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ABSTRACT

A narrative review was performed to clarify the ontogenesis of Merkel-cell carcinoma. It is hypothesized
that the cells are derived from the embryonic neural crest, skin stem cells, epithelial cells, pre-/pro-B cells,
dermal fibroblasts, or metastatic cells from other types of carcinomas. The influence of epigenetics was
also considered. Methodologically, to prepare the summary articles were selected from the PubMed and
SciELO databases and cited references. The results suggest that it is more likely that Merkel-cell carcino-
ma has multiple origins, possibly from poorly differentiated cells.
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RESUMO

Foi realizada uma revisdo narrativa para elucidar a ontogénese do carcinoma de células de Merkel. Entre as hipéteses
consideradas, ha as células derivadas da crista neural embrionaria; células-tronco da pele; células epiteliais; células pré
e pro-B; fibroblastos da derme; ou células metastdticas de outros tipos de carcinomas. A influéneia da epigenética tam-
bém foi considerada. Metodologicamente, para a elaboragio do resumo foram selecionados artigos das bases de dados
PubMed e SciELO e algumas de suas referéncias. Os resultados sugerem que é mais provavel que o carcinoma de
clulas de Merkel tenha origem miltipla, possivelmente a partir de células pouco diferenciadas.
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INTRODUCTION

Merkel-cell carcinoma (MCC), formerly known as tra-
becular carcinoma of the skin, is a rare and aggressive carcinoma
with neuroendocrine characteristics, high mortality, and fre-
quent metastasis. It presents as a firm, painless, rapidly growing
skin lesion with a smooth surface and erythematous-violet co-
loration (Figure 1).' The tumor develops initially in the dermis,
often progressing to the subcutaneous tissue, leading to metas-
tasis through the lymphatic system. These characteristics explain
its rapid spread and highlight the importance of early diagnosis.
The main risk factors for this type of cancer are: advanced age,
fair skin, exposure to ultraviolet radiation, and a compromised
immune system. Furthermore, it is known that approxima-
tely 80% of MCC cases are associated with MC polyomavirus
(MCPyV), a non-enveloped circular DNA virus belonging to
the Polyomaviridae family that commonly infects skin kerati-
nocytes. Most of the population first comes into contact with
MCPyV during early childhood, and most infections are asymp-
tomatic, with the virus remaining latent throughout life. Later,
when poorly controlled by the immune system, it can give rise
to virus-positive MCC. The remainder of MCC cases unrelated
to MCPyV (virus-negative MCC) are caused primarily by mu-
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carcinoma

Emergence of new
hypotheses about the
cellular origin of
carcinoma

tations resulting from chronic exposure to ultraviolet radiation
in the cells of tumor origin.” The lesions share neuroendocrine
markers with MCs, such as cytokeratin 20 and neuron-specific
enolase, which led to their name.? However, despite the appa-
rent relationship, it is still unknown which cell line gives rise
to this carcinoma. Since MCs are post-mitotic cells, they have
limited oncogenic potential and are also located in the epider-
mis, factors which weaken the hypothesis that MCC originates
from this cell type. Furthermore, tests indicate that MCs do not
respond effectively to oncogenic stimuli, including polyomavi-
rus antigens.” It has been proposed that the following cell lines
may give rise to MCC: cells derived from the embryonic neural
crest, progenitor cells or skin stem cells, epithelial cells, pre- and
pro-B cells, dermal fibroblasts close to hair follicles, or metastatic
cells from other types of carcinomas.”* Some studies have also
proposed that virus-negative MCCs originate from different cell
lines and converge into the same phenotype through epigenetic
reprogramming.” Research aimed at defining the oncogenesis of
MCC is extremely important for establishing specific biomar-
kers. This will enable medical advances to more appropriately
treat MCC, such as prophylactic measures to reduce the inci-
dence of the disease and improve prognosis, reducing the rates of
metastasis and recurrence, as well as the number of deaths.
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FIGURE 1: History of studies on the origin of Merkel-cell carcinoma
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METHODS

We conducted a narrative review based on 57 articles.
A search was conducted of the PubMed and SciELO databa-
ses for studies published between 2008 and 2022 in English or
Portuguese. The search terms were: “Merkel Cell Carcinoma”
and “Origin”. Of the 74 articles found, 42 that addressed the
theoretical bases of the main ontological hypotheses of MCC
were selected. Fifteen further publications cited in the selected
articles were also included, totaling 57 articles. Finally, based on
the selected material, a narrative review of the possible cellular
origins of MCC was produced.

