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The current system of tumor classification relies largely on the
recognition of a specific tumor cell morphology in conjunction
with a unique immunophenotype1. Notably, molecular-genetic
alterations occurring prior to or during tumor development
contribute to the tumor cell development and its subsequent
unique phenotype2. However, whether morphologic and genetic
features always reflect the precise cell of origin remains
controversial2,3, and for some tumor types, a precise identification
of the cell of origin is not always available4. However, this remains
a critically important challenge, as such findings have important
implications for diagnosis, therapy and prevention3,5.
One such paradigm for this question occurs in Merkel cell

carcinoma (MCC)6–9. MCC is a rare and aggressive high grade
cutaneous neuroendocrine carcinoma occurring in sun exposed
skin of elderly and/or immunosuppressed patients10–12. In 2008,
genomic integration of the Merkel cell Polyomavirus (MCPyV) was
identified as the primary oncogenic driver for about 80% of
MCCs13, while the remaining MCPyV-negative cases were subse-
quently shown to harbor a high tumor mutation burden with
prominent UV-signature14–18. Although the physiological Merkel
cell was initially considered as the MCC cell of origin due to close
phenotypic similarities12, this hypothesis has been dismissed as
unlikely because mature Merkel cells are post-mitotic19,20. As such,
they cannot be effectively infected by MCPyV9,21, which requires
entry into the cell cycle for successful integration and transforma-
tion. In keeping with this concept, ectopic overexpression of the
MCPyV viral oncoproteins in transgenic mice failed to induce cell
cycle reentry in mature Merkel cells22.
Thus, several other candidate cells of origin for MCC have been

proffered, including epithelial6,9,23 and non-epithelial progenitors7,8,24.
In this regard, epithelial stem cells represent the most likely

progenitors of differentiated Merkel cells20,25,26 and have been
suggested as relevant candidates for the MCC cell of origin6,9. As
for non-epithelial cells: since MCC frequently lack epidermal
connection, demonstrate expression of B cell markers (notably TdT
and PAX5) and in some cases have been reported to harbor
immunoglobulin rearrangement, it has been suggested that
MCPyV-positive MCC could derive from pre-/pro-B cells7. Another
hypothesis is that MCPyV-positive cases derive from dermal
mesenchymal cells, based on the identification of dermal
fibroblasts as productive hosts of MCPyV infection21, as well as
their deep location and the low tumor mutational burden
together with a lack of UV signature8. Finally, a recent study
demonstrating that MCPyV oncoprotein knock down in MCC cell
lines leads to the acquisition of a differentiated neuronal
phenotype in certain contexts might indicate that MCC could
actually derive from a neuronal lineage24.
Importantly, all of these theories imply that phenotypic changes

with acquisition of neuroendocrine and “Merkel cell-like” features

arise during tumor cell development6. Notably, in small cell lung
cancer, a neoplasm that shares close phenotypic similarities with
MCC, dual inactivation of TP53 and RB1 are regarded as the principle
oncogenic drivers inducing both transformation and neuroendocrine
differentiation in epithelial cells27,28. Similarly, in MCC, expression of
the RB1-inactivating MCPyV oncoprotein Large T antigen29 induces
transcription and/or protein accumulation of Atonal homolog 1
(ATOH1)30,31 and SRY-box 2 (SOX2)24, two transcription factors critically
involved in Merkel cell differentiation20,25,26. Although these findings
might suggest that expression of the MCPyV oncoproteins in a skin
epithelial progenitor results per se in cell transformation and
acquisition of a Merkel cell-like phenotype, several transgenic mice
models demonstrated that MCPyV oncoprotein expression alone was
not sufficient to mediate this phenotypic switch22,32–34. Furthermore,
viral oncoprotein expression does not explain the origin of MCPyV-
negative MCCs.
In this issue of Modern Pathology, Harms et al. collected a series

