
INTRODUCTION

The monocyte-derived cell lineage contains remarkably hete-
rogeneous subpopulations, including classical phagocytic macrop-
hages and various antigen-presenting dendritic cells (DCs).1,2 DCs 
have been identified within the interstitial space of most human tis-
sues although notable exceptions are the absence of DCs in the cor-
nea and central nervous system.3,4,5 Within tissues, DCs exist as tra-
ce populations and may be identified by the combination of DC 
morphology and immunohistochemical labeling to demonstrate the 
expression of high levels of HLA-DR, CD1a (on Langerhans cells 
in the epidermis) and S100, and the absence of other lineage mar-
kers.4,5,6,7 DCs migrate to the secondary lymphoid tissues via the 
afferent lymphatics as veiled cells, so called because of their cha-
racteristic sheet-like lamellipodia. Cannulation of dermal afferent 
lymphatic vessels in human subjects has demonstrated an increase 
in CD1a+ DCs leaving the skin following exposure to contact sensi-
tizers.5,8 There is also evidence from animal transplantation models 
that solid tissue DCs may migrate via the blood to the spleen.5,9 The 
mechanisms of homing to the LNs and spleen are not fully understo-
od but recent evidence suggests that expression of certain isoforms 
of the hyaluronic acid receptor (CD44) may be important.5,10 In LNs, 
DCs reside within the T cell paracortical regions as interdigitating 
DCs (IDCs), whilst in the spleen they are located in the marginal zo-
nes at the periphery of the periarterial sheaths.3,5 

Langerhans cells (LCs) were first described in 1868 by the in-
vestigator whose name they now bear, using a gold chloride sta-
ining technique that identified a unique nonpigmented dendritic 
appearing cell in the epidermis.11,12 These cells are also found in 
lymph nodes and the thymus and in limited numbers in the oral 
mucosa, esophagus, main bronchi, and distal colon. LCs are tho-
ught to be bone marrow-derived from CD34+ precursor cells and 
to represent part of the DC system.3,11,13 