History

MCC was initially described in 1972 as trabecular carci-
noma of the skin and, at that time, it was believed to be of eccrine
origin.” The name “Merkel-cell carcinoma” was applied in 1978
after immunohistochemical identification of the possible rela-
tionship between this carcinoma and MCs in the epidermis, as
shown in table 1. MCs, epidermal sensory cells that interact with
low-threshold mechanoreceptor AP type 1 afferent neurons, are
considered important in light touch perception.® The hypothesis
linking the newly discovered neoplasm to MCs was based on
by their phenotypic similarities. Electron microscopy studies on
trabecular carcinomas of the skin identified neurosecretory gra-
nules, which reinforced the theory that this neoplasm’s origin
could be MCs.” However, later studies found several indications
that it was unlikely that MCs were the origin of this carcinoma.
Evidence supporting this new perspective included the topo-
graphical difference between MCCs and MCs: MCs are present
in the epidermis, the most superficial layer of the skin, while
MCC:s are mostly found in the dermis.® Furthermore, although
both sets of cells express similar specific cytokeratins, such as cy-
tokeratin 20, histological analysis indicates that these molecules
are arranged differently in each cell type. In MCs, cytokeratin
20 is loosely organized, while in MCC:s it is organized in spiral
or plate-like arrangements.” Data indicating that MCCs express

markers not identified in MCs, such as the tyrosine kinase recep-
tor c-kit and the adhesion molecule CD171, should also be con-
sidered.'"Thus, the question of which cell type is responsible for
MCC has once again come to the fore. Neural crest cells were
initially considered, since the pathogenic mechanism of MCC
formation is similar to that of other neoplasms originating from
these cells."' The theory also emerged that pre-B and pro-B cells
originated this carcinoma, since cellular similarities were iden-
tified between these lymphocyte progenitors and MCC, such
as the terminal deoxynucleotidyl transferase (TdT) enzyme and
the PAX5 gene.'? More recently, through advances in research,
theories of other probable origins have gained notoriety. Initially,
the influence of epigenetics on the development of MCC was
shown to be relevant. It has been postulated that the hyperme-
thylation of genes that are important in cell cycle control can
silence them, and the resulting cell divisions favor the emer-
gence of MCC."” Furthermore, in a case involving MCC cells
and squamous cell carcinoma, tests identified mutational simi-
larities between them. These results revived discussion that epi-
thelial cells could also be the cellular origin of MCC." Thus,
due to extensive discussion about the cell responsible for MCC
(Figure 2), we conducted this review gather and examine the
existing evidence.

Merkel-cell carcinoma

MCC, a rare and aggressive type of skin cancer, is highly
lethal, highly metastatic, and has neuroendocrine characteristics.
This tumor presents as a painless, fast-growing, smooth-surfaced,
firm, erythematous-violet skin lesion (Figure 1).'5"7 The main
risk factors for MCC can be summarized in the acronym AE-
IOU: A — asymptomatic; E — expanding rapidly; I — immune
suppression; O — older than 50 years of age; U — ultraviolet-
-exposed site." Furthermore, it is common for MCC to appear
in individuals with a history of skin cancer, such as squamous
cell carcinoma or basal cell carcinoma of the skin.'” The highest

TABLE 1: Comparison between Merkel cells and Merkel-cell carcinoma

Merkel cells vs Merkel-cell carcinoma

Epidermal sensory cells interact with low-threshold
AP type 1 mechanoreceptor afferent neurons.®

Rare and aggressive carcinoma with neuroendo-
crine characteristics, high lethality, and frequent

Definition metastasis.’
. . . . A rapidly growing, painless, firm, smooth-surfaced,
Considered important for light touch perception.® Py 8 1, pain . sy
erythematous-violet skin lesion."
Common neuroendocrine markers include CK20, CD56, NSE, chromogranin A, synaptophysin, and
e .. neurofilament expression.”**
Similarities
Neurosecretory granules have been identified in Merkel-cell carcinoma samples.”
. Topographical difference between Merkel cells and Merkel-cell carcinomas — Merkel cells are found in the
Differences

epidermis, while Merkel cell carcinomas are mostly found in the dermis.?

