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Abstract: Merkel cell carcinoma (MCC) is a rare and aggressive type of skin cancer associated with
a poor prognosis. This carcinoma was named after its presumed cell of origin, the Merkel cell, which
is a mechanoreceptor cell located in the basal epidermal layer of the skin. Merkel cell polyomavirus
seems to be the major causal factor for MCC because approximately 80% of all MCCs are positive for
viral DNAs. UV exposure is the predominant etiological factor for virus-negative MCCs. Intracellular
microRNA analysis between virus-positive and virus-negative MCC cell lines and tumor samples
have identified differentially expressed microRNAs. Comparative microRNA profiling has also been
performed between MCCs and other non-MCC tumors, but not between normal Merkel cells and
malignant Merkel cells. Finally, Merkel cell polyomavirus encodes one microRNA, but its expression
in virus-positive MCCs is low, or non-detectable or absent, jeopardizing its biological relevance in
tumorigenesis. Here, we review the results of microRNA studies in MCCs and discuss the potential
application of microRNAs as biomarkers for the diagnosis, progression and prognosis, and treatment
of MCC.

Keywords: exosomes; extracellular microRNA; large T-antigen; protein-miRNA complex; small
t-antigen

1. MicroRNAs

MicroRNAs (miRNAs) are ~18–24 nucleotides long, non-coding RNA molecules encoded by the
genomes of viruses, protists, plants and animals [1]. The human genome may code for more than
3000 miRNAs [2,3]. MiRNAs are produced through multiple processes of larger precursor transcripts
referred to as primary miRNAs, which are generated by RNA polymerase II or RNA polymerase III.
Primary miRNAs transcribed from genome DNAs are cleaved into precursor miRNAs, which have
a short hairpin structure, and subsequently, are exported from the nucleus to the cytoplasm. Lastly,
the duplex RNA is processed by degrading one of the strands (the passenger strand) and leaving the
other strand as a mature guide miRNA [4,5]. It is also possible to have arm switching, in which the
mature guide sequence from a pre-miRNA may shift from one arm to the other in different tissues [6].
In addition to the mature miRNA, isoforms (isomiRs) are also produced that are variants of the mature
miRNA. Numerous studies have demonstrated that these isomiRs have functional importance [7,8].

MiRNAs not only reside intracellularly, but also can be released from cells in extracellular vesicles,
such as exosomes (vesicles with a characteristic size of ~30–150 nm in diameter), and in apoptotic
bodies [9–11]. Moreover, extracellular miRNAs in complex with proteins have been described [12].
These circulating miRNAs can be taken up by recipient cells, and in this way, play a role in intercellular
communication [13]. It is estimated that approximately 10% of secreted miRNAs are encapsulated in
extracellular vesicles, whereas 90% are secreted in a vesicle–free state as complexes with proteins [14].
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Plasma from healthy blood donors and media from cell cultures were shown to contain miRNAs
associated with the protein argonaute 2 (Ago2), and Ago2-miRNA complexes were stable for at
least two months at room temperature. It is not known whether these Ago2-miRNA complexes are
byproducts of dying or dead cells or if they are actively released from living cells [12,15]. Recently,
neuropilin-1 was identified as a receptor for Ago2-miRNA complexes, suggesting a selective uptake
of this protein-miRNA by target cells [16]. Other proteins that have been reported to be associated
with extracellular miRNAs are high-density lipoproteins (HDL) and nucleophosmin 1 (NPM1) [17–19].
HDL-miRNAs exhibit a distinct expression pattern in relation to different pathological conditions
and may thus have biomarker potentials [17,18]. Extracellular miRNAs in complex with NPM1 were
detected in a serum-free medium of HepG2 (human hepatocellular), A549 (human lung carcinoma),
T98 (human glioblastoma) and BSEA2B (normal human bronchial epithelium) cells [19]. Zernecke and
co-workers found that endothelial cell-derived apoptotic bodies generated during atherosclerosis were
enriched in miR-126 [20]. Apoptotic bodies have been reported in Merkel cell carcinoma (MCC) [21],
but the presence of miRNAs has not been investigated thus far.

