end of  small intestine was measured, 
and the ratio of  carbon powder suspension transmitting 
calculated [5,6] (distance of  carbon powder transmission/
total length of  small intestine ×100%).

Solid substance gastrointestinal transit
Rats were intragastricly administrated with 10 barium 
small sticks (length: 5 mm, diameter : 1 mm), then 
anesthetized and dissected 10 h later. The sticks were 
taken out of  gastrointestinal tract. Barium small sticks 
which remained in each segment of  the gastrointestinal 
tract were counted.

Measurement of plasma MTL, SS, VIP and SP
Rats were decapitated to sample the blood. Blood plasma 
was separated by centrifugation at 3500 r/min at 4 ℃, then 
concentrations of  MTL, SS, SP and VIP were tested by 
radio-immunoassay[7], according to instruction of  RIA kits 
strictly.

Statistical analysis
Analysis of  variance was performed to investigate the 
effects of  firing noise on gastrointestinal transit and 
plasma polypeptide hormone level in rats of  four groups. 
All data were presented as mean ± SD. P < 0.05 was taken 
as significant. 
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RESULTS
Liquid substance gastrointestinal transit and plasma 
peptides levels
Ratios of  carbon powder suspension transmitting in 
groups B and C were 78.1% ± 7.6% and 77.1%± 6.1% 
respectively, and were not significantly different from 
that of  group A (control group, 77.8% ±  8.8%). Ratio of  
carbon powder suspension transmitting in group D was 
86.7% ± 3.3%, significantly higher than that of  group 
A（P < 0.05）. The liquid substance gastrointestinal 
transit of  group D (120 dB noise stimulated group) was 
accelerated significantly (Figure 1).

At the same time, all of  the plasma MTL, SS, SP and 
VIP concentrations in groups B and C were increased 
compared with that of  group A. In group D, plasma MTL, 
SS and SP concentrations were increased, but plasma VIP 
concentration decreased to some extent (Table 1). It could 
be seen that plasma peptides in groups B and C were 
increased gradually, but plasma peptides in group D were 
changed irregularly.

Solid substance gastrointestinal transit and plasma 
peptides levels
Pe r c e n t a g e o f  b a r i u m s t i ck s r e m a i n e d i n t h e 
gastrointestinal tract in group A was 40.6% ± 25.4%, 
and that of  group B was 36.9% ± 22.1%. There was 
no significant difference between groups A and B. 
Percentage of  barium sticks remained in groups C and 
D was 16.2% ± 10.8% and 22.5% ± 16.1% respectively,  
significantly lower than that of  group A(control group)
（P < 0.05）(Figure 2). There was smaller percentage 
of  barium sticks remained in the gastrointestinal tract, 
indicating that barium sticks gastrointestinal transmit was 
faster. So the solid substance gastrointestinal transit of  
groups C and D (80,120 dB noise stimulated group) was 
accelerated.

All of  the plasma peptide concentrations in group B 
was increased compared with that of  group A. In groups 
C and D, plasma MTL, SS and SP concentrations were 
increased, but plasma VIP concentration decreased to 
some extent(Table 2). It could be seen that plasma peptides 
in group B were increased stepwise, but plasma peptides in 
groups C and D were irregularly disturbed.

DISCUSSION
There is a higher incidence of  digestive system disease 
in war time than in peace time. Explosive noise is one 
of  important factors that induce human body stress 
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Table 1 Plasma polypeptide hormones after noise stimulation 
(mean ± SD, n=8, mg/L)

Noise/dB      MTL              SP      SS             VIP

0 128.0 ± 5.1 52.5 ± 20.1 184.6 ± 49.6 254.3 ± 129.1
40 130.6 ± 15.6 74.4 ± 17.4 382.8 ± 79.1b 471.1 ± 145.4a

80 133.2 ± 30.5 86.6 ± 15.2b 386.6 ± 59. 6b 460.6 ± 173.8a

120 157.5 ± 16.1b 115.5 ± 20.7b 514.0 ± 88.8b 214.2 ± 63.2

aP < 0.05. bP < 0.01 vs  0 dB(control).
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Figure 1 Effect of explosive noise on liquid substance gastrointestinal transit (n = 8, 
vs 0 dB), aP < 0.05.
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in war time, and it may produce an adverse effect on 
gastrointestinal tract[8-10]. Liu found that explosive noise 
could injure gastric mucosa. Our results indicated that 
explosive noise could accelerate gastrointestinal transit, 
and that the effect was related to the intensity of  the noise. 
There was no apparent change in gastrointestinal transit
（P ＞ 0.05）, after stimulated with lower intensity noise; 
however, not only solid substance but also liquid substance 
gastrointestinal transits were accelerated significantly
（P < 0.05）, after stimulated with high level noise.

Gut hormone is a main factor in regulatory mechanism 
of  gastrointestinal motility, and plays an important 
regulatory role in gastrointestinal function in stress 
state[11-13]. Gut hormone is generally divided into two 
categories, erethitic hormone and inhibitive hormone. 
They are contradictory regulating factors in the blood. 
When balance between them is lost, the disturbance of  
gastrointestinal motility occurs[14]. We observed plasma 
concentrations of  two kinds of  erethitic braingut peptides 
and two kinds of  inhibitive braingut peptides, after 
stimulation of  rats with different intensity noise, so as 
to probe the mechanism of  explosive noise impacting 
gastrointestinal transit. 

We found that concentrations of  all four plasma 
peptides were increased, when rats were stimulated by 
low level noise, and the balance between stimulatory 
and inhibitory gut hormones was normal. When rats 
were stimulated with high level noise, three of  peptides 
(including MTL, SS and SP) were increased in comparison 
with normal controls, but plasma VIP was decreased.

It is well known that MTL and SP are erethitic gut 
hormones. They could promote GI transit[15,16]. Our results 
showed that plasma MTL and SP concentration increased 
after stimulation with firing noise. After lower intensity 
sound stimulations, their plasma levels increased to some 
extent and after high intensity sound stimulations, their 
plasma levels increased obviously. In all, we found that 
plasma erethitic gut hormones concentration was increased 
and was positively correlated with intensity of  noise.

SS exerts depressive effect on GI motility[17]. Previous 
findings showed that plasma SS level was higher in stress 
state[18,19]. Similarly, we found that plasma SS concentration 
increased along with the augmentation of  the sound 
intensity. VIP is another kind of  inhibitive gut hormone[20]. 
In our study, after lower intensity sound stimulation, 
plasma VIP concentration increased also; but it declined 
after stimulation by high intensity noise.

Rats, after stimulation by low intensity noise, could 

keep the GI transit normal, and the balance between the 
erethitic and inhibitive gut hormones was kept under 
moderate stress still, which helped to keep GI transmission 
function normal. At same time, we found that disturbance 
of  GI transmission function occurred after stimulation 
with high intensity noise, and that the balance between 
the erethitic and inhibitive gut hormones was lost because 
of  severe stress, which induced GI transmission function 
disorder. Therefore we presumed that changes of  plasma 
gut hormone level were related to GI transmission 
function disorder induced by explosive noise and were one 
of  the important underlying reasons.

In summary, our results indicate that explosive noise 
could induce stress in rats and exert some negative 
effect upon gastrointestinal transit. After explosive noise 
stimulation, secretion of  many kinds of  gut hormone is 
chaotic, which plays an important role in occurrence of  
gastrointestinal transmission disorder.
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Figure 2 Effect of explosive noise on gastrointestinal transit  aP < 0.05 vs 0 dB.

Table 2 Plasma polypeptide hormones after noise stimulation 
(mean±SD, n=8, mg/L)

Noise/dB MTL         SP                 SS        VIP

0 128.0 ± 5.1 52.3 ± 23.0 308.9 ± 222.8 275.5 ± 125.5
40 130.2 ± 8.9a 82.6 ± 15.7b 329.3 ± 95.6 359.2 ± 227.8
80 134.9 ± 12.6b 110.3 ± 20.0b 458.3 ± 104.3a 251.8 ± 97.2
120 151.9 ± 17.1b 115.2 ± 20.4b 503.7 ± 65.3b 257.8 ± 142.2

aP < 0.05. bP < 0.01 vs  0 dB (control).
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Abstract 
AIM: To study the expressions of gastrin (GAS) and 
somatostatin (SS) in gastric antrum tissues of children 
with chronic gastritis and duodenal ulcer and their role in 
pathogenic mechanism. 

METHODS: Specimens of gastric antrum mucosa from 
83 children were retrospectively analyzed. Expressions 
of GAS and SS in gastric antrum tissues were assayed by 
the immunohistochemical En Vision method. 

RESULTS: The expressions of GAS in chronic gastritis 
Hp+ group (group A), chronic gastritis Hp- group (group 
B), the duodenal ulcer Hp + group (group C), duodenal 
ulcer Hp- group (group D), and normal control group 
(group E) were 28.50 + 4.55, 19.60 + 2.49, 22.69 + 2.71, 
25.33 + 4.76, and 18.80 + 2.36, respectively. The value 
in groups A-D was higher than that in group E. The 
difference was not statistically significant. The expres-
sions of SS in groups A-E were 15.47 + 1.44, 17.29 + 2.04, 
15.30 + 1.38, 13.11 + 0.93 and 12.14 + 1.68, respectively. 
The value in groups A-D was higher than that in group E. 
The difference was also not statistically significant. 

CONCLUSION: The expressions of GAS and SS are 
increased in children with chronic gastritis and duodenal 
ulcer.              
                                                                               
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Infantile chronic gastritis and peptic ulcer are frequently 
encountered in children. The gastroscopic diagnostic 
rate accounts for 85%-94.5% for chronic gastritis and 
8%-22% of  peptic ulcer. The causes of  these diseases 
and pathogenic mechanisms are not completely clear. 
The digestive tract is the largest and most complicated 
secretory organ in human bodies. Gastrointestinal 
hormones not only play an important regulatory role in 
secretory and motor functions of  the digestive tract, but 
also have an important effect on its growth, development 
and damage repair. It has been shown that abnormity of  
GAS and SS plays an important role in causing chronic 
gastritis and duodenal ulcer in children[1]. We examined the 
expression of  GAS and SS in gastric antrum tissues from 
83 children with chronic gastritis and duodenal ulcer using 
immunohistochemical method (Table 1). The changes in 
GAS and SS and Hp infection and their effect on chronic 
gastritis and duodenal ulcer in children were studied, in 
order to provide a theoretical basis for the gastrointestinal 
hormone drugs used in the treatment of  chronic gastritis 
and duodenal ulcer in children.