CK20: cytokeratin 20; NSE: neuron-specific enolase.
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ma in a male patient after 4 months of evolution

incidence of lesions appear in areas with greater exposure to
solar radiation, such as the head, neck, chest, and arms. MCC
is staged according to the TNM system, i.e., the extent of the
primary tumor (T - tumor), the involvement of regional lymph
nodes (N - nodes) and the presence of distant metastases from
the regional lymph nodes (M - metastasis).”” According to recent
American Joint Committee on Cancer criteria, stages I and II
refer to tumors in the skin, stage III refers to disease in regio-
nal lymph nodes, and stage IV refers to metastatic disease. Stage
0 indicates a small localized lesion, stage I indicates a localized
lesion up to 2 cm (T'1). Stage ITA indicates localized lesion bet-
ween 2 and 5 cm (T2) or larger than 5 cm (T3) without lymph
node involvement. Stage IIB indicates a tumor that has invaded
muscle, cartilage, fascia, or bone tissue (T4) without lymph node
involvement. Stage IIIA indicates a tumor of any size that has
metastasized to regional lymph nodes according to histopatholo-
gical analysis (sentinel lymph node or in-transit metastasis). Stage
IIB indicates a tumor of any size that has metastasized to re-
gional lymph nodes according to clinical examination. Stage IV
indicates metastasis beyond regional lymph nodes.”» MCC is also
classified into 3 histological subtypes: trabecular, which is less
common and is usually related to mixed tumors; intermediate,
which is more common and has a high rate of mitosis; and small
cell, which is similar to small cell carcinomas characteristic of
other organs and tissues.?? R egarding histopathology, tumor cells
are located in the dermis and may affect subcutaneous or deeper
tissue. They consist of small, monomorphic cells, circular or oval
in shape, with vesicular nuclei and scarce cytoplasm.?

Initially known as trabecular carcinoma of the skin, this
type of tumor appears most commonly in the dermis and sub-
cutaneous tissue. The current name derives from the high si-
milarity between tumor cells and MCs, which are light touch

mechanoreceptors located around the base of hair follicles. The
lesions present neuroendocrine markers, which are also present
in MCs, such as cytokeratin 20, CD56, neuron-specific enolase
NSE, chromogranin A and synaptophysin, in addition to neuro-
filament expression.?2* However, despite the similarity between
tumor cells and MCs, it is unlikely that this cell lineage is the
origin of the lesion, since it arises in the dermis and MCs are lo-
cated in the epidermis.**'’ There are four main hypotheses about
the cells that give rise to MCC: dermal fibroblasts, progenitor
cells derived from the embryonic neural crest, epithelial cells,
and pre- and pro-B cells. Carcinoma emergence may be rela-
ted to viral integration of MCPyV genetic material into cellular
DNA or to mutations in cellular DNA caused by the action
of ultraviolet radiation.”*! Despite the difference in origin, vi-
rus-positive MCCs, in which the presence of viral DNA can
be identified, and virus-negative MCCs, in which the presen-
ce of viral DNA cannot be identified, present in a similar way.
They grow rapidly, are painless, have erythematous coloration
or are similar in color to the patient’s skin tone, and affect the
dermal tissue.”>” Both have neuroendocrine histology, presen-
ting cytokeratins, such as cytokeratin 20, and neuroendocrine
markers, such as synaptophysin, chromogranin A, and INSM1.
Virus-negative MCC lesions tend to be more aggressive, since
they involve numerous genetic mutations and a greater chance
of metastasis and recurrence.” In most cases, MCC is diagnosed
late, since the lesion is painless and may resemble other skin tu-
mors. Biopsy, followed by histopathological analysis, is the main
diagnostic tool.

