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Merkel cell carcinoma is a rare but highly aggressive cutaneous neuroendocrine carcinoma. Cytokeratin 20
(CK20) is expressed in ~95% of Merkel cell carcinomas and is useful for distinction from morphologically similar
entities including metastatic small-cell lung carcinoma. Lack of CK20 expression may make diagnosis of Merkel
cell carcinoma more challenging, and has unknown biological significance. Approximately 80% of CK20-positive
Merkel cell carcinomas are associated with the oncogenic Merkel cell polyomavirus. Merkel cell carcinomas
lacking Merkel cell polyomavirus display distinct genetic changes from Merkel cell polyomavirus-positive Merkel
cell carcinoma, including RB1 inactivating mutations. Unlike CK20-positive Merkel cell carcinoma, the majority of
CK20-negative Merkel cell carcinomas are Merkel cell polyomavirus-negative, suggesting CK20-negative Merkel
cell carcinomas predominantly arise through virus-independent pathway(s) and may harbor additional genetic
differences from conventional Merkel cell carcinoma. Hence, we analyzed 15 CK20-negative Merkel cell
carcinoma tumors (10 Merkel cell polyomavirus-negative, four Merkel cell polyomavirus-positive, and one
undetermined) using the Ion Ampliseq Comprehensive Cancer Panel, which assesses copy number alterations
and mutations in 409 cancer-relevant genes. Twelve tumors displayed prioritized high-level chromosomal gains
or losses (average 1.9 per tumor). Non-synonymous high-confidence somatic mutations were detected in 14
tumors (average 11.9 per tumor). Assessing all somatic coding mutations, an ultraviolet-signature mutational
profile was present, and more prevalent in Merkel cell polyomavirus-negative tumors. Recurrent deleterious
tumor suppressor mutations affected TP53 (9/15, 60%), RB1 (3/15, 20%), and BAP1 (2/15, 13%). Oncogenic
activating mutations included PIK3CA (3/15, 20%), AKT1 (1/15, 7%) and EZH2 (1/15, 7%). In conclusion,
CK20-negative Merkel cell carcinoma display overlapping genetic changes with CK20-positive Merkel cell
carcinoma, including RB1 mutations restricted to Merkel cell polyomavirus-negative tumors. However, some
CK20-negative Merkel cell carcinomas harbor mutations not previously described in Merkel cell carcinoma.
Hence, CK20-negative Merkel cell carcinomas harbor diverse oncogenic drivers which may represent therapeutic
targets in individual tumors.
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Merkel cell carcinoma, a primary cutaneous
neuroendocrine carcinoma, is among the most deadly
of skin cancers with a mortality rate of 30–75%.1
Although rare, the incidence has nearly tripled over
the past several decades, which may be due in part to
increased diagnostic recognition.1 In 2008, Feng et al
identified a novel tumorigenic virus, Merkel cell
polyomavirus, that is clonally integrated in 80% of
Merkel cell carcinomas.2 Evidence suggests that
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Merkel cell polyomavirus promotes tumorigenesis
via oncogenic action of viral large T antigen and
small T antigen.3–6 In polyomavirus-negative Merkel
cell carcinoma, recent evidence suggests that major
players in the pathogenesis include ultraviolet (UV)
light and loss of the tumor suppressor RB1.7,8

Cytokeratin 20 (CK20) labels 95% of Merkel cell
carcinomas typically in a paranuclear dot
pattern.9–11 Accurate diagnosis becomes more chal-
lenging in the ~5% of Merkel cell carcinomas that
lack CK20 staining.9,10 In such cases, additional
immunohistochemistry and careful clinical workup
is necessary to exclude the possibility of metastasis
from a non-cutaneous small-cell carcinoma.

