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REVIEW | IMMUNOLOGY

CAR T-CELL THERAPY OF SOLID TUMORS: PROMISING APPROACHES TO MODULATING
ANTITUMOR ACTIVITY OF CAR T CELLS

Kiseleva YaYu B, Shishkin AM, lvanov AV, Kulinich TM, Bozhenko VK
Russian Scientific Center of Roentgenoradiology, Moscow, Russia

Adoptive immunotherapy that makes use of genetically modified autologous T cells carrying a chimeric antigen receptor (CAR) with desired specificity is a promising
approach to the treatment of advanced or relapsed solid tumors. However, there are a number of challenges facing the CAR T-cell therapy, including the ability of
the tumor to silence the expression of target antigens in response to the selective pressure exerted by therapy and the dampening of the functional activity of CAR
T cells by the immunosuppressive tumor microenvironment. This review discusses the existing gene-engineering approaches to the modification of CAR T-cell
design for 1) creating universal “switchable” synthetic receptors capable of attacking a variety of target antigens; 2) enhancing the functional activity of CAR T cells
in the immunosuppressive microenvironment of the tumor by silencing the expression of inhibiting receptors or by stimulating production of cytokines.

Keywords: CAR T-cell therapy, solid tumors, chimeric antigen receptor, CAR T cells, universal CARs, immunosuppressive microenvironment

Author contribution: Kiseleva YaYu analyzed the literature, prepared the draft of the manuscript, created the figures; Shishkin AM analyzed the literature and
revised the manuscript; lvanov AV analyzed the literature and revised the manuscript; Kulinich TM revised the manuscript; Bozhenko VK revised the manuscript.

><] Correspondence should be addressed: Yana Yu. Kiseleva
Profsoyuznaya, 86, Moscow, 117997; 89036728541 yana.kiseleva@gmail.com
Received: 03.10.2019 Accepted: 17.10.2019 Published online: 18.10.2019
DOI: 10.24075/brsmu.2019.066

CAR-TEPANUA CONMNOHbBIX OMYXOJEW: NEPCMNEKTMBHBIE NOAXO4bl K MOAYNIMPOBAHUIO
MPOTMBOOMNYXOJNIEBOV AKTUBHOCTU CAR-T-IMUM®OLINTOB

4. t0. Kucenesa 2, A. M. LLnwikuH, A. B. MeaHos, T. M. KynnHud, B. K. BOXXeHKO
Poceuinckunii HayqHbIN LIEHTP peHTreHopaavonorim, Mocksa, Poccrs

ALONTUBHYIO UMMYHOTEPANMIO, UCMONB3YIOLLYIO MEeHHO-MOAUMULIMPOBAHHBIE ayTONOrMYHblE T-NMMAOUMTLI C MUCKYCCTBEHHBIM PEeLEenTOpOM 3adaHHOoM
cneummdHocT (CAR-Tepanmio) paccMaTpuBatoT B Ka4eCTBE NEPCNEKTVMBHOMO NMOAXoAa K IEHEHNIO COMMAHBIX OMyXoner, Kak PeLmanBYPYIOLLVIX, Tak U Ha MO3OHMX
CTaausx passuTus. Mpu NCnonb3oBaHUM 3TOrO Byda Tepanum MPUXOAMTCS CTANIKUBATLCS C PSAOM NPOGIEM, TakMX Kak CMOCOBHOCTb OMyXosn K OTOOPY KNETOK
CO CHWKEHHOW 3KCMpeccuert aHTUreHOB-MULLIEHEN B XOA4e Tepanum 1 CHKEHVe yHKLmoHanbHoM aktuBHOCT CAR-T-MMMOLMUTOB MMMYHOCYMPECCUBHBIM
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Traditional treatment options for malignancies, such as surgery,
radiation therapy and chemotherapy, do not satisfy the criteria
for therapeutic efficacy in patients with advanced or relapsed
cancer. The need for more effective therapies has driven
development of innovative treatment modalities, many of which
harness the mechanisms of immune response [1]. One of them
is adoptive immunotherapy that makes use of T-cell chimeric
antigen receptors (CARs). Eligible patients receive an infusion
of autologous T cells genetically modified ex vivo before the
procedure to carry a synthetic receptor with a desired specificity
on their surface. A CAR is a fusion protein composed of an
extracellular single-chain variable immunoglobulin fragment
(scFv) and T-cell intracellular signaling domains [2]. Unlike T-cell
receptors that recognize antigens processed and embedded within
the major histocompatibility complex, chimeric T-cell receptors
target native (unprocessed) cell surface antigens associated with
malignant cell transformation [3]. Despite the success of CAR T-cell
therapy in fighting hematologic malignancies [4], its application
to solid tumors has a few limitations related to the presence of
tumor-associated antigens on the surface of healthy tissue cells

BULLETIN OF RSMU | 5, 2019 | VESTNIKRGMU.RU

and the ensuing adverse cytotoxicity [5, 6]. Another challenge is
that malignant tumors are heterogenous and can evolve under
selective pressure induced by immunotherapy, expressing
fewer target antigens on their surface. In addition, once a CAR
T cell reaches the tumor, it finds itself in the immunosuppressive
microenvironment created by regulatory T cells, tumor-associated
macrophages, myeloid-derived suppressor cells, some
overexpressed immunosuppressive molecules (PD-L1, PD-L2,
CD80, CD86), hypoxia, necrosis, and lack of nutrients [7].

In order to overcome these barriers, a variety of gene
engineering approaches have been proposed to the
modification of CAR T-cell manufacturing technology [7-9].
The most promising of them include 1) designing universal
CARs capable of attacking a wide range of target antigens
and 2) enhancing functional activity of CAR T cells in the
immunosuppressive microenvironment of the tumor. This
review focuses on genetically engineered universal CARs and
the possibility of modulating antitumor activity of CAR T cells
by downregulating the expression of inhibiting receptors and
stimulating production of cytokines.
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Universal CARs with an adaptor module

Since classic, i.e. currently used in clinical practice, CARs are
monospecific, antigen loss provoked by therapy remains one
of the crucial challenges facing CAR therapy. In order to cut
down on manufacturing costs and effort involved in creating
a CAR construct with new (yet fixed) specificity, as well as to
expand the range of simultaneously or consecutively attacked
targets, a modular design of the CAR T-cell system has been
proposed in which the antigen-recognition and signaling
domains are represented by two separate modules. The
antigen-binding adaptor is a stand-alone molecule recognized
by a CAR ectodomain. Such system can be functional only
in the presence of all 3 components, including the target, the
adaptor module and the effector CAR T cell. Its design allows
controlled activation of CAR T cells and their rapid “switch-off”
in case of toxic adverse events, such as the cytokine release
syndrome. In addition, a modular CAR T cell can be easily
redirected from one target to another, without having to start
the engineering process all over in an attempt to obtain a cell
with new antigen specificity. This concept lies behind the idea
of a universal CAR system (UniCAR). This review looks at the
most promising universal CAR systems developed so far.

A modular CAR system equipped
with biotin-binding immunoreceptors

In this type of UniCAR T cells, the universal ectodomain is
represented by avidin or streptavidin (Fig. 1A) that bind to
biotinylated antigen-specific molecules (MAT, ScFv and other
specific ligands that recognize the target antigen). The first
UniCAR system exploited the interaction between biotin and
avidin [10]. Its inventors demonstrated that T cells equipped with
the biotin-binding immunoreceptor (BBIR), whose ectodomain
was represented by an extracellularly modified avidin dimer,
could bind to cancer cells pre-incubated with biotinylated
antibodies, switch on and lyse the malignant target. The
researchers showed that supraphysiological concentrations
of biotin, which is present in human blood plasma, did not
cause antigen-independent activation of modified CAR T cells
and did not inhibit their activity. Biotinylated antibodies were
also employed as adaptor modules in another UniCAR system
described in [11]. Here, the role of the ectodomain component
was played by a high-affinity streptavidin monomer (mSA2).
Using biotinylated rituximab (anti-CD20 mAb) as an adaptor
module, the researchers demonstrated that modified T cells

were capable of switching on and lysing their targets in a dose-
dependent manner in vitro. However, the immunogenicity of
avidin/streptavidin remains an open question and can limit
therapeutic applications of BBIR-based UniCAR T-cell systems
[10, 11].

A modular CAR-system containing fluorescein isothiocyanate

In this modular system (Fig. 1B), the universal CAR T-cell
ectodomain contains a variable scFv fragment that targets
synthetic fluorescein isothiocyanate (FITC), a commonly used
fluorescent probe for antibody labeling. Here, FITC is conjugated
either to a monoclonal antibody (MAb) or to a receptor ligand that
interacts with a target antigen on the surface of the malignant
cell. This interaction results in a pseudoimmunological synapse
formed between the anti-FITC CAR T cell and the tumor cell
expressing the target antigen. Subsequently, the activated
CART cells lyse the target. CAR T-cell constructs carrying FITC
conjugated to mAb (trastuzumab, rituximab and cetuximab)
were successfully tested against HER2-expressing cells
(breast cancer), CD20 (B-cell lymphoma) and EGFR (pancreatic
cancer) in NSG mice [12]. Just like BBIR-based UniCAR T cells,
the immunogenicity of FITS is yet to be elucidated [12].

Modular CAR systems with neoepitopes

In this type of CAR systems, the adaptor module contains a
neoepitope bound to antigen-specific scFv or Fab, whereas the
CAR itself consists of an intracellular domain and an ectodomain
(scFv) that recognizes the neoepitope. Neoepitopes are
exogenous peptides not found in humans. So far, two modular
neoepitope CAR T-cell systems have been developed; they rely
on neoepitopes 5B9 and PNE (Fig. 1C).

5B9 is a non-immunogenic peptide 10 amino acids
in length. Its sequence is a peptide motif present in the
nuclear autoantigen La/SS-B typically found in patients with
Sjogren’s syndrome and systemic lupus erythematosus [13].
Initially, the developed 5B9-specific UniCAR system [14] was
directed against antigens CD33 and CD123 expressed on
acute myeloid leukemia cells. The researchers experimented
with both mono- and bispecific antigen-recognizing modules
conjugated to epitope 5B9. The targeted cells were effectively
lysed both in the presence of two independent monomodules
(scFv) and the bispecific module (bis-scFv) alone; the latter
turned out to be even more effective. It was established that
antigen-recognizing modules could effectively induce lysis
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Fig. 1. Types of universal CARs. A. A modular CAR T-cell system with biotin-binding immunoreceptors. B. A modular CAR T-cell system with fluorescein isothiocyanate.
C. A modular CAR T-cell system with neoepitopes (5B9, PNE). D. A modular CAR T-cell system with a leucine zipper motif (SUPRA CAR)
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even at very low concentrations, regardless of antigen density
on the surface of targeted cells [14]. Later, the efficacy of
the 5B9-specific UniCAR-system against solid tumors was
tested in cell and animal models of prostate cancer [15]. In
this case, the neoepitope 5B9 was bound to scFv directed
against prostate stem cell antigen (PSCA). The use of the
5B9-specific UniCAR system in NSG mice with high and low
tumor burden significantly delayed tumor growth and improved
animal survival. Interestingly, after the adaptor module was
added to the co-cultured cancer and 5B9-specific UniCAR T
cells, the expression of immunosuppressing PD-L1 and PD-L2
on the cancer cells and their PD-1 receptor on effector T cells
significantly increased in comparison with the control cultured
without the adaptor module [15]. Later, the same research
team [16] published preclinical trial data on the successful
application of PSCA- and PSMA-specific (prostate specific
membrane antigen) 5B9-modules used in combination.

The other peptide known as PNE (peptide neoepitope) and
exploited in a neoepitope UniCAR (Fig. 1C) was derived from
GCN4, the transcription factor found in yeast. PNE contains 14
amino acid residues, is not found in humans and is expected
to have low immunogenicity, according to the in silico analysis.
Proposed in [17], the PNE-based adaptor module contained a
PNE bound to a Fab fragment of therapeutic antibodies specific
either for CD19 or for CD20. The universal CAR ectodomain
contained scFv of highly specific 52SR4 mAb that recognize
PNE. Using the mouse model of B-cell leukemia xenograft, the
researchers demonstrated dose-dependent control over the
activity of UniCAR T cells and their localization in tissue in the
areas of malignant cell accumulation and cytokine secretion
[17]. Interestingly, high doses of adaptor modules caused
expansion of CD45RA*CD62L- cells (TEMRA, terminal effector
memory expressing CD45RA+), whereas low adaptor doses led
to the prevalence of the CD45RA-CD62L* phenotype (central
memory cells) associated with prolonged persistence of CAR
T cells and correlated with sustained remission in patients with
acute myeloid leukemia or chronic lymphocyte leukemia [18].
The same research team developed a UniCAR-system with
PNE targeting the HER2-expressing breast cancer cells [19].
The antigen-recognizing component of the adaptor module
was represented by the Fab fragment of trastuzumab (clone
4D5). The study [19] demonstrated a dose-dependent cytotoxic
effect exerted by the system in vitro, as well as complete
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resolution of lesions in NSG mice inoculated subcutaneously
with breast cancer cell lines characterized by different levels of
HER2 expression.

SUPRA CAR: a modular CAR-system with a leucine zipper
motif component

One of the most promising universal CARs is known as SUPRA
CAR (split, universal and programmable) and was proposed
in [20] (Fig. 1D). It is a two-component system that relies on
a leucine zipper motif to ensure the interaction between its
parts. The zipper is composed of a universal receptor (zipCAR)
expressed on the T-cell surface and an antitumor scFv adaptor
(zipFv). The universal zipCAR receptor rises from the fusion of
intracellular signaling domains (CD28, 4-1BB and CD3z) with
the ectodomain containing a leucine zipper motif. The adaptor
module zipFv consists of an antigen-specific scFv and a leucine
Zipper motif, which ensures its interaction with zipCAR and
subsequent activation of T cells. Unlike “conventional” CARs
with fixed specificity, the described construct allows redirecting
the system against different antigen targets without preforming
any extra manipulations on a patient’s immune cells. Another
unique feature of SUPRA CAR is its tunability: it is possible
to adjust the wide range of different parameters involved in
modulating T-cell response and prevent T-cell overactivation.
By varying such parameters as (1) affinity between leucine
Zipper motifs, (2) affinity between the tumor antigen and scFv,
(8) zipFv concentrations, and (4) zipCAR expression, one can
modulate the functional activity of T cells, including interferon
gamma production [20]. In case of a cytokine storm occurring
in response to CAR therapy, the activity of SUPRA CAR T cells
can be dampened or completely inhibited by administering a
competing low/high-affinity adaptor zipFv to the patient. The
adaptor can dimerize with the leucine zipper domain of specific
zipFv introduced into the patient’s organism in the previous
step, and thus prevent it from binding to zipCAR. Besides, this
system can perform such logic operations as A OR B or A AND
NOT B. The former is used when there is a need to attack
malignant cells carrying two target antigens, which is achieved
by adding two zipFv adaptors specific for the two targets and
capable of binding to zipCAR. The second logic operation is
performed to mitigate adverse cytotoxic effects on healthy cells
expressing the target antigen. The researchers demonstrated
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Fig. 2. A schematic showing modulation of antitumor activity of CAR T cells in the immunosuppressive tumor microenvironment. A. Silencing the expression of the
pdcd-1 gene in T lymphocytes by transfecting them with siRNA. The PD-1 receptor interacts with its ligands PD-L1/2 and inhibits the activating CAR signal. After
transfection, siRNA duplexes interact with the RISC-binding complex (RNA-induced silencing complex); one of RNA strands is removed from the complex, whereas
the other remains within RISC, binds to mRNA and initiates its degradation. This leads to a decline in the PD-1 expression on the cell surface. B. Knockout of the
pdcad-1 gene performed using CRISPR/Cas9 technology. C. TRUCKS: apart from CAR, a plasmid is introduced into the T cell, containing a NFAT responsive element
(NFAT-RE) and sequences of genes coding for IL12, IL15 or IL18. The T cell is activated following the interaction between the CAR and the target antigen. This leads to
dephosphorylation of NFAT transcription factor that relocates to the nucleus and triggers cytokine production by binding to NFAR-RE. Local secretion of the cytokine

initiates immune response against cancer cells invisible for CAR T lymphocytes
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the feasibility of sparing cells that carry 2 target antigens, one
of which was tumor-associated and the other was non-tumor
[20]. This effect can be achieved by using the zipFv adaptor
that is specific for a non-tumor antigen but competes with
ZipCAR for binding to the leucine zipper domain of the zipFv
adaptor specific for the tumor antigen. When bound to the
target, the adaptors form dimers, meaning that zipFv specific
for the tumor antigen can no longer interact with zipCAR. As
a result, the induced cytotoxic response of T cells against
healthy cells is weak. It was demonstrated that SUPRA CAR
T cells can control tumor growth in NSG mice injected with
SK-BR-3 breast cancer cells intraperitoneally or with Jurkat
cells intravenously [20]. In order to reduce immunogenicity of
the proposed system, the authors humanized leucine zippers
using the corresponding sequences of human transcription
factors [20].

Modulation of antitumor activity of CAR T cells in the
immunosuppressive tumor microenvironment

The immunosuppressive microenvironment of solid tumors
is one of the major factors preventing the positive outcome
of CAR therapy. Coupled with the expression of inhibiting
receptors on the surface of CAR T cells, it disrupts the efficacy
of the latter [21]. The following 2 inhibiting receptors are worth
noting: PD-1 (programmed cell death receptor) and CTLA-4
(cytotoxic T-cell-associated antigen 4); today, they are regarded
as leading regulators of the immune system that control the
activation of T cells and maintain peripheral tolerance [7, 22].
By interacting with CD80/86, CTLA-4 inhibits potentially
autoreactive T cells in the early stage of naive T-cell activation,
usually in lymph nodes [23], whereas PD1 bound to PD-L1/2
participates in the regulation of activated cells in later stages
of immune response, exerting its effect in peripheral tissue
[24]. Tumor cells expressing the corresponding ligands on their
surface can harness those two receptors to inactivate tumor-
specific lymphocytes, including CAR T cells, thus acquiring
insensitivity to their attacks [22, 25]. Importantly, adoptive
immunotherapy makes use of activated T cells. Their activation
leads to overexpression of PD-1 and CTLA-4, which makes
T cells even more susceptible to the immunosuppressive effect
of the tumor [25].

The unwanted interaction between the ligand and the
receptor can be blocked by mAb specific for this receptor or
ligand [26]. Since 2011, therapeutic regimens for metastatic
melanoma adopted in the USA have included ipilimumab, the
monoclonal antibody that blocks CTLA-4 [27]. Clinical trials
have demonstrated the efficacy of immunotherapy with PD-1
and PD-L1 inhibitors in patients with melanoma [28]. It should be
noted that the combination therapy with anti-PD-1 (nivolumab)
and anti-CTLA-4 (ipilimumab) improved progression-free
survival and increased the objective response rate in patients
with melanoma who had not received any previous treatment,
as compared with monotherapy [29]. Today, a number of anti-
mADb have been approved for treating melanoma, non-small cell
lung cancer, bladder cancer, and some other types of cancers,
including nivolumab, pembrolizumab, atezolizumab, avelumab,
and durvalumab [27]. However, these drugs induce a wide
range of side effects called immune-related adverse events,
including autoimmune thyroiditis, hepatitis, colitis, myocarditis,
etc. [30]. Apparently, immunomediated adverse effects are
related to non-specific activation of immunocompetent cells,
limiting the therapeutic application of such drugs [30].

An alternative approach to the modification of functional
activity of CAR T cells is based on silencing the expression

of inhibiting receptors on their surface through genetic
modification of T cells ex vivo in addition to the introduction
of an antigen-specific CAR receptor into the cell. This can be
done by simultaneously transfecting the T cell with siRNA (small
interfering RNA) (Fig. 2A) and DNA/RNA coding for the antigen-
specific receptor [22], or by using genome editing tools, such
as CRISPR/Cas9 [31] (Fig. 2B). A study [32] has demonstrated
that CTLA-4 mRNA expression can be successfully silenced
in the peripheral blood lymphocytes of patients with chronic
hepatitis B using the siRNA-based technology. It should be
noted though that in the mentioned experiment specific CAR
receptors were not introduced into the cells. Another recent
study has shown that transfection of T-cells with mRNA coding
for the second-generation CAR-receptor specific for the
melanoma antigen CSPG4 and two siRNAs inhibiting PD-1 and
CTLA-4 leads to a decline in the expression of surface PD-1
and intracellular CTLA-4 in T lymphocytes [25]. The researchers
observed a statistically significant increase in the cytotoxic effect
of modified T lymphocytes on melanoma cells transfected with
PD-L1- or CD80-encoding plasmids, in comparison with the
control [25]. CRISPR/Cas9-based genome editing has been
recently applied to suppress the expression of PD-1 and CTLA-
4 [31, 33]. The CRISPR/Cas9 technology can be successfully
used to silence the PD-1-encoding gene in CAR T cells; this
significantly enhances their antitumor activity both in vitro and
in vivo [33]. It has been shown that three genes, including PD-1
[31], and 4 genes, including PD-1 and CTLA-4 [34], can be
simultaneously silenced in CAR T cells using the CRISPR/Cas9
technology.

Another approach to overcoming the immunosuppressive
activity of tumor environment and attacking tumor cells that
have stopped expressing the target antigen on their surface lies
in enabling T cells to increase production of cytokines directly
in target tissue upon their activation through the interaction
between CAR and the target cell. Such modified cytokine-
producing CAR T cells are referred to as TRUCKs: T cells
Redirected for Universal Cytokine Killing [35] (Fig. 2C). They
have proved to be highly effective in delivering cytokines to the
tumor microenvironment. Experiments in mouse models have
demonstrated that accumulation of IL12 in malignant tissue
following adoptive transfer of tumor-specific IL12-secreting
cells improves the cytolytic activity of T lymphocytes [36] and
stimulates activation and recruitment of innate immunity cells
to the tumor site [37]. Secretion of IL12 locally affects myeloid
suppressor cells, dysfunctional dendritic cells and alternatively
activated macrophages and reprograms them into functional
antigen-presenting cells that can present tumor-associated
antigens to tumor-infiltrating lymphocytes (TIL), causing
regression of large tumor lesions [38]. Clinical trials conducted
in patients with metastatic melanoma treated with autologous
TIL expressing IL12 under the “supervision” of regulatory
NFAT (NFAT stands for nuclear factor of activated T cells)
have demonstrated an objective clinical effect in 10 out of 16
patients treated with lower cell doses than recommended in
the standard protocol [39]. However, many patients recruited
for the trial developed serious side effects, such as severe
hepatotoxicity and hemodynamic instability; therefore, the trial
was terminated [39]. Pronounced cytotoxicity of TCR T cells
with NFAT-regulated expression of IL12 has been detected in
vivo in the experiments in mice [40]. Another research group
has achieved a positive therapeutic outcome (the absence of
toxicity in vivo) by controlling the IL12 expression with the TET-On
promotor sensitive to doxycycline [45]. Transient expression of
IL12 was enough to inhibit the growth of B16F10 melanoma
without provoking systemic cytotoxicity.
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There have been studies investigating the effect of the
increased IL15 and IL18 expression on the antitumor activity
of CAR T cells and TCR T cells. It has been established that
IL15 improves survival and promotes proliferation of ex vivo
modified CAR T cells redirected against CD19 (in leukemia/
lymphoma) [42] and IL13Ra2 (in glioblastoma) [43]. Using the
melanoma mouse model, the researchers have demonstrated
that administration of modified TCR T cells with NFAT-
regulated expression of IL18 was safe (no adverse toxicity was
observed), resulted in the expansion of CD8-cells in the lesion
and increased antitumor activity [40]. CD4 CAR T cells secreting
IL18 have been shown to activate CD8 T-cells that, in turn,
proliferate and enhance the antitumor response in mice with
induced B16F10 melanoma [44]. CAR T cells secreting IL18
trigger acute Th1 immune response in the tumor, which results in
improved survival of mice with pancreatic and lung cancer [45].
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Mechanisms of maintenance of immunological memory in the chronic course of seasonal allergic rhinitis remain poorly understood. The detailed understanding
of these mechanisms is required for design of new approaches for allergy treatment. It is known that the level of allergen-specific IgE antibodies (slgE), which
play a key role in the development of the disease, is increased in patients with seasonal allergic rhinitis during pollination season. This study aimed to investigate
the dynamics of serum IgE levels and characteristics of the clonal repertoire of IgE-secreting lymphocytes depending on the intensity of the patient's contact
with the allergen. For three patients, allergic to birch pollen (22, 22, and 28 y.o.), we measured total IgE and birch pollen specific IgE levels at 6 time points with
2 week interval during the birch pollination season. Immunoglobulin heavy chain gene (IGH) clonal repertoire data for several B-cell subpopulations at different time
points were obtained for one patient. We observe growth of the sIgE level (91%, 37%, and 64% compared to the baseline) at the peak of pollination season in
all three donors. Initial increase in sIgE and total IgE levels coincides with the birch pollination initiation; sIgE and total IgE levels correlate with the birch pollen air level
(slgE: R? = 0.98 at p < 0.05; total IgE: R? = 0.95 at p < 0.05). We detected IgE clonotypes only in samples obtained during the birch pollination, which indicates
an increase of IGE-expressing cells concentration during this period. The frequency of IgE clonotypes was extremely low compared to that of the clonotypes of
other isotypes (IgE — 0.01%, IgM — 48.4%, IgD — 14%, IgG — 17.4%, IgA — 19.8%). Hypermutation and phylogenetic analysis of the sequences from the
13 detected IgE-containing clonal groups showed that these IgE clonotypes could originate from IgG as a result of sequential isotype-switching.
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COINMACOBAHHAA OUHAMUKA CbIBOPOTO4YHOI O IGE N HACNTEHHOCTU IGE*-KJTIOHOTUMNOB

C YPOBHEM rblJibLUbl B BO3AYXE NMPU NOJIJIMHOSE

A. V. Mukenos'?, [1. b. Ctaposepos?, E. A. Komeuw??, tO. B. Jlebenes?, . M. Yynaxkos'?2, N. B. 3earnH2=
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MexaHn3mbl noaaep>KaHnst IMMYHOTOrMYECKOM NamsTi, 0OYCNOBNMBAIOLLEA XPOHNYECKOE TeHEHNe CE30HHOrO anfiepru4eckoro puHMTa y Yenoseka, cnabo
13yyeHbl. PauyoHanbHbIN AM3aniH HOBbIX MOAXOA0B K Tepanuy anneprudecknx 3abonesaHnin TpebyeT AeTanbHOro NOHNMMaHUA aTUX MexaHn3MoB. /13BecTHO,
YTO YpOBeHb annepreHcneumduyHbix aHTUTen knacca IgE (sIgE), SBnsioLLmxcs KNoYeBbIM areHToM B pas3suTuM JaHHOro 3ab0neBaHusi, MOoBbILLEH Y NaLneHToB
C MOSIMHO30M B Mepuof LBeTeHus. Lienbto paboTbl Obino M3yYnTb AMHAMMKY CbIBOPOTOYHOMO YPOBHS IgE 1 xapakTepucTuk KoHaneHoro peneptyapa IgE-
CEeKPETUPYIOLLMX MMMOLMTOB B 3aBUCUMOCTUN OT MHTEHCUBHOCTW KOHTaKTa nauueHTa ¢ annepreHoM. [na Tpex naumeHToB (22, 22 1 28 neT) ¢ anneprven Ha
6epe30Byi0 MbIfbLY Oblv M3MepeHb! YPOBHM 06LLero IgE 1 SIgE k 6epe3oBoli NbinbLie B 6 BPeMEHHbIX TOUKaX C MHTEPBANOM B 2 HELeNM, BtoYast Nepuop, MblieHys
6epesbl. [ns ooHOro AoHOpa NonyYeHbl AaHHble O KIIOHANbHOM pernepTyape reHoB TshKenbiX Lenen nmMmyHornodynmHos (IGH) cybnonynsaumii B-kneTouHoro
psapa. MpupocT yposHs SIgE B nepuop mbieHna coctasnn 91%, 37% 1 64% no CpaBHEHMIO C UCXOOHbIM Y TPEX AOHOPOB. MOMEHT Hadana pocTa ypoBHS
sIgE 1 obLero IgE 1 ero gvHammka cornacytoTcst ¢ pOCTOM KOHLEHTpaLwmn annepreHa (sige: R? = 0,98 npu p < 0,05; IgE obwwin: R? = 0,95 npu p < 0,05).
IgE-KNOHOTUMBI OBHaPY>KEeHb! TONMBKO B 0BpadLiax, B3ATbIX B MEPUOL LIBETEHNS 6epesbl, HTO CBUAETENbCTBYET O POCTE UX KOHLIEHTPaLmMmn B 3TOT nepuog,. [dond IgE-
KJTOHOTUMOB OKa3anachk KparHe HU3KOWM MO CPAaBHEHWIO C KITOHOTUNaMM Apyrux n3otunos (IgE — 0,01%, IgM — 48,4%, IgD — 14%, 1I9G — 17,4%, IgA — 19,8%).
OueHKa ym1cna rnepmyTaumii n UNoreHeTUHeCKNIA aHanna NocneaoBaTensHOCTeR BHYTPM 13 0BHapy»eHHbIX IgE-comepyKallyx KnoHamnbHbIX rpynn nokasanm
BO3MOXXHOCTb MPONCXOXAEHNS IgE-KnoHoTUNoB 13 IgG B pesdynstate CMeHb! M30Tuna.

KnioyeBble cnosa: annepr4ecknii PUHOKOHBIOHKTUBWT, aniepreHcneumdmyHbin IgE, nbinbua 6epesbl, Ce30HHasA AMHAaMMKA, KITOHAbHbIN penepTyap UMMYHO-
rnobynMHOB
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Seasonal allergic rhinoconjunctivitis (SAR), or seasonal allergic
rhinitis, is one of the most common allergies. According to
various studies, 17 to 28% of the population of Europe suffer
from this disease [1]. A significant part of SAR patients (8-16%
of the total population) react to tree pollen, and birch pollen is
the most common tree-produced allergen [2]. Same as other
types of allergy, SAR is a chronic disease for most patients,
and the probability of development of concomitant pathologies,
such as asthma and food allergies, is quite high. While the
most widely used therapeutic agents only aim to alleviate the
symptoms (antihistamine and glucocorticosteroid drugs, mast
cell membrane stabilizers), allergen-specific immunotherapy is
the only currently practiced approach to SAR treatment that
is designed to bring a long-term change in the chronic course
of the disease. This is a long-term therapy that requires strict
patient compliance and yields complete disappearance of the
symptoms only in some patients [3]. Therefore, development of
the new therapeutic approaches designed to prevent SAR from
turning chronic is an extremely urgent task.

Rational design of such approaches requires a deep
understanding of the mechanisms of maintenance of
immunological memory that determine chronic course of allergy.
A number of recent unsuccessful clinical trials of the allergic
rhinitis treatment modalities demonstrate that the currently
available information about these mechanisms is insufficient
[4, B]. Basic research efforts implying deeper investigation
of the mechanisms of immunological memory preservation,
which turns the allergy chronic, is a necessary basis both for
the development of the new approaches to SAR treatment and
improvement of the existing therapies.

It is known that IgE, a class E immunoglobulin, is one
of the key agents in the development of an allergic response.
However, there is little information about cell subpopulations
producing IgE in allergic rhinitis patients: their localization,
lifespan and required survival factors are not clear. Recently,
using a mouse model of food allergy it was demonstrated,
that shortly after sensitization IgE-secreting plasma cells can
be found in the bone marrow and have a limited lifespan (up to
1 year) [6]. IgE class antibodies can remain bound at mast cell
membranes for up to 100 days. It was also shown that at least
some of the long-term immunological memory that turns allergy
chronic is maintained by the subpopulation of IgG1+ allergen-
specific memory B-lymphocytes, which serves as a "reservoir"
from which the population of IgE producers is replenished in
case of contact with the allergen [6, 7].

This study aimed to investigate the dynamics of serum
IgE levels in greater detail compared to the previous research
efforts [8-10]. We enrolled patients allergic to birch pollen and
studied the dependence of the aforementioned dynamics
on the intensity of their contact with the allergen that is the
derivative of the pollen concentration in air. As part of the study,
we sought to identify the time point that, relative to the moment
of contact with the allergen, marks replenishment of the IgE
secreting cell fraction. We also aimed to characterize the
subpopulation of IgE-secreting plasmablast and plasma cells
aand describe their relationship to other isotypes and memory
B-cell population during seasonal exacerbation of the disease.

METHODS
Patient cohort and collection of serum samples
The studied cohort included three patients (22, 22, and 28 years

old). The inclusion criteria were: 1) any gender; 2) previously
diagnosed seasonal birch pollen allergic rhinitis; 3) no bronchial

asthma; 4) no other chronic inflammatory, autoimmune,
oncological and infectious diseases. The exclusion criteria were:
1) ongoing or recently finished allergen-specific immunotherapy
course; 2) vaccination during the study period. Venous blood
samples were taken in medical laboratories and by medical
personnel of the Invitro CDL chain of labs; the personnel used
the Vacuette Serum Gel Z and Vacuette K3EDTA tubes (BD
Biosciences; USA). Further experimental work was carried
out in the research laboratory of the Institute of Bioorganic
Chemistry, Russian Academy of Science.

To measure the total level of IgE and the level of birch
and alder pollen-specific IgE we collected the patients' blood
samples every fortnight from March to May 2019, thus taking
6 samples from each donor. From one of the donors (28 years
old) we also collected four additional serum samples collected
in March and May 2017, and in March and May 2018.

ELISA

We followed the protocol provided by the tube manufacturer
(BD Biosciences; USA) to isolate blood serum. To establish the
total IgE level and the level of birch and alder pollen-specific
IgE we used the commercially available ELISA kits (Alkor Bio;
Russia) according to the manufacturer's protocol. Hidex Sense
reader (Hidex Oy; Finland) was used to measure the optical
density. Each serum sample was measured in two independent
replicates.

Isolation of subpopulations of memory B-lymphocytes,
plasmablasts and plasma cells

For one of the donors (28 years old), we obtained samples
of three cell B-cell subpopulations: memory B-lymphocytes,
plasmablasts and peripheral blood plasma cells. These
samples were collected at three time points, March and May
2017 and March 2018.

Peripheral blood mononuclear cells from whole blood
were isolated using standard Ficoll density gradient protocol:
centrifugation at 310g for 20 min, Eppendorf 5804 centrifuge
(Eppendorf; Germany). Then, the cells were stained with the
set of fluorescently-labeled antibodies: anti-CD19-APC, anti-
CD20-VioBlue, anti-CD27-VioBright FITC, anti-CD138-PE-
Vio770 (Myltenyi Biotec; USA). Next, using the fluorescence-
activated sorting equipment (BD FacsAria lll, BD Biosciences;
USA) we isolated the target B-cell subpopulations: memory
B-lymphocytes (CD19+ CD20* CD27%), plasmablasts (CD20-
CD19+ CD27+ CD138") and plasma cells (CD20- CD19'v/-
CD27+ CD138*). At each time point, we collected two samples
of memory B-lymphocytes (50,000 cells), plasmablasts and
plasma cells (1000 and 500 cells, respectively).

Sequencing and analysis of B-cell receptor repertoires

Preparing the immunoglobulin (IgH) heavy chain cDNA libraries,
we followed the previously published protocol [11] with some
modifications. At the reverse transcription stage we introduced
the adapter with a unique molecular identifier (UMI) and
sample-specific barcode (Table 1). Further amplification was
done in two stages using the primers described in Table 1. For
sequencing we used lllumina Hiseg 2000/2500 (lllumina; USA) in
pair-end mode with 310 + 310 read length.

MIGEC software [12] was used for raw data set demultiplexing
and consensus assembling on the basis of unique molecular
identifier and sample-specific barcode sequences [12]. MIXCR
software [13] was used to annotate the V-, D-, J-, and C-segments,
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to identify the unique clonal IGH sequences (clonotypes) and to
assess the level of hypermutations. To assemble the IGH clonal
sequences, we used the IGH cDNA sequences supported by at
least two reads based on the UMIs analysis. Clonotypes were
defined by the nucleotide sequence of the immunoglobulin heavy
chain starting from V segment framework region 1 (FR1) to the end
of the J segment, with respect to the antibody isotype determined
by the 5' fragment of the C segment 15-16 nucleotides long.
R programming language [14] was used for IGH clonal repertoire
analysis, statistical processing of the results and regression
analysis; the Figures were prepared using the ggplot2 package
[15]. Change-O software [16] was used to identify the clonal
groups on the basis of the following criteria: one clonal group
contains IGH sequences which have the same CDRS3 length and
IGH V-segment, and at least 85% of CDR3 nucleotide sequence
identity 15% R. Phylogenetic analysis was performed using
MEGA 7 software [17] (maximum likelihood phylogenetic trees,
evolutionary GTR model).

Regression analysis

Regression model was used to test whether there is a relation
between the birch pollen sIgE serum level dynamics and the
allergen air level. Table 2 shows the data used for the model.
Regression equation:

sIgE_level = b + k1 x pollen_level + k2 x donorMRK + k3 x donorLK,

where sIgE_level is a dependent variable, representing serum
level of the birch pollen-specific IgE; pollen_level — predictor
variable, representing average level of birch pollen in the air

Table 1. Sequences of oligonucleotide primers used for IGH cDNA libraries

ORIGINAL RESEARCH | IMMUNOLOGY

(class) registered through the two weeks before sampling
blood to measure the serum IgE level; donor MRK — dummy
variable, can be 1 (MRK donor) and 0 (not MRK donor);
donorLK — dummy variable, can be 1 (donor LK) and O (donor
not LK); b is the intercept of the regression model that reflects
the basic level of the dependent variable, relating to MS donor;
k1, k2, k3 are the regression coefficients (k1 reflects the change
in the dependent variable when the pollen level in the air changes
by one pollination class; k2 reflects the difference in the basic
level of birch pollen-specific IgE between MRK and MS donors;
k3 reflects the difference in the basic level of birch pollen-specific
IgE between LK and MS donors.

Calculated coefficients: b = 207.813 (p < 0.01); k1 = 6.474
(o < 0.05); k2 = —194.4 (p < 0.01); k8 = =208.15 (p < 0.01).
Adjusted R? = 0.98; p < 0.01; F test.

Similarly, we used a regression model to analyze the relation
between the serum IgE level dynamics and the air level of birch
pollen. Total IgE serum level was selected as the dependent
variable; predictor variables were the same as in the described
model for sIgE. For the model where the total IgE serum level
is the dependent variable, the coefficients were as follows:
b =1299.05 (p < 0.01); k2 = -1056.4 (p < 0.01); k1 =51.45
(o < 0.05); k8 = -1313.65 (p < 0.01). Adjusted R? = 0.95;
p < 0.01; F test.

Pollen monitoring data

Pollen monitoring data for Moscow were obtained from open
sources (Allergophone). Table 3 is the pollination classification
table that shows the number of pollen grains per cubic meter
of air for each class.

Primer name Description Sequence
cDNA synthesis

SmartMK Eefzgtiémg%%a‘ﬁp_tegg;gﬂ% z?;’gsdez': CAGUGGUAUCAACGCAGAGUACNNNNNNUTGAAAUNNNNNNUCTT(rG)4

hIGG_r1 Isotype-specific primer, I9G GAAGTAGTCCTTGACCAGGCA

hIGM_r1 Isotype-specific primer, IgM GTGATGGAGTCGGGAAGGAAG

hIGA_r1 Isotype-specific primer, IgA GCGACGACCACGTTCCCATCT

hiGD_r1 Isotype-specific primer, IgD GGACCACAGGGCTGTTATC

hIGE_r1 Isotype-specific primer, IgE AGTCACGGAGGTGGCATTG

PCR amplification, step 1

M1ss Forward primer AAGCAGTGGTATCAACGCA

hIGG_r2 Isotype-specific reverse primer, IgG/IgE CCAGGGGGAAGACCGATG

hIGA _r2 Isotype-specific reverse primer, IgA CTCAGCGGGAAGACCTTG

hIGM_r2 Isotype-specific reverse primer, IgM ACGAGGGGGAAAAGGGTTG

hiGD_r2 Isotype-specific reverse primer, IgD CCTGATATGATGGGGAACAC

hIGE_r2 Isotype-specific reverse primer, IgE GTCAAGGGGAAGACGGATG

PCR amplification step 2

Mis_long_i7 Forward primer * CAAGCAGAAGACGGCATACGAGAT(i7)GTCTCGTGGGCTCGGAGATGTGTAT
AAGAGACAGTGGTATCAACGCAGAG

hIGD_r2_long_i5 Isotype-specific reverse primer, IgD * AATGATACGGCGACCACCGAGATCTACAC(i5)TCGTCGGCAGCGTCAGATGT
GTATAAGAGACAGATATGATGGGGAACAC

hIGM_r2_long_i5 | Isotype-specific reverse primer, IgM * AATGATACGGCGACCACCGAGATCTACAC(i5)TCGTCGGCAGCGTCAGATGT
GTATAAGAGACAGAGGGGGAAAAGGGTTG

hIGA_r2_long. i Isotype-specific reverse primer, IgA * AATGATACGGCGACCACCGAGATCTACAC(i5) TCGTCGGCAGCGTCAGATGT
GTATAAGAGACAGCAGCGGGAAGACCTTG

hIGGE_r2_long_i5 | Isotype-specific reverse primer, IgG/IgE * AATGATACGGCGACCACCGAGATCTACAC(i5 TCGTCGGCAGCGTCAGATGT
GTATAAGAGACAGARGGGGAAGACSGATG

Note: * (i5) and (i7) — sequences 8 nucleotides in length, which are sample-specific barcodes.
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RESULTS

The total and birch pollen-specific IgE serum levels
increased as the birch pollen level grew in the air

We measured total and birch pollen-specific serum IgE levels
at 6 time points before and after the start of birch pollination
season. The absolute values reflecting serum levels of both
specific (Fig. 1A) and total IgE (Fig. 1B) significantly differ among
patients, and the individual differences significantly exceed
differences between IgE levels of the same donor at different
time points. In all donors, the absolute values of both birch
pollen sIgE and total IgE increased between time point 1 and
time point 6. The level of birch pollen-specific IgE correlates
with the total IgE level in each donor; it exceeds the reference
level at all time points (Fig. 1).

The change in the levels of birch-pollen sIlgE and total
IgE registered through the period of the study is significantly
smaller than the differences in the total and specific IgE serum
levels between donors (coefficient of variation between all time
points, one donor, birch pollen-sigE: MS — 0.130, MRK — 0.228,
LK —0.282; total IgE: MS — 0.189, MRK — 0.154, LK — 0.485;
the smallest variation coefficient between donors, sIge — 1.39,
total IgE — 1.17). Taking this into account, in order to
characterize the seasonal dynamics of total IgE and sIgE in
serum we considered these levels with regards to the initial
level of total IgE and sIgE, measured before the birch pollination
season had started (time point 1). For each donor, each total
and birch pollen-specific IgE level measurement was normalized
to the corresponding values of total and birch pollen-specific
IgE level at time point 1.

Our findings are consistent with the previously published
research on the seasonal dynamics of serum levels of IgE
specific to other pollen allergens [8—10]: birch pollen-sigE level
grows significantly between the off-season time point (1) and
the season peak time point (6). The dynamics of birch pollen

sIgE correlates with the level of birch pollen in the air (Fig. 2).
The maximum increase of sIgE was observed at the peak of the
birch pollen level, between time points 3 and 5: the increase
reached 90.7% for donor LK, for MRK — 63.7%, for MS — 36.9%.

A linear regression model was developed to statistically
test the hypothesis that the level of birch pollen in the air and the
serum level of birch pollen-specific IgE are related. According
to the model, a high proportion of variance of the dependent
variable (sIgE level) depends on the selected predictors
(adjusted R? = 0.98), i.e. pollen air level and donor identifier
(the latter accounts for significant differences in the absolute
sIgE level between donors). All coefficients are significantly not
equal to 0, (p < 0.05 for all coefficients), and the coefficient at
the predictor-variable reflecting birch pollen air level is greater
than O (k1 = 6.47), which serves as a statistical confirmation
of the consistency of serum slIgE level dynamics with the birch
pollen air level. Similarly, the regression model for total IgE level
also demonstrates that its level grows together with the growth
of the allergen's concentration in the air (adjusted R? = 0.95;
p < 0.05 for each of the coefficients).

It should be noted that a relatively small (compared to the
maximums registered through the observation period) birch
pollen slIgE level increase occurs before the start of pollination
season or when the allergen concentration is low (time points
1-3). The possible reasons could be a random fluctuation in birch
pollen sIgE level (two out of three donors exhibited the absolute
level increase below 1 IU/ml between time points 1-2 and 2-3)
or a contact of the patient with birch pollen that occurred early,
before pollen level growth was registered by pollen monitoring
stations. Such an increase in the birch pollen sIgE level can
also be the result of its cross-reactivity to alder pollen antigens
as alder pollination season precedes birch pollination season
and there is a high level of structural similarity between birch
and alder pollen antigens. To assess the contribution of cross-
reactive IgE we measured the level of alder pollen slIgE in all
collected serum samples (Fig. 3). In all donors, the level of alder

Table 2. Data used to build the regression models. Birch pollen-specific and total IgE levels, averaged level of birch pollen in the air between corresponding time points

Time point Donor Birch pollen sIgE serum level, IU/ml Total IgE serum level, IU/ml Av. level of birch pollen in the air, class
1 MS 178.4 1066.3 0.00
2 MS 192.4 1148.9 0.00
3 MS 202.7 1275.9 0.07
4 MS 232 1419.7 1.07
5 MS 243.1 1469.4 3.83
6 MS 2443 1779.9 213
1 MRK 15.7 273.7 0.00
2 MRK 17.4 245.9 0.00
3 MRK 17.6 288.5 0.07
4 MRK 23 293.1 1.07
5 MRK 271 358.3 3.83
6 MRK 25.7 362.2 2.13
1 LK 5.4 26.2 0.00
2 LK 6.4 31.2 0.00
3 LK 6.1 28.2 0.07
4 LK 6.2 44.8 1.07
5 LK 9.6 69.1 3.83
6 LK 10.3 78.7 2.13
Table 3. Pollination level — pollination classes according to the volume of pollen in the air
Amount of pollen grains per 1 m® of air 0 1-10 11-100 101-1000 1001-5000 > 5000
Class 0 1 2 3 4 5
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pollen sIgE followed birch pollen air level more than alder pollen
air level. Alder pollen slgE peaked between time points 4 and
5, when the concentration of birch pollen in the air was at its
maximum, but not at time points 1 and 2, when alder pollen
level showed most of its growth. Therefore, we can assume
a high level of birch pollen sIgE cross-reactivity to alder pollen
antigens in all participating donors.

In 2 donors (MRK, LK), birch pollen sIgE grew slightly
(<1 IU/ml) while alder pollen slg went down. Thus, the
insignificant increase in birch pollen sIgE level shown for MRK
and LK donors cannot be explained by its cross-reactivity to
alder pollen sIgE. In MS donor, we registered growing alder
pollen sIgE between time points 1 and 2, which may explain the
increase in birch pollen sIgE level before the beginning of the
birch pollination season.

The abundance of IgE-expressing cells in peripheral
blood B-cell subpopulations is relatively low and
increases during seasonal exacerbation of allergies

Based on the data obtained from the mouse model of food
allergy, we can assume that birch pollen sIgE serum level and
total IgE level grow with the increase of the number of IgE-
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producing cells. In order to assess the seasonal dynamics
of IgE* cell abundance in different B-cell subpopulations,
we analyzed the immunoglobulin heavy chain (IGH) clonal
repertoires of memory B-cells, plasmablasts and plasma cells
from peripheral blood at three time points (1_2017, 3_2018 — time
points outside the birch pollination season, 2_2017 — season
peak).

For all three time points, sequencing yielded a total of
50,550,291 reads representing 1,616,747 unique IGH cDNA
molecules. To eliminate the majority of errors in determining the
clonal sequence, we included only those IGH cDNA sequences
which were supported by at least two independent reads. A
total of 116,437 IGH clonotypes were identified (a clonotype
is defined as unique nucleotide sequence of IGH starting from
the framework region (FR1) of the V segment to the end of the
J segment, with antibody isotype determined on the basis of
5’ fragment of C segment). IgE clonotypes were extremely rare
(~0.01% out of all detected clonotypes). For comparison, the
frequency of IgM clonotypes was 48.4%, IgD — 14%, IgG — 17.4%,
IgA — 19.8%.

All IGE* clonotypes were detected in IGH repertoires of
memory B-lymphocytes, plasmablasts and long-lived plasma
cells exclusively in samples obtained during the birch pollination
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Fig. 1. Level of birch pollen-specific IgE (A) and total IgE (B) for three donors (LK, MRK, MS) with seasonal allergic rhinoconjunctivitis at six time points (1-6). Horizontal
dashed line represents the reference level of corresponding antibodies in a healthy adult donor's serum (<0.35 1U/ml for sIgE, <100 IU/ml for general IgE). Error bars

reflect difference between minimum and maximum measurement values
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season (Fig. 4), while the sample size (in the number of cells) for
each subpopulation does not differ between time points. This
result demonstrates the increase in abundance of IGE* cells in
the patient’s peripheral blood during birch pollination season.
The technology applied to prepare immunoglobulin
heavy chain cDNA libraries allows estimating the number of
hypermutations along the entire length of the IGH sequence,
from the FR1 region to 5’ fragment of the constant region. For
each clonotype, we identified the number of hypermutations
and compared it between clonotypes with different isotypes.
As expected, the lowest level of hypermutations was detected
among IgD and IgM clonotypes (median — 2.3 and 3.7 bp per
100 bp of the V segment sequence, respectively), while a higher
level — among IgG and IgA clonotypes (median — 6.8 and
7.1 bp per 100 bp of the V segment sequence, respectively)
(Fig. 5), which are typically expressed in B-lymphocytes
that matured in germinal centers. The average number of
hypermutations of IgE clonotypes was not lower (median — 7.4 bp
per 100 bp of the V segment sequence) compared to that
of IgG and IgA clonotypes. Similar level of hypermutations
between IgE and IgG clonotypes may reflect the origination of
the IgE clonotypes of antibody-secreting cell subpopulations
from memory IgG* B lymphocytes, but also does not exclude
the independent isotype switching and accumulation of
hypermutations in IgE*and IgG* B lymphocytes.

To analyze the relationship between IgE clonotypes in
immunoglobulin heavy chain repertoires and clonotypes of
other isotypes in greater detail we applied the previously
described approach for identification of sets of clonotypes
most likely derived from a single precursor and having a similar
but not necessarily identical nucleotide sequence encoding
a variable domain of the B-cell receptor heavy chain (clonal
groups) [16]. A total of 13 IgE-containing clonal groups were
identified; they included 154 clonotypes. In 4 of them we have
identified clonotypes of other isotypes: IgG — 82, IgA — 19,
IgM — 4 and IgD — 1. Phylogenetic analysis that we did for
clonotypes of each of these clonal groups reveals a close
relationship between IgE and IgG clonotypes (Fig. 6): for most
IgE clonotypes, the closest neighbour in the phylogenetic
tree was an IgG clonotype. It should be noted that in each
of the considered IgE-containing clonal groups there were
lgG-clonotypes representing the 1gG* fraction of memory
B-lymphocytes.

DISCUSSION

Previously published studies describe an increase in the
serum level of total and allergen-specific IgE during the
seasonal allergic rhinitis exacerbation [8—-10]. However, these
studies present the serum levels seasonal dynamics data
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that were collected once every several months. Moreover,
no connection was made to the air level of pollen that
causes the allergy. In this work, we measured serum levels
of total IgE and birch pollen/alder pollen-specific IgE with a
higher time resolution (immunoglobulin levels were measured
once a fortnight) during a period including the birch pollination
commencement. Collation of the immunoglobulin levels and air
level of the pollen at each time point allowed to demonstrate
a correlation between birch pollen concentration in the air
and level of birch pollen-specific and total IgE. Interestingly,
all donors had the alder pollen sIgE growing together with the
concentration of birch pollen in the air, but not with the level of
alder pollen. Most likely, this is due to the birch pollen sIgE's
cross-reactivity to alder pollen antigens; this fact may indicate
that the donors that participated in our study lack specific
antibodies to unique alder epitopes. However, since we did
not register the alder pollen sIgE level before alder pollination
season (it was a little over a week away from the beginning of
sIgE level registration, and within this week the alder pollen air
concentration was as low as 1-10 grains per 1 m?), we cannot
exclude the possibility of alder pollen sIgE peaking during this
season (time points 1-3).