MATERIALS AND METHODS
Materials
Paraffin specimens of  gastric antrum mucosa were 
obtained from the chi ldren during the per iod of  
2002-2003 in our hospital. All the subjects did not receive 
gastrointestinal kinetic drugs and H2 receptor agonists. 
The biopsy tissues were fixed in 10% neutral formalin, 
routinely dehydrolyzed, paraffin-embedded and cut into 
sections which were stained with HE. Hp infection was 
diagnosed by rapid urease test and microscopy. The cases 
were regarded as strongly positive when the test paper of  
urease test became cherry-red from yellow within 1 min, 
weakly positive when the test paper turned cherry-red 
and negative when the test paper did not change color. 
The weakly positive specimens were excluded from the 
study. Microscopy at 400 × magnification revealed positive 
rod-shaped bacteria in the gastric pit and body (Figure 
1). A case was considered Hp+ when it was positive in 
the two methods and Hp- when it was negative in the 
two methods. The experimental samples were divided 
into group A: chronic superficial gastritis, Hp+; group 
B: chronic superficial gastritis, Hp-; group C: duodenal 
ulcer, Hp+; group D: duodenal ulcer, Hp-; and group E: 
normal gastric antrum tissues with no obvious pathologic 
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changes, Hp-. Patients with other diagnoses such as 
chronic atrophic gastritis were excluded from the study. 
Thirty experimental samples were then randomly taken 
from each group. After specimens from patients with 
intestinal metaplasia or superficial specimens and very tiny 
specimens were excluded, the exact number of  samples 
used in groups A-E was 20, 19, 21, 12 and 11, respectively.

Methods
Immunohistochemical method (En Vision method) was 
used and each paraffin sample was labeled with GAS 
and SS, respectively. When GAS and SS were located in 
cytoplasm, samples displaying brownish yellow particles 
or balls were regarded as positive. Positive cell bands of  
each sample were observed and lymph follicle areas were 
avoided. The number of  positive cells within a sample was 
counted.

Statistical analysis 
Statistical analysis was carried out with SPSS10.0 software 
package. The count of  GAS and SS was in conformity 
with a normal distribution and expressed as mean ± SD. 
P  <  0.05 was considered statistically significant.

RESULTS
GAS and SS expression was higher in groups A-D than in 
group E with no significant difference (Figures 2A, 2B).

DISCUSSION
GAS is a kind of  peptides secreted by G cells located in 
the gastric antrum and duodenal mucosa, whose main 

function is to stimulate gastric acid secretion. It is of  
physiopathologic importance in occurrence of  duodenal 
diseases. Since Levi et al[2] found that Hp could lead to 
increase in serum GAS of  Hp-infected persons, a flood of  
studies have found that the level of  serum GAS is higher 
in Hp positive children with chronic gastritis than in Hp 
negative children. After anti-Hp treatment, the level of  
GAS in children decreases[3]. It is held that Hp infection 
may lead to increase in GAS released by G cells, making 
damages to gastric and duodenal mucosa. Hp stimulates 
inflammatory cell factors such as IL-21, IL-28, TNF, IFN 
and G cells to release GAS[4]. SS secretion is reduced by 
the inhibition of  D cell functions by Hp infection, which 
results in decrease in inhibition of  G cells by SS[5]. The 
increased Hp level on surface of  the gastric antrum by 
ammonia interferes with the normal feedback mechanism 
of  inhibition of  GAS secretion by acids in the stomach, 
which results in increase in GAS secretion. Hp or its 
products (ammonia or peptides) have direct effects on 
G cells[6]. The present study showed that the expression 
of  GAS in chronic gastritis Hp+ group (group A) and 
chronic gastritis Hp- group (group B) was higher than that 
in the normal control group (group E) and the expression 
of  GAS in chronic gastritis Hp+ group (group A) was 
higher than that in chronic gastritis Hp- group (group 
B), indicating that chronic inflammation, especially Hp 
infection, can result in increase in GAS, which may be one 
of  the pathogenic mechanisms underlying chronic gastritis.

The causes of  duodenal ulcer are associated with 
various factors. Digestion of  local mucosal tissues by 
gastric acid and peptase is an important cause of  ulcer 
occurrence. Therefore, ulcer is closely associated with 

Groups n GAS SS

Chronic gastritis Hp+ group 20 28.50 ± 4.55 15.47 ± 1.44
Chronic gastritis Hp- group 19 19.60 ± 2.49 17.29 ± 2.04
Duodenal ulcer Hp+ group 21 22.69 ± 2.71 15.30 ± 1.38
Duodenal ulcer Hp- group 12 25.33 ± 4.76 13.11 ± 0.93
Normal control group 11 18.80 ± 2.36 12.14 ± 1.68

Table 1  Expression of GAS and SS in gastric antrum mucosa 
from children with chronic gastritis and duodenal ulcer (mean±
SD)

Figure 1  Helicobacter pylori in gastric pit (Giemasa ×400).
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Figure 2 Expression of GAS (A) and SS (B) in glands. Brown particles were 
identified in cytoplasm (En Vision ×400).



www.wjgnet.com

GAS. Smith et al [7] reported that the basal and postprandial 
concentrations of  serum GAS are increased in adults with 
duodenal ulcer. Wu et al [8] reported that the level of  serum 
GAS in children with duodenal ulcer was much higher 
than that in the control group. Increased GAS release, 
which results in increased secretion of  gastric acid and 
occurrence of  ulcer, is one of  the mechanisms underlying 
duodenal ulcer in children. 

SS widely exists in the gastrointestinal tract, with its 
highest concentration in the gastric pylorus area. D cells in 
the gastric pylorus secrete SS. SS has an inhibitory effect 
on secretion of  gastrointestinal hormones such as GAS, 
motilin and gastric acid. Therefore, SS is regarded as a 
defensive factor for local mucosa.

Geller et al[9] showed the level of  fasting serum SS 
was higher in DU patients than in normal persons, 
suggesting that the increased level of  SS in DU patients 
is a compensatory mechanism caused by the feedback 
stimulation with high concentrations of  acids. Lucey 
et al [10] showed hydrochloric acid can increase the level 
of  SS in DU patients. Erton et al [11] found that high 
concentrations of  acids could stimulate SS release. 
Mihaljevic et al[3] showed that the level of  serum SS in 
Hp+ patients was lower than that in Hp- patients. Zavros 
et al[12] found that the content of  SS in specimens of  
gastric mucosa from chronic gastritis Hp+ patients was 
6 times lower than that in chronic gastritis Hp- patients. 
Chavialle et al[13] showed that the content of  SS in gas-
tric antrum mucosa of  DU patients was lower than that 
in the control group. However, Jensen et al [14] reported 
that the content of  SS in bulb mucosa of  DU patients 
was higher than that in the control group. Therefore, 
the true meaning of  changes in the content of  SS in 
gastroduodenal mucosal tissues of  DU patients and their 
role in the pathogenic mechanism of  DU are unclear. 
The extent of  various damages and regulating function 
may be different in human tissues during different phases. 
Our study showed that the number of  SS positive cells in 
groups A-D was higher than that in group E, indicating 
that inflammation, especially Hp infection, can stimulate 
release of  GAS and SS as well as secretion of  gastric acid 
under high concentrations of  acids. The reason why there 
was no significant difference may be the insufficient cases 
of  experiment. Due to relatively small amount of  biopsy 
tissues from superficial or relatively superficial mucosa 
and the abandoned sections whose immunohistochemical 
staining was not clear, the valid cases for the experiment 
were greatly reduced. Besides, because the size of  biopsy 

tissues from children was smaller than that from adults, the 
observed number of  cells was also smaller. Therefore, our 
studies necessitate further efforts to perfect them.
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Abstract
Cholelithiasis occurs infrequently in the paediatric age 
group. Hereditary spherocytosis, sickle cell anaemia and 
thalassemia are the haemolytic disorders most commonly 
associated with development of gall stones in paediatric 
age group. The question is whether an isolated episode 
of haemolysis can cause gallstones.
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INTRODUCTION
Haemolytic uraemic syndrome (HUS) is characterised by 
acute haemolytic anaemia, thrombocytopenia and acute 
oliguric renal failure. Often the patient has a prodrome of  
gastroenteritic bloody diarrhoea caused by Escherichia coli (E. 
coli). We report a patient who presented with biliary colic 
four months after recovery from HUS and her abdominal 
ultrasound revealed gallstones.

CASE REPORT
A 15-year-old girl presented with a 10-day history of  wa-
tery diarrhoea, oliguria, haematuria and vomiting. A diag-
nosis of  HUS was made based on renal failure, anaemia, 
thrombocytopenia and the presence of  schistocytes on pe-
ripheral smear. Stool culture grew E. coli O157, phage type 
21. She received packed cell transfusion, but did not need 
any dialysis. Following satisfactory clinical and biochemical 
improvement, she was discharged a week after admission. 
On follow-up, she was doing well.

Four months after admission, she presented with an 
episode of  intermittent colicky right upper quadrant ab-
dominal pain and nausea. Clinical and biochemical exami-
nation was normal. An ultrasound examination revealed 
marginally dilated common bile duct (diameter 9 mm) and 
common hepatic ducts. Gall bladder contained a small 
amount of  sludge, but was otherwise normal. She was 
treated conservatively with analgesics and intravenous flu-
ids and was doing well at discharge, a couple of  days later.

She was readmitted 2 mo later for another episode of  
colicky right upper quadrant abdominal pain and nausea. 
A repeat abdominal ultrasound revealed multiple small 
gall bladder calculi. Rest of  the ultrasound examination 
was normal. She had a magnetic resonance cholangio-
pancreatography (MRCP), which revealed a normal biliary 
duct and a common bile duct, besides gallstones. She had 
an elective laparoscopic cholecystectomy 6 wk later. Mul-
tiple pigment gallstones were found. On follow-up, she 
remained asymptomatic and was doing well.

DISCUSSION
Gallstones are classified into three types according to their 
chemical composition, namely cholesterol, pigment and 
mixed stones. Mixed and cholesterol gallstones usually 
contain more than 70% cholesterol monohydrate plus an 
admixture of  calcium salts, bile acids and bile pigments, 
proteins, fatty acids and phospholipids. Pigment stones are 
composed primarily of  calcium bilirubinate containing less 
than 10% cholesterol.