We have previously shown that CK20-negative
Merkel cell carcinoma often lacks detectable Merkel
cell polyomavirus sequence.12 In the parotid, the
presence or absence of CK20 expression may be used
to divide parotid small-cell carcinomas into two
subtypes: CK20 positive ‘Merkel cell-type’, and the
more aggressive CK20 negative ‘pulmonary type’.13
These observations suggest that the absence of CK20
expression in cutaneous Merkel cell carcinoma may
have molecular and clinical significance. To better
understand the molecular changes in CK20-negative
Merkel cell carcinomas, we analyzed a previously
assembled cohort of 15 CK20-negative Merkel cell
carcinomas by next-generation sequencing to
characterize mutational and copy number changes
in these tumors.

Materials and methods

Case Selection

Studies were conducted according to previously
approved institutional review board protocols.
Selection and histopathologic characterization of
CK20-negative Merkel cell carcinomas used in this
study has been previously described,12 with the
exception of one additional case (MC15) which was a
high-grade neuroendocrine carcinoma presenting in
the soft tissue of the neck that stained positively for
cytokeratins, synaptophysin, and neuron-specific
enolase, and was negative for CK7, CK20, thyroid
transcription factor-1, and melanocytic markers.
Tumors with adequate material were also evaluated
by immunohistochemistry for LTAg as previously
described,14 which was concordant with PCR results
in all but one case (MC11). Clinicopathologic
features of tumors in this study are summarized in
Supplementary Table 1.

Targeted Next-Generation Sequencing

For the majority of cases, previously purified tumor
DNA was adequate for sequencing.12 For cases
requiring additional DNA extraction, an H&E stained
section was used as a guide for dissection from a
minimum of four formalin-fixed, paraffin-embedded

10-µ sections by a board-certified dermatopathologist
(PWH) to obtain a minimal tumor purity of
60%. DNA extraction, Ion Torrent-based next-genera-
tion sequencing, and data analysis were performed as
previously described,15 using the Ion Ampliseq
Comprehensive Cancer Panel that enables copy
number and mutational analysis through targeting
the complete coding sequence of 409 cancer-relevant
genes. In brief, DNA was extracted using the Qiagen
FFPE AllPrep DNA/RNA kit. Barcoded libraries were
generated from 40 ng of DNA per sample using the Ion
Ampliseq library kit 2.0 with Ion Ampliseq Compre-
hensive Cancer Panel primers targeting 409 cancer-
relevant genes. Templates were prepared using the
Ion PI Template OT2 200 Kit v3 (Life Technologies,
Foster City, CA, USA) on the Ion One Touch 2.
Sequencing of multiplexed templates was performed
using the Ion Torrent Proton on Ion PIv2 chips using
the Ion PI Sequencing 200 Kit v3 (Life Technologies)
according to the manufacturer’s instructions. Data
analysis were performed using in-house developed,
previously validated pipelines using Torrent Suite
4.0.2, with alignment by TMAP and variant calling
using the Torrent Variant Caller plugin. Annotated
variants were filtered to remove synonymous or non-
coding variants, poorly supported calls, and
panel-specific/sequencing artifacts. Variants present
in the ESP6500 or phase I 1000G data set, or in the
Exome Aggregation Consortium at 40.1% were
filtered out as likely germ-line alterations.16–18 Poten-
tial driving somatic alterations were prioritized using
the COSMIC database. For UV-signature analyses,
synonymous as well as non-synonymous somatic
variants were considered. Quality control metrics
are listed in Supplementary Table 2. Statistical
analyses were performed on Graphpad Prism 6.0
software using Student’s t-test or Mann–Whitney
U nonparametric test.

Validation of Single Nucleotide Variants by Sanger
Sequencing

Selected single-nucleotide variations affecting AKT1,
PIK3CA, RB1, TP53, EZH2, PTCH1, TSC1, and BAP1
were validated by PCR amplification using new or
previously reported primer pairs (Supplementary
Table 3),19–21 followed by Sanger sequencing at the
University of Michigan Sequencing Core. Chromato-
grams were visualized using Sequence Scanner 2
software.

