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Abstract: Stabilin-1 is an endocytotic scavenger receptor, specifically expressed by non-continuous sinusoidal en-
dothelial cells in the liver, spleen and lymph nodes and by M2 or alternatively activated macrophages in human ma-
lignancies. We analysed paraffin-embedded tissue of melanocytic lesions and granulomatous diseases for stabilin-1 
expression, using the human/murine RS1 antibody. The specificity of the RS1 staining was confirmed in a knock-
out model, as only M2-like tumor-associated macrophages and vessels of a B16F10 melanoma in wild type mice 
stained positive; while staining of tumor-associated macrophages and vessels originating from stabilin-1 deficient 
mice remained negative for stabilin-1 specific antibody RS1. In human specimens, the RS1 antibody stained tumor-
associated macrophages in all pathological stages of melanoma. In addition, five cases of juvenile xanthogranulo-
mas and one case of necrobiotic xanthogranuloma were strongly stabilin-1 positive, while Th-1 cytokine dominated 
granulomatous diseases such as sarcoidosis and granulomatous leprosy were negative. Stabilin-1 positive vessels 
were found in all analysed non-Langerhans cell histiocytoses and melanocytic lesions. No stabilin-1 positive vessels 
were present in any other granulomatous diseases. 

Keywords: Melanoma, melanocytic nevus, xanthogranuloma, tumor associated macrophages, tumor classifica-
tion, M2 macrophages, marker molecules

Introduction 

Human stabilin-1 is a 280 kDa type I trans-
membrane protein, with a small cytoplasmic 
domain at the C-terminus, a single transmem-
brane domain and a large extracellular part; 
which contains 7 fasciclin domains, 18 epithe-
lial growth factor domains and a single X-link 
domain. Stabilin-1 was originally identified as 
the high molecular weight protein antigen of 
the human specific antibody, MS-1 [1]. The 
MS-1 antibody detects non-continuous sinusoi-
dal endothelial cells of the liver, spleen, lymph 
nodes and bone marrow, as well as macro-
phage-like cells in human organs. In vitro, the 
MS-1 antigen was strongly expressed by alter-
natively activated macrophages; a special sub-
type of macrophage associated with functions 
in wound healing and angiogenesis [2]. Under 
pathologic conditions in humans, stabilin-1 

expression has been localized to endothelial 
cells of continuous origin, like wound healing 
tissue, cutaneous T-cell lymphoma, psoriasis 
and melanoma metastasis [3]. As the MS-1 
antibody is limited to frozen sections, no sys-
tematic analysis allowing the correlation of sta-
bilin-1 positive vessel or macrophage density to 
diagnostic parameters in human pathologies 
has been performed so far. 

On a functional level, stabilin-1 is described as 
an endocytic clearance receptor expressed on 
sinusoidal endothelial cells, as well as alterna-
tively activated (M2) macrophages. Known 
external stabilin-1 ligands comprise placental 
lactogen [4], the secreted protein acidic and 
rich in cysteine (SPARC) [5], oxidized low-densi-
ty lipoprotein [6] and heparin [7]. Although sta-
bilin-1 ligands harbor potent physiological 
effects (e.g. angiogenesis and immune stimula-
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tion) and a link between stabilin-1 expression, 
and downstream effects mediated by stabilin-1 
ligands have been discussed intensively [8], a 
physiological relevance of stabilin-1 in patholo-
gies remains speculative. However, a stabilin-1 
and -2 double knockout mouse model displayed 
a phenotype of glomerular sclerosis and mild 
liver fibrosis [9]. The homologous protein stabi-
lin-2 is expressed exclusively by non-continu-
ous endothelial cells, and it shares a sequence 
homology with stabilin-1 of about 56% on 
amino acid level [10]. 