Mature miRNAs inhibit gene expression at the posttranscriptional level by binding to complementary
sequences in mRNA targets, which prevent their translation or induce their degradation [22]. However,
miRNAs can also activate gene expression by binding to target sequences in promoters [23]. MiRNAs
can interfere with numerous cellular processes, including cell proliferation, differentiation, development,
apoptosis, angiogenesis, metabolism, and immune responses [24–29]. An aberrant expression of miRNAs
is involved in pathogenic processes, including cancer [30–35].

Many human miRNAs are expressed in a cell-type, cellular-process, and disease-specific manner.
Moreover, miRNAs are relatively stable. This makes miRNAs relevant as biomarkers for physiological
and pathogenic processes. For cancer, in particular, interest in identifying circulating miRNAs as
prognostic and diagnostic markers is growing. Both mature miRNA and isomiR profiles may be used
as biomarkers [36].

2. Merkel Cell Carcinoma

MCC is an aggressive type of cancer as trabecular cell carcinoma of the skin, which was first
described by Cyril Toker in 1972 [37]. Later, he showed that the cellular origin of this cancer was Merkel
cells; hence, these tumors were renamed MCC. Merkel cells were originally described as Tastzellern
or touch cells in the skin by Frederick Sigmund Merkel in 1875 (for a recent review, see [38]), and are
located in the basal layer of the skin (in particular, around hair follicles) and mucosa. They serve as
mechanoreceptors for gentle touch stimulation, and are associated with afferent sensory nerves to
form the Merkel cell-neurite complex. The exact origin of Merkel cells remains controversial. It has
been suggest that these cells originate from one of the neurocrest derivatives [39–41], keratinocytes,
epidermal fibroblasts, early B cells or hair follicle stem cells [42–45].

MCC is associated with a poor prognosis, as more than one-third of patients die from the
disease compared to ~15% for malignant melanoma. Approximately half of MCC patients with
advanced diseases survive for nine months or less [46,47]. The highest worldwide incidence of MCCs
is found in Australia (1.6 cases per 100,000 persons), followed by Northern America (0.6/100,000)
and Europe (~0.3/100,000). The higher incidence in Australia is attributed to high year-round UV
exposure [37,47–50]. The median age at diagnosis is roughly 75 years old, while only 12% of MCC
patients are younger than 60 years of age [51]. MCC mostly presents on sun-exposed areas, such as the
head and neck and the extremities, and can also occur on the buttocks, oral mucosa, the penis and
vulva [52–54].

UV light exposure is a major factor for MCC, but immune deficiencies, fair skin, age (immune
senescence), association with other cancer, and chronic inflammation can also be contributing
factors [47,49,55]. In 2008, a novel virus was identified in eight out of 10 MCC samples [56]. This virus
was named Merkel cell polyomavirus (MCPyV), and has subsequently been detected in 80% of all
examined MCC samples [57,58]. The oncogenic potentials of this virus are predominantly attributed
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to two of its viral proteins: large T-antigen (LTAg) and small t-antigen (STAg). Similar to the LTAg and
STAg of other polyomaviruses, MCPyV LTAg and STAg can transform cells in vitro and induce tumors
in animal models [59–66]. Serological studies of healthy adults showed that ~40–85% of the individuals
have antibodies against MCPyV. An age-dependence seroprevalence was measured, increasing from
~10–20% (age 1–5 years) to ~80% (>70 years) [67–73]. MCPyV seems to be a normal inhabitant of
dermal fibroblasts in the skin, and infectious virus particles are chronically shed, thereby suggesting
that direct physical contact may be one mode of transmission [74,75]. Whereas the virus is found in
an episomal state in non-malignant cells, a characteristic for all virus-positive MCC tumors is that
the viral genome is integrated into a clonal pattern, and that a non-sense mutation is present in the
LTAg-encoding gene encoding a C-terminal truncated protein. Whether this mutation occurs before or
after integration, or whether both scenarios can occur is not known [76–78]. The truncated LTAg has
lost its ability to support viral replication, but has retained its oncogenic potentials [61,79–81].