In all donors, birch pollen sIgE and total IgE levels began
growing at the same time when the concentration of birch
pollen in the air started to increase. This simultaneity may be
the result of the growing count of IgE-secreting plasmablasts
and plasma cells differentiating from memory B-lymphocytes
in response to stimulation by the allergen. Analysis of the IGH
repertoire dynamics and properties of sequences of identified
IGH clonotypes generally confirms this assumption. The
data obtained show that the abundance of peripheral blood
IgE-expressing plasmablasts and plasma cells grows when
birch starts pollinating, which reflects the active differentiation
process of B-lymphocytes. The high level of hypermutations
observed in IgE clonotypes is the sign of a long history of
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receptor selection in germination centers, which suggests
that these IgE-secreting cells may originate from memory
B-lymphocytes.

Overall, the obtained results allow assuming that the long-
term immunological memory maintenance model proposed for
food allergies [6] may also be valid for seasonal allergic rhinitis.
In this model, the long-lived IgE-secreting plasma cells have a
limited life span (~100 days in the mouse model), while memory
lgG1 B-lymphocytes serve as the long-term "reservoir" from
which the pool of IgE-secreting plasma cells is replenished. The
replenishment occurs when the patient contacts the allergen,
the process itself implies rapid proliferation, isotype switching,
and differentiation of memory IgG1 B-lymphocytes under
the action of Th2-associated cytokines (IL4, IL13, etc.). The
previously published study of the B-cell receptor repertoires in
respiratory allergies [18] did not allocate clonotypes to specific
subpopulations, however, there were indications of clonal
connections between IgG and IgE clonotypes in the peripheral
blood immunoglobulin heavy chain repertoires, which is an
indirect confirmation of correctness of the model suggested
by R. Jiménez-Saiz and co-authors. The phylogenetic analysis
of IgE-containing clonal groups, which was part of our study,
demonstrates that the IgE-secreting plasma cells may originate
from memory IgG* B lymphocytes in allergic rhinoconjunctivitis
patients. However, the analysis does not exclude other IgE-
producers origination patterns.

Our results also do not exclude the possibility of serum
IgE level increase being caused by the boost in production
and secretion of antibodies by existing IgE-secreting plasma
cells. The average lifespan of IgE* plasma cells in human red
bone marrow remains unexplored. Allergic rhinitis patients
exhibit high IgE concentration in serum even outside the
pollination season, which suggests the lifespan exceeding the
time between two pollination seasons. However, taking into
account the previously published data on correlation between
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serum IgE and peripheral blood IgE* plasma cells count [19],
the growing number of IgE-secreting cells seems to be a more
likely explanation for growth of IgE and sIgE levels, which is
consistent with the results of this work.

CONCLUSIONS

Compared to the previously published study, we monitored the
level of antibodies in serum at a higher temporal resolution, which
allowed to demonstrate that level of sIgE starts to increase at the
same time with the increase of birch pollen in air for patients with
seasonal birch pollen allergy. The dynamics of total and allergen-
specific IgE correlates with the level of birch pollen in the air.
Combined with the data obtained by other researchers in
a mouse model of food allergy, our results of high-throughput

A

sequencing and analysis of repertoires of cells of B-cell lineage
suggest that this growth is most likely caused by the growing
abundance of IgE-secreting plasma cells. The analysis of
IGH nucleotide sequences of IgE-containing clonal groups
of different B cell subpopulations showed a high similarity
of IgE and IgG clonotypes and presence of IgG clonotypes
representing the IgG* memory B lymphocyte fraction in these
groups, which suggests that IgE-secreting cells could originate
from a pool of IgG* B lymphocytes.

The small sample size does not allow to generalize the
revealed characteristics to all patients since there is an alleged
variety in endotypes of allergic rhinoconjunctivitis. The results
we obtained in our study highlight similarities in the long-term
immune memory maintenance mechanisms for SAR and food
allergies. To validate this assumption, it is necessary to conduct
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further research with larger cohorts and more elaborate clinical
characterization of patients. Such research efforts are needed to
develop new therapies aimed at breaking the allergen-specific
immunological memory. For example, such new therapy may
imply blocking isotype switching to IgE during differentiation
of IgG* allergen-specific memory B cells, which is achievable
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THE ACCURACY OF PREDICTING EYE AND HAIR PIGMENTATION BASED ON GENETIC MARKERS
IN RUSSIAN POPULATIONS
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Prediction of eye and hair color from DNA is being increasingly employed in forensic medicine and the studies of ancient populations. HirisPlex-S is a prediction
tool that was developed using the data collected from Dutch donors and verified for some other European populations. The accuracy of its predictions for other
world populations has not been studied yet. Unlike the majority of other world populations, Russian populations are characterized not only by dark but also by
light color eyes and hair and therefore pose a special interest in this respect. The aim of this work was to determine the accuracy of eye and hair color predictions for
Russian populations. We studied 144 representatives of indigenous populations of Russia (Avars, Aleuts, Buryats, Iteimens, Karelians, Koryaks, Maris, Nanais,
Russians, Rutulians, Chuvashes, Chukchi, Evenks, and Evens). Anthropological photos were taken of all individuals. Based on the photos, the anthropologists
identified eye and hair color phenotypes. SNP-markers were genotyped using the HlrisPlex panel. Based on the genotypes, the phenotypes were predicted and
subsequently compared to the actual phenotypes. We obtained a series of HirisPlex accuracy indicators for the populations inhabiting the European part of Russia and
Siberia. On the whole, prediction accuracy was satisfactory, although a bit lower than for West European populations. Further research could look for additional
markers increasing the accuracy of predictions for Russian populations.

Keywords: eye color, hair color, genetic markers, prediction, gene pool, indigenous people, HirisPlex-S
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In the last decade, prediction of eye and hair color from DNA has
paved its way into forensic medicine and population genetics.
Today, it is possible to predict the physical appearance of
an unknown person from their biological sample. Phenotype
prediction is used to help crime investigations, identify disaster
victims, study DNA samples of ancient populations, conduct
genetic genealogy analysis, etc. So far, there have been
abounding studies [1-10] that have identified a number of key
genes and genetic sites involved in pigmentation. The most
critical of them were included in the HlirisPlex panel and its
expanded version HlrisPlex-S [8-11]. Genotyping of 25 DNA
markers (SNPs and indels) included in HirisPlex [10] helps
to rapidly and reliably predict eye and hair color; HirisPlex-S
analyzes these 25 polymorphisms + 16 more predictive of
skin color.

Original publications on HlrisPlex [8-11] demonstrate that
the system generates reliable results for European populations.
HlrisPlex was developed using European datasets, primarily
Dutch, and verified in Polish, Greek and Irish populations. The
accuracy of HlrisPlex-based prediction has not been tested yet
in the populations inhabiting other parts of the world. Because
the majority of non-Europeans have dark eyes and dark hair,
such tests will not have any informative value in most other
non-European continents. However, in some populations
living on the border between Europe and Asia (Altai region, the
Caucasus, regions to the East of the Ural Mountains), both dark
and light hair/eye phenotypes are common. Genetically, such
individuals can significantly differ from Western Europeans [12];
this means that the range of genetic markers determining their
hair/eye pigmentation may also be different. Even populations
of the Ural region, which are genetically closer to Western
Europeans than to the inhabitants of the Caucasus and
Western Siberia, are more genetically distant from the Dutch
as compared to Irish, Polish and Greek populations, whose
specimens were used for HlrisPlex verification.

The aim of this work was to evaluate predictive power of
HlirisPlex-S for eye and hair color prediction for the populations
of North Eurasia using biological samples and photos of
indigenous peoples taken during our expedition fieldwork.

METHODS
Sample collection and phenotyping

As part of the field study of gene pools conducted by our team
[13], we took images of the indigenous populations of Russia
and bordering countries. The populations included in the study
were examined during a few expeditions in 2015-2019. The
following inclusion criteria were applied: 1) age over 18 years;
2) 4 ancestors (two grandfathers and 2 grandmothers) identifying
themselves as belonging to the studied ethnic group; 3) the
anthropological image of a participant; 4) written informed
consent to participate. Exclusion criteria were as follows: 1) the
lack of enough images preventing reliable identification of eye
and hair color; 2) incomplete profile of the genotyped markers.

The study was carried out in 144 individuals representing
the following populations:

1) European Russia — Russian, Mari, Chuvash, Karelian,
Rutulian, Avar (n = 66, 65 males and 1 female);

2) Siberia and Far East — Buryat, Evenk, Even, Nanai,
Koryak, ltelmen, Chukchi, Aleut (n = 78, 45 males and 33
females).

Eye/hair color was identified from the obtained photos
by 3 experts; 2 of the experts were physical anthropologists
with extensive experience in phenotyping; the other one was a

geneticist specially trained in phenotyping. The experts worked
independently. If the results were inconsistent with each other,
the phenotyping procedure was repeated: this time, the experts
worked together in order to reach a consensus. Eye color
(dark, blue or intermediate) was successfully determined for
144 study participants. Hair color identification was successful
in fewer cases because it was impossible to tell the natural hair
color of most women from the photos and because some men
had grey hair or were bald. Phenotyping results are shown in
Table 1.

Genotyping and prediction of eye and hair
color from genotypes

DNA was isolated from blood/saliva samples by classic phenol-
chloroform extraction [14]. Genotyping was done using an
Infinium Omni5Exome-4 v1.3 BeadChip kit (lllumina; USA)
and an iScan array scanner. The quality of genotyping data
was analyzed in GenomeStudio v2.0 (lllumina; USA). For all
samples, the call rate (CR) was over 0.99, suggesting that the
obtained data were suitable for further analysis. The BeadChip
array can genotype over 4 million SNPs; the data it generates
can be used in a variety of different studies. Genotypes
matching 29 markers for eye/hair/skin color prediction included
in the HirisPlex panel were extracted from the obtained array of
genotyping data. The HlrisPlex-S panel contains a total of 25
predictive DNA markers for eye/hair color and 16 DNA markers
for skin color. Of them, we successfully genotyped 19 markers
of eye/hair color and 10 markers of skin color. The HlrisPlex
panel allows prediction from a partial genotyping profile (a
few obligatory markers are critical, others merely improve the
accuracy of prediction), therefore a set of 19 out of 25 markers
is sufficient to achieve good quality of prediction with HIrisPlex
(predictive markers of skin color were not accounted for in our
study). Nevertheless, clarification should be provided about
the excluded marker rs312262906. Without it, predictions
were generated only for eye color but not for hair color. The
rs312262906 polymorphism causes a reading frame shift in the
MC1R gene and is associated with red hair color. According
to ExAC, the frequency of this polymorphism reaches 0.0038
in European populations and is 0.0000 (< 0.0001) in Asian
populations; therefore, the probability of occurrence of at least
2 alternative alleles in our sample was negligible. This allowed
us to assign the 0/0 genotype to this marker for all samples in
order to predict hair color.

Genotypes were shortlisted using PLINK 1.9 [15]. The
obtained genotypes are presented in Table 2.

HlrisPlex-S and the online webtool of the Department of
Genetic |dentification (Erasmus MC) [16] generated predictions
for eye color (light, intermediate, or dark) and hair color (red,
light, intermediate, or dark) for all the samples.

Evaluation of eye/hair color prediction accuracy

Phenotypes predicted by HlrisPlex from the obtained genotypes
were compared to the actual phenotypes identified by the
anthropologists from the images taken during our expeditions;
quality metrics were calculated for all 144 samples. The
constructed 5-grade scales for eye/hair pigmentation were
converted into conventional 3-grade scales in order to make
phenotyping results suitable for comparison with HirisPlex-S data.

To analyze the accuracy of HlirisPlex-S-based predictions,
the following quality metrics were calculated:

— precision (the ratio of true positives to the total number of
positive predictions);
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Table 1. Phenotypes (eye and hair color) identified from anthropological images

Sample Metapopulation Ethnicity Sex Age at the time of sample Hair color Eye color
FES-0001 Siberia evenk m 63 not analyzed dark
FES-0002 Siberia nanai m 33 dark dark
FES-0003 Siberia nanai m 42 dark dark
FES-0004 Siberia nanai m 29 dark dark
FES-0005 Siberia nanai m 58 dark dark
FES-0006 Siberia nanai m 62 dark light
FES-0007 Siberia nanai m 68 dark dark
FES-0008 Siberia nanai m 64 not analyzed dark
FES-0009 Siberia nanai m 52 dark dark
FES-0010 Siberia nanai m 55 dark dark
FES-0011 Siberia nanai m 46 not analyzed dark
FES-0012 Siberia nanai m 51 dark dark
FES-0013 Siberia even m 52 intermediate light
FES-0014 Siberia even m 21 dark light
FES-0015 Siberia even m 39 dark dark
FES-0016 Siberia even m 21 dark dark
FES-0017 Siberia even m 20 dark dark
FES-0018 European Russia bashkir m 64 not analyzed dark
FES-0019 Siberia buryat m 76 not analyzed dark
FES-0020 Siberia buryat m 68 not analyzed dark
FES-0021 Siberia buryat m 50 dark dark
FES-0022 Siberia buryat m 68 dark dark
FES-0023 European Russia chuvash m 33 intermediate light
FES-0024 European Russia chuvash m 51 blond light
FES-0025 European Russia chuvash m 53 intermediate light
FES-0026 European Russia chuvash m 42 dark light
FES-0027 European Russia chuvash m 41 dark dark
FES-0028 European Russia chuvash m 36 red light
FES-0029 European Russia chuvash m 55 not analyzed dark
FES-0030 European Russia chuvash m 45 dark dark
FES-0031 European Russia chuvash m 33 red dark
FES-0032 European Russia chuvash m 46 intermediate dark
FES-0033 European Russia chuvash m 32 intermediate dark
FES-0034 European Russia chuvash m 41 not analyzed light
FES-0035 European Russia chuvash m 49 intermediate dark
FES-0036 European Russia chuvash m 53 not analyzed dark
FES-0037 European Russia chuvash m 46 intermediate dark
FES-0038 European Russia chuvash m 57 dark dark
FES-0039 European Russia chuvash m 42 not analyzed light
FES-0040 European Russia chuvash m 47 red light
FES-0041 European Russia chuvash m 23 intermediate light
FES-0042 European Russia avar m 52 not analyzed dark
FES-0043 European Russia avar m 55 not analyzed light
FES-0044 European Russia avar m 20 intermediate light
FES-0045 European Russia rutulian m 36 not analyzed dark
FES-0046 European Russia rutulian m 38 dark dark
FES-0047 European Russia rutulian m 83 not analyzed dark
FES-0048 European Russia rutulian m 57 not analyzed dark
FES-0049 European Russia rutulian m 55 dark dark
FES-0050 European Russia rutulian m 56 dark dark
FES-0051 European Russia rutulian m 65 not analyzed dark
FES-0052 Siberia even f 46 not analyzed dark
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Continuation of Table 1

Sample Metapopulation Ethnicity Sex Age at the time of sample Hair color Eye color
FES-0053 Siberia koryak f 74 not analyzed dark
FES-0054 Siberia even m 50 dark dark
FES-0055 Siberia even f 18 not analyzed dark
FES-0056 Siberia even f 56 not analyzed dark
FES-0057 Siberia even f 51 not analyzed dark
FES-0058 Siberia chukchi f 47 not analyzed dark
FES-0059 Siberia koryak f 68 not analyzed dark
FES-0060 Siberia itelmen f 56 not analyzed dark
FES-0061 Siberia koryak f 56 not analyzed dark
FES-0062 Siberia koryak f 34 not analyzed dark
FES-0063 Siberia even m 63 not analyzed dark
FES-0064 Siberia even f 66 not analyzed dark
FES-0065 Siberia kamchadal f 82 not analyzed dark
FES-0066 Siberia itelmen m 62 intermediate dark
FES-0067 Siberia itelmen f 53 not analyzed dark
FES-0068 Siberia aleut f 66 not analyzed dark
FES-0069 Siberia aleut f 35 not analyzed dark
FES-0070 Siberia aleut m 42 dark dark
FES-0071 Siberia aleut f 72 not analyzed dark
FES-0072 Siberia aleut f 69 not analyzed dark
FES-0073 Siberia aleut m 63 dark dark
FES-0074 Siberia aleut f 53 not analyzed dark
FES-0075 Siberia koryak m 59 not analyzed dark
FES-0076 Siberia koryak m 62 dark dark
FES-0077 Siberia chukchi f 69 not analyzed dark
FES-0078 Siberia koryak m 69 dark dark
FES-0079 Siberia koryak m 43 dark light
FES-0080 Siberia koryak m 55 dark dark
FES-0081 Siberia koryak f 52 not analyzed dark
FES-0082 Siberia koryak f 55 not analyzed dark
FES-0083 Siberia even f 55 not analyzed dark
FES-0084 Siberia koryak f 57 not analyzed dark
FES-0085 Siberia chukchi m 27 dark dark
FES-0086 Siberia even m 48 not analyzed light
FES-0087 Siberia chukchi m 58 dark dark
FES-0088 Siberia chukchi m 58 dark dark
FES-0089 Siberia chukchi m 56 not analyzed dark
FES-0090 Siberia koryak f 31 not analyzed dark
FES-0091 Siberia even m 35 dark dark
FES-0092 Siberia chukchi m 34 dark dark
FES-0093 Siberia itelmen f 59 not analyzed dark
FES-0094 Siberia itelmen f 58 not analyzed dark
FES-0095 Siberia itelmen m 49 dark dark
FES-0096 Siberia itelmen f 70 not analyzed dark
FES-0097 Siberia itelmen m 38 dark dark
FES-0098 Siberia itelmen f 60 not analyzed dark
FES-0099 Siberia itelmen f 60 not analyzed dark
FES-0100 Siberia itelmen m 20 dark dark
FES-0101 Siberia itelmen f 55 not analyzed dark
FES-0102 Siberia itelmen f 40 not analyzed dark
FES-0103 Siberia itelmen m 39 dark dark
FES-0104 Siberia itelmen f 56 not analyzed dark
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Sample Metapopulation Ethnicity Sex Age at the time of sample Hair color Eye color
FES-0105 Siberia itelmen f 7 not analyzed dark
FES-0106 Siberia itelmen m 59 not analyzed dark
FES-0107 Siberia itelmen f 47 not analyzed dark
FES-0108 Siberia itelmen m 58 dark dark
FES-0109 European Russia mari m 64 not analyzed dark
FES-0110 European Russia mari m 56 dark light
FES-0111 European Russia mari m 59 not analyzed dark
FES-0112 European Russia mari m 38 dark light
FES-0113 European Russia mari m 49 intermediate light
FES-0114 European Russia mari m 58 dark dark
FES-0115 European Russia mari m 50 dark light
FES-0116 European Russia mari m 54 dark dark
FES-0117 European Russia mari m 46 dark intermediate
FES-0118 European Russia mari m 45 dark light
FES-0119 European Russia mari m 70 not analyzed dark
FES-0120 European Russia mari m 66 dark intermediate
FES-0121 European Russia mari m 66 not analyzed light
FES-0122 European Russia mari m 23 red intermediate
FES-0123 European Russia mari m 51 blond intermediate
FES-0124 European Russia mari m 37 red light
FES-0125 European Russia mari m 58 not analyzed dark
FES-0126 European Russia mari m 64 intermediate light
FES-0127 European Russia mari m 61 not analyzed dark
FES-0128 European Russia mari m 57 intermediate dark
FES-0129 European Russia russian m 59 dark light
FES-0130 European Russia russian m 34 intermediate light
FES-0131 European Russia russian m 34 dark light
FES-0132 European Russia russian m 40 dark dark
FES-0133 European Russia russian m 32 dark light
FES-0134 European Russia russian m 52 intermediate light
FES-0135 European Russia russian m 30 dark dark
FES-0136 European Russia russian m 41 dark light
FES-0137 European Russia karelian m 75 intermediate light
FES-0138 European Russia karelian m 79 not analyzed light
FES-0139 European Russia karelian m 70 not analyzed light
FES-0140 European Russia karelian m 66 intermediate light
FES-0141 European Russia karelian f 79 not analyzed light
FES-0142 European Russia karelian m 68 dark light
FES-0143 European Russia karelian m 59 not analyzed light
FES-0144 European Russia karelian m 62 dark light

—recall (the ratio of true positives to the sum of true positives
and false negatives in the class);

— accuracy (the proportion of correct predictions);

— F4 score (the harmonic mean of precision and recall),

— AUC (area under curve) for ROC-curves (the true positive
rate plotted against the false-positive rate at various threshold
settings).

Quiality metrics values are provided in Tables 3 and 4.

RESULTS

We photographed 144 representatives of the indigenous
populations inhabiting European Russia and Siberia. Their
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DNA samples were genotyped for the markers included in the
HirisPlex panel. Phenotyping and genotyping data obtained for
each study participant were saved to a combined database.

To evaluate the quality of eye/hair color prediction by HirisPlex-S
in new populations phenotyped in advance, we predicted eye and
hair color from their genotypes using the online webtool [16]. Results
of eye color prediction for each individual case are shown in Table 5.
Tables 1 and 5 allow comparing the observed and predicted
phenotypes for each individual sample. Prediction quality metrics
for the entire dataset are provided in Table 3.

In our study, AUC values, the most widely used quality
metric, ranged between 0.89 and 0.59 for different phenotypic
classes, averaging 0.79. For Russian populations, AUC values
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Table 2. Genotypes of markers included in the HirisPlex panel for eye and hair color prediction

RS rs11547464 | rs1805005 rs1805006 rs1805007 rs2228479 rs1110400 rs28777 rs12821256 | rs4959270 | rs12203592 | rs1042602 rs1800407 | rs2402130 | rs12913832
Color Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and

prediction hair hair hair hair hair hair hair hair hair hair hair hair hair hair

CHROM 16 16 16 16 16 16 5 12 6 6 " 15 14 15
POS 89986091 89985844 89985918 89986117 89985940 89986130 33958959 89328335 457748 396321 88911696 28230318 92801203 28365618
REF G C (¢ G G A (¢ A C G C G A A
ALT A A A A A G A G A A A A G G
FES-0001 0/0 01 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0
FES-0002 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 0/0 0/0 0/0 0/0
FES-0003 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0
FES-0004 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0
FES-0005 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 01 01
FES-0006 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 01
FES-0007 A 01 0/0 A o1 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0
FES-0008 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0
FES-0009 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0
FES-0010 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0
FES-0011 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 01 0/0 0/0 0/0 0/0 0/0
FES-0012 0/0 0/0 0/0 0/0 01 0/0 0/0 0/0 n 0/0 0/0 0/0 0/0 0/0
FES-0013 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 01 0/0 0/0 0/0 0/0 0/0
FES-0014 0/0 0/0 0/0 0/0 01 0/0 0/0 0/0 01 0/0 0/0 0/0 01 0/0
FES-0015 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 0/0 0/0 01 0/0
FES-0016 0/0 0/0 0/0 0/0 (Al 0/0 0/0 0/0 01 0/0 0/0 0/0 01 0/0
FES-0017 0/0 0/0 0/0 0/0 on 0/0 0/0 0/0 0/0 0/0 0/0 0/0 01 0/0
FES-0018 0/0 0/0 0/0 0/0 0/0 0/0 0/1 0/0 0/0 0/0 m”n 0/0 0/0 01
FES-0019 0/0 0/0 0/0 0/0 0/0 0/0 0/1 0/0 01 0/0 0/0 0/0 0/0 0/0
FES-0020 0/0 0/0 0/0 0/0 VAl 0/0 0/0 0/0 n 01 0/0 0/0 0/0 0/0
FES-0021 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 01 0/0 0/0 0/0 0/0 0/0
FES-0022 0/0 0/0 0/0 0/0 0/0 0/0 0/1 0/0 01 0/0 0/0 0/0 0/0 0/0
FES-0023 0/0 0/0 0/0 0/0 0/0 0/0 m”n 0/0 m”n 0/1 01 0/0 01 01
FES-0024 0/0 0/0 0/0 0/0 0/0 0/0 m”n 01 0/0 0/0 0/1 0/0 0/0 ”n
FES-0025 0/0 0/0 0/0 01 0/0 0/0 mn 0/0 01 01 0/0 0/0 0/0 01
FES-0026 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 0/0 0/0 01 0/0 01 n
FES-0027 0/0 0/0 0/0 0/0 0/0 0/0 01 on 0/0 0/0 0/0 A 0/0 0/0
FES-0028 0/0 0/0 0/0 0/1 0/0 0/0 0/1 0/0 0/1 0/0 0/1 0/0 0/0 m”n
FES-0029 0/0 0/1 0/0 01 . 0/0 . 0/0 n 0/0 0/0 0/0 0/0 01
FES-0030 0/0 0/0 0/0 01 0/0 0/0 0/1 0/0 0/0 0/0 0/0 0/0 0/0 01
FES-0031 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 0/0 0/0 0/0 01 0/0 01
FES-0032 0/0 0/0 0/0 0/0 o1 0/0 7 0/0 (4l 171 01 0/0 01 01
FES-0033 0/0 0/0 0/0 0/0 0/1 0/0 n 0/0 0/1 0/0 0/1 0/0 0/1 0/1
FES-0034 0/0 0/0 0/0 0/0 0/ 0/0 m”n 0/0 01 0/0 0/0 0/0 0/0 01
FES-0035 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 n 0/0 01 0/0 0/0 01
FES-0036 0/0 0/0 0/0 0/0 01 0/0 n 0/0 01 0/0 01 0/0 0/0 01
FES-0037 0/0 0/0 0/0 0/0 0/0 0/0 7 0/0 n 01 0/0 0/0 0/0 01
FES-0038 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 0/0 0/0 0/0 01 0/0 0/1
FES-0039 0/0 0/0 0/0 0/0 0/0 0/0 mn 01 01 0/0 0/1 0/0 01 7n
FES-0040 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 0/0 01 0/0 0/0 0/0 n
FES-0041 0/0 0/0 0/0 0/0 0/0 0/0 ”n 0/0 01 01 0/0 0/0 01 n
FES-0042 0/0 0/0 0/0 0/0 0/0 0/0 J. 0/0 m”n 0/0 0/1 0/0 0/0 01
FES-0043 0/0 0/0 0/0 0/0 0/0 0/0 m”n 0/0 0/0 0/0 0/0 (4l 01 01
FES-0044 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 0/0 0/0 0/1 0/0 01 n
FES-0045 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 0/0 0/0 01 0/0 01 0/0
FES-0046 0/0 0/0 0/0 0/0 o1 0/0 0/1 o1 n 0/0 01 0/0 0/0 0/0
FES-0047 0/0 0/1 0/0 0/0 0/0 0/0 m”n 0/0 0/1 0/0 0/0 0/0 01 01
FES-0048 0/0 0/0 0/0 0/0 0/0 0/0 m”n 0/0 01 01 0/0 (4l 0/1 01
FES-0049 0/0 0/0 0/0 0/0 0/0 0/0 . 0/0 01 0/0 0/0 0/0 0/0 0/0
FES-0050 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 0/0 0/0 01 0/0 01 0/0
FES-0051 0/0 0/0 0/0 0/0 0/0 0/0 ”n 0/0 01 0/0 0/0 01 0/0 (4l
FES-0052 0/0 0/0 0/0 0/0 0/0 0/0 0/1 . 0/0 0/0 0/0 0/0 0/0 0/0
FES-0053 0/0 0/0 0/0 0/0 0/0 0/0 0/1 . 0/0 0/0 0/0 0/0 01 0/0
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Continuation of Table 2

rs2378249 | rs12896309 | rs1393350 | rs683 | rs3114908 | rs1800414 | rst0756819 | rs17128201 | rs1120038 | rs1667394 | rs1126809 | rs1470608 | rs1426654 | rs6059655 | rssosi733

Eyesand | Eyesand | Eyesand | Eyesand | Eyesand Skin Skin Skin Skin Skin Skin Skin Skin Skin Skin
hair hair hair hair hair
20 14 11 9 16 15 9 14 15 15 11 15 15 20 16

33218090 | 92773663 | 89011046 | 12709305 | 89383725 | 28197037 | 16858084 | 92882826 | 28356850 | 28530182 | 89017961 | 28288121 | 48426484 | 32665748 | 90024206

A c G c G A A A G A G A A G A
G A A A A G G G A G A c G A G

0/0 0/0 0/0 0/0 1”1 0/0 1n 1 0/0 1n 0/0 0/0 11 0/0 0/0
1”1 0/0 0/0 0/0 0/0 0/ 0/0 0/0 0/0 0/ 0/0 0/0 1" 0/0 0/0
0/0 0/0 0/0 0/0 0/0 0/0 0 0/0 0/0 0/ 0/0 0/ 11 0/0 0/0
0/0 o1 0/0 0/0 0/0 0/0 0/0 0/0 0/0 o 0/0 0/0 0/ 0/0 0/0
0/0 0/0 0/0 0/0 o/ 0/0 0/0 0 0 0/0 0/0 0 o/ 0/0 0/0
0/0 o 0/0 0/0 0/0 0/0 0/ 0/0 0/ 0/0 0/0 0/ o/ 0/0 0/0
0/0 0/0 0/0 0/0 /. /. 0/ 0/0 /. 0/ /. 0/0 1”1 0/0 o
0/0 o 0/0 0/0 0/0 0/0 0/ 0/0 0/0 0/ /. 0/0 11 0/0 0/0
0/0 o 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1” /. 0/0 1”1 0/0 0/0
0 o1 0/0 0/0 0/0 0/0 0 0/0 0/0 0 /. 0/0 1”1 0/0 0/0
0/ o 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/ /. 0/0 11 0/0 1"
0/0 0/0 0/0 0/0 o/ 0/0 0/0 0/0 0/0 1 /. 0/0 11 0/0 0/
0 o 0/0 0/ o/ 0/0 0/0 0/0 0/0 0 0/0 0/0 11 0/0 0/0
0/0 o1 0/0 0/0 o/ 0/0 0/0 0/0 0/0 0 0/0 0/0 11 0/0 o
0/ 0/0 0/0 0/0 o/ 0/0 0/ 0/ 0/0 0 0/0 0/0 1”1 0/0 0/0
0/ o1 0/0 0/0 o/ 0/0 0/0 0/0 0/0 0/ 0/0 0/ 11 0/0 0/
0/ 0/0 0/0 0/0 0/0 0/0 1" 0/0 0/0 0/0 0/0 0/0 1”1 0/0 0/
0/0 0/0 0/0 0/ 1”1 0/0 0/ 0/0 0/ 0 /. 0/ 0/0 0/0 0/0
1”7 0/0 o 0/ o/ 1" 0/0 0/0 0/0 1” /. 0/0 o/ 0/0 0/0
0 0/0 0/0 0/0 o/ 0/0 0/ 0/0 0/0 0/0 /. 0/ 0/0 0/0 1”1
0 0/0 0/ 0/0 0/0 0/0 0/ 0/0 0/0 0/ /. 0/0 o/ 0/0 0/0
0 0/0 0/0 0/0 1”1 0/0 0/ 0/0 0/0 0/ /. 0/0 o/ 0/0 0/0
0 0/0 0/0 17 o/ 0/0 17 0/0 0/ 0 /. 17 0/0 0/0 0/0
0/0 0/0 0/ 1” o/ 0/0 1” 0/0 1” 0/0 /. 1” 0/0 0/0 o
0/0 0/0 0/0 0/ 11 0/0 0/ 0/0 0/ 0/0 /. 0/ o/ 0/0 1"
0/0 0/0 0/ 0/ 0/0 0/0 0/ 0/ 1” 0/0 /. 0/ 0/0 0/0 0/0
0/0 0/0 0/0 0/ 0/0 0/0 0/0 1 0/0 0 /. 0/ 0/0 0/0 0/0
0 1 0/0 0 o 0/0 0 0 17 0/0 /. 17 0/0 o o
0/0 o1 0 1” 0/0 0/0 0/0 0/0 0/ 0/0 /. /. 0/0 0/0 o/
0/0 0/0 0/0 0/ o/ 0/0 1n 0/0 0/ 0/0 /. 0/ o/ 0/0 0/
0/0 0/0 0/0 1” 0/0 0/0 0/0 0/0 0/ 0/ /. 141 0/0 0/0 0/0
0/0 0/0 0/0 1 o/ 0/0 0/ 0 0/ 0/0 0/0 0/ 0/0 0/0 0
0/0 0/0 0/0 1” o/ 0/0 1” 0/0 0/ 0/ 0/0 0/ 0/0 0/0 o
0 o1 0/0 0 11 0/0 0 0/0 0/ 0 0/0 0/ 0/0 0/0 0/
0 0/0 0/ 1n o/ 0/0 0/0 0/0 0/ 0/ 0/ 0/ 0/0 0/0 0/0
0/ o 0/0 0/ o 0/0 0/0 0/0 0/ 0/ 0/0 0/ 0/0 0/0 0/
0/0 o 0/0 0/ 1”1 0/0 0/ 0/0 0 0 0/0 0/ 0/0 0/0 0/0
0/0 o 0/0 0/ 0/0 0/0 1" 0/ 0/ 0 0/0 1" 0/0 0/0 0/0
1 o 0/0 0/ 0/0 0/0 0/0 0/0 1” 0/0 0/0 1” 0/0 0/0 0/0
0/0 o 0/ 0/ o/ 0/0 0/ 0/0 1” 0/0 0/ 141 0/0 0/0 0/0
0/0 0/0 0/0 1” 0/0 0/0 0/0 0/0 17 0/0 0/0 141 0/0 0/0 0/0
0 0/0 0/0 0/0 o/ 0/0 0/ 0/0 0/ 0 0/0 17 0/0 0/0 0
0/ 0/0 0/ 1” 0/0 0/0 1” 0/0 0/ 0 0/0 1” 0/0 0/0 0/
0/0 0/0 0 0/ 0/0 0/0 0/ 0/0 /. 0/0 0/0 0/ 0/0 0/0 0/0
0/0 0/0 0/0 0/ 0/0 0/0 1” 0/0 0/0 1” 0/0 0/0 0/0 0/0 0/0
0/0 0/0 0/0 1 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/ 0/0 0/0 1
0/0 0/0 0/ 0/ o/ 0/0 0/ 0/0 0/ 0 0/0 0/ 0/0 0/0 0/0
0/0 0/0 0/0 0/ 0/0 0/0 0/ 0/0 0/ 0/ 0/0 1” 0/0 0/0 0/0
0/ 0/0 0/0 0/0 0/0 0/0 0/0 0/0 /. 0/0 0/0 1” 0/0 0/0 0/0
0/0 0/0 0/0 0/ 0/0 0/0 0/ 0/0 0/0 0/0 0/0 11 0/0 0/0 o/
0/0 o 0/ 0/0 o 0/0 0/0 0/0 0/ 0/0 0/0 141 0/0 0/0 0/0
1" 14 0/0 0/0 0/0 0/0 0 0/0 0/0 1 0/0 0/0 11 0/0 0/0
0/0 0/0 0/0 0 0/0 0/0 0 0/ 0/0 0/0 0/0 0/0 11 0/0 0/0
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Continuation of Table 2

RS rs11547464 | rs1805005 rs1805006 rs1805007 rs2228479 rs1110400 rs28777 rs12821256 | rs4959270 | rs12203592 | rs1042602 rs1800407 | rs2402130 | rs12913832
Color Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and

prediction hair hair hair hair hair hair hair hair hair hair hair hair hair hair

CHROM 16 16 16 16 16 16 5 12 6 6 " 15 14 15
POS 89986091 89985844 89985918 89986117 89985940 89986130 33958959 89328335 457748 396321 88911696 28230318 92801203 28365618
REF G C (¢ G G A (¢ A C G C G A A
ALT A A A A A G A G A A A A G G
FES-0054 0/0 0/0 0/0 0/0 VAl 0/0 0/0 . 0/0 0/0 0/0 0/0 0/0 0/0
FES-0055 0/0 0/0 0/0 0/0 o1 0/0 01 A 01 01 0/0 0/0 01 0/0
FES-0056 0/0 0/0 0/0 0/0 0/0 0/0 0/0 A 01 0/0 0/0 0/0 0/0 0/0
FES-0057 0/0 0/0 0/0 0/0 0/0 0/0 0/0 A 0/1 0/0 0/0 0/0 0/0 0/0
FES-0058 0/0 0/0 0/0 0/0 0/0 0/0 0/1 . 0/0 0/0 0/0 0/0 01 0/0
FES-0059 0/0 0/0 0/0 0/0 (Val 0/0 0/0 . n 0/0 0/0 0/0 0/0 0/0
FES-0060 0/0 0/0 0/0 0/0 0/0 0/0 0/0 A 0/0 0/0 0/0 0/0 0/0 0/0
FES-0061 0/0 0/0 0/0 0/0 0/0 0/0 0/0 . 0/0 0/0 0/0 0/0 0/0 0/0
FES-0062 0/0 0/0 0/0 0/0 01 0/0 0/0 . 01 0/0 0/0 0/0 0/0 0/0
FES-0063 0/0 0/0 0/0 0/0 VAl 0/0 0/0 . 0/0 0/0 0/0 0/0 0/0 0/0
FES-0064 0/0 0/0 0/0 0/0 (Val 0/0 0/0 . 0/0 0/0 0/0 0/0 0/0 0/0
FES-0065 0/0 0/0 0/0 0/0 o1 0/0 0/1 A 0/0 0/0 0/0 0/0 0/0 01
FES-0066 0/0 0/0 0/0 0/0 0/0 0/0 m”n . m”n 0/0 0/0 0/0 0/0 0/0
FES-0067 0/0 0/0 0/0 0/0 01 0/0 0/1 . 0/0 0/0 0/0 0/0 0/0 0/0
FES-0068 0/0 0/0 0/0 0/0 0/0 0/0 mn . 0/0 0/0 0/0 0/0 0/0 0/0
FES-0069 0/0 0/0 0/0 0/0 0/0 0/0 0/1 A n 0/0 01 0/0 0/0 n
FES-0070 0/0 0/0 0/0 0/0 o1 0/0 0/0 A 01 0/0 0/0 0/0 0/0 01
FES-0071 0/0 0/0 0/0 0/0 01 0/0 m”n . 0/1 0/0 0/0 0/0 01 01
FES-0072 0/0 0/0 0/0 0/0 0/0 0/0 m”n . 01 0/0 0/0 0/0 0/0 0/0
FES-0073 0/0 0/0 0/0 0/0 0/0 0/0 0/1 . 01 0/0 0/0 0/0 01 01
FES-0074 0/0 0/0 0/0 0/0 0/0 0/0 n A n 0/0 0/0 0/0 0/0 01
FES-0075 0/0 0/0 0/0 0/0 0/0 0/0 0/0 A 0/0 0/0 0/0 0/0 0/0 0/0
FES-0076 0/0 0/0 0/0 0/0 0/1 0/0 0/0 A 0/0 0/0 0/0 0/0 0/0 0/0
FES-0077 0/0 0/0 0/0 0/0 0/0 0/0 0/0 . 01 0/0 0/0 0/0 0/0 0/0
FES-0078 0/0 0/0 0/0 0/0 0/0 0/0 0/0 . 0/0 0/0 0/0 0/0 0/0 0/0
FES-0079 0/0 0/0 0/0 0/0 0/0 0/0 0/0 A 0/0 0/0 0/0 0/0 01 0/0
FES-0080 0/0 A 0/0 0/0 0/0 0/0 0/0 A 01 0/0 0/0 0/0 0/0 0/0
FES-0081 0/0 0/0 0/0 0/0 0/0 0/0 0/0 A 0/0 0/0 0/0 0/0 0/0 0/0
FES-0082 0/0 0/0 0/0 0/0 0/0 0/0 0/0 . 01 0/0 0/0 0/0 0/0 0/0
FES-0083 0/0 0/0 0/0 0/0 7 0/0 0/0 0/0 01 0/0 0/0 0/0 01 0/0
FES-0084 0/0 0/0 0/0 0/0 0/0 0/0 0/1 0/0 0/0 0/0 01 0/0 0/0 0/0
FES-0085 0/0 0/0 0/0 0/0 0/0 0/0 0/1 0/0 0/1 0/0 0/0 0/0 0/0 0/0
FES-0086 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 01 0/0 0/0 0/0 0/0 0/0
FES-0087 0/0 0/0 0/0 0/0 0/0 0/0 0/1 0/0 n 0/0 0/0 0/0 0/0 0/0
FES-0088 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 0/0 0/0 0/0 0/0 0/0 0/0
FES-0089 0/0 0/0 0/0 0/0 0/0 0/0 0/1 0/0 0/0 0/0 0/0 0/0 0/0 0/0
FES-0090 0/0 0/0 0/0 0/0 . 0/0 0/0 0/0 0/0 0/0 A 0/0 0/0 0/0
FES-0091 0/0 0/0 0/0 0/0 01 0/0 0/0 0/0 m”n 01 0/0 0/0 0/0 01
FES-0092 0/0 0/0 0/0 0/0 0/0 0/0 mn 0/0 0/0 0/0 0/0 0/0 0/0 0/0
FES-0093 0/0 0/0 0/0 0/0 01 0/0 0/1 0/0 n 0/0 01 0/0 0/0 0/0
FES-0094 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 0/0 0/0 0/0 0/0
FES-0095 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0
FES-0096 0/0 0/0 0/0 0/0 01 0/0 0/0 0/0 0/0 0/0 0/0 0/0 01 0/0
FES-0097 0/0 0/0 0/0 0/0 0/ 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0
FES-0098 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 0/0 0/0 0/0 0/0
FES-0099 0/0 0/0 0/0 0/0 0/0 0/0 0/1 0/0 0/0 0/0 0/0 0/0 0/0 0/0
FES-0100 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/1 0/0 0/0 0/0 0/1 0/1
FES-0101 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 01 0/0 0/0 0/0 0/0 0/0
FES-0102 0/0 0/0 0/0 0/0 0/ 0/0 0/0 0/0 01 0/0 0/0 0/0 0/0 0/0
FES-0103 0/0 0/0 0/0 0/0 o1 0/0 01 0/0 01 0/0 0/0 0/0 01 0/0
FES-0104 0/0 0/0 0/0 0/0 0/0 0/0 0/1 0/0 0/0 0/0 0/0 0/0 0/0 0/0
FES-0105 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0
FES-0106 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0
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Continuation of Table 2

rs2378249 | rs12896309 | rs1393350 | rs683 | rs3114908 | rs1800414 | rs10756819 | rs17128201 | rs1120038 | rs1667394 | rs1126809 | rs1470608 | rs1426654 | rs6059655 | rs8051733

Eyesand | Eyesand | Eyesand | Eyesand | Eyesand Skin Skin Skin Skin Skin Skin Skin Skin Skin Skin
hair hair hair hair hair
20 14 11 9 16 15 9 14 15 15 11 15 15 20 16

33218090 | 92773663 | 89011046 | 12709305 | 89383725 | 28197037 | 16858084 | 92882826 | 28356850 | 28530182 | 80017961 | 28288121 | 4saveasa | 32665748 | 90024206

A c G c G A A A G A G A A G A
G A A A A G G G A G A c G A G

o 0/0 0/0 0/0 0/0 0/0 o o 0/0 17 0/0 0/0 0/ 0/0 o
0/0 0/0 0/0 0/0 0/0 0/0 17 0/0 0/0 17 0/0 0/0 1" 0/0 o
0 0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 oA 0/0 0/0 1" 0/0 0/0
0/0 " 0/0 0/0 0 0/0 o 0 0/0 17 0/0 0/0 0 0/0 0/0
0/0 0 0/0 0/0 0/0 0/0 0/0 0 0/0 0 0/0 oA 0 0/0 0/0
o 0/0 0/0 0/0 0/0 0/0 17 0/0 0/0 17 0/0 0/0 17 0/0 0
0/0 " 0/0 o 1" 0/0 0/0 0/0 0/0 o 0/0 0/0 1" 0/0 0/0
0 " 0/0 0/0 0/0 0/0 0/0 0/0 0/0 17 0/0 0/0 /. 0/0 0/0
0 0/0 0/0 0/0 0/0 0/0 o 17 0/0 0 0/0 0/0 1" 0/0 0
0 0/0 0/0 0/0 1" 0/0 17 0/0 0/0 17 0/0 0/0 11 0/0 0
0/0 o/ 0/0 0/0 0 0/0 0/0 0/0 0/0 17 0/0 0/0 1" 0/0 0
o " 0/0 o 0 0/0 o 0/0 o 0/0 0/0 o 0 0/0 0/0
17 0 0/0 0/0 1" 0/0 17 0/0 0/0 0/0 0/0 o 1" 0/0 0/0
0/0 " 0/0 0/0 0 0 oA 0/0 0/0 0 0/0 0/0 0 0/0 0
17 0/0 0/0 0/ 0 0/0 0/ 0/0 0/0 17 0 17 0 0/0 0/0
o 0/0 0/0 o 1" 0/0 0/0 0/0 17 0/0 0/0 1”7 0/ 0/0 0/0
0/0 0/0 0/0 0/0 0 0/0 o 0/0 o 0 0/0 o 1" 0/0 0
0 0 0/0 o 0 0/0 o 0/0 o 0/0 0/0 " 0 0/0 0
0/0 " 0/0 0 0/0 0/0 0 0/0 0/0 17 0/0 0/0 0 0/0 0/0
0/0 0/0 0/0 o 0/0 0/0 o 0/0 o o 0/0 o 0/ 0/0 0/0
0/0 0/ 17 0/0 17 0/0 0/0 0/0 o 0/0 /. 17 0/0 0/0 0/0
0/0 0/0 0/0 0/0 0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1" 0/0 0/0
0/0 0 0/0 0/0 0/0 0/0 17 0 0/0 0/0 0/0 0/0 1" 0/0 0
0/0 0 0/0 0/0 0 0/0 0 0/0 0/0 0 0/0 o 11 0/0 0/0
o 0/0 0/0 0/0 o 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1" 0/0 0/0
o 0/0 0/0 0/0 o 0/0 o 0/0 0/0 0/0 0/0 0/0 1" 0/0 0/0
o 0/0 0/0 0/0 1" 0/0 o 0/0 0/0 oA 0/0 0/0 1" 0/0 0/0
0 " 0/0 0/0 0/0 0/0 17 0/0 0/0 oA 0/0 0/0 I 0/0 0/0
0 0 0/0 0/0 0 0 0/ 0/0 0/0 0 0/0 0/0 11 0/0 0/0
o 0/0 0/0 0/0 17 0/0 o 0/0 0/0 0/0 /. 0/0 17 0/0 17
0/0 o 0/0 o 0/0 0/0 0/0 0/0 0/0 o /. o 0 0/0 0/0
0/0 0/0 0/0 o 0/0 0/0 o 0/0 0/0 17 /. 0/0 0 0/0 0/0
0 0 0/0 0/0 0/0 0/0 17 0/0 0/0 17 /. 0/0 1" 0/0 0/0
0 0/0 0/0 0/0 1" 0/0 0 0/0 0/0 0 /. 0/ 11 0/0 0/0
0/0 o 0/0 0/0 o o 0/0 o 0/0 o /. 0/0 1" 0/0 0/0
17 0/0 0/0 0/0 0 0/0 o 0/0 0/0 0/0 /. 0/0 0 0/0 0/0
0/0 0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 oA /. 0/0 1" 0/0 0
0/0 " 0/0 0/0 0/0 0/0 0/0 0/0 o 0/0 /. o 0 0/0 0/0
0/0 0 0/0 0/0 0 0/0 oA 0/0 0/0 0 /. 0/0 o/ 0/0 0/0
0/0 o/ 0/0 o 1" 0/0 o 0/0 0/0 o /. 0/0 1" 0/0 o
0/0 " 0/0 o 0/0 0/0 o 0/0 0/0 0 /. 0/0 1" 0/0 0/0
0 0 0/0 o 0 0/0 o 0 0/0 17 /. 0/0 1" 0/0 0/0
0/0 0 0/0 0/0 0 0/0 oA 0/0 0/0 0/0 /. o 1" 0/0 0
0/0 0/0 0/0 0/ 0/0 0/0 0/ 0/0 0/0 0 /. 0/0 11 0/0 o
o " 0/0 0/0 0/0 0/0 17 0/0 0/0 17 /. 0/0 1" 0/0 0/0
1n 0/0 0/0 o 0/0 0/0 17 0/0 0/0 o /. 0/0 1" 0/0 0/0
17 0 0/0 o 0/0 0/0 17 0 o 0/0 /. o 0 0 0/0
0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0 /. o 1" 0/0 0/0
o o1 0/0 o 0/0 0/0 o 0/0 0/0 17 /. 0/0 0/ 0/0 o
17 o 0/0 0/0 0 0/0 o 0/0 0/0 0/0 /. 0/0 1" 01 0
0 0 0/0 0/0 0 0/0 o 0/0 0/0 0/0 /. 0/0 1" 0/0 0/0
0/0 0/0 0/0 0/0 0/0 0/0 0/0 0 0/0 oA /. 0/0 1" 0/0 0/0
0/0 0/0 0/0 0 0 0/0 0/0 0/0 0/0 0 /. 0/0 11 0/0 0/0
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Continuation of Table 2

RS rs11547464 | rs1805005 rs1805006 rs1805007 rs2228479 rs1110400 rs28777 rs12821256 | rs4959270 | rs12203592 | rs1042602 rs1800407 | rs2402130 | rs12913832
Color Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and Eyes and

prediction hair hair hair hair hair hair hair hair hair hair hair hair hair hair

CHROM 16 16 16 16 16 16 5 12 6 6 " 15 14 15
POS 89986091 89985844 89985918 89986117 89985940 89986130 33958959 89328335 457748 396321 88911696 28230318 92801203 28365618
REF G C (¢ G G A (¢ A C G C G A A
ALT A A A A A G A G A A A A G G
FES-0107 0/0 0/0 0/0 0/0 VAl 0/0 0/1 0/0 0/0 0/0 0/0 0/0 0/0 0/0
FES-0108 0/0 0/0 0/0 0/0 o1 0/0 0/0 0/0 01 0/0 0/0 0/0 01 0/0
FES-0109 0/0 0/0 0/0 01 0/0 0/0 0/1 0/0 01 0/0 01 0/0 0/0 0/0
FES-0110 0/0 0/0 0/0 0/0 0/0 0/0 0/1 0/0 0/1 0/0 0/1 0/0 0/0 0/1
FES-0111 0/0 0/0 0/0 0/0 0/0 0/0 m”n 0/0 01 01 0/0 0/0 0/0 01
FES-0112 0/0 0/0 0/0 0/0 0/0 0/0 0/1 0/0 0/0 0/0 0/0 0/0 0/0 01
FES-0113 0/0 0/0 0/0 0/0 01 0/0 0/1 0/0 0/0 0/0 0/0 0/0 0/0 01
FES-0114 0/0 0/0 0/0 0/0 0/0 0/0 m”n 0/0 0/1 0/0 0/1 0/0 0/0 01
FES-0115 0/0 0/0 0/0 0/0 01 0/0 0/1 0/0 0/0 0/0 0/0 0/0 0/0 01
FES-0116 0/0 0/0 0/0 0/0 0/0 0/0 0/1 0/ 01 01 0/1 0/0 0/0 0/0
FES-0117 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 n 0/0 0/0 0/0 0/0 01
FES-0118 0/0 0/0 0/0 0/0 0/1 0/0 0/1 0/0 0/0 0/0 0/0 0/0 0/1 7
FES-0119 0/0 01 0/0 0/0 (Val 0/0 n 0/0 01 01 01 (4l 0/0 0/0
FES-0120 0/0 0/0 0/0 0/0 0/0 0/0 01 0/0 0/0 0/0 0/0 0/0 0/0 n
FES-0121 0/0 0/0 0/0 0/0 0/0 0/0 m”n 0/0 m”n 0/0 0/0 0/0 0/0 m”n
FES-0122 0/0 0/0 0/0 0/0 7 0/0 m”n 0/0 01 0/0 0/0 0/0 0/0 01
FES-0123 0/0 0/0 0/0 0/0 0/0 0/0 m”n 0/0 01 0/0 1 0/0 0/0 01
FES-0124 0/0 0/0 0/0 0/0 VAl 0/0 n 0/0 0/0 0/0 01 0/0 0/0 n
FES-0125 0/0 0/0 0/0 0/0 01 0/0 ”n 0/0 01 0/0 01 0/0 0/0 01
FES-0126 01 0/1 . . 01 0/0 0/1 0/0 0/0 0/0 0/0 0/0 0/0 01
FES-0127 0/0 0/0 0/0 0/0 01 0/0 0/1 01 0/0 0/0 0/0 0/0 0/0 0/0
FES-0128 0/0 0/0 0/0 0/0 0/0 0/0 mn 0/0 0/0 0/0 n 0/0 0/0 01
FES-0129 0/0 0/0 0/0 0/0 0/0 01 0/1 A n 01 01 0/0 A n
FES-0130 0/0 0/0 0/0 0/0 0/0 0/0 ”n 0/0 n 0/0 0/0 0/0 0/0 n
FES-0131 0/0 0/0 0/0 0/0 0/0 0/0 m”n 0/0 0/1 0/0 0/1 01 0/0 m”n
FES-0132 0/0 0/0 0/0 0/0 0/0 0/0 0/1 0/0 0/0 0/0 0/0 0/0 0/0 01
FES-0133 0/0 0/0 0/0 0/0 0/0 0/0 0/1 0/0 0/0 0/0 0/1 0/0 0/0 n
FES-0134 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 0/0 0/0 01 0/0 01 n
FES-0135 ”n n 7 01 A 0/0 A 0/0 A 01 01 01 01 01
FES-0136 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 7 01 0/0 0/0 0/1 7
FES-0137 0/0 0/0 0/0 0/0 0/ 0/0 m”n 0/0 01 0/0 mn 0/0 01 7n
FES-0138 0/0 0/0 0/0 0/0 0/0 0/0 mn 0/0 01 0/0 01 0/0 01 n
FES-0139 0/0 A 0/0 0/0 0/0 0/0 ”n 0/0 01 0/0 0/0 0/0 0/0 n
FES-0140 0/0 0/0 0/0 0/0 on 0/0 7 0/0 (4l 0/0 01 0/0 0/0 n
FES-0141 0/0 0/0 0/0 0/0 0/1 0/0 n 0/1 0/1 01 0/1 01 0/0 7
FES-0142 0/0 0/0 0/0 01 0/0 0/0 mn 0/0 01 01 0/1 01 0/0 n
FES-0143 0/0 0/0 0/0 0/0 0/0 0/0 n 0/0 0/0 0/0 0/0 0/0 0/0 n
FES-0144 0/0 0/0 0/0 0/0 0/0 0/0 m”n 0/0 0/1 0/0 0/0 0/0 0/0 m”n

are a bit lower than those observed in Western Europeans
(0.89). For example, AUC for light eye color is 0.94 for Western
Europeans vs 0.89 for Russians. A decrease in AUC values can
be observed for all eye and hair color phenotypes represented
in our study. Of note, prediction quality metrics for intermediate
eye color and light hair color are not provided in this article
because these 2 phenotypes were underrepresented in our
sample. If necessary, they can be calculated using the data
from Tables 1 and 5. Their values turned out to be even lower
than in Western European populations, but due to a very small
sample size of these 2 phenotypic classes ( < 5 individuals), the
obtained results cannot be considered reliable.

