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Freshly isolated murine epidermal Langerhans cells (LC) are
weak stimulators of resting T cells. Upon culture their phe-
notype changes, their stimulatory activity increases signifi-
cantly, and they come to resemble lymphoid dendritic cells.
Resident murine LC, therefore, might represent a reservoir
of immature dendritic cells. We have now used enzyme cyto-
chemistry, a panel of some 80 monoclonal antibodies, and
immunofluorescence microscopy or two-color flow cytom-
etry, as well as transmission electron microscopy, to analyse
the phenotype and morphology of human LC before and
after 2 - 4 d of bulk epidermal cell culture. In addition, LC
were enriched from bulk epidermal cell cultures, and their
stimulatory capacity was tested in the allogeneic mixed leu-
kocyte reaction and the oxidative mitogenesis assay. Cul-

tured human LC resembled human lymphoid dendritic cells
in morphology, phenotype, and function. Specifically, LC
became non-adherent upon culture and developed sheet-like
processes (so-called “veils™), decreased their surface ATP/
ADP’ase activity, and lost nonspecific esterase activity. As in
the mouse, surface expression of MHC class I and Il antigens
increased significantly, and Fell receptors were significantly
reduced. Markers that are expressed by dendritic cells (like
CD40) appeared on LC following culture. Cultured human
LC were potent T-cell stimulators. Our findings support the
view that resident human LC, like murine LC, represent
immature precursors of lymphoid dendritic cells in skin-
draining lymph nodes. J Invest Dermatol 93:600- 609, 1989

he relationship of Langerhans cells (LC) [1] to den-
dritic cells (DC) [2,3] and macrophages [4] has been
unclear. DC have a common group of features in all
species analyzed so far [3], such as dendritic shape
including characteristic veils, lack of Fc receptors,
abundant class I and II products, absence of many macrophage and
lymphocyte traits, and, most importantly, g:-tent stimulatory func-
tion for 1°immune responses. DC were first identified in cell su-
pensions prepared from lymphoid organs, but evidence is now accu-
mulating that DC are more widely distributed (veiled cells in the
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lymph, peripheral blood DC, and interstitial DC). Resident (The
term “resident LC” is defined here as LC in situ as well as freshly
isolated LC.) epidermal LC, though class II positive and dendritic in
shape, show some clear-cut differences from DC, as they express
markers found on macrophages and are rather weak in stimulating a
1° immune response [1,2,5]. We have observed that murine LC
upon culture undergo significant changes in phenotype and func-
tion and come to resemble lymphoid DC [6]. The properties thatare
considered macrophage-like (such as presence of F4 /80 antigen, Fc
receptor, membrane ATP'ase, nonspecific esterase) decreased sig-
nificantly or were lost. The cells developed cytoplasmic veils, in-
creased class I and 11 products, and increased their stimulatory capac-
ity 10 - 30-fold [6,7]. This maturation of LC was mediated by the
combined action of GM-CSF and IL-1 [8,9]. These findings led to
the concept that LC in situ might represent a reservoir of immuno-
logically immature DC, which can be mobilized in response to
exogenous cytokines released locally in response to epidermal in-
jury, deposition of contact allergens, etc.

We have now performed a detailed analysis of the phenotype of
resident human LC (rLC) and of LC after 2-4 d of bulk epidermal
cell (EC) culture (rLC). We have also tested the stimulatory capac-
ity of ¢cLC for resting T cells. Our data suggest that human LC
undergo a similar process of maturation as observed in the murine
system.

MATERIALS AND METHODS

Processing of Skin Specimens Normal human, female breast
skin was obtained from plastic surgery and processed immediately.
To prepare cryosections small pieces were excised, embedded in
Tissue-Tek I1 OCT (Miles Laboratory, Inc., Naperville, IL), rapidly
frozen in melting isopentane, and stored in liquid nitrogen until use.
Four-micrometer cryosections were cut vertically, mounted on al-
buminized slides, dried, fixed in acetone (10 min at 20°C), and
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stained. From the remainder of the skin specimen split-thickness
skin was removed by using a dermatome and processed to prepare
epidermal sheets and EC suspensions. Epidermal sheets were peeled
from small pieces of split-thickness skin following treatment with
ammonium-thiocyanate [10], rinsed in phosphate-buffered-saline,
fixed in acetone (10 min at 20°), and stained. To obtain EC suspen-
sions split-thickness skin was exposed for 16 h ar 4°C to 0.25%
trypsin in phosphate-buffered saline (Flow Laboratories, Irvine,
Scotland). The epidermis was then peeled off and disaggregated by
teasing with glass rods and by vigorous pipetting in cold MEM (1x
Minimum Essential Medium Eagle, modilgcd. Cat. No. 12-102-54;
Flow Laboratories) with 10% FCS (Seromed, Biochrom KG, Ber-
lin, FRG). The resulting EC suspension was then filtered through
nylon mesh (59 gm mesh size) to remove cell clumps and finally
washed three times in culture medium (we used MEM with 10%
FCS, 1 mM L-glutamine, and 50 gg/ml gentamycin sulfate added).
The EC suspensions (viability 74-93%, 1.2 & 0.5% LC as identified
by staining for CD1a antigens) were then processed for immunola-
beling immediately or following culture.