Although cholelithiasis occurs infrequently in the pae-
diatric age group, its incidence has increased during the last 
few decades. The reason why gall stones are not consid-
ered as a possible cause of  jaundice or right upper quad-
rant discomfort in the past is the emphasis placed on the 
belief  that haemolytic disease is a necessary prerequisite 
for gall stone formation in children[1].

Currently only about 20% of  cholelithiasis cases in 
children are attributed to haemolytic conditions. Heredi-
tary spherocytosis, sickle cell anaemia and thalassemia are 
the haemolytic disorders most commonly associated with 
development of  gall stones. The question is whether an 
isolated episode of  haemolysis can cause gallstones. The 
answer is yes because there are many reports in the litera-
ture.[2, 3] while the answer is no because none of  the text-
books mentions it as a cause of  gallstones. Hence, there is 
relatively low awareness that self-limiting haemolytic epi-
sodes can predispose to gall stones.

There are a few case reports of  gall stones associated 
with HUS[2, 3]. Brandt et al[4] reported a high incidence of  
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gastrointestinal sequelae following typical HUS. Cholelithi-
asis might be related to haemolysis during the acute phase 
of  HUS leading to pigment gall stones or to the use of  
parenteral nutrition. Parenteral nutrition was not used in 
the case presented.

In conclusion, neither is cholelithiasis mentioned as a 
complication of  the HUS, nor is an acute haemolytic pro-
cess listed as aetiology of  gallstones. But gallstones should 
be suspected in both settings. An abdominal ultrasound 
examination can easily and readily confirm the diagnosis.
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Abstract
Xanthogranulomatous cholecystitis (XGC) is a destructive 
inflammatory disease of the gallbladder, rarely involving 
adjacent organs and mimicking an advanced gallbladder 
carcinoma. The diagnosis is usually possible only after 
pathological examination. A 46 year-old woman was 
referred to our center for suspected gallbladder cancer 
involving the liver hilum, right liver lobe, right colonic 
flexure, and duodenum. Brushing cytology obtained by 
endoscopic retrograde cholangiography (ERC) showed 
high-grade dysplasia. The patient underwent an en-bloc 
resection of the mass, consisting of right lobectomy, 
right hemicolectomy, and a partial duodenal resection. 
Pathological examination unexpectedly revealed an XGC.
Only six cases of extended surgical resections for XGC 
with direct involvement of adjacent organs have been 
reported so far. In these cases, given the possible 
coexistence of XGC with carcinoma, malignancy cannot 
be excluded, even after cytology and intraoperative 
frozen section investigation. In conclusion, due to the 
poor prognosis of gallbladder carcinoma on one side and 
possible complications deriving from highly aggressive 
inflammatory invasion of surrounding organs on the 
other side, it seems these cases should be treated as 
malignant tumors until proven otherwise. Clinicians 
should include XGC among the possible differential 
diagnoses of masses in liver hilum.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
The term xanthogranulomatous cholecystitis (XGC) 
describes a rare inflammatory lesion of  the gallbladder, 
characterized by marked proliferative fibrosis and 
infiltration of  macrophages and foam cells involving 
the wall of  the gallbladder[1]. Although a fair number of  
cases of  this pathological condition have already been 
described, so far very few reports have described XGC 
with aggressive tumor-like inflammation pattern directly 
involving adjacent structures and organs[2-7]. 

We herein report a case of  XGC presenting as 
advanced gallbladder carcinoma with involvement of  
liver, common bile duct, duodenum and transverse colon, 
review the characteristics of  patients with XGC involving 
adjacent organs who underwent extended surgery, and 
discuss the different diagnostic and surgical options in 
cases of  massive extra-gallbladder involvement.  

CASE REPORT
A 46-year-old woman with no prior medical history was 
admitted to a local hospital due to progressively increa-
sing upper abdominal discomfort for some weeks, lately 
associated with jaundice. No weight loss was reported. 
No mass was palpable at the physical examination. Ultra-
sound showed a gallbladder hydrops with gallstone in the 
infundibulum and bilateral dilation of  intrahepatic bile 
ducts. An endoscopic retrograde cholangiography (ERC) 
demonstrated a filiform stenosis of  the proximal common 
bile duct and the bifurcation with upstream intrahepatic 
bile duct dilation, and no visualisation of  cystic duct and 
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gallbladder. A complete sphincterotomy was performed 
with insertion of  an internal stent draining the left main 
bile duct. Magnetic resonance imaging (MRI) confirmed 
the presence of  a hilar mass with two liver lesions in the 
right lobe of  the liver, suspicious of  metastases. MRI-vas-
cular reconstruction excluded an infiltration of  the portal 
vein and the hepatic artery. The patient was then trans-
ferred to our clinic with the diagnosis of  advanced gall-
bladder cancer with differential diagnosis from Mirizzi’s 
syndrome type I (i.e., secondary stenosis of  the common 
hepatic duct caused by inflammatory fusion of  gallbladder 
infundibulum and common bile duct due to gallstone 
impaction, without presence of  a fistula). On admission 
to our centre, the patient was icteric after internal drainage 
of  the left and common bile duct. Serum concentrations 
of  total bilirubin (4.2 mg/dL, ref  <1.1 mg/dL), alkaline 
phosphatase (325 U/L, ref  <170 U/L), gamma glutamyl 
transpeptidase (55 U/L, ref  <18 U/L), were all elevated.  
The tumor marker carbohydrate antigen 19-9 (CA19-9) 
was 42 U/mL (ref  <33 U/mL) while carcinoembryonic 
antigen (CEA) was normal. We repeated ERC (Figure 1A) 
to attain cytological material and removed the internal 
stent. Brushing cytology revealed atypical epithelial cells 
with high-grade dysplasia. Computed tomography (CT-
scan) with liver volumetry (Figures 1B, 1C) confirmed the 
presence of  two hypodense lesions in the right liver lobe, 
suspicious of  metastases, already detected by the MRI per-
formed in the first hospital. Clinical, serological, cytologi-
cal and imaging data were highly indicative of  malignancy. 
Surgical exploration confirmed the diagnostic findings 
(Figure 2A): the mass completely involved the hepatic 
hilum, the transverse colon and the second duodenal por-
tion, seeming to originate from the gallbladder bed, since 
the gallbladder itself  was not distinguishable from the sur-
rounding inflammatory tissue. The preoperatively suspect-
ed liver metastases were intraoperatively identified as he-
mangiomas. Assuming an advanced gallbladder carcinoma, 

we performed an anatomic right lobectomy en-bloc with 
gallbladder and extrahepatic bile duct resection, segmen-
tal duodenal resection, right hemicolectomy and partial 
omentectomy. Reconstruction was achieved by a hepati-
cojejunostomy protected by transhepatic drainage through 
the left biliary system, and an ileotransversostomy. Gross 
examination of  the specimen (Figure 2B) demonstrated 
a bright white, hard mass, inseparable from the adjacent 
structures. A 2.5 cm × 3 cm × 2.5 cm biliary stone was 
packed in the infundibulum of  the gallbladder. Histological 
examination unexpectedly revealed a xanthogranulomatous 
cholecystitis (Figure 3A), with tumor-like inflammatory tis-
sue invading the liver as well as the proximal common bile 
duct, the right flexure of  the colon (Figure 3B) and the 
second duodenal portion, with no evidence of  malignancy. 

The postoperative course was completely uneventful 
and the patient was discharged on the 15th postoperative 
day. One year after surgery, the patient was asymptomatic 
and in good health.

DISCUSSION
XGC is found after approximately 1.46% of  cholecystecto-
mies and affects men and women equally[8], almost always 
in presence of  gallstones (91%-100%)[1]. Even if  aetiology 
is unknown, some authors suggest that in the presence of  
gallstones, obstruction, and cholestasis, XGC results from 
the extravasation of  bile into the gallbladder wall. With 
involvement of  Rokitansky-Aschoff  sinuses[8], the pro-
cess is supposed to start as an initial inflammatory pro-
cess, followed by a granulomatous reaction, similarly to the 
aetiopathogenesis of  xanthogranulomatous pyelonephritis, 
in which chronic infection and calculi are common find-
ings. Macroscopically, XGC is characterized by formation 
of  multiple yellowish nodules within the gallbladder wall. 
Histologically, abundant so-called foam-cells (histiocytes) 

A B

Figure 2 Intraoperative finding in situ (A) and surgical specimen ex situ (B).

A B

Figure 3 Xanthogranulomatous cholecystitis (A) and xanthogranulomatous 
cholecystitis involving the wall of the transverse colon (B). There is destruction 
of the submucosa and muscular coat of the transverse colon by extensive 
macrophage infiltrates, the mucosa is intact and exhibits no cellular atypia (HE, 
200x).

A

B C

CHD

↑↑

↑ ↑

↑

Figure 1 Proximal obstruction (arrows) of the common hepatic bile duct (CHD) 
with upstream dilatation of both left and right intrahepatic bile ducts (A), a soft 
tissue mass at the hepatic hilum (B), and thickened gallbladder wall (black arrow) 
with a concretion and hepatic lesion in liver segment 4 (C).
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Author Age Symptoms Tumor Involvement of Performed resection Follow-up
Year (Sex)  markers

Okamoto
1990

70 
(F)

F e v e r ,  g e n e r a l 
malaise

CA19.9↑,
 CEA normal

Liver, bile duct, transverse colon Cholecystectomy, local atypical 
liver resection, bile duct resection 
and transverse colectomy

Uncomplicated postoperative 
course, alive 6 mo after surgery

Maeda
1994

75 
(F)

No complaints CA19.9↑, 
CEA 
normal

Liver bed and transverse colon Cholecystectomy with local 
atypical liver resection and 
transverse colectomy

Uncomplicated postoperative 
course, follow-up not reported

Furuta
1996

46 
(M)

Epigastric pain CA19.9 and
 CEA 
normal

Liver, bile duct, duodenum, right 
hepatic artery, right portal vein

Right hepatectomy and 
pancreatoduodenectomy -

Natori
1997

55 
(M)

No complaints CA19.9 normal, 
CEA↑

Liver (gallbladder bed) and bile 
duct

Cholecystectomy with local 
atypical liver resection and bile 
duct resection

-

Enomoto
2003

64
(M)