The MCPyV genome encodes a single miRNA precursor expressed from the late strand, which can
produce two mature miRNAs referred to as MCV-miR-M1-5p and MCV-miR-M1-3p [82,83]. MCV-miR-
M1-5p seems to be more abundant than MCV-miR-M1-3p in MCPyV-infected neuroectodermal tumor
PFSK-1 cells [84], and in HEK293T cells transfected with an expression plasmid encompassing the
pre-miR-M1 sequence [85]. The seed sequence is 5′-CUGGAAG-3′ or 5′-GGAAGAA-3′ for MCV-miR1-5p
and 5′-UGCUGGA3′- for MCV-miR-M1-3p [82–84]. The MCV-miR-M1-5p and MCV-miR-3p sequences
are perfectly complementary to the coding sequences of LTAg, hence suggesting that they can repress
translation of the LTAg mRNA. Indeed, using a dual-luciferase reporter assay, MCV-miR-M1 was
shown to attenuate the expression of LTAg [82,86], whereas Theiss and collaborators showed that
this miRNA down-regulates expression of LTAg, limits viral replication, and is necessary to establish
a long-term persistent infection of MCPyV-infected neuroectodermal tumor PFSK-1 cells [84]. Based on
the seed region, predicted human target genes include genes encoding proteins involved in transcription,
cell communication, immune response, apoptosis, autophagy and proteasomal degradation, but it
remains to be established if they are genuine targets [82,83,86]. Using HEK293 cells that stably
express MCV-miR-M1-5p or MCV-miR-M1-3p, SP100 mRNA was verified as a bona fide target for
MCV-miR-M1-5p, but not MCV-miR-M1-3p [86]. This protein is implicated in the innate immune response
against dsDNA viruses, including MCPyV [87]. The authors also found that CXCL8 transcript levels were
significantly different expressed in stably expressing MCV-miR-M1 cells compared to control cells, but
despite the putative MCV-miR-M1-3p seed sequence, this change was indirect and mediated by SP100 [86].
The results of this work suggest that MCPyV uses its miRNA to evade the immune system in order to
establish infection, but it also illustrates that the presence of a putative miRNA seed sequence in a target
mRNA does not imply that this transcript is targeted by the miRNA. The role of MCV-miR-M1 in MCC
tumorigenesis is less clear. Examining the expression of viral miRNA MCV-miR-M1-5p in MCC samples
showed that up to 29–80% of the specimens expressed detectable levels of MCV-miR-M1-5p [82,83].
However, the levels of this MCPyV-encoded miRNA in MCCs are low, and are estimated to be less than
0.005% of total miRNA levels [82]. This was confirmed by studies in the MCPyV-positive MCC cell lines
WaGa and MKL-1, in which MCV-miR-M1 made up 0.001% of all mature miRNAs [84], and 0.0067%,
0.007%, and 0.0025% of MKL-1a, MKL-1b, MKL-1c cells, respectively [85]. Because its absence or low or
undetectable levels, MCV-miR-M1-5p’s biological relevance in cancer and its value as biomarkers are
doubtful. The expression of MCV-miR-M1-3p in virus-positive MCCs has not been examined, but as
mentioned above, this miRNA is even less abundant than the 5p strand in MCPyV-infected cells.

3. Merkel Cell Carcinoma and MicroRNAs

3.1. Intracellular MicroRNAs

Ning and colleagues determined the microRNAome by next-generation sequencing of three MCCs,
one melanoma, one squamous cell carcinoma (SCC), one basal cell carcinoma (BCC) and one normal
skin sample to identify miRNAs specific to MCC [88]. They found that eight miRNAs were upregulated
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in MCC, while three were downregulated compared to non-MCC cutaneous tumors and normal
skin (see Table 1). This differential expression of these miRNAs was confirmed by quantitative
reverse transcriptase PCR (qRT-PCR) on a total RNA isolated from 20 MCC samples and from the
MCPyV-positive MS-1 MCC cell line. In situ hybridization also confirmed high expression of miR-182
in a MCC sample, but low in surrounding tissue and normal skin. The viral status in the MCC
samples was not given. However, the authors also evaluated the expression of four of these MCC- and
MS-1-enriched expressed miRNAs (miR-182, miR-183, miR-190b, and miR-340) in the MCPyV-negative
cell line MCC13 and found that they demonstrated low expression in these cells. Thus, miR-182,
miR-183, miR-190b and miR-340 may be used as biomarkers for MCPyV-positive MCC.