Results

Clinicopathological Features of CK20-Negative Merkel
Cell Carcinoma

Clinicopathological characteristics of the sequencing
cohort are described in Supplementary Table 1.
Twelve were primary tumors, and three were
metastatic tumors. Two primary-metastasis pairs

Cytokeratin 20-negative Merkel cell carcinoma

PW Harms et al 241

Modern Pathology (2016) 29, 240–248



were tested. All 15 tumors were CK20 negative. We
have previously described the morphological and
clinical features of the majority of these tumors.12 As
previously reported, there was no definitive
morphologic difference between our cohort
and CK20-positive Merkel cell carcinomas. By
immunohistochemistry and/or previously reported
quantitative PCR, 10 tumors (from nine patients)
were Merkel cell polyomavirus-negative, four tumors
(from three patients) were Merkel cell polyomavirus-
positive, and one lacked sufficient remaining
material for Merkel cell polyomavirus detection
(Supplementary Table 1).12

Copy Number Alterations

First, we analyzed global changes including
chromosomal gains/losses and non-synonymous
mutations. Ten tumors displayed prioritized
high-level chromosomal gains or losses involving
tumor suppressors or oncogenes (Supplementary
Tables 1 and 4, Supplementary Figure 1). Recurrent
copy number changes included gains of chromosome
8 and loss of chromosomes 5 and 21. The most
frequent alteration involved gain of AKT1 on
chromosome 14q32.33 in 5/15 (33.3%) of tumors.
Gain of MYCL1, previously reported in Merkel cell
carcinoma,22 was detected in one tumor (1/15, 6.7%)
and a gain of MYC was identified in two tumors
(2/15, 13.3%).

Mutational Profiles

A total of 179 high-confidence non-synonymous
somatic mutations were detected in 14 of the 15
tumors, with an average of 11.9 non-synonymous
mutations/tumor (Supplementary Table 1). When
assessing all coding mutations (non-synonymous
and synonymous) to evaluate mutational signatures,
Merkel cell polyomavirus-negative Merkel cell
carcinoma displayed a higher mutation burden,
(Figure 1a and b, Supplementary Table 1). For these
mutation events, we characterized the UV- signature
mutational profile, specifically the fraction of muta-
tions that involve C4T transitions at dipyrimidine
sites.23 We found that C4T transitions were the most
prevalent single-base substitution (Supplementary
Table 1). C4T transitions were a significantly higher
proportion of total single-nucleotide variants in
Merkel cell polyomavirus-negative tumors relative
to Merkel cell polyomavirus-positive tumors
(P =0.004; Supplementary Table 1). On average,
C4T transitions at dipyrimidine sites were elevated
above the level predicted by random chance in
Merkel cell polyomavirus-negative Merkel cell
carcinomas (P=0.001, df = 9, and t=4.767), but not
Merkel cell polyomavirus-positive Merkel cell
carcinomas (P=0.724, df = 4, and t=− 0.379) by
one-sample t-test (Figure 1c and d, Supplementary
Table 1). CC4TT tandem substitutions, another form

of UV-signature mutation, were detected in 9/10
(90%) Merkel cell polyomavirus-negative Merkel
cell carcinomas and only 1/4 (25%) Merkel cell
polyomavirus-positive Merkel cell carcinomas
(Supplementary Table 1). Unlike small-cell lung
carcinoma, C4A (tobacco signature) transitions were
rare in CK20-negative Merkel cell carcinoma
(Supplementary Figure 2).24,25 Hence, in most cases,
CK20-negative Merkel cell carcinomas are similar to
CK20-positive tumors in harboring either high
UV-signature mutation burden or presence of Merkel
cell polyomavirus (Supplementary Figure 2).

