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Merkel cell carcinoma is a primary cutaneous neuroendocrine carcinoma, which once metastatic is difficult to
treat. Recent mutation analyses of Merkel cell carcinoma revealed a low number of mutations in Merkel cell
polyomavirus-associated tumors, and a high number of mutations in virus-negative combined squamous cell
and neuroendocrine carcinomas of chronically sun-damaged skin. We speculated that the paucity of mutations in
virus-positive Merkel cell carcinoma may reflect a pathomechanism that depends on derangements of chromatin
without alterations in the DNA sequence (epigenetic dysregulation). One central epigenetic regulator is the
Polycomb repressive complex 2 (PRC2), which silences genomic regions by trimethylating (me3) lysine (K) 27 of
histone H3, and thereby establishes the histone mark H3K27me3. Recent experimental research data
demonstrated that PRC2 loss in mice skin results in the formation of Merkel cells. Prompted by these findings,
we explored a possible contribution of PRC2 loss in human Merkel cell carcinoma. We examined the
immunohistochemical expression of H3K27me3 in 35 Merkel cell carcinomas with pure histological features
(22 primary and 13 metastatic lesions) and in 5 combined squamous and neuroendocrine carcinomas of the skin.
We found a strong reduction of H3K27me3 staining in tumors with pure histologic features and virus-positive
Merkel cell carcinomas. Combined neuroendocrine carcinomas had no or only minimal loss of H3K27me3
labeling. Our findings suggest that a PRC2-mediated epigenetic deregulation may play a role in the pathogenesis
of virus-positive Merkel cell carcinomas and in tumors with pure histologic features.
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Merkel cell carcinoma is an aggressive primary
cutaneous neuroendocrine carcinoma with an esti-
mated annual incidence of 0.6 cases per 100 000
persons.1–3 Risk factors for developing Merkel cell
carcinoma include chronic sun-damage and
immune-suppression.4,5 Stage I disease is surgically
curable, but despite recent progress in treating
Merkel cell carcinoma patients with the PD-1 anti-
body pembrolizumab,6 advanced disease has been
difficult to treat.7–9

Merkel cell carcinoma is commonly associated
with clonal integration of the Merkel cell
polyomavirus,10,11 especially in the setting of
immune-suppression and tumors arising de novo in
the dermis and/or subcutis of sun-protected skin.
The Merkel cell polyomavirus is less frequently

found in tumors of chronically sun-damaged skin
and is usually absent in combined squamous and
neuroendocrine carcinomas.11,12

We and others have recently found that oncogenic
mutations are frequent in combined squamous and
neuroendocrine carcinomas, but rare in classic virus-
associated Merkel cell carcinoma.12–14 These obser-
vations suggest that there are at least two major
pathogenetic variants of cutaneous neuroendocrine
carcinoma: a virus-independent pathomechanism
driven by UV-induced mutations, and a virus-
associated pathomechanism, in which mutations
have a subordinate role.

In recent years, it became clear that epigenetic
changes play a significant role in the development of
cancer. For example, the genomic analyses of
pediatric cancers have identified several tumor types
with few or no mutations, suggesting that epigenetic
dysregulation can drive cancer.15 The Polycomb
repressive complex 2 (PRC2) complex is one of the
central epigentic regulators that catalyzes the
trimethylation (me3) of lysine (K) 27 at histone H3
(H3K27me3), and thereby regulates chromatin
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compaction and controls transcriptional activity.
Recent basic research studies in mice found that
loss of PRC2 in the epidermis leads to the formation
of Merkel cells through the upregulation of key
Merkel-differentiation genes.16,17 These observations
in mice have led us to investigate the role of PRC2 in
the development of human virus-associated Merkel
cell carcinoma.

Materials and methods

The study was approved by the institutional review
board. Forty tumors were analyzed immunohisto-
chemically, including 35 Merkel cell carcinomas
with pure histologic features (22 primary and 13
metastatic lesions), and 5 primary combined squa-
mous and neuroendocrine carcinomas. All tumors
were from different patients. Tumors were only
accepted as Merkel cell carcinoma, if clinically the
presentation of a primary cutaneous tumor was
obvious (no prior history of neuroendocrine carci-
noma elsewhere) and/or the tumors were positive for
at least one of the following three markers (Cam 5.2,
CK20, and neurofilament) with a perinuclear dot-like
staining pattern, and also negative for TTF1.