Russian populations are very heterogeneous genetically.
We purposefully included genetically contrasting groups of
indigenous populations of European Russia and Siberia in the

sample. Table 4 describes the quality of eye color prediction
by HilrisPlex for these 2 metapopulations (the quality of hair
color prediction was not evaluated due to a small sample size,
see Methods). The accuracy of eye color prediction for the
populations of European Russia was close to the prediction
accuracy for the pooled sample. There was some decline in
accuracy, in comparison with Western European samples, but,
on the whole, the accuracy of prediction was satisfactory (AUC
about 0.8). For Siberian populations, prediction quality was
much poorer (AUC = 0.6).

DISCUSSION

The collection of anthropological images of the indigenous
peoples of Russia laid the foundation for our study. The photos
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rs2378249 | rs12896309 | rs1393350 | rs683 | rs3114908 | rs1800414 | rst0756819 | rs17128201 | rs1120038 | rs1667394 | rs1126809 | rs1470608 | rs1426654 | rs6059655 | rssos1733

Eyesand | Eyesand | Eyesand | Eyesand | Eyesand Skin Skin Skin Skin Skin Skin Skin Skin Skin Skin
hair hair hair hair hair
20 14 11 9 16 15 9 14 15 15 11 15 15 20 16

33218090 | 92773663 | 89011046 | 12700305 | 89383725 | 28197037 | 16858084 | 92882826 | 28356859 | 28530182 | 80017961 | 28288121 | 48426484 | 32665748 | 90024206

A c G c G A A A G A G A A G A
G A A A A G G G A G A c G A G

1 11 0/0 0/0 0/0 0/0 0/ 0/0 0/0 0/ /. 0/0 11 0/0 0/
0 0/0 0/0 0/0 0/0 0/0 11 0/ 0/0 1 /. 0/ o/ 0/0 0/0
0/0 0/0 0/0 0/0 o/ 0/0 141 0 0/0 1 0/0 0/0 0/0 0/0 0
0/0 0/0 0/0 0/0 o/ 0/0 0/0 0/0 0/ 0/ 0/0 0/ 0/0 0/0 0/0
0/0 0/0 0/0 1n 0/0 0/0 0/ 0/0 0 0/ 0/0 0/ o/ 0/0 o
0/0 0/0 0/0 0/ 0/0 0/0 0/ 0/0 0/ 0/0 0/0 11 0/0 0/0 0/0
0/0 o1 0 1” o/ 0/0 0/0 0/0 0/ 0 0/ 0/ 0/0 0/0 o/
0/0 o1 0/0 0/ 11 0/0 1” 0/0 0/ 0/0 0/0 0 0/0 0/0 0/0
0/0 o1 0/ 1n o/ 0/0 0/0 0/0 0/ 0/ 0/ 0/ 0/0 0/0 0/
0/ o 0/0 0/ 0/0 0/0 0/ 0/0 0/0 1 0/0 0/0 0/0 0/0 0/
0/0 0/0 0/0 0/ o 0/0 0/0 0/0 0/ 0/0 0/0 0/ 0/0 0/0 0
0/ 0/0 0/ 1” 0/0 0/0 0/0 0/ 1” 0/0 o 1”7 0/0 0/0 o
0/0 0/0 0/0 1” o/ 0/0 0/0 0/0 0/0 1” 0/0 0 1”1 o 0/0
0/0 0/0 0/ 0/0 0/0 0/0 0/ 0/0 1” 0/0 0/ 11 0/0 0/0 0/0
0/0 11 0/ 0/ 0/0 0/0 0/0 0/0 1” 0/0 0/ 141 0/0 0/0 1”1
0/0 0/0 0/0 0/ o/ 0/0 0/0 0/0 0 0/0 0/0 0/ 0/0 0/0 "
0/0 o1 0/0 0/ 1”1 0/0 0/ 0/0 0/ 0/ 0/0 0/ 0/0 0/0 0/
0/ 11 0/0 0/0 o/ 0/0 0/0 0/ 1” 0/0 0/0 1” 0/0 o 0/
0 0/0 0/0 0/ o/ 0/0 0/0 0/0 0/ 0/0 0/0 0/ 0/0 0/0 1”1
0/0 0/0 0/ /. o/ 0/0 141 0/ 0/ /. 0/ /. 0/0 0/0 0/0
0/0 o 0/0 0 o/ 0/0 0 0/0 0/0 0 0/0 0/ 0/0 0/0 "
0/ o1 0/0 0/0 o/ 0/0 0/ 0/ 0/ 0/0 0/0 0/ o/ o o/
0/0 o 0/0 1” o/ 0/0 0 0/0 1n 0/0 /. 1” 0/0 /. 0/
0/0 o1 0/0 0/ 0/0 0/0 0/ 0/0 1” 0/0 0/0 1 0/0 0/0 0/0
0/0 0/0 0/0 0/ o/ 0/0 0/0 0/0 1” 0/0 0/0 141 0/0 0/0 0/0
0 o 0/ 17 1" 0/0 0 0/0 0/ 0/0 0 17 0/0 0/0 0
0/0 o1 0/0 0/ 0/0 0/0 0/0 0/0 1” 0/0 0/0 1” 0/0 0/0 o/
0/ 0/0 0/0 0/ o/ 0/0 0/ /. 1” 0/0 0/0 1” 0/0 0/0 0/0
0/ o1 0/ 0/ /. /. /. 0/0 1” 0/ 1” 0/ 0/0 1 0/0
0/0 o 0/ 0/0 o 0/0 0/ 0/0 17 0/0 0/ 0/ 0/0 0/0 0/0
0/0 o 0/0 0 o 0/0 0/0 0/0 17 0/0 0/0 17 0/0 0/0 "
0/0 0/0 0/0 1” 0/0 0/0 0/ 1” 1” 0/0 0/0 1” 0/0 0/0 o
0 0/0 0/ 1n o/ 0/0 0/ 0/0 1” 0/0 0/ 1” 0/0 0/0 0/
0/ o 0/0 141 0/0 0/0 0/ 0/0 1” 0/0 0/0 0/ 0/0 0/0 o/
0 11 0/0 0/ o/ 0/0 0/ 0/0 0/ 0/0 0/0 11 0/0 0/0 0
0/0 0/0 0/0 0/ 17 0/0 o 0/0 1”7 0/0 0/0 1”7 0/0 0/0 o
0/0 o1 0/0 1” 0/0 0/0 0/ 0/0 1” 0/0 0/0 0 0/0 0/0 0/0
0/0 o 0/0 0/ 11 0/0 0/ 0/0 1” 0/0 0/0 1” 0/0 0/0 0/

taken in 3 planes in accordance with anthropological standards
are a valuable resource for research into the associations
between phenotypic traits and genotypes. In this study, such
images were used to identify eye and hair color. The fact that
phenotyping was independently conducted by 3 different
experts and the availability of photos for verification render the
results of our study reliable and reproducible.

For genotyping, we used the most comprehensive,
state-of-the art, popular HirisPlex-S system that has proven
its accuracy in the studies of modern and ancient Western
European populations [8, 11, 17]. HirisPlex-S prediction
accuracy for the populations outside Western Europe was
evaluated by comparing the observed phenotypes identified
from the photos to the phenotypes predicted from DNA. Of
all quality metrics (Table 3), AUC posed the greatest interest
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because AUC values characterizing HlrisPlex performance are
available for Western European populations [16]. So, we were
able to directly compare the accuracy of HirisPlex predictions
between Western European and Russian populations.

On the whole, the values of prediction quality metrics
obtained for the majority of phenotypic classes (Table 3)
were quite high (0.6-0.9), suggesting that use of HilrisPlex
in Russian populations is justified. None of the systems
predicting phenotypes from DNA is 100% accurate; for some
classes, HlrisPlex prediction accuracy is below 0.9 even for
Western European populations. In our opinion, this study
has demonstrated the fitness of HlrisPlex for use in Russian
populations and its satisfactory accuracy of prediction. However,
HlrisPlex prediction accuracy is lower for Russian populations
than for Western Europeans (0.8 vs 0.9 on average). Therefore,
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Table 3. Parameters of prediction accuracy of HirisPlex for Western European populations and Russia

Western European populations Russia
AUC AUC Precision Accuracy Recall
Light eye color 0.94 0.89 0.89 0.88 0.63
Intermediate eye color 0.74 - - - -
Dark eye color 0.95 0.89 0.85 0.87 0.98
Red hair color 0.93 0.59 0.33 0.92 0.2
Blond hair color 0.81 - - - -
Intermediate hair color 0.74 0.72 0.32 0.66 0.56
Dark hair color 0.86 0.84 0.94 0.68 0.57
Table 4. Prediction accuracy of HlrisPlex for Russian regions
European Russia Siberia
Light eyes 0.89 0.57
Dark eyes 0.86 0.56

we believe that HirisPlex can be used in Russian populations
but still recommend to account for the detected decline in
accuracy when interpreting the obtained data.

In our study, Russian populations were divided into 2
datasets: European Russia and Siberia. Previous population
genetic studies [18, 19] revealed that these metapopulations
are contrasting in terms of their genetic origin. They also
turned out to be contrasting in terms of phenotype prediction
quality, which was considerably lower for Siberia (Table
4). The data in Tables 1 and 5 demonstrate that HlrisPlex
predicts dark eyes for almost all Siberian samples, although
some representatives of Siberian populations have light
color eyes; the division into light and intermediate shades is
arbitrary, but even so, the color of their eyes is not dark as
predicted by HlrisPlex. Perhaps, light color eyes sometimes
seen in indigenous Siberian populations is associated with
other alleles or other genes, as compared to Europeans,

meaning that the system based on Western European
datasets cannot correctly predict light (not dark) color of eyes
in those populations. A decrease in the prediction accuracy
for the inhabitants of European Russia may have the same
nature, but because this population is genetically closer to
the populations of Western Europe, the differences in the
allele spectrum and the decrease in prediction accuracy are
not so pronounced. This can inspire new research aimed
at identifying additional genetic markers that could improve
the accuracy of prediction of pigmentation phenotypes from
genotypes.

CONCLUSIONS
The analysis of correlations between genotypes and eye/hair

pigmentation phenotypes of Russian populations aided by the
widely used HlrisPlex-S panel confirmed its fitness for use in these

Table 5. Phenotypes (eye and hair color) predicted from genotypes included in the HirisPlex panel

Sample Predicted eye color Predicted hair color
FES-0001 dark not analyzed
FES-0002 dark dark
FES-0003 dark dark
FES-0004 dark dark
FES-0005 dark dark
FES-0006 dark dark
FES-0007 dark not predicted
FES-0008 dark not analyzed
FES-0009 dark dark
FES-0010 dark dark
FES-0011 dark not analyzed
FES-0012 dark dark
FES-0013 dark dark
FES-0014 dark dark
FES-0015 dark dark
FES-0016 dark dark
FES-0017 dark dark
FES-0018 dark not analyzed
FES-0019 dark not analyzed
FES-0020 dark not analyzed
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Continuation of Table 5

Sample Predicted eye color Predicted hair color

FES-0021 dark dark
FES-0022 dark dark
FES-0023 dark intermediate
FES-0024 light blond
FES-0025 dark intermediate
FES-0026 light blond
FES-0027 dark intermediate
FES-0028 light red
FES-0029 dark not analyzed
FES-0030 dark intermediate
FES-0031 dark blond
FES-0032 dark intermediate
FES-0033 dark intermediate
FES-0034 dark not analyzed
FES-0035 dark intermediate
FES-0036 dark not analyzed
FES-0037 dark intermediate
FES-0038 dark blond
FES-0039 light not analyzed
FES-0040 light intermediate
FES-0041 light intermediate
FES-0042 dark not analyzed
FES-0043 dark not analyzed
FES-0044 light blond
FES-0045 dark not analyzed
FES-0046 dark intermediate
FES-0047 dark not analyzed
FES-0048 dark not analyzed
FES-0049 dark dark
FES-0050 dark intermediate
FES-0051 dark not analyzed
FES-0052 dark not analyzed
FES-0053 dark not analyzed
FES-0054 dark dark
FES-0055 dark not analyzed
FES-0056 dark not analyzed
FES-0057 dark not analyzed
FES-0058 dark not analyzed
FES-0059 dark not analyzed
FES-0060 dark not analyzed
FES-0061 dark not analyzed
FES-0062 dark not analyzed
FES-0063 dark not analyzed
FES-0064 dark not analyzed
FES-0065 dark not analyzed
FES-0066 dark intermediate
FES-0067 dark not analyzed
FES-0068 dark not analyzed
FES-0069 light not analyzed
FES-0070 dark dark
FES-0071 dark not analyzed
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Continuation of Table 5

Sample Predicted eye color Predicted hair color
FES-0072 dark not analyzed
FES-0073 dark intermediate
FES-0074 dark not analyzed
FES-0075 dark not analyzed
FES-0076 dark dark
FES-0077 dark not analyzed
FES-0078 dark dark
FES-0079 dark dark
FES-0080 dark dark
FES-0081 dark not analyzed
FES-0082 dark not analyzed
FES-0083 dark not analyzed
FES-0084 dark not analyzed
FES-0085 dark dark
FES-0086 dark not analyzed
FES-0087 dark dark
FES-0088 dark dark
FES-0089 dark not analyzed
FES-0090 dark not analyzed
FES-0091 dark dark
FES-0092 dark dark
FES-0093 dark not analyzed
FES-0094 dark not analyzed
FES-0095 dark dark
FES-0096 dark not analyzed
FES-0097 dark dark
FES-0098 dark not analyzed
FES-0099 dark not analyzed
FES-0100 dark intermediate
FES-0101 dark not analyzed
FES-0102 dark not analyzed
FES-0103 dark dark
FES-0104 dark not analyzed
FES-0105 dark not analyzed
FES-0106 dark not analyzed
FES-0107 dark not analyzed
FES-0108 dark dark
FES-0109 dark not analyzed
FES-0110 dark intermediate
FES-0111 dark not analyzed
FES-0112 dark intermediate
FES-0113 dark dark
FES-0114 dark intermediate
FES-0115 dark dark
FES-0116 dark intermediate
FES-0117 dark intermediate
FES-0118 light intermediate
FES-0119 dark not analyzed
FES-0120 light intermediate
FES-0121 light not analyzed
FES-0122 dark blond
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End of Table 5
Sample Predicted eye color Predicted hair color

FES-0123 dark intermediate
FES-0124 light blond
FES-0125 dark not analyzed
FES-0126 dark not predicted
FES-0127 dark not analyzed
FES-0128 dark intermediate
FES-0129 light intermediate
FES-0130 light blond
FES-0131 light blond
FES-0132 dark intermediate
FES-0133 light intermediate
FES-0134 light blond
FES-0135 light red
FES-0136 light intermediate
FES-0137 light blond
FES-0138 light not analyzed
FES-0139 light not analyzed
FES-0140 light blond
FES-0141 light not analyzed
FES-0142 light red
FES-0143 light not analyzed
FES-0144 light blond

previously unstudied populations, although its prediction accuracy
was lower than in Western European datasets that had served as

a

basis for this classifier. A decrease in accuracy (from 0.94 to 0.89)

is not that dramatic for the populations of European Russia, as
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FRIEDREICH ATAXIA: FXN GENE EXPRESSION AND ITS RELATIONSHIP
WITH DNA METHYLATION PATTERN

Fedotova EYU™, Abramycheva NYu, Nuzhny EP, Ershova MV, Klyushnikov SA, lllarioshkin SN
Research Center of Neurology, Moscow, Russia

Friedreich ataxia (FRDA) is the most common autosomal recessive ataxia associated with the non-coding GAA tandem repeats expansion in the FXN gene.
Transcription impairment and frataxin protein deficiency are the key features of the disease pathogenesis. Our research was aimed to study the FXN gene mRNA
expression as well as to carry out the clinical, genetic and epigenetic correlation analysis in a group of patients with homozygous expansion, in a group of their
relatives with heterozygous expansion and in a control group. The FXN mRNA level was determined using the real-time polymerase chain reaction. Methylation
pattern of CpG sites was evaluated by direct bisulfite sequencing. As a result of the study, the threshold values were obtained between the FRDA patients group,
the group of heterozygous carriers and the control group (15 and 79%, respectively). The clinical and genetic features comparison with the FXN expression level
revealed no significant correlation. When comparing gene expression with an epigenetic profile, it was found that hypermethylation of a number of CpG sites
upstream of the trinucleotide repeats and some non-CpG sites downstream of the region of repeats inhibited expression. Thus, the identified methylated sites may
be considered as a target for epigenome editing to increase the FXN transcription and, consequently, for target therapy of the disease.
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BOJIE3Hb ®PUOPENXA: SKCMPECCUA MEHA FXN U EE BSAUMOCBA3b
C OCOBEHHOCTAMW METUJIMPOBAHUA OHK

E. KO. ®epotosa ™, H. tO. Abpambldesa, E. M. HyxHbii, M. B. Eptuosa, C. A. KnowHrkos, C. H. VnnaproLukiH
HayuHbIn ueHTp HeBponorumn, Mocksa, Poccus

BonesHb ®pugperixa (BP) — Havbonee Hactast ayTOCOMHO-PELIECCHBHAA aTakCus, CBA3aHHasA C 9KCMaHCUen TaHAeMHbIX Hekoampytowmx GAA-NOBTOPOB B
reHe FXN. HapylueHne TpaHCKpunumMn 1 HegocTaToMHOCTb Oenka partakcuHa SBASoTCS KoYEBbIMA 3BEHbSIMX naToreHesa 3abonesanuns. Llenbio paboTbl
6b110 nccneposatb akcnpeccnto MPHK reHa FXIN 1 MpoBeCTV aHan3 KIMHUYECKWX, TEHETUHECKUX 1N SMUMEHETUHECKUX KOPPENAUMiA B rpymne NaumeHToB ¢
rOMO3VFOTHOW 9KCMaHCKe NOBTOPOB, B MPyNne 1X POACTBEHHVKOB C reTepO3NroTHOM SKCMaHCUen 1 B KOHTPONbHOM rpyrnne. YposeHs MPHK reHa FXN onpenensinm
C MOMOLLbIO MONMMEPAa3HOW LIEMHOM peakuyn B peanbHOM BpeMeHi. MatTepH meTunmposaHns CpG-caiiToB oLeHMBanM METOAOM MPSIMOrO CEKBEHMPOBaHMS
nocne oucyns@uUTHOM 06paboTkn. B pesynstate paboTbl MOnyHeHb! Pa3rPpaHNHUTENbHbIE 3HAYEHNS MEXAY MPyNMnon naumeHToB b®, rpynnoi reTeposnroTHbIX
HocuTenem N KOHTPobHOM rpynnoi (15 n 79% cooTBeTCTBEHHO). [pr NPOBEAEHNN KITMHNKO-FEHETUHECKIX COMOCTABNEHN C yPOBHEM aKkcrpeccu FXN 3Ha4MMbIX
KOPPensLii BbISBEHO He BbINo. Mpy conocTaBNEHUN IKCMIPECCUM MeHa C ANMreHETUHECKMM Npodunem BbIo YCTaHOBNEHO, YTO 3KCMPECCUs MOAABSEeTCS npu
rmnepmeTunnpoBanHn psga CpG-canToB Bblle 061aCcTh TPUHYKNEOTUAHBIX MOBTOPOB Y HEKOTOPLIX He-CpG-canToB Hbke 061acT NOBTOPOB. TakM 06pa3om,
BbISIBNIEHHbIE CaiTbl MOTYT ObITb PACCMOTPEHbI B KAHECTBE TOUKV MPUNOXKEHUS TAPreTHOMO SMUreHETVHECKOro PEAAKTUPOBaHVISt 415 YBENMHEHWS TPaHCKPUMLV
FXN n, cnegoBatenbHo, N5t TapreTHo Tepanun 3abonesaHvis.

KntoueBble cnoBa: 60ne3Hb Ppurapeiixa, SKCrpeccus reHa, anureHeTuika, metunnposarine JHK, He-CpG-metunmpoarne, JHK-anarHocTika, TapretHas Tepaniis
®duHaHcupoBaHue: paboTa BbinonHeHa Npy nogaepkke rpaHta PH® (Homep npoekta 17-75-20211).

NHdopmaumsa o Bknape aBTOpOB: BCE aBTOPbI BHEC/IM PABHO3HAYHbIN BKIaA, B MPOBEAEHNE UCCNedoBaHNs 1 MOArOTOBKY CTaTbi, MPOH4IM 1 OfobpuIM ee
(bUHaNBHYIO BEPCUIO Nepeq, Mybnvkaumen.

CobniofeHne aTUHECKUX CTaHAAPTOB: UccnefoBaHe ofobpeHo aTudeckm kommtetom OIFBHY HUH (npoTtokon Ne 11-3/17 ot 18 okTs6ps 2017 r.). Bee
naumeHTbl nognmcani MHPOPMMPOBaHHOE Corflacie Ha y4acTvie B UCCRefoBaHnv.
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Cratbsl nony4eHa: 22.08.2019 CtaTtbsi npuHsTa K neyatu: 13.09.2019 Ony6nukosaHa oHnamH: 25.09.2019
DOI: 10.24075/vrgmu.2019.062

Friedreich ataxia (FRDA) is the most common autosomal
recessive ataxia associated with the GAA trinucleotide

is formed in presence of expansion demonstrating the
transcription suppression [4]. This corresponds to histone

repeat expansions in intron 1 of the FXN gene [1, 2]. The
molecular basis of the disease is the gene product deficiency
(mitochondrial protein, frataxin) [3]. Large expansion containing
hundreds of nucleotides observed in patients with FRDA inhibits
transcription of the corresponding FXN mRNA [2].

A number of studies show that in the DNA critical locus
containing the FXN gene, heterochromatin (inactive chromatin)
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modifications: acetylation decrease and trimethylation increase
shown in patients with FRDA [5-7]. Along with the histone
modification, other epigenetic phenomena are also observed:
DNA hypermethylation in promoter region and in the intron 1
upstream of the GAA expansion (UP-GAA), as well as DNA
hypomethylation in the intron 1 downstream of the GAA
expansion (DOWN-GAA). It is known that cytosine methylation
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in the cytosine-guanine dinucleotide pair (CpG) of the promoter
leads to the gene expression decrease, i.e., DNA methylation
in the UP-GAA region presumably inhibits transcription of FXN
and leads to a decrease in the frataxin level [8].

DNA methylation and histone modification are
interconnected epigenetic mechanisms. In particular, DNA
methylation level may be an important predictive marker for
histone deacetylases inhibitors. Clinical trials of the latter are
conducted with the aim of epigenetic therapy of FRDA. At
the same time it is believed that in patients with FRDA, DNA
methylation is primary in relation to histone modification [9].

In recent years papers emerged investigating the significance
of so-called non-CpG methylation in which cytosine paired with
nucleotides other than guanine (adenine, thymine, cytosine)
was methylated. The highest level of non-CpG methylation was
observed in stem cells and cells of the nervous system [10, 11],
which suggested the special role of this epigenetic modification
in the nervous system functions in normal and pathological
conditions. To date, non-CpG methylation in FRDA patients
has not been investigated.

QOur research was aimed to study the FXN gene mRNA
expression as well as to conduct the clinical, genetic and
epigenetic correlation analysis in patients with FRDA and in
heterozygous FXN mutation carriers.

METHODS

The study was conducted in the 5th Neurological Department
of the Research Center of Neurology from 2017 to 2019. A
group of patients with FRDA and confirmed homozygous
GAA repeat expansion in the FXN gene was surveyed
(n = 8; 3 women and 5 men). The average age of patients was
29.9 + 9.5 years, the average age of onset was 13.8 + 6.7
years, the disease duration was 16.0 + 9.3 years. Inclusion
criteria for the group of patients with FRDA: clinical diagnosis
and positive results of molecular genetic testing (homozygous
GAA tandem repeat expansion in introne 1 of the FXN gene).
Average number of the GAA repeats in the short allele in the
group was 506.0 + 232.0 (GAA1), in the long allele the average
number was 718.8 + 143.8 (GAA2). Clinical examination of
patients was performed using the SARA scale (mean score for
the group 23.1 + 11.4) and the Montreal Cognitive Assessment
(MoCA) test (mean score 24.6 + 2.7). Cardiomyopathy (5/8),
carbohydrate metabolism impairment (3/8), scoliosis and foot
deformities (6/8) were also determined. Exclusion criteria: no
clinical diagnosis.

The group of patients was compared with the group
of heterozygous FXN gene mutation carriers designated
hereinafter as GAA heterozygotes (n = 6; 5 women and 1 man).
This group included the first-degree relatives of patients with
FRDA. Comparison group included older people (53.7 + 19.6
years) compared to patients with FRDA (because of the parents
of patients). For heterozygous patients the inclusion criterion
was presence of the GAA expansion in the heterozygous state.
The length of the expanded FXN allele in the group was
664.0 + 283.7 repeats (GAA2). Control group (n = 10) with no
GAA repeat expansion in the FXN gene was comparable in
gender and age to the main group.

Genomic DNA samples were isolated from peripheral blood
leukocytes using the Wizard Genomic DNA Purification Kit
(Promega; USA). The GAA repeat expansion in the FXN gene
was determined using the polymerase chain reaction (PCR)
with subsequent separation of amplicons using the agarose gel.

Methylation pattern was determined by direct bisulfite
sequencing of the corresponding DNA regions using the EZ

DNA Methylation Kit (Zymo Research; USA) according to the
manufacturer’s instructions. For each subject, the methylation
level of CpG sites was determined in three main significant
regions of the FXN gene: promoter region, UP-GAA region
and DOWN-GAA region. 16 CpG sites in the promoter region
of FXN, 67 CpG sites in the UP-GAA region and 21 CpG sites
in the DOWN-GAA region were explored (numeration starts
from the 5' end of the corresponding region). The degree of
the site methylation was calculated by the ratio of the blue
peak height (methylated cytosine, C) to the total height of
the blue and red peaks (methylated and non- methylated
cytosine, C + T).

Along with the CpG sites search and analysis of non-CpG
sites methylation were performed. In non-CpG sites methylated
cytosine was a precursor of adenine, thymine or cytosine (mCA,
mCT, mCC respectively).

The FXN expression level (the amount of mMRNA of the FXN
gene) was measured the by real-time PCR (RT-PCR) in the
studied samples according to the following scheme. Peripheral
blood samples were placed in the tubes with EDTA. Blood
samples were pre-treated with a special buffer for red blood
cells lysis, Buffer EL (QIAGEN; Germany), aliquoted and stored
at =80 °C. To isolate genomic RNA, the RNeasy Plus Mini Kit
(QIAGEN; Germany) was used according to the manufacturer's
protocol. Total cDNA from RNA samples was isolated using a
kit for reverse transcription and cDNA amplification (Eurogen;
Russia) with the addition of oligo (dT) primer, aliquoted and
stored at 20 °C. The FXN gene mRNA level in the studied
samples was determined by the threshold cycle using the RT-
PCR method with intercalating SYBR Green dye, normalized to
the GAPDH reference gene. The 2024%) formula was used as a
method of calculating the level of expression.

Statistical analysis was carried out using the IBM SPSS
Statistics 23 software (IBM; USA). The nonparametric methods
were used: Mann-Whitney U test and Spearman rank
correlation test. ROC curve analysis was performed using the
MedCalc 18 software (MedCalc Software; Belgium).

RESULTS

FXN gene expression in homozygous and heterozygous
expansion carriers

In the group of FRDA patients homozygous for the GAA repeat
expansion the expression level was 0.05 [0.00; 0.127]. In the
group of the patients relatives heterozygous for the expansion
the expression level was 0.57 [0.54; 0.66], and in the control
group it was 1.016 [0.847; 1.214]. The differences between the
groups were significant (o < 0.05).

ROC curve analysis was performed based on the overlapping
values of expression level obtained for the control group and for
the group of GAA heterozygotes. The area under the curve for
the analyzed indicator was 0.986. For the demarcation threshold
value equal to 0.79, specificity was 95% and sensitivity was 93%.
In the ROC curve analysis of the gene expression evaluation in
the groups of GAA heterozygotes and GAA homozygotes the
area under the curve was 0.934. For the demarcation threshold
value equal to 0.15, specificity was 93% and sensitivity was 87 %.

Clinical comparison
FXN expression was correlated with clinical data in the group of
patients with FRDA. Correlation analysis did not reveal relationship

between the expression level and the age of patients, the onset
age and the duration of the disease, the SARA scale score
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and the MoCA test score (p > 0.05). According to the obtained
data, expression level was not associated with cardiomyopathy,
impaired carbohydrate metabolism or bone deformities
(o > 0.05).

In the comparison group among the relatives of patients the
least FXN expression level was observed in the heterozygous
GAA expansion carrier (750 GAA repeats) aged 72 (patient’s
mother). The subject had a history of long-term endocrinopathy
(severe type 2 diabetes mellitus). In the GAA heterozygotes
group there were no other patients with diabetes mellitus.

Genetic comparison

Correlation between the FXN mRNA expression level and the
expanded allele length was studied. In the group of patients
with FRDA expression was not associated with the shorter
GAAT1 allele length (no statistical significance) or with the longer
GAA2 allele length. In the group of GAA heterozygotes no
relationship between the expression level and the expanded
GAA2 allele length was revealed.

Epigenetic comparison

The search for non-CpG sites was performed in all studied
regions. Two non-CpG sites were identified in the promoter
region, in the UP-GAA region there were no non-CpG sites,
DOWN-GAA region contained 15 non-CpG sites.

Correlation analysis of the FRDA patients group revealed
positive correlation between the FXN mRNA expression level
and the CpG-54 site of the UP-GAA region methylation level
(r=0.782; p = 0.037). Negative correlation between the FXN
expression level and the methylation level of three non-CpG
sites of the DOWN-GAA region was revealed: non-CpG-7a
(r=-0.788; p = 0.035), non-CpG-7b (r = -0.795; p = 0.032)
and non-CpG-8a (r = -0.875; p = 0.009). No relationship of
the methylation level of these non-CpG sites with the length of
GAA1 or GAA2 was detected. At the same time, in adjacent
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CpG sites, methylation did not correlate with expression, but
depended on the length of the expanded allele (Table 1).

In the comparison group among the GAA heterozygotes,
correlation between the expression level and the CpG-13
methylation level in the promoter region was detected
(r=-0.947; p = 0.017), as well as correlation between the
expression level and the CpG-3 methylation level in the
DOWN-GAA region (r = -0.894; p = 0.041).

Given the small number of subjects in the groups, we
calculated correlations in a combined group of patients, relatives
and healthy volunteers, adjusted for the group. The revealed
correlations between the FXN expression level and the individual
sites methylation level are presented in Table 2. Summarizing
the results, it can be noted that negative correlation between
gene expression and methylation in the promoter and UP-GAA
region and positive correlation between gene expression and
methylation in the DOWN-GAA region were revealed for CpG
sites, whereas in the DOWN-GAA region negative correlation
was detected for non-CpG sites.

Methylated cytosine in the non-CpG sites was a precursor
of the following nucleotides: mCCC (site 5a), mCTT (site 7a),
mCCC (site 7b), mCAG (site 8a), mCAT (site 8b), mCTG (site 10b).

In the combined group, the degree of methylation of non-
CpG sites of the DOWN-GAA region did not correlate with
the expansion length (GAA1, GAA2) — similar to the group of
FRDA patients.

DISCUSSION

Frataxin protein deficiency in patients with FRDA has a systemic
effect and leads to different neurological and extraneurological
manifestations [1, 9]. The severity of genetic changes in patients
with FRDA (the expansion length of GAA repeats) can only
partially explain the variety of clinical manifestations associated
with the disorder (variable onset age and rate of progression,
clinical manifestation features, polyneuropathy and corticospinal
tract involvement, severity of cardiomyopathy, carbohydrate

Table 1. Correlation of the FXN gene expression level and the shorter allele repeat expansion length with the methylation level of DOWN-GAA region non-CpG sites

and adjacent CpG sites in patients with FRDA

Site identificators Correlatiop” of methy_lation level Correlatic_)n“ of methylation level Nucleotides following the Cytosine position
with expression with GAA1 length methylated cytosine (GRCh38)
CpG-7 - -0.901* mCG chr9:69.037.380
non-CpG-7a -0.788* - mCTT chr9:69.037.382
non-CpG-7b -0.795* - mCCC chr9:69.037.388
CpG-8 - -0.836* mCG chr9:69.037.390
non-CpG-8a -0.875* - mCAG chr9:69.037.397
CpG-9 - -0.772* mCG chr9:69.037.420
CpG-10 - -0.791* mCG chr9:69.037.434
Note: # — Spearman's rank correlation coefficient (r); * — p < 0.05; «—» — no correlation; mC — methylated cytosine.

Table 2. Correlation of the FXN gene level expression and the methylation level of sites in all studied regions in a combined cohort adjusted for the group

Promoter: negative correlations

DOWN-GAA: positive correlations

- CpG-5 (r=-0.511)"
- CpG-13 (r=-0.542)
- CpG-16 (r=-0.511)*

- CpG-2 (r=0.567)"
- CpG-12 (r= 0.520)"

UP-GAA: negative correlations

DOWN-GAA: negative correlations

- CpG-43 (r=-0.615)"
- CpG-44 (r=-0.508)"
- CpG-45 (r=-0.533)"

- non-CpG-5a (r=-0.514)"
- non-CpG-7a (r=-0.571)"
-non-CpG-7b (r=-0.506)"
- non-CpG-8a (r=-0.625)"
—non-CpG-8b (r=-0.644)*
- non-CpG-10b (r=-0.540)*

Note: * — p < 0.05.
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metabolism disorders etc.). As a consequence, the search for
such a wide phenotypic polymorphism explanation was carried
out by studying the factors and processes which regulate the
implementation of genetic information: DNA methylation,
histone modification, spatial organization of DNA, antisense
transcripts and non-coding RNA. Due to the complexity and
versatility of the processes caused by intron GAA expansion,
it has not yet been possible to identify the main targets, the
impact on which would help us to solve the problem of frataxin
deficiency and impaired transcription of FXN, and, therefore,
offer an effective therapeutic strategy. The focus of our study
was on one of the epigenetic factors, DNA methylation. This
factor seems promising in the view of studies in the field of
targeted epigenetic editing, which may allow restoration of
the impaired transcription, as it was demonstrated by the
example of the FMR1 gene trinucleotide repeats expansion
[12-14].

Results of the FXN expression degree investigation were
presented in a number of foreign papers. Thus, in one of the
papers, the level of FXN mRNA in patients with FRDA was
reduced to 19% and in heterozygous carriers to 53% of the
control level. At the same time, the mRNA level correlated
with the level of frataxin, the age of the onset and the length
of expansion [15]. In another study, comparable results were
obtained. It was also demonstrated that mRNA level and
the level of frataxin protein were relatively stable over time
and changed against the background of epigenetic therapy
(inhibitor of histone deacetylases) effect. In other words, the
mMRNA level is a measurable and variable indicator that can be
used in clinical trials [16].

Our analysis of FXN gene expression also revealed a
significant decrease in MRNA level in patients with homozygous
GAA expansion (below 15%) in relation to the control group,
as well as in the group of relatives with heterozygous repeat
expansion (below 79%). However, in our study, statistically
significant correlation with neither clinical nor genetic characteristics
was detected, most likely due to the small sample size. At the
same time, it is noteworthy that in the group of heterozygotes
the lowest level of FXN mRBNA was detected in a patient with
type 2 diabetes mellitus. Possibly, a low level of expression of
mMRNA and frataxin protein in heterozygotes may be markers
of the carbohydrate metabolism disorders observed in patients
with FRDA which can also be detected in their relatives
(heterozygous mutation carriers) [17, 18].

There are few papers on DNA methylation studies in patients
with FRDA [8, 19-23]. Nevertheless, FRDA is considered a
model disease characterized with a special type of trinucleotide
repeat expansion (both alleles are in the non-coding, regulatory
region of the gene) [20]. In two papers, hypermethylation of
several sites was discovered in the UP-GAA region in patients
with FRDA [21, 22]. Other researchers also noted UP-GAA
hypermethylation and detected DOWN-GAA hypomethylation
in patients' peripheral blood cells, in the brain and myocardium
[23], which confirmed the systemic effect of the GAA repeat
expansion and the information value of data obtained for
peripheral blood leukocytes. In another study, in addition to
UP-GAA hypermethylation and DOWN-GAA hypomethylation,
a large sample of patients with FRDA demonstrated a negative
correlation between the methylation level of one UP-CpG site
and the FXN mRNA level [8]. mMRNA level also correlated with
GAA repeats number, onset age and symptoms severity. In our
previously published paper [19] hypermethylation of the UP-
GAA region and hypomethylation of the DOWN-GAA region
in patients with FRDA were confirmed, a direct relationship
between the degree of methylation of UP-GAA region sites and

the expansion length of homozygous mutation carriers, as well
as inverse relationship between the degree of methylation of
DOWN-GAA region sites with expansion length in heterozygous
mutation carriers were detected.

QOur present study is the continuation of the previous studies.
The study is aimed to investigate the FXN epigenetic profile
effect on the corresponding mRNA expression. Comparing the
results of previous and present studies, it can be noted that
hypermethylation of individual CpG sites located upstream of
the repeats region (promoter and UP-GAA) is associated with a
lower mRNA level and a larger number of GAA tandem repeats
in the FXN gene. Hypomethylation of individual CpG sites in the
DOWN-GAA region is associated with a lower mRNA level and
a larger number of GAA tandem repeats.

As it is mentioned above, non-CpG methylation in patients
with FRDA has not yet been investigated. The functional
significance of non-CpG sites is discussed. However, it is
now clear that it is very important for expression regulation
[24]. Non-CpG sites are predominantly located in the regions
with lower density of CpG sites, i.e., usually inside the gene.
Methylation of non-CpG inside the gene is associated with a
decrease in its expression. It is believed that compared to CpG
methylation of non-CpG sites is more susceptible to changes
that occur during the development and under the influence
of various environmental factors [25]. Thus, in neurons at the
embryo stage, non-CpG sites are almost not methylated. Non-
CpG methylation occurs during development. It is neurons that
account for the largest part of adult non-CpG methylation, less
for glia, stem cells, gametes. Non-CpG methylation is almost
absent in other cells. Estimated ratio of non-CpG methylation
to CpG methylation in neurons is 1 : 3. Most often, the first
occurs in the CpA dinucleotide, to a lesser extent in the CpT
dinucleotide, and even less in CpC. It is believed that the
function of non-CpG methylation depends on the molecular
context. Thus, methylation of cytosine in the mCAC sequence
can lead to a decrease in gene expression, while methylation in
mCAG can lead to its increase [10, 11].

In our study 2 non-CpG sites were identified in the promoter
region, in UP-GAA there were no non-CpG sites, DOWN-
GAA region contained 15 non-CpG sites. For comparison,
the incidence of CpG in the same sequenced regions was as
follows: 16 CpG in the promoter, 67 CpG in the UP-GAA and 21
CpG in the DOWN-GAA region. The provided data demonstrate
that the higher the density of CpG, the lower the occurrence
of non-CpG, and vice versa. Approximate, conditional ratio of
non-CpG to CpG is 1 : 6. It should be reminded, that the study
was performed on blood leukocytes with a lower proportion of
non-Cp@G, and not on neurons.

No correlation between the methylation level of two non-
CpG sites in the FXN promoter region and the mRNA level
was detected. A cluster of interconnected, adjacent non-CpG
sites was identified in the DOWN-GAA region, methylation of
which negatively correlates with the mRNA level. There was
no relationship between the methylation level and the GAA
expansion length. The unidirectional effect of all 6 detected non-
CpG sites on the expression did not depend on the context, it
was shown in the CpA (MCAC, mCAG), CpT (mCTT, mCTG),
and CpC (2 mCCC) configurations.

In the combined cohort, in contrast to non-CpG methylation,
the level of CpG methylation in DOWN-GAA demonstrated
direct associative relationship with the mRNA level, which
suggested a possible multidirectional effect of those two types
of methylation. Another difference between the types may be
the dependence on the length of GAA expansion: it is present
in CpG methylation, whereas in the case of non-CpG it cannot
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be detected. Therefore, the non-CpG methylation can modify
the expression of FXN regardless of a genetic defect.

The identified cluster of closely located non-CpG sites,
methylation of which is associated with the decrease in the
FXN gene transcription, is in the distance from the regulatory
sequences and binding sites of known and studied in patients
with FRDA transcription factors, CTCF, SRF, TFAP2, EGRS,
E-box (all transcription factors lie inside the promoter and the
UP-GAA region) [26, 27]. The region of the detected non-CpG
cluster, being inside the DOWN-GAA region, is a part of the
Alu (SINE) element. The functional significance of the latter is
not clear completely, however, removal of the element leads
to a significant impairment of FXN transcription [4, 21]. This
once again confirms the possible significance of non-CpG
methylation in this region for transcription.
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EFFECTS OF CARNOSINE AND LIPOIC ACID IN THE LATE STAGE
OF PARKINSON'’S DISEASE IN RATS

Berezhnoy DS, Fedorova TN, Kulikova Ol =, Stavrovskaya AV, Abaimov DA, Gushchina AS, Olshansky AS, Voronkov DN, Stvolinsky SL
Research Center of Neurology, Moscow, Russia

The late stage of Parkinson’s disease is characterized by massive neuronal loss in the substantia nigra (SN) and degeneration of the dopaminergic innervation in the
striatum. There is a need to assess the neuroprotective effect of antioxidants (AO) at this stage of the disease. The aim of our study was to assess the efficacy of
two AO, carnosine and lipoic acid (LA), in the rat model of late-stage parkinsonism. The pathology was induced by a unilateral injection of 6-hydroxydopamine
(6-OHDA) into the SN of the right brain hemisphere. AO were administered 4 times, starting on day 14 following the injection of the toxin. We investigated the
effect of the injected drugs on the behavior of rats, the loss of neurons in the SN and the metabolism of biogenic neurotransmitter amines. Both AO dampened
the development of 6-OHDA-induced neurological and behavioral symptoms. 6-OHDA induced a 90% drop (p = 0.01) in the levels of dopamine (DA) and its
metabolites in the right striatum and caused death of over 95% of neurons (p = 0.01) in the SN of the right hemisphere (o = 0.01). AO did not have a significant
effect on the number of neurons in the SN but caused an increase in the levels of DA metabolites, as compared to their levels in the animals exposed to
6-OHDA. Elevated DA (a 5.8-fold increase, p = 0.007) was observed only in the animals treated with camnosine. LA stimulated a 23% decline in serotonin levels
(o = 0.06) and a 36% increase (p = 0.009) in its metabolite, 5-hydroxyindolacetic acid (5-HIAA). We conclude that although carnosine and LA did not have a direct
neuroprotective effect, they could relieve the symptoms. This suggests that these AO could be used as an adjunctive component to antiparkinsonian therapy.
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OENCTBUE KAPHO3VHA U JINMOEBOW KNCNOTbl B MOAENN NMNO3OHEN
CTAOUN BONE3HUN MAPKMHCOHA Y KPbIC

0. C. BepexHon, T. H. ®epoposa, O. U. Kynukosa 2, A. B. CtaBposckas, [. A. Abammos, A. C. TywwHa, A. C. Onbluarckuia, [. H. BopoHkos,
C. J1. CtBONMHCKMIA

HayuHbli LieHTp HeBponorum, Mockea, Poccus

OueHka ahekTMBHOCTM aHT1oKcuaaHTHbIX (AO) npenapaTtoB Mpu BBedeHWV Ha MO3AHEer CTaguy 3KCMepUMEHTaNbHOro MapKMHCOHM3Ma B YCNOBUSAX
TOTaNbHON rMbenn HempoHoB YepHol cybeTaHumm (HC) 1 HapyleHWn gohamMUHEPrnyeckon NHHepBaLmun cTpruaTyMa SBASETCS akTyasbHOM nNpobriemon.
Llenbto nccnenoBanvist 66110 OLeHUTb 3thheKTMBHOCTL AO KapHO3MHa 1 noesoi kucnoTel (JIK) B Mogenv nosgHen ctagun napkUHCoOHM3Ma. MapKUHCOHN3M
NHAYLMPOBASIN Y KPbIC C MOMOLLBIO YHUIATePasibHOr0 CTEPEOTaKCUYeCcKoro BBeaeHus 6-rmapokengodamvunHa (FOA) B HC npasoro nonywapus. AO BBogum
4 pasa, Ha4Haa ¢ 14-ro Ha nocne BBedeHWs TOKCUHa. V3ydann BinsHMe npenapaTtoB Ha noseaeHune, rvbens HelpoHoB HYC 1 MeTabonvam MeanaTopos-
MoHoamuHoB. Oba npenapara CHKanm pasBuTe HEBPOIOMMHYECKON CUMMTOMATUKM 1 HapyLLEHUS NoBeAeHVs, BbiaBaHHble [OA. Beegerve IJA nprveogmno
K CHVDKEHWIO ypoBHS fodammHa (JA) 1 ero metabonmtoB B npaBom cTpuatyme Ha 90% (o = 0,01) n rmbenn 6onee 95% HeporHos B HC npasoro nonyLuapus
(p = 0,01). AO 3Ha4MMO He BAMSN Ha KONMMYECTBO HeMPOHOB B YC, HO yBenmymBanu copeparne metabonuTos [JA OTHOCUTENbHO XMBOTHbIX, MOMYy4aBLLMX
I'OA, npun aTom nosbilweHne cogepxanns JA (8 5,8 pas; p = 0,007) Habnoganu TONbKO Y XXMBOTHbIX, MOyYaBLUMX kapHO3WH. BeepeHve JIK cnocobcteoBano
CHXXEHWIO cepoToHuHa Ha 23% (p = 0,006) 1 ero MeTabonuTa 5-ryagpoKCUNMHOONYKCYCHOW kmucnoTsl (TVYK) Ha 36% (p = 0,009). Takvm obpasom, npu
OTCYTCTBUM NMPSIMOr0O HEMPOMPOTEKTOPHOrO 3dpeKTa OblI0 OOHAPYXXEHO CUMMTOMAaTUYECKOe AenCTBME KapHo3uHa 1 JIK, 4To 060CHOBbLIBAET BO3MOXHOCTb

MX UCMOMb30BaHNS B Ka4€CTBE AOMOMHUTENBHON Tepanun 60n1e3Hn MNapkuHcoHa.
KniouyeBble cnoBa: NapKMHCOHK3M, KpbiCbl HUK Wistar, KapHO3WH, TMnoeBas K1cnoTa, HepomMeamaTopsbl, (PU3NoNorn4eckoe TeCTUPOBaHVe

WHdopmaums o Bknage aBTopos: []. C. BepexxkHoin — aHanva nutepatypsbl, MnaHnpoBaHie NCCNeAoBaHus, MOArOTOBKA YEPHOBUKA PYKOMMCH 1 (PUHANIBHOTO
BapuaHTa ctatbu; T. H. PenopoBa — aHanma nutepatypbl, MiaHMpoBaH1e UCCnefoBaHus, Noarotoka duHaneHoro BapuaHta craten; O. W, Kynmkosa —
aHanM3 nuTepaTypbl, MnaHMpoBaHVe UCCnefoBaHus, NOAroToBKa (rHaNbHOrO BapyaHTa ctatbi; A. B. CTaBpoBckasi — aHanva nmteparypbl, niaHMpoBaHmie
1CCcrnefoBaHns, NMOAroTOBKa YepHoBYKa pykornvicy; [. A. AGarMoB — MOAroToBka YepHoBuka pykornicy; A. C. yluHa — nnaHnpoBaHve UCCnenoBaHns,
noaroToBka 4epHosuka pykormcy; A. C. OnblUaHCKWA — MOAroToBKa YepHoBuka pykornmcy; [. H. BOPOHKOB — MOArOTOBKa YEpHOBMKA PYKOMMCH:;
C. 1. CTBOMMHCKMIA — MNaHUpOBaHNe UCCNeAoBaHus, MOArOTOBKA YEPHOBYIKA PYKOMVCH; BCE aBTOPb! y14acTBOBaM B cOOpe, aHanmM3e 1 MHTepripeTauym AaHHbIX.

CobntofeHne 3TMYECKUX CTaHAAPTOB: BCE 9KCMEPUMEHTbI C XKMBOTHbIMW MPOBOAUMM B COOTBETCTBUM C MEXAyHApOAHbIMU MpaBuiamun paboTbl C
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Parkinson’s disease (PD) is a progressive neurodegenerative
disorder characterized by the loss of dopaminergic neurons in
the substantia nigra pars compacta (SNpc). There is no cure
for PD, and the available treatments are symptomatic. This
creates the need for effective neuroprotective agents capable
of slowing or stopping the progression of the disease [1, 2].

6-Hydroxydopamine  (6-OHDA) is a  selective
catecholaminergic neurotoxin that gives rise to free radicals
and inhibits complexes | and IV of the mitochondrial electron
transport chain [3]. This compound is often used to induce
PD in animal models. 6-OHDA injected into the SN of rats
causes death of almost all striatal dopaminergic neurons
and their terminals within 10 to 14 days after the injection
[4]. Antioxidants (AO) administered to experimental animals
before the injection or immediately after brain surgery have a
remarkable neuroprotective effect [5], possibly resulting from
their direct interaction with free radicals generated during
6-OHDA oxidation and, to some extent, from the effect they
have on 6-OHDA autoxidation [6]. AO do not prevent the
development of the pathology as such, but rather inactivate the
neurotoxin that triggers the disease.

Carnosine and alpha-lipoic acid (LA) have been shown
to be protective against neuronal damage in the early stage
of induced parkinsonism in rats [7]. Bearing that in mind, it
would be interesting to assess the efficacy of these AO in later
stages of PD when neuronal loss has already occurred and
the dopaminergic innervation of the striatum has suffered some
degeneration. This is when the definitive diagnosis is usually
made and treatment starts.

The objective of this study was to assess the effect of
carnosine and LA on rat behavior and the neurochemical
parameters of rat brain in the late stage of 6-OHDA-induced
parkinsonism.

METHODS

The study was conducted in 40 3-month old outbred male
Wistar rats weighing 250 to 300 g. The animals were housed

under standard conditions (the 12/12 light/dark cycle) and had
free access to food and water.

