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Merkel cell carcinoma expresses the immunoregulatory ligand CD200 and induces
immunosuppressive macrophages and regulatory T cells
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ABSTRACT
Merkel cell carcinoma (MCC) is a rare and aggressive skin cancer that responds to PD-1/PD-L1 immune
checkpoint inhibitors. CD200 is another checkpoint modulator whose receptor is found on tumor-
promoting myeloid cells, including M2 macrophages. We found high CD200 mRNA expression in MCC
tumors, and CD200 immunostaining was demonstrated on 95.5% of MCC tumors. CD200R-expressing
myeloid cells were present in the MCC tumor microenvironment. MCC-associated macrophages had a
higher average CD163:CD68 staining ratio (2.67) than controls (1.13), indicating an immunosuppressive
M2 phenotype. Accordingly, MCC tumors contained increased densities of FOXP3C regulatory T-cells.
Intravenous administration of blocking anti-CD200 antibody to MCC xenograft mice revealed specific
targeting of drug to tumor. In conclusion, MCC are highly CD200 positive and associated with
immunosuppressive M2 macrophages and regulatory T-cells. As anti-CD200 antibody effectively targets
CD200 on MCC tumor cells in vivo, this treatment may provide a novel immunotherapy for MCC
independent of PD-1/PD-L1 blockade.
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Introduction

Merkel cell carcinoma (MCC) is a rare and aggressive neuroen-
docrine skin cancer. MCC is highly immunogenic, and
immune evasion is necessary for tumor progression.1 Recently,
targeting T-cell inhibition with anti-PD-L1 immunotherapy
has become the standard of care for metastatic MCC. CD200 is
a cell surface ligand that confers immune privilege to the thy-
mus, B cells, activated T cells, certain vascular endothelia, kid-
ney glomeruli, placental cells, hair follicles, neurons, and
various malignancies including neuroendocrine tumors,2-7 Its
receptor (CD200R) is expressed on cells of the monocyte/mac-
rophage lineage and subsets of B and T cells.8 Signaling by
CD200 prevents normal activation of CD200R bearing myeloid
cells,9,10 eventuating in an immunosuppressive cascade that
includes the induction of regulatory T cells (Tregs).

11 For exam-
ple, CD200 signaling inhibits classic macrophages activation
(M1 polarization) and supports an immunosuppressive M2
polarized state that secretes high levels of IL-10, thereby induc-
ing Tregs and promoting tumor growth.12 Thus, CD200 signal-
ing to tumor associated macrophages (TAM) represents a
cancer immunotherapy target independent of PD-1/PD-L1
signaling.13,14

Several lines of evidence suggest that the immunosup-
pressive capacity of CD200 promotes progression of can-
cers including chronic lymphocytic leukemia,15 multiple
myeloma,16 and acute myeloid leukemia.17 In multiple
myeloma, CD200 expression correlates with patient out-
comes. CD200-expressing melanoma and ovarian cancer
cells downregulate Th1 cytokine production in vitro in co-
culture with mixed leukocytes,18,19 suggesting that CD200-
mediated immune suppression may also impact solid
tumors. In a mouse model of cutaneous squamous cell car-
cinoma (SCC), CD200 does not influence primary tumor
development, but promotes the survival of metastatic SCC
cells and their ability to seed secondary tumors.20

CD200RC myeloid-derived suppressor cells (MDSC) and
TAM are implicated in supporting the survival of meta-
static SCC tumors.20

Blockade of CD200-CD200R interaction by an anti-
CD200 antibody has been shown to enhance anti-tumor
immune activity against CD200-expressing tumor cells in a
mouse model of leukemia,15,21 These effects motivated the
clinical development of a CD200 inhibitory antibody. A
phase I clinical trial studying an anti-CD200 monoclonal
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antibody (ALXN6000) in patients with CD200-expressing B-
cell chronic lymphocytic leukemia or multiple myeloma
showed good tolerability and initial evidence of anti-tumor
activity (Alexion Pharmaceuticals, NCT00648739).22

Here, we investigate CD200 expression on MCC and charac-
terize the immune suppressive microenvironment of MCC
tumors, directing our attention to TAM and Tregs. We demon-
strated that CD200 is highly expressed on MCC and is associ-
ated with immune infiltrates containing suppressive M2
macrophages and Tregs. Moreover, we found that intravenous
administration of anti-CD200 antibody effectively targeted
CD200 on MCC tumor cells in vivo. Taken together, these
results suggest that CD200 has potential to be developed as a
novel immune target in MCC that is independent of T-cell
directed immune checkpoints.