Immunohistochemical Analysis

Five-micron-thick sections were taken from
formalin-fixed and paraffin-embedded tissue. Sec-
tions were taken from both whole tumor profiles.

An automated immunohistochemistry system
(Leica Bond, polymer) was used for the detection of
H3K27me3, using a commercially available antibody
(Cell Signaling, clone C36B11), as well as the Merkel
cell polyoma virus large T-antigen (Santa Cruz, clone
CM2B4, dilution 1:150). For CK20 used in the
routine clinical work-up a different automated
immunohistochemistry system (Ventana BenchMark
XT, Ventana Medical Systems, Inc., Tucson, AZ,
USA) was used, with a ready to use reagent (Ventana
Ks20.8).

Labeling was scored according to the percentage of
immunoreactive tumor cells per total number of
tumor cells: 0 = no staining; 1+= 1–25% of tumor
cells are positive; 2+= 26–50% of tumor cells are
positive; 3+= 51–75% of tumor cells positive, and 4
+=76–100% of tumor cells are positive.

Micro-Dissection and DNA Extraction

For each tumor, normal control tissue and tumor
tissue were examined. Non-tumor tissue was manu-
ally removed to enrich the tumor cell population to
at least 80% of the entire tissue sample. The tissue
was then scraped off from sections of archival
paraffin-embedded tissue into sterile Eppendorf
tubes. Microscopically uninvolved skin was used
as normal background control. DNA was extracted

and purified with a QIAamp DNA FFPE Tissue Kit
(Qiagen, Hilden, Germany) according to the manu-
facturer’s instructions.

Targeted Next-Generation Sequencing

Next-generation sequencing was performed on a
subset of 12 tumors using the IMPACT assay
(Integrated Mutation Profiling of Actionable Cancer
Targets) as previously described.18 Briefly, IMPACT
is a hybridization capture-based next-generation
sequencing assay for targeted deep sequencing of
all exons and selected introns of 341 key cancer
genes in formalin-fixed, paraffin-embedded tumors.
The libraries are sequenced on an Illumina HiSeq
2500 sequencer with a 100 bp paired-end protocol.
Reads were aligned to the reference human genome
hg19 using the Burrows–Wheeler Alignment tool19
and post-processed using the Genome Analysis
Toolkit (GATK) according to GATK best
practices.20 Somatic alterations (single base substitu-
tions, small insertions and deletions, and copy
number alterations) were identified according to
their presence in the tumor genome and absence
from the corresponding normal genome. Single-
nucleotide variants were called using muTect21 and
retained if the variant allele frequency in the tumor
was 45 times that in the matched normal. Insertions
and deletions (indels) were called using the Soma-
ticIndelDetector tool in GATK. All candidate muta-
tions and indels were reviewed manually using the
Integrative Genomics Viewer.

Statistical Analysis

Fisher exact tests were used to evaluate the associa-
tion of the categorical variables (tumor type, immu-
noreactivity for Merkel cell polyoma virus, presence
of mutations) with reduction in labeling for
H3K27me3. A P-value of o0.05 was considered
significant. All analyses were conducted using Excel
(Microsoft).

Results

Clinical Findings

The clinical and pathologic findings are summarized
in Table 1. Among the 25 patients with primary pure
Merkel cell carcinoma, 17 were male, 8 female. The
mean age at diagnosis was 73.5 years; the median
was 76.6 years. Eleven primary tumors were located
on the extremities, 8 in the head and neck region,
and 6 on the trunk. Of the 15 patients with metastatic
Merkel cell carcinoma, 10 were male, 5 female. The
mean and median ages at diagnosis were 76.5 and
78.5 years, respectively.

All five patients with primary combined squamous
and neuroendocrine carcinoma of the skin were
men. The mean and median ages at diagnosis were
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75 and 74 years, respectively. Three tumors were
located in the head and neck region, one was on the
trunk and one on the upper arm.