The rats were divided into 4 groups. Three experimental
groups received a 3 pl injection of 0.05% ascorbic acid solution
containing 12 pg of 6-OHDA (Sigma; USA) into the substantia
nigra at the start of the experiment. The control group consisted
of sham-operated animals (n = 9) that received an equal
amount of the solvent (0.05% ascorbic acid). The stereotaxic
coordinates for the injection were as follows: AP = —-4.8;
L =1.9; V = 8.0 [8]. For surgery, the rats were anesthetized with
intramuscular injections of Zoletil 100 (3 mg/100g) and xylazine
(8 mg/kg); premedication with 0.04 mg/kg atropine was
administered subcutaneously 10 to 15 min before xylazine.
On days 14, 16, 18, and 20 following the 6-OHDA injection,
the sham-operated animals (n = 9) received intraperitoneal
injections of 0.9% NaCl solution (this group will be referred
to as 6-OHDA+NaCl); groups 2 and 3 (n = 11 and n = 11,
respectively) received intraperitoneal injections of 50 mg/kg
carnosine (Swedlight AB; Sweden) and 50 mg/kg LA (Chem-
Implex Intl Inc.; USA), respectively. Below, these 2 groups will
be referred to as 6-OHDA+ carnosine and 6-OHDA+LA.

The open field (OF) and the tapered beam walking (BW)
tests were carried out on days 21 and 22 after the 6-OHDA
injection to assess the behavior and locomotor activity of
the animals. Because not all of them were able to make it to
the end of the walking beam, we used an additional scale to
assess their neurotic-like behavior (Table 1) [9] On day 25, the
animals were decapitated using a guillotine (Open Science,
Russia), their brains were removed and chilled on ice; the
dorsal striatum of the left and right brain hemispheres and
the SN-containing midbrain fragment were isolated for further
histopathologic examination and immunostaining, respectively.
The obtained samples were stored in liquid nitrogen.

Quantification of dopaminergic neurons

The number of dopaminergic neurons in the SN of the control
animals and the 6-OHDA+NaCl group was estimated using an

Table 1. Points scored on the scale for assessing the neurotic-like behavior demonstrated in the beam walking test. The table describes the types and variations of

different behaviors and the score for each type

Behaviors Elements Score
Nose-cheeks 1
Nose-cheeks-ears 2
Self-grooming Nose-cheeks-ears-belly 3
Nose-cheeks-ears-belly-back 4
-//- + self-biting 5
Movements

Sniffing 1
Head Left and right turns 2
Chewing 3
Licking 3
Turn 3
Body Backing 4
Freezing 5
Head 1

Hangs over the beam
Half of the body 2
Stops on the walking beam 3
Slips 2
Hiccups 4
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immunofluorescence staining technique for determining tyrosine
hydroxylase (TH) content in the studied tissue [10]. TH is the
key enzyme involved in dopamine synthesis. The specimens
fixed in 4% formalin were soaked in sucrose and subsequently
immersed in the O.C.T. Tissue Tek compound (Sigma; USA).
Frozen frontal sections prepared from the specimens were
12 pum thick in the SN region. The sections were incubated with
1. 800 monoclonal rabbit anti-tyrosine hydroxylase antibodies
(T8700, Sigma; USA) in a humidity chamber at room temperature
for 24 h. The binding of primary antibodies was visualized using
goat CF488-conjugated antirabbit antibodies (Sigma, 1 : 500).
The sections were mounted in the FluoroShield media (Sigma;
USA), coverslipped and photographed under a Nikon Eclipse
Ni-u microscope (Nikon; USA) at x10 magnification. At least
8-10 sections per animal were studied, the distance between
slices was 36-48 pum. Neuronal bodies were counted in the
field of view in Imaged (NIH; USA).

Concentrations of amine neurotransmitters
and their metabolites

The neurotransmitter amines and their metabolites measured in
our study included dopamine (DA), 3,4-dihydroxyphenylacetic
acid (DOPAC), homovanillic acid (HVA), 3-methoxytyramine
(8-MT), noradrenalin  (NA), serotonin  (5-HT), and
5-hydroxyindoleacetic acid (5-HIAA). Their levels were
determined in the right and left striatum using high-performance
liquid chromatography with electrochemical detection (HPLC-
ED). Measurements were done using a System Gold High-
Performance Liquid Chromatograph (Beckman Coulter Inc.;
USA) equipped with an amperometric detector RECIPE EC
3000 (Recipe GmbH; Germany). The excised brain tissue was
homogenized in 20 volumes of 0.1 N HCIO4 supplemented
with 0.5 nmol/ml dioxybenzylamine, which was used as an
internal standard. The tissue was centrifuged at 10,000 g for
10 min. The supernatant was removed and analyzed [7].

Statistical analysis

The obtained data were processed in Statistica 10.0 (Dell. Inc.;
USA). Significance of differences was assessed with ANOVA
and Tukey’s HSD. The samples were compared using paired
Student’s t-test and Mann-Whitney U test, depending on the
normality of data distribution. The differences were considered
significant at p < 0.05. The results are presented below as a
mean value + the standard error (M + m).

RESULTS
Analysis of neurological symptoms

The beam walking test revealed pronounced behavioral
symptoms in the rats that had been exposed to 6-OHDA

ORIGINAL RESEARCH | NEUROLOGY

(F (3.36) = 10.54; p = 0.001). All rodents from the control group
successfully got to the end of the walking beam; the time
it took them to cover the whole distance was 13.88 + 1.73
seconds on average. However, only 3 of 11 animals from the
6-OHDA+NaCl group were able to reach the safety platform.
Other rats demonstrated freezing behavior and could not finish
the test. Therefore, we used an additional scale to assess the
neurotic-like behavior of the animals (Table 2). The rats that had
received carnosine or LA did not have pronounced neurological
symptoms. The post hoc analysis revealed no significant
differences between any of these groups and the controls. At
the same time, the differences between these 2 groups and the
6-OHDA-+NaCl group were significant (Table 2).

No significant changes in horizontal activity were
observed between the experimental groups in the OF test
(F (8.36) = 1.83; p = 0.16). However, paired sample comparison
demonstrated significant differences between the control and
the 6-OHDA+NaCl groups (7.97 + 0.42 and 4.21 + 0.77,
respectively; p = 0.001). ANOVA suggested a change in vertical
activity (F (3.36) = 3.04; p = 0.04). The post hoc analysis
revealed that vertical activity was low only in the 6-OHDA+
NaCl group, in contrast to the animals who had been treated
with carnosine or LA (Table 2).

Quantification of dopaminergic neurons

The number of dopaminergic neurons in SNpc was inferred
from the immunohistochemical localization of TH, the marker of
dopamine neurons. Staining for TH was indicative of neuronal
loss in the midbrain sections of all animals injected with 6-OHDA
(F (8.10) = 6.33; p = 0.01) (Fig. 1); it also showed that AO had
produced no therapeutic effect (F (2.8) = 0.51; p = 0.61). For
example, the examined regions of SNpc of the control animals
contained an average of 166 + 48 neurons, whereas all rats
exposed to 6-OHDA had only 4 + 2 neurons (p = 0.01). These
findings confirm the validity of our experimental model.

Concentrations of amine neurotransmitters
and their metabolites

ANOVA results suggested that the levels of major amine
neurotransmitters and their metabolites were changed in the
right striatum only, where the neurotoxin had been injected
(F (21.81) = 3.29; p = 0.001), in comparison with the left brain
hemisphere (F (21.69) = 1.15; p = 0.32). However, paired
comparison of the 6-OHDA+NaCl and control groups revealed
a significant increase in DOPAC (by 19.0 + 5.3%) and HVA
(by 19.1 + 3.8%) concentrations in the left-brain hemisphere
following the 6-OHDA injection (Fig. 2). Carnosine brought
DOPAC levels down to the values registered in the control
group.

The levels of DA and its major metabolites in the right
striatum plummeted by an average of 90% in all animals

Table 2. The effects of carnosine and lipoic acid (LA) on rat performance in the tapered beam walking (BW) test and the open field (OF) test. The table shows the results

of the post hoc Tukey’s HSD test

BW score Horizontal activity in OF (distance, m) Vertical activity in OF (rearings, number of)
Control group 5.13 + 0.64 7.97 £ 0.42 11.88 + 1.61
6-OHDA + NaCl 13.60 + 1.53# 421 £0.77 4.20 + 1.52#
6-OHDA + Carnosine 7.18 + 1.05* 6.32 + 1.38 8.64 + 1.50
6-OHDA + LA 5.27 £ 1.27* 6.16 + 1.14 9.90 +2.29

Note: * — difference from the 6-OHDA + NaCl group is significant, p < 0.05; # — difference from the control group is significant, p < 0.05.
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exposed to the neurotoxin regardless of the therapy they had
received (Fig. 3). 3-MT concentrations demonstrated a less
pronounced decline (by 58%, on average).

Serotonin levels did not change significantly. 5-HIAA, one of
serotonin metabolites, was elevated by 38% in the experimental
groups, as compared to the controls (Fig. 4).

A 5.8-fold (p = 0.007) increase in the striatal DA content was
observed in the animals treated with carnosine, relative to the
6-OHDA+NaCl group. The levels of DA metabolites (DOPAC
and HVA) were elevated 3.4-fold (p = 0.04) and 8.8-fold
(o = 0.01), respectively, following carnosine administration. LA
injections caused a 4.7-fold (p = 0.03) and a 7.4-fold (p = 0.04)
increase in DOPAC and HVA, respectively (Fig. 3). The tested
AO induced no changes in 3-MT levels. There was a 23%
(o = 0.006) and 36% (p = 0.009) decline in the concentrations
of serotonin and its metabolite 5-HIAA, respectively, relative to
the 6-OHDA+NaCl group. Carnosine did not have any effect on
the levels of serotonin or its metabolites.

DISCUSSION

We attempted to comprehensively assess the effect of
carnosine and LA on the performance of rats with induced
parkinsonism in the behavioral tests and on the metabolism of
DA and serotonin in the striatum. The pathology was induced
by a unilateral injection of 6-OHDA into the SN; the first
injection of AO was made on day 14 after surgery to prevent
their effect on the autoxidation of the toxin and the occurred
neuronal loss.

The death of neurons and ipsilateral striatal denervation
were confirmed by immunohistochemistry (immunostaining
of dopaminergic neurons in SN) and a significant decline in

DA and its metabolites in the striatum of the right brain
hemisphere, where the toxin had been injected. Regardless
of the treatment applied, DA and its metabolites were lower
in the animals exposed to 6-OHDA than in the control
group. At the same time, carnosine and LA affected DA
metabolism and caused an increase in DA metabolites, in
comparison with the group of untreated 6-OHDA-exposed
animals. However, DA levels were significantly elevated only
in the group of animals treated with carnosine. Serotonin
and 5-HIAA concentrations were lower in the group treated
with LA than in the untreated 6-OHDA-exposed group.
Considering that serotonin stimulates neurochemical
mechanisms promoting motor dysfunction in PD and that
low serotonergic neurotransmission in the basal ganglia
has an antiparkinsonian effect [11], the impact of LA on
serotonergic innervation may contribute to the improvement
of motor function in parkinsonism.

Physiological tests revealed that neurological deficit and
behavioral symptoms were significantly attenuated in the
animals treated with both tested antioxidants. Four injections
of carnosine and LA on days 14 through 20 of the experiment
prevented the development of 6-OHDA-induced neurotic
symptoms.

Studies involving the use of rat models of toxin-induced
parkinsonism have demonstrated neuroprotective effects of
both carnosine [12] and lipoic acid [13]. These drugs restored
the antioxidant brain status and reduced peroxide oxidation.
Besides, lipoic acid improved motor function in the affected
animals [13]. However, in the studies cited above the drugs
and the toxin were administered simultaneously and the loss
of neurons in the SN was not assessed. This complicated
interpretation of the results and left open the question about

Fig. 1. Immunostaining for tyrosine hydroxylase in the SN of rats following the intranigral injection of 6-hydroxydopamine. A. Left brain hemisphere of an animal injected
with saline. B. Right brain hemisphere of an animal injected with 6-OHDA. Arrows point to the region of neuronal loss in the SN at x10 magnification
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# — difference from the control group is significant, p < 0.05; * — difference from the 6-OHDA+NaCl group is significant, p < 0.05
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Fig. 4. Effects of carnosine and lipoic acid (LA) on the levels of serotonin (5-HT) and 5-hydroxyindoleacetic acid (5-HIAA) in the right striatum. # — difference from the
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the mechanisms of action of these compounds. Our study
provides evidence of symptomatic relief produced by the tested
drugs in the late stage of induced parkinsonism.

On the whole, our findings suggest that the tested
antioxidants could be used as an adjunctive component to
conventional antiparkinsonian therapy. Previously, lipoic acid
was proposed for use in combination with levodopa [14],
and the combination regimen of carnosine and levodopa was
reported to be effective [15].
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CONCLUSOINS

Although carnosine and LA did not have a direct neuroprotective
effect, they attenuated parkinsonian symptoms due to a
compensatory increase in the levels of DA and its metabolites
and a simultaneous decrease in serotonin concentrations. Our
findings suggest that the tested antioxidants could be used
in combination with conventional antiparkinsonian drugs and
provide a symptomatic relief.
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BRAIN CONNECTIVITY CHANGES IN PATIENTS WITH WORKING MEMORY IMPAIRMENTS WITH CHRONIC
ISCHEMIC CEREBROVASCULAR DISEASE

Fokin VF &4, Ponomareva NV, Konovalov RN, Krotenkova MV, Medvedev RB, Lagoda OV, Tanashyan MM
Research Center of Neurology, Moscow, Russia

One of the methods of assessment of cognitive functions in patients with chronic ischemic cerebrovascular disease — CICD (dyscirculatory encephalopathy)
implies studying connectivity of neural networks through the analysis of rest functional magnetic resonance imaging (rest fMRI) data. The main objective of this
study was to assess the relationship between working memory (WM) characteristics and connectivity of various parts of the brain in patients diagnosed with
CICD. The study involved 22 female CICD patients; they were divided into two groups, one with satisfactory level of WM and the other with compromised WM.
We assessed intra-brain connectivity with the help of rest fMRI, using the SPM-12 and CONN18b software applications in Matlab platform. The other aspects
evaluated were the gray to white matter ratio and the association of this indicator with WM. Significant differences in the intra-brain connectivity were registered
in both the satisfactory WM group and the compromised WM group. The brain parts where those differences were found are left parahippocampal area and
right supramarginal gyrus; right cerebellar hemisphere and left parietal, as well as left frontal areas; right cingular and left lingual gyri. In addition, we detected
significant differences in the ratio in the gray and white matter volumes in both groups (o = 0.007). The results obtained indicate that memory deterioration in
CICD patients is concomitant with deteriorating connectivity between the cortical areas, as well as between cerebellum and cortex, which may be associated
with a more significant loss of the white matter.
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W3MEHEHUA KOHHEKTUBHOCTMW FOJIOBHOIMO MOSIA Y BEOJIbHbIX C HAPYLLEHUAMW BEPEAJIbHOWN
OMEPATUBHOW NAMATU NPU OUCUNPKYNATOPHOW SHLE®AJIOMNATUN

B. ®. ®okumH =, H. B. MNoHomapesa, P. H. KoHosanos, M. B. KpoteHkosa, P. 6. Megseges, O. B. Jlaroga, M. M. TaHalusH
Hay4HbIn LeHTp Hesponorum, Mocksa, Poccrs

OfnH 113 METOLOB OLIEHKW KOTHUTUBHBIX (DYHKLMIA Y MALMEHTOB C XPOHUYECKUMM LiepebpoBacKyNspHbIMY 3ab60eBaHNAMIN — UCCRefoBaHe KOHHEKTUBHOCTM
HenpoceTer C NOMOLLbIO aHanmM3a nokasarenein yHKUMOHaIbHOW MarHUTHO-pe3oHaHcHoM Tomorpadmm (GMPT) nokos. OCHOBHOW Lienbo nccnefoBaHns obiio
OLIEHWTb B3aVIMOCBSI3b KOHHEKTVBHOCT Pa3nnyHbIX OTAENOB MO3ra C XapakTeprCTViKamy BepOasbHol onepatsHoi namsti (BOIM) y 605bHbIX C ANCLMPKYISTOPHOM
sHuedbanonatven (O3). B nccnegoBaHnn y4acTBoBasM 22 >keHLMHbl ¢ 03, pasgeneHHble Ha ABe rpynnbl: C YAOBNETBOPUTENBHOW U CHWKeHHOM BOIM. Y
BCEX MaLUVEHTOK OMpefensim KOHHEKTUBHOCTb MeXy PasnnyHbIMy 06nacTsamMy Modra ¢ MoMoLLbio aHanmda (OMPT nokost ¢ MCMoNb30BaHeM MPOrpPamMMHbIX
npunoxeHnii SPM-12 1 CONN18b B cpefie Matlab, a Takke oLgHMBanM OTHOLLEHNE OOGBEMOB CEPOro BELLECTBA K 6ENIOMY 1 COMPSPKEHHOCTL 3TOrO rokasaTenst
¢ BOI. Y 6onbHbIX B rpynne ¢ ynosnetsoputensHoin BOMM v B rpynne co cHpkeHHon BOI cTaTucTn4ecky 3Ha4MMble pasnnyms KOHHEKTUBHOCTW OOHapY>KeHbI
Mexzly creflylolmn 0bnacTaMmn: NeBo naparvnnokaMmnanbHo 06nacTbio 1 NpaBol cynpaMaprimHaibHONM U3BUIMHOWM; MpaBbIM MOSyLapueM MoKedka v
JIEBOV TEMEHHOW, a TakXXe NeBO TIOBHOM 061acTAMM; NMPaBOW MOSICHOM 1 NEBOW SA3bIMHOM 13BUIMHaMU. Kpome Toro, B 06enx rpyrnax BbisiBMNeHbl CTAaTUCTUYECKN
3HaYMMble Pa3nnHms B OTHOLLIEHUSIX Mexay obbemamm ceporo 1 6enoro BelllecTsa (p = 0,007). [NonydeHHble pe3ynbTaTbl ykasblBatoT, YTO CHYDKEHVE MaMSATU Y
60nbHbIX ¢ [1D conpoBOXXAAETCA COKPALLEHNEM KOHHEKTUBHOCTY MEXAY 0BNacTsMM KOPbI, @ TakKe MeXIy MO3MKEHKOM 1 KOPOW, YTO MOXET ObITb CBA3aHO C
6onee 3Ha4UTENBHOM yTpaTo 6enoro BeLlecTsa.

Knto4yeBble cnoBa: AVCLMPKYNSTOpHas aHLedanonaTvis, Herposmayanmdauys, MPT nokosi, BepbasnbHas onepaTiBHas naMsiTb, KOHHEKTUBHOCTb, KOMHUTUBHbIE
yHKLMKM, cepoe v Benoe BeLLEeCTBO Mo3ra

®duHaHcupoBaHue: paboTa Obina BbIMOMHEHa B paMkax rocyaapCTBeHHOro 3aganns ®rbHY HLUH.

NHdopmauus o Bknapge astopos: B. @. ®oknH — aHanu3 daHHblX, Hanucanwe ctaten; H. B. MNMoHomapeBa — cO0Op M aHanmM3 NMCUXOMETPUHECKNX U
HENPOBU3YAMLIMOHHBIX JaHHbIX, ydacTne B HammcaHum ctatbu; P. H. KoHoBanoB — HempoBU3yannUMOHHbIE MCCRefoBaHvs, 0bpaboTka pesynsraros;
M. B. KpoTeHkoBa — HenpoBU3yaMLMOHHbIE NCCNeaoBaHns, aHanma pedynstatos; P Bb. Mensenes — KmHMYeckre obcnegoBaHns, aHanva nvteparypebl;
0. B. Jlaropa — aHanmM3a kKMH1n4ecknx gaHHbix; M. M. TaHalwsiH — 0B00LLEHME KIMHNHYECKOrO MaTepriana B KOHTEKCTE MOMyHEeHHbIX PE3YLTaToOB.

CobniopeHne aTMHECKNX CTaH[APTOB: VCCeA0BaHNe OJ0OPEHO STUHECKUM KOMUTETOM Hay4HOro LeHTpa Hesponormn (mpotokon Ne 11/14 ot 19 Hos6ps 2014 ro);
BCE Y4aCTHUKM Noanmcanit MHPOPMMPOBAHHOE COrnacue Ha y4acTuie B UCCNeA0BaHNM.

<] Onsa koppecnoHaeHuun: Butanuin ®egoposud PoknH
Bonokonamckoe wW., a. 80, r. Mocksa, 125367; fvf@mail.ru

Cratbsl nony4eHa: 19.08.2019 Ctatbsi npuHaTa K nevatu: 13.09.2019 Ony6nnkosaHa oHnaiH: 22.09.2019

DOI: 10.24075/vrgmu.2019.061

BULLETIN OF RSMU | 5, 2019 | VESTNIKRGMU.RU B-




OPUTMHAJIbHOE UCCJIEQOBAHNE | HEBPOJIOI A

Vascular brain damage in the elderly is an important problem
from both the medical and the socio-economic viewpoints.
According to a number of researchers, 5 to 22% of the senior
citizens are diagnosed with cognitive impairments of vascular
origin [1, 2]. In the Russian scientific literature, such disorders
are traditionally considered through the lens of chronic
ischemic cerebrovascular disease — CICD (dyscirculatory
encephalopathy). Mnestic disorders, including working memory
(WM) deterioration, occupy a certain place in the clinical picture
of CICD [3-5]. From the pathomorphological point of view,
CICD-conditioned cognitive impairments result from diffusive
and multiple lacunar local changes in the subcortical white
matter and cerebral cortex. The most common subcortical
disorders are associated with atherosclerotic lesions or
lipohyalinosis of the small penetrating arteries delivering blood
to the deep parts of the brain [4]. Numerous studies show
that from the neurochemical point of view vascular cognitive
impairments result from acetylcholinergic deficiency. With CICD
in the background, it is brought by the periventricular white
matter ischemia, since acetylcholinergic axons pass through
the white matter [6]. There is no doubt it is necessary to detect
cognitive impairments at an early stage since timely therapy
prescribed early yields best results and improves the prognosis.
Cognitive activity runs against the background of coordinated
processing of information in different areas of the brain. Neural
network communication disruptions affect the contiguity of
information coming from various areas of the brain, which
leads to the cognitive dysfunction. Incomplete synchronization
of neocortex with paleocortex and archicortex, subcortex and
cerebellum is one of the reasons behind diminution of the higher
mental functions, including memory. Aging is one of the factors
promoting such processes, especially when there are vascular
and neurodegenerative brain diseases in the background; often,
they are caused by the diminishing volume of white matter that
is a communication medium for the various parts of the brain [7, 8].

Connectivity is the term used to describe the unity of the various
components of the system that makes it a single whole, and it is
applicable to the brain. The data delivered by rest fMRI that allows
evaluating connectivity is the BOLD (blood oxygen level-dependent)
signal synchronization in various parts of the brain. According to
the rest fMRI and the background electroencephalography data,
connectivity is related to the cognitive functions, including memory.
In general, deterioration of connectivity between different
regions of the brain leads to cognitive dysfunction [9, 10].

Normal functioning of the nerve networks depends on the
adequacy of blood supply to metabolic needs. With CICD,
connectivity in the neural networks worsens, which is to be
expected, as do the cognitive functions. The process is the
results of death of neurons and their axons in various parts of
the brain. MRI scans of the brain of elder people often exhibit
damaged white matter, the lesions actively contributing to the
cognitive decline and dementia pathogenesis. Vascular risk
factors are connected to the white matter damage, which
hinders synchronization between various parts of the brain,
especially those remote to each other. In practice, the gray to
white matter ratio is a common indicator allowing assessment
of damage to the gray or white matter [11, 12].

This study aimed to use rest fMRI data to assess the
contingency between WM and connectivity alterations, as well
as the gray to white matter ratio, in CICD patients.

METHODS

The study was conducted at the Research Center of Neurology
(Federal Research Institution) in 2017-2019. There were 22

patients aged 50-85 years (mean age 64 years) participating
in the study, all female. The inclusion criteria were: chronic
cerebrovascular diseases (CICD, stage 1-2, the diagnosis
complying with the brain and spinal cord vascular trauma
classification developed by the RAMS Research Institute
of Neurology in 1985); underlying vascular disease and
disseminated local neurological symptoms concomitant
with cerebral symptoms: headache, dizziness, tinnitus,
compromised memory, working ability and intelligence;
registered arterial hypertension; cognitive impairment (impaired
memory, working ability, irritability) [13]; all patients were right-
handed. The exclusion criteria were: mild, moderate or severe
dementia under the Clinical Dementia Rating Scale [14] (scores
1 up), as well as a history of acute cerebrovascular accidents;
traumatic brain injury; severe cardiac, metabolic (type 2 diabetes
mellitus) pathology; renal failure, uncompensated dysfunction
of the thyroid gland; MRI contraindications.

The patients did a number of tests before being split into
two groups. Psychometric examination implied a Luria test [15]
modified for patients with this kind of vascular pathology; the
registered outcome was the sum of words remembered by the
patients after 5 repetitions (sets of 10 words). The immediate
reproduction of the words in the context of this test allowed
dividing the patients into two equal groups with the memorized
words indicator lower and higher than the median: 27.7 + 1.4
and 35.8 + 0.8, respectively. The difference in the immediate
words reproduction capability was highly significant between the
formed groups (p = 0.000006). Agewise, the groups were not
statistically different from each other (p = 0.26), therefore, they
were called the compromised WM group and the satisfactory
WM group. The groups also showed different results in the
delayed words reproduction part of the test (o = 0.0008).

The fluency test (FT) [16] results yielded no differences
between the groups (summed fluency; p = 0.57).

The correction test results revealed no differences between
the groups, too (p = 0.77); the test was based on the n-back
test (Kirchner, 1958), which describes attention stability and
concentration capacity [16].

Al participants had their cognitive function assessed
using the Montreal Cognitive Assessment (MoCa), a cognitive
impairment screening tool. This test also returned no differences
between the groups (p = 0.68); the average values for both
groups were 25.6 + 1.2 and 25.0 + 0.9, meaning that cognitive
impairments in the patients participating in the study were fairly
mild (norm — 26-30 points) [17].

According to the results of the sequential counting test
(subtracting sevens from hundred down [15]), the patients were
not significantly different.

The rest fMRI the participants underwent followed the
BOLD method, sequence T2*; we used the Magnetom Verio
MRI system (Siemens; Germany), 3T. The participants were
instructed to fully relax, lie calmly with eyes closed (to exclude
stimulation of the visual analyzer) and not think about anything
specific. We used the SPM12 (Functional Imaging Laboratory
at University College London; UK) application in the MATLAB
(MathWorks; USA) environment to process the MRI data. As
for the connectivity study, our software of choice was the
CONN-18b application (McGovern Institute for Brain Research,
Massachusetts Institute of Technology; USA) in the SPM-
12 toolbox [18]. We assessed connectivity in various neural
networks of the brain, including the default mode network (DMN).

We compared connectivity between the two groups defined
earlier according to the WM specifics; CONN-18b software
(McGovern Institute for Brain Research, Massachusetts
Institute of Technology; USA) allowed assessing the significance
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of differences using the standardized regression coefficient
adjusted for multiple comparisons.

The same CONN 18b application enabled volumetric
studies that yielded general assessments of the gray and white
matter volume and that of the cerebrospinal fluid (CSF). The
CSF volume was the same in both groups (p = 0.58), which
signals of the approximately equal level of atrophy in all the
participants. We analyzed the gray to white matter ratio.

We used the Statistica-12 package (Dell; USA) for ANOVA
and other variance analyses; connectivity assessment was
done with the help of SPM-12 and CONN-18b applications in
the MATLAB platform. The assessments of connectivity proper
and group differences in connectivity were adjusted for multiple
comparisons while accounting for the false discovery rate (FDR).

RESULTS

In the compromised WM group of CICD patients, the
connectivity of the left frontal parahippocampal area was limited
mainly by the subcortical structures (Fig. 1A). In the satisfactory
WM group, we registered negative connectivity between left
frontal parahippocampal area and right supramarginal gyrus
in addition to the subcortex links, which probably signal of
the inhibitory nature of these links (Fig. 1B). The intergroup
comparison of connectivity revealed significant differences in
the quality of the link between left frontal parahippocampal area
and right supramarginal gyrus (Fig. 1B).

Significant intergroup differences in connectivity were also
observed between the right cerebellar hemisphere (segments 4
and 5) and the neocortex. There were no negative contingency
registered between the cortex and the right cerebellar
hemisphere in the compromised WM group (Fig. 2). The
differences between the groups were significant (o < 0.05) (Fig. 20).

The cingulate gyrus (part of DMN) correlation links were
also different in the compared groups (Fig. 3). Satisfactory WM
group exhibited higher connectivity between the right cingulate
gyrus and the left lingual gyrus than the compromised WM
group (Fig. 3C).

The table below shows statistical indicators of all the
intergroup differences discovered that are significant with the
multiple comparisons factored in.

Since CICD typically translates into damage to white matter,
it is possible that the deterioration of connectivity and memory
is associated with the decreasing volume of white matter. We
have registered significant differences in gray to white matter
ratio between the satisfactory and compromised WM groups.
The latter has it significantly higher than the former (o = 0.007)
(Fig. 4). This fact signals of a relatively large loss of white matter
in patients with compromised memory.
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DISCUSSION

CICD patients suffer from progressive memory impairment that
mainly affects reproduction of the memorized material [6]. At the
early stages of cognitive decline, some CICD patients exhibit
WM of the same level as healthy individuals, but it naturally
deteriorates with time [19]. In this work, we attempted to study
the pathogenetic mechanisms behind deterioration of the verbal
operative memory in CICD patients, specifically those related
to the changes in functional connectivity of the brain's neural
networks. Memory impairment is usually associated with the
damage to hippocampus and entorhinal cortex. We registered
no significant differences in hippocampus connectivity between
satisfactory WM and compromised WM groups; however, such
differences were found in the parahippocampal area, where
neocortex connects with allocortex. This area receives cognitive
and sensory information from the association cortex and passes
it to the hippocampus for transition to the long-term memory.
Supramarginal gyrus participates in the working memory
functions: it helps integrate auditory and visual information.
Therefore, the higher connectivity of the parahippocampal area
and the supramarginal gyrus registered in the satisfactory WM
group were to be expected [19].

Cognitive decline is also associated with the cerebellum.
The satisfactory WM group exhibited a significant negative
connectivity between cerebellum's right hemisphere
(segments 4 and 5), cortex and subcortex. CICD-conditioned
operative memory deterioration results from the significant
diminution of connectivity between cortex and cerebellum
while maintaining connectivity at the subcortex level. The
cerebellum is associated mainly with various motor functions.
However, in the second half of the past century researchers
started to point to the non-motor functions, including
cognitive, that the cerebellum partakes in. Interestingly, motor
impairments in CICD patients often go in parallel with the
cognitive function deterioration. Primarily, the functions in
question are those governing speech, learning and memory
[20, 21]. In the cerebellum, these functions employ spatially
separated areas; the memory is associated with segments of
4, 5, and 6 [22]. There is a growing body of data revealing
involvement of the cerebellum in regulation of sensorimotor,
vestibular and cognitive functions [23]. In our studies, WM
was also associated with the 4th and 5th segments of the
cerebellum. Investigation of the cerebellum's functional
topography revealed connections between its frontal part,
sensorimotor functions and, what is more, cognitive functions,
as well as a number of neural networks, including DMN,
frontoparietal networks, etc. It is likely that the neocortex-
cerebellum discord evidenced by the deteriorating connectivity
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Fig. 1. Left frontal parahippocampal area connectivity to various brain structures; compromised WM group (A) and satisfactory WM group (B). C. Intergroup connectivity
comparison (B-A). Red lines show positive correlation; blue lines show negative correlation. Blue lines in the Figure B indicate significant differences in patients with
satisfactory WM compared to patients with compromised WM. Only statistically significant relationships are given, FDR-adjusted for multiple comparisons (p < 0.05)
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against the background of a developing CICD also contributes
to the motor and cognitive function impairments.

DMN also plays a significant role in the memory processes
[24]. The lingual gyrus aides visual information processing; it
is significantly better connected to the DMN in individuals with
satisfactory level of WM.

[t can be assumed that the decreasing volume of white
matter, which is peculiar to normal aging and aging conditioned
by a vascular disease, is one of the reasons behind connectivity
and memory deterioration. CICD development translates into
damage to the white matter, and it often leads to violations
of the gray to white matter ratio, which integratively reflects
the predominant loss of gray or white matter. As the diffusion
tensor tomography examinations undertaken in the context of
longitudinal studies show, maturation of neural connections and
development of the fine structure of white matter contribute to
growth of the working memory volume [12, 25]. The loss of the
white matter volume peculiar to Alzheimer's and Kreutzfeldt-
Jacob neurodegenerative diseases directly correlates with the
working memory deflation [26, 27]. Aimost every case of CICD

has concomitant arterial hypertension. The blood pressure
spikes registered in the elder people complaining about memory
deterioration occurred against the background of degenerative
changes of not only gray but also white matter, the changes
closely resembling those peculiar to the early stages of the
Alzheimer's [28]. Overall, white matter lesions (leukoaraiosis) in
the presence of CICD correlates with the cognitive decline [29].
It is clear that the decrease in the volume of white matter is
directly proportional to the loss of long-axon neurons, including
those that participate in the interaction of neocortex, subcortex,
and cerebellum, as well as cortex-to-cortex integration.

Thus, it seems likely that the operative memory deterioration
in CICD patients is largely associated with the loss of the white
matter.

CONCLUSIONS
1. WM impairments in CICD patients are more significant

with the decreasing functional connectivity in the brain neural
networks, as registered with fMRI. 2. Significant differences
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Fig. 2. Connectivity of segments 4 and 5 of the right cerebellum hemisphere to the various brain structures, compromised WM group and satisfactory WM group.
Segments 4-5 belong to the frontal cerebellum. A. Compromised WM group. B. Satisfactory WM group. C. Difference in connectivity (B-A). 1, 2 — areas of interest

are in the left frontoparietal network (FPN); 3 — middle frontal gyrus
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Fig. 3. Connectivity of the right cingulate gyrus posterior (part of DMN), compromised WM group and satisfactory WM group. (See Figures 1 and 2 for designations.)
Intergroup differences in connectivity found between the right cingulate gyrus and the left lingual gyrus

Table. Statistical indicators of intergroup differences, satisfactory WM group and compromised WM group

Areas of interest Beta T-test siggir%igj: cséelceivel FDR-adjusted p-value
L-FPN, frontal region — cerebellum -0.18 -4.46 0.000242 0.02196
L-FPN, parietal region — cerebellum -0.23 -4.41 0.000268 0.02196
MFG — cerebellum -0.21 -4.05 0.000622 0.03401
L-PHA — R-SMG -0.30 -5.33 0.000032 0.00524
DMN — L-LG 0.25 4.43 0.000259 0.04240

Note: beta — standardized regression coefficient; FDR — false discovery rate; negative beta and T-test mean negative connectivity; L — left; R — right; FPN — frontoparietal
network; MFG — middle frontal gyrus; PHA — parahippocampal area; SMG — supramarginal gyrus; DMN — default mode network; LG — lingual gyrus.
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F=9.1; p=0.007
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Fig. 4. WM and the relationship between the volume of gray and white matter (G/W). “-1” and “1” — compromised and satisfactory WM groups of CICD patients,
respectively. Gray (G) to white (W) matter volume ratio (Y-axis). Statistical indicators of differences between groups: F — Fisher's test, p — level of significance (above)

in the intra-brain connectivity were registered in both the
satisfactory WM group and the compromised WM group.
The brain parts where those differences were found are right
cerebellar hemisphere and left parietal, as well as left frontal
areas; left parahippocampal area and right supramarginal
gyrus; right cingulate and left lingual gyri. 3. There are
significant differences between gray to white matter ratios in
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PARAQUAT-INDUCED MODEL OF PARKINSON’S DISEASE AND DETECTION OF PHOSPHORYLATED
a-SYNUCLEIN IN THE ENTERIC NERVOUS SYSTEM OF RATS

Stavrovskaya AV =2, Voronkov DN, Kutukova KA, Ilvanov MV, Gushchina AS, lllarioshkin SN

Research Center of Neurology, Moscow, Russia

Parkinson’s disease (PD) is a common neurodegenerative disorder with a variety of motor and non-motor features. Non-motor symptoms, such as gastrointestinal
dysfunction, usually set in 5 to 15 years earlier than motor manifestations. Cytoplasmic aggregates of phosphorylated a-synuclein are a typical marker of PD.
They are observed not only in cerebral neurons but also in intramural plexuses of the intestine. Therefore, it is essential to investigate the peripheral component
of the molecular pathogenesis of the disease using PD models, including those involving the use of parkinsonian neurotoxins, such as the well-known herbicide
paraquat. The aim of this study was to identify a complex of early a-synuclein-related changes induced by long-term systemic administration of paraquat to rats
at doses of 6 mg/kg. The open-field test revealed a decline in the motor activity of the experimental animals; the tapered beam walking test demonstrated a two-fold
increase (p = 0.044) in the number of left paw slips. Besides, the intensity of staining for tyrosine hydroxylase (TH) in the substantia nigra and myenteric plexus
fibers was 50% (p = 0.033) and 20% (p = 0.01) lower, respectively, in the main group than in the controls. Phosphorylated a-synuclein content was increased in
the cell bodies of myenteric neurons and in TH-positive nervous fibers of the experimental animals. Changes indicating the development of peripheral a-synuclein
pathology in the early stage of induced PD are similar to the changes observed in patients with PD at the onset of the disease. The proposed paraquat regimen
could be very promising for PD modeling.
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NMAPAKBATHAA MOAEJIb MAPKUHCOHN3MA U1 BbIABNEHUE ®OCOOPUJTIMPOBAHHOIO
a-CUHYKNEUHA B QHTEPAJIbHOW HEPBHOW CUCTEME Y KPbIC

A. B. Crasposckan =, [1. H. Boporkos, K. A. Kytykosa, M. B. VBaHoB, A. C. lyumHa, C. H. VnnapyoLwkuH

Hay4HbIn LeHTp HeBponormn, Mockea, Poccus

BonesHb MapkiHcoHa (BIM) — pacnpocTpaHeHHoe HelpopereHepaTBHOe 3aboneBaHe C LUMPOKUM CMEKTPOM MOTOPHBIX 1 HEMOTOPHbIX HapyLLEHWIA. HeMoTopHble
CUMMTOMBI (B 4aCTHOCTU, HAaPYLLEHNS (PYHKLIA XKEMYA0HHO-KULLIEYHOIO TPaKTa) OObIYHO OMepEXXatoT MaHUECTALWIO HAPYLLIEHN MOTOPUKW Ha 515 NeT. XapakTepHblii
npuaHak Bl, uMtonnaadmarmndeckue arperatbl hochopnanpoBaHHOro enka a-ChUHyKerHa, obHapy»XMBaroT He TOMbKO B LiepebparbHbiX HEeMpoHax, HO 1 B
VNHTPaMypasibHbIX BEMETATUBHBIX CMNETEHUSX KMLEYHMKA. B CBA3M C 3TVM BOMbLLIOE 3HAYEHE UMEET OLieHKa NMeprdepuHECKOro 3BeHa MOSEKYISIPHOMO naToreHesa
Bl Ha aKcnepuMeHTasbHbIX MOAENsX, B TOM HMCne Npy BO3AENCTBUM CReUmMpUHECKNX «NapKUHCOHNHECKIX» HEMPOTOKCHMHOB, TakmX Kak repbuuma napaksar.
Llensto paboTbl BbIN0 BbISBATE KOMMEKC PaHHKX NaTONOMMHECKVX U3MEHEHMI, BOBNEKAIOLLMX a-CUHYKIIENH, MPU CUCTEMHOM MHOTMOKPATHOM BBELEHUN Kpbicam
napakeara B [03e 6 MI/KN. Y SKCMepUMEHTaTbHbIX XKVBOTHBIX Obl10 MOKa3aHO CHYDKEHWE ABMraTeflbHOM akTMBHOCTU B OTKPLITOM none, ABykpatHoe (o = 0,044)
OOHOCTOPOHHEE YBENMHEHIE HICna CllyHaeB COCKasb3bIBaHMSA B TECTE «CY»)KatOLLAACA JOPOXKKaA», CH/XEHNE MHTEHCYBHOCTY OKPALLIMBAHIIS Ha TUPO3VHIOPOKCIA3Yy
(TplA) CTPYKTYP YEPHO CyBCTaHLMM CPEAHErO MO3ra 1 HEPBHBIX BOSIOKOH MUEHTEPASTBHOMO CrIETEHUS KULLEYHIKa Kpbicbl Ha 50% (o = 0,033) 1 Ha 20% (p = 0,01)
COOTBETCTBEHHO, a TakXe yBeNMyeHne CopepxaHmns hocopummpoBaHHOO a-CUHYKNEVHa B Tenax M1eHTepasibHbIX HEMPOHOB 1 B TPIA-MO3UTUBHBIX BOSIOKHAX.
[NonyyeHHbIe N3MEHEHNS, CBUOETENBLCTBYIOLLME O PAa3BUTUN NEPUPEPUHECKON a-CUHYKIEMHOMATUM Ha PaHHEN CTaayn SKCMEPYMEHTAIbBHOMO MapKMHCOHU3MA, CXOOHbI
C TakoBbIMM Y NauneHToB B Aebtote BI. MNpeanokeHHbIn peXxkM BBEAEHWS NMapakBaTa MOXET ObITb YPE3BbIHaHO NEePCrEKTVBHBIM B MOAEMpoBaHm BI.

KnioyeBble cnosa: 6051e3Hb [NapknHCOHa, MOAENMPOBaHNE Ha XXUBOTHBIX, a-CUHYKIIENH, MapaksaT, MoBeAeHWe, TMPO3VHMMAPOKCKIas3a
®duHaHcupoBaHue: paboTa nogaep>xarHa rpaHtom PH® Ne 19-15-00320.

BnaropapHocTu: aBTopbl 6narogapsaT COTPYAHVKOB 1ab0opaTopun SKCNePUMEHTaIbHOM natonorum HepeHon cuctembl A. C. OnbluaHckoro n H. I Amimkosy
3a BKNag B pabory.
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Parkinson’s disease (PD) is a widespread neurological disorder
most common in people over > 60 years of age. It is estimated
that at least 4 million individuals are affected worldwide. Today,
the world’s population is aging, and PD prevalence is expected
to double by 2040 [1]. In the absence of curative treatment,
the focus should be placed on researching the underlying
molecular mechanisms of PD in animal models.

Typical motor symptoms of PD (bradykinesia, rigidity,
resting tremors) are linked to the loss of dopaminergic neurons
in substantia nigra pars compacta, nigrostriatal pathway
degeneration and progressive neurotransmitter imbalance
in the central nervous system (CNS) [2]. Non-motor features
commonly include, but are not limited to, gastrointestinal
disorders (constipation, etc.) striking long before the first
motor symptoms are manifested [3]. Although the peripheral
nervous system (PNS) is thought to be implicated in PD-
related gastrointestinal dysfunction, its trigger mechanisms and
patterns of interaction between the CNS and PNS contributors
to PD pathogenesis have not been completely elucidated.

The most significant molecular event leading to the loss of CNS
neurons in patients with PD is misfolding of a small synaptic protein
known as a-synuclein [4]. Phosphorylated a-synuclein aggregates
observed in the neuronal cytoplasm are the primary constituents
of Lewy bodies — the classic histopathological hallmarks of PD
[2]. Interestingly, a-synuclein pathology is not confined to cerebral
neurons and is also seen in biopsy and autopsy specimens of
the intramural intestinal plexus obtained from patients with PD.
This inspired a hypothesis that the disease begins in enteric
plexuses and then spreads to other CNS structures via the vagus
nerve [5]. Some findings suggest that the a-synuclein cascade
is triggered by certain environmental neurotoxins, such as heavy
metals, pesticides and fungicides [6, 7]. For example, abnormal
deposition of a-synuclein can be induced by the powerful non-
selective herbicide paraquat (1,1-dimethyl-4,4-bipyridinium
dichloride). Paraquat is widely used for controlling noxious weeds
that invade orchards, agricultural lands, coffee, tea and cocoa
plantations, as well as for desiccating crops [6, 8, 9]. It bears
structural resemblance to 1-methyl-4-phenylpyridinium (MPP+),
the toxic metabolite of the well-known neurotoxin 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP). This makes paraquat
suitable for modeling PD in animals. The toxic effect of paraquat is
linked to the production of superoxide radicals; at the same time,
the herbicide has low affinity for complex | of the mitochondrial
electron transport chain.

Studies exploiting animal models of PD usually involve long-
term exposure to paraquat administered systemically at 10 mg/ kg.
Such regimens result in pronounced motor impairment in the
animals and cause significant degeneration of dopamine-
producing neurons in the substantia nigra [10]. This approach
cannot be applied to obtain information about the early stages
of PD or to assess non-motor symptoms that precede the onset
of motor impairment. This study aimed to identify a complex
of prodromal a-synuclein-related pathological changes in rats
exposed to small doses of paraquat and to compare it to the
symptoms observed in the experimental animals in the early
stage of induced PD.

METHODS

The study was conducted in male Wistar rats (n = 18) aged
3-3.5 months. The animals were kept under standard housing
conditions (the 12/12 light/dark cycle) and had free access to
food and water.

The animals were stratified into the main (paraquat) group
(n = 10) and the control group (n = 8). Paraquat was dissolved

BECTHVIK PIMY | 5, 2019 | VESTNIKRGMU.RU

OPUIMHAJIbHOE NCCJIEQOBAHWNE | HEBPOJIOM A

in normal saline; 0.5 ml (6 mg/kg) of the obtained solution were
administered to the animals from the main group on alternate
days over the course of 4 weeks. The control group received
an equal amount of normal saline. The next day after the last
injection, the open field test (OPT) and the tapered beam walking
test (BWT) were conducted to assess locomotor activity in the
animals. The initial level of motor activity was measured in intact
rats before the experiment. The open field arena was fabricated
in the workshop of Research Institute of Neurology. It was a
cube-shaped 75 x 75 x 40 cm box; its floor was divided into
25 equal squares. During the open-field test, we measured the
distance each rat covered within 3 minutes. The beam-walking
apparatus (Open science; Russia) was made of 2 overlaying
165-cm long beams; the bottom beam was 10 to 5.5 cm in
width; the lower beam, 6 to 1.5 cm; the height was 2 cm for
both beams. The enclosure at the narrow end of the walking
bridge had a removable lid and a hole in the front panel to allow
the animal inside. The apparatus was installed 70 cm above
the floor. The rat traveled along the top beam from its far end
towards the safe enclosure. For each animal, we counted
the number of slips from the top beam throughout the entire
route and the total number of steps made by each paw. The
experiment was recorded using the Any-maze video-tracking
system (Stoelting Inc.; USA).

Four brain tissue samples were selected from each group
for further histopathologic examination. Briefly, the brain was
removed and fixed in 4% formalin. The samples were soaked in
O.C.T. compound (TissueTek; USA); a series of 10-um frontal
sections was prepared in a Tissue-Tek Cryo3 Flex cryostat
(Sakura Finetek; USA). The slides were immunofluorescently
stained in order to determine tyrosine hydroxylase (TH) and
glial fibrillary acidic protein (GFAP) content in the tissue. TH is a
protein marker for dopaminergic neurons, whereas GFAP levels
are indicative of neurodegeneration in the nigrostriatal system.
Cell nuclei were stained with DAPI. TH content was determined
using polyclonal rabbit antibodies (1 : 500, Sigma; Germany)
and CF488-conjugated goat secondary antirabbit antibodies
(1 : 500, Sigma; Germany). GFAP levels were estimated using
Cys3-conjugated antibodies (1 : 80; Sigma). We examined 5 to
10 slides of each brain sample prepared from the tissue along
the rostrocaudal axis at the level of the caudate nuclei and
substantia nigra. The slides were studied under the Eclipse NiU
fluorescence microscope (Nikon; Japan). The density of TH-
positive fibers was estimated in manually delineated regions at
x40 magnification in Imaged (Wayne Rasband (NIH); USA); the
mean fluorescence intensity of striatal tissue was corrected to
background fluorescence.

Five to seven cm-long regions of the jejunum were excised
and dissected in the longitudinal plane following the mesentery
course, washed in normal saline and spread out on the
paraffin-coated bottom of Petri dishes. The specimens were
fixed in 4% buffered formalin for 3 h and then washed in a
phosphate buffer (pH = 7.4). After that, the mucosal lining and
the underlying submucosal layer were removed with ophthalmic
forceps; the procedure was carried out under the Wild M7A
stereomicroscope (Wild Heerbrugg; Germany). Fluorescence
assays were performed on the obtained samples of the jejunum
constituted of circular and longitudinal muscle fibers and the
myenteric plexus. Primary antibodies to class Ill B-tubulin, TH
and serin-129-phosphorylated a-synuclein (a-Syn-p129) taken
at 1 : 250 dilutions were used to identify nervous fibers in the
myenteric plexus. Visualization of binding reactions was aided
by secondary CF448-conjugated antibodies (Sigma; Germany)
taken at a 1 : 100 dilution. The samples were examined
and photographed using Nikon Eclipse NiU (Nikon; Japan)
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equipped with a Nikon DS-Qi digital camera (Nikon; Japan).
Morphometric measurements were done in NIS Elements
(Nikon; Japan) using images obtained at x10 magnification in
at least 30—40 fields of view per animal. The mean fluorescence
intensity and brightness (corrected to background staining) of
the myenteric plexus fibers positive for class Ill B-tubulin and
TH were measured in the NIS Elements software.

The obtained data were analyzed in Statistica 12 (StatSoft;
USA); one-way ANOVA was followed by Fisher's exact test
and Mann-Whitney U test for post-hoc comparisons. The
differences were considered significant at p < 0.05.

RESULTS

Each experimental animal received a total of 12 paraquat
injections. The initial distance travelled by the intact rats in
the open field was 4.96 + 0.7 m. The next day after the
last injection, OFT revealed a decline in motor activity in the
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rats who had been exposed to paraquat, but the differences
between the groups were insignificant (Fig. 1).

BWT demonstrated poor motor coordination in the
rats from the main group manifesting itself as a statistically
significant increase in the number of slips from the top beam
made by left paws (Fig. 2). The number of slips was expressed
as percentage from the total number of steps made by the
corresponding limb.

The intensity of staining for TH was decreased in the
substantia nigra of the animals who had been receiving paraquat
injections; the histopathologic examination revealed damage to
dopaminergic neurons. The most pronounced changes were
observed in the striatum. The intensity of TH-positive staining
in striatal tissue was significantly lower in the main group than in
the controls (Fig. 3). Low density of the detected dopaminergic
fibers was predominantly observed in the dorsal aspect of
the striatum. Another important finding was moderate gliosis
(hypertrophy of GFAP-positive astrocyte projections).

Paraquat

Fig. 1. The distance covered by the rats from the main and control groups in the open field test
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Fig. 2. The number of slips made by the animals in the main and control groups during the tapered beam walking test expressed as % from the total number of steps
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Fig. 3. Changes in the striatum of the experimental animals following long-term exposure to paraquat. Reduced density of TH-positive fibers and astrocyte hypertrophy in the
striatum of the control (A) and the main (B) groups. Staining for TH is shown in green; staining for GFAP, in red; DAPI staining, in blue (immunofluorescent staining;
magnification x40). C. Changes in the intensity of TH-positive staining expressed as % from the staining intensity observed in the intact controls (* — p = 0.033;

Mann-Whitney U)
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The intensities of staining for class Il B-tubulin and TH were
low in the myenteric plexus of the rat jejunum (Fig. 4). The levels
of phosphorylated a-synuclein (a-Syn-p129) were elevated in
the cell bodies of myenteric neurons and in TH-positive fibers
(Fig. 5).

DISCUSSION

Paraquat holds great promise for PD modeling: some of its
properties make paraquat-induced PD models suitable for
exploring hypotheses of PD pathogenesis and testing novel
drugs [11]. According to the literature, paraquat induces
neuronal stress, stimulates production of free radicals in vitro
and in vivo, causes elevation of a-synuclein and tau, and
promotes deposition of these proteins [8, 12, 13]. Despite the
structural similarity between paraquat and MPP+ [14], the two
neurotoxins enter the brain via different pathways and have
different mechanisms of action. Both of them are charged
molecules; however, unlike MPP+, paraquat is delivered to the
brain by a neutral amino acid transporter [15, 16]. Reports of
paraquat effects on dopaminergic neurons are controversial.