Results

Patient characteristics

A total of 71 patients with histopathologically confirmed MCC
diagnosed between 1998 and 2013 were identified by a retro-
spective search of patient records. The patients were 57.7%
male with a mean age at diagnosis of 71.1 years-old. Of the 71

patients, 61 had complete data sets including a total of 88 ana-
lyzable tumor samples. Characteristics of all patients and their
tumor samples are listed in Table S1.

Merkel cell carcinoma expresses CD200

To assess expression of CD200 on MCC we used public micro-
array data (NCBI GEO GSE50451),23 to examine CD200
mRNA levels in 23 MCC tumors. All MCC tumors showed
CD200 transcription (Figure 1A). MCC tumors had higher
CD200 expression than nine samples of small cell lung cancer
(SCLC), another neuroendocrine tumor.

Next, we evaluated CD200 expression by immunohis-
tochemistry (IHC) in 53 primary tumors and 35 MCC metasta-
ses (local recurrence, lymph node metastases, in-transit
metastases, and distant metastases). Overall, 84 of 88 analyzable
MCC specimens (95.5%) showed CD200 staining (Figure 1B,
C), including 51 of 53 primary tumors (96.2%) and 33 of 35
metastases (94.3%). Overall, 59 of 61 patients (96.7%) had
CD200 staining in their tumors (Table S1). Analogous to the
CD200 expression observed in blood vessels of cutaneous
SCC,20 we found that CD31-positive endothelial cells in MCC
tumors also expressed CD200 (Figure 1C). Consistent with
prior reports,24 we also detected CD200 staining in hair follicles

Figure 1. CD200 is expressed in MCC tumors. (A) microarray gene expression using probe sets for CD200, MCC markers KRT20 and ATOH1, and negative control TYR. (B)
CD200 staining in MCC tumor and adjacent hair follicle (arrow). Original magnification 100x. (C) CD200 and endothelium marker CD31 immunostaining in MCC tumor.
Original magnification 200x. (D) Patient outcomes fail to correlate with CD200 staining level (0D no staining, 1D weak staining, 2D moderate staining, 3D strong stain-
ing). MCC, Merkel cell carcinoma; SCLC, small cell lung cancer; PFS, progression free survival; DSS, disease specific survival.
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(Figure 1B). To assess if frequent CD200 expression is a com-
mon feature among neuroendocrine tumors, we also performed
CD200 immunostaining on 102 SCLC samples. Consistent with
their lower mRNA expression, only 56 SCLC tumors were posi-
tive for CD200 staining (55%), 41 were negative (40%) and 5
were not analyzable (5%) (data not shown). Thus MCC has
higher CD200 expression relative to SCLC.

CD200 expression levels do not correlate with survival
in MCC

Among our patients, there were 59 cases with analyzable MCC
tumor tissue from the date of diagnosis (Table S1). These
patients were followed for a total of 305.0 person years (median
follow-up D 5.3 years). Semi-quantitative CD200 expression
levels were scored by relative staining intensity (0 D no stain-
ing, 1 D weak staining, 2 D moderate staining, 3 D strong
staining). Only 2 cases had no staining. There was no correla-
tion between CD200 expression levels and MCC tumor stage at
diagnosis (P D 0.2499). Based on Kaplan-Meier estimates, nei-
ther progression free survival (P D 0.8028) nor MCC specific
survival (P D 0.8313) differed based on CD200 expression lev-
els (Figure 1D).

M2 tumor associated macrophages and Tregs are present
in MCC

Because MCC frequently expresses CD200, we hypothesized
that MCC tumors would associate with CD200RC immunosup-
pressive myeloid cells,8,20 To confirm the presence of CD200R
in the tumor microenvironment, we stained 5 fresh-frozen
MCC biopsy specimens with antibodies against CD200R and
the myeloid marker CD11b. Monocytes expressing CD11b and
CD200R were present within tumor nests and around the
tumor periphery (Figure 2A).