H i g h  f e v e r , 
hypochondralgia

CA19.9 and
 CEA 
normal

Liver, bile duct, duodenum, 
transverse colon, right hepatic 
artery and right portal vein

Right hepatectomy, 
pancreatoduodenectomy and 
transverse colectomy

Uncomplicated postoperative 
course, alive 4 yr after surgery

Pinocy
2003

64
(M)

Hypochondralgia, 
fever

-
Right colonic flexure Cholecystectomy and resection of 

the right colonic flexure
-

Present 
case
2005

46
(F)

Epigastric pain, 
sense of fullness, 
jaundice

CA19.9↑, 
CEA 
normal

Right liver, right colonic flexure, 
second duodenal portion

Right hepatectomy, partial 
duodenectomy and right 
hemicolectomy 

Uncomplicated postoperative 
course, alive 1 yr after surgery

www.wjgnet.com

are mixed with chronic and acute inflammatory cells[9]. 
With regard to imaging of  a liver hilar mass, ultrasound, 
CT, MRI and ERC can be considered. In the case of  XGC, 
ultrasound can detect focal or diffuse thickening of  the hy-
perechoic gallbladder wall[10] with the presence of  charac-
teristic intraluminal hypoechoic nodules in 35-73% of  the 
cases[11]. Other commonly reported findings are cholecys-
titis-like fluid collections near the gallbladder and dilation 
of  intra- and extra hepatic bile ducts in case of  choledo-
colithiasis. Chun et al [12] analyzed CT-patterns of  XGC in a 
series of  patients, with emphasis on differential diagnosis 
of  gallbladder carcinoma and stated that intramural hy-
podense nodules occur more often in XGC than in cancer 
patients. However, these characteristic findings are incon-
stant in patients with XGC, as highlighted by more recent 
studies[11, 13-14]. Visualisation of  the biliary anatomy through 
direct (percutaneous or endoscopic) cholangiography or 
magnetic resonance cholangiopancreatography (MRCP) 
is particularly important if  a direct involvement of  the 
common bile duct is suspected. Furthermore, ERC allows 
brushing cytology. The potential role of  positron emission 
tomography in the differential diagnosis of  cholecystitis 
from gallbladder carcinoma is unclear, because only a few 
studies in small series are available up to now[15,16] with a 
patient with XGC being the only false positive case in one 
study[15].

Concerning tumor markers, our patient had only a 
slightly elevated (42 U/mL) serum level of  CA 19.9 (refer-
ence = 33 U/mL), which persisted even after resolution of  
jaundice through placement of  an endoscopic stent preop-
eratively. Adachi et al [17] argued that serum-CA 19.9 may be 
elevated even greatly in both carcinoma and XGC patients, 
thus being not helpful in the differential diagnosis between 
the two conditions. Even in cases of  XGC with extended 
involvement of  other organs[3,5] elevations of  tumor mar-
kers concentrations (CA 19.9, CEA) are inconsistent. 

Although XGC is not an exceptional finding, a direct 

involvement of  extra-gallbladder organs and structures is 
very rare. To the best of  our knowledge, only six cases of  
extended surgical resections for XGC have been reported 
so far. In these cases (Table 1), additional procedures such 
as bile duct resections, segmental resections of  colon or 
duodenum, partial pancreatoduodenectomies have been 
performed. It can be discussed if  such extended surgical 
procedures could be avoided in presence of  a benign dise-
ase. Our patient exhibited severe, destructive, tumor-like 
xanthogranulomatous inflammation, with extensive inva-
sion of  adjacent organs (right lobe of  the liver, extrahepatic 
bile ducts, colon and duodenum). The clinical and radio-
logical findings were suggestive of  a gallbladder carcinoma. 
ERC was indicative of  hilar cholangiocarcinoma (Klatskin 
tumor). However, after confrontation with CT findings 
(gallbladder hydrops, gallbladder wall thickened over 
1.8 cm, presence of  suspect lesions in the right liver lobe, 
suspected infiltration of  adjacent organs- all uncharacte-
ristic findings in cases of  Klatskin tumors), the most pro-
bable diagnosis was a locally advanced gallbladder cancer, 
with infiltration of  the proximal common bile duct and the 
bile duct bifurcation. In addition, cytology obtained during 
ERC showed high-grade dysplasia and CA 19.9 was slightly 
but persistently elevated after stenting. Under these condi-
tions, a radical resection of  the mass was the only reaso-
nable option. According to the published data on gallblad-
der cancer and hilar cholangiocarcinoma, radical surgery 
offers the only chance to achieve long-term survival[18-23]. 
The necessity of  radical surgery in those cases of  XGC 
with extensive extra-gallbladder involvement is not cleared. 
We agree with Houston et al [24] emphasizing the necessity 
of  a complete resection of  the involved structures in or-
der to treat symptoms like jaundice and cholangitis and to 
prevent possible complications like bowel obstruction and 
perforation, potentially life threatening.

Intraoperative frozen section investigation or fine nee-
dle aspiration cytology has been suggested to confirm the 

Table 1 Characteristics of the patients with XGC who underwent extended surgical resections
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diagnosis. In cases with no invasion of  adjacent organs 
these tools are indicated because they can change the surgi-
cal strategy (e.g, simple cholecystectomy versus associated 
liver resection). Nevertheless, in cases of  extensive inva-
sion of  other organs, like in our patient, it can not alter our 
approach. Even in the case of  a negative or inconclusive 
result, radical surgery can be performed since gallbladder 
carcinoma and XGC may coexist [24-26] and the patient had 
jaundice and cholangitis, which needed a treatment. Fur-
thermore, even assuming an advanced gallbladder carcino-
ma, we believe it is essential to minimize the intraoperative 
tumor cell spread by avoiding any unneeded manipulation 
or dissection in the liver hilum. 

Two different risks are linked to misjudgement of  
this pesudotumoral condition. On the one hand, exce-
ssive surgical resection is inevitably linked with a certain 
perioperative mortality and morbidity. On the other hand, 
this condition may be misinterpreted as not being radically 
operable. Especially in this latter case, before deciding for 
inoperability, it is essential to gain specimens for frozen 
section biopsy. 

In conclusion, preoperative or intraoperative differen-
tial diagnosis of  XGC from gallbladder carcinoma remains 
a challenge, especially in patients with extensive pseudotu-
moral involvement of  surrounding structures and organs. 
From our point of  view, radical resection is mandatory as 
long as malignancy can not be ruled out after a complete 
preoperative diagnostic examination. Preoperative fine 
needle aspiration biopsy and intraoperative frozen section 
are valuable tools for differential diagnosis when there is 
no invasion of  adjacent organs, otherwise they would not 
influence the surgical strategy. The presence of  symptoms 
such as jaundice and cholangitis, as well as the potential 
risk of  life-threatening complications like bowel obstruc-
tion and subsequent perforation, supports a radical surgical 
approach.

REfERENCES
1 Kwon AH , Matsui Y, Uemura Y. Surgical procedures 

and histopathologic findings for patients with xantho-
granulomatous cholecystitis. J Am Coll Surg 2004; 199: 204-210

2 Furuta A, Ishibashi T, Takahashi S, Sakamoto K. MR imaging 
of xanthogranulomatous cholecystitis. Radiat Med 1996; 14: 
315-319

3 Enomoto T, Todoroki T, Koike N, Kawamoto T, Matsumoto 
H. Xanthogranulomatous cholecystitis mimicking stage IV 
gallbladder cancer. Hepatogastroenterology 2003; 50: 1255-1258

4 Pinocy J, Lange A, Konig C, Kaiserling E, Becker HD, Krober 
SM. Xanthogranulomatous cholecystitis resembling carcinoma 
with extensive tumorous infiltration of the liver and colon. 
Langenbecks Arch Surg 2003; 388: 48-51

5 Maeda T, Shimada M, Matsumata T, Adachi E, Taketomi 
A, Tashiro Y, Tsuneyoshi M, Sueishi K, Sugimachi K. 
Xanthogranulomatous cholecystitis masquerading as 
gallbladder carcinoma. Am J Gastroenterol 1994; 89: 628-630

6 Natori S, Takimoto A, Endoh K, Ishikawa T, Yamaguchi S, 
Fjii Y, Takahashi T, Takeda K, Watarai S, Nakano A, Kitamura 
H, Shimada H. A case of xanthogranulomatous cholecystitis 
difficult to be differentiated from gallbladder cancer. Tann to 
Sui 1997; 18: 593-596.

7 Okamoto S , Konan T , Yamaguchi K , Nakamura K , 

Maeda S, Kitamura K. Xanthogranulomatous cholecystitis 
masquerading as gallbladder carcinoma. Tann to Sui 1990; 11: 
1415-1419

8 Guzman-Valdivia G. Xanthogranulomatous cholecystitis: 15 
years’ experience. World J Surg 2004; 28: 254-257

9 Fligiel S, Lewin KJ. Xanthogranulomatous cholecystitis: case 
report and review of the literature. Arch Pathol Lab Med 1982; 
106: 302-304

10 Muguruma N , Okamura S, Okahisa T, Shibata H, Ito 
S, Yagi K. Endoscopic sonography in the diagnosis of 
xanthogranulomatous cholecystitis. J Clin Ultrasound 1999; 27: 
347-350

11 Parra JA, Acinas O, Bueno J, Guezmes A, Fernandez MA, 
Farinas MC. Xanthogranulomatous cholecystitis: clinical, 
sonographic, and CT findings in 26 patients. Am J Roentgenol 
2000; 174: 979-983

12 Chun KA, Ha HK, Yu ES, Shinn KS, Kim KW, Lee DH, Kang 
SW, Auh YH. Xanthogranulomatous cholecystitis: CT features 
with emphasis on differentiation from gallbladder carcinoma. 
Radiology 1997; 203: 93-97

13 Vetto RM, Burger DR, Nolte JE, Vandenbark AA, Baker HW. 
Transfer factor therapy in patients with cancer. Cancer 1976; 
37: 90-97

14 Iannicelli E, Rossi G, Almberger M, Salvi PF, David V. A 
case of xanthogranulomatous cholecystitis: integrated US-CT 
imaging. Radiol Med (Torino) 2002; 104: 106-110

15 Koh T, Taniguchi H, Yamaguchi A, Kunishima S, Yamagishi 
H. Differential diagnosis of gallbladder cancer using positron 
emission tomography with fluorine-18-labeled fluoro-
deoxyglucose (FDG-PET). J Surg Oncol 2003; 84: 74-81