OPUIMHAJIbHOE NCCJIEQOBAHWNE | HEBPOJIOM A

Some authors describe motor dysfunction and death of
dopaminergic neurons in rats and mice following systemic
administration of paraquat [14, 10, 17]. Others report that
experimental animals show no signs of motor deterioration in
spite of nigrostriatal pathway degeneration [18, 14]. Although
paraquat induces aggregation of a-synuclein and other damage
to dopamine-producing neurons of the substantia nigra, it
does not have a pronounced effect on dopamine levels in the
striatum, which might be due to the compensatory increase in
TH activity in tis brain region [19].

In rats, paraquat-induced PD is usually modeled by exposing
the animals to 10 mg/kg doses of the herbicide dissolved in
normal saline. When administered intraperitoneally for 3 weeks,
such doses cause selective death of dopaminergic neurons in
the substantia nigra, poor motor coordination, reduced muscle
tone and contractility [10]. Higher paraquat doses (20-25 mg/kg)
are used to model severe damage to internal organs, such
as kidneys or lungs [20]. However, our previous experience of
exposing Wistar rats to 10 mg/kg paraquat doses for modeling
PD was negative: by the time of the 5th injection, all experimental
animals (n = 10) had been already dead. Necropsy revealed
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Fig. 4. Nervous fibers in the myenteric plexus of the rat jejunum containing TH (A) and class Il B-tubulin (C) and changes in the fluorescence intensity of TH-positive (B)
and class Il B-tubulin-positive (D) fibers in the rats exposed to paraquat (% from the intensity observed in the control group; magnification x10; * — p = 0.01)

Fig. 5. Location of a-Syn-p129 (shown in red) and TH (shown in green) in the myenteric plexus of the control group (A) and the rats exposed to paraquat (B). Synuclein-
positive inclusions in TH-positive nervous fibers are marked by arrows; neuronal bodies are marked by asterisks ( *) (magnification x40)
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typical paraquat-induced changes in the lungs, kidneys and
other visceral organs [20]. In this study, we used 6 mg/kg
paraquat doses, which allowed us to avoid animal death and
to reproduce behavioral and morphological changes imitating
the early manifestations of PD, including motor asymmetry.
Asymmetry of motor symptoms (hypokinesia, resting tremors,
etc.) is observed at the onset of the disease, but can become
less pronounced over time as the disease progresses [21].
Motor asymmetry is instrumental in differentiating PD from
other parkinsonian syndromes. At the same time, there have
been few reports of asymmetrical damage to substantia nigra
neurons in patients with PD [22, 21]. There is also only a scarce
description of PD models that recreate motor asymmetry
following systemic administration of neurotoxins. Our study fills
this gap.

The intensity of staining in the myenteric fibers positive
for class lll B-tubulin was lower in the main group than in the
controls. Although paraquat-induced disruption of microtubule
assembly was described previously [23], our data on
decreased staining intensity in the fibers positive for class |lI
B-tubulin are inconsistent with the results obtained by some
other researchers [6]. Perhaps, our findings do not so much
indicate a decline in the absolute number of tubulin-positive
nervous fibers, but instead point to a changed morphology of
the enteric innervation, i.e. its exhaustion.

The studied brain samples were devoid of TH-containing
neuronal bodies; this suggests that TH-positive nervous fibers
found in the intermuscular plexus are sympathetic afferents,
which is consistent with the reports by other researchers [24,
25]. The intensity of staining for TH was lower in the paraquat
group than in the controls, which may indicate damage to
sympathetic innervation in the small intestine and low TH
content. Besides, weak staining intensity may reflect changes
in fiber density or the functional state of the neurons.

Alpha-synuclein was detected in the peripheral nervous
tissue fibers of both experimental and control groups. Under
normal conditions, some a-synuclein is present in neurons in
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THE STATE OF COGNITIVE FUNCTIONS AFTER ANGIORECONSTRUCTIVE OPERATIONS
ON THE CAROTID ARTERIES

Tanashyan MM', Medvedev RB' =, Lagoda OV, Berdnikovich ES', Skrylev SI', Gemdzhian EG?, Krotenkova MV'

" Research Centre of Neurology, Moscow, Russia
2 National Research Center for Hematology, Moscow, Russia

Carotid artery stenosis is a risk factor for ischemic stroke. Surgical treatment is often used to improve cerebral perfusion and prevent the development of
cerebrovascular pathology and related cognitive impairment. The aim of this prospective pilot study was to evaluate the cognitive functions (CF) of patients after
surgery (open or endovascular intervention) on the internal carotid artery. The study included 90 patients (mean age 62 years, 71% of men) with atherosclerotic
lesions of the carotid arteries. The CF was evaluated at four time points (before the intervention, 3, 6, and 9 months after) using cognitive scales and measuring
cognitive evoked potentials. The state of the brain substance before and after the intervention was evaluated by the results of diffusion-weighted magnetic
resonance imaging (DW-MRI). Three and six months after the operation, the patients demonstrated minor and varied CF alterations by the MMSE scale, but
by the end of the observation period (9 months) the participants had their CF at the level close to that registered before the operation (p = 0.43). Thus, the
intervention-associated changes in CF, regardless of the surgical approach, were primarily transient in nature. The rare cases of CF deterioration, as registered by
the postoperative DW-MRI scans, were linked to the acute brain ischemia, both symptomatic and asymptomatic, and a perioperative stroke (1 case). Advanced
age and altered cerebral arteries may be listed as the risk factors for the probable CF deterioration. Evaluation of the connections between CF alterations and
multiple cases of intraoperative cerebral vascular embolism requires a longer observation period.
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COCTOAHUE KOrHUTUBHbIX ®YHKLWI NOCIE AHFTMOPEKOHCTPYKTUBHbIX OMEPALIA
HA COHHbIX APTEPUAX

M. M. TaHawsH', P. B. Meneenes'™d, O. B. Jlaroga', E. C. BepaHukosuy', C. W. Ckpbines!, 3. I. femmkaH?, M. B. KpoTeHkosa'

" Hay4Hblin LileHTp Hesponoriv, Mockea, Poccust
2 HaumoHanbHbI MEAVUMHCKMIA CCReaoBaTenbCknii LIEHTP rematonorim, Mocksa, Poccust

ATEPOCKNEPO3 COHHbIX apTepuin SBASETCS (DaKTOPOM PUCKa ULLEMUHECKOrO MHCYbTa. [N yny4lleHns Mo3roBor nepdysnn 1 NpefoTBpaLLeHns passuTus
LLlepebpOBaCKYNAPHON MaTONOMN U CBA3AHHBIX C HEN KOTHUTUBHBIX HAPYLLEHWIA HEPEOKO MCMONb3YIOT XMPYyprHeckoe nedeHe. Liensto 4aHHOro MpoCneKTUBHOMO
MOVICKOBOrO 1CCefoBaHns ObINo OLUEHUTb KOrHUTUBHbIE pyHKLMM (KD) naumeHToB nocne onepauumr (OTKPbITOro MM SHA0BACKYNSAPHOrO BMeLLaTeNbCcTBa)
Ha BHYTPEHHen CoHHOW apTepun. B nccnenosaHve 66110 BktoHeHo 90 nauneHToB (CpegHuii Bo3pacT — 62 roaa, 71% My>X4MH) C aTepoCKIepOTUHECKNM
NnopakeHneM COHHbIX apTepuit. KO oLeHnBanm B 4eTbIPEX BPEMEHHbIX TOYKax (4O BMeLaTensCTBa, Yepes 3, 6 1 9 MecsueB Nnocne Hero) C NCnonb3oBaHneM
KOMHUTVIBHBIX LLIKaN 1 U3MEPEHNEM KOMHUTVBHBIX BbI3BaHHbIX MOTeHLManoB. COCTOsiHME BeLLEeCTBa rofIoBHOMO Mo3ra JO W MOC/e BMeLLlaTeNnsCTBa OLeHnBanm no
pesynsratam Anddy3rMoHHO-B3BELLEHHOM MarHUTHO-pe3oHaHcHo Tomorpadumn (OB-MPT). Yepes 3 1 6 MecsLeB nocne onepawuum y nauueHToB Habnoganm
HebonblUMe padHoHanpasneHHble nameHeHna KO (no wkane MMSE), HO K KOHLy cpoka HabnogeHns (9 mecsauam) pacnpegeneHue oueHok KO y naupeHTos
nprBAN3MNOCH K goonepauyoHHomy (o = 0,43). Takm 06pas3omM, acCoLMmMpoBaHHble C BMeLLATENbCTBOM (HE3aBUCKMO OT ero Braa) admeHeHnst KO Hocunm
NPEenMYyLLEECTBEHHO TPaH3UTOPHbIN xapakTep. EAnHMYHbIE cnydan yxyatleHns (Mo AaHHeiM [B-MPT nocne onepaumn) K® 6bim accoummpoBaHbl ¢ OCTPbIMU
oYaramuy NemMmnm (kak CUMNTOMHbIMU, Tak 1 6ECCUMNTOMHbIMM) B BELLLECTBE MO3ra, a TakKe C nepronepaumoHHbiM nHeynstoM (1 cnyyan). K dhaktopam pricka
HebnaronpUsaTHOro NporHosa Ans KO MoXXHO OTHECTI: MOXKNIIOM BO3PACT 1 M3MeHEHNS B LiepebpalbHbix apTepusx. s oueHkm cBasu KO ¢ MHOXXEeCTBEHHbIMM
MNHTPaonepaLVoHHbIMN SMBONAMI COCYA0B MO3ra TpebyeTcs bonee AmMTensHoe HabnoaeHme.

KntoyeBble cnoBa: COHHas apTepusi, CTEHO3, CTEHT, SHAAPTEPIKTOMYIS, SMOOSMS, KOTHUTUBHbIE (DYHKLWW, [UCTIEPCUOHHBIV aHanmn3
®duHaHcupoBaHue: paboTa BbINoSHEHA B paMKax rocyaapcTBeHHoro 3aganmns ®rbHY HLH.
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Vascular diseases are some of the leading causes of mortality
and permanent disability, which makes their prevention and
treatment an extremely urgent task from both medical and
social viewpoints [1]. Average life expectancy is growing, as
does the number of diagnosed vascular diseases and cognitive
disorders associated with them. These factors call for further
investigation of cerebrovascular pathology.

Cognitive dysfunction hinders social adaptation of the
patients. It degrades their quality of life and, moreover, does
the same to their ability to control the core disease and its
comorbidities: arterial hypertension, atherosclerosis, diabetes
mellitus.

The most important cause of the ischemic stroke is
atherosclerotic stenosis of brachiocephalic arteries (BCA)
and the internal carotid artery (ICA) in particular. The
atherothrombotic subtype cerebral circulation failures cause
over 30% of ischemic strokes, and up to 80% of them occur
in the absence of preceding symptoms, which underlines the
importance of thorough examination of atherosclerosis patients.

Embolism and cerebral hypoperfusion are the two major
mechanisms distinguished in the pathogenesis of cognitive
impairment (Cl) associated with an ICA atherosclerosis [2].
Regardless of the presence or absence of signs of white matter
lesions on the MRI scans, ICA stenosis is an independent
marker of Cl. A study that recruited over 4000 patients with
asymptomatic ICA stenosis revealed Cl in the group that had the
disease in the pronounced form [3]. There is evidence of direct
correlation between ICA intima-media thickness, which is the
earliest atherosclerosis marker, and lower neuropsychological
testing scores [4].

The current medical care doctrine prescribes shifting the
focus from disease treatment to active health preservation
pursued by each individual. In this context, guaranteeing
adequate perfusion of the brain is the key preventive measure
against development of a cerebrovascular pathology and Cl.

Alongside antithrombotic therapy, surgery offers effective
ways to normalize cerebral circulation. The methods are carotid
endarterectomy (CEE) and transluminal balloon angioplasty
with carotid artery stenting (CAS) [5-8]. Vascular bed correction
undoubtedly improves cerebral circulation on the whole;
however, with accumulation of practical clinical experience,
some drawbacks peculiar to the surgery techniques were
revealed. One of such drawbacks is the risk of intraoperative
embolism and hemodynamic instability (up to a stagnation) and
subsequent development of cerebral ischemia [9]. According
to a randomized CREST study, the incidence of perioperative
stroke after CEE and CAS was 2.3 and 4.1%, respectively
[10]. DW-MRI scans reveal acute ischemia foci (AIF) in 21% of
patients that underwent open surgery and 50% of those who
had an endovascular intervention [11].

What links carotid revascularization and cognitive functions
(CF) is still not entirely clear due to the large number of factors:
1) patients heterogeneity in stenosis clinical manifestations,
localization and severity, initial status of cerebral perfusion, time
between appearance of the symptoms and revascularization
[12]; 2) types of neuropsychological tests used and timing of
such assessments; 3) variability of surgical techniques and
postoperative changes classification criteria [13]. In this study
we aimed to identify and evaluate cognitive changes in surgery
patients that had their ICA atherosclerosis operated on.

METHODS

The study included 90 patients (64 male and 26 female, age
47-83 years, average age 61 years) who were observed at

the Department of General Angioneurology of the Research
Center of Neurology (Moscow). The inclusion criteria were:
any gender; an active chronic ischemic cerebrovascular
disease (discirculatory encephalopathy, stage 1 or 2); ICA
surgery performed from May 2015 to December 2018 at
the Department of Vascular and Endovascular Surgery (27
patients underwent carotid endarterectomy (CEE), 63 patients
underwent carotid angioplasty with stenting). The exclusion
criteria were: a pronounced cardiac and somatic pathology;
severe stroke; mental disorders; hemianopsia as a result of
posterior cerebral artery circulation disorders; pronounced Cl
(MMSE score < 24 points) making neuropsychological testing
impossible.

The carotid artery atherosclerosis diagnosis was confirmed
with the help of the Viamo ultrasound examination system
(Toshiba; Japan); we applied the NASCET (North American
Symptomatic Carotid Endarterectomy Trial) examination
algorithm [14].

All patients had their cognitive status assessed before
surgery and 3, 6, and 9 months afterwards. We used the
following CF assessment tools and methods: MMSE (Mini-
Mental State Examination) [15]; 10 word memory trial, frontal
assessment battery (FAB), clock-drawing test, digit span test
(subtest of Wechsler Adult Intelligence Scale and Wechsler
Memory Scales), conceptualization test, Schulte table and
dynamic praxis [16]. The CF assessment tools and methods
were selected based on their functional compatibility with the
cognitive evoked potentials (CEP) examination.

We used the Neuro-MVP (Neurosoft; Russia) device
and relied on the P300 wave to examine CEP; the results of
the examination allowed objectification of changes in the
participants' CF. 25 healthy individuals of the appropriate age
provided baseline P300 potential data. We measured the P300
amplitude from the previous negative peak to the P300 peak.

Considering selection of the surgical treatment method,
patients that had CEE contraindications according to the
SAPPHIRE (Stenting and Angioplasty With Protection in
Patients at High Risk for Endarterectomy) [17] trial results and
CAS indications according to the CREST [10] trial underwent
endovascular surgery. Twenty-four hours after open or
endovascular surgery, we initiated neurological examination
that implied deficit assessment using the National Institutes of
Health (NIH) stroke scale [18].

DW-MRI scans were used to evaluate the condition of the
brain substance before and 24 hours after the intervention. We
used a Siemens Magnetom Symphony 1.5T MRl system (1.5 Tesla
magnet) to obtain the scans. The foci were predominantly
small, therefore we relied on the diffusion-weighted scan
images (b1000 diffusion coefficient) to assess damage to the
brain substance [19].

At least 5 days before the surgery all patients received
corrective antithrombotic, hypolipidemic, antihypertensive
and antianginal therapy. After the surgery, all patients received
basic drug therapy (antithrombotic, antihypertensive and lipid-
lowering drugs). No nootropic drugs were prescribed.

Statistical analysis was performed using repeated measures
ANOVA and analysis of contingency tables.

RESULTS

All patients participating in the study were diagnosed with
arterial hypertension; every second patient exhibited two or
more risk factors for vascular diseases. Sixty (67%) patients
had cerebral circulation disturbances (ischemic) registered in
their medical histories. Having analyzed the initial data, we

BECTHUK PIrMY | 5, 2019 | VESTNIKRGMU.RU



learned that 33% of the patients scored 28-30 points on the
MMSE scale, which indicates normal cognition, and 67%
scored 25-27 points, which signals of mild ClI. Analysis of the
CF dynamics (MMSE scale) 3, 6 and 9 months after surgery
revealed no notable deterioration: at 3 and 6 months, we
detected multidirectional changes in CF (greater variety of
scores, isolated cases of pronounced CF alterations), but at the
9-month time point, when the observation period ended, the
said changes practically disappeared and all patients scored
close to the pre-surgery values, the difference between pre-
and post-surgery scores being insignificant (p = 0.43) (Fig. 1, 2).
Thus, the post-surgery CF changes registered were primarily
transient in nature.

Additional neuropsychological testing revealed baseline
moderate impairments of verbal thinking, attention and short-
term memory in some patients (Table 1). The development of
Cl was associated with the severity of BCA atherosclerosis,
advanced age, arterial hypertension, coronary heart disease,
diabetes mellitus, previous cerebral circulation failures.

Thorough post-surgery examination of these patients
revealed a perioperative stroke (embolism of the middle
cerebral artery) on the intervention side in one patient: the
neurological deficit reached 6 points on the NIH stroke scale;
the stroke manifested itself in the form of motor disorders.
Further observation of this patient and verbal thinking and
speech fluency tests revealed semantic memory deterioration

that persisted throughout the study.
52
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Positive changes were mainly observed in such
neurodynamic processes as attention, fluency, operative and
short-term memory (Fig. 3).

We found no correlation between the type of surgery
performed and CF scores of the examined patients. Throughout
the entire observation period, some patients older than 60 years
exhibited more pronounced CIl. Most patients younger than
60 years (86%) had their CF changing positively (MMSE
scores) by the 6th month of the observation; by the 9-month
time point, we registered a growing share of patients whose
attention and short-term scores returned to norm, which was
further confirmed by the P300 peak amplitude changes (o = 0.05).
Previous ischemic strokes had no detectable effect on the
post-surgery CF alterations.

The analysis of DW-MRI scans taken shortly after surgery
revealed asymptomatic AIF embolic origin visualizing in 30
(83%) patients. The detected brain substance alterations
were predominantly localized in the cortex (16 (53%)) on the
intervention side (22 (73%)); the spots measured up to 5 mm.
A separate analysis of DW-MRI scans and CEP data showed that
the positive dynamics registered in patients without AIF at the
3- and 6-month time points and lack of such in patients with
AlF allow considering the foci a factor preventing CF restoration
post-surgery (Fig. 4).

Neuropsychological tests have also detected minor positive
changes in the CF of patients without AIF 3, 6 and 9 months
post-surgery.

61
35
4

Initial 3 months

6 months 9 months

Post-surgery

Fig. 1. Dynamics of the proportion of patients (Y axis, %) with different MMSE scores: no cognitive impairment (28-30 score) — upper fields, mild impairment

(25—-27 score) — middle fields, severe impairment (< 25 score) — two lower fields

Table 1. Patient CF assessment scores (based on screening tests)*

Screening tests
Neuropsychological tests
Before treatment After 3 months After 6 months After 9 months
MMSE 271+0.2 28.3 + 0.1 28.2+0.1 27.2+0.1
FAB 13.1+£0.3 17.4 £0.1 18.1£0.2 18.7+0.3
Schulte table 57.3+8.5 53.4 +13.1 47.7 +9.6 46.2 +10.3
Digit span test (direct) 51+1.1 59+1.1 6.1 +1.1 6.5+1.2
Digit span test (reverse) 25+1.1 3.7+1.0 3.8+1.1 3.8+1.1
Dynamic praxis 1.6+0.6 21+0.7 22+0.8 23+0.6
Clock-drawing test 46+22 5.7+0.2 59+1.1 58+1.0
Conceptualization 23+0.7 2.3+0.1 22+04 23+0.3

Note: “ — test results are presented as  mean values with standard errors of mean (test result histograms are close to normal distribution).
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Fig. 2. Dynamics of MMSE scores describing cognitive functions (pre- and post-surgery at different time points); mean values (with minimum and maximum) are presented
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Fig. 3. Operative memory scores (10-word test) compared, pre-surgery (initial) and post-surgery (by the end of the observation period); N — norm (10 words);
Md — mild impairments (8-9); Mt — moderate (6-7); S — severe (< 6). By the end of the observation period (9 months) all patients generally exhibited improvements
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Fig. 4. CEP dynamics in patients with intraoperative acute ischemia foci (AIF+) and in patients without intraoperative acute ischemia foci (AlF-): during the observation
period, the CEP level in the AlF+ group (n = 30) did not change, but in the AIF- group (n = 60) it decreased by 15% (p = 0.05). Normalized (divided by the initial levels)

main CEP values (%) are given

There were no independent and significant predictors
registered that were associated with the patient's condition 9
months after surgery.

The results of the P300 CEP study acquire particular
importance in the context of studying CF. Initial testing of 90
patients showed that 22 (25%) of them had no changes in
the features considered, while 68 (75%) patients exhibited the
following deviations from the norm: 24 had no P300 peak, 25
had the peak latent, 19 had the P300 amplitude reduced. It

should be noted here that the features of P300 (we give average
values with standard deviations) registered in patients with arterial
hypertension and without it were not significantly different from
each other: 366.4 + 29.6 versus 360.9 + 51.1 ms (latency) and
54 + 2.6 versus 54 + 3.2 pV (amplitude). The P300 features
revealed neither hemispheric asymmetry nor a correlation with
the number of affected extracranial arteries (from one to four).
In the postoperative period, the average P300 latency
and amplitude did not differ from the initial values. In the longer
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Fig. 5. Possible changes in the brain matter and post-surgery cognitive functions deterioration vector

term (9 months), P300 peak latency decrease and a slight
response amplitude increase were registered in 55 (61%)
patients. The average P300 potential latency values (with
standard deviations) pre-surgery were 364.5 + 37.5 ms,
response amplitude — 5.4 + 2.7 pV,; post-surgery, the values
were 349.5 + 42.7 ms and 6.4 + 3.3 PV, respectively.

DISCUSSION

The internal carotid artery system supplies about 2/3 of
all the blood delivered to the namesake brain hemisphere.
Atherosclerotic lesions in the extracranial arteries significantly
hinder cerebral blood flow. The hemodynamic effect
ICA stenosis has on cerebral circulation can lead to the
development of a stroke with a clear neurological deficit or
brain substance diffusion manifested in the form of diffused
neurological symptoms. Post-surgery CF changes have been
of interest to researchers for some time now. One of the early
studies dedicated to psychopathological disorders following
cardiac surgery reports the participants' impaired ability to
focus attention, impaired delayed and fast memory, slowed
psychomotor processes. The authors of this study concluded
that it is advanced age and hypertension that are the risk factors
for the development of postoperative cognitive complications [20].

The first research reports covering Cl after carotid
artery surgery were published in mid-1990s. The degree
of intraoperative ischemia was assessed by monitoring
somatosensory cortical evoked potentials during surgery. The
alterations of neuropsychological indicators that depended on
the degree of intraoperative ischemia were detected in patients
that survived a stroke previously and had a more pronounced
degree of damage to the arteries [21].

Further research efforts addressed the link between the
stage of carotid stenosis and Cl in patients showing no clinical
signs of dementia. It was shown that CF deteriorate in patients
that do not suffer from dementia but have stenosis at an
advanced stage, while at the initial stages the disease does not
affect the said functions. According to the psychometric tests,
the revealed mild CI correlated with a change in latency of the
P300 potential. The altered P300 potentials associated with mild Cl
were found in ICA stenosis patients, both asymptomatic and
exhibiting symptoms locally [22]. In contrast to psychometric
tests, CEP do not depend on the patient's motivation.

Given that the results of some studies indicate a significant
improvement in CF after carotid artery interventions [23] while
other papers provide evidence to the contrary [24, 25], the
issue of identifying the factors driving change in cognitive
abilities following surgery remains open.

We also studied CF after ICA surgery; in our work, we
learned that the MMSE scores describing the state of CF in
patients were most varied in the first 3 months post-surgery,
which may have been a result of the patients' psychoemotional
reaction to the operation [26]. The changes were mainly
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observed in such neurodynamic processes as attention,
fluency, operative and short-term memory. After 9 months, CF
have on average returned to the initial (pre-surgery) level. We
can make an assumption that the long-term factors affecting
the CF post-surgery are the initial status of the said functions
and the adequacy of the secondary prevention measures aimed
at vascular diseases. In addition, it is probable that restoration
of perfusion and improvement of brain metabolism also cause
a gradual recovery from the Cl [27, 28].

The lack of connection between CF and the type of surgery
performed (CEE or CAS) we have registered in our study is
consistent with the findings reported by other researchers [29, 30].

At the 6-month time point, we detected a link between the
patient's age (below 60 years) and the positive dynamics in CF
restoration; moreover, at the 9-month time point we witnessed
a growing number of patients whose short-term memory and
attention indicators returned to norm, a finding consistent with
other such findings published earlier [31, 32].

A feature of our work was the comparison of changes in the
brain substance (as seen on DW-MRI scan) with the CF status
at various time points post-surgery. We have detected some
form of AIF in 33% of patients shortly after surgery. However,
there was only one case of an acute ischemic stroke with
hemiparesis on the contralateral side; the remaining AlF cases
diagnosed were clinically asymptomatic.

Only a few studies [33, 34] did the DW-MRI-assisted
correlation of acute ischemic lesions and neuropsychological
outcome parameters, which is why there is still insufficient data
to enable assessment of the forecast effect of detected lesions
on cognitive status.

The clinical neuroimaging, neuropsychological and
neurophysiological study we conducted allowed formulating a
single CF component and establishing that the presence of AlF
worsens the prognosis for cognitive functions. The dynamics of
this single combined measure of CF in the remaining periods
of observation depends on their clinical manifestations. In this
connection, it is possible to suggest CF deterioration after CA
stenosis surgery (Fig. 5).

The limitation of this study is the relatively short observation
period (9 months). Continuation of the study would allow
verifying the results.

CONCLUSIONS

1. One of the most important symptoms of chronic
cerebrovascular disease in most patients with atherosclerotic
pathology of the carotid arteries is cognitive dysfunction, which
requires mandatory neuropsychological, neuroimaging and
neurophysiological testing when planning angioreconstructive
surgery. 2. Cognitive impairments in patients after
angioreconstructive surgery on carotid artery are associated
with the possible changes (symptomatic or asymptomatic) in
the state of the brain substance.
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INTERNAL CAROTID AND VERTEBRAL ARTERY DISSECTION:
MORPHOLOGY, PATHOPHYSIOLOGY AND PROVOKING FACTORS

Kalashnikova LA B Gulevskaya TS, Sakharova AV, Chaykovskaya RP, Gubanova MV, Danilova MS, Dobrynina LA, Shabalina AA
Research Center of Neurology, Moscow, Russia

The causes of internal carotid artery (ICA) and vertebral artery (VA) dissection, as well as its provoking factors, remain understudied. The aim of this paper
was to explore morphological changes in the ICA/VA walls, factors provoking dissection, clinical signs and biomarkers of connective tissue (CT) damage. A
total of 271 patients were examined, of whom 54% were women. The mean age of the participants was 37.0 + 10 years. Clinical signs and biomarkers of CT
damage (matrix metalloproteinase 9, tissue inhibitor of metalloproteinase 1, hydroxyproline, sulphated glycosaminoglycans) were analyzed in 82 patients and
40 healthy volunteers. Histologic examination of dissected and seemingly intact arteries conducted in 5 cases revealed signs of arterial wall dysplasia similar
to those characteristics of fiboromuscular dysplasia: thinning and splitting of the internal elastic membrane, areas of fibrosis, irregular orientation of myocytes,
and their necrosis in the tunica media. Clinical signs and biomarkers of CT dysplasia (CTD) were more pronounced in patients with arterial dissection than in
the controls. The major provoking factors were head turns and physical activity (42%), minor head injury (10%), and acute respiratory infection in the month
preceding arterial dissection (14%). We conclude that arterial wall dysplasia is a predisposing factor for ICA/VA dissection, both spontaneous and provoked.
The analysis of CTD biomarkers and clinical signs suggests connective tissue pathology in patients with ICA/VA dissection.

Keywords: internal carotid artery dissection, vertebral artery dissection, morphological changes in the arterial wall, clinical signs of connective tissue dysplasia,
biomarkers of connective tissue damage, factors provoking dissection
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JUCCEKUUSA BHYTPEHHEWA COHHOW 1 MO3BOHOYHOW APTEPUIA:
MOP®OJI0IUs1, MATO®U3NOOI NS, MPOBOLIUPYOLLIME ®AKTOPDI

J1. A. Kanawnvkosa = T. C. Tynesckas, A. B. Caxapoga, P. 1. HYakosckas, M. B. [y6aHosa, M. C. daHnnosa, A. A. LLlabannHa, J1. A. Jo6pbiH1Ha

Hay4HbIn LeHTp Hesponorun, Mocksa, Poccrst

MpudnHa 1 NpoBoLMpYtoLLIVE (hakTopbl ANCCEKLMM BHYTPEHHEN COHHOM 1 no3BoHo4HOM (BCA/TA) apTepuii ocTatoTes ManondyHeHHbIMA. Lienbto paboTbl 6biio
N3y4nTb Mopdponormyeckre namerHeHns cteHok BCA/MA npu anccexkumy, NpoBoLMpytoLLmMe hakTopbl AUCCEKLMN, KIMHUYECKME MPU3HaKN 1 BroMapKepb!
NoBpexXaeHns coeamHuTensHon TkaHn (CT). ObcneposaH 271 6onbHOM (cpepHuin BodpacT — 37,0 = 10 neT, eHWwmHbl — 54%) ¢ anccekunen BCA/IA.
MpoBouMpytoLLie hakTopbl AMCCEKUMM NMPOaHanM3vpoBaHbl Yy BCex O0MbHbIX. KnMHUYecKre npuaHaku 1 Gruomapkepbl noBpexaeHus CT (MaTpukcHas
MeTaionpoTenHasa 9, TKaHeBOW UHMMOUTOP MEeTaonpPoTeNHasbl, MMAPOKCUNPOVH, CynbMaTMpPOBaHHbIE MINKO3aMVHOMNKaHbI) UccnefoBaHbl Y 82 60bHbIX
1 40 300POBbIX OOPOBOMBLLEB. [MCTONOMMHECKOE NCCNIEA0BAHNE PACCAOEHHbIX U HE PACCIOEHHbIX apTepUiA, MPOBEAEHHOE B 5 Cy4asix, 0OHaPYXMI0 NPU3HaKN
LOMCNNasun apTepuasibHOM CTEHKW, CXOLHbIE C TakOBbIMU MPU (OMOPOMBILLEYHON AUCTIIA3UN: UCTOHYEHME, pacLLenneHne BHYTPEHHE SM1acTUHeCKON MeMOpaHbl,
y4acTkn hrbposa, HenpaBUIbHON OPUEHTUPOBKM 1 HEKPO3a MUOLMTOB B Meaun. KnnHMYeckne NpraHaky 1 B1uomMapKkepb! AVCInasnui COeayHUTENbHON TKaHN
(OCT) 6bm 6onee BblpadkeHb! MpY QNCCEKLN, YeM B KOHTPOME. OCHOBHBIMM MPOBOLMPYIOLLIIMI (hakTopami ANCCEKLMM Obl MOBOPOTHI MOMoBbY/(h13MHecKas Harpy3ka
(42%), TpaBMma ronoB.bl, Kak npasuno, nerkas (10%), ocTpas pecrmpaTopHas MHPEKLMS, NepeHeceHHas B TedeHre npeaLlecTsytoLlero Mecsua (14%). 3aknoveHme:
OMCrnasnsa apTepuabHOM CTEHKW CRYKUT MpudnHon amccekumn BCAMA, koTopas pas3BuBaeTCst CMIOHTAHHO WM Mof, AeVICTBMEM MPOBOLMPYIOLLWX (DaKTOPOB.
ViccnenoBaHvie G1OMapKepOoB 1 KIMHMHeCKIX NpuaHakoB [CT ykasbiBaeT Ha Hanm4me pacnpocTpaHeHHoro aedexta CT y 6onbHbIx ¢ anccekumenn BCA/MA.

KniouyeBble cnoBa: OVMCCEKUNA BHYTPEHHEN COHHOW 1 MO3BOHOYHOM apTepuii, MOPGONOrnM4ecKme U3MEHEHVS apTepUaIbHON CTEHKM, KIIMHUHYECKE NPU3HAKM
LVCnNasvv COeAMHUTENbHON TKaHW, BrioMapKepbl MOBPEXAEHNS COEAVNHNTENBHON TKaHK, MPOBOLMPYIOLLME (hakTOPb! ANCCEKLWN

durHaHcupoBaHue: padboTa BbINosHeHa B pamMKax rocyaapcTseHHoro 3aganins OrbHY HLH.

NHdopmauus o Bknage aBTopos: J1. A. KanawHukosa, M. B. [ybaHoBa — aHanna nutepatypsbl, coop 1 obpabotka matepuana, 06pabotka nony4eHHbIX
NaHHbIX, HanucaHue TekcTta ctateu; T. C. Tynesckas, A. B. Caxaposa, P. . YaikoBckas, A. A. LLla6annHa — cbop, aHann3 1 nHTeprnpeTaumst gaHHbIX;
M. C. OaHunosa — nofbop y4acTHUKOB UccneaoBaHns; J1. A. [JobpbiHMHa — 06paboTka nosyHeHHbIX AaHHbIX, PEAAKTUPOBAHNE TEKCTa CTaTb.

CobniofeHne 3TMHECKUX CTaHA[apTOB: 1CCNefoBaHe ofobpeHo aTudeckuM kommutetom OIBHY HLUH (npotokon Ne 12/14 ot 10 pgekabpst 2014 r.). Bee
Y4aCTHVIKV UCCNefoBaHUa noanmcani 4o6poBosibHOe MHPOPMUPOBaHHOE COoracyie Ha yHacTue B UCCNeaoBaHUA 1 MyBGaMKauuvio peaynstaTos.
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Cervical artery dissection (CeAD) (internal carotid artery — ICA,  less often — to a double lumen or a dissecting aneurysm [1].
vertebral artery — VA) occurs when blood enters the arterial ~ The narrowing or occlusion of the arterial lumen by IMH is the
wall through an intimal tear and spreads between its layers.  main cause of cerebral ischemia. Another cause of cerebral
This leads to the formation of an intramural hematoma (IMH),  ischemia is arterio-arterial embolism by blood clots formed at
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the site of the intimal tear. In the absence of hemodynamically
significant ICA/VA stenosis, neck pain and headache can be
the only clinical manifestation of CeAD dissection [1, 2].

Until the late 20th century, ICA/VA dissection was thought
to be extremely rare because it was mainly verified on autopsy
in cases of fatal stroke. The latter rarely occurs in CeAD,
which led to a misconception about the rarity of CeAD. After
neuroimaging techniques, such as magnetic resonance
angiography (MRA), computed tomography angiography (CTA)
and MRI of neck arteries, were introduced into routine clinical
practice, it became clear that ICA/VA dissection was the main
cause of ischemic stroke in young adults and that it could be
manifested as isolated neck pain and headache [1, 3-7].

In Russia, research of brain-supplying arteries dissection
was pioneered by the Research Center of Neurology in the
late 1990s, almost simultaneously with the studies conducted
abroad. Despite the advancements in the study of clinical and
neuroimaging features of arterial dissection, its cause remains
poorly understood. Researchers often point to arterial wall
weakness in brain-supplying arteries. But because autopsy
studies are rare, the nature of arterial wall weakness remains
unclear, although some authors report connective tissue
disorders in the affected individuals [8, 9]. So far, no mutations
have been detected in the collagen gene that could explain the
weakness of the arterial wall in CeAD patients [10, 11].

The aim of this study was to analyze the following aspects
of CeAD: 1) morphological changes in the ICA/VA wall; 2) clinical
signs of connective tissue weakness and biomarkers of connective
tissue damage; 3) the main provoking factors for CeAD.

METHODS

Between 2000 and 2018, we examined 271 patents with
CeAD (mean age — 37.0 = 10 years, 54% women). The
inclusion criteria were as follows: the presence of IMH and/
or characteristic angiographic CeAD signs on neuroimaging.
Patients with traumatic CeAD and patients with a typical clinical
picture of CeAD not verified by neuroimaging were excluded
from the study. Before developing CeAD, all patients considered
themselves practically healthy. Clinical manifestations of CeAD
included ischemic stroke (63%), a transient ischemic attack
(9%), isolated neck pain /headache (27%), or isolated caudal
nerve palsy (1%). Localization of CeAD was as follows: ICA — 139
patients (51%), VA — 116 patients (43%), ICA + VA — 16 patients
(6%). Fifty-nine patients (22%) had multiple dissections involving
both VA, both ICA or their combination. Four patients with ICA
dissection developed a massive cerebral infarction and died. Their
brain-supplying arteries, both dissected and non-dissected,
were subjected to a histopathologic examination (Laboratory of
Pathological Anatomy, Research Center of Neurology). An ICA
fragment was obtained from one patient during reconstructive
ICA surgery complicated by its dissection and stroke and
subjected to a histopathologic examination. Staining of
histological preparations was performed using hematoxylin
and eosin, fuchselin (Weigert’s method), von Kossa’s method for
calcium salts detection, and van Gieson’s method.

A total of 48 clinical signs of connective tissue dysplasia
(CTD) selected from the diagnostic criteria for inherited
connective tissue diseases were analyzed in 82 CeAD patients.
Every sign was classified as present (1 point) or absent
(0 points). In addition, the presence of past history headaches
was assessed in all patients. The control group included
40 healthy volunteers (mean age 38.5 + 6.6 years; 62.5%
of them were women.). The serological biomarkers of CTD,
including matrix metalloproteinase 9 (MMP-9), tissue inhibitor
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of metalloproteinase 1 (TIMP-1), hydroxyproline, sulphated
glycosaminoglycans, as well as fibroblast growth factor 21
(FGF-21), were measured once using ELISA. Orosomucoid
levels were determined in 82 patients using an automated
Konelab 30IPrime chemistry analyzer (Thermo Fisher Scientific
Qy; Finland). The control subgroup included 25 healthy
volunteers (mean age — 36.9 + 6.6 years; 60.1% of them were
women). Provoking factors, the frequency of CeAD recurrence
and its seasonal variability were analyzed in all patients.

The IBM SPSS 23.0 (IBM; USA) statistics software package
was used for statistical analysis. In this study, quantitative
variables are presented as a mean and a standard deviation
from the mean; qualitative and ordered categorical variables
are presented as frequency and percentage. The normality of
qualitative data distribution was tested with the Shapiro-Wilk
test. Differences between the groups were assessed by the chi-
squared test or Fisher’s exact test for categorical variables and
one-way ANOVA for continuous variables. Homoskedasticity
of the residuals was tested using the Goldfeld-Quandt test.
Differences were considered significant at p < 0.05. CTD signs
relevant to dissection were identified using binary statistical
regression: significant signs were selected stepwise from the
entire set of all features by applying the Wald test method.
Considering the significance of differences in CTD signs
between the affected patients and the controls (the chi-squared
test), additional signs were introduced in order to improve
the quality of our model. This algorithm allowed us to identify
CTD signs also typical of ICA and VA dissection. The model
demonstrated its best predictive performance with 4 main
and 2 additional signs; such combination of clinical signs was
considered diagnostically relevant to ICA and VA dissection.

RESULTS
Morphological changes in brain-supplying arteries

On the macroscopic examination, dissected arteries appeared
dilated and thickened, looking similar to thrombosed blood
vessels. The histopathologic examination of extra- and
intracranial arteries revealed changes in the internal elastic
membrane: thinning, splitting, lack of physiological tortuosity,
and calcifications. Some arterial segments were totally devoid
of the internal elastic membrane. Changes in the tunica media
were represented by its uneven thickness with areas of severe
thinning, a decrease in the number of myocytes, their incorrect
orientation, necrosis, areas of fibrosis and sclerosis, a decrease
in the number of elastic fibers. These pathologic changes were
found in both dissected and non-dissected ICA and VA (see
the Figure).

Clinical signs of connective tissue dysplasia and its
biomarkers in patients with CeAD

Clinical signs of CTD were more pronounced in the patients
with CeAD (the average total score was 7.9 + 3.6 points) than
in the controls (6 + 2.5; p = 0.0039). Besides, they were more
pronounced in females (8.73 + 3.0) than in males (6.4 + 2.5;
p = 0.05). The following 8 clinical signs were observed more
frequently in CeAD patients than in the controls: arterial
hypotension (51% vs 20%; p < 0.012), extensive bruising (40%
vs 10%; p = 0.011); widened atrophic scars on skin (22.5% vs
0%; p = 0.019); translucent skin (28.75% vs 5%; p = 0.034);
high-arched palate (20% vs 0%; p = 0.034); propensity to
constipation (30% vs 10%; p = 0.05); nasal bleeding (33.75%
vs 15%; p = 0.043); blue sclera (20% vs 5%; p = 0.05). In
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addition, CeAD patients suffered from headache in the past
history more often than the controls (60% vs 35%; p = 0.02).
Based on statistical significance, 8 CTD signs listed above and
past history headache were divided into main (hypotension,
extensive bruising, widened atrophic scars on skin, past history
headache) and additional (translucent skin, nasal bleeding,
propensity to constipation, blue sclera, high-arched palate)
features.

According to the regression model, the maximum predictive
ability for arterial dissection (77%) was observed in the presence
of 4 main and 2 additional clinical signs of CTD. In the presence
of 4 main signs only, the predictive accuracy of the model was 75%.

Biological markers of connective tissue damage

Patients with CeAD had elevated MMP-9 (384 + 69.3 ng/ml
vs 203.1 + 60.5 ng/ml in the controls; p < 0.0005), TIMP-1
(893.9 + 63.4 ng/ml vs 134.4 + 30.8 ng/ml in the controls;
p < 0.0005), sulphated glycosaminoglycans (6.2 + 1.4 ug/ml vs
4.5 + 0.8 pg/ml in the controls; p < 0.0005), and orosomucoid
(121.6 = 27.8 mg/dl vs 88.8+17.4 mg/dl in the controls;
p < 0.0005). Hydroxyproline levels were decreased in CeAD
patients (604.9 + 350.9 ng/ml vs 1293.6 + 214.5 ng/ml in
the controls; p < 0.0005) (Table 1). MMP-9 was higher in the
patients with multiple dissections (400.5 + 71.5 ng/ml) than in
those with one dissected ICA (375.5 + 71.55 ng/ml; p < 0.03)
or one dissected VA (369.3 + 68.6 ng/ml; p < 0.08). TIMP-1
was also higher in the patients with multiple dissections (422.2
+ 53.8 ng/ml) than in those who had only one dissected ICA
(878.5 + 62.3 ng/ml; p < 0.024) or one dissected VA (373.6 +
60.6 ng/ml; p < 0.008). In the patients with multiple dissections,
sulphated glycosaminoglycans were as high as 6.8 + 1.2 ug/ml,
while in the patients with one dissected ICA or one dissected
VA their concentrations were lower (5.8 = 1.3 ug/ml and 5.7 +
1.5 pg/ml, p < 0.029 and < 0.016, respectively). Orosomucoid
levels were higher in the patients with multiple dissections
(129.7 + 34 mg/dl) than in those with one dissected artery:
ICA (118.6 + 25.3; p < 0.039) or VA (112.6 + 20.6 mg/dl;
p < 0.011) (Table 2). In the first 3 months of CeAD, orosomucoid

B A

and hydroxyproline levels were higher than in the late stage of
the disease. By contrast, TIMP-1concentrations were higher in
later stages. FGF-21, which is the biomarker of mitochondrial
pathology [12], was increased in CeAD patients (536 + 250 pg/ml),
as compared to the controls (204 + 50 pg/ml; p < 0.0005).

Factors provoking arterial dissection

The most common provoking factors for CeAD responsible
for 42% of the studied cases were neck movements and
physical exertion; they were observed more often in
VA dissection (61%) than in ICA dissection (27%; p < 0.0009).
A minor preceding head trauma was observed in 10% of the
patients (ICA — 14%, VA — 5%; p < 0.05). Acute respiratory
infection in the month preceding CeAD was reported by 14% of
the patients. Twelve percent of women were on contraceptive
pills before dissection.

No significant differences were observed in the incidence
of dissections between the months of the year. The frequency
of dissection occurrence was 9.6%, 9.3%, 8.1%, 4.2%, 8%,
9.6%, 5.9%, 10%, 9.6%, 8.5%, 7.0%, 10.4% for January
through December, respectively. No associations were
found with acute respiratory infection occurring in the month
preceding CeAD.

Recurrences

Twelve percent of our patients developed a recurrent dissection
usually involving the opposite eponymous artery. All recurrences
were verified by neuroimaging. In most cases, they occurred
in the first 35 days of dissection (7.3%), in the months that
followed (within a year), their frequency was 1.5%. Further
relapses developed 3.3% of the patients 5 to 10 years later.

DISCUSSION
Clinical, laboratory and morphological examinations of CeAD

patients revealed the presence of connective tissue pathology;
these findings were consistent with the literature reports

Figure. Arterial wall dysplasia in the internal carotid and vertebral arteries. A. Thinning and splitting of the internal elastic membrane in the dissected ICA siphon
(shown by arrows). Staining: Weigert’s elastic stain (fuchselin); x100 magnification. B. Calcium deposits on the internal elastic membrane in the dissected ICA siphon
(shown by an arrow). Staining: von Kossa method; x200 magnification. C. Areas of fibrosis (marked by an asterisk) in the tunica media of the extracranial segment
of the dissected ICA. Staining: van Gieson’s stain; x200 magnification. D. An area of the tunica media in the dissected ICA siphon containing irregularly oriented
myocyts (marked by an arrow). Staining: van Gieson'’s stain; x200 magnification. E. Areas of fibrosis and the decreased number of elastic fibers in the tunica media
of the intact internal carotid artery (shown by an arrow). Staining: van Gieson’s stain; x200 magnification. F. A fragment of the internal elastic membrane is missing
(shown by an arrow) in the intact vertebral artery. Staining: Weigert’s elastic stain (fuchselin); x200 magnification
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[8, 9]. The detected abnormalities were not characteristic of
well-known inherited connective tissue disorders, such as
Ehlers-Danlos, Marfan or joint hypermobility syndromes,
and, in our opinion, could be classified as undifferentiated.
The morphological examination of both dissected and non-
dissected brain-supplying arteries revealed pronounced
dysplastic changes, which underlay arterial wall weakness
and predisposed it to dissection [13-16]. In our opinion, the
changes found on microscopic examination of brain-suppling
arteries are similar to those in fibromuscular dysplasia (FMD)
[13, 16]. Of note, FMD, whose international diagnostic criteria
were published in 2019 [17], bears many similarities to
CeAD dissection. FMD patients often develop dissections
of various arteries, including ICA/VA, have cerebral aneurysms
and tortuosity of the arteries [17], which are also typically seen
in CeAD patients [18]. Many FMD patients [17], as well as
CeAD patients [18], suffer from headaches. The incidence of
hereditary burden in FMD (1.9-7.3%) [17] and CeAD (2%) [19]
is similar. A genome-wide association study of FMD patients
identified a common genetic risk variant: a single nucleotide
polymorphism (SNP) rs9349379-A in the PHACTR1 locus
(6p24) [20] also detected in CeAD patients during a multicenter
international study conducted in 1,393 individuals, including
our cohort of patients [21]. The adverse effect of contraceptive
pills was observed in both patients with CeAD [1, 5, 22] and
FMD [17]. Despite the similarity between patients with FMD and
CeAD, the latter do not have the key diagnostic angiographic
feature of FMD: alternating areas of stenosis and dilation (the
so-called ‘string of beads’). Therefore, the presence of FMD
in the absence of typical angiography findings requires further
investigation. The possibility of FMD can be indirectly confirmed
by a case of our patient who had 3 dissection recurrences
involving both ICA and the right VA plus left kidney infarction
over the course of 10 years. CT-angiography of his renal arteries
revealed alternating areas of narrowing and dilation — changes
typically seen in FMD; those changes were not detected in the
patient’s ICA and VA. According to the contemporary diagnostic
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criteria for FMD, if a patient has typical FMD changes in at least
one artery, then dissection, tortuosity or aneurysms in other
arteries should be considered as manifestations of FMD. This
was the case with our patient.

The cause of arterial wall dysplasia similar to that observed
in CeAD patients is not completely clear [23]. According
to our hypothesis, dysplasia may be associated with
mitochondrial disorders [24]. Elevated FGF-21, a biomarker
of mitochondrial pathology [12], found in our CeAD patients
indirectly confirms this assumption. The pathogenesis of FMD
also remains unknown; some authors pinpoint the significance
of elevated transforming growth factors 1 and g2 (TGF-B1 and
TGF-B2) produced by fibroblasts [25].

Clinical signs of CTD were more pronounced in CeAD
patients than in the controls, which is consistent with the
literature reports [9]. This indicates the widespread nature
of connective tissue damage, which agrees with electron
microscopy findings in skin biopsies [8, 24]. The higher
incidence of CTD signs in women, as compared to men,
suggests that female sex hormones play a role in the
development of dysplasia. Along with clinical CTD signs, we
analyzed the presence of past history headaches in CeAD
patients, since our previous studies revealed that headache
might be associated with arterial wall dysplasia [22]; in the
literature, such headache is usually interpreted as migraine [5].
The analysis of CTD signs in young patients with stroke can
help to clarify the cause of stroke in cases when neuroimaging
examination is not available. Statistical analysis showed that in
the presence of four main and two additional CTD signs, the
probability of dissection as a cause of ischemic stroke in young
adults is as high as 77% [22].

Connective tissue damage in CeAD patients was confirmed
by the elevated levels of CDT biomarkers (MMP-9 and sulfated
glycosaminoglycans). Increased orosomucoid levels were
suggestive of inflammation in the arterial wall. Laboratory
signs of inflammation are also reported by other authors, who
link them to a previous infection seen as a provoking factor

Table 1. CTD biomarkers in the patients with ICA/VA dissections in the controls (one-way ANOVA)

. Arterial dissection Control
Biomarkers (mean + SD) n=82 =25 p
MMP-9, ng/ml 384 +69.3 203.1 + 60.5 < 0.0005
TIMP-1, ng/ml 393.9 + 63.4 134.4 £ 30.8 < 0.0005
Orosomucoid, mg/dl 121.6 £ 27.8 88.8 +17.4 < 0.0005
Sulphated glycosaminoglycans, pyg/ml 6.2+1.4 45+0.38 < 0.0005
Hydroxyproline, ng/ml 604.9 + 350.9 1298.6 + 214.5 < 0.0005
Note: p — statistical significance; SD — standard deviation.
Table 2. CTD biomarkers in patients with different localization of arterial dissection (one-way ANOVA and post-hoc tests + Scheffe's procedure)
Group 1 Group 2 Group 3
Biomarker (mean + SD) ICA dissection VA dissection Dissection of more than 1 artery p
n=28 n=27 n=27
Groups 1 and 3 0.03
MMP-9, ng/ml 375.5+715 369.3 + 68.6 400.5+71.5
Groups 2 and 3 0.008
Groups 1 and 3 0.024
TIMP-1, ng/ml 378.5+62.3 373.6 + 60.6 422.2 +53.8
Groups 2 and 3 0.008
Groups 1 and 3 0.029
Sulphated glycosaminoglycans, yg/mil 58+1.3 57+15 6.8+1.2
Groups 2 and 3 0.016
Groups 1 and 3 0.039
Orosomucoid, mg/dl 118.6 £ 25.3 112.6 £ 20.6 129.7 + 34
Groups 2 and 3 0.011

Note: p — statistical significance; ICA — internal carotid artery; VA — vertebral artery; SD — standard deviation.
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of dissection [26]. Higher levels of orosomucoid (a marker
of inflammation) during the first 3 months of CeAD are also
evident of inflammatory response induced by dissection. In
our study, the levels of CTD biomarkers were higher in the
patients with multiple dissections than in the individuals with
one dissected artery, indicating more pronounced connective
tissue damage in the former that led to multiple dissections.
TIMP-1, an enzyme that blocks matrix proteinases, was higher
in the patients examined after 3 months into dissection than in
those examined in the first 3 months, which apparently was
indicative of the reparative stage.