Atypically activated M2 macrophages can promote tumor
immune evasion. Staining 27 primary MCC tumors with the
macrophage marker CD68 and the M2 marker CD163 identi-
fied CD163C CD63C M2 TAM concentrating around the tumor
periphery and sparsely infiltrating tumor nests (Figure 2B).
Image analysis was used to quantify staining. The mean
CD163/CD68 staining density ratio,25 of the tumor periphery
(2.67) was significantly higher than the ratio in the tumor cen-
ter (1.53, P<0.0001), and that of the dermis in 7 normal skin
samples (1.13, P<0.0001) (Figure 2C).

M2 macrophages suppress immune responses through
many mechanisms including the induction of FOXP3-express-
ing Tregs. Consistent with M2 macrophages being present, we
observed abundant FOXP3-expressing lymphocytes in 33 of 33
tested primary MCC tumors. Although in many samples Tregs

concentrated at the tumor periphery, digital image analysis
failed to detect a significant difference between mean FOXP3
staining density in the peritumoral infiltrate (4.55) versus the
tumor centers (3.67, P D 0.11). However, compared to the
mean FOXP3 density in the dermis of 14 normal skin samples
(1.36), Treg staining was elevated in both the tumor periphery
and center (P D 0.0002 and P D 0.023, respectively)
(Figure 2D, E).

In vivo administration of anti-CD200 antibody targets
MCC tumor cells

As inhibiting CD200 could potentially reverse immune eva-
sion, blocking antibodies have been developed as anti-can-
cer drugs.21 To test if systemic administration of anti-
CD200 antibody can target CD200 expressed on MCC in
vivo, we generated subcutaneous mouse xenograft tumors
and performed tail vein infusions with a human IgG4 anti-
body specific for human CD200. In contrast to mouse epi-
dermis and necrotic MCC tumor cells harvested 6 hours
after drug administration, all viable MCC tumor cells
showed strong membranous deposition of anti-CD200 anti-
body (Figure 3). Consistent with its intravascular delivery,
drug was also detected within vessels in the mouse dermis
and subcutaneous tissue. This demonstrates that CD200
within solid tumors can be targeted by antagonist antibody

Figure 2. MCC is associated with immunosuppressive immune infiltrate. (A)
CD200R and myeloid marker CD11b immunostaining in fresh-frozen MCC tumor.
Original magnification 400x. (B) M2 marker CD163 and macrophage marker CD68
staining in MCC tumor. Representative sampling areas for tumor periphery and
tumor center used for staining quantifications (boxes). Original magnification 50x.
(C) Mean CD163/CD68 staining density ratio for MCC tumor periphery, tumor cen-
ter, and normal skin control. ����, P<0.0001 by paired t-test; ���, P<0.0001 by
Welch’s unpaired t-test. (D) Mean Treg marker FOXP3 staining density for MCC
tumor periphery, tumor center, and normal skin control. ��, P<0.0005; �,P<0.05.
(E) FOXP3 staining in MCC tumor. Original magnification 100x.
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administration. As no immune-competent mouse models of
MCC exist, the functional impact of anti-CD200 therapy
could not be tested.

Discussion

We found that the immunoregulatory ligand CD200 is fre-
quently and highly expressed on MCC tumor cells and on
tumor vasculature. There was no correlation between CD200
expression levels and disease outcomes, however there were too
few CD200 negative cases to make definitive conclusions about
MCC prognosis in the absence of CD200 expression. Consis-
tent with CD200’s role in promoting immunosuppressive M2
macrophages, we observed an elevated CD163:CD68 staining
ratio in MCC tumor infiltrates and elevated staining for the
Treg marker FOXP3 around and within tumors. Whereas these
findings are very suggestive, further work will be necessary to
evaluate if CD200 signaling is required for the induction and
maintenance of M2 TAM and Tregs in MCC. As disrupting
CD200 signaling has the potential to reverse MCC immune
evasion, we demonstrated that intravenous administration of
human anti-CD200 antibody effectively targeted CD200 on
MCC tumor cells in vivo. We were unable to test if pharmaco-
logical inhibition of CD200 had a biological effect on reversing
tumor immune suppression as the xenograft MCC model
requires the use of immunodeficient mice.