Table 1. Differential expressed miRNAs in MCC or MCC-derived cell lines. See the text for details.

Sample (n) Method miR↑ 1 miR↓ 2 Reference

MCC (3) NGS 3

miR-7

[88]

miR-9
miR-182
miR-183

miR-190b
miR-340

miR-502-3p
miR-873

miR-125b
miR-374c
miR-3170

MS-1 NGS

miR-182

[88]
miR-183

miR-190b
miR-340

MCPyV-positive (15) vs.
MCPyV-negative MCC (13)

Microarray

miR-30a

[89]
miR-34

miR-142-3p
miR-1539

miR-181d

MCC (14), MKL-1, MKL-2, MS-1 4

versus BCC, normal skin, MCC13,
MCC26, UiOS 5

NGS miR-375 6 [90]

MCPyV-positive vs.
MCPyV-negative MCC

Microarray

miR-30a-3p

[91]

miR-30a-5p
miR-34a
miR-375

miR-769-5p
miR-203

Primary vs. metastatic MCC Microarray miR-150 [91]
1 Higher levels compared to MCPyV-negative MCCs; 2 lower levels compared to MCPyV-negative MCCs;
3 next-generation sequencing; 4 MCPyV-positive MCC cell lines; 5 MCPyV-negative MCC cell lines; 6 this miR was
elevated in MCC tumors and cell lines, independently of the virus state.

Although tumor-promoting and tumor-inhibiting properties have been attributed to these
miRNAs, their biological relevance in MCC remains to be investigated. MiR-182 stimulates metastasis
and proliferation, but exerts opposite effects depending on the cancer type [92–95]. The over-expression
of miR-183 inhibits cell migration and invasion in vitro (e.g., [96–98]), while other studies demonstrated
that miR-183 stimulates cell proliferation and migration [99,100], and is a prognostic biomarker
for breast cancer [101]. MiR-190b was shown to inhibit cell proliferation and induce apoptosis in
osteosarcoma U2OS cells [102]. MiR-340 has tumor suppressing properties by inhibiting proliferation,
invasion and metastasis, and stimulating apoptosis [103–107]. However, miR-340 has also been
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shown to promote tumor growth in gastric cancer [108]. The miRNAs that had a higher expression
in MCPyV-negative MCCs, compared to virus-positive tumors, include miR-125b, miR-374c and
miR-3170 [88]. MiR-125b can suppress and promote cancer progression, and further down-regulate
γδ T cell activation and cytotoxicity [109], as well as cells involved in anti-tumor surveillance [110].
MiR-374c was identified as a novel miRNA in cervical tumors, and miR-3170 was first identified in the
miRNAome of melanoma, which has also been found in breast cancer tumors [111,112]. A possible
role of these two miRNAs in cancer has not been elucidated, nor has the plausible involvement in
MCC been solved.