In patients with arterial wall dysplasia, ICA/VA dissection can
be provoked by a number of factors, including head movements,
minor head injury, physical exertion, acute respiratory infection
in the month preceding dissection, birth pills, elevated blood
pressure, alcohol consumption immediately before dissection,
weight loss pills, long and frequent plane journeys [1, 5, 22]. In
our patients, neck movements and physical exertion were the
most frequent provoking factors (42%), occurring more often
in the individuals with VA dissection (61%) than in those with
ICA dissection (27%). Some researchers suggest the provoking
role of manual therapy [5], which some of our patients had
received immediately before dissection, as well as the role of
neck injuries [6, 7]. VA is especially vulnerable at the moment
of neck movement because of its fixation inside the vertebral
canal. Because of low elasticity of the dysplastic arterial wall,
artery stretching during neck/head movement leads to intimal
tears at the sites where the artery is attached to the surrounding
structures. In our patients, minor head injury preceded ICA
dissection more often (14%) than VA dissection (5%); this finding
is consistent with the reports of other researchers [5]. Head
injury causes brain displacement relative to the skull, which is
accompanied by tension of the intracranial ICA segment and
causes an intimal tear at the level where ICA enters the scull
and fixed to the bones. This is a common site of IMH formation.

Recent infection (most commonly, acute respiratory
infection), which is considered to be a provoking CeAD
factor, was found in 14% of our patients. In young patients
with ischemic stroke unrelated to dissection recent infection
is not so frequent, which confirms its provoking role in
CeAD [27]. Infection is accompanied by elevated leukocyte
proteolytic enzymes and increased concentrations of matrix
metalloproteinases that induce protein degradation in the
extracellular matrix of the arterial wall and cause endothelial
damage [26, 27]. Elevated levels of MMT-9 and orosomucoid
revealed in our patients confirm this mechanism of provoking
action of infection.

Contraceptive pills as a factor provoking dissection was
detected in 12% of female participants, which is less common
than in European studies [6, 7]. The mechanism underlying
the effect of contraceptives on the arterial wall is unknown;
perhaps they aggravate dysplastic changes in the arterial wall,
predisposing it to dissection.

Some authors point to the role of seasonal weather
changes because CeAD occurs in cold periods more often.
It is hypothesized that elevated arterial pulse pressure and
frequent respiratory infections at the cold time of the year may
provoke arterial dissection [28, 29]. In our study we did not find
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PROTHROMBOGENIC POLYMORPHIC VARIANTS OF HEMOSTATIC AND FOLATE METABOLISM GENES
IN PATIENTS WITH ASEPTIC CEREBRAL VENOUS THROMBOSIS

Maksimova MYu = Dubovitskaya Yul, Krotenkova MV, Shabalina AA
Research Center of Neurology, Moscow, Russia

Cerebral venous sinus thrombosis (CVT) becomes the cause of stroke in less than 1% of patients. In 20-30% of patients, the cause of thrombosis remains unclear,
and thrombosis is considered idiopathic. Inherited hypercoagulable conditions significantly increase the risk of CVT. The aim of the study was to evaluate the
frequency of prothrombogenic polymorphic variants of hemostatic and methionine-homocysteine metabolism genes alleles and genotypes in patients with aseptic
CVT. Fifty one patients aged 18-75 with aseptic CVT were examined. The control group included 36 healthy volunteers. Neuroimaging methods included brain
MRI in standard modes (T1, T2, T2 d-f (FLAIR), DWI) and MR venosinusography. All patients were surveyed to identify carriers of prothrombogenic polymorphic
variants of hemostatic and folate metabolism genes alleles and genotypes. Prothrombogenic polymorphic variants of hemostatic genes were detected in 94% of
patients, and the variants of the methionine-homocysteine metabolism genes were observed in 86% of patients. The differences between distributions of alleles
and genotypes 5G6754G of the PAI-1 gene, G103T of the FXIIIAT gene, ABBG of the MTRR gene, A2756G of the MTR gene in the group of patients with CVT
and in the control group were significant. Allele 4G, genotypes 4G/4G and 5G/4G of 5G6754G polymorphism of the PAI-1 gene; allele T of G103T polymorphism
of the FXIIIAT gene; allele G and genotype A/G of A66G polymorphism of the MTRR gene; allele G and genotype A/G of A2756G polymorphism of the MTR gene
correlated with aseptic CVT. It was concluded that the gene polymorphisms 5G6754G (PAI-1), G103T (FXIIAT), A66G (MTRR) and A2756G (MTR) carriage increased
the risk of aseptic CVT and did not affect the thrombosis clinical manifestations.
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NMPOTPOMBOIEHHBIE NMOJIMMOP®HBLIE BAPUAHTLI FTEEHOB CUCTEMbI FTEMOCTAS3A N ®OJIATHOIO
OBMEHA NP ACENTUHECKOM TPOMBOS3E LIEPEBPAJIbHbIX BEHO3HbIX CUHYCOB

M. HO. Makcumosa =, HO. U, fy6osuLikas, M. B. KpoteHkosa, A. A. LLla6anuHa
Hay4HbI LeHTp HeBponorumn, Mockea, Poccus

Tpom603 uepebpanbHbix BeHO3HbIX cHycoB (TLIBC) coctaBnseT meHee 1% Bcex cnydaeB MHcynbta. B 20-80% cnyyaeB npuyvHa Tpomb03a ocTaeTcs
HESACHOW 1 ero pacLEeHNBaIoT Kak navonatn4eckuii. BpoxxkaeHHble rmnepkoarynaLmoHHbIe COCTOAHMS 3HAYMTENBHO yBENNYMBAIOT pyck pasdsutua TLBC. Liensto
1cenefoBaHys bl OLEHUTE YacToTy annenein 1 reHoTUNOB MPOTPOMOOrEHHbIX MOMMMOPMHBIX BAPMAHTOB reHOB reMocTasa ¥ METUOHWH-FOMOLIMCTEVHOBOMO
obmeHa npu acentudeckom TLIBC. O6cnepoBaH 51 nauveHT ¢ acentudeckum TLIBC B BodpacTe oT 18 o 75 net. KoHTponbHyto rpynny cocTtaBuiv 36
300POBbIX [OBPOBONBLEB. HelipoBM3yanu3aumoHHble MeTompl Bktodanm MPT rofoBHOro Mosra B CTaHaapTHbIX pexxumax (T1, T2, T2 d-f (FLAIR), IBW) n MP-
BeHOCVHycorpaduio. Bcem nauyieHTam mpoBogunmv UccnefoBaHe Ha HOCUTENBCTBO asfieneit 1 reHoTUMNOB MPOTPOMOOreHHbIX MONMMMOPMHbIX BapraHTOB reHoB
CUCTEMbI remocTasa U ponaTHoro obmeHa. MpoTpoMboreHHble NOMMMOPMHbIE BapUaHTbl FEHOB CUCTEMbI reMocTasa Oblv BbisBNEHbl B 94% Cryyaes, reHoB
METVOHVH-TOMOLIMICTEMHOBOIO 06MeHa — B 86% crydaeB. [MonyyeHbl JOCTOBEPHbIE pas3inuns Mpu UCCNenoBaHuv pacrnpeneneHist anneneit n reHotvnos 5G6754G
reHa PAI-1, G103T reHa FXIIIAT, ABBG reHa MTRR, A2756G reHa MTR B rpynne 6onbHbix TLIBC no cpaBHeHWO ¢ rpynnoit 300poBbIX A06poBonbLEB. Annenb
4G, reHotunbl 4G/4G 1 5G/4G nonumvopduama 5G6754G reHa PAI-1; annenb T nonumopdmama G103T reHa FXIIAT; annens G 1 reHoTun A/G nonnmMopdurama
ABBG reHa MTRR; annenb G 1 reHotun A/G nonmmopdusma A2756G reHa MTR cBsidaHbl ¢ passuTiem acentudeckoro TLBC. CaenaH BbIBOA, YTO HOCUTENBCTBO
nonumopduama reHoB PAI-1 (5G6754G), FXIIIAT (G103T), MTRR (A66G) n MTR (A2756G) noBbilwaeT puck pas3sutus acentundeckoro TLIBC v He BnsieT Ha
KIMHUYECKNE NPOSIBNIEHMSt TPOMOO03a.

KnioyeBble croBa: acenT4ecknii TpoMGo3 LepebpasibHbiX BEHO3HbIX CYHYCOB, MPOTPOMOBOreHHble MOSMMOPMHbIE BapuaHTbl reHOB remocTasa u
honatHoro obmeHa

DuHaHcupoBaHue: paboTa BbIMONHeEHa B pamMkax rocyapCTBeHHOro 3ananuns GreHyY HLH.
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MepBrYHbIN aHana nonyveHHbIX peaynstatos; M. B. KpoteHkosa — nposefeHne MPT ronosHoro moara, MP-BeHOCKHycorpadhum 1 HepoBU3yanuaaLyioHHOM
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Cerebral venous sinus thrombosis (CVT) becomes the cause of
stroke in less than 1% of patients [1, 2]. In 20-30% of patients,
the cause of thrombosis remains unclear, and thrombosis is
considered idiopathic [3]. Inherited hypercoagulable conditions
significantly increase the risk of CVT [4, 5].

The incidence of cerebral venous sinus thrombosis (CVT) is
1.3 per 100,000 adults per year. Onset may occur at any age,
but the highest incidence is noted in people aged 31-50 [6].
Among patients, the women prevail [7]. Despite the
improvement of diagnostic and treatment methods, the CVT
patients’ mortality remains high and reaches 30% [8].

CVT can be either septic (as a result of complications of
purulent otitis media, mastoiditis, sinusitis) or aseptic (occurs
as a complication of numerous diseases that increase the
tendency to form a blood clot).

Many factors are involved in the development of aseptic CVT:
severe dehydration, cardiac disorders (congenital heart defects,
heart failure, artificial cardiac pacemaker), cancer, pregnancy,
diabetes mellitus, hormonal drugs usage (contraceptive
pills, hormone replacement therapy), nephrotic syndrome,
polycythemia, essential thrombocytosis, antiphospholipid
syndrome, connective tissue disorders and vasculitis (systemic
lupus erythematosus, granulomatosis with polyangiitis, temporal
arteritis, Behcet's disease), inflammatory bowel disease (Crohn's
disease, ulcerative colitis), brain injury, congenital or acquired
hemostasis alterations [9-12].

Hereditary thrombophilia is a significant risk factor for
aseptic CVT. The most studied are polymorphic variants of
factor V (Leiden) and prothrombin genes [13]. Thus, correlation
was observed between the risk of CVT and the clotting factor
V (OR 4.3; 95% Cl — 1.5-12.3) and prothrombin genes (OR
3,6; 95% Cl— 1,0-13,1) polymorphisms [14]. In another study,
prothrombin gene polymorphism (A replaced with G at position
20210) was found in 19% of patients with CVT [15]. Correlation
between the presence of the Leiden mutation and a 5-fold
increase in the risk of CVT was confirmed [13]. Analysis of 26
case-control type studies demonstrated that the occurrence
of the clotting factor V gene polymorphism (Leiden/G1691A)
leaded to 2.4 fold increase of the risk of CVT (95% Cl— 1.75-3.30;
p < 0.00001), and the occurrence of the prothrombin gene
polymorphism (G20210A) leaded to 5.48 fold increase of the
CVT risk (95% Cl — 3.88-7.74; p < 0.00001) [16].

Significant polymorphism of clinical manifestations, the
absence of pathognomonic symptoms, as well as a variety
of options for the onset, course, and localization of thrombosis
make the clinical recognition of CVT difficult. Possibilities
of CVT early diagnosis significantly expanded due to the
neuroimaging methods (CT and MRI) [2, 17, 18]. Currently, MR
venosinusography is one of the most reliable methods for the
CVT diagnosis [19]. In up to 63% of patients, CVT is complicated
by cerebral edema and the formation of necrosis foci with the
addition of hemorrhagic component (37.57% of patients) [20]. In
such a situation, these foci of necrosis are not infarcts, but arise
as a result of the venous outflow slowdown, edema, hypoxia
of brain tissue followed by diapedesis of red blood cells and
leukocytes through necrotic walls of capillaries and microvessels.
The factors predisposing to development of necrosis foci and
hematomas in patients with CVT include the female sex, epileptic
seizure, impaired consciousness, rapidly spreading thrombosis
involving two or more venous sinuses [2, 8, 20].

Often, CVT is suppressed, it is detected unexpectedly by
physician during CT or MRI of the brain. For most patients with
CVT, a mismatch between the general condition of the patient
and the neuroimaging manifestations of the disease is typical
17, 21].

Early diagnosis and well-organized treatment of aseptic
CVT in the vast majority of patients leads to clinical recovery.
Later, a decrease in the frequency of recurrent thrombosis
depends on the timely identification of the thrombosis causes.
Almost all researchers agree that recurrent CVT is more severe
than the first diagnosed, and its prognosis is much worse.

The aim of the study was to evaluate the frequency of
the prothrombogenic polymorphic variants of hemostatic
and methionine-homocysteine metabolism genes alleles and
genotypes in patients with aseptic CVT.

METHODS

In 2016-2019, 51 patients with aseptic CVT were examined
in the 2nd Department of Neurology of the Research Center
of Neurology (20 men and 31 women, the average age of
the patients was 42.2 + 13.1). Twenty eight patients were
hospitalized in the acute phase of the disease. In 23 patients,
the duration of thrombosis was 1-10 months. Control group
included 36 healthy volunteers (14 men and 22 women, their
average age was 44.7 + 10.4). The groups under study were
comparable by gender and age. Inclusion criteria: 1) acute
aseptic CVT confirmed by neuroimaging data; 2) pre-existing
aseptic CVT confirmed by neuroimaging data; 3) patients aged
18-75. Exclusion criteria: 1) septic CVT, 2) lower-extremity
deep vein thrombosis (DVT) and pulmonary embolism (PE);
3) atherothrombosis involving cerebral arteries, lower limb
arteries; 4) other (nonvascular) nervous system diseases;
5) decompensated comorbidities.

In all CVT patients, a detailed study of complaints, general
and family history data, the clinical picture of the disease
and medical documentation was performed, somatic and
neurological statuses were evaluated.

For CVT diagnosis, each patient underwent brain MRI
using the Magnetom Verio (Siemens; Germany) and Magnetom
Symphony (Siemens; Germany) systems with 3T (Tesla) and
1.5T magnetic field strength respectively. MRI of the brain was
performed in the sagittal, axial and coronal planes in T1, T2,
T2 d-f (FLAIR), DWI modes with a slice thickness of 1, 3 and
5 mm. Later the images of the cerebral veins and venous sinuses
were obtained using MRI in the venosinusography mode.
Only after a comprehensive evaluation and a detailed study
of the neuroimaging results obtained using standard modes
and venosinusography, the CVT diagnosis was considered
confirmed. Standard modes, T2, T2-FLAIR, were used for
assessment of brain tissue focal lesions and for exclusion of
other possible pathologies. Image evaluation was performed
using the eFilm Workstation software (Merge Healthcare; USA).

Measurement of the hemostasis parameters (fibrinogen
level, fibrinolytic activity level, partial thromboplastin time (PTT))
was performed using the ACL-9000 Coagulation Analyzer
(Instrumentation Laboratory; USA).

Quantitative determination of D-dimer was carried out by
the specific antigen—antibody reaction based immunochemical
method using the immunoturbidimetric latex-agglutination
assay (Instrumentation Laboratory; USA).

The level of homocysteine in the blood was determined
by enzyme immunoassay using the diagnostic kits (AXIS;
Norway) and the Immulite 2000 Immunoassay System
(Siemens; USA).

DNA diagnostics of prothrombotic polymorphic gene
variants was performed using polymerase chain reaction (PCR).

Detection of mutations (polymorphisms) in the human
genome was carried out using the DNA-Technology kit (Russia).
The patient’s genomic DNA was isolated from whole blood
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(EDTA tube) using NC sample, the DNA extraction reagent kit
(DNA-Technology; Russia).

Two amplification reactions were simultaneously carried
out with a sample of isolated DNA using two pairs of allele-
specific primers. Real-time PCR was used for simultaneous
amplification and for measuring of the studied DNA molecule
amount (DTlite Real-Time PCR System; DNA-Technology;
Russia). The DNA-Technology (Russia) commercial kits were
used. The analysis results were represented by three types
of decisions: a) allele 1 homozygote; b) heterozygote; c) allele
2 homozygote.

Studied prothrombogenic polymorphic variants of hemostatic
and folate metabolism genes list:

e prothrombin gene, Fil (c.G20210A);

e coagulation factor V gene, FV (c.G1691A);

e coagulation factor VIl gene, FVII (c.G10976A);

e activated factor XllI (fibrinase) gene, FXIIIAT (c.G103T);

e fibrinogen beta gene, FGB (c.G455A);

e plasminogen activator inhibitor gene, PAI-1 (c.5G6754G);

e Integrin alpha (Gp1a glycoprotein) gene, ITGA2 (c.C807T);

e Platelet fibrinogen receptor (Gp3a glycoprotein) gene,
ITGB3 (c.T1565C);

e methylenetetrahydrofolate reductase gene, MTHFR (c.C677T);

e methylenetetrahydrofolate reductase gene, MTHFR
(c.A12980C);

e methionine synthase gene, MTR (c.A2756G);

e methionine synthase reductase gene, MTRR (c.A66G).

Statistical analysis was performed using the IBM SPSS
Statistics software, v.23 (IBM Corporation; Russia). Nominal
data were described with absolute values and percentages.
For categorical data analysis the contingency tables were
used. The significance level was taken equal to 0.05 in all
comparisons.

Frequency of allele and genotype variants (f) was calculated
by the following formula:

n
f= ——— — allele frequency,
2N
n
f= — genotype frequency,

where n was the variant (allele or genotype) occurrence, N was
the sample size.

The significance of differences in the allele and genotype
frequencies between the studied groups was evaluated using
the x? criterion.

To assess the relative risk, the odds ratio (OR) and its
confidence interval (Cl) calculations were used at a confidence
level of 95%.

@+ad

OR = ,

b +c)
where a was the frequency of the studied allele (genotype) in
the treatment group; b was the frequency of the allele in the
control group; ¢ was the sum of other alleles (genotypes)
frequencies in the treatment group; d was the sum of other
alleles (genotypes) frequencies in the control group.

RESULTS

Isolated CVT was observed in 14 patients (27.5%). In other 37
patients (72.5%) multiple thrombosis was detected involving
two or more venous sinuses.

Left transverse sinus thrombosis was detected in 28
patients (54.9%), left sigmoid sinus thrombosis in 26 patients
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(51%), right transverse sinus thrombosis in 21 patient (41.2%),
right sigmoid sinus thrombosis in 14 patients (27.5%), superior
sagittal sinus thrombosis in 11 patients (21.6%), inferior
sagittal sinus thrombosis in 4 patients (7.8%), tentorial sinus
in 3 patients (5.9%), and left cavernous sinus thrombosis in
1 patient.

Among patients with thrombosis of individual venous
sinuses, 5 patients (35.7%) were diagnosed with thrombosis
of the left transverse sinus, 5 patients (35.7%) were diagnosed
with thrombosis of the left sigmoid sinus, 3 patients (21.4%)
were diagnosed with thrombosis of the right transverse sinus,
and 1 patient was diagnosed with thrombosis of the superior
sagittal sinus.

In 4 women, CVT occurred after abortion, in 1 woman
onset took place 9 days after delivery, in 7 women (22.6%)
CVT developed while taking hormonal drugs (contraceptives).
A history of inflammatory diseases of the paranasal sinuses
was observed in 3 women and 1 man. Aseptic CVT was
confirmed by the absence of systemic inflammatory
reactions and inflammatory changes of the laboratory blood
parameters.

Among all CVT patients, the focal necrosis in brain tissue
caused by thrombosis was observed in 14 patients (27.5%).

Diffuse headache was the chief complaint, which was
observed in 45 patients (88.2%). A typical feature of the
headache was its worsening after being in a horizontal position.
Unsystematic dizziness was noted in 27.5% of patients; it was
constant, independent of body position. Nausea occurred in
23.5% of patients. In 7 patients (13.7%), thrombosis began
with impaired consciousness. Convulsive seizures were
observed in 5 patients (9.8%): focal motor seizures in 2 patients
and generalized tonic-clonic seizures in 3 patients. In 9.8%
of patients, the meningitis symptoms were noted. Impaired
motor function was detected in 3 patients (5.9%): hemiplegia in
1 patient, mild or moderate decrease in muscle strength in the
limbs in 2 patients. Speech problems were represented by mild
motor aphasia in 4 patients (7.8%).

When calculating the correlation coefficients, a relationship
was found between brain tissue focal lesions and the
development of convulsive seizures (correlation coefficient
r = 0.4; p < 0.01), motor function impairment (correlation
coefficient r = 0.5; p < 0.01), speech problems (correlation
coefficient r = 0.5; p < 0.01), and depression of consciousness
(correlation coefficient r = 0.5; p < 0.01).

Statistical analysis revealed correlation of superior sagittal
sinus thrombosis with the development of a convulsive seizure
(correlation coefficient r = 0.4; p < 0.01), as well as impaired
venous outflow (correlation coefficient r = 0.5; p < 0.01). It also
revealed correlation of tentorial sinus thrombosis with the
depression of consciousness (correlation coefficient r = 0.3;
p < 0.01).

Hemostasis parameters

In the group of patients with CVT the fibrinogen level was
3.7 g/l [2.2; 6.8] (in the control group it was 3.8 g/l [2.9; 5.0]);
activated partial thromboplastin time was 29.5 s [22.5; 36.2]
(in the control group it was 28.7 s [26.5; 29.9]); antithrombin lI
level was 112 [98; 119] (in the control group it was 115 [107;
126)); C protein level was 134% [125; 148] (in the control group
it was 143% [125; 165]); D-dimer level did not exceed 0.5 ug/ml.
The fibrinogen level increase over 5.5 mmol/l was detected in
one patient. Hemostasis parameters of the CVT patients did
not differ significantly from the hemostasis parameters of the
control group patients.
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Homocysteine level in the blood plasma of CVT patients
was 16.2 pmol/l [14.6; 17.7] (in the control group it was 7.7
[56.6; 10.9]; p < 0.05).

Prothrombogenic polymorphic variants of hemostasis and
folate metabolism genes

Molecular genetic testing for detection of prothrombogenic
polymorphic variants of hemostatic genes (Table 1) and
methionine-homocysteine metabolism genes (Table 2) was
carried out in 51 patients with aseptic CVT.

Homozygous (4G/4G) allele 4G at the —675 position of the
PAI-1 gene was detected in 11 patients (22.4%). Homozygous
allele 103T of the FXIIIAT gene was detected in 3 patients,
homozygous allele 807T of the ITGA2 gene was present in 3
patients. Two patients were the 455A allele of the FGB gene
homozygous carriers, 1 patient was the 10976A allele of the FVII
gene carrier, and 1 patient was the 1565C allele of the ITGB3
gene carrier. Combination of two alleles in a homozygous state
was detected in 2 patients. In the first of them the combination
of homozygous 10976A allele of the FVII gene and 6754G allele
of plasminogen activator inhibitor gene PAI-1 was observed.
In the other of them the combination of homozygous 103T
allele of the FXIIIAT gene and 6754G allele of the plasminogen
activator inhibitor gene PAI-1 was present. No patients with
homozygous 1691A allele of the FV Leiden and 20210A allele
of the FIl gene were revealed.

Heterozygous allele 4G at the —675 position of the PAI-1
gene was detected in 28 patients (57.1%). Isolated polymorphic
variant of the PA/-1 gene (c. 5G6754G) in the heterozygous
state was present in 9 patients (19%). Seventeen patients
(84.7%) were heterozygous carriers of 455A of the FGB gene.
Thirteen patients (26.5%) were carriers of 10976A allele of the
FVIl gene, 103T allele of the FXIIIAT gene, and 1565C allele
of the ITGB3 gene. Polymorhic variant 807T of the ITGA2
gene in the heterozygous state was observed in 9 patients
(18.4%). Polymorhic variant 1691A of the FV Leiden gene in
the heterozygous state was present in 3 patients (5.9%). Two
patients (4%) were heterozygous carriers of 20210A allele
of the FIl gene.

The frequency distribution of hemostasis genes
prothrombogenic polymorphic variants alleles and genotypes
could be found in Table 1.

Alleles 5G and 4G of the PAI-1 gene frequency was 48
(49%) and 50 (51%) in the treatment group, in the control group
it was 59 (82%) and 13 (18%). According to the calculated
odds ratio, 4G allele increases the risk of CVT by more than
4 times (x* = 19.337; p < 0.001; OR = 4.728; 95% Cl — 2.303~
9.706). Homozygous 4G/4G polymorphism increases the risk
of CVT by 10.1 times (x* = 6.623; p = 0.011; OR = 10.132 +
1.070; 95% Cl — 1.243-82.573), and heterozygous 5G/4G
polymorphism increases the risk of the disease by 3.03 times
(x?=5.908; p =0.016; OR = 3.030 + 0.463; 95% Cl — 1.223-
7.507).

Comparative analysis of the alleles of FXIIIAT gene G103T
polymorphism frequencies in patients of the treatment group
and control group revealed statistically significant differences.
Alleles G and T of the FXIIIAT gene occurrence was 79 (80.6%)
and 19 (19,4%) in the CVT patients group, and 67 (93%) and 5
(7%) in the control group. Thus, the frequency of 103T allele of
the FXIIIAT gene in patients with CVT significantly exceeds the
frequency of the allele in the group of healthy people (x* = 5.3;
p =0.022). According to the calculated odds ratio, the presence
of T allele in the FXIIIAT gene increases the risk of CVT by more
than 3 times (OR = 3.223; 95% Cl — 1.142-9.095).

There were no differences in the allele and genotype
frequencies distribution of the Fil (c.G20210A), FV (c.G1691A),
FVII (c.G10976A), FGB (c.G455A), ITGA2 (c.C807T), ITGB3
(c.T1565C), MTHFR (c.C677T), MTHFR (c.A1298C) genes
between patients with CVT and healthy volunteers.

Among patients with polymorphic variants of methionine-
homocysteine metabolism genes, 66G allele of the MTRR
gene in a homozygous state was detected in 5 patients
(10.9%). Three patients (6.8%) were homozygous carriers of
677T allele of the MTHFR gene, and 2 patients (4.2%) were
carriers of 1298C allele of the MTHFR gene. In one patient, the
combination of the homozygous 1298C allele of the MTHFR gene
and 66G allele of the MTRR gene was observed. No patients
were homozygous carriers of 2756G allele of the MTR gene.

Sixteen patients (36.4%) were identified as heterozygous
carriers of 677T allele of the MTHFR gene, 19 patients (41.3%)
as carriers of 66G allele of the MTRR gene, 18 patients (39.1%)
as carriers of 2756G allele of the MTR gene, and 9 patients
(18.8%) as carriers of 1298C allele of the MTHFR gene.

Isolated polymorphic variant of the MTRR gene (c.AB6G)
in heterozygous state was present in 7 patients (17%).

In 3 patients (7%), the isolated polymorphic variant of the
MTR gene (c.A2756G) in heterozygous state was identified.

Among 19 patients who were identified as heterozygous
carriers of 66G allele of the MTRR gene, in 9 patients (47%),
the heterozygous variant of 1298C allele of the MTHFR gene
was also detected.

The frequency values for individual polymorphic variants
of methionine-homocysteine metabolism genes are presented
in Table 2.

According to data obtained, the frequency of alleles A and
G of the MTRR gene (c.AB6G) in the treatment group was 63
(68.5%) and 29 (31.5%). The frequency of these alleles in the
control group was 64 (89%) and 8 (11%) respectively. The G
allele frequency differences between the group of patients
with CVT and the group of healthy people were significant
(x? =9.631; p = 0.002; OR = 3.683; 95% Cl — 1.564-8.672).
Allele G increased the risk of CVT by 3.68 times (x> = 9.631;
p =0.002; OR = 3.683 + 0.437; 95% Cl — 1.564-8.672). The
presence of A/G polymorphism increased the risk of CVT by
3.5 times (x2 = 5.784; p = 0.017; OR = 3.519 + 0.538; 95%
Cl—1.225-10.104).

Allele G of A2756G polymorphism of the MTR gene
frequency in the group of patients with CVT was significantly
higher than in the control group (18 (19.6%) against 6 (8%);
x° = 4.079; p = 0.044), and the frequency of allele A was
significantly lower (74 (80,4%) against 66 (92%); x*> = 4.079;
p = 0.044). The odds ratio calculation demonstrated that allele
G of A2756G polymorphism correlated with CVT (OR = 2.676 +
0.501; 95% Cl — 1.002-7.142). In patients with CVT, the
frequency of A/G heterozygous genotypes was significantly
higher than in the control group (x* = 4.923; p = 0.027; OR =
=3.214 + 0.540; 95% Cl — 1.116-9.257).

When performing the clinical molecular analysis, no
significant correlation between the CVT clinical features and
the identified prothrombogenic polymorphic gene variants was
revealed.

Isolated CVT without any PA/-1 gene polymorphisms
(c.5G6754G) was diagnosed in 1 patient, and isolated CVT
with PAI-1 polymorphisms in the homozygous or heterozygous
state was diagnosed in 13 patients (33%). Multiple CVT without
any PAI-1 gene polymorphisms was detected in 9 patients
(90%), and multiple CVT with PA/-1 polymorphisms in the
homozygous or heterozygous state was identified in 26 (67%)
patients (p = 0.244).
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Table 1. Frequency of alleles and genotypes of the hemostasis genes prothrombogenic polymorphic variants

Prothrombin gene FII (c.G20210A)
Allele frequency Genotype frequency
" G A G/G G/A AA
CVT patients 50 98 (98%) 2 (2%) 48 (96%) 2 (4%) 0 (0%)
Control group 36 71 (99%) 1(1%) 35 (97.2%) 1(2.8%) 0 (0%)
Coagulation factor V gene, FV (c.G1691A)
Allele frequency Genotype frequency
" G A G/G G/A A/A
CVT patients 51 99 (97.1%) 3(2.9%) 48 (94.1%) 3 (5.9%) 0 (0%)
Control group 36 72 (100%) 0(0%) 36 (100%) 0 (0%) 0 (0%)
Coagulation factor VIl gene, FVII (c.G10976A)
Allele frequency Genotype frequency
" G A G/G G/A A/A
CVT patients 49 83 (84.7%) 15 (15.3%) 35 (71.4%) 13 (26.5%) 1(2%)
Control group 36 66 (92%) 6 (8%) 30 (83.3%) 6 (16.7%) 0 (0%)
Activated factor XIllI (fibrinase) gene, FXIIIA1 (c.G103T)
Allele frequency Genotype frequency
" G* ™ G/G G/T T/T
CVT patients 49 79 (80.6%) 19 (19.4%) 33 (67.3%) 13 (26.5%) 3 (6.1%)
Control group 36 67 (93%) 5 (7%) 31 (86.1%) 5 (13.9%) 0 (0%)
Note: * — x? = 5.3; p = 0.022; OR = 0.310; 95% CI 0.110-0.876
**—x?=15.3; p =0.022; OR = 3.223 + 0.529; 95% Cl 1.142-9.095
Plasminogen activator inhibitor gene, PAI-1 (c.5G6754G)
Allele frequency Genotype frequency
" 5G* 4G** 5G/5G** 5G/4G**** 4G/4G*
CVT patients 49 48 (49%) 50 (51%) 10 (20.4%) 28 (57.1%) 11 (22.4%)
Control group 36 59 (82%) 13 (18%) 24 (66.7%) 11 (30.6%) 1(2.8%)
Note: * — x? = 19.337; p < 0.001; OR = 0.212; 95% CI 0.103-0.434;
**—x?=19.337; p < 0.001; OR = 4.728 + 0.367; 95% Cl 2.303-9.706;
**—x?=18.503; p < 0.001; OR = 0.128; 95% CI 0.048-0.302;
e — %2 =5.908; p = 0.016; OR = 3.030 + 0.463; 95% Cl 1.223-7.507;
e — 2 =6.623; p = 0.011; OR = 10.132 + 1.070; 95% Cl 1.243-82.573.
Fibrinogen beta gene, FGB (c.G455A)
Allele frequency Genotype frequency
" G A G/G G/A A/A
CVT patients 49 77 (78.6%) 21 (21.4%) 30 (61.2%) 17 (34.7%) 2 (4.1%)
Control group 36 62 (86%) 10 (14%) 26 (72.2%) 10 (27.8%) 0 (0%)
Integrin alpha (Gp1a glycoprotein) gene, ITGA2 (c.C807T)
Allele frequency Genotype frequency
" o] T C/C C/T T
CVT patients 49 83 (84.7%) 15 (15.3%) 37 (75.5%) 9 (18.4%) 3(6.1%)
Control group 36 61 (85%) 11 (15%) 26 (72.2%) 9 (25%) 1(2.8%)
Platelet fibrinogen receptor (Gp3a glycoprotein) gene, ITGB3 (c.T1565C)
Allele frequency Genotype frequency
" T C T T/C C/C
CVT patients 49 83 (84.7%) 15 (15.3%) 35 (71.4%) 13 (26.5%) 1(2%)
Control group 36 67 (93%) 5 (7%) 31 (86.1%) 5(13.9%) 0 (0%)

Isolated CVT with polymorphic variants of the FXIIIAT gene
(c.G1083T) in the homozygous or heterozygous state was
observed in 5 patients (31%), and the isolated CVT without any
FXIIIAT polymorphisms was present in 9 patients (27%). Multiple
CVT was diagnosed in 11 patients (69%) with polymorphic
variants of the FXIIIAT gene (c.G103T) in the homozygous or
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heterozygous state, and in 24 patients (73%) with no FXIIIAT
polymorphisms (o = 1.000).

Among patients with polymorphic variant of the MTR 2756
gene in heterozygous state, isolated CVT was observed in 10
patients (56%), and multiple thrombosis was observed in 8
patients (44%). In the absence of polymorphisms of the MTR
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Table 2. Frequency of alleles and genotypes of the folate metabolism genes pro-thrombogenic polymorphic variants

Methylenetetrahydrofolate reductase gene, MTHFR (c.C677T)
Allele frequency Genotype frequency
" o] T C/C C/T T
CVT patients 44 66 (75%) 22 (25%) 25 (56.8%) 16 (36.4%) 3(6.8%)
Control group 36 60 (83%) 12 (17%) 26 (72.2%) 8 (22.2%) 2 (5.6%)
Methylenetetrahydrofolate reductase gene, MTHFR (c.A1298C)
Allele frequency Genotype frequency
" A C A/A A/C C/C
CVT patients 48 83 (86.5%) 13 (13.5%) 37 (77.1%) 9 (18.8%) 2 (4.2%)
Control group 36 64 (89%) 8 (11%) 29 (80.6%) 6 (16.7%) 1(2.8%)
Methionine synthase reductase gene, MTRR (c.A66G)
Allele frequency Genotype frequency
n A* Gm A/ ke A/G**** G/G
CVT patients 46 63 (68.5%) 29 (31.5%) 22 (47.8%) 19 (41.3%) 5(10.9%)
Control group 36 64 (89%) 8 (11%) 29 (80.6%) 6 (16.7%) 1(2.8%)
Note: * — x> = 9.631; p = 0.002; OR = 0.272; 95% Cl 0.115-0.640;
**—x?=9.631; p = 0.002; OR = 3.683 + 0.437; 95% Cl 1.564-8.672;
*— x?=9.201; p = 0.003; OR = 0.221; 95% Cl 0.081-0.606;
e — x?=5.784; p = 0.017; OR = 3.519 + 0.538; 95% Cl 1.225-10.104.
Methionine synthase gene, MTR (c.A2756G)
Allele frequency Genotype frequency
n A* Gm A/ ke A/G**** G/G
CVT patients 46 74 (80.4%) 18 (19.6%) 28 (69.9%) 18 (39.1%) 0 (0%)
Control group 36 66 (92%) 6 (8%) 30 (83.3%) 6 (16.7%) 0 (0%)

Note: *— x*=4.079; p = 0.044; OR = 0.374; 95% CI 0.140-0.998;

' —x?=4.079; p = 0.044; OR = 2.676 + 0.501; 95% CI 1.002-7.142;
T —x?=4.923; p = 0.027; OR = 0.311; 95% Cl 0.108-0.896;

T —x?=4.928; p = 0.027; OR = 3.214 + 0.540; 95% ClI 1.116-9.257.

gene (c.A2756G), isolated CVT was diagnosed in 7 patients (25%),
and multiple CVT was diagnosed in 21 (75%) patients (o = 0.06).

In homozygous and heterozygous carriers of 677T allele
of the MTRR gene, isolated CVT was detected in 5 patients
(21%), multiple CVT was detected in 19 patients (79%). Among
patients with no MTRR gene polymorphism isolated CVT was
diagnosed in 8 patients (38%), and multiple CVT was diagnosed
in 13 (62%) patients (p = 0.323).

DISCUSSION

During our study, CVT was diagnosed in 24 patients (47.1%)
aged under 40. The ratio between males and females was 1 : 1.2.
Slight prevalence of thrombosis among women of childbearing
age could be explained by such risk factors as pregnancy, the
use of contraceptives and hormone replacement therapy [22].

Prothrombogenic polymorphic variants of hemostatic genes
were diagnosed in 94% of patients. Most often, polymorphic
variants of the PA/-1 gene (c.5G6754G) were observed, the
product of which was involved in the fibrinolysis regulation.
The presence of a polymorphic variant of such gene leads
to an increase in the plasminogen activator inhibitor protein
functional activity, which in turn contributes to an increased risk
of thrombosis [23]. The frequency of heterozygous 4G allele at
the —-675 position of the PAI-7 gene in the population is 50%, and
the frequency of the homozygous allele is 26% [24]. In our study,
4G allele at the —675 position of the PAI-7 gene in heterozygous
state (5G/4G) was detected in 57.1% of patients, and in the
homozygous state (4G/4G) it was detected in 22.4% of patients.

For the PAI-1 gene, significant differences between the
group of patients with CVT and the group of healthy people
were observed in the distribution of both alleles and genotypes.
In patients with the 4G/4G genotype, the risk of CVT increased
by 10.1 times (OR = 10.132; 95% CI — 1.243-82.573), and
in patients with the 5G/4G genotype it increased by 3.03 times
(OR = 8.030; 95% Cl — 1.223-7.507).

The effect of factor FXIIIAT on CVT still remains unclear
[25]. It is possible that G103T polymorphism of the FXIIIAT
gene is associated with the fibrin structure alterations. At a low
concentration of fibrinogen, the blood clot density in patient
with G103T polymorphism is high, while with an increase in the
level of fibrinogen, the density of the blood clot, and therefore
its stability, decrease. In the presence of 4G/4G polymorphism
of the PAI-1 gene the protective effect of G103T polymorphism
of the FXIIIAT gene decreases drastically [26].

Some authors note correlation of C677T polymorphism
of the MTHFR gene and the risk of CVT [27, 28]. During
our study, the prothrombogenic polymorphic variants of the
methionine-homocysteine metabolism genes were detected
in 86% of patients. Polimorphic variants of the MTRR
(c.A66G) and MTR (A2756G) genes were most common.
According to literature data, 66G allele of the MTRR gene
frequency in the European population reaches 54%. In our
study the frequency of the allele was 31.5%. Allelle G of A66G
polymorphism of the MTRR gene increases the risk of CVT
by 3.68 times (OR = 3.683; 95% Cl — 1.564-8.672), allele
G of A2756G polymorphism of the MTR gene increases the
risk by 2.676 times (OR = 2.676; 95% Cl — 1.002-7.142)
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The presence of A/G polymorphism of the MTRR gene
increases the risk of CVT by 3.5 times (OR = 3.519; 95%
Cl — 1.225-10.104), and the presence of A/G polymorphism
of the MTR increases the risk by 3.2 times (OR = 3.214; 95%
Cl—1.116-9.257).
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ANALYSIS OF ASSOCIATIONS OF POLYMORPHISMS IN THE GENES CODING FOR L4, IL10, IL13 WITH
THE DEVELOPMENT OF ATOPIC BRONCHIAL ASTHMA AND ITS REMISSION
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Bronchial asthma is a multifactorial disease underpinned by chronic inflammation. The atopic phenotype of BA implies the presence of similar molecular mechanisms
of pathogenesis between the patients. The aim of this study was to analyze the associations between the development of atopic BA/its remission and the following
polymorphisms of interleukin genes: IL4 (rs2243250; C-589T), IL10 (rs71800896; G-1082A; rs1800872; C-592A), and IL13 (rs20541; Arg130Gin). Using allele-
specific polymerase chain reaction (PCR), we studied the listed SNPs in the mixed urban sample of patients with BA (n = 53) and the controls (n = 30) residing in
South Ural. The analysis revealed that genotype AA of IL10 (rs7800872) occurred more frequently in the control group (23.3%) than in the patients with atopic BA
(56.7%) (OR = 0.197; 95% CI [0.047-0.832]; p = 0.031). No differences in genotype frequencies were observed between the patients with atopic BA and the controls
for other studied polymorphisms. Our study failed to demonstrate the association of the listed polymorphisms and BA remission.
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AHANN3 CBA3N NOJIMMOP®HbBIX BAPUAHTOB NEHOB IL4, IL10, IL13 C PASBUTUEM ATOINMUYECKOW
BPOHXUANIbHOW ACTMbl U PEMUCCUEN

HO. B. XKopuHa'™=, O. C. Abpamosckux', I J1. Virnatosa', O. I". MNnoLuaHckas?

T KOXHO-YpanbCkuii rocyaapCTBEHHbI MEAULIMHCKMIA YHUBEpCUTeT, HYenabuHek, Poccus
2000 «OHK KnunHuka», YensbuHek, Poccust

BpoHxmanbHas actma (BA) sBnsieTcs MHoroakTopHbiM 3a6oneBaHneM, B OCHOBE KOTOPOrO NEXUT XPOHNYeCcKoe BocnaneHne. ATonnyeckuii heHoTumn
npeanonaraeT Hann4ne y NaumeHToB CXOAHbIX MOMEKYSPHBIX MEXaHM3MOB nartoreHesa. Llienbto paboTbl 66110 MPOBECTU aHaM3  accoLpaLim NOIMMOPMHbIX
NIOKYCOB reHoB L4 (rs2243250; C-589T), IL10 (rs71800896; G-1082A; rs1800872; C-592A), IL13 (rs20541; Arg130GIn) ¢ passutreM atonuyeckon BA n
pemuccuen. C NoMOLLBbIO annenb-cneumduyHor noMmepasHol LienHon peaxkummn (MNLP) npoBeneHo vccnenosBaHmne nonmMopdHbIX STOKYCOB reHoB 60sbHbIX BA
(n = 53) 1 rpynnbl cpaBHeHVs (N = 30), CMeLLaHHO FOPOACKON BbIOOPKM, MPOXKMBAOLLMX Ha FOXXHOM Ypane. AHanmns accoupanmm NoaMMopPMdHbIX BapvaHTOB FreHOB
VHTEPNENKVHOB C passnTeM BA nokasan, 4to reHotun AA IL10 (rs7800872) BCTpedaeTcs Halle B rpynne cpasHeHns (23,3%), 4eM B rpynne atonuyeckon BA
(5,7%) (OLLI = 0,197; 95% W [0,047-0,832]; p = 0,031). [Ans ocTanbHbIX UCCRefoBaHHbIX MOAMMOPHBIX IOKYCOB rEHOB MHTEPNENKVHOB OTIMYMIA B YacToTax
FEeHOTUNOB MeX Ay OOMbHBIMM aTonny4eckon BA 1 rpynnon cpaBHeHNs He 0BbHapy»keHo. He yaanock nokasaTb BAUSHME U3YYEHHbIX MOMMMOPMHbIX IOKYCOB Ha
pasBUTNE PEMUCCUM 3a00NEBAHMS.

KntoyeBble croBa: 6poHxmasibHast actMa y B3pOCTbIX, aTOMs, PEMUCCHS], NOMMMOPMU3M MeHOB, LIMTOKMHbI
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aHam3, Hanmcanne n opopmnenre ctatent; O. C. AGPaMOBCKMX — METOAMKA W KypUPOBaHNe NCCNEOBaHNs, aHam3 1 UHTepnpeTaums AaHHbIX, HanmcaHme
n ohopmneHre cratbu; I. J1. VirHatoBa — aHanmms KIMHUYECKON YacTy AaHHbIX, KyprpOBaHWe MCCNeOoBaHns, NHTepnpeTaums AaHHbIX, HanMcaHne cTarbu;
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Bronchial asthma (BA) is a complex disease arising from a
random combination of both allergic and non-allergic factors.
BA presents with a diversity of phenotypes. According to
epidemiological surveillance reports, the atopic phenotype
prevails in the adult population, occurring in 40 to 80% of adult
asthmatic individuals. In Russia, atopic BA is diagnosed in 68-78%
of adult cases [1].

Genetic predisposition is a significant contributor to asthma
development. Familial aggregation of asthma was demonstrated
as early as the first half of the 20" century. Twin studies conducted
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in the second half of the 20" century estimated the heritability of the
disease in the range between 36 and 95% [2]. In the past few years,
the focus has been on conducting genetic studies of BA in large
clnically heterogeneous populations [3]. The analysis of candidate
susceptibility genes in phenotypically homogenous cohorts allows
identifying groups with similar molecular-genetic origin of the
disease. A small homogeneous sample can be sufficient to detect
the genetic effect of the analyzed gene [4].

Atopic disorders are regarded as immune response
(type | hypersensitivity) caused and/or mediated by class IgE
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antibodies against environmental antigens. Immunological
reactions underlying atopic disorders can be broken down
into few major categories; some of them are implicated in the
epidermal barrier dysfunction, while others regulate innate and
adaptive immune responses, including IgE sensitization [5].

The list of genes reliably and positively associated with
allergies and asthma includes candidate genes coding for
cytokines IL4, IL10 and IL13 involved in regulating persistent
allergic inflammation [6]. Russian researchers also report an
association between the polymorphisms of the aforementioned
genes and BA [7, 8].

Most research works on BA genetics focus on the genetic
predisposition to this disease [9]. Few studies have looked at
its course and progression. Moreover, there is evidence that
genetic risk factors for BA identified so far cannot accurately
predict the development of the disease or its course [10].

In the literature, the remission rate ranges from 5% in late-
onset patients [11] to 65% in children and teenagers [12].
According to our estimates, the remission rate in the adults
with atopic BA residing in Chelyabinsk is 22.7%. A positive
association with remission is observed in patients with normal
BMI, undergoing allergen-specific therapy and eliminating
exposure to allergens. Other factors, such as sex, age of onset,
disease duration, familial background, co-morbid seasonal
or perennial rhinitis, and smoking, do not differ significantly
between patients with and without remission [13].

The aim of this study was to analyze the associations between
the SNPs in the genes coding for IL4 (rs2243250; C -5897), IL10
(rs71800896; G -1082A; rs1800872; C -592A), IL13 (rs20541;
Arg130Gin) and the development of atopic BA /its remission in
the mixed sample of Chelyabinsk (South Ural) residents.

METHODS

We conducted a telephone survey of 181 individuals with atopic
BA who had been patients of the allergy unit of Chelyabinsk City
Clinic Ne 7 between 1992 and 2018. The diagnosis was established
or confirmed by an allergist/immunologist based on clinical,
laboratory, instrumental, and skin tests, as recommended by the
Guidelines for the Diagnosis and Management of Asthma [14]. The
median follow-up period was 8 years [5; 15 years].

The study included patients of both sexes aged 18 to
70 years diagnosed with mild or moderate atopic BA, with
confirmed sensitivity to noninfectious allergens, who had been
followed up for at least 3 years and gave consent to participate
in the study. Patients with comorbid chronic obstructive lung
disease, silicosis, tuberculosis, sarcoidosis, bronchiectasis or a
history of previous lung surgery were excluded from the study.

Fifty-three patients aged 23-70 years underwent a physical
examination; their medical history was taken, including
complaints and symptoms of asthma, possible allergies and
comorbidities. The patients also took the asthma control test
(AST) and the bronchial reversibility test (spirometry). Screening
for SNPs in interleukin genes was done using allele-specific
polymerase chain reaction (PCR).

The molecular-genetic analysis was conducted at the
laboratory of DNA Clinic LLC (Chelyabinsk). Genomic DNA
of the patients and controls was isolated from whole-blood
lymphocytes using a DNA-Express-Blood reagent kit (DNA-
Technology; Russia). Single nucleotide polymorphisms (SNPs) in
the genes coding for IL4 (552243250, C-589T), IL10 (rs1800896;
G-1082A; rs1800872; C-592 A), and IL13 (520541, Arg130Gin)
were identified using an SNP-express test system (Litech;
Russia) and allele-specific PCR.

Spirometry criteria for normal lung function were as
follows: the absence of bronchial obstruction defined as
the ratio of forced expiratory volume in 1 s (FEV1) to forced
vital capacity (FVC) of less than 0.7 before inhalation of a
bronchodilator. The bronchodilator test was considered
positive if an increase in FEV1 was 12% or more after
inhalation of 4 salbutamol doses and an absolute FEV1 increase
was over 200 ml [15].

There are a few definitions of asthma remission in the
literature varying in length between 1 and 6 years. Some criteria
for remission are based on the resolution of clinical symptoms,
whereas others require rely on the objective assessment of
pulmonary function [16].

Because there is no consensus as to what should be
considered BA remission, we defined it as the absence of
symptoms (cough, shortness of breath, sensation of suffocation,
wheezing) for 1 year in the absence of baseline therapy and
short-acting f, agonist therapy and the presence of normal
pulmonary function observed in a negative spirometry test.
Based on this definition, we stratified the patients into 2 groups:
with remission of atopic BA (n = 17; 14 men and 3 women) and
without remission of atopic BA (n = 36; 14 men and 22 women).
The control group consisted of 30 individuals aged 23-73 years
(11 men and 19 women) who had no respiratory complaints, no
allergies and no family history of allergies.

The obtained data were processed in SPSS Statistics 17.0.1
(SPSS Inc; USA). The analysis was performed using descriptive
statstics. Categorical variables were described as absolute and
relative frequencies. A median (Me) and an interquartile range
[IQR, 25% : 75%] were calculated for quantitative variables.
The analysis of quantitative data distribution was done using
the Shapiro-Wilk test. In order to compare two means in
independent samples, the Mann-Whitney U test was applied.
Differences were considered significant at p < 0.05.

Allele and genotype frequencies were calculated for the
studied SNPs in the candidate genes and compared to the
frequencies predicted by the Hardy-Weinberg equation (x* at
p < 0.05). The two-tailed Fisher exact test was applied to run
pairwise comparison of allele and genotype frequencies in the
patients and the controls. Associations were analyzed using the
odds ratio (OR) and the 95% confidence interval (Cl).