Several stabilin-1 directed novel antibodies 
have been generated either commercially or by 
research groups [4, 11-14]. One of these is the 
rabbit polyclonal antibody RS1, which is direct-
ed against the C-terminal part of human stabi-
lin-1. This antibody detects stabilin-1 not only in 
frozen sections, but also in paraffin embedded 
material, required for a systematic, tissue bank 
based analysis of human specimens. In addi-
tion, RS1 was found to recognize murine 
stabilin-1. 

Here, we analyzed the expression of stabilin-1 
in paraffin-embedded melanocytic lesions and 
granulomatous skin diseases of humans. A sys-
tematic analysis of melanocytic lesions rev- 
ealed a substantial infiltration of stabilin-1+ 
macrophages in nevi, as well as in melanomas. 
In addition, all analyzed non-Langerhans cell 
histiocytoses were stabilin-1 positive; while 
Th-1 cytokine dominated granulomatous dis-
eases such as granulomatous leprosy, granu-
loma annulare and sarcoidosis stained nega-

tive or only partially positive. In terms of vascu-
lar structures, stabilin-1 expression were found 
only in human melanocytic nevi, melanomas 
and non-Langerhans cell histiocytoses, in con-
trast, vessels of other analyzed granulomatous 
diseases of the skin remained stabilin-1 nega- 
tive. 

Materials and methods

Case materials

The study was performed in accordance with 
federal laws and regulations and institutional 
policies. We obtained ethical approval of the 
local ethical committee (Medical Ethic Com- 
mission II, Faculty of Medicine Mannheim, 
University of Heidelberg in Germany) filed under 
the reference number: 2010-318N-MA. Written 
informed consent was obtained from all 
patients and data was analysed anonymously. 
Pathological cases were identified using an 
electronic database and retrieved from the 
pathology tissue archives of the University 
Medical Center Mannheim. All juvenile and 
necrobiotic xanthogranulomas, tuberous xan-
thomas and granulomatous leprosy diagnosed 
after January 2000 were included in the study. 
A total of 5 cases of cutaneous sarcoidosis, 8 
cases of granuloma annulare, 6 cases of mel-
anocytic nevi and 14 cases of melanomas were 
included in the study.

Murine tumor models

C57BL/6 wild type mice were purchased from 
Janvier Labs, Le Genest Saint Isle, France. 

Table 1. Stabilin-1/CD68 expression in melanoma - associated macrophages and vessels 

Patient  
ID

Age at di-
agnosis 
[Year]

Sex
Year of 
diagno-

sis

Tumour 
localiza-

tion

Breslow 
index 
[mm]

PT stage 
(AJCC 
2009)

TNM classifi-
cation (AJCC 

2009)

Sentinel 
lymph 
node

Stabilin-1 in 
CD68+ macro-

phages [%]

Stabilin-1+ 
vessels 

[%]

CD68 
expres-

sion
1 73 M 2013 Shoulder 0.45 pT1a IA N/A 14.4 0 39.7

2 56 M 2008 Back 0.6 pT1b IB N/A 91.3 13.3 82.3

3 59 M 2010 Abdomen 0.4 pT1b IB Negative 95.7 18.0 15.7

4 48 M 2013 Shoulder 1.9 pT2a IB Negative 7.9 6.7 121.3

5 78 M 2013 Cheek 1.3 pT2a IB N/A 89.2 0.0 55.7

6 23 F 2013 Heel 1.5 pT2a IB Negative 2.1 25.7 96.3

7 77 M 2010 Back 1.75 pT2b IIA Negative 33.1 34.7 70.3

8 56 F 2010 Foot 3.1 pT3a IIA Negative 56.3 67.3 23.3

9 61 M 2013 Back 2.2 pT3a IIA Negative 13.2 0 75.3

10 80 M 2011 Arm 3.9 pT3a IIIA Positive 35.3 43.3 39.0

11 58 M 2009 Back 3.0 pT3b IIIC Negative 42.9 8.0 57.3

12 48 M 2009 Ankle 4.1 pT4a IIIA Postive 12.2 26.7 241.3

13 103 M 2013 Forehead 5.25 pT4b IIC N/A 31.0 22.7 38.3

14 78 M 2008 Temple 9.0 pT4b IV N/A 62.5 39.3 131.7
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C57BL/6 stabilin-1 knockout mice were bred in 
animal facility of the Faculty of Medicine 
Mannheim as described [9]. All mice were 
housed under specific pathogen-free condi-
tions at the animal facility in Mannheim. To gen-
erate experimental B16F10 tumors, 1 x 106 