These cells are potent antigen-presenting cells and, after an-
tigenic stimulation, have the capacity to migrate from the epider-
mis via afferent lymphatics to the paracortical areas of lymph no-
des, where they apparently complete the process of maturation to 
DCs, including interdigitating reticulum cells.3,11 Antigenic infecti-
ous agents including vaccines induce pro-inflammatory cytokines 
(e.g., TNF-α). These cytokines promote Langerhans DC maturati-
on in lymphoid organs where they home to the T cell rich area.14,15 
Langerhans DCs undergo phenotypic and functional changes du-
ring their maturation and migration. These cells, which are now loa-
ded with antigenic peptides on MHC class II, down-regulate CD1a, 
CCR6, and E-cadherin, and lose the capacity to capture foreign an-
tigens.14-16 Mature DCs are an end stage of differentiation, and they 
cannot be converted into either macrophages or lymphocytes. 
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ABSTRACT:
Purpose: Migration from sites of antigen uptake to lymphoid organs is crucial 
for the generation of immune responses by dendritic cells. We investigated the 
human epidermal Langerhans cells in their migratory pathway, from the epi-
dermis to the draining lymph nodes (LNs) and/or other secondary lymphoid or-
gans, by immunohistochemical methods, presenting the intensity of immunore-
active cells with Langerhans cells (LCs) specific antibodies.
Materials and Methods: Migrated LCs from the epidermis were measured as 
a function of the frequency of CD1a/HLA-DR and S100 positive LCs were fo-
und in epidermal sheets prepared from
punch biopsies of the normal skin sites of healthy humans. For this purpose, 
we investigated 6 healthy tissue samples of each lymphoid organ biopsy with 
these antigens. Moreover, we used L1 MoAb to distinguish macrophages from 
LCs or their derivatives. We examined normal samples from subjects who pre-
sented at the Pathology Department of Gazi University Medical Hospital, Tur-
key. Standard immunohistochemical methods were used to detect the presence 
of antigens in formalin fixed tissue specimens. The intensity of the immunope-
roxidase reaction was classified under a light microscope (Leica DM 4000B).
Results: We noted CD1a-, S-100-, and HLA-DR-positive LCs in the epidermis 
and S-100/HLA-DR-positive LCs in the dermis and around its vessels. These 
were shaped like dendritic cells. We also saw these S-100/HLA-DR immunore-
active cells in the LNs, spleen, and thymus by discriminating them from the L1-
positive macrophages. These positive cells were very close to the blood vessels.
Conclusion: These observations support the concept that Langerhans cells de-
liver antigen peptides to regional lymph nodes/thymus and spleen, to the former 
via lymph vessels and to the latter via arterial circulation, and CD1a, S-100, and 
HLA-DR were suitable markers for the detection of Langerhans cells in diffe-
rent lymphoid tissues except langerin.
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LENFOİT ORGANLARDA DERİ’NİN LANGERHANS 
HÜCRELERİ: BİR İMMUNOHİSTOKİMYASAL ÇALISMA
ÖZ:
Amaç: Dendritik hücreler tarafından antijenlerin tanınmasının hemen ardından 
bu hücrelerin lenfoit organlara göç etmeleri immün yanıtın baslayabilmesi için 
son derce önemlidir.. Biz de çalısmamızda immünohistokimyasal olarak Lan-
gerhans hücrelerine özel antibodiler kullanarak, derinin bu özel hücrelerini an-
tijenle tanısdıkları epidermisden ikincil lenfoit organlara doğru olan olası göç 
yolunugöstermeye çalıstık.
Gereç ve Yöntem : Sağlıklı insanlardan alınan iğne biyopsi örneklerinde 
CD1a/HLA-DR, S100 antibodileri ile positif LH’ni deri ve ikincil lenfoit or-
ganlarda çalısabilmek için her dokudan 6 örnegi, Gazi Üniversitesi Patoji bö-
lümünden elde ettik. Makrofajları LH’nden ayırd edebilmek için makrofajla-
ra özel L1 MoAb’sini kullandık. Formalin ile tespit edilmis ve parafine gö-
mülmüs dokularda standart immunohistokimyasal yöntemler ile bu antibodileri 
gösterdik. Reaksiyonu Leica DM 4000B foto ısık mikroskobunda görüntüledik.
Bulgular: CD1a, S-100 ve HLA-DR-positif LH’ni epidermisde ve S-100/
HLA-DR-positif LN’ni de dermis ve dermisin damarları çevresinde gözlem-
ledik. Bunlar sekil olarak dendritik hücrelere benzeyen hücrelerdi. Bu S-100/
HLA-DR immunoreaktif hücreleri aynı zamanda lenf düğümlerinde, dalakta 
ve timusda da gözlemledik ve bu hücrelerin L1 positif macrofajlardan ayırımı-
na vardık. Bu pozitif hücrelerin kan damarları ile de son derce yakın iliskide 
bulunması ve endotel hücreleri aralarına doğru sokulmus olmaları onların göç 
eden hücreler olabileceği kanısını uyandırdı.
Sonuç: Bu gözlemler LH’nin antijenleri ikincil lenfoit organlara lenf damar-
larının yanısıra kan damarları ile de götürebiliceğinin göstergesi olabilir ve 
Langerin’in yanisira/olmadigi durumlarda CD1a, S-100 ve HLA-DR ikincil 
lenfoit organlarda LH’ni göstermeye uygun antibodiler/isaretleyicilerdir.
Anahtar Kelimeler: Langerhans Hücreleri, Göç, İmmunohistokimya, Lenfoit 
Organlar, Uygun İsaretleyiciler
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LCs have been shown to be the only cells in the epider-
mis to express MHC class II molecules under normal con-
ditions;17,18,19 upon antigen capture, LCs migrate to regional 
lymph nodes and are highly efficient at presenting MHC class 
II–restricted peptides to T cells.20,21 These T cells then migrate 
back to the skin to participate in cutaneous inflammatory res-
ponses. These observations suggest that LCs are an important 
component of the innate immune response in the skin, functi-
oning to initiate adaptive T cell responses locally. Two other 
features of LCs are intriguing in the context of their antigen-
presenting role. First, LCs were shown to express high levels 
of CD1a, 21 ..a member of the family of group 1 CD1 proteins 
(CD1a, CD1b, and CD1c), which share the capacity to present 
microbial lipid antigens to T cells.22 Second, LCs are the only 
cells known to express langerin (CD207), a C-type lectin that 
is sufficient to induce the formation of Birbeck granules, pen-
tilaminar endosomal structures specific to LCs. These unique 
features of LCs suggested that they may be specialized by the-
ir expression of langerin to capture particular antigens as they 
enter the epidermal layers, and that at least some of these anti-
gens may be presented to CD1a-restricted T cells.22 In the cur-
rent study, we examined the possible distribution of these im-
portant fighter cells of the skin in different lymphoid organs by 
using monoclonal antibodies known to be specific and/or exp-
ressed by the Langerhans cells. Most of the studies in the lite-
rature were performed in mice or guinea pigs. Similar data are 
difficult to obtain on human epidermal Langerhans cells. The-
refore, we aimed to investigate expression of CD1a, S 100, 
and HLA-DR antibodies on human skin and other lymphoid 
organs and to distinguish these cells from the macrophages by 
applying L1 antigen.