of rare tumors to address the question of the origin of virus-
negative MCC in a systematic manner. A subset of MCCs arise in
association with squamous cell carcinoma in situ (SCCIS), which
provides the opportunity to query the molecular genetic
alterations in each component to determine a possible etiologic
relationship between the two. Harms et al., applied targeted next
generation sequencing to seven paired in situ squamous cell
carcinoma (SCCIS)-MCPyV-negative MCC samples, sequencing
these components separately. Their results strongly suggest a
direct clonal association by demonstrating high mutational
similarities between the two tumor components. Notably in
almost all cases, both SCCIS and MCC harbored common TP53 and
RB1 mutations and/or deletion, while other alterations previously
reported as less common in MCPyV-negative MCC, notably MYC-L
and MDM4 amplifications35,36, were only present in a minority of
cases. Interestingly, although they observed FBXW7 copy loss or
mutation and SMARCA4 mutations restricted to the MCC
component in several cases, they could not identify a universal
driver mutation for the squamous to neuroendocrine transition.
Transcriptomic analysis of 4 paired cases in comparison to pure
SCCIS with (n= 4) and without (n= 5) RB1 mutations further
revealed that SCCIS associated with MCC formed a cluster distinct
from other SCCIS and adjacent to RB1-inactivated SCCIS. This
analysis additionally demonstrated enrichment of the neuronal
and Merkel cell markers together with upregulation of targets of
the Polycomb Repressive Complex, and repression of the immune
and inflammatory genes, upon SCCIS to MCC transition. Finally,
applying digital quantitation of immunohistochemical protein
expression, the authors confirmed induction of SOX2, together
with downregulation of RB1, H3K27 trimethylation, and HLA-A
during the SCCIS to MCC transition. The results presented by
Harms et al. strongly suggest that MCPyV-negative MCC can arise
from a distinctive subset of SCCIS harboring specific genetic
alterations such as TP53 and RB1 inactivation. Epigenetic
dysregulations then probably further contribute to the SCC to
MCC transformation.
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These results were independently confirmed in parallel
observations from our own group. Indeed, we recently demon-
strated a clonal link between SCC and MCC by applying whole
exome sequencing to four combined MCC cases37. To this end, we
identified a large number of somatic variants present in both the
SCC and MCC components (n= 69–1060), with allelic frequencies
higher in the MCC components suggesting that the latter may
have derived from an SCC cell. And in complete agreement with
the Harms et al. study, the comparison of the SCC and MCC parts
did not allow us to identify a specific oncogenic driver
contributing to the neuroendocrine transition. By contrast,
immunohistochemical analysis revealed reduced histone H3K4
methylation and H3K27 acetylation in the MCC component,
suggesting that epigenetic changes likely contribute to the
transformation. Finally, by comparing mutation frequencies
observed in our data set to those detected in previously published
MCPyV-negative MCC (n= 43) and cutaneous SCC (n= 98) cases,
we demonstrated that RB1 inactivation constitutes an early
mandatory but obviously not sufficient step for the transformation
of SCC to MCPyV-negative MCC. In mirroring each other’s results,
these paired publications represent a critical achievement in our
understanding of MCC biology5 by clearly demonstrating an
epidermal origin of some MCPyV-negative cases.
However, it is unlikely that these findings can necessarily be

generalized to all MCC cases including MCPyV-positive and
MCPyV-negative tumors. A tumor cell’s phenotype results from
the changes induced within the cell of origin by the constella-
tion of molecular-genetic alterations (somatic mutations, ampli-
fications/deletions, fusions and/or epigenetic alterations) during
tumor development and progression2. As an example, mutations
affecting beta-catenin (CTNNB1) together with mutations that
result in MAPK pathway activation produce a melanocytic nevus
with deep penetrating nevus morphology38, while the same
genetic alteration in the skin epithelial lineage is observed in
tumors with matrical differentiation39,40. Although not a formal
proof, these findings strongly suggest that expression of the
same oncogenic driver in distinct cell lineages results in the
development of distinct tumor types2. Notably, although at least
three transcriptional pathways are generally deregulated in MCC
either by MCPyV or by mutations in virus negative MCC41, there
are significant variations in morphology, immunophenotype,
genetic backgrounds and clinical outcome observed between
MCPyV-positive and MCPyV-negative cases15,42–44. Hence, it is
possible that MCPyV-positive and MCPyV-negative cases might
actually represent distinct tumor entities14,42,45–47 with poten-
tially different cells of origin8. With regard to this hypothesis, we
recently applied next generation sequencing to demonstrate
MCPyV integration in trichoblastoma, a benign adnexal tumor
harboring hair follicle differentiation, could give rise to an
MCPyV-positive MCC23. This observation suggests that some
MCPyV-positive cases may also derive from an epithelial lineage
and further raises the possibility that hair follicle cells might
constitute a potential ancestry of MCPyV-positive cases. In line
with this hypothesis, ectopic expression of MCPyV proteins in
epidermal and hair follicle cells resulted in expression of some
Merkel cell markers31,48. Moreover, although some characteristic
features of MCPyV-positive MCC such as deep dermal location,
lack of intraepidermal involvement in most cases, and low
mutational burden, and absence of UV mutation signature, have
been used to support a non-epithelial origin, these findings
might also be explained by a hair follicle origin7,8,6. In contrast,
intraepidermal involvement, high tumor burden and presence of
UV signature in MCPyV-negative cases are in accordance with an
epidermal (interfollicular) origin as demonstrated by our
findings and the current study.
Important questions remain regarding the origins of MCC.

Although there is compelling evidence for an epithelial origin
(regardless of viral status), what biological events explain the

apparent lack of direct physical association between many MCC
tumors and the adjacent epidermis or hair follicle from which they
derive? Can a precise molecular switch for neuroendocrine
differentiation in cutaneous epithelial precursors be defined—
and conversely, what might revert MCC cells to a squamous
phenotype? Finally, how can these events be recapitulated in
transgenic mice to generate better models of MCC tumorigenesis?
A great deal of exciting work remains, but we predict that these
observations on the transition from SCC to MCC likely hold critical
clues for answering such questions and unlocking additional
mysteries about the origins of this aggressive neuroendocrine
carcinoma.
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