A comparison of the microRNAome of MCPyV-positive and MCPyV-negative MCCs revealed
that approximately 2.5- to 5-fold higher levels of miR-30a, miR-34a, miR-142-3p and miR-1539 in
virus-positive MCCs and 3.5-fold higher levels of miR-181d in virus-negative MCCs [89]. MiR-30a
has a dual role in cancer and can act as an oncogene or an onco-suppressor in different cancers, and
several of its target genes have been identified (reviewed in [113]). Although miR-34a is a tumor
suppressor [114], Veija et al. speculated that an over-expression of miR-34a could decrease p53
expression, thereby interfering with apoptosis, angiogenesis and DNA repair [89]. MiR-142-3p
can inhibit cell proliferation and invasion, but high levels have also been correlated with cancer
progression [115]. MiR-181d can act as a tumor suppressor [116], but the down-regulation of miR-181d
resulted in a decreased proliferation and migration of pancreatic cancer cells [117]. To the best of
our knowledge, the role of miR-1539 has not been investigated. The prognostic value of miR-30a,
miR-142-3p, miR-1539 and miR-181d is jeopardized, because qRT-PCR validation demonstrated that
only miR-34a was significantly under-expressed in virus-negative MCCs compared to virus-positive
MCC samples [89]. Whether any of these miRNAs contribute to MCC tumorigenesis remains to
be established.

Deep sequencing of RNA purified from normal skin (n = 5), BCC (n = 5), MCC (n = 14), and
MCPyV-negative (MCC13, MCC26, UiOS) and MCPyV-positive (MKL-1, MKL-2; MS-1) MCC cells
showed that miR-375 is specific for MCC [90]. The miR-375 concentrations were 60-fold higher in the
MCC group than in the non-MCC (normal skin and BCC) group. The enrichment of miR-375 seems to
be independent of the viral state, because elevated miR-375 levels were found in both virus-negative
and virus-positive tumors and tumor cell lines. Of the five skin samples that were examined, three were
MCPyV positive, one was virus negative and one was not tested. Of the five BCC samples, four were
virus negative and one was not tested. Similarly, since no increased miR-375 levels were found in the
virus-positive non-MCC samples, the presence of the virus seems not to affect the expression of miR-375.
Although not discussed by the authors, there was a tendency for higher expression levels of miR-9 and
miR-188 in MCC samples. MiR-188 suppresses proliferation in different cancers [118–121]. MiR-9 can
stimulate or inhibit cell proliferation and metastasis depending on the type of cancer, whereas high
expression levels in most cancers are associated with poor survival of the patients, except for ovarian
cancer patients, in which an inverse correlation was found [122,123]. MiR-375 has been described
as a tumor suppressor known to impede cell proliferation, to prevent cancer cell migration, and to
inhibit autophagy, thereby generating an antitumor effect in liver cancer [124–129]. Therefore, it seems
surprising that this miRNA is over-expressed in MCC. Nonetheless, an over-expression of miR-375
has also been implied in prostate carcinogenesis and disease progression, while an up-regulation
of miR-375 is associated with a poor prognosis in pediatric acute myeloid leukemia [130,131], thus
indicating a dual role for miR-375 in cancer. Moreover, miR-375 was shown to inhibit autophagy in
hepatocellular carcinoma [132], but whether this role of miR-375 is of importance in MCC is unknown.

A comparison of the intracellular miRNA expression profiles in 10 MCPyV-negative and
16 MCPyV-positive MCCs by a miRNA microarray-based method identified 36 over-expressed and
20 under-expressed miRNAs in virus-positive MCCs compared to virus-negative MCCs [91]. Among
these, a significant over-expression of miR-30a-3p, miR-30a-5p, miR-34a, miR-375 and miR-769-5p,
and a significant under-expression of miR-203, were confirmed by qRT-PCR. A putative role of
miR-30a, miR-34a and miR-375 in oncogenesis was described above. MiR-769 expression was
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strongly increased in human melanoma cells and clinical tissues compared with their corresponding
controls. The over-expression of miR-769 promoted cell proliferation in the human melanoma cell
line A375 [133]. MiR-769 may exert these functions by targeting glycogen synthase kinase 3B, while
a similar mechanism may be operational in MCC oncogenesis. It is not known whether MCPyV LTAg
and/or STAg stimulate the expression of miR-30a-3p, miR-30a-5p, miR-34a, miR-375 and miR-769-5p.
The possible involvement of miR-203 in MCC oncogenesis was examined by over-expressing miR-203
in three MCPyV-negative MCC cell lines [91]. This resulted in reduced cell growth, more cells in
G1 and less in the G2 phase, but no apparent effect on apoptosis compared to cells transfected with
miRNA mimic control. Moreover, survivin expression was reduced. The over-expression of miR-203
in the MCPyV-positive WaGa MCC cell line had no significant effect on cell proliferation, cell cycle
progression and survivin expression levels. These results suggest that miR-203 only regulates survivin
expression in virus-negative MCCs, but not in MCPyV-positive MCCs, in which LTAg seems to
repress survivin expression by sequestering pRb [134]. The same group also examined differentially
expressed miRNAs in primary and metastatic MCC tumors [91]. They found that 92 miRNAs were
over-expressed in metastasis compared to primary tumors. The four most up-regulated miRNAs were
miR-150, miR-142-3p, miR-483-5p and miR-630, but qRT-PCR validation revealed that only miR-150
was significantly overexpressed.

