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Abstract
Merkel cell carcinoma (MCC) is a highly aggressive non-melanoma skin cancer of the elderlywhich is associatedwith the
Merkel cell polyomavirus (MCPyV).MCC reveals a trilinear differentiation characterized by neuroendocrine, epithelial and
pre/pro B-cell lymphocytic gene expression disguising the cellular origin ofMCC. Herewe investigated the expression of
the neuroendocrine key regulators RE1 silencing transcription factor (REST), neurogenic differentiation 1 (NeuroD1) and
theAchaete-scutehomolog1 (ASCL1) inMCC.AllMCCsweredevoidofRESTandwerepositive forNeuroD1expression.
Only oneMCC tissue revealed focal ASCL1expression. Thiswas confirmed inMCPyV-positiveMCCcell lines.Of interest,
MCPyV-negative cell lines did express REST. The introduction of REST expression in REST-negative, MCPyV-positive
MCC cells downregulated the neuroendocrine gene expression. The lack of the neuroendocrinemaster regulator ASCL1
in almost all tested MCCs points to an important role of the absence of the negative regulator REST towards the MCC
neuroendocrine phenotype. This is underlined by the expression of the REST-regulated microRNAs miR-9/9* in REST-
negative MCC cell lines. These data might provide the basis for the understanding of neuroendocrine gene expression
profile which is expected to help to elucidate the cellular origin of MCC.
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erkel cell carcinoma (MCC) is a highly malignant non-melanoma skin
ncer which predominantly arises in the sun-exposed skin of elderly
tients [1,2]. Next to UV exposure and age, MCC are associated with
mune deficiencies and the presence of clonally integrated Merkel cell
lyomavirus (MCPyV) [3,4]. More than 80% of MCC are associated
ith MCPyV, and it has been shown that tumor cell proliferation of
CC is dependent on the expression of the oncogenic viral T antigens
–7].
Although MCC accounts only for a minority of all cutaneous
alignancies its incidence has increased worldwide and has tripled in
e US and doubled in some European countries [8].
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Table 1. Summary of the Clinicopathological Data of the MCC Patients and MCC Tissues
Including the Results of the Immunohistochemical Assessment of REST, ASCL1 and NeuroD1

ID Gender Age location Dx Histo MCPyV REST Ascl1 NeuroD1

Primary MCCs
1 m 63 head MCC int. pos. − − ++ heter.
2 m 92 ear MCC s.c. neg. − − +++
3 f 85 buttocks MCC s.c. pos. − − +++
4 m 69 lip MCC int. pos. − − ++
5 f 93 upper eye lid MCC int. pos. − − +
6 f 60 tongue MCC int./s.c pos. − − ++ heter.
7 m 74 upper leg MCC int. pos. − − +++
8 m 93 head MCC int. neg. − ++ foc. +++
9 f 76 buccal MCC int. pos. − − ++
10 f 91 arm MCC int. pos. − n.a. n.a.
11 f 83 upper eye lid MCC int. pos. − − +++
12 f 76 head MCC int. pos. − n.a. n.a.
13 m 77 neck MCC int. neg. − − +++
14 m 79 head MCC int. pos. − − ++
15 f 71 buccal MCC int. pos. − − ++
16 m 68 buttocks MCC int. pos. − − +++
17 f 58 buccal MCC int./s.c pos. − − +++
18 m 75 upper leg MCC int pos. − − +++
19 f 65 arm MCC int. pos. − − ++
20 m 63 buccal MCC int. neg. − − ++

Metastatic MCCs
21 m 71 pancreas MCC met. int. pos. − − ++
22 f 75 LN neck MCC met. int. pos. − − ++
23 f 66 skin MCC met. int. pos. − − (+)
24 m 74 groin MCC met. int. pos. − − +++heter.
25 f 67 upper arm MCC met. int. pos. − − +++heter.
26 m 65 LN neck MCC met. int. neg. − − ++heter.
27 f 43 LN groin MCC met. int. pos. − − ++
28 m 69 LN iliaca MCC met. int./s.c. pos. − ++heter. ++