Merkel-cell polyomavirus

MCPyV, a member of the Polyomaviridae family, is a
non-enveloped circular double-stranded DNA virus that is fre-
quently detected in various skin cells. Most people become in-
tected with MCPyV asymptomatically during childhood, so the
virus can be found on the skin of most adults.”® Most cases of
MCC, a rare and aggressive type of skin tumor, are related to
MCPyV infection. The viral genome consists of an early region
and a late region, separated by a non-coding control region. The
early region expresses genes that encode two T antigens: large
T antigen, which is required for viral replication; and small T
antigen, which interacts with host cell proteins and amplifies
viral replication. The late region expresses genes that encode
the viral capsid proteins,VP1,VP2,and VP3, which are expressed
after DNA replication has initiated and encode a viral microR-
NA that regulates the expression of early genes.”* MCPyV is
responsible for most cases of MCC, with the viral genome in-
tegrating into that of tumor cells in most of these lesions, in ad-
dition to expressing truncated large T antigen.”” The integration
of MCPyV into a person’s genome occurs through accidental
fragmentation of DNA at random sites during viral replication,
without involving the cell’s tumor suppressor genes.” In immu-
nohistochemical analysis, MCPyV can be detected in cells af-
fected by MCC (Figure 3).” Under normal conditions, large T
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FIGURE 3: Immunohistochemical analysis demonstrating
nuclear reactivity of Merkel-cell carcinoma for MCPyV, seen
at 400x magnification

antigen (among other factors) is responsible for activating the
p53 gene, a protein with a tumor suppression function. Howe-
ver, when large T antigen is truncated, the cell proliferation rate
increases as a consequence of non-activation of the p53 gene,
which can lead to the emergence of a tumor. In addition, it is
known that polyomavirus plays an important role in the deve-
lopment of MCC, since it interferes with several cell signaling
pathways, although it is not clear which steps are affected.' It is
still not known for sure which host cells maintain latent MCPyV
infection.?

Origin of Merkel-cell polyomavirus-infected cells

MCPyV infects dermal fibroblasts located just beneath
the epidermal basement membrane and in close proximity to
hair follicles.* It is possible that the virus infects the dermal cells
surrounding hair follicles and uses the follicular space as a means
to spread to the skin surface and infect new hosts.? The migra-
tion of infected fibroblasts to injured areas may be another way
of transmitting viruses from the cells that store them to deeper
layers of the skin, which could lead to the development of car-
cinoma.? Although insufficient in itself, MCPyV infection can
lead to MCC, and it can be inferred that the cells that originate
this tumor, or at least virus-positive MCC, are those susceptible
to infection by the virus — the fibroblasts of the dermis close to
the hair follicles.*!

Origin in the embryonic neural crest

Neural crest cells emerge during the neurulation process,
which occurs around the fourth week of gestation, and are the
result of the neural tube. These cells migrate to different areas of
the embryo, differentiating into a wide variety of cell types, such
as dermal cells.* Based on this, it was hypothesized that MCs,

neuroendocrine cells of the epidermis, originate from the neural
crest, since in the fetal dermis these cells are associated with small
unmyelinated nerves. In some cases, nerve-associated MCs can
be observed crossing the basal layer that separates the dermis and
epidermis.*”

It 1s known that MCC may not originate from the cells
that give it its name, although there is no certainty about its true
cellular origin. It has been hypothesized that embryonic neural
crest cells are responsible for this tumor, mainly due to the fact
that the pathogenic mechanisms that produce MCC are similar
to those of neoplasms with a known origin in neural crest de-
rivatives.'!