Xie et al. found that miR-375 was specifically over-expressed in MCPyV-positive MCCs, while
Renswick et al. reported that miR-375 was specific for MCC, independent of the viral state in
the tumors [90,91]. The discrepancy in these results may be explained by the differences in MCC
samples that were examined, or because different methods (next-generation sequencing versus miRNA
microarray) were used.

The role of MCPyV on miRNA expression in non-small cell lung cancer (NSCLC) was investigated
by Lasithiotaki and co-workers [135]. The expression of miR-21, miR-145, miR-146a, miR-155, miR-302c,
miR-367 and miR-376c was examined by qRT-PCR in MCPyV-positive and MCPyV-negative NSCLC.
MiR-21 and miR-376c were up-regulated, whereas miR-145 was down-regulated in virus-positive
NSCLC (n = 8) compared to virus-negative NSCLC (n = 16). MiR-21 and miR-376c expression
levels were also higher in virus-positive NSCLC versus adjacent healthy tissue samples (n = 10;
5 MCPyV-positive and 5 MCPyV-negative), while miR-145 levels in MCPyV-negative NSCLC was
higher than in control samples. To the best of our knowledge, none of the miRNAs investigated
by Lasithiotaki et al. have been described in MCC, except miR-146a which was enriched ~8-fold in
exosomes derived from MCPyV-negative MCC13 and MCC26 cell lines compared to virus-positive
MKL-1 and MKL-2 cell lines (A.K., D.H.C., B.S., U.M., University of Tromsø, Norway, 2018).

3.2. Extracellular MicroRNAs and Merkel Cell Carcinoma

The presence of extracellular miRNA-protein complexes secreted by MCC cell lines or in MCC
patients has not been examined thus far. Likewise, the occurrence of miRNAs in apoptotic bodies
has not been investigated although apoptotic bodies have been reported in MCC [21]. We have
applied next-generation sequencing to examine the microRNAome in exosomes purified from the
MCPyV-negative MCC13 and MCC26 and the MCPyV-positive MKL-1 and MKL-2 MCC cell lines. On
average, there were 20.4 million reads per sample (three independent exosome samples of each cell
line), with the number of miRNAs per sample varying approximately between 200 and 400. Of the
previously identified intracellular miRNAs identified in MCC samples of MCC cell lines (Table 1), our
preliminary results confirmed the presence of miR-30a, miR-125b, mi-183, miR-190b and miR-375 in
exosomes. MCV-miR-M1 was not detected in any of our samples (A.K., D.H.C., B.S., U.M., University
of Tromsø, Norway, 2018).

4. MicroRNAs as Biomarkers and Therapeutic Targets in Merkel Cell Carcinoma

MiRNAs are key components of cells in both normal and pathogenic states. The miRNA
expression pattern of normal cells versus malignant cells differs, and cancer-cell-specific miRNAs are