Immunohistochemical Findings

Of the 40 Merkel cell carcinomas, 30 (75%) were
positive for CM2B4 indicating virus integration, 10
(25%) were negative, including all 5 combined

squamous and neuroendocrine carcinomas. As
documented in Tables 1 and 2, and illustrated in
Figures 1 and 2, loss of labeling for H3K27me3
in the majority (450%) of tumor cells was
strongly associated with pure histology (Po0.0001)
and positive labeling for CM2B4 (Po0.0001). None
of the virus-positive Merkel cell carcinomas
studied herein expressed H3K27me3 in more than
25% of the tumor cells. In most of them (25/30),

Table 1 Patients with Merkel cell polyomavirus-positive tumors (immunoreactive for CM2B4)

Age (years) Gender Primary site H3K27me3 IHC Tumor stage Number of mutations

74 F Extremity 1+ 1 ?
77 M Extremity 1+ 1 ?
71 F Extremity 1+ 1 ?
77 M Extremity 1+ 1 ?
74 F Extremity 1+ 1 None detected
80 F Extremity 1+ 1 ?
78 M Extremity 1+ 1 ?
62 M Extremity 1+ 1 ?
78 F Extremity 1+ 1 ?
80 F Extremity 1+ 1 ?
85 F Head and neck 1+ 1 ?
65 M Head and neck 1+ 1 ?
77 M Trunk 1+ 1 ?
48 M Trunk 1+ 1 ?
75 M Trunk 1+ 1 None detected
76 M Trunk 1+ 1 ?
52 F Extremity 1+ 1 ?
75 M Extremity 1+ 2 None detected
84 F Extremity 1+ 2 None detected
65 M Extremity 1+ 2 None detected
79 M Extremity 1+ 2 None detected
80 M Extremity 1+ 2 None detected
78 M Extremity 1+ 2 ?
89 M Extremity 1+ 2 ?
74 M Head and neck 1+ 2 ?
90 M Head and neck 1+ 2 None detected
97 F Head and neck 1+ 2 None detected
83 F Trunk 1+ 2 None detected
52 M Trunk 1+ 2 None detected
75 F Trunk 1+ 2 None detected

Abbreviations: 1+, positive labeling in 1–25% of tumor cells; ?, unknown (mutation analysis was not performed); CM2B4, antibody to Merkel cell
polyoma virus large T-antigen; F, female; IHC, immunohistochemistry; M, male; tumor stage 1, primary tumor; tumor stage 2, locoregional (lymph
node or soft tissue) metastasis.

Table 2 Patients with tumors immunonegative for Merkel cell polyomavirus (CM2B4)

Age (years) Gender Primary site H3K27me3 IHC Tumor stage Histologic type Number of mutations

71 M Extremity 4+ 1 Mixed ?
74 M Head and neck 4+ 1 Mixed ?
67 M Head and neck 4+ 1 Mixed 12
79 M Head and neck 4+ 1 Mixed ?
82 M Trunk 4+ 1 Mixed 16
70 F Head and neck 2+ 1 Pure ?
86 M Head and neck 2+ 1 Pure 68
64 M Head and neck 1+ 1 Pure ?
71 M Trunk 1+ 1 Pure ?
60 M Head and neck 1+ 1 Pure 38

Abbreviations: 1+, 1–25% of tumor cells are positive; 2+, 26–50% of tumor cells are positive; 3+, 51–75% of tumor cells positive; 4+, 76–100% of
tumor cells are positive; ?, unknown (mutation analysis was not performed); CM2B4, monoclonal antibody to Merkel cell polyomavirus large
T-antigen; F, female; IHC, immunohistochemistry; M, male; tumor stage 1, primary skin tumor.
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o10% of the tumor cells were positive for
H3K27me3. None of the pure Merkel cell carc-
inomas of this series expressed H3K27me3 in
more than 50% of its tumor cells. On the other

hand, combined neuroendocrine and squamous
cell carcinomas showed minimal or no
reduction in labeling for H3K27me3 (Table 2,
Figure 3).

Figure 1 Primary cutaneous Merkel cell carcinoma. (a) Nodule in dermis and subcutis (H&E-stained section). (b) The tumor cells are
positive for CM2B4. (c) The tumor cells lack expression of H3K27me3.

Figure 2 Primary cutaneous Merkel cell carcinoma. (a) Nodule of malignant tumor cells with cytologic features of neuroendocrine
differentiation. (b) The tumor cells are positive for CM2B4. (c) The tumor cells lack expression of H3K27me3, while adjacent non-
neoplastic cells are positive.
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Molecular Findings and Association with IHC

The number of mutations per tumor detected in a
selected subset of Merkel cell carcinoma is docu-
mented in Tables 1 and 2. No mutations were
identified in the pure virus-positive Merkel cell
carcinomas of this series. Mutations were detected
in tumors, which were virus-negative and/or had
combined phenotype of invasive squamous and
neuroendocrine carcinoma or associated extensive
actinic keratosis in the same tissue sample that was
submitted for mutation analysis. All tumors without
mutations showed marked reduction in labeling for
H3K27me3. No significant reduction in labeling for
H3K27me3 was seen in two cases of combined
invasive squamous and neuroendocrine carcinoma,
which were found to carry mutations. However,
reduction in labeling for H3K27me3 was also seen in
one case of virus-negative Merkel cell carcinoma
with associated actinic keratosis and mutations.