MATERIALS AND METHODS

Specimens and tissue preparation methods

A variety of biopsy specimens were obtained from the rou-
tine pathology files after approval from Gazi University Ethics 
Committee was obtained. We studied normal samples from 
patients who presented to the Pathology Department of Gazi 
University Medical Hospital, Turkey, between April 2000 and 
June 2005. A total of 6 tissue samples of each organ (skin, 
lymph node, thymus, and spleen) were evaluated. This materi-
al had been fixed in buffered formalin (pH 7.4) and embedded 
in paraffin. The specimens included only histologically nor-
mal tissues. Serial tissue sections were cut at 4-6 µm on a mic-
rotome (Leica SM 2000, Germany) and stretched by water flo-
tation on polylysine-coated glass slide.

Antibodies and staining procedure 

The slides were de-waxed. Following dehydration through 
a descending ethanol series, endogenous enzymes were bloc-
ked using 1.2% hydrogen peroxide. In order to increase the 
immunoreactivity of formalin-fixed paraffin wax sections, an 
enzyme step is necessary for CD1a as EDTA and L1 as citra-
te buffer, but is not necessary for HLA-DR and S100 antibody. 
Slides were therefore incubated in 0.1% EDTA buffer (Cat # 
AP-9004-500, Lot# 9004 E211, Neomarkers, USA) and cit-
rate buffer (Cat # AP-903-500, Lot# 9003C 411A, Neomar-
kers, USA) for 10 min at 37 °C. Following a phosphate buf-
fer wash slides were blocked using normal goat serum prior to 
the application of a 1:100 concentration of mouse monoclonal 
primary antibodies (CD1a Ab-4, Lot# 1354 5010 MS-1354-S; 
L1 Cell Adhesion molecule Ab-1, Lot# 770 P203 MS-770-P; 

HLA-DR Ab-1, MS-133-PO and S100 Ab-1, Lot# 296 R209 
MS-206-R7, Neomarkers, USA). Two phosphate buffer rin-
ses preceded secondary antibody application (Anti-polyvalent 
HRP kit TP-060-HL, Neomarkers, USA) for 30 min.  Epitopes 
were identified using the avidin biotin complex (ABC) method 
and visualized with the use of AEC (Lot# ANA 41118 TA-
125-HA, Neomarkers, USA). Control slides were prepared 
using the same method omitting either primary antibody. Sli-
des were counterstained with Mayer Hematoxylin, and moun-
ted with Aqueous Mount (Cat # AML 060 Lot # 7265, ScyTek, 
USA). The intensity of the immunoperoxidase reaction was 
classified, investigated, and photographed with a Leica DMC 
4500 photolight microscope. 

RESULTS

S-100 reactive cells were observed all through the skin la-
yers, especially in the stratum spinosum. These cells were star-
shaped and had cytoplasmic extensions. Reactivity was very 
strong in both the nucleus and cytoplasm. Some S-100 positive 
cells in the stratum basale were observed to move across the pa-
pillary dermis. S-100 antibody, which is specific for LCs and in-
terdigitating cells, was also reactive to some cells in the dermis. 
Moreover, their relation with blood vessels was obvious. These 
S-100 reactive cells that moved across the epidermis to the pa-
pillary dermis and afterwards to the dermal venules were evalu-
ated as LCs – the immunofighters of the skin (Fig. 2).