Tumor development is partly related to the inactivation
or loss of tumor suppressor genes. In neoplasms originating from
the neural crest, it is common for these genes to be lost through
deletions in the short arm of chromosome 1 of the cellular ge-
netic material.* The tumor cells of most MCCs also present
mutations in the distal region of the short arm of chromosome 1,
which suggests that this carcinoma originates from the same cell
type that gives rise to tumors such as melanoma and neuroblas-
toma, which are derived from neural crest cells.** Furthermore,
MCC cells express telomerase activity, an enzyme active only in
nerve cells, which could indicate that this type of cancer origi-
nates from cells with nerve function, such as those that differen-
tiate from embryonic neural crest cells."

Epithelial origin

The hypothesis that MCC arises from phenotypic varia-
tions in epithelial cells is highly relevant. This theory is based on
the possibility of cellular differentiation in epithelial cells, which
allows them to acquire neuroendocrine characteristics similar to
those of MCs.” Historically, the principles which indicate that
epithelial cells originate MCC have not been very well accep-
ted, with two arguments standing out: first, that MCCs are most
frequently found in the dermis and, second, that case reports
supporting epithelial origin are rare. It should also be conside-
red that, according to current evidence, MCPyV infection is in-
sufficient to induce the transformation of epithelial cells into
neoplastic cells."! However, recent studies indicate that MCC
may originate from alterations in pre-existing epithelial neoplas-
tic cells. In such studies, MCPyV-positive and MCPyV-negati-
ve epidermal cells may be precursors to MCC. The theory that
gained prominence in these studies is based on clinical reports
in which MCC is associated with some other type of epithelial
neoplasia. Researchers believe it is possible that clonal diversifi-
cation of the existing neoplastic population occurs, which ac-
quires the MCC phenotype and, as a result, results in a case of
MCC associated with another carcinoma.’ In MCPyV-negative
cases, the epithelial origin hypothesis is supported by case studies
of MCC associated with squamous cell carcinoma in situ. Based
on the genetic sequencing of the cell population, mutational
similarities were observed between the two carcinomas, such as
TP53 protein and RB1, which are important tumor suppressors.
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Thus, an etiological relationship between the two carcinomas
was suggested, strengthening the theory of epithelial origin in
a case of virus-negative MCC." However, in MCPyV-positi-
ve cases, the influence of viral genetic material and oncogene
expression 1s considered. It is believed that, together, these fac-
tors create a cellular environment favorable to the development
of MCC from a pre-existing neoplasia."* A recently published
case report suggests that a virus-positive MCC developed from
a trichoblastoma. Morphological examination revealed a well-
-defined tumor with morphological aspects of a trichoblastoma
at the edges and, in the center, characteristics of MCC. Fur-
thermore, when quantitative PCR was performed, a significant
viral load of MCPyV was observed in the sample.To suggest the
genetic relationship between MCC and trichoblastoma, gene-
tic sequencing was performed and mutational similarities were
identified between the two neoplasms, suggesting that the inte-
gration of MCPyV into trichoblastoma influences the develop-
ment of MCC.*

Origin from pre-B and pro-B cells

The initial stages of lymphoid tissue consist of pro-B
and pre-B cells. Until mature B lymphocytes are formed, the
progenitor cells mature, passing through the pro-B and pre-B
stages, respectively.*® In the pro-B stage, the cells express mar-
kers such as CD19, CD20, and CD40, whereas in the pre-B
stage, the cell expresses the markers TdT, CD79, and CD10, in
addition to initiating the formation of pre-BCR, an immature B
cell receptor.”” Evidence supporting the origin of MCC from B
lymphocyte progenitors is based on cellular similarities between
pro-B/pre-B cells and MCC samples. TdT is a DNA polymerase
characteristic of T lymphocytes, lymphoma and/or lymphoblas-
tic leukemia, and lymphocyte precursors in the bone marrow.
This enzyme contributes to the elongation of nucleotide chains
during the early development of B cells. Immunohistochemi-
cal studies have identified positive reactivity for TdT in 73% of
MCC samples, which suggests that the cellular origin of MCC
may be related to B lymphocyte precursors.*® It is also important
to consider the PAX5 gene, which plays an important role in
the origin of B cells in identifying this cell lineage by inducting
CD19 marker expression during the development of the lym-
phocyte lineage.” An immunohistochemical study identified the
presence of this gene in 89% of MCC samples. Furthermore, ad-
ditional tests performed on these samples identified TdT in 78%
of MCC samples. These findings indicate that pro-B and pre-B
cells may be responsible for the origin of MCC."* Taken toge-
ther, the MCC cellular expression data reflect biochemical simi-
larities between MCC and B lymphocyte progenitor cells. Thus,
there may be an ancestral relationship between pro-B and pre-B
cells and MCC, i.e., pre-B and pro-B cells could transform into

50

tumor cells before their maturation process is completed.