Enrichment of LC From Cultured EC For bulk epidermal cell
culture 25 - 30 X 10% EC were plated in 20 ml culture medium per
75 cm? culture flask (Falcon, Lincoln Park, NJ, Cat.No. 3024).
After 2-4 d the nonadherent fraction, which then contained most
LC (as identified by staining for HLA-DR or CD1a antigens), was
harvested and floated on dense albumin as deseribed for murine EC
cultures [6]. The interface (viability >80%) contained most of the
viable LC (enriched to 10%-70%). The recovery of LC ranged from
3% to 40% of the starting population. We did not systemarically
analyze the reasons for this variability, but our impression was thata
low plating efficiency of the keratinocytes paralleled low recovery
and enrichment of cLC. If the LC recovery was less than 8% of the
starting population the respective samples were not included in this
study.
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Immunolabeling Techniques We used a large pancl of mouse
monoclonal antibodies (MoAb) as purified reagents or as hybridoma
culture supernartants to analyze the phenotype of human LC (Tables
I and II). We are thankful to the many colleagues who generously
provided us with the antibodies needed for this study (Tables I and
I1). All antibody dilutions and washes were in phosphate-buffered
saline containing 1% bovine serum albumin. All antibodies were
tested at saturating or supersaturaring levels. Positive control stain-
ing was obtained by the use of an appropriate positive tissue or cell
population (human skin, lymphoid tissues, peripheral blood mono-
nuclear cells, and subfractions thereof). Negative controls to rule
out Fe-recepror-mediated binding and/or unspecific adsorption of
antibodies consisted of replacement of the first MoAb with unre-
lated or unreactive MoAb of the same isotype, and with phosphate-
buffered saline. For the detection of antigens of rLC we relied upon
the examination of sheets for two reasons. First, staining of sheets
detects membrane as well as intracellular antigens, and 1s thus most
sensitive. Second, it circumvents exposure to trypsin, and thus
allows the visualization of trypsin-sensitive antigens, which might
escape detection in freshly prepared EC suspensions.

To detect the binding of MoAb to cryosections we used a strepta-
vidin-biotin-peroxidase complex technigue (as prescribed by the
manufacturer; Amersham Int., Amersham, UK). For double label-
ing we used 3-amino-9-ethylcarbazol instead of 3,3’ diaminchenzi-
dine as a substrate for peroxidase to visualize the binding of the first
antibody. Staining with alkaline phosphatase anti-alkaline phos-
phatase complex as prescribed by the manufacturer (Dianova, Ham-
burg, FRG; Cat.No. MB00) was then used to identify CD1aon LC.

For staining of sheets we used the following staining sequence: 1.
MoAb for 16 h at 4°C with constant shaking, then 2. biotinylated
species-specific sheep F(ab’), anti-mouse Ig {Amersham), followed
by 3. streptavidin FITC (Amersham) for 90 min., 37°C each. For
strongly expressed antigens we sometimes used only a two-step
technique: a. MoAb, then b. fluorescein or rhodamin isothiocyanate

Table I. The Phenorype of Resident Epidermal Langerhans Cells®

CD Classification,

Reactivity with LC (Sheet, Suspension) Source reference?