16 Holmberg L, Ekbom A, Zack M. Do screening-detected 
invasive breast cancers have a natural history of their own? 
Eur J Cancer 1992; 28A: 920-923

17 Adachi Y , Iso Y, Moriyama M, Kasai T, Hashimoto H. 
Increased serum CA19-9 in patients with xanthogranulomatous 
cholecystitis. Hepatogastroenterology 1998; 45: 77-80

18 Kokudo N, Makuuchi M, Natori T, Sakamoto Y, Yamamoto 
J, Seki M, Noie T, Sugawara Y, Imamura H, Asahara S, Ikari 
T. Strategies for surgical treatment of gallbladder carcinoma 
based on information available before resection. Arch Surg 
2003; 138: 741-750; discussion 750

19 Dixon E, Vollmer CM Jr, Sahajpal A, Cattral M, Grant D, Doig 
C, Hemming A, Taylor B, Langer B, Greig P, Gallinger S. An 
aggressive surgical approach leads to improved survival in 
patients with gallbladder cancer: a 12-year study at a North 
American Center. Ann Surg 2005; 241: 385-394

20 Neuhaus P, Jonas S, Settmacher U, Thelen A, Benckert C, 
Lopez-Hanninen E, Hintze RE. Surgical management of 
proximal bile duct cancer: extended right lobe resection 
increases resectability and radicality. Langenbecks Arch Surg 
2003; 388: 194-200

21 Behari A, Sikora SS, Wagholikar GD, Kumar A, Saxena R, 
Kapoor VK. Longterm survival after extended resections in 
patients with gallbladder cancer. J Am Coll Surg 2003; 196: 
82-88

22 Capildeo R, Court C, Rose FC. Social network diagram. Br 
Med J 1976; 1: 143-144

23 Kondo S, Nimura Y, Kamiya J, Nagino M, Kanai M, Uesaka 
K, Hayakawa N. Mode of tumor spread and surgical strategy 
in gallbladder carcinoma. Langenbecks Arch Surg 2002; 387: 
222-228

24 Houston JP, Collins MC, Cameron I, Reed MW, Parsons MA, 
Roberts KM. Xanthogranulomatous cholecystitis. Br J Surg 
1994; 81: 1030-1032

25 Goodman ZD, Ishak KG. Xanthogranulomatous cholecystitis. 
Am J Surg Pathol 1981; 5: 653-659

26 Lopez JI, Elizalde JM, Calvo MA. Xanthogranulomatous 
cholecystitis associated with gallbladder adenocarcinoma. A 
clinicopathological study of 5 cases. Tumori 1991; 77: 358-360

2296          ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol     April 14,  2006   Volume 12    Number 14



Key words: HCV; Multiple myeloma; Non-Hodgkin 
Lymphoma; Extrahepatic manifestation

Lakatos PL, Fekete S, Horanyi M, Fischer S, Abonyi ME. 
Development of multiple myeloma in a patient with chronic 
hepatitis C: A case report and review of the literature. World 
J Gastroenterol 2006; 12(14): 2297-2300

 http://www.wjgnet.com/1007-9327/12/2297.asp

INTRODUCTION
Numerous clinical syndromes have been reported in 
association with hepatitis C virus (HCV) infection. Some 
are well established while others remain a speculation (Table 
1)[1], Fourteen to seventy percent of  patients with HCV 
have detectable cryoglobulins in their serum even in the 
absence of  rash, weakness or arthralgias[1], whereas 50-90% 
of  patients with mixed cryoglobulinaemia are reported to 
have HCV infection[2]. It is suggested that approximately 
10% of  type II mixed cryoglobulinaemiae can evolve into 
malignant lymphoma several years after diagnosis.

Epidemiological studies from Europe, Japan and North 
America also implicate that HCV plays a role in the patho-
genesis of  non-Hodgkin lymphomas (NHL)[3-7]. HCV 
infection is detectable in a significant proportion of  NHL 
(14%-52%), nonetheless, it has not been confirmed[8]. A 
50-fold elevation in the risk for NHL of  the liver or sali-
vary glands has been reported in an Italian case-control 
study, which is greater than the relative risk of  hepatocel-
lular carcinoma. The relative risk for NHL of  other sites is 
increased about 4-fold[9]. An association between multiple 
myeloma (MM) and chronic HCV infection has been sug-
gested by some epidemiological studies[2,9].

CASE REPORT
The authors report a case of  a 50 year-old woman with 
chronic HCV infection who has been followed up since 
1998 due to high viral load (13.47 MEq/mL), genotype 
1b and moderately elevated liver function tests (LFTs). 
The patient received treatment of  chronic backache 
and tonsillectomy prior to admission to our hospital. 
Laboratory data and liver biopsy revealed moderate activity 
(grade 5/18, stage I). In April 1999, one-year interferon 
therapy (3x3ME/wk) was initiated. HCV-RNA became 
negative with normalization of  the LFTs. However, the 
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Abstract
An association between chronic hepatitis C virus (HCV) 
infection and essential mixed cryoglobulinaemia and non-
Hodgkin lymphoma (NHL) has been suggested. However, 
a causative role of HCV in these conditions has not been 
established. The authors report a case of a 50 year-old 
woman with chronic hepatitis C (CHC) who has been fol-
lowed up since 1998 due to a high viral load, genotype 
1b and moderately elevated liver function tests (LFTs). 
Laboratory data and liver biopsy revealed moderate ac-
tivity (grade: 5/18, stage: 1/6). In April 1999, one-year 
interferon therapy was started. HCV-RNA became nega-
tive with normalization of LFTs. However, the patient re-
lapsed during treatment. In September 2002, the patient 
was admitted for chronic back pain. A CT examination 
demonstrated degenerative changes. In March 2003, 
multiple myeloma was diagnosed (IgG-kappa, bone ma-
rrow biopsy: 50% plasma cell infiltration). MRI revealed 
a compression fracture of the 5th lumbar vertebral body 
and an abdominal mass in the right lower quadrant, in-
filtrating the canalis spinalis. Treatment with vincristine, 
adriamycin and dexamethasone (VAD) was started and 
bisphosphonate was administered regularly. In Janu-
ary 2004, after six cycles of VAD therapy, the multiple 
myeloma regressed. Thalidomide, as a second line trea-
tment of refractory multiple myeloma (MM) was initiated, 
and followed by peginterferon-α2b and ribavirin against 
the HCV infection in June. In June 2005, LFTs returned 
to normal, while HCV-RNA was negative, demonstrating 
an end of treatment response. Although a pathogenic 
role of HCV infection in malignant lymphoproliferative 
disorders has not been established, NHL and possibly 
MM may develop in CHC patients, supporting a role of a 
complex follow-up in these patients.
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patient relapsed in the 7th mo of  treatment (HCV-RNA 
became positive, LFTs increased). The liver function 
tests are summarized in Figure 1. In February 2000, 
hypothyroidism was diagnosed, substitution was initiated 
and follow-up was scheduled. 

In September 2002, the patient was admitted for 
chronic backpain. CT examination revealed degenerative 
changes of  the 5th lumbar vertebral body. Subsequently, the 
patient was not monitored until March 2003, when she was 
again hospitalized due to chronic backache and weakness 
of  the right lower limb. Based on laboratory results, 
IgG-κ multiple myeloma was diagnosed (erythrocyte 
sedimentation rate; ESR): 104 mm/h, IgA: 0.18 g/L, IgG: 
41.86 g/L, IgM: 0.29 g/L and 12.8% M-component on 
serum immunoelectrophoresis; bone marrow biopsy: 50% 
plasma cell infil). Mixed cryoglobulins were detected in the 
serum. Anemia, low platelet count or hypercalcaemia did 
not occur during follow-up. Serum IgG was elevated from 
1998. However, monoclonality was not detected prior to 
March 2003. The serum immunoglobulin data and ESR 
are presented in Figure 2. MRI revealed a compression 
fracture of  the 5th lumbar vertebral body and an abdominal 
mass in the right lower quadrant, infiltrating the canalis 
spinalis, ileum and sacroiliac joint (osteolytic lesions). 

An aggressive treatment regimen was implemented 
with vincristine, adriamycin and dexamethasone (VAD). 
From April to October 2003, she received six cycles of  
VAD therapy followed by multiple myeloma’s regression. 
The presence of  compression fracture also prompted 
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the regular adminis of  bisphosphonate (Aredia). In 
January 2004, 22.2% M-components were detected by 
immunoelectrophoresis, yet the ESR was normal (17 mm/h). 
Methyl prednisolone (100 mg b.i.d) and cytoxane (100 mg 
o.d.) p.o. therapy was started.

In April 2004, she was admitted to the Haematological 
Department for paraparesis. Laminectomy (Th VII-IX) 
with myelin decompression and tumor resection was 
performed. Therapy was amended with thalidomide (100mg 
o.d.) orally. In August, repeated CT scans demonstrated 
compression fractures at L5 and S2 accompanying 
narrowing of  the spinal canal at L5. In September, due to 
worsening of  the paraparesis, a second laminectomy was 
performed (L5-S1) followed by insertion of  a stabilizing 
prosthesis (L4-S1).

In June 2004, weekly peginterferon-α2b (1.5 µg/kg) 
and 800 mg ribavirin (daily) were prescribed (HCV 
PCR 145 000 IU/mL, Roche TaqMan). No further dose 
adjustment was necessary. The LFTs became normal and 
PCR returned negative after three months of  therapy, 
indicating an early viral response (EVR). In June 2005, 
the LFTs were normal with a negative HCV-PCR, 
demonstrating an end of  treatment response (ETR).

DISCUSSION
In recent years, major advances have been made in the 
treatment of  HCV infection with the sustained response 
rate of  52%-63% achieved[11-13]. A major disadvantage in 
Hungary is that the hard-to-treat genotype 1 is almost 
universal (90%-95%) and occurs much more frequently 
compared to that in other European countries[13, 14].

Apart from hepatocellular carcinoma, HCV infection 
is also associated with various extrahepatic diseases, 
including mixed cryoglobulinaemia and NHL. Fourteen 
to seventy percent of  patients with HCV have detectable 
cryoglobulins in their serum[1, 2], while 50%-90% of  
patients with mixed cryoglobulinaemia are reported to 
have HCV infection. 