RESULTS

The clinical characteristics of patients with atopic BA (n = 53)
were as follows: 36 (68%) had polysensitization to indoor,

Table 1. Spirometry test results in patients with atopic BA remission, without remission and in the controls

Patients with BA Patients without BA remission, Controls (group 3)
Parameter remission, n=17 (controlled, partially controlled/uncontrolled n—%o P 3, ( roul:; 1-3) ( roups 1-2)
(group 1) asthma) (group 2), n= 36 - group group

FEV1 %, Me [Q1; Q3] 99 [89.5; 107.8] 84 [74; 97] 104 [95.5; 110] 0.4 0.001
FEV1 increase (ml) after
inhalation of salbutamol 155 [0; 247.5] 240 [107.5; 445] 167.5 [82.25; 228.75] 0.72 0.013
(400 pg), Me [Q1; Q3]
FEV1 /FVC %, Me [Q1; Q3] | 81.5[76.3; 88.5] 74 [67; 79.75] 83 [80.5; 85.5] 0.69 0.001

BECTHVK PIrMY | 5, 2019 | VESTNIKRGMU.RU



ORIGINAL RESEARCH | PULMONOLOGY

Table 2. Genotype frequency distribution for SNPs in the interleukin genes in patients with atopic BA and the controls

Genotype Patients with atopic BA (n = 53), % (n) Control (n=30), % (n) OR (95% CI) p
IL4 (rs2243250)
cc 52.8 (28) 53.3 (16) 0.98 (0.39-2.4) 1.000
CcT 43.3 (23) 46.6 (14) 0.876 (0.35-2.15) 0.821
T 3.8(2) 0(0) 0.63 (0.53-0.74) 0.533
IL10 (rs1800896)
GG 37.7 (20) 43.3 (13) 0.79 (0.31-1.97) 0.647
GA 45.3 (24) 30 (9) 1.93 (0.74-4.93) 0.243
AA 17 (9) 26.6 (8) 0.56 (0.19-1.65) 0.397
IL10 (rs1800872)
cc 56.6 (30) 46.6 (14) 1.49 (0.60-3.66) 0.493
CA 37.7 (20) 30 (9) 1.41 (0.54-3.68) 0.632
AA 5.7 (3) 23.3(7) 0.197 (0.047-.832) 0.031
IL13 (rs20541)
GG 55 (29) 56.6 (17) 0.924 (0.37-2.27) 1.000
GA 34 (18) 30 (9) 1.2 (0.45-3.15) 0.810
AA 11 (6) 13.3 (4) 0.83 (0.21-3.21) 1.000
Table 3. Frequency of SNP genotypes of interleukin genes in patients with atopic BA remission and without it
Patients with BA remission Patients without BA remission Control (group 3) OR (95%Cl)
Genotype P
(group 1) n=17, % (n) (group 2) n= 36, % (n) n=230, % (n) for all groups
IL4 (rs2243250)
1-3 = 1.01 (0.30-3.34) 1-3 = 1.000
ce 52909 52.7(19) 53.3(16) 2-3 = 0.97 (0.37-2.58) 2-3 = 1.000
1-3 = 0.98 (0.29-3.24) 1-3 = 1.000
cr 47.1(8) 417 (19) 46.6(14) 2-3=0.81(0.31-2.16) 2-3 = 0.804
1-83=- 1-3 = —
77 00) 56 @) 00 23 = 0.53 (0.42-0.7) 23 = 0.497
IL10 (rs1800896)
1-3 = 0.86 (0.26-2.84) 1-3 = 1.000
GG 47.1(8) 33.3(12) 43.3 (13) 25 =0.65 (0.24-1.77) 5= 0.452
1-3 = 0.78 (0.22-2.78) 1-3 =0.753
GA 3636 50 (18) 309 2-3 = 2.3 (0.84-6.45) 2-3=0.133
1-3 = 1.69 (0.38-7.5) 1-3 =0.722
AA 1760 1676 266(8) 2-3 = 0.55 (0.16-1.8) 2-3=0.375
IL10 (rs1800872)
1-3 = 0.98 (0.29-3.24) 1-3 = 1.000
ce 47.1(8) 61.1@2) 466 (14) 2-3=1.79 (0.67-4.79) 2-3=0.322
1-3 = 0.61 (0.17-2.12) 1-3 = 0.528
cA 411 36.1(19) 26.6 (8) 2-3 = 1.31 (0.46-3.71) 2-3=0.794
1-3 = 2.28 (0.41-12.5) 1-3 = 0.455
Al nre 28 (1) 233 2-3 = 0.094 (0.011-0.814) 2-3=0.019
IL13 Arg130 Gin (rs20541)
1-3=1.16 (0.35-3.8) 1-3 =1.000
aa 52909 556 (20) 566 (17) 2-3 = 0.95 (0.36-2.53) 2-3 =1.000
1-3 = 1.02 (0.28-3.28) 1-3 = 1.000
GA 29409 36.1(13) 309 2-3 = 1.31 (0.47-3.7) 2-3=0.794
1-3=0.71 (0.14-3.6) 1-3 = 0.692
AA 1770 830 133¢4) 2-3 = 0.59 (0.12-2.87) 2-3 = 0.693

epidermal and plant allergens; 25 (47%) had a family history of Genotype frequencies were calculated for the total sample
allergies; 22 (42%) had early-onset BA ( before 18 years of age);  of patients with atopic BA relative to the control group and for
41 (78%) had comorbid allergic rhinitis; 38 (72%) had mild BA,  the subgroups of patients with and without remission. Linkage
and 15 (28%) had moderate BA. Lung function was normal in  disequilibrium was detected for all studied loci in the control
the group of patients with remission of atopic BA; no statistical ~ group; the studied loci were in the Hardy—-Weinberg equilibrium
difference in the results of the bronchodilator test was detected  for the group of patients with atopic BA.

between this group of patients and the controls (Table 1). In The analysis of associations between the polymorphisms
patients without remission the bronchodilator test was positive,  of interleukin genes and BA development (Table 2) revealed
FEV1% and FEV/FVC% were lower than in the controls. a statistically significant difference in the frequencies of IL10
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(rs1800872) genotypes: genotype AA was more frequent in the
control group (23.3%) than in the group of patients with atopic
BA (6.7%) (OR = 0.197; 95% CI [0.047-0.832]; p = 0.031) and
perhaps had a protective role. No difference in frequencies
were detected for other studied SNP between the patients with
atopic BA and the controls.

Intergroup comparison revealed a difference in the
frequency of IL10 genotypes (rs7800872) between the patients
without BA remission and the control group: the frequency
of AA genotype was 2.8% vs 23.3% (OR= 0.094; 95% CI
[0.011-0.814]; p = 0.019). Integral assessment of clinical and
molecular-genetic data did not reveal any significant associations
with BA remission (Table 3).

DISCUSSION

Previous studies of the polymorphic C-592A locus of the
IL10 gene produced controversial results: some authors
reported no association with predisposition to asthma
[17], while others observed significant correlations [18, 19].
Previous metanalyses demonstrated an association between
the polymorphism C-589T of the IL4 gene and the risk for
BA in the European population [20] and another association
between the polymorphism Arg130Gin of the IL13 gene and an
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CYCLODIALYSIS AB EXTERNO WITH IMPLANTATION OF A COLLAGEN IMPLANT
IN SURGICAL MANAGEMENT OF GLAUCOMA

Shradga AS'™™ Kumar V2, Frolov MA!, Dushina GN?, Bezzabotnov Al>2, Abu Zaalan KA

" People's Friendship University of Russia, Moscow, Russia
2 Eye microsurgery center «Pro zrenie», Moscow province, Russia
3 Ophthalmic unit of Skhodnya City Hospital, Khimki, Moscow province, Russia

Glaucoma is one of the main causes of irreversible blindness in the Russian Federation and it is the leading cause of visual impairments among working age
population. The primary goal of glaucoma therapy is to preserve the visual function, which is mainly achieved through persistent normalization of IOP by instillation
of hypotensive drugs, laser therapy and/or surgery/ In this clinical study safety and efficacy of a glaucoma surgical technique implying valve cyclodialysis ab externo
with implantation of a non-absorbable collagen implant (NACI) (Xenoplast, Dubna-Biofarm, Russia) in the supraciliary space were evaluated. All patients exhibited
moderate and severe primary open-angle glaucoma (POAG). The efficacy assessment criterias were intraocular pressure (IOP) dynamics, use of hypotensive
medications, need for repeat surgical intervention and complications. A total of 26 patients (26 eyes) were operated upon and under observation. Twelve months
after surgery, 34% IOP decrease from the baseline level was observed: from 29.5 + 6.8 to 18.8 + 4.3 mmHg. The amount of hypotensive medications used reduced
from 2.8 + 0.9 to 0.6 + 0.9. Applying the criteria recommended by the World Glaucoma Association, complete success was registered in 73.1% of patients and
partial success — in 26.9% patients. No surgery ended in a failure through the follow-up period. Post-operatively, one patient developed hyphema, 2 patients had
some blood elements in aqueous humor and 1 patient had shallow anterior chamber (AC). The suggested surgical technique proved to be an efficient and safe
way to decrease IOP and reduce the number of hypotensive medications and had a minimal number of complications associated with the surgery, therefore it can
be recommended as a method of choice in patients with advanced stage POAG.

Keywords: glaucoma, glaucoma surgery, intraocular pressure, cyclodialysis ab externo, uveoscleral outflow
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UMKNOQWANN3 AB EXTERNO C UMIMJTAHTALUMEW KONJTAFEHOBOIO APEHAXKA
B XUPYPI'MHYECKOM JIEHEHUN MAYKOMBbI

A. C. LUpagka'™ B. Kymap?, M. A. ®ponos’, I H. AywmHa?, A. V. beazaboTHos??, K. A. Aby 3aanaH!

" Poccuiickunin yHnBepcuTeT Apy»kObl Hapopos, Mockea, Poccus
2000 UeHTp Mukpoxupyprm rmasa «[1po 3peHune», Xumku, MockoBckast obnacTte, Poccust
8 Odpranbmonorudeckoe otaenerne MEY3 MO «CxogHeHckas ropoackast 6onbHuLa», Xumkn, MockoBckas obnacTts, Poccus

MMaykoma sBnsieTcst akTyanbHenwern npobnemon odransmonorin. byayyn ogHoM 13 raBHbIX NPUYMH HeOBPATUMON CNenoTbl Ha TeppUTOPUM Poccuinckom
Ddefepauum, oHa 3aHUMaET NMAMPYIOLLEE MECTO B HO30/IOMMHECKON CTPYKTYPE MHBAIMAHOCTY MO 3PEHVIO CPEam TPYAOCNOCOBHOrO HaceneHst. Xpypriuieckoe
BMeLLaTeNsTBO 3a4aCTyiO SBMSETCS €AMHCTBEHHBIM METOLOM fleHeHNst pedpakTepHO rnaykoMel. Liensto gaHHoro nccnefoBanmst Obi10 oLeHUTb 6e30MacHOCTb
1 3thhEKTVBHOCTb MMNOTEH3VBHOM onepauyn (MO) kKnanaHHOro Luuknoayanaa ab externo ¢ UMMnaHTaLven B CynpauuiMapHoe NpoCcTpaHCTBO HepaccachiBatoLLIErocs
KonnareHoBoro apeHaxa (HKL) y naumeHToB ¢ NPOABUHYTHIMM CTAANSAMI Pa3BUTUS NEPBUYHON OTKPLITOYronbHOW rnaykomel (IMOYT). Kputepusamm oLeHKn
6e30M1acHOCTY 1 3hHEKTVUBHOCTM BbIN: AMHAMUKA BHYTPUMA3HOro AasneHns (BI), KONM4eCTBO MCNONb3yembIX MNOTEH3MBHBLIX CPEACTB, NOTPEOGHOCTL B MOBTOPHOM
XVIPYPrM4eCKOM BMeELLATENbCTBE U HANMYME OCNOXHEHWIA. B pesynstaTe HabnoaeHns 3a 26 naupeHTamn (26 maa) ¢ npoasuHyTbiMy cTaguammn MNOYT yepes 12
MecCsLIEB NOC/e ONepaTVBHOIO BMeLLATENbCTBA ObII0 3aperncTpnpoBaHo cHbkenve Bl Ha 34% ot nexopHoro yposHs (C 29,5 + 6,8 o 18,8 + 4,3 MM pT. CT.).
Konn4ecTtso 1cnonbayembix rnoTeH3VBHbIX CpeacTs cokpatunock ¢ 2,8 + 0,9 go 0,6 + 0,9. YenelwHocTb nposefeHHo MO oLeHnBani CornacHo PeKoMeHaaLMsiv
BcemuypHoit rmaykoMHo accoLpaLmn: NonHbIi yenex 6bin AOCTUMHYT B 73,1% cnyyaes, a NpudHaHHbIn — B 26,9% cydaeB. HeyaadHbIx MCXOA0B OT OMnepaTtuBHOrO
nedeHvst He Habnopany. MpennoXkeHHOe XMPYPrudeckoe NeveHre nokadano BbICOKYO SPMEKTUBHOCTb 1 6e30MacHOCTb CHbKeHWst B, cokpalleHve umicna
MCMOMb3yeMbIX MMNOTEH3MBHBIX CPEACTB Y MUHUMANBHOE KOMMYECTBO OCHIOXKHEHWIA Y NMaLUmMEHTOB C NPoABUHYTbIMK cTaanamu MOYT. Takum o6pasoM, MeTof,
KnanaHHOro UMKnoavanmaa ab externo ¢ UMnnaHTauven B cynpaumnnapHoe npocTpaHcTeo HK MOXXHO pekoMeHAoBaTh B KadecTse Tepanim nauyeHTos ¢ MOy
B CBS31 C €ro BbICOKOW 3(Q(HEKTUBHOCTBIO 1 6€30MaCHOCTBIO.

KnioueBble cnosa: rmaykoma, xXvpypru4eckoe ne4veHrie, BHyTpurnasHoe gasneHne, umknoananna ab externo, yBeaCKnepaﬂbeu?l OTTOK BHyTpl/II'J'IaSHOI;I XKNOKOCTU
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Glaucoma is one of the main causes of irreversible blindness
in the Russian Federation and it is the leading cause of visual
impairment among working age population. [1,2]. In 2013,
there were 1,180,708 patients registered with this diagnosis in
Russian Federation. According to the World Health Organization,
there are 60.5 to 105 million people worldwide suffering from
glaucoma. The disease turns blind 1 adult person every minute
and 1 child every 10 minutes [1].

Glaucoma is a multifactorial disease. Today, there is no
consensus as to its etiology and pathogenesis. The primary
goal of glaucoma therapy is to preserve the visual function,
which is mainly achieved through persistent normalization of
IOP by instillation of hypotensive drugs, laser therapy and/
or surgery [3, 4]. Some researchers report that in 62 to 82%
of patients’ glaucoma is at its advanced stages when it is
diagnosed for the first time; in such cases local instillation of
hypotensive medications are effective only for a short term [5].

Activation of the aqueous humor outflow through natural
pathway is probably the most promising surgery aimed to treat
POAG [6-9]. These paths are trabecular and uveoscleral outflow
pathways (UOP). From the point of view of surgery, UP boasts great
potential because of its anatomical and physiological features.
Some ophthalmologists believe that there is a link between the
uveoscleral outflow path and the eyeball and orbit's lymphatic
system [10]. Current glaucoma surgical techniques aimed at
activating the UOP imply cyclodialysis with implantation of various
types of drainage devices in the supraciliary space. In Russia,
the most common implants selected for such surgeries are auto
sclera strips [9]. In other countries, surgeons opt for CyPass Micro-
Stent (Transcend Medical; USA), iStent Supra (Glaukos; USA),
Gold Shunt (SOLX; USA), STARFIo (iSTAR Medical; Belgium), and
Aguashunt (OPKO Health Inc.; USA) [11-13].

A surgical UOP activation technique implying cyclodialysis
ab externo with implantation of NACI in the supraciliary and
suprachoroidal spaces has been developed. The implant
is usually used to prolong the hypotensive effect after non-
penetrating deep sclerectomy.

Purpose. To evaluate the effectiveness and safety of a
novice glaucoma surgical technique implying valve cyclodialysis
ab externo with implantation of NACI supraciliary space in
moderate and severe POAG patients.

METHODS

A total of 26 patients (26 eyes) aged 54 to 87 years (mean age
73.0 + 8.3; 12 male and 14 female), exhibiting severe POAG
were operated upon and under observation. Seventeen patients
(65.4%) exhibited severe POAG and 9 (34.6%) — terminal stage
of glaucoma.

The inclusion criteria were: POAG; concomitant pathology
(POAG and cataract); medically uncontrolled IOP informed
consent to participate in the study. The exclusion criteria
were narrow-angle glaucoma, secondary glaucoma, patients
exhibiting acute attack of glaucoma, and congenital glaucoma.
Neither previous cataract surgery nor previous glaucoma
surgery substantiated exclusion of participants from the study.
The post-surgery follow-up period was 12 months.

Eighteen patients (69.2%) had undergone simultaneous
surgery for concomitant pathology. Thirteen patients (50%)
were suffering from pseudoexfoliation syndrome. Eleven
(42.3%) patients had previously undergone glaucoma surgery.
The mean number of previous surgeries associated with
glaucoma was 1.6.

Before surgery, all glaucoma patients were instiling one
or a combination of two or more hypotensive drugs. Two
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(7.7%) patients were instilling 1 drug, 5 (19.2%) patients — a
combination of 2 hypotensive drugs, 15 (57.7%) patients —
3 drugs and 4 (15.4%) patients — a combination of 4 drugs.
Despite the local hypotensive therapy, the average IOP level
before surgery was 29.5 + 6.8 mmHg.

All  patients underwent the following standard
ophthalmological examination before surgery: visual acuity
checkup, tonometry (used Maklakov method with 10.0 g),
biomicroscopy, ophthalmoscopy, gonioscopy, ultrasound
biomicroscopy (UBM), B-scanning and optical coherence
tomography (OCT). The cyclodialysis cleft (CC) was monitored
with the help of a single-mirror goniolens, B-scanning and UBM
(Marvel B-scan with UBM, Appasamy medical equipment (P)
Itd; India) with the sensor operating at 50 MHz and 30 MHz and
up to 30 dB, and OCT (Visante OCT, Zeiss; Germany).

The patients were examined on 1st day, 1 week, 1, 3 and
6 months and 1 year after surgery. Each examination included
gonioscopy, tonometry, visual acuity testing. The anterior
chamber angle (ACA), CC condition and position of the implant
were registered with the AIA 11 slit lamp (Appasamy associates,
India) and its built-in Canon digital camera (Canon; China).

The main efficacy criteria were IOP dynamics, number of
hypotensive drugs used, number of intra- and postoperative
complications, and need for a repeat surgery. Descriptive
statistical methods were applied to analyze the results of
the study: mean, 95% confidence interval (Cl) and standard
deviation were calculated; Student's test was used to determine
the significance (P). Statistical processing of the digital data
was performed with the help of SPSS Statistics (IBM) 22.0
(USA) for Windows 10.

Nesterov—-Vurgaft-Kiselev—Tanyashina's table [14] was used
to convert tonometry IOP data into true IOP (P°).

Surgical outcomes were evaluated as per World Glaucoma
Association recommendations [15]. It was considered a
complete success if P° was <15 for moderate glaucoma
patients and <12 mmHg for severe glaucoma patients or when
the IOP decrease was by more than 30% against baseline, and
P° was >6 mmHg.

Further, a complete success was registered when the
target pressure was achieved without hypotensive medication;
in case additional hypotensive medications were required to
achieve the target IOP, the success was considered as partial.
Criteria for a failure were inability to achieve the target pressure
even with additional hypotensive medications and the need for a
repeat surgical intervention.

Surgery technique

The surgical field was prepared with 0.5% chlorhexidine
(ethanal) solution and 5% aqueous povidone-iodine solution
(Betadine, EGIS; Hungary), followed by instillation of local
anesthetic (proxymethacaine 0.5% solution, Alcaine) (Alcon;
USA) in conjunctival sac. A fixation suture was placed at
6 o’clock at the limbus (7-0 polypropylene). Two paracenteses
were made at 7-8 hours or 4-5 hours. The AC was irrigated
with 0.2 ml of 0.01% carbachol solution to constrict pupil
followed by irrigation with 1.4% hyaluronic acid to maintain AC
depth during surgery and, to avoid post-operative hypotony
and hyphema. A conjunctivotomy was performed parallel to the
limbus running from 10 to 13 hours. A 5 mm long conjunctival
flap was dissected. Minimal diathermocoagulation of the
superficial scleral vessels was performed when needed. Five mm
away from the limbus, a % thickness rectangular scleral flap
measuring 3 x 2 mm, was dissected with its base to the limbus
(Fig. 1A). In the next step, 4.0 mm away from the posterior
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border of the surgical limbus and parallel to it an incision up
to the ciliary body was made through remaining deep layers
of sclera. (Fig. 1B). At the extreme points of this incision,
2 vertical cuts (1mm long) were made towards limbus on either
side to create a valve. (Fig. 1C). A spatula was inserted through
paracentesis into the AC and cyclodialysis ab interno under
visual control was performed till its distal end appeared in the
incision (Fig. 1D). The spatula was withdrawn and cyclodialysis
was completed ab externo through the scleral incision (Fig. 1E).
The thus created cyclodialysis tunnel (CT) was filed with 0.1-0.2 ml
of cohesive viscoelastic (1.4% hyaluronic acid). Through the
scleral incision an angled long suture tying forceps with closed
tying platforms was inserted through the tunnel until its ends
were visible in the anterior chamber angle. At this stage the
arms of the forceps were released to widen the cleft as wide
as the incision in the sclera (Fig. 1F). Cyclodialysis was further
advanced under the back lip of the incision in the sclera to
expand it towards the suprachoroidal space. Next, using the
same angled forceps the NACI (pre-moistened in a balanced salt
solution) was captured between the tying platforms in such a way
that distal 0.5mm of tying platforms remained free (Fig. 1G).
Under visual control, the forceps with NACI was inserted
through the incision in the sclera and pushed forward until
the distal ends of the forceps and the NACI appeared in the
AC's angle. After this, the forceps was opened and withdrawn
carefully leaving the implant in the tunnel. The posterior end
of the implant was inserted under the back lip of the incision
into the suprachoroidal space (Fig. 1H). The NACI’s position in
the tunnel was checked (Fig. 11). Once satisfied, the superficial
scleral flap was put back in its place and sutured with
2 interrupted sutures (10-0 nylon). Conjunctiva was sutured to
the limbus using the same suture material. The corneal incisions
were sealed with corneal stromal hydration. At the end of the
operation, 0.2 ml of dexamethasone solution was injected
under the conjunctiva. Antibacterial ointment in the conjunctival

cavity and a sterile aseptic dressing were applied to the eye.
Conjunctival sutures were removed on 7th day after surgery.

Thus, the technique allowed to create a CT of sufficient
width to enable reliable communication between AC and
the supraciliary space that, in turn, communicates with the
suprachoroidal space, which is the key to the aqueous humor
outflow via UP.

The Xenoplast implants used in this study were customized
as per needs. Its dimensions were changed to 6.0 x 1.0 x 0.5 mm
instead of the standard 4.0 x 1.0 x 0.5 mm. This length was
necessary to have the implant reaching the suprachoroidal
space with 1 mm being left behind in the AC angle.

RESULTS

The mean baseline IOP was 29.5 + 6.8 mmHg. (95% ClI
26.6-32.3). Twelve months after surgery, the mean IOP was
18.8 + 4.3 mmHg. (95% CI 16.9-20.6; p < 0.01). The decrease in
IOP was by 33.8 + 18.8% against the baseline. Figure 2 shows
the IOP dynamics at different follow-up visits.

A significant decrease in IOP was registered in postoperative
period. As compared to baseline IOP, at 1, 3, 6 and 12 months
after surgery the decrease was by 37.6 + 16.4%, 33.6 = 10.7%,
32.1 + 18.0% and 33.8 + 18.8%, respectively.

The mean number of hypotensive medications used before
the surgery was 2.8 + 0.9 (95% Cl 2.5-3.2). Twelve months
after surgery this reduced to 0.6 =+ 0.9 (95% CI 0.2-0.9)
(o < 0.01), a reduction by more than 80%. Figure 3 shows use of
hypotensive medications at different follow-up visits.

Complete success was registered in 84.6% of cases
(22 patients) at 1 and 3 months after surgery, in 80.8% of cases
(21 patients) — at 6 months and in 73.1% of cases (19 patients) — at
12 months. Partial success was in 15.4% (4 patients), 15.4%
(4 patients), 19.2% (5 patients) and 26.9% (7 patients) of cases
at 1, 3, 6 and 12 months, respectively. There were no failures

Fig. 1. A. Dissection of limbal based superficial scleral flap (3 x 2 mm). B. Horizontal incision of the sclera's deep layers up to the ciliary body. C. Formation of
the valve by making 2 vertical incisions 1.0 mm long at both ends of the incision. D. Cyclodialysis ab interno step. Using a spatula inserted into AC through the
paracentesis the ciliary body was separated from the scleral spur, spatula's distal end exiting through the incision in the sclera. E. Completion of tunnel formation
ab externo. The spatula was inserted through the scleral incision, its end entered the AC; the ciliary body was detached from sclera along the entire length of the
incision. F. CT expansion with the help of suture tying forceps. G. NACI implantation into the supraciliary space. Pre-moistened in the balanced salt solution NACI
was captured between tying platforms of the forceps and was inserted into the tunnel through the incision in the sclera and was pushed forward till it appeared
in the AC angle. H. NACI implantation in the suprachoroidal space. Posterior end of the implant was captured with toothed forceps and inserted under the back

lip of the scleral incision into the suprachoroidal space. I. NACI position checkup
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Fig. 2. Graph showing IOP dynamics after cyclodialysis ab externo with implantation of NACI at different follow-up visits
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Fig. 3. Use of hypotensive medication by POAG patients at different follow-up visits

registered in this clinical study: up to 1 year after the surgery all
the participating patients had their IOP normalized.

In patients with partial success hypotensive drugs were
prescribed (1% and 2% pilocarpine, 0.5% timolol, 0.005%
latanoprost, 2% dorzolamide and their combinations), which
brought the IOP down to the target values and below.

In most of the cases, during surgery there was intraoperative
mild hemorrhage in the area of cyclodialysis. To prevent further
possible complications, the AC was irrigated with balanced salt
solution before hydrating the corneal incisions.

Post-operative follow-up

Early postoperative period. Filtration bleb. A flat bleb was
registered in 7 (27%) patients on the first day after surgery, in
4 (15%) patients it developed during the 1st week. In 1 patient
(4%) the bleb lasted for a period of 1 month. After 3 months
there were no filtering blebs noticed in any of the patients.

Hyphema. Through the entire follow-up period there was
only one case of hyphema. Its level measured less than 1 mm;
it self-resorbed within 3-5 days without any additional
medication. There were another 2 cases with some blood
elements in aqueous humour. In both cases it resolved without
interventions.

Hypotension and shallow AC. P° below 6 mmHg was
considered hypotension; this value corresponds to 14.5 mmHg
IOP value measured with a tonometer following the Maklakov
method with a weight of 10.0 g. The minimum IOP value
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registered after surgery was 15 mmHg, i.e. there were no
cases of hypotension. One patient had shallow AC; in this
case, a combined surgery was performed for a concomitant
pathology. An iris-claw intraocular lens (Appasamy associates,
India) was implanted in the retro pupillary space. The patient
had a pupillary block that needed laser iridectomy. After
iridectomy the block was resolved, and AC deepened.

There were no complications registered in the late post-
operative period. Gonioscopically, NACI was stable and
maintained its position in CT, no shift or total dislocation
was observed (Fig. 4). Also, there were no obvious signs of
inflammation observed.

Imaging of the formed outflow paths. To assess state
of the created CT and position of the implant in the tunnel
ultrasound B-scanning and UBM of the surgery zone, as well
as longitudinal and transverse OCT of the anterior segment
of the eye, were done (Fig. 5), (Fig. 6). Integrity of the CT at
12 months post-operatively was confirmed. The NACI was
in the supraciliary and suprachoroidal spaces, which were
expanded.

DISCUSSION

Today, there are many surgical techniques aimed at activating
aqueous humor outflow through natural paths [6-9, 11, 13].
The most interesting of them imply activation of the UOP
[6, 9, 11, 13]. The majority of UOP activation surgeries
include elements of cyclodialysis [16-18]. Some Russian
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Fig. 4. Gonioscopy view of the AC angle. A. 1 month after surgery. B. 12 months after surgery. NACI (black arrow) is in the CT; CC is clearly visible (red arrow)

Fig. 5. Ultrasound examination of the surgical area. Post-operative follow-up — 12 months. A. Ultrasonic B-scan. The cyclodialysis tunnel is clearly visible.
B. Ultrasonic biomicroscopy. The NACI is in the created tunnel. No dislocation was observed. Implants porous structure is clearly visible

Fig. 6. OCT of the anterior segment of the eye. Post-operative follow-up — 12 months. A. Transverse section. B. longitudinal section. The NACI in the supraciliary

and suprachoroidal spaces is clearly visible. The spaces are expanded

ophthalmologists suggested using autologous sclera as
drainage device in the context of the UOP outflow surgery [19].

Two-year observation of 55 refractory glaucoma patients
that underwent cyclodialysis ab externo and had Gold Shunt
drainage device implanted revealed that the IOP level stabilized
in 67.3% of cases aided by additional hypotensive medication.
Only 3 patients (5.5%) did not need supplementary therapy to
have the IOP level reach the target values. The registered post-
surgery complications were ciliochoroidal detachment, corneal
edema, and excessive filtering. The main factor that makes
Gold Shunt implants inefficient is formation of a thin fibrous
membrane that obliterates the front end of the drainage device [20].

There is a report [21] that states Gold Shunt inefficiency
in patients with advanced stages of glaucoma: 77% of
cases required repeat hypotensive surgery due to high IOP.
Examination of the 5 explanted Gold Shunt implants revealed
that the reason of their failure is the fibrous tissue that prevented
aqueous humor outflow through the CC and the implant's
slits [22].

In case of well-known CyPass Micro-Stent, which was
implanted in the supraciliary space ab interno while treating
a concomitant pathology secured, only a 14% reduction
of IOP at 12 months post-surgery [23]. The surgery lead to
complications, such as temporary hypotension, transient IOP
increase and microshunt slit obstruction. Other researchers
also reported CyPass Micro-Stent slit obstruction and CC
obliteration as the main cause of IOP decompensation [24].
Some ophthalmic surgeons used a YAG laser to reopen the
drainage; the procedure allowed restoring of fluid outflow
through the microshunt and normalizing IOP [25]. Recently,

Alcon discontinued its CyPass microshunt due to significant
loss of endothelial cells 5 years after implantation.

To date, there are few studies investigating Aquashunt and
iStent Supra systems in the context of glaucoma surgery [11, 26].
It should be noted that Aquashunt is implanted into the CC
ab externo, and iStent Supra — ab interno.

There are also reports describing the effect of
phacoemulsification on IOP in the early and late postoperative
periods in patients with POAC [27, 28]. Some authors noted a
3-3.5 mmHg increase in IOP in the early post-operative period
(up to 2 weeks). By the end of the first month after surgery
the IOP level returned to its pre-surgery values. At 3 months
authors noted a mean decrease in IOP by 3.1 mmHg from the
baseline [27]. Another study reported a decrease in IOP level by
1.7 £ 3.1 mmHg from the baseline at 12 months after surgery
[28]. In our study, 18 (69.2%) patients presented concomitant
pathologies that were treated simultaneously with the main
disease. The IOP level decreased by 11 + 7.3 mmHg from the
baseline at 12 months after surgery. The significant IOP decrease
at 12 months after surgery proves more marked hypotensive
effect by our technique than by phacoemulsification alone.

In this study cyclodialysis ab externo with implantation of
NACI has been advocated for severe glaucoma patients. The
surgery aims to activate outflow through UOP by forming a CT
connecting AC to the supraciliary and suprachoroidal spaces.
Implantation of the NACI in the CT ensures lasting and effective
opening of the tunnel, thus activating aqueous outflow through
UOP and secures persistence of the hypotensive effect.
Watertight closure of scleral incisions helps avoiding filtration
under the conjunctiva, which is unnatural. The surgery is
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minimally traumatic. Sclera was sectioned between two rectus
muscles so that the eyeball's mobility remained undisturbed.
Cyclodialysis ab interno was necessary to avoid any
descemet’s membrane detachment, while detaching the ciliary
body from the scleral spur. This is a common complication
occurred if the approach is ab externo. In our ab interno — ab
externo combined approach, a limited amount of ciliary body
is detached from the scleral spur ab interno, thus creating a
shallow cleft, which is then enlarged by ab externo approach.
The scleral valve facilitates insertion of instruments through the
scleral incision into supraciliary space, thus reduces trauma to
the ciliary body. The valve is also an eyeball anchor point, which
facilitates manipulations in the supraciliary space.

The NACI “Xenoplast” implanted into supraciliary and
suprachoroidal spaces was selected because of its high
biocompatibility with the eye tissues and lack of a pronounced
inflammation after implantation due to the material being non-
toxic and non-immunogenic [29]. The implant is available in dry
form; when wetted, it swells no more than 0.1%. Its porous
structure (pore size 200-700 pm) allows the fluid flow through
the entire structure. A large number of studies implying non-
penetrating deep sclerectomy with NACI implantation in the
intrascleral space demonstrate the high efficiency of this implant.
The authors reported a persistent decrease of the IOP level 1.5
years after surgery in patients with advanced glaucoma: the IOP
reached 13.0 + 0.5 mmHg without hypotensive medication [30].

In this series over the entire follow-up period not a single
failure case was registered. Obvious signs of inflammation,
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GUT MICROBIOTA OF HEALTHY NEWBORNS: NEW DIAGNOSTIC TECHNOLOGIES — NEW OUTLOOK
ON THE DEVELOPMENT PROCESS
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Currently, there are no criteria allowing to adequately assess composition and volume of the newborns' gut microbiota, which prevents early detection of the
pathological processes and appropriate intervention. This study aimed to apply the methods of culturomics, proteomics and molecular genetic technologies to
investigate the development of gut microbiota in healthy newborns delivered in the city of Moscow both vaginally and through a cesarean section. We examined
66 children, 33 of them delivered vaginally and 33 by cesarean section. The luminal bacterial flora samples were collected on the 1st, 7th and 30th days of life.
There were 136 species of microorganisms belonging to 40 genera identified. We established that cesarean section slows down normal development of the gut
microflora: through the follow-up period (1 month of life), gut microbiocenosis in such children did not yield the results on par with those registered in children born
vaginally. Bifidobacteria were significantly more common in the vaginal delivery group: 84% of 10°-10'2 CFU/g versus 33% of 10°~10"2 CFU/g in the cesarean
section group. At the same time, the former group had significantly less clostridia (33.3% and 65.4%, respectively) and lactose-negative Escherichia coli strains
(2.4 and 19.4%, respectively) than the latter group.
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MNKPOBMOTA KULLEYHUKA 3[00POBbIX HOBOPOXXAEHHbIX AETEW: HOBbIE TEXHONIOMN
AVNATHOCTUKU — HOBbI B3NS4 HA MPOLECC CTAHOBJIEHUSA

T. B. MpunytHesud!, E. J1. Vicaesa’, B. B. MypaBbeBa', A. b. lopnees'=, B. B. 3ybkos', Jl. A. Tumodpeesa', M. K. MecsH', E. LLly6uHa',
B. B. Makapos?, C. M. tOguH?
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2 LleHTp CcTpaTernieckoro nnaHMpoBaHns 1 yrpaBeHnst MeOMKO-OMONOrM4eCcK M prckammn 340poBbto, Mockea, Poccus

B HacTosiLLiee Bpems He CyLLECTBYET KPUTEPUEB a[IEKBATHON OLIEHKI Ka4ECTBEHHOMO 1 KONMHYECTBEHHOMO COCTaBa MUKPOBMOTbI KULLIEYHKA HOBOPOXAEHHbIX AETEN,
YTO He AaeT BO3MOXXHOCTY BbISIBUTb HA PAHHIX CPOKaX NaTofIOMMYECKUiA MPOLIECC N CKOPPEKTUPOBATL ero. Lienbto ncenenosaHns 6bio 13ydnTb CTaHOBNEHVE
MUKPOBMOTBI KULLIEYHMKA Y 300POBbIX HOBOPOXAEHHBIX B ropoae Mockse, pOXKAEHHbIX CaMOMPOW3BOSIBHO 1 MyTeM onepaLyin kecapesa Cevennsi, C MOMOLLbIO
METO0B KYJIETYPOMUKIA, MPOTEOMUKI 1 MONEKYNSPHO-TEHETUHECKUX TexHonormi. O6cnenosaHo 66 aetent: 33 pebeHka, POXXAEHHbBIX CaMOMPON3BOSBHO, U 33 — nyTem
onepaumn kecapesa ceveHnsi. O6pasLibl MPOCBETHOM MVKPOIOpL! CobMpani Ha nepsble, ceabMble 1 30-e CyTKM »XM3HW. BbigeneHo 136 BUOOB MMKPOOPraHU3MOB,
oTHocsALLwxes k 40 pofam. [NokasaHo, YT KecapeBO CeveHe TOPMO3UT MPOLLECC HOPMAaTTBHOMO CTaHOBMEHMSt MUKPOMIOPbI KULLEYHNKE, U B TEHEHWE 13yHaeMoro
nepuofa (MepBoro MecsLa »3HM) MUKPOBMOLIEHO3 KLLIEYHMKA Y TakmX AeTel He AOCTUraeT nokagartenen y AeTen, poXaeHHbIX Camonpom3BosbHO. CTatncTnHeckn
[IOCTOBEPHO B rpyrre camornpomr3BosbHbIX POLOB Npecbnafani bupnaodakTepum (HactoTa nx BcTpedaemocTu B Tutpe 10°-10'2 KOE/r coctasuna 84% npotuns
33% npw Tntpe 10°-10" KOE/r B rpynne kecapesa ceveHust). B To »ke Bpems y AeTen, poxaeHHbIX CaMOnpor3BOSbHO, MO CPAaBHEHWIO C AETbMU, POXKAEHHLIMN
nyTem Kecapesa CedveHuns, OTMeYeHa CTaTUCTUYECKM LOCTOBEPHO Oonee HM3Kas 4Yactora ObHapy»keHuns knoctpupuii (33,3 1 65,4% COOTBETCTBEHHO) U
NaKTo300TpMLATENBHBIX LUITAaMMOB Escherichia coli (2,4 n 19,4% COOTBETCTBEHHO).
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Today, the nature of microbial colonization of the human intestine, An in-depth study of the gut microbiota that implies
including that of the newborns, has changed significantly. The  application of the methods offered by culturomics, high-tech
reasons are the growing number of complicated pregnancies, isolated microorganisms identification (MALDI-TOF MS, 16S
stressful situations, poor environmental conditions and  rRNA gene sequencing) and metagenomic analysis can yield
uncontrolled intake of antibiotics. an expanded outlook of its species diversity.
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Against this background, the currently adopted gut
microbiota standards (composition and volume) [1-3] require
revision. To date, there are no clearly defined criteria for the
newborns’ gut microbiota assessment, the criteria that would
allow timely interventions addressing the problems detected
and early measures arresting pathological processes, such
as necrotizing enterocolitis in premature babies. Very few
researchers undertook statistical processing of the data
describing composition and volume of the newborns' gut
microbiota [4, 5].

This study aimed to apply the methods of culturomics,
proteomics and molecular genetic technologies to investigate
the development of gut microbiota in healthy newborns delivered
in the city of Moscow both vaginally and by a cesarean section.

METHODS

A cohort of healthy full-term newborns was selected for this
prospective study. The cohort was randomized by blocks,
which yielded two groups of children:

1) group | — 33 children delivered vaginally;

2) group Il — 33 children born by caesarean section.

The inclusion criteria were as follows: gestational age 38-40
weeks; Apgar score of 8-9 points (first and fifth minutes of
life); body weight over 2800 g. Blood and urine of the newborns
were tested for infectious pathologies or other factors that
could affect development of the gut microbiota. All children
were breastfed; feeding formulas were used in isolated cases
only. No mother had a prolonged latency period; 3 women
took antibiotics during pregnancy; 4 women had cervical
incompetence (6%). In the surgical delivery cases the women
received amoxicillin/clavulanic acid for prevention purposes
before and during surgery.

The feces were collected from the newborns three times: on
the 1st day, at the end of the 1st week and at the end of the 1st
month of life. The samples of meconium obtained during the
first bowel movement or feces collected from a sterile diaper
and put into a sterile plastic container were delivered to the
laboratory within 2 hours; plating was performed immediately
upon delivery.

We studied the gut microbiota using an extended range of
selective and non-selective culture media. The incubation was
done in aerobic, microaerophilic and anaerobic conditions.

Following the generally adopted methods [3, 6], we plated
meconium and feces on the following culture media. Isolation
of the facultative anaerobic and aerobic microorganisms:
Colombian blood agar, Brilliance chromogenic medium,
Salmonella Shigella Agar, Sabouraud Dextrose Agar (Oxoid;
Great Britain), mannitol salt agar (Himedia; India), Streptococcus
agalactiae detection and differentiation medium (CHROMagar;
France), Enterococcus Agar, Endo Agar (GITsPM i B; Russia).
Lactobacilli culturing: Lactobacillus Agar (GITsPM i B; Russia).
Obligate anaerobes isolation: Bifidobacterium Agar (Himedia;
India), pre-reduced Schaedler Agar with necessary additives,
Anaerobic Agar, Perfringens Agar, Iron Sulphite Agar, Clostridium
difficile selective Agar (Oxoid; UK). To culture microaerophiles,
we used a CO, incubator (Jouan; France) with the CO,
concentration of 5%. To culture obligate anaerobes, we used
an anaerobic box (Jouan; France) filled with a three-component
gas mixture (N, — 80%; CO, — 10%; H, — 10%). Thioglycol
broth (Oxoid; Great Britain) enabled sterility control.

The microorganisms were identified with the help of a MALDI-
TOF AutoFlex Il time-of-flight mass spectrometer powered by
the MALDI BioTyper v3.0 software (Bruker Daltoniks; Germany).
At SCORE > 2.0, the culture was marked as identified on the

species level (high probability of identification). At SCORE 1.7
1o 2.0, the culture was considered identified at the genus level.

When the SCORE was below 2.0, i.e. the strain was hard
to identify, we did the 16S rRNA gene sequencing. The Proba-
CiTo (DNA-Technology; Russia) reagent set enabled extraction
of the DNA. We used two DNA fragments for sequencing: an
amplicon of ~440 bp (positions 339-785 of the 16S rRNA gene)
and an amplicon of ~1340 bp (positions 42—-1380 of the 16S
rBNA gene). These were amplified using the DTprime detecting
amplifier (DNA-Technology; Russia). For sequencing, we
employed a 3130 Genetic Analyzer (Applied Biosystems; USA)
and used the BigDye™ Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems; USA) following the protocol provided by
the manufacturer. For species identification, the BLAST software
package (National Center for Biotechnology Information; USA),
freely available on the Internet, was used.

To determine differences in the frequency of occurrence of
microorganisms depending on the mode of delivery, we applied
the Fisher's exact test during statistical processing of the
data. Median and interquartile range were used as descriptive
statistics to characterize the degree of microbial contamination.

RESULTS

At the 1st time point we examined 66 children, 33 in each
group. The meconium of every 5th child was sterile; in group
Il such a situation was observed twice as often as in group
| (9 and 4 cases, respectively; p > 0.05). The non-sterile
meconia featured diverse microflora (63 species; the average
species diversity index was 3.8 species per child). The bacteria
isolated most often (in 60% of the vaginally delivered babies,
titer of 10%-10® CFU/g, and in 70% of the cesarean section
babies, titer of 10-10* CFU/g) were gram-positive facultative
anaerobic microorganisms of 10 genera: Staphylococcus,
Streptococcus, Enterococcus, Micrococcus, Gemella,
Globicatella, Granulicatella, Rothia; Corynebacterium, Bacillus.
It is noteworthy that in 12.2% of the group Il children and in
6.1% of the group | children we detected Staphylococcus
aureus (S. aureus). Escherichia coli, which normally makes
up a significant part of the normal intestinal flora, was isolated
thrice as often in the vaginally born babies (24.2% and
9.1%; p > 0.05). Same is true about other enterobacteria
(27% and 15%, respectively; p > 0.05). Only one baby had
Pseudomonas aeruginosa (group II).

Lactobacilli and bifidobacteria play the most important role
in the development of the newborn's gut microbiota. These
microorganisms were found as early as in the first day of life.
The size of the lactobacilli colonies was significantly greater in
group | (18% and 3%, respectively; p > 0.05); the lactobacilli
forming those colonies were Lactobacillus crispatus and
Lactobacillus jensenii, which are among the dominant species
in the vaginal microbiota of healthy women. Bifidobacteria were
also isolated more often in the sampled taken from the group |
babies (9% and 3%, respectively; p > 0.05); the bacteria were
Bifidobacterium bifidum, B. longum, B. adolescentis. Only
1 baby (group ) had bacteroids detected in the first day of life.
Other anaerobes (veillonella, prevotella and campylobacter)
were isolated almost exclusively in group II.

Through the first week of the study, some parents refused
to continue participation and some children contracted
an infectious disease. Therefore, at the 2nd time point we
examined 52 babies, 25 from group | and 27 from group Il

Compared to the 1st time point, the average species
diversity index increased almost 3-fold and reached
9.4 species per child. As in the first day of life, both groups
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had facultative anaerobic microorganisms (9 genera) detected
most often. Their titer increased considerably: in the vaginal
delivery group it was 10’-10"" CFU/g, in the cesarean section
group — 10102 CFU/g; the frequency of occurrence was 100%
in both groups. S. aureus became a more common bacterium:
we isolated it in 44% of the group | babies and in 55.6% of
the group Il babies. The diversity of enterococci expanded
from two to six species: Enterococcus faecalis, E. durans,
E. faecium, E. gilvus, E. avium, E. gallinarum. Same as in the
first day of life, E. faecalis dominated gut microbiota of the
majority of participants, colonizing the intestines of 80% of the
group | children and 88.9% of the group Il children.

The range of gram-negative facultative anaerobic bacteria
present extended from 6 to 15 species (Enterobacteriaceae).
E. coli was still detected more often in the vaginally born babies
(64% in group | and 44.4% in group II; p > 0.05). The frequency
of isolation of other enterobacteria was approximately the same
in both groups.

The composition of lactobacilli species extended with
L. paracasei, L. curvatus, L. gasseri, L. fermentum, L. rhamnosus.
[t should be noted that the species of lactobacilli dominating
vaginal microbiota of healthy women (L. crispatus, L. jensenii n
L. gasseri) were only found in the group | children.

We registered statistically significant differences in the
representation of bifidobacteria. In group | such were detected
in 84% of samples with the titer of 10°-10'2 CFU/g, and in group
Il the figure was only 33%, with the titer of 10°-10" CFU/g
(o < 0.05). The number of bifidobacteria species grew from 3
to 7: B. adolescentis, B. breve, B. dentium, B. catenulatum,
B. bifidum, B. longum, B. animalis. Some were detected only on one
of the groups: B. adolescentis and B. catenulatum (group |
exclusively) and B. dentium and B. animalis (group Il exclusively).

By the seventh day of life, microbiota became significantly
more diverse, adding 11 new genera of other obligate
anaerobes: Bacteroides, Parabacteroides, Veillonella,
Clostridium, Fusobacterium, Ruminococcus, Eubacterium,
Eggerthella, Actinomyces, Collinsella, Propionibacterium. The
bacteroids represented by Bacteroides fragilis, B. ovatus,
B. vulgatus, B. uniformis, Parabacteroides distasonis were only
detected in children born vaginally. We registered no significant
difference in the frequency of detection of clostridia (Clostridium
perfringens, C. butyricum, C. innocuum, C. tertium). One baby
from group Il had C. difficile. Veilonella colonies grew larger in
both groups.

Thus, by the 7th day of life microbiota of the participants
featured significantly more species of various genera, both
facultatively anaerobic and obligate anaerobic. Bifidobacteria,
lactobacilli and bacteroids were prevalent in group |.

At the 3rd time point we examined 50 children, 24 from
group | and 26 from group ll. The average species diversity
index was 9.4 species per child. As in the earlier periods, gram-
positive facultative anaerobic bacteria (7 genera) were the most
common. The frequency of detection of S. aureus remained
largely unchained compared to the 7th day in group | (58.3%)
and significantly increased in group Il (76.9%). There were
2 new species of enterococci detected: E. casseliflavus and
E. raffinosus.

As for the composition of gram-negative facultative
anaerobic microflora, we isolated 11 Enterobacteriaceae species
and 1 species of non-fermenting bacteria, Stenotrophomonas
maltophilia. E. coli were still detected more often in the vaginally
born babies (75% in group | and 61.5% in group II; p > 0.05).
Samples from the group Il children had other enterobacteria
slightly more often (66.7% and 73%, respectively; p > 0.05).

The number of lactobacilli expanded to 15 species with
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L. reuten, L. casei, L. vaginalis, L. brevis, L. helveticus, L. acidophilus;
we detected twice as many species in group |. As for the
bifidobacteria, there was only 1 new species detected,
B. ruminantium. The most common were B. longum (58.3% in
group | and 26.9% in group Il) and B. bifidum (33.3 and 34.6%,
respectively).

The new obligate anaerobes discovered were Sutterella and
Peptoniphilus. Except for 1 case, bacteroids (6 species) — B. fragilis,
B. thetaiotaomicron, B. vulgatus, B. uniformis, B. cellulosilyticus,
Parabacteroides distasonis, — were detected in vaginally
delivered babies exclusively.

We started seeing a statistically significant difference
in the frequency of detection of clostridia (C. perfringens,
C. butyricum, C. tertium, C. ramosum, C. paraputrificum,
C. difficile): 33.3% of children in group | and 65.4% in group I
(o < 0.05). There were twice as many species of clostridia in
group Il. One child from group Il had C. difficile.

Candida yeast was found in both groups only on the 30th
day of life; less than 10% of children had them.

Thus, regardless of the method of delivery, on the 30th day
of life the gut microbiota featured multicomponent microbial
associations of facultative and obligate anaerobes. At the
same time, certain differences between obligate and transient
microbiota components became obvious. The composition of
lactobacilli was more diverse (almost twice as many species) in
babies delivered vaginally, the species detected more often in
their samples were those inhabiting vagina of healthy women.
Bacteroids were predominantly isolated in the same group |
children, while clostridia, with greater variety of species, were
more peculiar to the C-section babies. The conditionally
pathogenic facultative anaerobes (S. aureus and enterobacteria,
with the exception of E. coli) more often colonized children by
a cesarean section.

The hemolytic strains of Enterococcus sp. and E. coli
occurred with the same frequency in both groups:
Enterococcus sp. — 8.3% in each group, and E. colf— 9.5 and 9.7%,
respectively. Lactose-negative strains of E. coli were isolated in
the group Il children 8 times more often than in group |, which is
a significant difference (19.4 and 2.4%, respectively; p < 0.05).

Overall, we isolated and identified 136 species of
microorganisms of 40 genera: Staphylococcus, Streptococcus,
Corynebacterium, Micrococcus, Enterococcus, Rothia,
Bacillus, Neisseria, Haemophilus, Gemella, Globicatella,
Granulicatella, Escherichia, Klebsiella, Raoultella, Kluyvera,
Enterobacter, Citrobacter, Proteus, Morganella, Pantoea,
Pseudomonas, Stenotrophomonas, Candida, Lactobacillus,
Bifidobacterium, Bacteroides, Propionibacterium, Veillonella,
Clostridium, Ruminococcus, Eggertella, Fusobacterium,
Eubacterium, Actinomyces, Collinsella, Prevotella, Campylobacter,
Peptoniphilus, Sutterella.

Identification of genera of 36 isolated bacteria (SCORE
< 2.0) required 16S rRNA sequencing. In most cases,
sequencing results confirmed findings of the MALDI-TOF MS
study. Only for 5 isolates 16S rRNA gene sequencing was the
only method allowing reliable identification. In some cases with
closely related microorganisms it was not possible to identify
the species neither with sequencing nor with MALDI-TOF
MS. These species were: Bifidobacterium kashiwanohense/
Bifidobacterium  pseudocatenulatum/Bifidobacterium  catenulatum,
Lactobacillus casei/Lactobacillus paracasei, Actinomyces
naeslundii/Actinomyces viscosus, Actinomyces radingae/
Actinomyces ihumii. Eleven isolates produced discrepancies
in identification: for 7 of them, it was impossible to find out
the genera correctly with the help of MALDI-TOF MS, and 4
presented problems with the species identification.
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The table presents generalized data on the frequency of
occurrence and degree of microbial contamination of the
newborns' intestines depending on the method of delivery;
the data allows preliminary characterization of the indicators
peculiar to microflora of healthy children.

DISCUSSION

Until recently, it was believed that the gastrointestinal tract of
a newborn remains sterile for the first 10-20 h (aseptic phase)
[7], and the bacteria first to colonize the intestines of a vaginally
delivered child are the lactobacilli from the mother’s vaginal
microflora [8-11]. However, some experimental research
efforts gave rise to another point of view [12]. According to
the recently published data, a fetus receives foundation of the
gut microflora through bacterial translocation from his mother
during the second half of pregnancy; some researchers argue
sterility around the fetus [13-15]. In our study, we found that the
meconium collected during first defecation in the first hours of
life was unsterile in 53 of 66 newborns (80%), which does not
exclude intrauterine colonization.

The published works state that the first hours and the
first day of life are the time of active colonization, when the

colonies of Escherichia coli, enterococci develop rapidly; the
period is known as the growing colonization stage and its
course is independent from the degree of maturity, perinatal
fetus development conditions and the type of feeding [16-19].
The enterobacteria titer during that period reaches 10° CFU/g
of feces [20], and the anaerobes — bifidobacteria, lactobacilli,
bacteroids — are usually absent [21]. According to the data
we obtained, the first hours of life were the time when the
intestines were mainly colonized by the gram-positive cocci
(Staphylococcus spp, Streptococcus spp), and the cesarean
section babies had larger colonies than the vaginally delivered
children (frequency of occurrence 70 and 60.6%, titers up to 10*
and 10° CFU/g, respectively). During this period, enterobacteria
and obligate anaerobic microorganisms were discovered rarely
and with low titers. At the same time, already in the first hours
of life microbiota of the vaginally born children featured more
bifidobacteria and lactobacilli than that of babies delivered by
a Caesarean section: 9 and 3%, respectively, and 18 and 3%,
respectively. Bacteroids were detected only in 3% of children
born vaginally. A possible reason for the discrepancy between
our data and the results demonstrated by other authors is the
fact that we aimed to obtain the sample biomaterial directly
during the first act of defecation of the newborn.