Specificity Monoclonal Antibodies

MHC antigens and leukocyte common antigen

HLA-DR DR

HLA-DP Dp

HLA-DQ Leul0
8C4

HLA-DR + DQ 9.3F10

HLA-DQ? RED1

Invariant chain cytoplasmic VIC-Y1

HLA-AB W6/32

CD45 HLe
T29/33

Mycloid cell markers

CDi14 VIM13
FMC-17, FMC-32
3C10
63D3

CD15 LeuM1
VIMD5, VIM10

CDw65 VIM2, VIME

CD68 EBM11

Macrophages/monocytes VIMS5, VIMD2
2.4

WS group® 08 MAX.1

WS group 11D MAX.2

Unique MAX.3

Monocyte /platelet OKM35

EDCY, subset of monacytes Ki-M4

Becton Dickinson
Becton Dickinson
Becton Dickinson
Steinman [42]
Steinman [42]
Poulter [20]
Knapp [43]
ATCC

Becton Dickinson
Hybritech

(subset only)

e o o

(a rare LCH) Knapp |44]
Zola r22]
Steinman [22]

— ATCC

— (arare LCH) Becton Dickinson

+ (after neuraminidase pretreatment)

= Knapp [23,44,45]

= Knapp [23.46,47]

= Dakopates [23]

- Knapp [23,44]

= Hogg [22]

— Emmuich 1231

|

|

- Emmrich (23
- Emmrich [23
— (arare LC+) Ortho

= Behring

* All CD numbers higher than 45 have been assigned in the latest Leukocyte Differentiation Anrigen Workshop [23].
¥ Commercial sources: ATCC, American Type Culture Collection (Rockville, MD); BD, Becton Dickinson (Mountain View, CA); Dakopares (Roskilde, Denmark); Ortho
(Raritan, NJ); Behringwerke (Marburg/Lahn, FRG); Bochringer (formerly Hybritech) (Indianapolis, IN).

“ WS group: Fourth Leukocyte Differcntiation Antigen Workshop [23],
4 FDC: follicular dendriric cells.
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Table II. The Phenotype of Resident Epidermal Langerhans Cells®

CD Classification Specificity Monoclonal Anctibodices

Reactivity with LC (Sheet, Suspension) Source referencet

B-cell markers

CD10 VIL-A1
CD19 Leul2
CD20 Leulé
CcD22 Leuld
CD24 OKB2
BA-1
VIBC5
VIBE3
CD40 G-28-5
T cell markers
CD1a OKT6
CDI1b NUT2
CD1c M241, L161
CD3 OKT3, Leud
CD4 QKT4
Leu3a+b
CD5 Leul
CD7 Leu9
CcD8 OKTS, Leu2a, IOTE
TCR alpha/beta WT31
TCR gamma/delta delta-TCS1
TCR-deltal
Fe-receptors
CDé4, FcR1 322
10.1¢
CDw32, FeRII V.3
CIKM5
CD16, FeRIII Leulla
3G8
Complement receptors and adhesion molecules
CD35, CR1 3F11,5D11
CD21, CR2 1C8, 2G7, RFD5
CD11a, LFA-1, gp180/95 Ts1/22
CD11b, CR3, gp155/95 Leuls
OKM1
VimMi2
M522
CD11c, gp150/95 LeuM5
3.9
Ki-M1
CDIB IB4
Ts1/18
CD54, ICAM-1* RR1.1
TE7

Activation markers
CD25
Activated B and T cells

CD25-3G10,CD25-4E3
LA45

- Knapp [48]

- Becton Dickinson
— Becton Dickinson
- Becton Dickinson
= Ortho

= Hyhbritech

- Knapp [49]

- Knapp [35]

— (subset of LC+) Ledbetter [22,23]
+ Ortho

Berti [22,23)]
Berti [22,23)]
Ortho, BD

= Ortho

+ (varying%) Becton Dickinson
= Becton Dickinson
- Becton Dickinson
— Ortho, BD, IT

- Becton Dickinson
= Rittershaus [51]
= Rartershaus [52]

+ (varying%)

= Fanger [23,53,54]

= Hogg [22, 55, 56]

+ (weak on most LC¥) Fanger [23, 53, 54]
+ (weak on most LC") Pilkington [22,23]
= Becton Dickinson

- Steinman [58]

= Schulz [59]

= Schulz [60]

— (<15% faintly +)/ Springer [22,61]
— (<€15% faintly +)f Becton Dickinson
= Ortho

= Knapp [44]

= Schulz [62]

— (variable% faintly +)* Becton Dickinson
— (variable% faintly +)* Hogg [22,56]

-— Behring [22]

+ Wright [22,63]

+ (subset only) Springer [22,61]
- Rothlein [64]

= Stauder [23]

- Knapp [23]
= Knapp [66]

* All CD numbers higher than 45 have been assigned in the latest Leukocyte Differentiation Antigen Workshop [23].
¥ Commercial sources: BD, Becton Dickinson (Mountain View, CA); Ortho (Raritan, NJ); Behringwerke (Marburg/Lahn, FRG); Bochringer (formerly Hybritech) (Indianapolis,

IN} IT, lmmunatech (Marseille, France),
¢ OKT4 reactivity of resident LC has heen described [50].
4 Not defimtively assigned to CD64.
* By flow cytometry.
S In sheet preparations.