Epidemiological case-control studies from the 1990s 
suggest that chronic HCV infection is associated with 
the development of  NHL. It was reported that 9% and 
11.5% of  NHL patients are HCV-antibody positive[15,16]. 
Germanidis et al[4] investigating 201 NHL patients found 
that the prevalence of  HCV infection was 2-fold higher 

Table 1 Extrahepatic diseases associated with hepatitis C virus 
infection

  Association: strong Intermediate Weak 

-Cryoglobulinemic syndrome 
  (Cutaneous leukocytoclastic 
vasculitis, arthritis, weakness)

      -Porphyria cutanea
       tarda
      -Diabetes 

-Thyroid disease
-Corneal ulcers 
-Lichen planus 
-Pulmonary
  fibrosis 

-Renal disease
 ( m e m b r a n o p r o l i f e r a t i v e 
   glomerulo- nephritis)
-Peripheral neuropathy 
-Non-Hodgkin lymphoma 
-Sjörgen’s syndrome
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Figure 1 Liver function tests from April 1998 to July 2005.

Figure 2 ESR and serum immunoglobulin levels from April 1998 to July 2005.
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than that in controls[4]. More recent studies have further 
confirmed this finding. A Japanese study showed that 17% 
of  patients with B-cell NHL were HCV-antibody positive 
compared to 6.6% of  controls[6]. Moreover, an East 
European study[7] reported that 6 out of  42 (24.3%) NHL 
patients were HCV-antibody positive. In contrast, Rabkin 
et al[8] investigated the stored sera of  57 NHL patients, 24 
MM patients and fourteen Hodgkin’s disease patients, and 
found that only four patients were HCV-antibody positive.

An association between chronic HCV infection 
and MM was also found in epidemiological studies. 
Gharagozloo et al [2] showed that HCV antigens were 
detectable in 11% of  patients with MM, 69% of  patients 
with essential mixed cryoglobulinaemia and 4.3% of  
patients with NHL, using recombinant immunoblot assay 
(RIBA) and enzyme-linked immunosorbent assay (ELISA). 
Another study revealed that HCV infection was found in 
32% of  MM patients[10]. The former was associated with 
4.3-fold risk for MM. 

The possible mechanism by which HCV infection 
leads to stimulation of  B cells is starting to unravel. It is 
well documented that HCV infection, as observed in our 
case, usually precedes NHL by many years[9]. Hepatitis 
C is lymphotropic and may replicate in lymphocytes and 
hepatocytes[17]. The second portion of  the HCV enve-
lope (E2 protein) binds to CD81[18], suggesting that this 
phenomenon is associated with CD19 and CR2 as well as 
MHC class II molecules on lymphocytes. The binding of  
CD81 to B cells can activate this complex, which lowers 
the antigen threshold necessary for antibody stimulation, 
thus rendering the B cell hyper-responsive. Sequencing of  
the antigen-binding region of  immunoglobulin produced 
by malignant lymphocytes demonstrates that it has a high 
degree of  homology to both antibodies specific for E2, 
as well as the antibodies produced by B cells that secrete 
RF. Furthermore, 88% of  patients with HCV infection 
and cryoglobulinaemia demonstrate over-expression 
[t(14,18)translocation] of  the anti-apoptotic bcl-2 gene, 
compared with 8% of  patients with HCV infection, 2% 
of  patients with other liver diseases, and 3% of  individuals 
with other rheumatoid disorders, which cause enhanced 
B cell survival[19]. In addition, over-expression of  NF-kB 
has been reported in lymphocytes and liver samples of  pa-
tients with chronic HCV infection and those with NHL[20, 

21]. This is an important finding, as NF-kB plays a key role 
in virus-induced lymphomagenesis. Mutations of  the NF-
kB gene are common in lymphoid malignancies[22] and 
alterations of  NF-kB could initiate changes in downstream 
regulatory pathways. A second mutation (e.g. myc, NF-kB) 
could possibly initiate the progression to lymphoma[23]. 

In conclusion, although a pathogenic role of  HCV 
infection in malignant lymphoproliferative disorders has 
not been established, NHL and possibly MM may develop 
in cases of  CHC, supporting the need for a complex 
follow-up in these patients.
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Abstract
Enteropathy-associated T-cell lymphoma (EATCL) is a 
high grade, pleomorphic peripheral T-cell lymphoma 
usua l l y with cytotoxic phenotypes. We describe a first 
case of patient with EATCL that is remarkable for its ful-
minant course and invasion of both kidneys manifested 
as acute renal failure. The patient was a 23 year old 
woman with a long history of celiac disease. She was 
presented with acute renal failure and enlarged mono-
nuclear infiltrated kidneys. Diagnosis of tubuloi-nterstitial 
nephritis and polyserositis was confirmed with consecu-
tive pulse doses of steroid therapy. After reco-very, she 
had disseminated disease two months later. Magnetic 
resonance imaging showed thickened intestine wall, ex-
tremely augmented kidneys, enlarged intra-abdominal 
lymph nodes with extra-luminal compression of com-
mon bile duct. Laparotomy with mesenterial adipous 
tissue and lymph glands biopsy was done. Consecutive 
pathophysiological and immunohistochemical analyses 
confirmed the diagnosis of EATCL: CD45RO+, CD43+, 
CD3+. The revision of renal pathophysiology sub-stanti-
ated the diagnosis. The patient received chemotherapy, 
but unfortunately she died manifesting signs of pulmo-
nary embolism caused by tumor cells.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Intestinal enteropathy associated T-cell lymphoma 
(EATCL) is highly aggressive, pleomorphic peripheral 
T-ce l l l ymphoma (PTL) , usua l l y w i th cy to tox ic 
immunological phenotypes (TdT-, CD3+, CD5-, CD7+, 
CD4-, CD8±, CD45RO+, CD103+, HLA-DR-)[1-3]. This 
type of  PTL originates from intraepithelial T-lymphocytes 
of  small intestine mucosa and is associated with celiac 
disease (CD) in about 50% of  the time[4,5]. Intestinal 
lymphoma develops in 7%-12% of  CD cases[6]. It may 
even occur without any previous CD[6]. Infiltration of  the 
kidneys is commonly found in disseminated lymphoma 
but rarely in primary renal lymphoma[7]. Acute renal 
failure (ARF) arising from bilateral renal infiltration 
is also uncommon[8,9]. Primary renal failure may occur 
and is usually of  B-cell lineage[7]. It is rare for patients 
with lymphoma to develop ARF as their initial clinical 
presentation. The first report in which the phenotype of  
non-Hodgkin’s lymphoma was established using renal 
biopsy was published by Miyake et al[10]. Renal lymphoma 
is commonly secondary due to lymphomatous infiltration 
of  the kidneys in disseminated lymphoma and advanced 
stage IV of  the disease. Different pathophysiological 
aggressive types of  B-cell lymphoma such as Burkitt[11], 
precursor B-lymphoblastic lymphoma/leukemia[12], mantle 
cell lymphoma, diffuse large B-cell lymphoma[13] as well as 
PTL[14,15], T-cell rich B-cell lymphoma[8], make parenchymal 
neoplastic invasion of  the kidneys. We present, as far as we 
know for the first time, ARF as the initial manifestation of  
EATCL.
    Nevertheless, the intestinal lymphomas account 
for 20%-35% of  non-Hodgkin’s lymphomas (NHL) 
of  the gastrointestinal tract (GIT) and serological 
screening for CD is not recommended generally in 
people with lymphoma[16]. In patients with primary small 
intestinal disease, 9% are found to have small intestinal 
lymphoma[17]. Lymphomas involving the small intestine 
represent a heterogenous group with diverse pathogenic 
mechanisms[18] and high-risk MALT lymphoma is most 
frequently considered for differential diagnosis. EATCL, 
a type of  PTL is most commonly localized in jejunum 
(70% of  cases) but rarely in the colon and stomach. 
Gross examination can reveal multiple ulcers of  jejunal 



mucosa frequently associated with perforation of  intestinal 
wall or solitary lymph nodes[19]. Microscopy can show 
solitary epithelial lesions in the form of  microabscess 
or lymphoepithelial lesions. In the adjacent mucosa, 
alterations are seen in CD such as crypt elongation, 
flattened mucosa and villi which are shortened, blunted 
or missing[2]. Tumor cells of  the respective immunological 
phenotype have genetic characteristics as clonally 
rearranged TCR β and γ[5,6] can be arrested in varying 
stages of  activation[1]. 

CASE REPORT
We report a case of  female patient who was 23 years old 
with CD diagnosed at her age of  3 and had regular gluten-
free diet regime. In March 1999, she was admitted to the 
Institute of  Nephrology due to anemia and ARF. Clinical 
examination revealed excessive pallor of  the skin and 
apparent mucous membranes with fever, splenomegaly 
+1 cm and ascites. A history was negative for exposure 
to nephrotoxins and hereditary renal diseases. Laboratory 
tests showed Hb = 65 g/L (120-170), WBC = 5.3×109/L 
(4-10), Platelet = 401×109/L (150-450), MCV = 90 fl 
(80-100), Hct = 0.34 (0.36-0.42), and normal differential 
count. In biohumoral status, the following pathological 
values were found: ESR = 90 mm/h, urea = 17.9 mmol/L 
(2.5-7.5), Cr = 476 μmol/L (53-106), ClCr = 13.3mL/min, 
tubular proteinuria=0.82 g/24h without erythrocyturia, 
total protein = 60 g/L (62-81), albumin = 6 g/L (40-55), 
Fe = 4.6 μmol/L (7-26), TIBC = 36.3 μmol/L (44.8-75.1), 