One Merkel cell polyomavirus-positive tumor
(MC11) displayed a UV-signature mutational profile
and TP53 inactivating mutations, features common
to Merkel cell polyomavirus-negative tumors in this
cohort and our previous study.8 This tumor was
positive for Merkel cell polyomavirus DNA by two of
three PCR primer pairs, confirmed by Sanger
sequencing.12 By immunohistochemistry, LTAg
protein expression was not detected in this tumor
(Supplementary Figure 3A). Furthermore, this tumor
displayed foci of squamous differentiation, a feature
reported as being restricted to Merkel cell
polyomavirus-negative tumors (Supplementary
Figure 3B and C).26 Therefore, although this tumor
harbors Merkel cell polyomavirus DNA, many other
features are more consistent with a Merkel cell
polyomavirus-negative tumor, in keeping with the
absence of detectable levels of LTAg protein.

Tumor Suppressor Mutations

For tumor suppressors, multiple recurrent mutations
were identified which were more prevalent in
Merkel cell polyomavirus-negative tumors (P=0.03;
Figure 2). These included mutations in tumor
suppressor genes not previously implicated in
Merkel cell carcinoma including APC, TET2, and
BAP1 as well as those known to be inactivated in
Merkel cell carcinoma including TP53 and RB1
(Figure 2, Supplementary Table 3). APC mutations
were detected in two tumors (2/15, 13.3%). TET2,
which has been associated with melanoma
susceptibility,27 was mutated in 2/15 (13.3%) cases.
The tumor suppressor BAP1 displayed an
inactivating mutation in both tumors of a primary-
metastasis pair. TP53 mutations (9/15, 60%) were
located in inactivation hotspots (Supplementary
Figure 4) and were consistent with UV-signature
mutations in the majority of cases. TP53 mutations
were almost exclusively detected in Merkel cell
polyomavirus-negative tumors, similar to previous
reports.8,28 RB1 mutations (3/15, 20%) with
predicted functional significance were restricted
to Merkel cell polyomavirus-negative tumors,
also similar to previous reports7,8 (Figure 2,
Supplementary Figure 4).
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Oncogenic Mutations

For oncogenic driver mutations, CK20-negative
Merkel cell carcinomas were similar to CK20-positive
Merkel cell carcinomas and displayed heterogeneous
oncogenic driver mutations (Figure 2). The PI3K
pathway displayed activating mutations in a subset
of tumors. PIK3CA mutations were found in 3/15
(20%), including hotspot activating mutations E542K
and H1047L. One tumor displayed the AKT1 (E17K)
activating mutation. Of interest, one tumor harbored
an EZH2 (Y641F) activating mutation not previously
described in Merkel cell carcinoma. EZH2 is an
oncogenic histone methyltransferase that promotes
tumorigenesis by epigenetic repression of tumor
suppressor genes, and is under investigation as a
therapeutic target.29

Comparison of Matched Primary and Metastatic
Tumors

As predicted, paired primary-metastatic cases in our
cohort displayed largely overlapping mutational
profiles (Figures 2 and 3). One primary-metastasis
pair (MC9/MC14) was Merkel cell polyomavirus-
negative. The metastasis in this case was a satellite
metastasis that was detected and excised 3 months
after excision of the primary tumor, without inter-
vening radiotherapy or chemotherapy. This metas-
tasis displayed a sevenfold higher mutational burden
relative to the primary, consistent with accumulation
of mutations during or after metastasis (Figure 3a and
b). The other pair (MC10/MC16) was Merkel cell
polyomavirus-positive. The metastasis in this case
was an in-transit metastasis that developed 4 years