HLA-DR antibody, which is specific to monocytes, mac-
rophages, dendritic cells, and to LCs of the skin, gave a re-
action in the skin that is similar to that of S-100’s. Reactivity 
of epithelial cells was mild when compared to S-100 reactive 
cells. Those epidermal cells did not include macrophages, mo-
nocytes, or DCs and so were evaluated as LCs of the skin. The 
reactive cell population seen in the papillary dermis and their 
reactivity were larger and stronger than that in the epidermis. 
S-100 immunoreactive LCs in the papillary dermis that were 
still migrating were also immunoreactive for HLA-DR. Ho-
wever, their reaction in the papillary dermis was denser becau-
se it includes an HLA-DR positive reaction of dermal macrop-
hages and monocytes with migrating LCs (Fig. 4). 

On the other hand, in normal human skin tissue biopsies 
we observed CD1a immunoreactivity only in the epidermis. 
This antibody, which is specific for DCs and LCs, gave a re-
action similar to that of skin LCs for S-100. CD1a immuno-
reactive cells were seen all through the epithelium with the-
ir cytoplasmic extensions. The absence of reactive cells in the 
papillary dermis is explained by the idea that this protein is 
expressed by the LCs that are not immunologically adequate 
yet. (As LCs differentiate Birbeck granules disappear and af-
terwards LCs lose their reactivity to CD1a). Although this dif-
ferentiation could occur any time during the migration of LCs 
to the lymph node, still some LCs positive with CD1a may or 
may not be seen in lymph nodes. Although it is not well known 
at which stage of migration differentiation takes place, in our 
study the presence of CD1a negative cells in the papillary der-
mis may be a sign that differentiation of LCs is completed be-
fore these cells leave the epithelium (Fig 1). 

L1 antibody, which is used to separate the LCs from mac-
rophages, was applied to all tissues (but not shown in figures 
of all groups), and is reactive to macrophages that are found in 
the papillary dermis. We observed that epithelial cells in nor-
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mal skin biopsies are negative for L1 except some keratinocy-
tes, and positive macrophage cells are found in the papillary 
dermis, adjacent to the stratum basale, and this showed us that 
macrophages are waiting for LCs that are stimulated by an an-
tigene and soon become nearer (Fig 3).

In our immunostaining studies with S-100, HLA-DR, CD1a, 
and L1 proteins in lymph nodes, we found that LCs are found in 
the lymph nodes. We observed strong S-100 reactivity in the sub-
capsular sinus and in the walls of arterioles and cells nearby (Fig 
7). This showed us that LCs reach the lymph nodes by blood flow 
and during this period they are S-100 reactive. We also observed 
that veiled cells at the subcapsular sinus, which are thought to be 
LCs, are strongly S100 reactive. In the arterial wall, some cells, 
which are not endothelial cells, were S-100 positive (Fig 7). Be-
cause of this, we thought that LCs could also migrate to lymph 
nodes via the arteries. HLA-DR and CD1a reactivity were simi-
lar in many ways (Fig 5, 6). DCs gave a strong and diffuse reac-
tion with these proteins. As LCs reach the lymph node, they have 

probably completed their differentiation and are CD1a negative; 
in our immunostaining with this antibody the reaction seemed to 
be less diffuse but much stronger when compared to HLA-DR. 
CD1a reactive cells were observed both in lymphoid follicles and 
in the connective tissue of septa (Fig 6). At low magnifications re-
actions through the tissue were clearly visualized. The most dif-
fuse immunoreactivity was observed by the HLA-DR monoc-
lonal antibody, which is known to be reacted with lots of cells 
(monocytes, macrophages, LCs, DCs), and reactivity was seen 
mostly in lymphoid follicles’ germinal centers (Fig 5b). On the 
other hand, S-100 reactive cells were seen separately and only a 
few in number through the LN (Fig 7, 8) and L1 immunostaining, 
which was performed to separate macrophages from LCs, gave 
the least diffuse reaction after the S100 (Fig 9). L1 reactive cells 
were seen mostly in the germinal center of the follicle. Because 
of this we assumed that most of the S-100 and HLA-DR positive 
cells are either LCs or DCs.