Epigenetic origin
Epigenetics refers to heritable and reversible modifica-

tions of the genome that can control gene expression without
altering the DNA sequence. This control can occur through
post-translational modifications of histone proteins, DNA me-
thylation, or microRINA expression, processes that cause insta-
bility in cells and can alter gene expression, eventually leading
to carcinogenesis.’’ DNA methylation involves the addition of a
methyl group to the carbon 5 position of a nucleotide, silencing
the gene that contains it by inhibiting transcription or recrui-
ting corepressor complexes for chromatin remodeling. Methy-
lation events, mainly in promoter regions of tumor suppressor
or tumor-related genes, have already been demonstrated in the
progression of some types of cancer, such as melanoma, allowing
not only the identification of clinical useful epigenetic biomar-
kers, but the elucidation of their tumorigenesis as well.”> Some
hypermethylated genes have already been described in MCC,
such as CpG islands in the RASSF1A promoter and in CDK-
N2A (p14ARF).” RASSF1A is a tumor suppressor gene that
participates in the regulation of the cell cycle and apoptosis.™
p14ARF is a protein encoded by the CDKN2A gene, capable of
blocking the cell cycle in the G1 and G2 phases and inhibiting
the growth of cancer cells by indirectly activating the p53 tumor
suppressor gene.” Thus, the silencing of these genes observed in
MCC suggests that methylation changes may be directly invol-
ved in carcinogenesis.”” Furthermore, although MCPyV infec-
tion is found in approximately 80% of MCC cases, which may
contribute to pathogenesis, there is evidence that viral infection
is unrelated to epigenetic inactivation, which indicates that these
events are independent.”” In MCC patient samples, one tested
cell line, MCC13, had greater correspondence with the methy-
lation pattern of small-cell lung cancer than the pattern found
in MCC. Since the methylation profiles of these tumor types
are unique, the results could indicate that MCC involves cells
derived from metastatic cells of another type of carcinoma with
similar clinical and pathological characteristics.” DNA methyla-
tion can also be used as an indicator of an individual’s biological
age.” Therefore, the development of clocks to estimate epige-
netic age by measuring the cumulative effects of methylation
over the years facilitates research into issues such as cancer and
aging.”® A low DNA methylation age is found in stem cells, and
the induction of pluripotency is associated with cell rejuvena-
tion.”” Furthermore, an accelerated epigenetic age reflects the
difference between DNA methylation age and chronological
age.”” A study revealed that the DNA methylation age of MCC
samples was significantly lower than the patients’ chronological
age, regardless of the presence of MCPyV. Low DNA methyla-
tion age could indicate the pluripotency of these cells, a hypo-
thesis corroborated by the idea of trilinear MCC differentiation,
since the concomitant expression of epithelial, neuroendocrine,
and pre- and pro-B lymphocyte cell lineages suggests that stem
cells could be the origin of this tumor. However, the results were
negative when MCC samples underwent pluripotency analy-
sis, revealing a paradoxical situation of epigenetic youth without
pluripotency® (Table 2).
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CONCLUSIONS