Table. Frequency of occurrence, median and interquartile range of the degree of contamination of feces with microorganisms

1t day of life (n = 66) 7t day of life (n = 52) 1%t month of life (n = 50)
Characteristic
Vaginal delivery | Cesarean section Vaginal delivery Cesarean section | Vaginal delivery | Cesarean section
E. coli
Frequency of occurrence 24% 9% 64% 44.40% 70.80% 61.50%
Median (CFU/g) 102 102 108 10° 10° 10°
Interquartile range (CFU/qg) 102 10%-10°8 108-10° 10810 10810 108-10"°
Other enterobacteria
Frequency of occurrence 27% 15% 68% 66.70% 66.70% 73%
Median (CFU/g) 108 108 10° 10° 10° 10°
Interquartile range (CFU/g) 10%-10* 10%-10° 108-10" 10°-10" 108-10" 109-10"
Gram-positive facultative anaerobic and aerobic bacteria
Frequency of occurrence 60.60% 70% 100% 100% 100% 100%
Median (CFU/g) 102 102 10° 10° 108 10°
Interquartile range (CFU/qg) 102 10%-10° 108-10"° 108-10"° 107-10° 107-10°
Bifidobacteria
Frequency of occurrence 9% 3% 84% 33% 83.30% 53.80%
Median (CFU/g) 102 102 10" 10 10" 10"
Interquartile range (CFU/qg) 10%-10°8 102 10°-10" 106-10" 10'°-10" 10'°-10"
Lactobacilli
Frequency of occurrence 18% 3% 28% 37% 58.30% 69%
Median (CFU/g) 102 10% 10° 108 108 108
Interquartile range (CFU/qg) 102 102 10°-10"° 10%-10"° 10%-10"° 107-10"°
Bacteroids
Frequency of occurrence 3% 0 32% 0 25% 3.80%
Median (CFU/g) 10? 0 10° 0 10" 10°
Interquartile range (CFU/qg) 102 0 10°-10" 0 10 10°
Clostridia
Frequency of occurrence 0 0 32% 40.70% 33.30% 65.40%
Median (CFU/g) 0 0 107 10° 10105 1008
Interquartile range (CFU/g) 0 0 10°-10° 10°-10" 106-10" 108-101
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Further on, healthy babies have anaerobic and facultative
anaerobic components of their microflora grow actively, the
volumes reaching 10°-10” CFU/g [15]. By the 6th day, aerobic
and anaerobic parts of the microflora become balanced,
then bifidobacteria and lactobacilli begin to develop rapidly
and by the 2nd month of life they reach 10°-10'" CFU/g.
According to other researchers, days 3-5 mark the beginning
of the microflora transformation stage, which results in
bifidobacterial flora replacing other microorganisms. This is
when bifidobacteria become the core (resident) microflora of
the intestines [22-24]. The bifidoflora grows dominant by the
5-20th day of life [25]. Our discoveries are different: the total
number of microorganisms increases, reaching 10'%-'2 CFU/g.
This suggests that the facultative aerobic and obligate anaerobic
components of the microbiota also achieve balance by the
first week of life, but there are more various microorganisms
colonizing the intestines. Another fact deserving a special note
is that in the group Il babies bifidobacteria did not colonize the
gut actively while obligate anaerobes prevailed there (mainly
veilonella, clostridia).

By the end of 1st month of life, both groups had the
anaerobic part of microbiota taking leading positions; the
dominant species were those of bifidoflora. Nevertheless, we
detected bifidobacteria only in half of the babies delivered by
the caesarean section, while in the vaginally born babies this
indicator reached 83%.

The B. longum subsp. infantis, B. animalis subsp. lactis,
B. breve, B. bifidum bacteria peculiar to the first year of life
produce anti-infammatory effect and contribute to the
development of the Th1 immune response. In adults,
the predominant strains are B. longum subsp. longum,
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PREDICTION OF BACTERIAL VULVOVAGINITIS IN GIRLS AT DIFFERENT TANNER STAGES
OF SEXUAL DEVELOPMENT

Kazakova AV'®S, Uvarova EV?, Limareva LV', Trupakova AA!, Mishina Al'

' Samara State Medical University, Samara, Russia
2 Kulakov Federal Research Center for Obstetrics, Gynecology, and Perinatology, Moscow, Russia

At present, there is a paucity of research studies that comprehensively investigate the factors causing vulvovaginitis in young females. The aim of this work was
to propose an algorithm for predicting the risk of vulvovaginitis in young girls and adolescents. The study recruited 252 healthy girls, who were stratified into a
few groups depending on their sexual development on the Tanner scale. The composition of vaginal microbiota was determined in all the participants using real-
time polymerase chain reaction (PCR); distribution of allele and genotype frequencies was assessed for the polymorphic variants of genes coding for pro- and
anti-inflammatory cytokines. Based on the obtained data, we created a functional model for predicting the risk of vulvovaginitis in girls at different stages of sexual
development. Favorable risk factors for Tanner | girls included predominance of obligate anaerobes in vaginal microbiota and the polymorphic IL10 variant (C-819T)
homozygous for TT. The sensitivity of the model was 80%, its specificity was 78%. Favorable risk factors for prepubertal and pubertal girls included predominance of
aerobes in the composition of vaginal microbiota and the presence of the TT allele in the polymorphic IL10 gene variant (C-3953T). The sensitivity of the model was
58.3%, whereas specificity, 94.1%. This study provides the rationale conforming with the principles of evidence-based medicine for using prevention measures in
the groups at risk for vulvovaginitis at young age. The proposed measures allowed us to reduce the relapse rate of bacterial vulvovaginitis threefold.
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CMNOoCOB NMPOrHO3NMPOBAHUA BAKTEPUAJIBHOIO BYJIbBOBAI'MHUTA Y AEBOYEK
B 3SABUCMOCTWN OT CTAOUN NMOJIOBOIO PA3BUTUA COIMMACHO LLUKAJIE TAHHEPA

A. B. Kazakosa' = E. B. Yesaposa?, J1. B. Jlumapesa', A. A. Tpynakosa', A. V. MuiumnHa'

" CamapcKuii rocyfapCTBeHHbIN MeagULIMHCKIUIA yHuBepcuTeT, Camapa, Poccus
2 Hay4Hbll LEHTP akyLllepcTBa, MHeKonorum 1 nepuHatonorum nvenn B. V. Kynakosa, Mocksa, Poccus

Ha coBpemeHHOM aTane Masio Hay4HbIX PaboT MO BCECTOPOHHEMY M3YyHeHUIO (hakTOPOB, MPUBOASALLYMX K BYNbBOBArVHUTY Y AeBoqek. Llensto nccnenosaHus 6biio
pagpaboTaTtb nporpaMmy MporHO3MPOBaHNSA prICKa By/bBOBarvH1Ta 'y AEBOYEK B AETCKOM 1 NOAPOCTKOBOM BO3pacTe. B nccnenosaHnn npuHanm ydactvie 252
3[,0POBble AEBOYKM, KOTOPbIX PA3AENMIN Ha FPYNMbl B 3aBUCMMOCTY OT CTaAumM NMOIOBOrO Pas3BuTUs Mo TaHHePY. Y BCex ObI1o NPOBEAEHO OnpefeneHne cocTasa
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In recent years, there have been reports of declining health
statistics and the growing incidence of reproductive and
gynecological disorders in children and adolescents [1-4].
Due to its high prevalence in children of all ages, genital
inflammation is regarded as a clinically important problem [5-7].
Vulvovaginitis is the most common type of inflammatory genital
conditions (84.2%) in girls under 10 years of age [8-10].
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In young females, the main susceptibility factors include
hormonal changes, lifestyle, poor intimate hygiene, and
genetically determined features of immune response [11-14].
Early age of sexual initiation is one of the factors disrupting
reproductive health and provoking dysbiosis of vaginal
microbiota [15]. A greater threat is posed by self-medication
practices and delays in seeking medical advice.
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Local immunity response affects the composition of vaginal
microbiota and plays a leading role in driving inflammation
[16]; however, the mechanisms maintaining immune tolerance
remain understudied [17,18].

Hygiene is an important aspect of sexual education.
However, although hygiene practices are well-established and
based on solid scientific evidence, hygiene habits differ across
regions and among individuals with different social background.
Unlike genetic factors that affect physical development and
shape immune response, intimate hygiene and reproductive
behavior can be modified to improve health. New approaches
are needed to predict and prevent the risk of vulval and vaginal
inflamnmation in young females.

The aim of this study was to develop a program for predicting
the risk of vulval and vaginal inflammation in girls at different
stages of sexual development. For that, we identified social,
hygienic, clinical, and molecular-genetic prognostic markers
of vulvovaginitis; proposed a prognostic model for predicting
vulvovaginitis in girls; assessed the clinical effect of original
prevention measures against vulval and vaginal inflammation in
girls at different stages of sexual development.

METHODS

The study was conducted at the Outpatient Pediatric
Department Ne 1 (Samara City Clinic Ne 13) from February
2013 to August 2016. The study recruited 252 healthy girls
presenting for an annual check-up at the Clinic. All participants
were stratified into a few groups according to their age. Age
intervals reflected the stages of sexual development on the
Tanner scale. Considering that the composition of vaginal
microbiota in young girls is age-dependent, prognostic models
were built for different sexual development stages: group 1
included 74 Tanner | girls and group 2, 178 Tanner -V girls.

The following inclusion criteria were applied: age from 2
to 17 years, the absence of health complaints; no somatic or
gynecological disorders; normal physical, psychological and
sexual development.

Exclusion criteria were as follows: the use of antibacterial
drugs in a month preceding the examination; acute inflammatory
diseases at the time of examination and swab collection.

All girls and their mothers were interviewed using a
questionnaire. Questions were asked about hygiene habits
of mothers and their daughters and sexual behavior of the
participants. Additionally, we studied 226 vaginal and 226
buccal swabs obtained from the girls.

Before the tests, complaints were taken, physical (height,
weight, BMI) and sexual development (Tanner stage, external
genital examination) was evaluated. Intimate hygiene practices
were also assessed.

Swabs were collected from vaginal vestibule mucosa or
the posterior fornix through hymenal rings using a standard
swab kit. DNA of opportunistic microorganisms (OMs) was
assayed in real-time PCR using a Femoflor-17 reagent kit
(DNA-Technology; Russia) for profiling the composition of
genitourinary microbiota. The following parameters were
assessed: quality control of sample collection (SCQC); total
bacterial mass (TBM); the presence of mollicutes (Mycoplasma
hominis, Ureaplasma spp.), yeast (Candida spp.), bacteria
(Lactobacillus spp., Enterobacterium spp., Streptococcus
spp., Staphylococcus spp., Gardnerella vaginalis / Prevotella
bivia / Porphyromonas spp., Eubacterium spp., Sneathia
spp. / Leptotrichia spp. / Fusobacterium spp., Megasphaera
spp. / Veillonella spp. / Dialister spp., Lachnobacterium spp.
/ Clostridium spp., Mobiluncus spp. / Corinebacterium spp.,

Peptostreptococcus spp., Atopobium vaginae), and pathogens
(Mycoplasma genitalium). SCQC was valid in all cases,
confirming the objectivity of the subsequent results analysis.

Considering the immune mechanisms underlying vulval and
vaginal inflammation, we studied the distribution of allele and
genotype frequencies for the following polymorphic variants
of anti- and pro-inflammatory cytokine genes using PCR: IL18
(T-31C), IL1B (T-511C), IL1B(C-3953T), IL1B (G-1473C) in the
IL1B gene; IL6 (C-174G) in the IL6 gene; TNFa (G-308A) in the
TNFa gene; IL10 (G-1082A), IL10 (C-592A), IL10 (C-819T) in
the IL10 gene; TGFB1 (Arg25Pro) in the TGFp, gene in order to
identify the role of polymorphisms of immune response genes
in the development and clinical course of the pathology.

Decision trees were constructed using the classification
and regression tree algorithm (CART). Briefly, each decision
tree node had two children. In each step, the rule generated by
the node split the dataset into two subsets: the one where the
rule was satisfied and the other where it was not. The computer
algorithm selected the attribute on which the node was split,
determined the splitting value and decided when to stop tree
bulding. The optimal rule was selected using the function for
splitting quality assessment based on the Gini index [19].

The following groups of attributes were used to build our
decision trees:

— information about vaginal microbiota obtained with the
Femoflor kit (expressed as gram-equivalents and as percentage
relative to TBM);

— results of molecular-genetic tests of polymorphic variants
of genes coding for the selected cytokines;

—information about hygiene habits obtained from
questionnaires (intimate washing, showering, changing underwear
regularly, etc.).

Additionally, we calculated the ratio of lactobacilli (aerobes)
to obligate anaerobes.

Testing the proposed recommendations on prevention

The obtained data were used to develop a set of prevention
measures. To test their effect, we conducted a prospective
study that enrolled 167 girls. The main group (n = 52) was
given original recommendations proposed in this work; the
control group (n = 115) received standard recommendations
from a pediatric gynecologist. The girls were followed up for
one year; then, the obtained data were statistically analyzed in
compliance with the principles of evidence-based medicine [20].

Statistical analysis

The obtained data were saved to and processed in Microsoft
Excel. Statistical analysis was performed using the SPSS 21
software (IBM SPSS Statistics; USA, license 20130626-3). The
applied methods of descriptive statistics included calculation
of the arithmetic mean and its deviation (M + m) or, in case
of skewed distribution, the median and the quartile range.
Information about the analyzed microorganisms was saved to
a table; we specified the number of girls who had the identified
species and the mean concentration of the microorganism
expressed as a decadic logarithm (Ig). Mean values were
calculated only for the subgroup of girls who had the
microorganism. For such variables as past infections, hygiene
practices and genotypes, contingency tables were constructed
and Pearson’s chi-squared was calculated.

The quality of classification was assessed using ROC-
curves and evidence-based medicine criteria: sensitivity and
specificity.

BECTHVIK PIMY | 5, 2019 | VESTNIKRGMU.RU



RESULTS

Considering that the composition of vaginal microbiota depends
on age, we built models for predicting the risk of vulvovaginitis
in 2 groups of girls at different Tanner stages: group 1 (Tanner 1)
and group 2 (Tanner [I-V).

The prognostic model for Tanner | girls is shown in Fig. 1.
The presence of the following two prognostic markers was
considered a favorable risk factor: predominance of obligate
anaerobes in the composition of vaginal microbiota and the
polymorphic IL10 variant (C-819T) homozygous for TT. If any of
these two conditions was not satisfied or lactobacilli dominated
the composition of vaginal microbiota or there was at least
one C allele in the IL10 gene, this led to an increased risk of
vulvovaginitis in girls from group 1.

The quality of prediction was assessed by constructing a
contingency table for observed and predicted outcomes (Table 1).
Nine predictions were false-positive (vulvovaginitis was
predicted by the model but the girl turned out to be healthy).
Three predictions were false-negative. In group 1, the sensitivity
of the applied method was 80%, whereas specificity — 78%.

Based on the constructed decision tree, the prediction
algorithm for Tanner | girls was as follows:

1. If the proportion of aerobes was > 34%, then the risk of
vulvovaginitis was estimated as probable. If the proportion of
aerobes was < 34%, the algorithm proceeded to step 2.

2. If locus 819 of the IL10 gene was homozygous for the TT
allele, then the risk of vulvovaginitis was considered minimal. If
this locus was homozygous for the C allele (the CC genotype) or
heterozygous (the CT genotype), then the risk of vulvovaginitis
was estimated as high.

The prognostic model for predicting the risk of vulvovaginitis
in Tanner II-V girls is shown in Fig. 2. Favorable risk factors in
prepubertal and pubertal girls included aerobic predominance
in the composition of vaginal microbiota and the presence of
the TT allele in the polymorphic IL10 gene variant (C-3953T).
If any of these two conditions was not satisfied (the smaller
proportion of aerobes, the presence of at least one C allele in

IL10 (C-819T)

Homozygous
for TT allele

Overall risk for

vulvovaginitis

Fig. 1. The algorithm for assessing the risk of bacterial vulvovaginitis in Tanner | girls
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the IL10 gene), then an increased risk of vulvovaginitis in girls
from group 2 was inferred. The sensitivity of the prognostic
models was 58.3%, whereas specificity, 94.1%.

The prediction algorithm for Tanner II-V girls was as follows:

1. If the aerobic content expressed as genomic equivalents
was < 6.15, the algorithm proceeded to step 2. If the aerobic
content expressed as genomic equivalents was > 6.15, the
algorithm proceeded to step 4.

2. Ifthe IL10 (C-592A) gene was homo- or heterozygous for
at least one A allele, the risk of vulvovaginitis was estimated as
minimal. If the polymorphic IL10 (C-592A) gene carried the CC
genotype, the algorithm proceeded to step 3.

3. If a girl showered every day, she was at minimum risk
for vulvovaginitis. If showering was not regular, the risk for
vulvovaginitis was estimated as high.

4. If the IL1B (C-3953T) gene had the TT genotype, the risk
for vulvovaginitis was minimal. If this gene had the CT or CC
genotype, we proceeded to step 3.

It is known that a substitution of the T allele for the C allele
at position -3953 in the IL1B gene results in a decreased
production of proinflammatory IL1B and is clinically associated
with a weaker immune response to an antigen. In combination
with inadequate hygiene practices, this factor can be decisive
in triggering inflammation.

When the A allele is substituted for the C allele at position
-592 of the IL10 gene, the production of IL10 increases. IL10 is
an anti-inflamsmatory cytokine; its overproduction during immune
response to infection can undermine the effect of immune defense
mechanisms. Although IL10 overproduction is determined
genetically, the decision tree demonstrates that this factor exerts
its negative impact only in case of poor hygiene practices.

Summing up, the use of decision trees allowed us to create
a convenient and functional prognostic model for assessing the
risk of vulvovaginitis and to analyze different allele combinations
and their interplay.

Based on the reliable risk factors identified by our regression
model, we proposed the following prevention measures for the
girls over 16 years of age at risk for vulvovaginitis.

Proportion of anaerobic
microorganisms
in TBM

High risk for
vulvovaginitis

High risk for

vulvovaginitis

107
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Table 1. Quality of prediction

Predicted by the model
Observed Total
Healthy Vulvovaginitis
Healthy 32 9 41
Vulvovaginitis 3 12 15
Total 35 21 56

Tanner | girls were recommended 1) seeking medical advice
with medical professionals immediately if genitourinary or ENT
infections were noticed; 2) showering daily and changing
underwear regularly; 3) washing the intimate area twice a day;
4) seeing a gynecologist once a year.

Tanner II-V girls were recommended 1) seeking medical
advice with an allergist and regular check-ups in case of any
allergies; 2) showering daily and changing underwear regularly;
3) washing the intimate area twice a day; 4) sexual initiation
not earlier than 17 years; 5) safe sexual behavior: using reliable
methods of contraception, sticking to one sex partner; 6)
seeing a gynecologist once a year.

To assess the effect of our original prevention measures,
we calculated the values for a number of quantitative indicators
according to the recommendations by Kotelnikov GP and
Shpigel AS [20]. A contingency table was constructed for
additional prevention measures and relapses (Table 2).

Study results are shown in Tables 3 and 4. The 2 main
indicators used to calculate the effect of prevention measures
were relapse rates in the main (treatment) and control groups
(RRM, RRC):

RRM = a/ (a+ b);
RRC =c/(c+ a).

95% CI for RRM and RRC was calculated using the Wilson
method.

RRM was 17.3% (95% Cl: 9.4-29.7%); RRM, 34.8% (95%
Cl: 26.7-43.9%); p = 0.035 (Pearson’s x> was applied).

< =6.15

IL10 (C-592A)

Homozygous for
CC allele

Homozygous
for AA allele or
heterozygous CA

Showering

Every
day

Not every
day

Overall risk for

Overall risk for
vulvovaginitis

High risk for
vulvovaginitis

vulvovaginitis

Aerobic content

The difference between the relapse rates in the main and
control groups was estimated using the values of relative and
absolute risk reduction (RRR, ARR).

RRR represented the decrease in the relapse rate in the
main group relative to the control group:

RRR = (RRC - RRM) / RRC.

ARR represented the difference between the relapse rates
in the main and control groups:

ARR = RRC — RRM.

95% CI for RRR was calculated using the method proposed
by M. Gardner and D. Altman; 95% CI for ARR was calculated
using the method proposed by L. Bjerre and J. Lelorier [21, 22].

In this study, the relapse rate in the main group dropped by
17.5% (95% Cl: 2.7-29.5%), i.e., twofold:

RRR = (34.8 — 17.3) / 34.8 x 100% = 50.2%.

OR for the relapse rate with Cl calculated according to
J. Bland and D. Altman, was 0.39 (95% ClI: 0.17-0.89).

Subsequently, we calculated the number of patients (NP)
who had to follow the proposed prevention strategy in order
to prevent the poor outcome in one patient. NP equals the
reciprocal of ARR (if ARR is expressed as percentage, then
NP=100% / ARR); its Cl is reciprocals of the upper and lower
limits of 95% CI: ARR.

IL10 (3953T)

Heterozygous
for CT allele or

homozygous for
CC allele

Homozygous

Showering for TT allele

Not every
day

High risk for Overall risk for

vulvovaginitis

Overall risk for

vulvovaginitis vulvovaginitis

Fig. 2. The algorithm for assessing the risk of non-specific genital inflammation in Tanner II-V girls
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Table 2. The contingency table

Groups Relapse No relapse Total
Main group— prevention measures proposed in the study a b a+b
Control group — follow-up observation c d c+d
Total a+c b+d a+b+c+d
Note: a — relapse, b — no relapse, ¢ — relapse, d — no relapse.
Table 3. Outcomes of the proposed prevention measures
Effect of prevention measures
Groups Total
Relapse of vulvovaginitis No relapse observed
Main group: prevention measures applied 9 43 52
Control group: observation 40 75 115
Total 49 118 167

Table 4. Indicators of intervention effect

Indicator Abbreviation Value, %
Relapse rate in the main group RRM 17.3 (9.4-29.7)
Relapse rate in the control group RRC 34.8 (26.7-43.9)
Relative risk reduction RRR 50.2 (5.1-73.9)
Absolute risk reduction ARR 17.5 (2.7-29.5)
Number of patients to be treated NP 6 (3-38)
Relative risk RR 0.5 (0.26-0.95)
Odds ratio OR 0.39 (0.17-0.89)
X? with Yates’ correction be 4.47
P P 0.035

NP = 100% / CAP = 100% / 17.5% = 6.

This means that if 6 girls at risk for vulvovaginitis strictly follow
our recommendations, then at least one of them will not
develop vulvovaginitis within a year. It should be noted that for
our sample size, Cl for NP is 3 to 38 individuals.

Comparison of relapse rates in the group that was given
original recommendations and the statistics on the prevalence
of vulvovaginitis in the population confirmed the positive effect of
the proposed prevention strategy. Relapses occurred in 17.4%
of the girls form the group at risk for the pathology (Clopper—
Pearson 95% Cl was 8.6-31.4%). In the follow-up period,
6 girls developed clinical symptoms of nonspecific vulvovaginitis;
the vaginal swabs obtained from 3 of those 6 girls revealed
bacterial contamination. Those figures differed significantly
(o < 0.001) from the population data; the latter suggest that on
average, relapses of lower genital tract inflammation in this age
group occur in 60% of cases [23, 24].

DISCUSSION

The obtained data are consistent with the results of another
study demonstrating that, as a rule, vulvovaginitis is caused by
nonspecific factors and that adequate hygiene practices have
the best prevention effect against bacterial vulvovaginitis [25].

The importance of good feminine hygiene products and
adequate intimate hygiene practices is emphasized in another
study reporting that 25% of the respondents use vaginal
douching, 29% use sprays, and 19%, topical antiseptics
in order to prevent STD, which increases the risk of vaginal
microbiota dysbiosis [26].

A cross-sectional study conducted in Slovakia has identified
the most common intimate hygiene malpractices in female
adolescents and young women between 15 and 22 years of
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age, including total hair removal in the intimate area (95%), bad
hygiene before and after intercourse (38%), wearing a damp
bathing suit instead of changing it to a dry one (58.06%),
wearing unsuitable underwear. Younger respondents (15 to 19
years) and women with a lower educational status had worse
hygiene habits that could be associated with unawareness of
the related intimate health problems [27].

The analysis of the literature on the dysbiosis of vaginal
microbiota at young age reveals no consensus on the predictors
of this pathology.

Studies of vaginal microbiota covering its age-related
aspects are scarce and do not often account for the stage of
reproductive system development a participant is undergoing
at the moment.

The role of polymorphisms and the expression of cytokine
genes in driving the pathology is understudied.

There is a need for a comprehensive study of endogenous
(vaginal microbiota, polymorphisms of immune response genes,
somatic health) and exogenous factors (behavior) contributing
to and driving vulvovaginal inflammation.

CONCLUSIONS

1. The proposed models for predicting genital inflammation
account for Tanner stages of sexual development and can be
used in girls between 2 and 17 years of age to decide on the
treatment or prevention strategy. 2. This study provides the
rationale conforming with the principles of evidence-based
medicine for using prevention measures in the groups at risk
for vulvovaginitis at young age. These measures allow reducing
the relapse rate of bacterial vulvovaginitis threefold. 3. The
proposed algorithm can be further improved using modern
software and the personalized approach for the identification
of groups at risk.
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PHYSIOLOGICAL MECHANISMS OF THE LOW-INTENSITY LASER RADIATION IMPACT
ON THE HIGHLY QUALIFIED ATHLETES’ SPECIAL PHYSICAL PERFORMANCE

Bruk TM', Terekhov PA'=2, Litvin FB', Verlin SV?

" Smolensk State Academy of Physical Culture, Sport and Tourism, Smolensk, Russia
2 Rehabilitation Center of the State School of the Olympic reserve, Bronnitsy, Moscow region, Russia

In the context of strengthening the fight against doping and limiting the use of synthetic pharmaceuticals, the effective remedies to increase physical performance
and accelerate the recovery of athletes are being sought. One of such remedies is exposure to low-level laser radiation (LLLR, LLLT). The study was aimed to
investigate the physiological response of highly qualified female rowers’ functional systems to the LLLR irradiation course. To monitor the body of athletes, we
used laser Doppler flowmetry (LDF), mathematical analysis of heart rate, neuroenergy mapping, as well as pedagogical testing using the Concept 2 simulator.
After irradiation of the neck in the projection of the carotid arteries with pulsed infrared LLLR, the blood perfusion rate increased by 38% (p < 0.05) and cell oxygen
utilization rate increased by 48% (p < 0.05). The decrease in the hemoglobin oxygen saturation by 16% (p < 0.05) was also observed. Due to LLLT, the activity
of the autonomous regulation mechanism increased with an increase in the total power of the heart rate variability spectrum (TP) by 41% (o < 0.05), and in high-
frequency power (HF) by 73% (p < 0.05). The influence of central mechanism decreased with a decrease in amplitude mode (AMo) by 71% (p < 0.05), and in
stress-index (SI) by 175% (p < 0.05). Irradiation by LLLR promoted the efficiency of oxygen delivery to certain cerebral cortex areas with the increase of SPL. After
LLLT, the speed of 2000 meters distance "passing" by athletes also increased by 3.32% (p > 0.05). The discovered effects of LLLT allow one to expand the range
of physiotherapeutic agents that enhance the special physical performance of athletes and accelerate recovery.
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®U3NONOMNMHYECKUE MEXAHU3Mbl BO3OENCTBUA HUSKOUHTEHCUBHOIO NNASEPHOIO
N3ny4YeHUA HA CNEUNAJIbHY O ®USNHECKYHO PABOTOCIOCOBHOCTb
BbICOKOKBAJIM®UNLIMPOBAHHbIX CITOPTCMEHOB

T. M. Bpyk', . A. Tepexo'™, ®. b. [luteuH', C. B. BepamH?

" CMoneHckas rocyaapCcTBeHHas akaaemmst hUany4eckom KyasTypbl, cnopta u Typuama, CMoneHck, Poccunst
2 MeanKo-BOCCTaHOBUTENBHbI LIEHTP TOCYAapPCTBEHHOMO YHUMLLEA ONMMIMIACKOrO pe3epsa, BpoHHULbI, MockoBckast obnacTb, Poccuist

B ycnoBusix y>kectodeHns 6opbObl C AOMMHIOM 1 OFPaHNYEHMs MCNOMIb30BaHNSA CUHTETUYECKIX (hapMnpenapaToB BEAETCA NOUCK dPdPEKTUBHbBIX CPEACTB
019 NOBbILWEHVA (DU3M4ECKON paboTOCMOCOOHOCTM U YCKOPEHUSt BOCCTaHOBAEHNS CnopTCMeHoB. OAHVMM 13 Takux CPEACTB SBNSETCA BO3OENCTBUE
HUBKOVHTEHCMBHbBIM NadepHbiM manyyernem (HIATA). Liensbto HacTosiLero ncecnegoBaHns 6bi10 13dyyeHne hramonormdeckoro oteeta (yHKLUVOHabHbIX CUCTEM
BbICOKOKBAIMDULIMPOBAHHBIX MPEOLIOB-aKaAeMUCTOB (KeHLLWHBI) Ha Kypcosoe BosfevicTare HM. [Ona HabmoaeHns 3a opraHin3MomM CrIOPTCMEHOK MCMOSb30BaM
nasepHyto gonnneposckyto dnoymetputo (JIOP), matematudeckuii aHanma CepaeyHoro putMa, HempOsHEepProkapTUpOBaHMe, a TakxXe negarorn4eckoe
TEeCTUPOBaHVE C NCNosb3oBaHneM TpeHaxkepa Concept 2. MNMocne ocBevvBaHNS Len B 0611acTy MPOEKLMM COHHbIX apTepuii UMMYNbCHbIM MHbpakpacHsiM HASIA
Habnoganm noBblLLeHVe NokagaTens nepdyann kposn Ha 38% (p < 0,05), NnokadaTens yTuamaaunm Kucnopoaa knetkamm Ha 48% (p < 0,05), a Takke CHIDKeHVe
nokasarens catypauum remornobuHa kvicnopogom Ha 16% (p < 0,05). B pesynsrate npumereHna HAJTV nponcexogmno noBbilLeHne akTUBHOCTY aBTOHOMHOMO
MexaHnama perynsumm ¢ pocToM MOLLHOCTU criekTpa konebaHuin putMa cepaua (TP) Ha 41% (o < 0,05), MOLLHOCTY BbICOKOHACTOTHbIX konebaHuin (HF) — Ha
73% (p < 0,05), pocno BAUSHWE LIEHTPANIBHOIO MexaHr3ma CO CHYDKEHUeEM aMnnTyabl Mofpl (AMo) Ha 71% (p < 0,05), nHaekca Hanpskenns (VIH) — Ha 175%
(o < 0,05). Bospenctare HAJIN cnocobCTBOBaNO MOBbILLEHNIO S(MEKTVBHOCT AOCTaBKN KUCNOPOda B OTAENbHbIE 06MaCT KOPbl GOMbLLLIMX MONYLLApUA C POCTOM
YPOBHS1 MOCTOSIHHbIX NMoTeHumanos (Y1), bnaropapst Boaaectamo HAJN Ha 3,32% (p > 0,05) Bbipocna CKOPOCTb «MPOXOXAEHWS» CMIOPTCMEHKaMV AVCTaHLN
2000 M. O6Hapy»eHHble adhdekTbl NpumMeHeHnst HJT no3BonsaoT paclumputb CnekTp hrsnotepaneBTUHeCKX CPEACTB, CNOCOOCTBYIOLLIMX MOBbILUEHWIO
crneupanbHO (rsnyeckor paboTocnoCobHOCTN CIOPTCMEHOB U YCKOPEHNIO BOCCTAHOBNEHNS.
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To achieve record levels, highly qualified athletes work at the limitof ~ expand the adaptive boundaries of organs and systems that
the body's functional capabilities, which often lead to homeostasis  provide the response to training and competitive physical loads,
impairment. One of the ways to preserve homeostasis is to  which ensures the achievement of an adaptive result [1].
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According to literature data, as a result of low-level laser
radiation (LLLR) absorption, energy is transformed into various
biological reactions, which trigger the processes of self-regulation
and self-healing of impaired homeostasis [2-5]. In particular,
under the influence of LLLT, antioxidant defense enzymes are
activated, cell metabolism is enhanced, biomembranes are
stabilized. The effect of LLLR on the elasticity of erythrocyte
membranes facilitates the red blood cells penetration into the
capillaries of the microvascular bed, and the stimulation of the
energy metabolism aerobic phase involving the incompletely
deoxidized glycolysis metabolites and lipid oxidation products
as well as the indirect membrane mechanism, leads to oxygen
saturation of the venous blood and improves microcirculation
[6]. At the same time, the influence of LLLT on microcirculatory-
tissue relations remains understudied [7].

Laser therapy is an essential component of modern
biomedical support of the elite sport at almost all stages of
athletes’ training. Comprehensive monitoring of the athlet’s
body using a complex of informative and reproducible
methods for rapid assessment of body state (biochemical
and hematological indicators, laser Doppler flowmetry (LDF)
data, heart rate variability (HRV), neuroenergy mapping (NEM)
data, etc.) allows one to correct the athlete’s homeostasis for
adequate formation of fatigue not going beyond the pathology
side and for acceleration of the recovery processes.

Researchers revealed the ability of LLLT to improve the
physical performance of athletes of various qualifications
involved in different sports. LLLR irradiation of biologically
active points leaded to an increase in the aerobic performance
indicator in 80% of football players with a subsequent
increase in the amount of mechanical work performed [8].
A significant increase in the absolute and relative values of
PWC170 after LLLT was obtained in athletes of cyclic sports.
Short-term exposure to LLLR did not cause significant
changes in the biochemical composition of the blood, but
increased the activity of parasympathetic influences on the
heart rhythm [9, 10]. The humoral-hormonal status of the
athletes’ body changed due to LLLT. In particular, an increase
in the concentration of beta-endorphin, glucocorticoids,
triiodothyronine, thyroxine in game sports athletes and cross-
country skiers was revealed [11, 12].

The systemic mechanisms that provide the effects of
laser stimulation as a part of the complex training program of
hockey players are described. Positive structural and functional
changes in the body of hockey players and swimmers lead to a
marked improvement of the physical fitness [13, 14].

The study was aimed to investigate the physiological
response of highly qualified female rowers’ functional systems
to the LLLR irradiation course in the special preparatory period
of the annual cycle of sports training. The objectives of the
study were as follows: assessment of the LLLT effect on the
microcirculation system, detection of the heart rate regulation
changes, investigation of the effect on the metabolic activity of
the cerebral cortex neurons, evaluation of the highly qualified
athletes’ physical performance.

METHODS

The study was conducted in October 2018. Twenty four highly
qualified female rowers studying at the State School of the
Olympic reserve (Bronnitsy, Moscow region) participated in the
study which was carried out at the training center.

The participants were divided into two groups: treatment
group (TG) and control group (CG). The treatment group
included 12 athletes. Inclusion criteria: Master of Sports (MS)
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qualification level, membership in the Moscow Region combined
team. Exclusion criteria: low qualification of athletes, the acute
phase of the disease. The control group included 12 athletes
(MS) not qualified for the combined team. Representatives of
both groups used the single training program.

The study included two phases. At the first phase of the
study, we evaluated the functional state of individual body
systems and the physical fitness of the TG and CG athletes
before LLLT. Then, the athletes of both groups in their weekly
training cycle performed a special training program to prepare
for the competition season.

The TG athletes were exposed to LLLT during 7 days
in the morning before training. Their necks were irradiated
neck symmetrically on both sides in the region of the carotid
triangle using Uzor-A-2K 2-channel therapeutic laser unit
(Voskhod; Russia). The laser radiation wavelength was 0.89 +
0.02 um; pulse mode; pulse repetition frequency 1500 Hz;
10 minute exposure time. The CG athletes were through
the fake LLLT without turning on the emitting heads of the
Uzor-A-2K unit. After laser therapy the studied indices were
registered again.

The athletes’ heart rate variability (HRV) was evaluated using
the Varicard 2.51 complex (Ramena; Russia). The recording
of cardiointervalogram lasting 5 minutes was carried out
using the standard method in a sitting position. The following
HRV parameters were evaluated: heart rate (HR), indicators
characterizing the activity of autonomous (total power of the
heart rate variability spectrum (TP), high-frequency power (HF)
and central (low-frequency power (LF), very-low-frequency
power (VLF), amplitude mode (AMo) regulatory mechanisms,
indicator of the prevalence of central regulatory mechanisms
over autonomous (stress-index, Sl).

The LAKK-M (Lazma; Russia) multifunctional laser
diagnostic system was used as a recording instrument for
studying microcirculation. After that the microcirculation
parameter (PM) was analyzed in perfusion units (PU). The time-
frequency analysis of blood flow oscillations was performed
using the wavelet analysis LDF3.0.2.384 software (Lazma;
Russia). The active mechanism contribution to the formation of
vascular tone was estimated by the amplitude of sympathetic
(As), myogenic (Am) and endothelial (Ae) oscillations (PU).
The contribution of passive mechanism was estimated by the
amplitude of respiratory (Ar) and cardiac (Ac) oscillations (PU).
The optical tissue oximetry method was used for evaluation
of blood oxygen saturation level (SO,, %) and specific oxygen
consumption rate (U, p.d.u.). The steady potentials level
(SPL) parameter was used for assessment of the brain tissue
metabolic activity in the frontal, parietal, occipital, right and left
temporal lobes.

For topographic mapping of brain electrical activity the
5-channel Neuro-KM complex was used (STATOKIN; Russia)
according to standard method [15]. The time of 2000 meter
distance “passing” using the Concept 2 Model D (PM5; China)
rowing simulator was the indicator of special physical fitness.
The test was performed indoors, in the gym with constant
temperature and illumination intensity.

Statistical analysis of the results was carried out using
the IBM SPSS Statistics 19 software for Windows (StatSoft,
Inc.; USA). The Mann-Whitney U-test was used to compare
the studied indicators in the TG and CG athletes. To
compare the indicators in TG athletes and CG athletes who
experienced the imaginary effect of LLLT, as well as with
the indicators of athletes after laser therapy, the Wilcoxon
signed-rank test was used. The differences were considered
significant at p < 0.05.
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RESULTS

Percutaneous laser stimulation combined with standard
training loads promotes the expansion of the body functional
capabilities at various organization levels (from cellular to
systemic). We studied the dynamics of the processes that
occurred in the microvascular beds after the course of LLLT.

In the TG athletes, the perfusion level significantly
increased by 38% compared to baseline (p < 0.05). At the
same time, in the CG athletes the microcirculation parameter
increased by 5% (p > 0.05) (Table 1). The 14% decrease in
SO, in the microvascular beds together with a tendency to
SO, increase by 2% in the CG was the evidence of oxygen
metabolism biostimulation in the TG athletes due to LLLT
(p < 0.05). A significant increase by 49% in the estimated
rate of oxygen utilization by tissues was an indicator of
oxygen diffusion from blood into the tissue (p < 0.05). In
the CG athletes the same indicator demonstrated almost no
growth (1%, p > 0.05).

In our study, the myocyte tone decreased by 53% (p < 0.05)
in the TG athletes, thereby increasing the lumen of the
microvascular bed vessels. In addition, arterioles widened the
lumen due to the decrease in the activity of the autonomic
nervous system sympathetic nerves, the ends of which innervate
smooth muscle cells of the blood vessel wall middle layer.
According to the wavelet analysis, the indicator of sympathetic
tone was reduced by 40% (p < 0.05). As a result of LLLT, the

throughput of the microvascular bed exchange link increased
due to vasodilation of microvessels of various diameters.

At the autonomic nervous system (ANS) level, the course
of LLLT reduced the activity of the sympathetic region, while
increasing the effect of the ANS parasympathetic region on the
heart, which provided trophotropic recovery effect (Table 2). As
a result, stress-index reduced by 174%, AMo reduced by 48%
(o < 0.05). The TP index significantly increased by 41%. Certain
spectrum parameters increased as well (LF by 121% and HF
by 73%, p < 0.05). Noteworthy is the 75% increase in the VLF
index, which reflects the function of cortical-humoral centers.

Without physiotherapy, during training in the CG athletes,
sympathetic influences maintained high activity with a
tendency to reduce the effect of the vagus nerve on the heart
rhythm. High sympathoadrenal system activity promoted
energy deficiency. In TG athletes, during the recovery period
between training sessions, tissue anabolism increased due
to LLLT, thus providing high functional readiness of the body
for training activities. At the same time, increased catabolism
maintained in the CG athletes caused the fatigue accumulation
due to the under-recovery of the body after another training
session.

LLLT indirectly stimulates functional adaptive changes in
the cerebral cortex neurons. After the course of LLLT the TG
athletes demonstrated enchanced metabolic activity of brain
tissue in the studied areas, which was evidenced by the growth
of steady potential level (SPL) value. Compared to baseline

Table 1. Blood microcirculation in highly qualified female rowers at various stages of the study (M + m)

Study phase
Ne Index Group p<0.05
| I
TG 12.92 + 1.61 17.86 + 2.05 *
1 PM, PU CG 11.50 + 1.34 12.07 + 1.80
P >0.05 **< 0.05
TG 80.2 + 4.04 69.1 +3.72 *
2 S0,. % CG 81.2 +4.56 82.9+517
P >0.05 **<0.05
TG 1.87 +0.10 2.79+0.16 *
3 U, p.d.u. CG 1.68 + 0.08 1.70 £ 0.12
p >0.05 **<0.05
TG 13.25 +1.84 18.01 + 2.59 *
4 Ac, PU CG 15.38 +2.34 13.79 £ 1.83
P >0.05 > 0.05
TG 20.06 + 2.93 22.57 + 3.12
5 Ar, PU CG 17.84 + 2.50 23.19 + 4.01
P >0.05 > 0.05
TG 25.70 + 3.10 39.41 + 4.80 *
6 Am, PU CG 26.24 + 4.42 27.11 + 3.86
P >0.05 **< 0.05
TG 31.93 +2.72 44.69 + 4.90 *
7 As, PU CG 29.13 £ 3.15 30.42 £+ 3.16
P >0.05 **<0.05
TG 35.78 + 4.96 58.00 + 5.70 *
8 Ae, PU CG 30.85 £ 3.75 33.55 +4.28
P >0.05 **< 0.05

Note: PM — microcirculation parameter; SO, — blood oxygen saturation in skin tissue; U — oxygen consumption; Ac — cardiac PM oscillations; Ar — respiratory PM
oscillations; Am — myogenic PM oscillations; As — sympathetic PM oscillations; Ae — endothelial PM oscillations; ** — differences between groups; * — intragroup

differences; p < 0.05.
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(Table 3), there was an increase in the SCP indicator by 94%
in the frontal lobe, by 109% in the parietal lobe, by 33% in the
occipital lobe and 29% in the left temporal lobe (p < 0.05).

The steady potential values after LLLT were distributed
according to the dome-shaped curve principle (Table 3). In the
CG athletes, maximum SPL values were registered in occipital
(Oz) and left temporal (Ts) lobes. Thus, the dome-shaped
distribution of energy consumption by the brain was violated,
i.e. some deformation occured.

In the CG rowers, the SPL value tended to increase during
the study, the differences were not significant.

Thus, the energy metabolism of neurons in the studied
regions of cerebral cortex increased after the course of LLLT.

For correct assessment of the effectiveness of the LLLT use
as a remedy for recovery it is advisable to evaluate the physical
fitness level. In our study we evaluated the physical fitness level
using testing with the Concept 2 rowing simulator. The time
needed by the highly qualified female rowers to “pass” the 2000
meters distance at various phases of the study is presented in
Table 4. At the first phase (baseline) no significant differences
between two groups were revealed. The CG athletes “passed”
the distance in 456.55 + 3.55 s, and the TG rowers “passed”
the distance in 454.07 + 2.43 s (p > 0.05).

The course of LLLT stimulated the body of the TG athletes
increasing the speed of “passing” the 2000 meter distance
up to 435.63 + 2.34 s, which was 3.32% less than baseline
(o < 0.01). In the CG rowers, the time needed for “passing”
the distance remained almost unchanged (453.02 + 3.34 s)
(o > 0.05). Thus, combined with the standard training process,
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the course of LLLT leaded to an increase in the special physical
performance of female rowers during the special preparatory
period of the sports training annual cycle.

DISCUSSION

The analysis of the obtained data demonstrated that the course
of LLLT improved the microhemocirculation system function.
We detected a significant perfusion increase, indicating an
enchancement of metabolic activity at the cellular and tissue
levels. An increase in the microcirculation intensity is associated
with vasodilation, regulation in the microcirculation system is
provided by external and internal mechanisms [16-18].

Of the internal mechanisms, the maximum contribution
to the increase of the microvascular bed vessels capacity is
provided by the endothelial component. Endotheliocytes take
part in the formation of the vasodilation response which leads
to the reduction of the microvascular tone by 62% (p < 0.05).
The trigger stimulus arising in response to LLLT is the release
of vasodilator, nitric oxide (NO) by Ca?*-dependent endothelial
cells, which is a precursor of the endothelium-derived relaxing
factor (EDRF) [19]. Myogenic vasodilation is due to a decrease
in the smooth muscle cells tone of the vascular wall.

In smooth muscle cells, LLLT leads to an increase in the
level of intracellular cAMP in the cytosol, leading to activation
of calcium ATPase, a decrease in calcium ions level in the
cytoplasm, and relaxation of vascular smooth muscle cells [20].

The pronounced effect of laser photostimulation is
associated with the effect of low-intensity radiation on

Table 2. Heart rate variability in highly qualified female rowers at various stages of the study (M + m)

Study phase

Ne Index Group I ; p<0.05

TG 75.66 + 3.20 66.94 + 2.04 *
1 HR, bpm CG 7717 £3.18 75.67 + 3.25

P >0.05 **<0.05

TG 40.10 £ 3.55 26.52 + 2.41 *
2 AMo, % CG 37.92 + 0.91 38.55 + 0.88

P >0.05 **<0.05

TG 167.02 + 19.53 60.73 £ 6.38 *
3 SI, p.d.u. CG 126.27 + 13.87 123.94 + 13.64

p >0.05 **< 0.05

TG 3793.11 + 522.24 5340.14 + 701.02* *
4 TP, ms? CG 1564.17 + 209.46 1598.62 + 213.95

P **<0.05 **<0.05

TG 967.95 + 130.74 1671.85 + 175.12 *
5 HF, ms? CG 877.50 + 120.29 581.31 + 70.37

P >0.05 **<0.05

TG 889.65 + 153.29 1965.54 + 233.56 *
6 LF, ms? CG 473.67 + 50.07 477.00 + 50.29

p > 0.05 **<0.05

TG 967.75 + 150.62 1693.76 + 195.17 *
7 VLF, ms? CG 519.50 + 79.60 426.57 £ 61.58

P >0.05 **<0.05

Note: HR — heart rate; AMo — amplitude mode; SI — stress index; TP — total power of the heart rate variability spectrum; HF — high-frequency power; LF — low-
frequency power; VLF — very-low-frequency power; ** — differences between groups; * — intragroup differences; p < 0.05.
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metabolism. Oxidation of energy materials (glucose, pyruvate,
lactate) increases, leading to improvement of microcirculation
and oxygen utilization in tissues [21]. According to the data
obtained, the mixed blood hemoglobin saturation with oxygen
of the microvascular bed decreases, the specific oxygen
consumption of tissues increases, which facilitate metabolism
and provide energy production in the form of ATP in the cells
[22]. An increase in the cells functional activity occurs primarily
due to calcium-dependent increase in the redox potential of
mitochondria, an increase in their functional activity, and ATP
synthesis [23-26]. In mitochondria, LLLT accelerates the electron
transfer along the respiratory pathway [26].

According to PK Anokhin’s functional systems theory,
structural and functional components of different level and
localization are involved in the implementation of the adaptive
effect by the organism. Local improvement of homeostasis
at the tissue microcirculation level is a component of the
vegetative balance restructuring at the system level [27]. Under
the influence of high-intensity physical activity, the optimal
ratio between the sympathetic and parasympathetic ANS links
is violated in favor of the predominance of sympathicotonia,
reflecting the imbalance of the reciprocal regulatory effects of
the ANS on the athlete's cardiac system. In such conditions,
a pronounced tension of the compensatory mechanisms
of the athlete’s cardiovascular system is observed, which is
associated with distress [28].

[t was found that LLLT changes the activity of the neural
pathways involved in the regulation of cardiac activity. Some
authors note that LLLT activates the calcium-dependent
mechanisms [29]. Calcium is an intracellular mediator of a
number of hormones, primarily mediators of CNS and ANS
[30], suggesting the involvement of laser-induced effects in

neurohumoral regulation. At the end of the laser therapy course,
the activity of the ANS sympathetic division decreases, the
contribution of the parasympathetic division increases, and the
total intensity of regulatory processes decreases. In general,
LLLT promotes the deployment of trophotropic processes
aimed at preserving energy and plastic resources.

[t is well known that sports activity gives results only when
the athlete’s skill is refined to automatism, that is, with minimal
participation from the central regulatory systems. A system
with relatively autonomous links, due to the independence of
its elements, is more flexible, which facilitates its adaptation to
changing environmental conditions, including adaptation to sports
activity [31]. An increase in the number of the sinus node degrees
of freedom helps the body to achieve a functional optimum to
cope the load. As a result, Sl reduces by 174% (p < 0.05). The
spectral parameters dynamics indicates a transition to a higher
level of adaptive capabilities ensuring the athlete’s body resistance
to training loads. Thus, the growth rate of the activity of the
autonomous heart rhythm control (HF) pathway increases by 73%,
and of the central (LF) by 121%. At the same time, the contribution
of cortical-humoral control centers (VLF) is enhanced by 75%
against the background of bradycardia. Such a spectrogram
reflects the high functional capabilities of the athlete’s body [32].

An increase in the functional reserve of the body after a
course of LLLT has been noted earlier [33-34]. Laser radiation
regulates restoration of the vegetative balance and restrains
the activity of the sympathoadrenal system [35]. The evidence
was obtained of the relationship between the increased relative
power of a heart rhythm spectrum in the VLF frequency range
with a change in the frequency and time parameters of the
brain rhythmic activity [36]. Rhythmic activity was detected in
the frontal, parietal and occipital lobes of the brain.

Table 3. Steady potentials level (mV) in certain areas of cerebral cortex of highly qualified female rowers at various stages of the study (M + m)

Study phase
Ne Index Group p<0.05
| Il
TG 7.129 £ 0.384 13.851 + 0.531 *
1 Frontal lobe (Fz) CG 5.214 £0.312 5.915+0.334
P >0.05 **<0.05
TG 7.277 + 0.390 15.239 + 0.745 *
2 Parietal lobe (C2) CG 7.315 + 0.411 7.854 +0.425
P **<0.05 >0.05
TG 9.724 + 0.404 12.954 + 0.525 *
3 Occipital lobe (0z) CG 8.057 + 0.354 8.948 + 0.477
p >0.05 > 0.05
TG 10.121 + 0.334 13.063 + 0.526 *
4 Left temporal lobe (Ts) CG 10.289 + 0.351 11.973 + 0.382
P >0.05 >0.05

Note: TG — treatment group; CG — control group; ** — differences between groups; * — intragroup differences; p < 0.05.

Table 4. Time of 2000 meter distance “passing” using the Concept 2 simulator by highly qualified female rowers at various stages of the study (M + m)

Study phase
Ne Index Group p<0.05
| Il
TG 454.07 +2.43 435.63 + 2.34 *
1 Time of 2000 meter distance “passing” using the Concept 2 simulator, s CG 456.55 + 3.55 453.02 + 3.34
P > 0.05 **<0.01

Note: TG — treatment group; CG — control group; ** — differences between groups; * — intragroup differences; p < 0.05.
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Some researchers suggest that normal energy exchange is
mainly characterized by the dome-shaped curve, in which the
maximum potential values are recorded in the central lead (Cz)
and gradually decrease to the periphery [37]. Obviously, an SPL
shift in the occipital and left temporal lobes may be associated
with an increase in the functional activity of nonspecific reticular-
limbic-cortical neural pathways [38].

An imbalance of regulatory influences from the higher
nervous activity, depending on the brain and its cortex, leads
to a violation of the speed of conditioned reflex reactions, a
violation of the interaction between the first and second signaling
systems, accompanied by emotional and behavioral deviations
[39]. However, the adaptation mechanisms of athlete’s cortical
neurons under the influence of extremely high physical activity
remain understudied. The results of our study on the metabolic
activity of neurons in certain areas of the cerebral cortex after
the course of LLLT demonstrate an improvement in the steady
potential level by 1.3-2 times.

The structural and functional adaptation changes in the body
arising under the influence of LLLT promote the improvement
of physical performance and physical fitness of highly qualified
rowers. The interaction of low-energy laser radiation with the
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