Elmas  et al

Figure 2. S100 positive cells 
in the stratum basale (☼), stra-
tum spinosum (2c) and in the 
dermis (→) close to the dermal 
vessels (2b). (Immunoperoxi-
dase, Hematoxylin)

Figure 4. HLA-DR reactivity is 
seen in epithelial cells (☼) and 
in papillary dermis (→). (Immu-
noperoxidase, Hematoxylin)

Figure 1. CD1a immunoreactive 
cells are seen (→) all through the 
epithelium but not in the dermis. 
(Immunoperoxidase, Hematoxylin)

Figure 3. L1 positive cells of 
papillary dermis (→) and ke-
ratinocytes of epithelium (☼). 
(Immunoperoxidase, Hema-
toxylin)

Figure 5. HLA-DR immunore-
active cells (→) of lymph node 
(5a) and diffuse immunoreac-
tivity of HLA-DR in germinal 
center is seen (5b). (Immuno-
peroxidase, Hematoxylin)

Figure 6. CD1a reactive cells are 
seen both in lymphoid follicles 
(→) (6a) and in connective tis-
sue (☼) (6b). (Immunoperoxida-
se, Hematoxylin)

Figure 7. LN, S100 reactive 
cells are seen subcapsular si-
nus as veiled cells (→) (7a) and 
in thick arterial wall (☼) (7b).  
(Immunoperoxidase, Hema-
toxylin)

Figure 8. LN, Only a few S100 
reactive cells are seen in lymph 
nodes paracortical region. (Im-
munoperoxidase, Hematoxy-
lin)
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S100 reactivity in the 
thymus was also highly limi-
ted. However, some cells with 
cytoplasmic extensions that are 
found in the capsule and inside 
the trabecules are evaluated as 
LCs that have just come to the 
thymus. With S100, which is 
specific to interdigitating cells 
and LCs, interdigitating cells 
in the medulla of the thymus 
showed a positive reaction (Fig 
10). However, reactive cells 
were rare in the medulla. In the 
large picture with small magni-
fication, we saw that the exten-
sioned reactive cells had spread 
out from trabeculae to the cor-
tex and afterwards to the me-
dulla. Therefore, because of 

this we considered that these S-100 positive cells might be 
LCs (Fig 10). However, CD1a reactivity in human thymus tis-
sue was more diffuse. Moreover, those positive cells are tho-
ught to be interdigitating cells that are found especially in the 
medulla and give a strong reaction. CD1a positive cells in the 
capsule had probably come to the thymus via the arterial blo-
od circulation but had not differentiated to LCs yet (small pic-
ture). These cells are evaluated as cells that have affinity to en-
ter the thymus parenchyma with trabeculae and are regarded 
as LCs (Fig 11).

The most diffuse reactivity in the thymus was that with 
HLA-DR and this result correlates with the fact that the most 
diffuse group of cells of the thymus expresses this antibody. 
Mature macrophages in the cortex, again macrophages and 
DCs in the medulla, lesser monocytes, and the possible exis-
tence of LCs may be responsible for this positivity. Some of 

the reactive cells were macrophages with their huge contours 
and some cells attracted attention due to their cytoplasmic ex-
tensions. There was no reaction in endothelial cells; on the ot-
her hand, macrophage or monocyte-like cells in the arterial 
wall were HLA-DR positive. Cells with small amounts of the 
cytoplasm adjacent to the arterial wall showed a strong HLA-
DR reaction and they are evaluated as T-lymphocytes (Fig 12).