Figure 1 Mutational profiles of cytokeratin 20 (CK20)-negative Merkel cell carcinoma. (a) Mutation burden in CK20-negative Merkel cell
carcinoma tumors, with UV mutations represented by C4T at (C/TpC/T) sites. High-confidence synonynmous and non-synonymous
mutations are included. (b) Total number of mutations in CK20-negative Merkel cell carcinoma, with significantly higher mutation burden
in Merkel cell polyomavirus-negative tumors (Mann–Whitney U test). Means are indicated by solid lines. (c) Relative proportion of
mutation types in CK20-negative Merkel cell carcinoma, with UV mutations represented by C4T at (C/TpC/T) sites. (d) C4T mutations
occuring at dipyrimidine sites (UV-signature mutations) as a fraction of total C4T mutations in CK20-negative Merkel cell carcinoma.
Merkel cell polyomavirus-negative tumors display significantly higher fraction of UV mutations than Merkel cell polyomavirus-positive
tumors (Student’s t-test). Dashed line indicates the fraction predicted by random chance (75%). Means are indicated by solid lines.
*Po0.05, Merkel cell polyomavirus. Age, age in years at diagnosis; pair, primary-metastasis pairs; SNV, single-nucleotide variant.
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after excision of the primary tumor. There was no
radiotherapy or chemotherapy between excisions of
the primary and metastasis. In this case, in contrast,
the metastatic tumor did not accumulate a
high-mutational burden (Figure 3b and c). For the
Merkel cell polyomavirus-negative primary-metasta-
sis pair, mutations detected in both the primary and
the metastasis demonstrated an average variant
fraction of 50.0% (s.d. 16.4%) in both the primary
and metastatic tumors, as expected for heterozygous
mutations present in all tumor cells given the high
tumor content (although inclusion of rare germ-line
alterations cannot be entirely excluded). Notably,
mutations detected in the metastasis but not
the primary tumor occurred at an average
variant fraction of 16.3% (s.d. 11.1%), suggesting
heterozygous mutations present in approximately
one-third of tumor cells (Figure 3b). This finding
suggests the emergence of a more highly mutated
tumor subclone within the metastasis of this Merkel
cell polyomavirus-negative case.

Discussion

Recent studies have advanced our understanding of
genetic alterations in Merkel cell carcinoma. The

majority harbor genomic integration of Merkel cell
polyomavirus sequences, which undergo character-
istic tumor-specific truncating mutations.2,30 In
contrast, Merkel cell carcinomas lacking detectable
Merkel cell polyomavirus have a high-mutation
burden characterized by a predominance of
UV-signature mutations, with recurrent inactivation
of tumor suppressors including TP53, RB1, and
NOTCH.7,8 Merkel cell polyomavirus-negative
tumors are heterogeneous with regard to oncogenic
drivers, with potential roles for oncogenes including
PIK3CA, HRAS, and KNSTRN.8,31 Based on these
observations, it has been proposed that Merkel cell
carcinoma may arise via viral-mediated or
UV-associated pathways.8

CK20 expression is a useful diagnostic finding in
the majority of Merkel cell carcinomas. However, a
small minority of tumors lacks CK20 expression.9–11
The mechanism for loss or absence of CK20 expres-
sion in Merkel cell carcinoma is poorly understood.
Loss of CK20 expression with tumor progression
has been reported,32 however the majority of
CK20-negative tumors in our study were primary
tumors. Previously published findings in Merkel cell
carcinoma cell lines derived from CK20-negative
tumors in this study reveals that loss of CK20
expression occurs at the mRNA level in one cell