£ in some individuals, low levels of CID11c expression on resident LC have been reported [57).

A ICAM: intercellular adhesion molecule.

(FITC or TRITC) conjugated species-specific sheep F(ab’), anti-
mouse IgG + 1gM (Grub Antibodies, Scandic, Vienna, Austria). In
most experiments sheets were further processed for staining of
CD1a (or class II antigens) to identify LC and were then incubated
in mouse Ig (50ug/ml, 30 min., 20°C) to block any residual free
sheep anti-mouse immunoglobulin (Ig) binding sites and finally
exposed to TRITC or FITC labeled OKT6 (the hybridoma was
obtained from the American Type Culture Collection [ATCC],
Rockville, MD; MoAb was purified and conjugated to the fluoro-
chromes by standard techniques), or FITC anti-HLA-DR (Becton
Dickinson, Mountain View, CA). After staining, sheets were
mounted in phosphate buffered saline/glycerol /azide, dermal side
up, and viewed with a Leitz Ortholux II fluorescence microscope.

Fresh EC were stained in suspension. Cultured LC were enriched
(see above) and stained either in suspension or following attachment
(on ice) to poly-L-lysine coated multiwell-slides (8-well multi-test
slide, Flow, UK). In either case the same staining sequence was used
as for sheets, except that the cells were exposed to the reagents on ice
for 30 min per step, and streptavidin phycoerythrin (Amersham)
was used instead ofPstreptavidin FITC for flow cytometry analysis.
After staining, the cells were either analyzed immediately or fixed
in 1% paraformaldehyde in phosphate buffered saline and evaluated
within 24 h by fluorescence microscopy and/or two-color flow
cytometry (using a FACStar, Becton Dickinson, Mountain View,
CA; 1-2 X 10% cells were analyzed per sample). Weak staining may
be due to nonspecific binding to EC as shown by Cooper et a% [11].
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Therefore, if need he, dead cells were identified by staining unfixed
samples with propidium iodide [11] and excluded by appropriate
software gating.

Cytochemistry Staining for membrane ATP'ase, ADPase, and
nonspecific esterase was performed by standard techniques [12-14]
on sheets, fresh EC suspensions, and enriched cLC that were cyto-
spun,

Electron Microscopy Fractions of enriched cL.C were fixed for 1
h at 20°C in precooled half-strength Karnovsky's paraformalde-
hyde-glutaraldehyde fixative as described [6]. Cells were then
washed, pelleted in 20% bovine serum albumin in phosphate buf-
fered saline, fixed for another 30 min, and then processed for trans-
mission electron microscopy by routine methods.

T-cell Proliferative Assays To test the stimulatory capacity of

LC for unprimed T cells we used the primary mixed leukocyre
reaction (MLR) [15] and the polyclonal response of periodate-modi-
fied T cells (“oxidative mitogenesis™) [16]. Besides cLC, peripheral
blood mononuclear cells (PBMC) were used as scimulators. PBMC
were prepared as described [17]. Graded doses of irradiated (3000
rad, '37Cs) stimulator cells were added to 1.5 X.10° allogeneic T
cells in microwells (Flat Bottom Microtest 111 plate, Falcon) in
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medium with 10% human AB serum and 1 ug/ml indomethacin
was added. For the allogeneic MLR, T cells were unmodified and
[*H] Thymidine uptake (4 £Ci/ml} was measured at 96-114 h. For
the oxidative mitogenesis assay, the T cells were periodate-modified
as described [18] and [*H] Thymidine uptake was measured at 48-64
h. To prepare T cells, the nonadherent fraction of PBMC was sepa-
rated into low- and high-density fractions by a continuous Percoll
gradient as described [17]. High-density fractions were put onnylon
wool columns, and the nonadherent cells were used as T cells.

RESULTS
Resident Human Langerhans Cells

Antigenic Profle: Epidermal sheets rather than cryostar sections
proved to be much more sensitve for the demonstracion of antibody
binding to rL.C, as we already observed in the mouse [19]. To ana-
lyze rLC in suspension we stained unseparated fresh EC because
enrichment of LC from fresh EC suspensions by any of the pub-
lished negative selection methods inevitably leads to the loss of LC
subsets.