The origin of MCC, first described in 1972, has not yet
been clearly defined. So far, only hypotheses have been postula-
ted to explain its development. The oldest hypothesis is that the
cells are derived from the embryonic neural crest, which is based
on similarities between the carcinogenesis of MCC and tumors
that clearly originate from the neural crest, such as telomerase
activity and the loss of tumor suppressor genes at similar gene
loci.'"* Despite the importance of this similarity, this appears to
be the least likely hypothesis at present, since other similarities
are missing between MCC cells and melanoma and neuroblas-
toma cells, tumors originating in the embryonic neural crest.
Furthermore, it is possible that MCC originates from pre-B and
pro-B cells, given the similarities between these cells and tu-
mor cells of the cancer in question. This similarity is due to the
presence of TdT in MCC samples, an enzyme characteristic of
lymphocytes in early development.” The presence of CD19 in
carcinoma cells also supports this hypothesis, since this marker
is encoded by the PAX5 gene, which is characteristic of lym-
phocyte lineage cells that are also present in the tumor.” When
viral genetic material can be detected in tumors, the cells most
likely to become neoplastic are the dermal fibroblasts, which are

located close to the hair follicles, since these cells are susceptible
to viral infection.” Upon infection, the polyomavirus’ genetic
material is integrated into the cellular DNA, increasing the rate
of cell proliferation, in addition to interfering in important cell
signaling pathways, which can lead to the development of can-
cer."® It is also possible that MCC originates from pre-existing
neoplastic cells that develop from epithelial cells. This hypothesis
is based on the presence of mutations in the TP53 and Rbl
genes, which are tumor suppressors in both MCC and squa-
mous cell carcinoma in the absence of MCPyV infection." In
virus-positive tumors, the expression of viral genetic material
concomitantly with the expression of oncogenes may favor car-
cinogenesis, a theory reinforced by samples containing similar
morphological and genetic characteristics between MCC and
other skin tumors, such as trichoblastoma. Furthermore, cell line
analysis indicates that the methylation pattern of MCC corres-
ponds to other tumor types, such as small cell lung cancer, sho-
wing that MCC may originate from diverse metastatic cells and
is not restricted to epithelial cells. Epigenetics is an important
factor in elucidating tumor development. The genome modi-
fication hypothesis is supported by the observation of tumor
suppressor genes silenced by hypermethylation mechanisms in

TaBLE 2: Hypotheses on the origin of Merkel-cell carcinoma and their theoretical bases

Relationship between cellular origin and theory

Cellular origin

Theoretical basis

Neuroendocrine markers identified in both MCC and MCs, such as CK20,

Merkel cells

ment expression.”

CD56, NSE, chromogranin A, and synaptophysin, in addition to neurofila-

24-28

MCPyV infection in dermal fibroblasts, which can use the follicular space

Dermal fibroblasts

2,40

ops

to spread to more superficial portions of the skin, where the tumor devel-

The pathogenesis of MCC is similar to other tumors that originate from

Embryonic neural crest cells

enzyme.

these cells, such as the inactivation of tumor suppressor genes due to mu-

tations in the short arm of chromosome 1 and the action of the telomerase
11,44

Epithelial cells

MCPyV-negative: mutational similarities were found between TP53 and
RB1 proteins in MCC and squamous cell carcinoma cells in situ.

MCPyV-positive: the expression of oncogenes and viral genetic material may

influence the development of MCC when there is pre-existing neoplasia.'*

Common cellular characteristics, such as the TdT enzyme and the PAX5

Pre-B and pro-B cells

progenitor lineage.

gene, have been identified between MCC samples and the B lymphocyte

12,48,50

Epigenetics

Metastatic cells from other types of
carcinomas

Hypermethylation of genes linked to cell cycle control, such as CpG islands
located in the RASSF1A promoter and CDKN2A."

The methylation pattern of one MCC cell line showed greater correspon-
dence to that of another tumor type than to MCC itself."

CK20: cytokeratin 20; NSE: neuron-specific enolase; MC: Merkel cell; MCC: Merkel-cell carcinoma; MCPyV: Merkel cell polyomavirus; TdT: terminal

deoxynucleotidyl transferase enzyme.
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MCC samples.” Furthermore, epigenetic analysis has shown

that it is unlikely that stem cells are the origin of MCC, since

samples have tested negative for pluripotency. Based on the data,

there is still not enough information to determine the exact ori-
gin of MCC. There is a high probability that this neoplasm has
more than one cellular origin and may be influenced by mecha-

nisms of epigenetic modification. We believe that the cells most
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