Detection of CD200R in the tumor microenvironment was
technically challenging. Nonetheless, we were able to identify

CD200R expressing cells that co-expressed CD11b. We suspect
these were the cells with the highest levels of CD200R expres-
sion, and likely include myeloid-derived suppressor cells
(MDSC) based on their size and morphology. We propose a
model of CD200 produced by MCC tumors signaling to MDSC
and M2 TAM to promote an immunosuppressive tumor envi-
ronment, including the induction of Tregs (Figure S1). Consis-
tent with this model, we observed CD200R myeloid cells, M2
TAM, and Tregs in association with MCC tumors. Our finding
of M2 TAM is consistent with a prior report of CD163C

VEGF-CC macrophages in the peritumoral infiltrate of MCC
tumors that were associated with lymphangiogenesis.26 Thus,
induction of M2 TAM theoretically promotes MCC progres-
sion by a combination of immunosuppression and induction of
lymphatics.

Demonstrating effective in vivo delivery of anti-CD200 anti-
body to cells in MCC tumors is an important proof of concept
in developing a drug to target CD200 in solid tumors. Impor-
tantly, CD200 is an immunotherapy target that is independent
of T-cell directed immune checkpoints. Because the macro-
phage immune synapse is functionally and spatially distinct
from the lymphocyte immune synapse, targeting CD200 signal-
ing to immunosuppressive myeloid cells has the potential to
synergize with checkpoint inhibitors targeting PD-1 or CTLA4
signaling to T lymphocytes. Clinical trials will be needed to
assess the efficacy and safety of CD200 blockade as a single
agent and in combination with PD-1/PD-L1 inhibition to treat
MCC.

Material & methods

Patients

Paraffin-embedded MCC and SCLC samples were obtained
from the Departments of Dermatology and the tissue bank
of the National Center for Tumor Diseases (NCT, Heidel-
berg, Germany) in accordance with the regulations of the
tissue bank and the approval of the ethics committee of the
Heidelberg University. Clinical data sets for the MCC sam-
ples included patient age and sex, immunohistological fea-
tures, tumor stage, disease course, disease specific survival
(DSS), and progression-free survival (PFS). Tumor stages
were classified according to AJCC 7th edition Cancer Stag-
ing Manual. Fresh-frozen MCC tumor samples were col-
lected as bisected biopsy specimens from patients treated at
the National Institutes of Health (NIH) Clinical Center
(Bethesda, MD, USA) between 2015 and 2016. Diagnoses
were verified histopathologically and immunohistochemi-
cally on paraffin-embedded samples from all tumors. All
procedures were performed according to the principle of
the Declaration of Helsinki and approved by the local medi-
cal ethics committee (S570/2013, Heidelberg) and (15-C-
0012, National Cancer Institute, NIH).

Gene expression data

Global mRNA expression was examined in 23 MCC and 9
SCLC tumor samples using the GeneChip U133 A 2.0 Array
(Affymetrix) and analyzed using R as previously reported.23

Figure 3. Anti-CD200 antibody effectively targets MCC tumor cells in vivo. (A) sche-
matic of experiment illustrating the intravenous infusion of human IgG4 anti-
CD200 antibody followed by 6-hour washout period. The MCC xenograft tumor
was then collected and tissues were stained with an anti-human-IgG secondary
antibody. (B) Anti-CD200 antibody was not detected in overlying mouse epidermis,
(C) but heavily deposited on viable MCC tumor cells.
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All mRNA expression data is available on NCBI Gene
Expression Omnibus (GEO) https://www.ncbi.nlm.nih.gov/
geo/query/acc.cgi?accDGSE50451.

Tumor specimens and tissue microarray construction

Prior to tissue microarray (TMA) construction, an H&E-
stained slide of each block was analyzed in order to select
tumor-containing regions. A TMA machine (AlphaMetrix Bio-
tech, R€odermark, Germany) was used to extract a tandem 1.0-
mm cylindrical core sample from each tissue donor block. To
best mimic the biopsy process, large areas were selected on the
H&E-stained slide by a pathologist, and a technician randomly
punched core samples from these regions.

Immunohistochemistry (IHC) staining

In brief, after heat induced antigen retrieval and incubation
with primary antibodies (anti-CD200: R&D Systems, AF2724,
polyclonal, 1:250; anti-EpCAM: Dako, berEP4, 1:100; anti-
CD56: Leica, 1B6, 1:100; anti-CK20: Dako, Ks20.8, 1:200; anti-
NSE: Dako, BBS/NC/VI-H14, 1:200; anti-ChrA: Linaris,
LK2H10, prediluted; anti-MCV large T-antigen, Santa Cruz,
CM2B4, 1:100; anti-Synaptophysin: Menarini, 27G12, 35026,
1:50; anti-Ki67: Dako, MIB1, 1:800; anti-CD68: Dako, PG-M1,
1:300; anti-CD163: Novocastra, 10D6, 1:50) binding reaction
was visualized by using EnVisionC Kit (Dako Cytomation,
Glostrup, Denmark). Human placenta and thymus served as
positive controls. All immunostained slides were evaluated by
two pathologists (TG, CW) and were scored as following: -, no
specific staining; C, weak staining; CC, moderate staining;
CCC, strong staining.