Reactivity of MoAb to MHC Antigens and Leukocyte Common ‘1?11[1‘?:?2
with Resident LC

Resident LC as identified by CD1a staining uni-

Figure 1. Double immunofluorescence of epidermal sheets. HLA-DR (a) and CD1 (2°) antigens overlap. Those LC that express HLA-DR more abundantly
and are located in 2 more basal position (arrows in b,c) are stained by the MoAb RFD1 (b°) and G-28-5 (anti - CD40) (c”). Bar: 100 um, Magnification: X 290
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FACS PROFILES OF HUMAN LC (A-E = Fresh EC, F -1 = Cultured EC / LC enriched )
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Figure 2. Examples of two-color flow cytometry analysis of freshly isolated (A-E) human EC and cultured EC (enriched for LC) (F-I). EC were double
stained with the MoAb listed above each two-color plot (specificities of the MoAb are given in brackets, see also Tables I and IT) and with FITC anti - CD1a
mAb (A, C-E) or FITC anti - HLA-DR mAb (B, F-I) to identify LC. Green (FITC) and red (phycoerythrin) fluorescence are plotted as logarithmically
increasing intensities on the X and Y axis, respectively. Staining with several isotype matched control MoAb (not shown) was usccf to determine background
staining, which is indicated by the horizontal and vertical bars. It 1s demonstrated that freshly isolated LC express HLA-DR (A4), CD1a antigens (4), HLA-A.B
(B), CD18 (D), and FcRII (E), but lack CD3 (C). Note that FcRI 1s no longer detectable on cultured human LC (F); surface MHC class I and 11 antigens
increased severalfold (B,H). CD40 is absent from the cell surface of virtually all rLC (Fig 1¢) but is expressed on the surface of all LC following culture (I).
Also, ICAM-1 emerged on most cultured LC (G). The staining of HLA-DR negative cells (keratinocytes), but not of HLA-DR positive ones (LC), was likely
non-specific, as propidium iodide staining identified the former as non-viable.

formly expressed CD45 (leukocyte common antigen), class IMHC ~ RFD1, which recognizes a class II antigen/epitope strongly ex-
antigens, and class I MHC antigens, including antibodies speciic  pressed by DC [20], stained a variable percentage of LC very faintly
for HLA-DP, DQ, and DR antigens as well as the invariant chain in sheets. The small subset of HLA-DR-rich LC was stained more
(Figs. 1 and 2; Table I). Consistently, a small fraction of LC  intensely however (Fig 1b).

(5%-10%) stained more brightly with anti-HLA-DR MoAb in both

EC suspensions and epidermal sheets. The vast majority of these LC Reactivity of MoAb to Myeloid Antigens with Resident LC: None of the
were located in a basal position within the epidermis. The MoAb  antibodies tested uniformly reacted with rLC. The MoAb VIM13,
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Table IIl.  Phenotype of Resident Versus Cultured Human
Epidermal LC

Property Resident LC Cultured LC
ML)FPIIUI(IR\’
cytoplasmic veils = i
Birbeck granules + i
Cytochemistry
Membrane ATPase + 1
MNonspecific esterase + =
Antigenic profile
MHC class I + 1
MHC class 11 - 1
HLA-DQ? (mAb's RFD1,8C4) — (subset +) -
CD40 — (subset +) +
CD1la + L
CDw32 (FcR1I) -+ -
CD24 (VIBE3 mAb) - +
CD25 (IL-2 Recepror) = 2

LA45 antigen =
CD54 (ICAM-1) =

+ (very weak)
+ (75%)

LeuM1, and OKMS5 stained an occasional LC weakly (Table I).
When EC suspensions were pretreated with neuraminidase, how-
ever, most LC bound LeuM1 MoAb like interdigitating cells in the
lymph node [21].

Reactivity of MoAb to Lymphocyte Antigens with Resident LC:  Resi-
dent LC lacked all the well-defined B lymphocyte antigens we
tested. Staining of EC (in suspension or cytospun) with a polyclonal
Ab to human Ig (FITC goat anti-human 1g, Ortho, Raritan, NJ)
failed to reveal immunoglobulin on the surface or in the cytoplasm
of rLC. A varying percentage (up to 40%) of LC stained faintly with
MoAb G-28-5 (CDA40) in epidermal sheets, whereas in suspension
only an occasional LC was stained. The small subset of LC, which
expressed class IT antigens more abundantly and was usually located
in a more basal position, was stained more clearly (Fig. 1¢).