Figure 2 Mutational landscape of CK20-negative Merkel cell carcinomas. Copy number alterations and mutations were filtered for
predicted functional significance in cancer, Merkel cell polyomavirus. Age, age in years at diagnosis, FP indel, frame-preserving insertion/
deletion; FS indel, frameshift insertion/deletion; pair, primary-metastasis pairs.
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Figure 3 Comparison of matched primary-metastatic CK20-negative Merkel cell carcinomas demonstrates clonal evolution in a Merkel cell
polyomavirus-negative Merkel cell carcinoma. (a) High-confidence mutations detected in a primary-metastasis Merkel cell carcinoma pair
negative for Merkel cell polyomavirus, ranked by summed variant fraction. Each bar represents a single mutation. (b) Variant fractions of
mutations detected in metastatic tumors, comparing mutations specific with the metastasis (M only) relative to mutations shared with the
primary tumor (P+M), in both pairs. (c) High-confidence single-nucleotide alterations detected in a primary-metastasis Merkel cell carcinoma
pair positive for Merkel cell polyomavirus, ranked by summed variant fraction. *Po0.05. M only, mutations detected only in the metastasis
and not the primary, Merkel cell polyomavirus; P+M, mutations shared between primary and metastasis; SNV, single-nucleotide variant.
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line, but at the protein level, to variable degrees, in
others (Supplementary Table 5).33 Furthermore, cell
lines with low/absent CK20 frequently displayed
decreased CK8 and chromogranin A expression, but
not other lineage markers such as ATOH1, synapto-
physin, or neuron-specific enolase (Supplementary
Table 5).33 These observations suggest that CK20
loss, in different tumors, may reflect changes in
expression/stability of either CK20 mRNA or protein.
Although the sample size is small, these observations
also suggest that loss of CK20 expression may be
associated with expression changes in a subset of
other lineage markers. In addition, we recently
showed that CK20-negative cutaneous Merkel cell
carcinoma was infrequently associated with Merkel
cell polyomavirus, suggesting these tumors arise via
a virus-independent pathway.12 Together, these
observations suggest that Merkel cell carcinomas
lacking CK20 expression may harbor additional
molecular differences relative to CK20-positive
Merkel cell carcinomas.

Herein, through next-generation sequencing of 409
cancer-related genes, we found that CK20-negative
Merkel cell carcinomas share important molecular
similarities with CK20-positive Merkel cell
carcinoma. Copy number alterations similar to
CK20-positive Merkel cell carcinoma were observed,
such as gain of chromosome 1 including MYCL1.22
Gains of AKT1 were the most frequent high-level
oncogene gain, and were relatively more common in
our cohort (seen in 33% of samples) than previously
reported in Merkel cell carcinoma (4% of samples).22
The majority of tumors in our cohort displayed
a predominance of C–T transition mutations with a
UV-signature mutational profile in agreement with a
previous study of CK20-positive Merkel cell
carcinoma.34 TP53 and RB1 mutations were highly
recurrent in Merkel cell polyomavirus-negative
tumors, in agreement with previous reports.7,8,28 In
agreement with a previous sequencing study of
CK20-positive Merkel cell carcinoma, TP53 was the
most frequently mutated tumor suppressor.8

In addition, we identified mutations in tumor
suppressors TET2, APC, and BAP1. TET2 is a tumor
suppressor gene that epigenetically regulates gene
expression by catalyzing conversion of methylcyto-
sine to 5-hydroxymethylcytosine.27,35 BAP1 tumor
suppressor is a deubiquitinating enzyme that has
been linked to a hereditary cancer syndrome
associated with mesothelioma and uveal melanoma,
among other tumors.36–38 EZH2, a histone
methyltransferase in the Polycomb Repressor
Complex undergoes oncogenic activating mutations
affecting Y641 (also reported as Y646) in lymphoma
and melanoma.39 Therapies targeting EZH2 in
malignancy are under active investigation.40

Clonal evolution, the continued accumulation of
genetic changes within a tumor during progression,
results in intratumoral heterogeneity, and has been
shown to have important implications for tumor
biology, prognosis, and therapeutic response.15,41

Two primary-metastasis pairs (MC9/MC14 and
MC10/MC16) were included in our cohort and were
evaluated for the possibility of clonal evolution. One
of these was a Merkel cell polyomavirus-positive
tumor, which demonstrated no significant increase
in mutational burden in the metastasis. The other
was a Merkel cell polyomavirus-negative tumor,
which demonstrated a much higher mutational
burden in the metastasis than the primary tumor.
Most mutations restricted to the metastasis occurred
at a variant fraction of ~ 16%, reflecting a more
highly mutated subclone of tumor cells comprising
~32% of the metastasis. Mutations unique to the
metastasis included truncating mutations of tumor
suppressors DCC, ATR, and KMT2A. It is unknown
whether these genes play roles in Merkel cell
carcinoma metastasis and clonal evolution.
Although limited to a single tumor, our findings
indicate that clonal evolution and intratumoral
heterogeneity occur in Merkel cell carcinoma,
similar to other tumors.41