In the spleen, CD1a immu-
nopositive dendritic cells were 
seen in clusters in the perip-
hery of the white pulp, whereas 
they were small in number be-
side the peripheral artery. Posi-
tive cell clusters were also ob-
served in spleen cords. We tho-
ught that these reactive cells 
may be Dcs or LCs in cords of 
red pulp, which have many cell 
types like reticular cells, plas-
ma cells, macrophages, and 
cells of the circulating blood in 
the cords of red pulp. Positive 
cells found around the central 
artery at PALS, which are ad-
jacent to T lymphocytes, are 
evaluated as antigen presen-
ting DCs (Fig 13). HLA-DR re-
activity in the spleen’s red pulp 
was limited to clusters of reac-
tive cells. There was no reacti-

on in the white pulp. In addition, we did not observe any posi-
tiveness in the sinusoids (Fig 14). Reactive cells are assumed 
to be the macrophages, monocytes, or DCs of the pulp cords. 
Reactive macrophages were seen also in the wall of the mac-
rophage sheathed arterioles in red pulp. Also in the marginal 

Figure 9. L1 reactive cells are 
seen mostly in germinal center of 
LN ([) (9a) and the staining pattern 
of antibody seen in LN (9b). (Im-
munoperoxidase, Hematoxylin)

Figure 10. S100 reactive cells 
are seen in trabeculae ([) (10b) 
and parenchyma (10a) of the 
thymus ([). (Immunoperoxida-
se, Hematoxylin)

Figure 11. CD1a immunos-
tained cells are seen in capsu-
la (☼) (11b) and medullary re-
gion of human thymus (→,↕) 
(11a). (Immunoperoxidase, He-
matoxylin)

Figure 13. CD1a immunostaining 
in spleen. Reactive cell clusters are 
in periphery of white pulp (→) and 
in red pulp (☼). Some reactive cells 
are also seen in PALS (↑↑). (Immu-
noperoxidase, Hematoxylin)

Figure 14. HLA-DR reactivity of 
spleen. Reactive cells are seen in the 
periphery of white pulp, around the 
macrophage sheathed arterioles in 
red pulp and in marginal zones (→). 
(Immunoperoxidase, Hematoxylin)

Figure 12. HLA-DR reactivity 
of thymus. Macrophages with 
their huge contours (→), cells 
with cytoplasmic extensions (↑ 
↑) and thymocytes (→) are seen. 
Endothelial cells are immunone-
gative with HLA-DR (☼). (Im-
munoperoxidase, Hematoxylin)
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zone HLA-DR positive macrophage clusters were seen. Some 
of the reactive cells in the pulp cords are thought to be eit-
her reticular cells or LCs (Fig 14). In this tissue, we observed 
S100 reactive cells in the red pulp and corona of lymphoid fol-
licles. Although there was no reaction at the germinal centers 
of the white pulp and PALS, we saw huge cells in the red pulp 
and appraised them as reticular cells or LCs (Fig 15). 

DISCUSSION

Although initially thought to be related to the neural 
system, LCs are now known to express MHC class II mole-
cules and represent one of the most potent antigen-presenting 
cells in the body.23,24 These cells are part of the DC system, 
with the important function of immune surveillance, i.e. for 
the detection of foreign antigens entering the body through 
the skin.11 

Epidermal LCs express high levels of MHC class II mo-
lecules and the CD1 complex, and are positive for S-100. 24-31 

CD1a is a protein of 43 to 49 kDa expressed on DCs and cor-
tical thymocytes CD1a staining has been shown to be useful in 
the differentiation of LCs from interdigitating cells. It has also 
proved useful for phenotyping LC histiocytosis. Cells reacti-
ve for CD1a demonstrated membrane accentuation with weak 
cytoplasmic reactivity, frequently with focal localized Golgi-
type cytoplasmic staining.32 

In the dermis, the Langerhans precursors are strongly HLA-
DR positive, and are relatively non-phagocytic, “indetermina-
te cells.” CD1a expression is not pronounced in the precursors 
and is not significantly expressed until the cells become diffe-
rentiated.33,37 It is shown in many studies that epidermis LCs 
are positive with CD1a.24-27 LCs that are characterized by the 
existence of Birbeck granules are expressed with CD1a befo-
re being differentiated to DCs. However, these cells, which 
complete their differentiation to DCs and lose their granule 
structure in their cytoplasm, are CD1a negative.28,38-40 In our 
study we aimed to differentiate these cells, which can be defi-
ned as LCs due to their S100/HLD-DR positive characteristic 
and due to its positive reaction with CD1a in the skin but nega-
tive reaction with other lymphoid organs, from the macropha-

ges by applying L1 antibody to the investigated tissues and so 
strengthen the diagnosis of LCs. In conformity with the litera-
ture, we monitored CD1a positive cells in all layers of the epi-
dermis with their cytoplasmic extensions. Some positive cells 
were found in the stratum basale but no reactive cells were ob-
served in the papillary dermis. The lack of positive cells in the 
papillary dermis made us think that the LCs, known as migra-
ting to the dermis from the epithelium, may complete their dif-
ferentiation to DCs before they leave the epidermis.