With two exceptions, all MoAb to T lymphocyte antigens we
tested failed to react with rLC. As it is well known, all rLC strongly
expressed CD1a antigens (Figs 1a and 2), whereas CD1b was absent
from LC, and a varying percentage of rLC reacted with MoAb to
CDIc [22,23]. MoAb Leu 3a+b (anti-CD4) gave variable weak
labeling of rLC, whereas the other CD4 antibody used, OKT4, was
consistently negative in our hands.

Reactivity of MoAb to Defined Receptors, Adhesion Molecules, and Activa-
tion Antigens with Resident LC: We were able to demonstrate the
presence of Fe-receptors (FcR) type IT (CDw32) on rLC by using
either MoAb V.3 or CIKMS5 and flow cytometry (Fig.2E). In con-
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trast, MoAb to FcRI (CD64) and FcRITI (CD16) did not react with
3 1 GF

Most of the antibodies against complement receptors and adhe-
sion molecules we tested failed to bind to rLC. Only CD18 was
expressed by most rLC on their surface as shown by two-color flow
cytometry (Fig 2D) using MoAb IB4 or MoAb Ts1/18 (Ts1/18
detected fewer rLC than [B4). MoAb to CD11a, CD11b, and
CD11¢ stained a subset of rLC very faintly in some, but not all,
patients. We did not ind CD21, CD35, or CD54 (ICAM-1) in
suspension or in specimens which had not been exposed ro trypsin
(sheets, cryosections). None of the antibodies to activation markers
tested, i.e., MoAb to IL-2 receptors and to the LA45 antigen [66),
reacted with rLC (Table II).

Cytochemical Studies: Resident human LC, like murine LC, ex-
pressed membrane ATP' and ADP ase as well as nonspecific esterase
(not shown).

Cultured Human Langerhans Cells

Antigenic Profile:  Most antigens were expressed at constant levels
during culture (Table III). A few significant changes occurred, how-
ever. Most importantly, as in the mouse, MHC class ] and 11 antigen
expression increased several fold after 2-4 d of culture (Fig 2H). All
cLC were uniformly stained by MoAb RFD1 and 8C4, which rec-
ognize class II antigens / epitopes strongly expressed by DC [20,
42]. CD1a antigen decreased somewhat but was still readily detect-
able. Sometimes we also observed a slight increase in the expression
of CD18 (not shown). In contrast, ICAM-1 molecules consistently
emerged on the surface of about two-thirds of the cLC (Fig 2G).
CD40 appeared on the cell surface of most LC following culture
(Fig 2I). CDw32 antigen (FcRII), however, was no longer detect-
able on ¢LC (Fig 2F). Three antigens that were not found initially
on rL.C but appeared upon culture included interleukin-2 receptor
(CD25), as described previously [24], the lymphocyte activation-as-
sociated LA45 antigen [66], and a particalar CD24 epitope recog-
nized by MoAb VIBE3 (Table III).

Cytochemistry: Membrane ATP / ADP'ase activity of human LC
significantly decreased upon culture but did not disappear com-
pletely. Nonspecific esterase became negative (Table III).

Morphology: Cultured human LC, like murine cLC, had developed
numerous processes including thin sheet-like ones, the so-called
“veils™ (Figs 3 and 4a). The cLC were rich in cytoplasm; the nuclei
were irregular in shape with a rim of heterochromatin and small
nucleoli. The cyroplasm contained many mitochondria, few free
polysomes and ribosomes, and little rough endoplasmic reticulum.
The Golgi region was well developed with many electron-lucent,
non-coated vesicles. The cLC contained a variable number of 0.2-

Figure 3. Light microscopic appearance of culrured (3 d) human LC (enriched fraction). Immunofluorescence staining for HLA-DQ antigens identifies LC
(a), which display a hairy or spiny cell surface when viewed in phase contrast (b). When the cells are viewed in a viable state with an inverted phase contrast
microscope it becomes apparent that most LC exhibit sheet-like processes or veils (¢). K: contaminating keratinocytes. a,b: Bar, 100 gm, Magnification: X