tumor cells (B16F10 [ATCC CRL-6475], pur-
chased from LGC Standards, Wesel, Germany) 
were injected subcutaneously into the right 
flank of 12 week-old female C57BL/6 wild type 
mice and female C57BL/6 stabilin-1 knockout 
mice. After 21 days, the animals were sacri-
ficed and the tumor samples were snap-frozen 
in liquid nitrogen. The animal experimental pro-
tocols were approved by the animal ethics com-
mittee (Regierungspräsidium Karlsruhe, Ger- 
many, Az: 35-9185.81/G-208/10). 

Immunohistochemistry and immunofluores-
cence

Immunohistochemical studies of the human 
tissue were performed on 2 µm sections of for-
malin-fixed paraffin-embedded tissue samples 
using series graded alcohol for deparaffiniza-
tion and heat induced epitope retrieval. CD68 
was stained using a commercial antibody 
(1:300) (PG-M1, Dako, Hamburg, Germany). 
Stabilin-1 was stained using a custom-made 
rabbit anti-mouse/human stabilin-1 antibody 
(RS1) (1:1000) (PSL GmbH, Heidelberg, Ger- 
many), followed by the appropriated horserad-
ish peroxidase labeled secondary antibody as 
described [4]. All samples were analyzed by 
light-microscopy using a Leica DCRE micro-
scope with Leica DC500 camera and software 
(Leica Microsystems, Wetzlar, Germany). 

The immunohistochemical stainings of subcu-
taneous B16F10 tumors of C57BL/6 wild type 
and C57BL/6 stabilin-1 knockout mice were 
performed on 7 µm acetone-fixed cryosections 
using the same RS1 antibody (1:1000). To clas-
sify stabilin-1 positive structures cryosections 

were double stained with either rat anti-mouse 
CD68 (1:400) (MCS1957GA, ABD Serotec, 
Puchheim, Germany) or rat anti-mouse CD31 
(1:300) (MCA2388, ABD Serotec) and subse-
quently, fluorescent secondary antibodies goat 
anti-rabbit Cy3 (1:300) (Dianova, Hamburg, 
Germany) and goat anti-rat Alexa 488 (1:400) 
(Dianova). The samples were analysed by con-
focal microscopy as described [4, 15].

Scoring 

For the quantification of CD68+ and stabilin-1+ 
macrophages and stabilin-1+ vessels in all ana-
lysed diseases, the amount of positively stained 
cells/vessels in three independent representa-
tive areas (400x magnification) were counted 
by two researchers (A.S. and K.S.). The results 
are shown as mean ± SEM and listed in the 
Tables 1 and 2.

Results

Stabilin-1 is expressed in macrophages and 
several vessels of melanocytic lesions

Stabilin-1 expression has been described in 
tumor-associated macrophages (TAM) in mur- 
ine melanomas, breast carcinomas [15] and 
glioblastomas [12, 16]. To verify the presence 
of stabilin-1+ macrophages in human melano-
mas, at least three different melanomas of 
each pathological stage were stained with pan 
macrophage marker CD68 (Figure 1A, 1D, 1G, 
1J) and the RS1 antibody (Figure 1B, 1C, 1E, 
1F, 1H, 1I, 1K, 1L, Table 1). Stabilin-1+ mac-
rophages were found in all pathological stages 
of melanoma (Figure 1B, 1E, 1H, 1K, Table 1). 
In our patient cohort, no obvious correlation 
between stabilin-1+ TAM infiltration in melano-
mas with positive/negative sentinel lymph 
nodes or TNM classification was detected 
(Table 1). 