As immunohistochemical expression of thyroid
transcription factor-1 is not completely sensitive or
specific for distinguishing small-cell lung carcinoma
from Merkel cell carcinoma in many cases,9,10,32,42,43
our findings may be useful in discriminating
CK20-negative Merkel cell carcinoma from a
cutaneous metastasis of small-cell lung carcinoma.
Most small-cell lung carcinomas are predicted to be
Merkel cell polyomavirus-negative and harbor
non-UV mutations of TP53.26,44–47 In contrast, most
cutaneous Merkel cell carcinomas are predicted to
harbor Merkel cell polyomavirus, UV-signature TP53
mutations, or both. However, mutational analysis of
any single gene may not be fully sensitive or specific
to distinguish Merkel cell carcinoma from small-cell
lung carcinoma. Broader mutational profiling
achieved by expanded next-generation sequencing
approaches may be ideal in such cases.

Recently, Pulitzer et al performed mutational
analysis of five Merkel cell carcinomas with
squamous differentiation (combined tumors) and
found UV-associated mutations as well as TP53
and RB1 mutations.48 These combined tumors were
all Merkel cell polyomavirus-negative. The results
from Pulitzer et al are in line with this study and our
previous study,8 with Merkel cell polyomavirus-
negative tumors displaying UV-signature mutation
spectra. Interestingly, in our cohort, one tumor with
squamous differentiation harbored detectable Merkel
cell polyomavirus DNA, but lacked LTAg expression
by immunohistochemistry, and displayed a
UV-signature mutational profile similar to Merkel
cell polyomavirus-negative Merkel cell carcinoma.
The detection of Merkel cell polyomavirus in a
combined Merkel cell carcinoma is unexpected
based on previous reports.26,46 However, Merkel cell
polyomavirus-positive Merkel cell carcinoma
tumors with low Merkel cell polyomavirus viral
load and/or lack of LTAg protein expression have
been reported to be more similar to Merkel cell
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polyomavirus-negative tumors with regard to RB1
expression, TP53 expression, and background solar
damage.49,50

A potential limitation of our study is possible
inclusion of germ-line mutations in our data set.
However, high-priority mutations in our data set
were compared against germ-line sequencing
databases (1000 Genomes, Exome Sequencing
Project, and ExAC data sets)2,9,17,18 with stringent
cutoffs, suggesting somatic events. Furthermore, no
patient was known to harbor a hereditary cancer
syndrome. A further limitation is the potential for
detection of UV-associated mutations in background
epidermis.51 Although we cannot absolutely exclude
this possibility, tumor purity was sufficiently high in
our samples that mutations in the background
epidermis would be predicted to be detected only
at very low levels. Furthermore, UV-signature
mutational profiles were detected regardless of
whether samples were collected from skin, soft
tissue, or lymph nodes.

In summary, we find that CK20-negative Merkel
cell carcinomas harbor similarities to CK20-positive
Merkel cell carcinoma, including RB1 mutations
restricted to Merkel cell polyomavirus-negative
tumors, MYCL1 gains, and PI3K pathway activation.
However, a subset of CK20-negative Merkel cell
carcinomas harbor genetic changes not previously
described in Merkel cell carcinoma, which may
be prognostically or therapeutically relevant.
Furthermore, CK20-negative Merkel cell carcinomas
frequently harbor UV-signature mutations which
might allow for molecular distinction from
extracutaneous small-cell carcinomas.
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