275; ¢ Bar, 50 um, Magnification: X 675.
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Figure 4. Ultrastructural appearance of cultured (3 d) human LC. Low-power view illustrates the thin sheet-like cytoplasmic processes extending from the
surface of the LC. Note that LC are significantly enriched as indicated by the presence of only one profile of a contaminating keratinocyte (arrow). Bar: 10 um,
Magnification: X 2.755. B,C: High-power view of cultured human LC. The LC on the left (B) illustrates the typical appearance of the cytoplasm with many
mitochondria and smooth-surfaced tubular profiles, an occasional LC granule (Birbeck granule) (arrow), and a few larger electron-lucent vacuoles. The LC
on the right (C) is representative of the subset that contains a variable number of secondary lysosomes (phagolysosomes or autophagic vacuoles) (open arrows)
in its cytoplasm. Note LC granules (arrowheads). Bar: 1 uym, Magnification: X 27.550.
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0.6 um vacuoles as well as many smooth tubular profiles similar in
appearance to those seen in interdigitating cells in lymphoid areas
and in synovial fluid DC {25 (Fig 4b). A variable percentage of the
¢LC contained Birbeck granules mainly in the area of the Golgi
region, although less than in rLC. Lysosomes were scarce, but a
variable percentage of the ¢LC contained phagolysosomes and/ar
.zutophagic vacuoles. Lipid droplets were observed in some ¢LC
Fig 4).

Stimulatory Activity of Cultured LC: Cultured LC were compared to
PBMC for stimulatory activity in the allogeneic MLR and the poly-
clonial mitogenesis of periodate-modified T cells (oxidative mito-
genesis assay). Cultured LC proved to be potent accessory cells for
these primary T-cell responses (Fig 5). Their stimulatory activity
was comparable to that of human blood DC [18].

DISCUSSION

It is an accepted, although not finally proven, view that lymphoid
dendritic cells/interdigitating cells in skin-draining lymph nodes
are in part derived from epidermal LC that have taken up antigen
and migrated via afferent lymph to lymph nodes to stimulate T cells
[1.2,5]. Differences in phenotype berween epidermal LC in situ and
lymphoid DC argued against such a relationship, but this no longer
holds because we have shown that murine LC in vitro differentiate
into cells that very closely resemble DC in phenotype and function
[6]. This work now demonstrates that human LC, when put in
culture, change their phenotype to one comparable with murine
¢LC and are potent stimulators of resting T cells.

The basic knowledge of the antigenic profile of rLC came from
several studies that used one or a few MoAb for analysis [1]. An
extensive study of the phenotype of resident human LC was con-
tribured by Katz and co-workers when searching for a human ana-
logue of the murine Thyl+ dendritic epidermal cell [11]. We have
now added new information by testing additional MoAb as well as
comparing resident with culrured LC. All these studies clearly show
that rL.C express the leukocyte common antigen (CD45) and MHC
class 1 and 11 antigens but lack lineage specific antigens, including
those found on myeloid cells and B and T lymphocytes. The ab-
sence of myeloid antigens from human LC 1s in contrast to the
expression of the myeloid / macrophage antigen F4/80 on murine
LC in sita [19], which is lost during culture [6]. There is evidence,
however, thar putative precursors of human epidermal LC bear
myeloid antigens upon entry but lose them upon residency in the
epidermis [29], and that such markers may be induced in disease
states |30-32]. Just like murine rLC [6,19], human rLC express
FcRII (CDw32) (Fig 2E).
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Figure 5. Cultured human LC but not PBMC are potent accessory cells in
the allogeneic MLR (A) and the oxidative mirogenesis assay (B). Back-
ground (T cells only) was < 1000 cpm. For derails see text.
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Regarding T-cell markers, it is noteworthy that Groh et al have
recently reported that resident human LC might bear CD3 and
T-cell receptor gamma/delta [26,27]. We, like Cooper and co-
workers [11] did not find CD3 antigen an rLC (Fig 2C), however,
and we were also unable to demonstrate binding of two MoAb
:‘peciﬁc for the T-cell recepror gamma/delta using either sheets,
resh EC suspensions, or cLC. It might be of interest in this context
that CD3 antigen is definitely absent from murine LC |28, and our
unpublished results], and that in the course of the pilot experiments
for this study a faint granular cell surface staining on a subset of LC
was occasionally noted with some isotype contral antibodies when
sensitive staining procedures were used. This was possibly due to
FcR-mediated binding of MoAb or passive adsorption of antigens.