It is well known from immunohistochemical studies that 
S-100 protein appears beyond nervous tissues, such as in cer-
tain epithelia, melanocytes, myoepithelial cells, IDCs, and 
LCs.22 An immunohistochemical study based on polyclo-
nal antibodies indicated that the α subunit of S-100 protein 
might occur in macrophages41 and studies on S-100 protein 
demonstrated diffuse nuclear and cytoplasmic staining. It has 
been reported that most DR-positive DCs were likewise nega-
tive for L1, and the same was true for Kupffer cells in normal 
livers. FDCs and tingible body macrophages in germinal cen-
ters were generally L1-negative as well.22  In the literature, stu-
dies in which S100 protein was examined in splenic tissue sta-
ted that DCs, interdigitating cells, nerve fibers, and endothe-
lium cells react positively with this protein. Researchers ob-
served reactive nerve fibers in the hilus and in connective tis-
sue neighboring main blood vessels.2,7 They also determined 
that DCs, secondary lymphoid follicles, and endothelium cells 
in PALS are reactive with S100. However, we did not obser-
ve such a reaction with follicular DCs, endothelium cells, or 
PALS. These structures were completely S100 negative. We 
only observed a medium to high reaction in DCs in red pulp 
cord. On the other hand, S100 positive cells in the thymus are 
defined as IDCs (interdigitating dendritic cells) in some mam-
mals including humans. It is stated that these reactive cells are 
more intensely observed in the thymus medulla. Positive reac-
ting cells are observed also in the cortex but it is stated with 
studies that their number is smaller compared to reactive cells 
in the medulla. 

In our S100 antibody application in human tissue, we de-
fined reactive cells as almost equally distributed IDCs similar 
to those of other researchers, but more in the medulla. These 
cells were very close to blood vessels in the trabeculae and had 
clear cytoplasmic extensions. It seemed as if they were leaving 
the trabeculae and being distributed in the cortex and then the 
medulla. In studies in the lymph nodes and skin, S100 prote-
in is defined in paracortical zone of lymph node and in both 
the epidermis and dermis in the skin. In our study, an S100 re-
action in the lymph node is observed, particularly in interdigi-
tating cells of the paracortical zone. The reaction in dendritic 
reticular cells is determined also in follicles, similar to the re-
ports in the literature. A strong reaction is observed in cytop-
lasmic extensions of these cells. In our study, a strong reacti-
on of S100 positive cells in the epidermis is seen. Cytoplasmic 

Figure 15. Spleen, S100 immu-
noreactive cells are seen adja-
cent to blood vessels (☼) and 
in red pulp (→). (Immunopero-
xidase, Hematoxylin)
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extensions and star-like shapes of these cells were clear. It was 
even observed in some zones that some of these reactive cells 
cross the basal membrane and pass to the dermis. It was also 
considerable that reactive cells in the dermis were again qui-
te strongly positive, but even though their cytoplasmic exten-
sions were clear the star-like shapes in the epidermis were di-
sappearing. These reactive cells were observed very close to 
all vessel structures in the dermis. This made us think that re-
active cells can use both lymphatics and the arteries for mig-
ration.