LDH = 590 IU/L(160-320). Immunological analyses 
showed CRP 28.9 mg/L (<9), ANA negativity, RF 37.3 
IU/mL (<25) WR 1:40+. Virusological and bacteriological 
analyses were normal. Hemostasis screening did not display 
any detectable abnormalities. X-ray of  the lungs and heart 
was normal, too. Abdominal echosonography showed 
craniocaudal splenomegaly of  14 cm, ascites and enlarged 
kidneys, the right of  14.5 cm and the left of  13.7 cm, 
without corticomedullary border. Echosonography of  the 
heart showed pericardial effusion. Thereupon, ultrasound-
guided biopsy of  kidneys was performed and pH finding 
indicated tubulointerstitial nephritis (TIN). There were no 
criteria for connective tissue disease, drug-or infection-
induced acute TIN. The diagnosis of  idiopathic acute TIN 
with polyserositis was made and urbason at pulse doses 
of  3×1 g/d was administered, followed by prednisolone 
45 mg/d for another month. After a short recovery, in 
May 1999, the patient was rehospitalized for jaundice, 
pains under the right costal arch, nausea and vomiting. 
Endoscopic retrograde cholangiopancreatography showed 
extra-luminal compression of  ductus pancreaticus and 
ductus hepaticus which was moved to the right, while 
choledochus was filamentary narrowed distally from the 
site of  compression. Proximal of  stricture was a huge 
biliary duct dilatation with changes of  intrahepatical biliary 
ducts [as in cholangitis]. Magnetic resonance imaging 
of  the abdomen and small pelvis revealed the enlarged 
retroperitoneal and mesenterial lymph glands, thickened 
small intestine wall, extremely augmented kidneys with 
destroyed corticomedullary structure, as well as infiltration 
of  the right sacral bone (Figure 1). Choledochotomy 
and cholecystectomy with choledochojejunostomy 
and biopsy of  mesenterial lymph glands and adipous 
tissue were performed. Pathohistological (PH) and 
immunohistochemical (IHC) analyses of  mesenterial lymph 
nodes and adipous tissue from transfersal mesocolon 
showed the PTL infiltration (anti-CD45RO+, anti-CD43+, 
CD3+ as well as anti-EMA- /epithelial membrane 
antigen/, anti-vimentin-) (Figure 2). The revision of  
renal PH findings substantiated the diagnosis (Figure 3). 
Neoplastic lymphoid cells were also found in the ascites 
(Figure 4). Antiendomysial serum IgA antibodies (EmA) 
in high titer +++ were (Figure 5) detected by indirect 
immunofluorescence on monkey oesophagus. Anti-
nuclear, anti-microsomal, anti- tireoglobulin antibodies 
were negative and serum levels of  IgM, IgG and IgA were 
normal. Upon complete staging of  the disease, it was 

Figure 1 Magnetic resonance 
imag ing shows ex t remely 
augmented kidneys.

Figure 2 Neoplastic mesenterial lymph node infiltration with staining of lymphoma 
cells (APAAP with anti-CD3 Ab x 400).

Figure 3  Renal infiltration 
w i t h m o n o m o r p h o u s 
lymphoid infiltration (H&E, 
x 40).

2302        ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol        April 14, 2006     Volume 12    Number 14

www.wjgnet.com



verified that it was EATCL with infiltration of  intestines, 
intraabdominal lymph glands, kidneys and sacral bone 
(CS IVB). The patient was transferred to the Institute 
of  Hematology, where she received chemotherapy with 
cyclophosphamide (1200 mg, D1), doxorubicin (90 mg, 
D1), vincristine (2 mg, D1), prednisolone (100 mg, D1-5. 
On the second day of  therapy, the patient died manifesting 
the signs of  cardiorespiratory insufficiency and picture 
of  pulmonary embolism, most probably caused by tumor 
cells. 

DISCUSSION
EATCL is a relatively rare disease with the incidence rate 
less than 1% of  all NHL[20]. By nature, it is aggressive 
whether it occurs as de novo disease or results from long-
term untreated or refractory CD. Usually, the jejunum 
is involved with presence of  multiple circumferential 
ulcerations but without formation of  homogenous 
tumor mass. In addition, the involvement of  mesenterial 
lymph glands is frequently seen. In fact, refractory CD is 
considered as lymphoma of  low grade malignancy resulting 
from clonal expansion of  intraepithelial lymphocytes 
and represents an intermediate stage between CD and 
EATCL[21,22].
    The moment when CD converts to intestinal lymphoma 
is sometimes difficult to recognize. Diffuse bilateral 
infiltration of  the kidneys by lymphoma cells is a rare but 
well documented cause of  ARF[23]. The diagnosis should 
be suspected in a patient with ARF, bilateral enlargement 
of  the kidneys, minimal proteinuria, non-specific findings 
on urine analysis, and absence of  other features (fever, 
skin rush, eosinophilia) typical of  drug-induced TIN. 
Renal imaging techniques may suggest the possibility 
of  lymphomatous infiltration, but only renal biopsy or 
autopsy can provide a definitive diagnosis[24]. Diffuse 
bilateral renal cell lymphoma sometimes presents as  ARF 
of  unknown cause. Signs of  extrarenal lymphomatous 
involvement were detected in 44% patients at the time of  
kidney biopsy or shortly thereafter[25] and often clinically 
mimic primary renal disease or systemic connective 
disease. 
    In our patient who was diagnosed with CD 20 
years prior to the development of  lymphoma, CD 
was in subclinical form for years. This is a key point 
for misdiagnosis of  TIN instead of  lymphoma renal 
infiltration. At the time of  aggravation of  general 

condition, renal failure with signs of  TIN and polyserositis 
predominated in the clinical picture of  disease. Short-
term improvement after the corticosteroid treatment 
was followed by stasis icterus but without any symptoms 
typical of  intestinal lymphoma. Diagnostic dilemma was 
resolved by complete PH and IHC examinations of  bioptic 
specimens of  mesenterial lymph glands and mesocolic 
adipous tissue tumor. Time loss due to unrecognized 
intestinal lymphoma, and dissemination into abdominal 
organs and small pelvis, brought about the extreme 
progression of  the disease. Because of  huge tumor mass, 
it led to lethal outcome with pulmonary embolism by 
tumor cells after the chemotherapy. Actually, this was a 
long-term CD, which like  the premalignant condition gave 
rise to highly aggressive T-cell lymphoma with striking 
propagation and short survival median.  
    Our case demonstrated that in this point of  view, 
serological follow-up was very useful and could reduce 
the time of  possible subclinical or refractory CD. It is 
necessary to determine serum IgA EmA not only to 
monitor the activity but also to predict the gluten-free 
diet compliance. IgA EmA should disappear after a 
gluten free diet is started and about 90% of  patients who 
have characteristic findings of  CD respond to complete 
dietary gluten restriction[26]. In the early stages of  EATCL, 
serological, immunohistochemical and molecular biological 
analyses may lead to the correct diagnosis and better 
prognosis[27].
    The target cells in EATCL as a member of  uniform 
subclass T-cytotoxic lymphocytes are also target cells in 
the intestinal lesion in CD patients, indicating that the 
evolution of  genetically controlled autoimmune disease 
as pre-malignant condition to highly risk and aggressive 
lymphoma of  small intestine is the evidence confirming 
that autoimmunity is a risk factor for malignancy. 
    Our case revealed very aggressive atypical clinical onset 
of  EATCL patient, which was presented as ARF without 
intestinal symptoms at presentation. This is a first case 
in published literature, which describes ARF as an initial 
manifestation of  EATCL. Although it was a case of  
misdiagnosis of  idiopathic TIN with polyserositis instead 
of  lymphoma, our study has confirmed that subjects with 
persistent high IgA EmA should be regularly re-examined 
concerning possible evolution of  CD towards EATCL. 
Although good serological predictors  are not yet available, 
IgA EmA assessment  may help to detect individuals at 
higher risk to develop EATCL.

Figure 4 Neoplast ic 
lymphoid cells in ascites 
(MGG, x100).

Figure 5 IgA antiendomysial 
ant ibod ies sur rounding 
s a r c o l e m m a o f s m o t h 
muscle f ibers in lamina 
muscular is mucosae of 
monkey esophagus (IIF, x 
400).
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An interesting cause of esophageal ulcer etiology: Multiple 
myeloma of IgG kappa subtype 
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Abstract
Multiple myeloma is a neoplasm of mature and immature 
plasma cells. A 50-year-old woman with lumbago, 
dysphagia, and left arm pain was presented. Upper 
endoscopical examination was performed. There was an 
exudate-covered ulcer in the distal esophagus, located at 
30-32 cm from the incisors, covering the whole mucosa. 
Histopathological examination of the specimens obtained 
from the lesion showed the involvement of plasma cells 
consistent with multiple myeloma of IgG kappa subtype. 
Esophageal involvement of multiple myeloma should be 
kept in mind in patients presenting with dysphagia.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Multiple myeloma (MM) is a plasma-cell neoplasm 
characterized by skeletal destruction, renal failure, anemia 
and hypercalcemia. The most common symptoms 
at presentation are fatigue, bone pain and recurrent 
infections. New diagnostic criteria require the presence 
of  at least 10% plasma cells on examination of  the bone 
marrow (or biopsy of  tissue with monoclonal plasma 

cells), monoclonal protein in the serum or urine, and 
evidence of  end-organ damage[1].
    Apart from the bone marrow, MM may involve any part 
of  the body including spleen, liver, lymph nodes, thyroid, 
adrenal glands, ovary, testis, lung, pleura, pericardium, skin, 
pancreas and intestinal tract. Esophageal involvement by 
multiple myelomas is uncommon in the English literature. 
Here we report an extremely rare involvement in MM.

CASE REPORT
A 50-year-old woman was admitted to Gaziantep 
University Hospital with lumbago, dysphagia and left 
arm pain. She complained of  lumbago in the last 3 mo, 
which deteriorated but was relieved by non-steroid anti-
inflammatory drugs (NSAIDs). Dysphagia was particularly 
associated with solid foods over a period of  month. Her 
severe arm pain began after lifting a heavy weight. She also 
complained of  fatigue.
    Her medical history revealed a 10-year history of  hy-
pertension and one year of  type 2 diabetes mellitus. No 
abnormal signs were detected apart from the pale conjunc-
tivas and the left arm pain during physical examination. 
She was taking gliclazide 3 mg/d and amlodipine 10 mg/d. 
    Biochemical examination and complete blood count 
showed (normal reference ranges are given in parenthe-
sis) hemoglobin:102 g/L (110-180 g/L); hematocrit: 0.32 
(0.35-0.60); ESR: 110 mm/h (1-18 mm/h); glucose: 160 
mg/dL (70-110 mg/dL); total serum protein: 144 g/L 
(64-82 g/L); albumin: 22 g/L (34-50 g/L); globulin: 122 
g/L (14-30 g/L); calcium: 12.6 mg/dL (8.5-10.1); (BUN, 
Cr, Na, Cl, and P were in the normal limits). IgG: 46.7 g/L 
(7-16); IgA:0.29 g/L (0.7-4); IgM:0.171 IU/mL (0.4-2.3); 
and IgE:184 g/L (0-100). Bone marrow aspiration and 
biopsy confirmed multiple myeloma (30% plasma cells) 
besides hyperglobulinemia, hypercalcemia, anaemia, ele-
vated ESR, and bone pain. Multiple lytic lesions were 
encountered on radiographic examination of  the arms, 
the vertebras, and the cranium. Endoscopic examination 
showed exudate-covered ulcer in the distal esophagus lo-
cated at 30-32 cm from the incisors, covering the whole 
mucosa (Figure 1) and no pathological finding in the sto-
mach.  Histopathologic examination of  the specimens ob-
tained from the lesion showed the involvement of  plasma 
cells in the ulcerated esophageal mucosa (Figure 2). Immu-
nohistochemically, plasma cells revealed positive reaction 
with CD38, CD56, and kappa light chain and (Figure 3) 



negative reaction with CD20 and lambda light chain both 
in the bone marrow and in the esophagus (Figure 4). It 
was consistent with MM of  IgG kappa subtype. Left upper 
extremity MRI revealed an irregularly shaped 5 cm × 4 cm 
× 6 cm mass on the humeral head. Total excision of  the 
mass in the left arm was performed. It was also consistent 
with MM.
    The patient was diagnosed with MM of  IgG kappa sub-
type, and chemotherapy regimen of  VAD was applied (vin-
cristine 0.4 mg for 24 h infusion on days 1-4, adriablastina 
9 mg/m2 for 24 h infusion on days 1-4, dexamethasone 40 
mg po on days 1-4, 9-12, 17-20). Dysphagia was relieved 
after administration of  the chemotherapy regimen. Con-
trol endoscopical examination revealed that the formerly 
detected ulcers on admission were improved.