Table 2. Stabilin-1/CD68 expression in nevus- associated macrophages and vessels
Patient 
ID

Age at diag-
nosis [Year] Sex Year of di-

agnosis Diagnosis Stabilin-1 in CD68+ 
macrophages [%]

Stabilin-1+ 
vessels [%]

CD68 ex-
pression

1 33 M 2013 Compound nevus 98.3 21.0 39.7

2 76 M 2013 Compound nevus 84.8 0 31.3

3 33 F 2013 Compound nevus 24.1 11.0 31.0

4 76 M 2013 Compound nevus 62.6 11.3 42.3

5 30 F 2012 Irritated papillomatous compound nevus 92.6 40.0 34.3

6 30 F 2012 Junctional nevus 59.6 20.0 42.7
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Figure 1. Stabilin-1 expression in melanocytic lesions. CD68+ (left panel), stabilin-1+ macrophages (middle panel) 
and stabilin-1+ vessels (right panel) in melanoma specimens of pT1a (A-C), pT2b (D-F), pT3b (G-I), pT4a (J-L) and in 
a human nevus (M-O) at a magnification of 100x for left and middle panel and 400x for right panel. 

To verify whether stabilin-1+ macrophages can 
also be found in benign lesions, six melanocytic 

nevi were stained with the RS1 antibody. 
Stabilin-1+ expression in nevus-associated 
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macrophages was found in nearly all lesions, 
indicating that the presence of stabilin-1+ mac-
rophages is not indicative of a melanoma  
(Figure 1M-O). 

During the histopathological analysis, stabi-
lin-1+ vessels in melanocytic nevi, as well as in 
melanomas were identified (Figure 1C, 1F, 1I, 
1L, 1O, Tables 1 and 2). To independently con-
firm the specificity of the polyclonal RS1 anti-
body, regarding stabilin-1 expression in 
endothelial cells, a model of subcutaneously 
transplanted murine B16F10 melanoma was 
analysed in wild type C57BL/6 mice and 
C57BL/6 stabilin-1 knockout mice. There was a 
strong infiltration of stabilin-1+ macrophages in 
the tumor’s periphery of murine melanomas 
(Figure 2A, 2G), while almost no stabilin-1+ 
macrophages were observed in the melanoma 
center (Figure 2B, 2H). Interestingly, many 
intratumoral vessels showed a strong stabilin-1 
expression (Figure 2B, 2C, 2H, 2I). No stabi-
lin-1+ cells, neither macrophages nor endothe-
lial cells were detected in B16F10 melanomas 
of C57BL/6 stabilin-1 knockout mice (Figure 
2D, 2E, 2F), which confirms the specificity of 
the RS1 antibody for stabilin-1. 

After verification of the specificity of RS1 anti-
body for vessel staining, the presence of stabi-
lin-1+ vessels in human melanocytic nevi and 
melanomas was analysed. No correlation 
between stabilin-1+ vessels with pathological 
melanoma stages (pT1-pT4) was noticed (Table 
1). Nevertheless, up to 40% stabilin-1+ vessels 
were also found in melanocytic nevi.

Stabilin-1 expression in non-Langerhans cell 
histiocytoses and other granulomatous dis-
ease

It has already been described by Goerdt et al. 
[3], that juvenile xanthogranulomas, which 
belong to the non-Langerhans cell histiocy-
toses, are strongly stabilin-1 positive. To con-
firm stabilin-1 expression in juvenile xan-
thogranulomas with the RS1 antibody in paraf-

fin-embedded tissue, five cases of juvenile xan-
thogranulomas were stained. In addition, one 
case of necrobiotic xanthogranuloma was 
added to the study (Figure 3A, 3B). Stabilin-1 
expression was found in juvenile xanthogranu-
lomas as well as in necrobiotic xanthogranulo-
ma (Figure 3A, 3B). In addition, high percent-
ages of stabilin-1+ vessels (between 12.7% and 
60.0%) were noticed. On the other hand, tuber-
ous xanthomas stained negative (Figure 3C) 
[3]. 