Immunofluorescent Staining

Standard immunostaining procedures were performed on for-
malin-fixed, paraffin-embedded MCC tissue sections on glass
slides. Sections were deparaffinized with xylene and rehydrated
though an ethanol gradient in PBS. Antigen retrieval was per-
formed with 10 mM sodium citrate buffer, pH 6.0, by boiling in
a microwave for 1 minute followed by steam heat for 35
minutes. After cooling, slides were incubated in buffer with 5%
normal donkey serum for 30 minutes at room temperature
prior to overnight incubation at 4�C with goat anti-CD200
(R&D Systems, AF2747, 1:250) and rabbit anti-CD31 (Abcam,
ab28364, 1:200). Alexa Fluor conjugated secondary antibodies
(Invitrogen, 1:2000) were used to detect the signals with DAPI
mount counterstaining.

Tissue sections of fresh-frozen MCC tumor on glass slides
were fixed in 4% paraformaldehyde for 15 minutes, followed by
block in 1% BSA in 0.1% PBT (0.1% Triton X-100 in PBS) and
incubation with fluorophore-conjugated antibodies overnight
at 4 �C. The antibodies were: FITC-conjugated mouse anti-
CD200R (Bio-Rad, MCA2282 F, 1:50) and Alexa Fluor (AF)
594-conjugated rat anti-CD11b (BioLegend, 101254, 1:50).
After washing, coverslips were affixed with DAPI mount for
counterstaining.

Quantification of IHC staining and CD163:CD68 ratios

Adjacent tumor sections stained for CD68 and CD163
were fully digitalized using an Aperio ScanScope with a 20x
objective (Aperio/Leica biosystems). On each image, three rep-
resentative regions (1712 £ 952 pixels at 5x magnification)
were selected at the tumor periphery and within the tumor cen-
ter for semi-automatic processing to quantify brown (DAB stain-
ing) and blue (hematoxylin) pixels using Fiji (http://fiji.sc/). A
custom-made macro performed the following: colour deconvo-
lution to detect blue (negatively stained) and brown (positively
stained) particles; morphological opening to disconnect over-
lapping particles; watershed to segment single particles; count-
ing of segmented particles. Segmentation quality was assessed
visually by a pathologist. The ratio of brown to blue was then
averaged over the three regions.

Mouse experiments

A total of 107 cells of the WaGa MCC cell line was injected
per adult athymic nude mouse to generate subcutaneous
xenograft tumors as previously described.23 Once tumors
exceeded 1.5 cm in the maximum diameter, the mice under-
went tail vein injection with 100 ul of human IgG4 anti-
CD200 antibody (Trillium Therapeutics Inc., CD200.7-G4P).
After 6 hours, the animals were euthanized and tumors were
excised and fixed in 10% neutral buffered formalin. The tissue
was paraffin embedded and sectioned. Tissue sections were
then incubated in goat anti-human IgG (HCL) antibody con-
jugated with Alexa Fluor 488 (Thermofisher, A-11013),
washed, and counterstained with DAPI.

Statistics
Associations between ordered categorical CD200 staining
intensity (0/1 vs 2 vs 3) and disease stage (I, II, or III) were
determined using a Chi-square test. Disease specific survival
(DSS) and progression free survival (PFS) were calculated
from the date of diagnosis until the date of death or last
follow-up, the date first noted to have progressed, or the
date through which patients were known to have not pro-
gressed, as appropriate. The probability of DSS or PFS as a
function of time was determined by the Kaplan-Meier
method. The statistical significance of the difference among
a set of Kaplan-Meier curves was determined by the Man-
tel-Cox log-rank test. Comparisons of mean IHC staining
intensities or ratios were performed using a paired t-test for
populations with dependent samples, and Welch’s t-test for
populations with independent samples. P-values of <0.05
were considered statistically significant.
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