Discussion

Merkel cell carcinoma is a rare skin tumor.2 The
discovery of the Merkel cell polyomavirus in the
majority of tumors has been a milestone in under-
standing the biology of this tumor.3,10 However, not
all tumors show clonal integration and little is
known about the pathway how viral integration
leads to malignant transformation.

Efforts to identify driver mutations in Merkel cell
carcinoma have so far failed to reveal characteristic
genomic aberrations. Recent mutation analyses of
Merkel cell carcinomas and combined cutaneous
squamous and neuroendocrine carcinomas indicate
that mutations are frequent in virus-negative Merkel
cell carcinomas and in combined neuroendocrine
carcinomas, but uncommon in classic virus-
associated Merkel cell carcinoma. Results from
molecular analysis of the subset of cases, which
were tested for mutations in the clinical setting to

Figure 3 Combined squamous and neuroendocrine carcinoma of the skin. (a) Silhouette of the lesion (H&E). (b) The tumor cells are
negative for CM2B4. (c) The tumor cells express H3K27me3. (d) Combined squamous and neuroendocrine carcinoma. The small-cell
neuroendocrine component dominates. (e) Focally, the tumor displays squamous differentiation, with features of acantholytic squamous
cell carcinoma.
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identify possible treatment targets, support the
notion that the mutation burden of virus-indepen-
dent, UV-related tumors tends to be high, while
virus-associated Merkel cell carcinomas tend to lack
or harbor only few mutations. The results of
mutation analyses of the cases reported herein are
in keeping with those observations. The lack of
frequent mutations in virus-associated Merkel cell
carcinoma made us hypothesize about a possible role
of epigenetic events in the pathogenesis of Merkel
cell carcinoma.

Post-translational modifications of the N-terminal
cores of histones, such as by methylation, influences
chromatin configuration and thereby modulates
accessibility of transcription factors and transcrip-
tional activity.22 The PRC2 containing enhancer of
zeste (EZH) 2, a methyltransferase and core compo-
nent of PRC2, are responsible for trimethylation of
lysine 27 on histone H3.23 H3K27me3 is a well-
established histone mark for epigenetic gene silen-
cing and chromatin compaction, which decreases
the transcriptional activity. Loss of trimethylation on
H3K27 has been found in different types of cancers,
including malignant peripheral nerve sheet
tumors24–26 or pediatric high-grade gliomas27 and
has been correlated with adverse prognosis in
metastatic colon cancer.20

H3K27me3 expression levels can be assessed in
formalin-fixed and paraffin-embedded tissues by
immunohistochemistry.24 To explore a potential role
of epigenetic events in Merkel cell carcinoma, we
examined H3K27me3 expression levels in primary
and metastatic Merkel cell carcinoma as well as
combined cutaneous squamous and neuroendocrine
carcinoma.

Our findings indicate that decreased labelling of
H3K27me3 is strongly associated with a pure
histologic phenotype of Merkel cell carcinomas and
virus-positive Merkel cell carcinomas. Combined
squamous and neuroendocrine carcinomas retained
expression of H3K27me3. The results suggest that
epigenetic deregulation may play a role in the
pathogenesis of pure Merkel cell carcinoma, in
particular those tumors associated with the Merkel
cell polyomavirus. Failure to detect a significant
reduction in H3K27me3 labeling in combined
squamous and neuroendocrine carcinomas of the
skin provides further support to prior observations
that the pathobiology of combined tumors is differ-
ent from pure Merkel cell carcinoma. Combined
squamous and neuroendocrine carcinomas are
pathogenetically more closely related to squamous
cell carcinomas of sun-damaged skin.

Epigenetic changes are not only of interest for the
pathogenesis and classification of neuroendocrine
carcinomas, they may also be targets, for which
novel treatment strategies for patients with meta-
static Merkel cell carcinoma could be developed.
Although recent evidence suggests that immunother-
apeutic approaches to Merkel cell carcinoma are
promising,6 immunotherapy is unlikely to cure the

majority of patients with Merkel cell carcinoma.
Thus, additional treatments are needed, including
strategies to interfere with epigenetic mechanisms of
tumorigenesis.
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