No significant stabilin-1 expression was found 
in Th1 cytokine dominated granulomatous dis-
ease as granulomatous leprosy, granuloma 
annulare and sarcoidosis (Figure 3D-F). In addi-
tion, not only was the macrophage staining with 
the RS1 antibody negative in these lesions, 
there was also no noticed stabilin-1 expression 
in the surrounding vessels either (Figure 3D-F).

Discussion

Macrophages are phagocytic cells important 
for a plethora of diverse functions in the body. 
Broadly, they are divided into pro-inflammatory 
or M1-like macrophages, which are held against 
anti-inflammatory or M2-like macrophages. In 
vitro, M1 macrophages are induced by IFN-γ or 
TNF-α, while M2 macrophages result from stim-
ulation with IL-10, glucocorticoids, IL-4 and 
IL-13 [17]. In vivo, M2-like macrophages are 
important for tissue regeneration, immunosup-
pression and clearance of cell debris [18]. Their 
presence in neoplastic tissue has therefore 
been associated with a worse prognosis for 
patients [19]. While identification of M2 mac-
rophages in mice is possible on the basis of 
well-defined M2-marker profiles; in humans, no 
highly specific M2-marker profile has been 
established so far [19]. One of the most fre-
quently used M2 markers in human tumors is 
CD163. Although CD163 is expressed by a 
macrophage subpopulation, an association of 
CD163 expression with M2 macrophage differ-
entiation remains controversially discussed as 
in vitro, this marker molecule is induced in 

Figure 2. Stabilin-1 expression in murine B16F10. Stabilin-1+ murine macrophages at the (A) periphery of B16F10 
melanoma (200x) and stabilin-1+ endothelial-like cells (B, C) in the center of B16F10 melanoma grown subcutane-
ously in C57BL/6 wild type mice at a magnification of 200x (B) and 400x (C). Stabilin-1 staining of B16F10 mela-
noma grown in stabilin-1 knockout mice at (D) the tumor periphery (200x) and (E, F) the tumor center. Double immu-
nofluorescent staining (G) with CD68 (green) and stabilin-1 (red) indicate an overlapping pattern (yellow) of CD68+/
stabilin-1+ cells in the periphery of B16F10 grown in wild type mice. In the tumor center stabilin-1+ cells (red) overlap 
either with (H) CD68+ macrophages (green) or (I) CD31+ endothelial cells (green). Original magnification 630x. 
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monocytes/macrophages not only by the anti-
inflammatory cytokine IL-10, but also by pro-
inflammatory toll-like receptor agonists and 
IL-6 [20]. Stabilin-1, on the other hand, is spe-
cifically up-regulated by IL-4/glucocorticoid 
stimulation in peripheral blood monocytes. 

As in murine subcutaneous implanted melano-
mas, stabilin-1+ TAM have been described [12], 
we systematically stained diverse human path-
ological stages of melanoma and six cases of 
melanocytic nevi for the presence of stabilin-1+ 
cells. Results showed a strong infiltration of 
stabilin-1+ TAM in nearly all pathological stages 
of melanoma, but stabilin-1+ macrophages 
were also found in melanocytic nevi; which 
ruled out stabilin-1 as a useful marker to distin-
guish malignant from benign melanocytic 
lesions. Recently, in human colorectal carcino-
mas, a high number of peritumoral stabilin-1+ 

macrophages correlated positively with survival 
[21]. However, in advanced stage IV colorectal 
cancer patients, a higher number of stabilin-1+ 

TAM in the tumor stroma and tumor periphery 
correlated with a shorter disease free survival 
[21]. Therefore, the role of stabilin-1 for the 
tumor development and progression requires 
further clarification. In our work focusing on 
melanocytic lesions, the analysed number of 
patients was too small to come to any conclu-
sions regarding stabilin-1 expression and dis-
ease outcome, but our data did not show any 
drastic differences regarding positive/negative 
sentinel lymph nodes or clinical stage at the 
first presentation.