Identified and named by Bodmer in 1977, HLA-DR mole-
cules fall under the category of MHC II molecules and regula-
te immune response.42, 43 They are expressed primarily in anti-
gen presenting cells such as B lymphocytes, monocytes, mac-
rophages, thymic epithelial cells, and activated T lymphocy-
tes. There is experimental evidence that MHC II molecules 
are expressed from the LCs of the epidermis also. As reported 
by many investigators in the early nineties, LCs carry recep-
tors with high affinity for IgE (FC(RI); furthermore, they exp-
ress CD1a and S100 proteins also but not L1.44 Studies stated 
that HLA-DR protein generally reacts positively at ECs, DCs, 
MCs, lymphocytes, active T lymphocytes, and thymic nurse 
cells. The researchers who limited the reactivity in the spleen 
with IDCs report HLA-DR reactivity of active T cells, corti-
cal cells and nurse cells, with CDs more in the thymus. Lymph 
node HLA-DR positive cells are defined as ICs similar to the 
ones in the spleen. HLA-DR positive cells of the skin are LCs 
and macrophages. In our study, we observed HLA-DR immu-
noreactivity in the thymus, similar to the literature, but more 
in active T lymphocytes and DCs close to the vessel wall. Mo-
reover, in the spleen, a reaction was observed in IDCs of red 
pulp while there was no reaction in the white pulp. There were 
clusters of denser immunoreactivity in some zones. We defi-
ned it as zones where a few HLA-DR immunopositive cells 
gather. Positive cells of the lymph node were again at the le-
vel of IDCs, in conformity with the literature. HLA-DR posi-
tive cells of the skin were determined as LCs and macropha-
ges in the epithelium and papillary dermis. The closeness of 
reactive cells to the vessels led to think that they might have 
a ‘travel plan’. 

The L1 antigen, which is a calcium-binding, heat-stable, 
multichain myelomonocytic protein of about 36 kD, however, 
was found to be mainly confined to reactive histiocytes (in-
filtrating macrophages)17, 21. The fact that L1 normally circu-
lates in small amounts was reflected by a diffuse extracellu-
lar L1 positivity that was often seen in tissue directly fixed 
with ethanol, especially adjacent to vessels and in subepithe-
lial zones.17,21 This feature was less apparent in formalin fi-
xed material, obviously because of antigenic masking as desc-
ribed previously for other extracellular antigens. We perfor-
med our experiment on formalin fixed tissues and we saw po-
sitively reactive monocyte derived macrophages in the skin 

and other lymphoid tissues. Our aim was to distinguish the-
se monocytes from LCs. Endothelium was likewise generally 
negative; occasional positivity might be ascribed to uptake of 
circulating L117,21. In our study, we aimed to apply L1 monoc-
lonal antibody to the skin and lymphoid organs together with 
other antibodies and consequently determine the macropha-
ges in the follicles and distinguish these macrophages from 
possible LCs. We evaluated S100/HLA-DR/CD1a positive but 
L1 negative cells in the skin and S100/HLA-DR positive and 
CD1a/L1 negative cells in other lymphoid organs, as LCs and/
or their derivates.

In agreement with the literature, we determined L1 reacti-
vity as negative in the epidermis of normal human skin.17,21 
However, macrophages in the papillary dermis reacted posi-
tively with L1. HLA-DR positive cells in the papillary der-
mis of the skin were denser with respect to L1 positive cells. 
If some of the HLA-DR positive cells were macrophages, then 
the others were probably migrated LCs. Especially in lymph 
nodes, L1 protein and positive macrophages were sporadically 
scattered. Macrophage distribution in other lymphoid organs 
was also limited as in the lymph nodes and particular to the 
zone it exists in as in PALS17,20,21. Thus, we thought that ot-
her HLA-DR/S100 positive and CD1a negative cells when the 
macrophage distribution is so limited are probably LCs. 

In conclusion, while a reaction is observed with almost all 
antibodies in the skin, the most diffuse reaction is determined 
with HLA-DR and CD1a in lymphoid organs. Although S100 
is the most powerful and diffuse reaction in the skin, its ma-
nifestation in other lymphoid organs is even rarer. S100 also 
strongly reacted in cells named “veiled” and that exist in sub-
capsular sinuses of lymph nodes and that are considered mig-
rated LCs. Non-endothelium positive cells are determined in 
the artery wall.  As a result, it is supposed that LCs and their 
derivates can migrate to other lymphoid organs by arteries/ve-
ins or lymphatic vessels and S100/HLA-DR and CD1a are the 
most suitable antibodies to show this distribution. Moreover, 
L1 enabled us to differentiate macrophages from these cells. 
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