Int. J. Mol. Sci. 2018, 19, 1873 7 of 17

being used as biomarkers in different cancers [136–141]. Exosomal miRNAs have become attractive
cancer biomarkers because exosomes are easily obtainable from body fluids, such as blood and urine
without the requirement of a biopsy sample of the tumor. Exosomal miRNAs in plasma or urine are
used as biomarkers for different malignancies, including melanoma, breast, colon, prostate, renal and
gastric cancer [142–148]. Only a few studies have examined the miRNAome of MCC and miRNAs are
not yet used as biomarkers. One of the pitfalls of using MCC-derived miRNAs as biomarkers is that
the miRNA expression pattern of normal Merkel cells has not been determined because these cells are
rare. Hence, it is not known whether the MCC-derived miRNAs are specific for the malignant cells
or also expressed by non-malignant Merkel cells. Another problem is the lack of common miRNAs
among the MCC expressed miRNAs identified so far by independent studies. MiR-30a, miR-34 and
miR-375 were reported by Renwick et al. and Xie et al., but not by others (Table 1) [90,91]. We found
miR-30 and miR-375 in exosomes derived from MCC cell lines, but it is not known whether these
miRNAs are also present in non-transformed Merkel cells. MiR-30a is expressed in different cell types,
including normal dermal fibroblasts, keratinocytes and endothelial cells [149–151], whereas miR-375 is
present in normal epithelial, pituitary and pancreatic β-cells [152–154], jeopardizing the value of these
miRNAs as specific biomarkers for MCC. Additional tumor specimens must be investigated in order
to isolate MCC-specific miRNAs and their potential use as biomarkers should be verified.

MiRNAs may also be used to determine the viral state in the MCC. Levels of miR-30a and miR-34
were increased in MCPyV-positive MCCs compared to MCPyV-negative [89,91]; hence, these miRNAs
may be applied to distinguish between virus-positive and virus-negative cancers. MiR-375 was found
to be a specific miRNA for virus-positive MCCs [90,91], but this could not be confirmed by others who
found this miRNA in both MCPyV-positive and MCPyV-negative MCC [89] and in exosomes of both
virus-positive and virus-negative MCC cell lines (our unpublished results). Whether miR-375 can be
used as a hallmark for MCPyV-positive MCCs needs further investigation.

As for diagnostic purposes, real-time PCR methods with primers against exosomal miRNAs
specific for MCPyV-positive MCCs could replace the commonly used PCR with MCPyV sequence-
specific on DNA extracted from a tumor sample. The advantage of real-time PCR on a circulating
miRNA is that body fluids, such as blood or urine, are readily accessible sources and more convenient
for the MCC patient to obtain than using a biopsy, and that the number of miRNA molecules can
be estimated.

Another criterion for a useful biomarker is that it can predict the outcome of the disease. Studies
by Xie et al. found that higher levels of miR-150 were associated with a worse prognosis of MCC [91].
Quantifying MCC-specific miRNA levels may also provide information on the disease progression
and the efficiency of treatment in the case of miRNA-target therapy. There is a need for new and
improved therapy of MCC patients. As of today, MCC treatment includes surgery, radiotherapy and
chemotherapy. In a few cases, a spontaneous regression of primary and metastatic MCC has been
reported (see e.g., [155–158]). Recently, immunotherapy based on blocking the PD1-PDL-1 pathway
by either anti-PD1 antibodies (pembrolizumab, nivolumab) or anti-PDL-1 antibodies (avelumab) has
demonstrated favorable responses, with a six-month progression-free survival in 40–85%, and even
complete resolution of the tumors in some patients [159–167]. Avelumab became the first Food and
Drug Administration-approved drug for the treatment of MCC (https://www.fda.gov/newsevents/
newsroom/pressannouncements/ucm548278.htm, 10 May 2018). Treatment with the anti-CTLA-4
antibody ipilimumab has also shown beneficial effects in metastatic MCC [168,169]. However, not
all patients have a positive response, so the development of additional therapies is necessary. Drugs
against MCC-specific miRNAs or their target transcripts can supplement immunotherapy. Clinical
trials with miRNAs against some pathological conditions except MCC have been initiated [170–172].
One of the miRNA-based clinical trials includes miR-34, which is expressed in MCC [89,91].