Independent of macrophages, stabilin-1 exp- 
ression was also identified in vessels in human 
melanomas and nevi, as well as in all juvenile 
and necrobiotic xanthogranulomas. Specificity 
of RS1 dependent Stabilin-1 vessel staining 
was confirmed in a murine tumor model includ-
ing a Stabilin-1 deficient mouse. Here, RS1 anti-
body stained nearly all vessels in the B16F10 
tumor stroma of wild type mice; while no stabi-
lin-1+ vessels were detected in the tumor stro-
ma of stabilin-1 knockout mice. Independently, 
Stabilin-1+ vessels have already been described 
by Goerdt et al. [22] in human melanocytic nevi, 

primary melanomas, melanoma metastasis 
and in histiocytic and vascular lesions with the 
Stabilin-1 specific MS-1 antibody in frozen 
sections. 

In human diseases, juvenile xanthogranulomas 
and necrobiotic xanthogranuloma, were char-
acterized by the stabilin-1+ infiltrating cells, 
while tuberous xanthomas remained stabilin-1 
negative. Juvenile xanthogranulomas are most-
ly seen in children as solitary or multiple lesions 
seldom presenting as systemic diseases; 
necrobiotic xanthogranulomas appear in the 
elderly and are frequently associated with mon-
oclonal gammopathies [23]. Both disease enti-
ties are regarded as reactive disease, but while 
juvenile xanthogranulomas are regarded as 
part of non-Langerhans cell histiocytoses, the 
classification of necrobiotic xanthogranulomas 
is still a matter of debate. Histopathologically, 
juvenile and necrobiotic xanthogranulomas 
show many similarities, such as the presence 
of histiocytes in combination with intermingled 
Touton-type giant cells and the positive staining 
for stabilin-1. However, while the former is a 
xanthogranulomatous tissue response, the lat-
ter presents as a palisading granuloma with 
relation to granuloma anulare and necrobiosis 
lipoidica. Further studies are needed to address 
the question, whether necrobiotic xanthogranu-
loma should be sub-classified as non-Langer-
hans cell histiocytosis. 

Other localised and systemic non-Langerhans 
cell histiocytoses have been described in the 
literature as adult type xanthogranulomas [24, 
25], benign cephalic histiocytosis [26], xan-
thoma disseminatum [27], generalised erup-
tive histiocytoma [28], papular xanthoma [28], 
progressive nodular histiocytosis [29] or spin-
dle cell xanthogranuloma [30]. As these non-
Langerhans cell histiocytosis are extremely 
rare, we were not able to include them in this 
study. Nevertheless, a systematic analysis of 
all forms of non-Langerhans cell histiocytosis 
and Langerhans cell histiocytosis with the sta-
bilin-1 antibody would be of interest, as a dif-
ferential expression might help in distinguish-

Figure 3. Stabilin-1 expression in human granulomatous diseases. Exemplary CD68+ (left panel) and stabilin-1+ 
stainings (middle panel) and corresponding percentage of stabilin-1+ macrophages in relation to CD68+ macrophag-
es and percentage of stabilin-1+ vessels (right panel) in specimens of (A) juvenile xanthogranuloma, (B) necrobiotic 
xanthogranuloma, (C) tuberous xanthoma, (D) granulomatous leprosy, (E) granuloma annulare and (F) sarcoidosis 
are shown at an original magnification of 100x. 
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ing forms with a benign from those with a pro-
gressive clinical course. 

Taken together, stabilin-1 detects M2 mac-
rophages in human melanomas as well as in 
melanocytic nevi, but nearly no stabilin-1 posi-
tivity was detected in typical Th-1 cytokine 
dominated granulomatous diseases such as 
granulomatous leprosy, granuloma annulare or 
sarcoidosis. In addition, stabilin-1 is a useful 
marker to identify juvenile xanthogranulomas 
and necrobiotic xanthogranulomas.
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