During 2-4 d of bulk EC culture human LC changed (Table II).
They became nonadherent and had a low buoyant density. Their
membrane ATP / ADPase activity decreased significantly but did
not disappear completely as in the mouse [6]. Nonspecific esterase,
however, was no longer detectable. As has been observed in the
mouse [6,33,34], surface class I and IT MHC antigens increased
severalfold (Fig 2H), whereas FcRI1 (CDw32) were no longer de-
tectable (Fig 2F). A lymphocyte activation antigen, LA45, and (as
described in Ref 24) IL-2 receptors (CD25) appeared (Table I1I). It
is of interest that cLC were strongly and uniformly stained on their
surface by the following three MoAb, which also react with DC:
MoAb RFD1 {which recognizes a MHC class 11 antigen / epitope
strongly expressed on DC) [20], MoAb VIBE3 [which recognizes a
particular CD24 epitope |35] and stains blood DC (our unpublished
observations)], and MoAb G-28-5 (anti-CD40) (which stains inter-
digitating cells in the lymph node [22] as well as isolated tonsil
dendritic cells [36]). The finding that a small subset of rLC, which is
located in a more basal position and strongly expresses class I mole-
cules, was stained with the MoAb RFD1 and G-28-5 might indicate
that the respective LC are in a process of maturation.

Cultured human LC proved potent stimulators of resting T cells
as tested in the allogeneic MLR and the oxidative mitogenesis assay.
As the capacity to bind to T cells by an antigen-independent mecha-
nism seems critical for the unigue capacity of DCand cLC [2,5,7] to
stimulate resting T cells, one might have expected that human LC
would significantly upregulate any of the defined adhesion mole-
cules. Indeed, ICAM-1 appeared on cLC. This molecule is, how-
ever, most likely not responsible for antigen-independent clustering
of LC with T cells, as this phenomenon in the mouse cannot be
blocked by anti-LFA-1MoAb [65]. This may indicate that novel
membrane molecules, yet to be identified, are involved. Overall,
cultured human LC resemble lymphoid dendritic cells [17,25,36] in
phenotype and function. This supports the view that lymphoid DC
in skin-draining lymph nodes might indeed be derived from skin
LC, even though the phenotype of cLC and lymph node DC in situ
is not identical. It is conceivable, however, that the final phenotype
is not acquired until LC have settled in the lymph node. In concor-
dance with this assumption is the observation that, apart from phe-
notypic differences between members of the DC family, even in a
given subpopulation of DC the antigenic profile is influenced by the
microenvironment (e.g.. LC in the tonsil epithelium [22], like in-
terdigitating cells in the lymph node, strongly express CD11c,
while LC in the skin and tonsil DC [36) virtually lack this antigen).

The marphology of cultured human LC was also consistent with
their being in virro equivalents of DC [25,36,38]. As compared to
murine LC rwo differences were observed. First, Birbeck granules
decreased significantly in number but did not completely disappear
from most human LC upon culture. In this context it is interesting
that the subpopulation of resident human LC, which, like cLC,
strongly expresses class 1§ antigens on a given ultrathin section,
displays only few or no Birbeck granules [39]. Second, in contrast to
what we observed in the mouse, a considerable portion of cultured
human LC contained secondary lysosomes. These differences pre-
sumably reflect the fact that resident human LC possess more Bir-
beck granules as well as lysosomes from the very beginning. There-
fore, even if a comparable percentual reduction of both organelles
would occur during culture, human LC would less likely score
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negative on a given ultrathin section. One has also to consider that
both organelles are dynamic. In the mouse it has recently been
observed that following hapten application the number of Birbeck
granules in situ increases rapidly [40]. Also a portion of the murine
DC isolated from the lymph node 24 h following hapten applica-
tion cxhibit Birbeck granules as well as a high lysosomal content
[41] unlike what would be expected from the published ultrastruc-
ture of DC [25]. In addition, we observed recently that freshly
isolated LC in vitro quite surprisingly are capable of ingesting even
large particles under appropriate conditions (unpublished observa-
tions).

We are now investigating whether human LC significantly in-
crease their stimulatory function on a per cell basis and functionally
mature in Vitro in response to certain cytokines as in the mouse
[6,8,9]. These studies were not feasible until we recently learned
how to enrich human LC from freshly prepared EC suspensions.

We thank the many colieagues who provided us with valuable MoAb (Tables I to
), Dr. J. Varga and Dr. E. Kampgen for carefully reading the manuscript. We are
very grateful to Dr. H. Anderl and his co-workers ar the Department of Plastic
Surgery, University of Innshruck, who provided us with skin specimens and thus
made this study possible.
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