DISCUSSION
Multiple myeloma is a neoplastic proliferation of  
monoclonal plasma cells that can result in osteolytic bone 
lesions, hypercalcemia, renal impairment, bone marrow 
failure, and the production of  monoclonal gammopathy. 
Although it is usually restricted to the bone marrow, extra-
medullary involvement can occur in the form of  plasma-
cytomas in up to 20% of  cases. The most common site of  
extramedullary involvement is the upper respiratory tract, 
including the oropharynx, nasopharynx, nasal cavity, para-
nasal sinuses, and larynx[1,2]. Gastrointestinal involvement 
by plasma cells is rare, representing less than 5% of  all 
extramedullary plasmacytomas. Presentation may be either 
primary or secondary. Before a diagnosis of  multiple mye-

loma is made it is mandatory to exclude primary extramed-
ullary plasmacytoma (PEMP) by performing the necessary 
investigations. The differential diagnosis of  PEMP from 
multiple myeloma is important because these two entities 
are thought to be biologically different and their prognoses 
are not the same.
    Most of  the reported cases represent involvement of  
the gastrointestinal tract by solitary plasmacytomas. All 
segments of  the gastrointestinal tract may be involved by 
plasma cell infiltration. Small bowel is the most common 
site of  involvement, followed by stomach, large bowel and 
esophagus[2-5]. Esophageal involvement by multiple mye-
loma is uncommon (Figure 3). A search of  the English 
literature for plasmacytoma of  the esophagus has revealed 
only four previous reports. The case reported by Morris 
and Pead[6] occurred in a 59-year old woman who present-
ed with weight loss and intermittent dysphagia that pro-
gressively worsened over a 4- 5-mo period. Plasmacytoma 
is a protuberant mass occurring in the lower esophagus 
and involving the full thickness of  the wall. Ahmed et al[7] 
encountered an esophageal PEMP in a 67-year-old man 
who, in addition to dysphagia, had weakness and weight 
loss. The lower third of  the esophagus was invaded by an 
8 cm tumour that extended to the gastric cardia and pene-
trated the entire thickness of  the esophageal wall. Davis 
and Boxer[8] described a PEMP of  esophagus in a 69-year-
old man who only had a two-week history of  dysphagia. 
Furthermore, this patient did not have weight loss, malaise 
or constitutional symptoms. The tumour was polypoid, 

Figure 1 Exudate-
covered ulcer in distal 
esophagus.

Figure 2 Plasma cells 
infiltrating esophageal 
mucosa (hematoxylin 
& eosin s ta in ing, x 
200).

Figure 3 Mye loma 
c e l l s  i n  l a m i n a 
propria of esophagus 
(hematoxylin & eosin 
staining, x 400).

Figure 4 Immunohistochemically stained kappa light-chain showing monoclonality 
of plasma cells (x400).

www.wjgnet.com

2306         ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol        April 14, 2006     Volume 12    Number 14



measured 4 cm in diameter, and involved the distal third of  
the esophagus. Recently, Chetty et al[9] described a PEMP 
of  esophagus in a 58-year-old man. Dysphagia occurs par-
ticularly with consumption of  solid foods over a period 
of  2 mo. Gross examination of  esophagus can reveal large 
polypoid tumour. In the present case, however, dysphagia 
was particularly with solid foods over a period of  one 
month. The lesion was in the form of  ulcer and was pro-
bably induced by impairment of  the esophageal mucosa 
due to replacement of  the stromal tissue by the plasma 
cells (Figure 4).
    The presenting features of  esophageal plasmacytoma 
are similar to esophageal carcinoma, i.e., progressive 
dysphagia, profound weight loss, signs of  malnutrition, 
and anemia. Diagnosis on clinical grounds alone is 
impossible and the radiologic appearance does not seem 
distinctive. Endoscopic biopsy is the earliest opportunity 
for diagnosis.
    Diffuse plasma cell infiltration may also be seen in 
Barrett’s esophagus that should be ruled out in the 
differential diagnosis. Plasma cells are positive for 
monoclonal light chain in MM as in the present case, but 
they are polyclonal in Barrett’s esophagus. Additionally, 
there was no intestinal glandular metaplasia in the present 
case.
    In conclusion, multiple myeloma is a systemic 

disease which may be rarely presented with esophageal 
involvement. It should be kept in mind that esophageal 
ulcers in patients diagnosed with MM may be related to 
the myeloma involvement and these patients should be 
examined further.
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World Journal of Gastroenterology standard of quantities and units
Number                    Nonstandard  Standard                      Notice 

  1    4 days    4 d     In fi gures, tables and numerical narration 
  2    4 days    four days                        In text narration 
  3    day    d     After Arabic numerals  
  4    Four d    Four days                         At the beginning of a sentence 
  5    2 hours    2 h     After Arabic numerals 
  6    2 hs    2 h     After Arabic numerals 
  7    hr, hrs,    h     After Arabic numerals 
  8    10 seconds                       10 s     After Arabic numerals 
  9    10 year    10 years     In text narration  
10    Ten yr    Ten years                         At the beginning of a sentence  
11    0,1,2 years                        0,1,2 yr     In fi gures and tables  
12    0,1,2 year                        0,1,2 yr     In fi gures and tables  
13    4 weeks    4 wk   
14    Four wk    Four weeks    At the beginning of a sentence  
15    2 months    2 mo     In fi gures and tables  
16    Two mo    Two months    At the beginning of a sentence  
17    10 minutes                        10 min   
18    Ten min    Ten minutes    At the beginning of a sentence  
19    50% (V/V)                        500 mL/L   
20    50% (m/V)   500 g/L   
21    1 M    1 mol/L   
22    10 μM    10 μmol/L   
23    1N HCl    1 mol/L HCl   
24    1N H2SO4                        0.5 mol/L H2SO4   
25    4rd edition   4th edition   
26    15 year experience   15- year experience   
27    18.5 kDa    18.5 ku,18 500u or Mr18 500   
28    25 g.kg-1/d-1  25 g/(kg·d) or 25 g/kg per day 
29    6900    6 900
30    1000 rpm                        1 000 r/min 
31    sec    s     After Arabic numerals  
32    1 pg·L-1    1 pg/L
33    10 kilograms   10 kg  
34    13 000 rpm   13 000 g     High speed; g should be in italic and suitable conversion. 
35    1000 g    1 000 r/min    Low speed. g cannot be used.  
36    Gene bank                        GenBank     International classifi ed genetic materials collection bank 
37    Ten L    Ten liters                         At the beginning of a sentence 
38    Ten mL    Ten milliliters    At the beginning of a sentence  
39    umol    μmol   
40    30 sec    30 s
41    1 g/dl    10 g/L     10-fold conversion
42    OD260    A260     “OD” has been abandoned. 
43    One g/L    One microgram per liter   At the beginning of a sentence  
44    A260 nm    A260 nm     A should be in italic.  
   bP<0.05    aP<0.05     In Table, no note is needed if there is no significance                                                                                        
                                                                                                                                                                                         instatistics: aP<0.05,  bP<0.01 (no  note if P>0.05). If there
                                                                                                                                                                                         is a second set of P value in the same table, cP<0.05 and 
          dP<0.01 are used for a third set: eP<0.05, fP<0.01.
45    *F=9.87, §F=25.9,   1F=9.87,2F=25.9,    Notices in or under a table
   #F=67.4    3F=67.4
46    KM    km     kilometer 
47    CM    cm     centimeter 
48    MM    mm     millimeter 
49    Kg, KG    kg     kilogram 
50    Gm, gr    g     gram 
51    nt    N     newton 
52    l    L     liter  
53    db    dB     decibel  
54    rpm    r/min     rotation per minute  
55    bq    Bq     becquerel, a unit symbol  
56    amp    A     ampere  
57    coul    C     coulomb
58    HZ    Hz 
59    w    W     watt 
60    KPa    kPa     kilo-pascal 
61    p    Pa     pascal 
62    ev    EV     volt (electronic unit) 
63    Jonle    J     joule 
64    J/mmol    kJ/mol     kilojoule per mole  
65    10×10×10cm3   10 cm×10 cm×10 cm
66    N·km    KN·m     moment 
67    x±s    mean±SD                         In fi gures, tables or text narration 
68    Mean±SEM   mean±SE                         In fi gures, tables or text narration 
69    im    im     intramuscular injection 
70    iv   iv    intravenous injection 
71    Wang et al                        Wang et al. 
72    EcoRI    EcoRI     Eco in italic and RI in positive. Restriction endonuclease                                                                                        
                                                                                                                                                                                         has its prescript form of writing.
73    Ecoli    E.coli     Bacteria and other biologic terms have their specific                                                                                            
                                                                                                                                                                                         expression.
74    Hp    H pylori 
75    Iga    Iga     writing form of genes
76    igA    IgA     writing form of proteins
77    -70 kDa    ~70 ku
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