Finally, miRNAs may also help in solving the enigma of the origin of Merkel cells. MiRNA
signatures may be an alternative to immunhistochemical staining. This requires the identification of

https://www.fda.gov/newsevents/newsroom/pressannouncements/ucm548278.htm
https://www.fda.gov/newsevents/newsroom/pressannouncements/ucm548278.htm
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cell-specific miRNAs of neural crest cells, keratinocytes, epidermal fibroblasts, early B cells and hair
follicle stem cells, cells that have been suggested to be the origin of Merkel cells (see Section 2).

In conclusion, multi-center microRNAome studies on a large number of MCC samples or biofluids
of patients are required to identify valuable miRNA biomarkers. These data should be linked to
parameters, such as the clinical features of the patient, the stage of the tumor (primary or metastatic),
viral states and LTAg and STAg expression, age and gender of the patient. MiRNA profiling may be
used in determining the prognosis and progression of the disease, and monitoring the response to
therapy (Figure 1). Exosomes have been found in a number of biological fluids including plasma,
urine, breast milk, semen, cerebrospinal fluid and saliva [173]. Exosomal miRNAs, in addition to
intracellular miRNAs, may therefore be easily accessible biomarkers.
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cell in complex with RNA-binding proteins, such as Argonaut 2 or nucleophosmin-1, or in complex 
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Figure 1. Detection of MCC-specific miRNAs from tumor biopsies or from body fluids. (A) The
presence of intracellular or/and extracellular MCC-specific miRNAs is examined by qRT-PCR using
specific primers. Intracellular miRNAs are amplified from a total RNA isolated from MCC tumor
tissue, while extracellular miRNAs are amplified from a RNA extracted from purified exosomes
or from the extracellular environment. The biogenesis of a miRNA is shown. A pre-miRNA is
transported from the nucleus to the cytoplasm, and when processed to mature miRNA, it binds
target mRNA (step 1). Pre-miRNAs and miRNAs can also be enclosed in vesicles and excreted in
exosomes (step 2) or other extracellular vesicles (step 3). Pre-miRNAs and miRNAs can also release
from the cell in complex with RNA-binding proteins, such as Argonaut 2 or nucleophosmin-1, or in
complex with high-density lipoproteins (step 4); (B) circulating exosomes are purified from body fluids
(e.g., blood, urine, lymphatic fluid, saliva) and a total RNA is extracted. MCC-specific miRNAs are
subsequently detected by qRT-PCR applying specific primers, next-generation sequencing (NGS),
microarray or nCounter.

5. Future Challenges

MiRNAs can be used as reliable biomarkers in several cancers [137–141], and miRNA-based
cancer therapy is being developed and tested [170,171]. As outlined above, little research has been
done on MCC-specific miRNAs. It is reasonable to wonder whether there is any clinical value for
miRNA in MCC and if so, what could it be?
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• MCC-specific miRNAs as biomarkers still have a long way to go. Consensus intracellular MCC
miRNAs have not yet been identified, and circulating miRNAs have not been investigated.
We are currently studying the exosome miRNAome of MCC cell lines with the aim of identifying
MCC-specific extracellular miRNAs. Cell–cell communication is important in the tumor
microenvironment and one way of communication is exosomes [174]. Thus, analyzing the
miRNAome of exosomes may provide clues on how tumor cells promote survival, growth and
metastasis by modulating the tumor microenvironment [175].

• The intracellular microRNAome or circulating miRNA may be used to discriminate between
MCPyV-negative and MCPyV-positive MCCs. So far, unambiguous miRNAs that allow
distinguishing between virus-negative and virus-positive tumors have not yet been described.

• Can MCC-specific miRNAs be used as therapeutic targets? The biological importance of miRNAs
in MCC oncogenesis is incompletely understood. In fact, most of the currently reported miRNAs
in MCC have dual functions (oncogenic or tumor suppressive roles) in other cell systems, so that
targeting their expression may be a double-edged sword. The exact contributing role of miRNAs
in MCC is required to design efficient and specific therapies.

• Affordable and easy laboratory tests based on these MCC-specific miRNA biomarkers should be
developed to improve the diagnosis, prognosis, and progression of this cancer.
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