ID = identity, M = male, F = female, Dx = diagnosis, MCC = Merkel cell carcinoma; Histo:
histology; int = intermediate, s. c. = small cell, foc. = focal, n.a. = not applicable, pos. = positive,
neg. = negative, − = no expression, + = weak expression, ++ = moderate expression, +++ = strong
expression.
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The 5-year survival of local MCC is 71% but only 20% in the
esence of distant metastases [2]. Recent data of clinical trials on the
e of immune checkpoint inhibitors in the treatment of patients with
CC stage IIIB/IV are promising [9,10].
Despite the major progress that has been made during the past years
ncerning the understanding of the etiopathogenesis and treatment, the
llular origin of MCC remains enigmatic [11]. It has been postulated
at MCC either originates from Merkel cells or epidermal/dermal stem
lls [11,12]. To date it is generally accepted that the post-mitoticMerkel
lls do not constitute the cellular origin ofMCC.Based on the frequently
ported co-expression of PAX-5, TdT and immunoglobulins in MCCs,
e have recently formulated the hypothesis that MCC originate from
rly B-cells, i.e. pre/pro B-cells [13,14].
The repressor element 1 (RE1) silencing transcription factor
EST) is a master repressor of neuronal gene expression and
uronal programs in non-neuronal lineages [15,16]. REST binds
gether with CoREST to the RE1-binding site of neuronal genes,
hich leads to the inhibition of the expression of these genes [17]. In
e absence of REST, neuronal genes will be expressed. Among other
nes, REST negatively controls the neuronal target genes encoding
romogranin A and synaptophysin [18,19]. Although the absence of
EST is insufficient to explain the full extent of chromogranin A
pression, synaptophysin gene expression is predominantly regulated
REST [19]. REST has been proven to function as an oncogene in
ural cells and as a tumor suppressor in non-neural cells [16]. In
oplastic neural cells, REST expression is switched on and is
erexpressed, e.g. in medulloblastoma and in glioblastoma multi-
rme [20,21]. In contrast, in non-neural tumors REST acts as a
mor suppressor, revealing deletions of the REST locus on
romosome 4 in a significant proportion of tumors [22].
REST expression is negatively reciprocal regulated by the neuronal
velopment regulator microRNA-9 (miR-9) during neural differentia-
n [23,24]. Further, its passenger strand miR-9* is downregulating
oREST: Recently it has been shown that miR-9 is upregulated inMCC
5]. Interestingly, it has been shown that miR-9 is activated by the
man papillomavirus (HPV) E6 protein in cervical cancer [26]. In
dition, REST has been shown to interact with other human DNA
ruses, e.g. Herpes simplex virus and adenovirus [27–29].
The basic helix–loop–helix (BHLH) Achaete-scute homolog 1
SCL1) transcription factor is known as another master regulator of
uroendocrine differentiation and is detected in most neuroendocrine
mors as small cell lung cancer (SCLC) [30]. In addition, the
anscription factor neurogenic differentiation 1 (NeuroD1) was
nsidered as an alternative regulator of neuroendocrine differentiation.
In the present study, we assessed the expression of REST,
euroD1 and ASCL1 in MCC and MCC cell lines. Moreover, the
ssible regulation of REST expression by promoter methylation was
sessed with 5-aza-2′ deoxycytidine (5-aza-2′-dC) treatment and a
ethylation specific PCR of the REST promoter CpG islands. In
dition, we tested the expression of miR-9/9* in REST-positive and
EST-negative MCC cell lines in relation to MCPyV in order to
derstand in as much the regulation of neuroendocrine gene
pression in MCC is affected by MCPyV.

aterials and Methods

atient Samples
Twenty-eight formalin-fixed and paraffin-embedded (FFPE)
imary and metastatic MCC tissues were obtained from the archives
the Department of Pathology, Maastricht University Medical
enter + (Table 1). All use of tissue and patient data was in agreement
ith the Dutch Code of Conduct for Observational Research with
ersonal Data (2004) and Tissue (2001, "www.federa.org/sites/default/
les/digital_version_first_part_code_in_uk_2011_12092012.pdf").
CCs were previously diagnosed by histology and immunohisto-
emistry for CK20, CD56, synaptophysin and chromogranin A
routine diagnostic and have been reviewed by 2 experienced
thologists (VW, AZH).

ell Lines
TheMCPyV-positiveMCC cell lines MKL-1, MKL-2,WaGa, PeTa,
roLi, MS-1 the MCPyV-negative MCC cell lines MCC13, MCC26
d the B-ALL cell line REH were used. All MCC cell lines were kindly
ovided by Jürgen Becker (University Hospital Essen, Essen, Germany).
EHwas obtained from the Leibniz InstituteDSMZ-GermanCollection
Microorganisms and Cell Cultures, Germany.
The cell lines were cultured in Gibco® RPMI 1640 medium with
% fetal calf serum (FCS) (Gibco®, ThermoFisher SCIENTIFIC,
he Netherlands) in an incubator at 37°C and 5% CO2.

munohistochemistry
The expression of REST, ASCL1 and NeuroD1 was tested by
munohistochemistry (IHC) in 20 primary and 8 metastatic MCCs,
the MCPyV-positive MCC cell lines MKL-1, MKL-2, WaGa and
the MCPyV-negative MCC cell lines MCC13 and MCC26. In
dition, the expression of these genes was assessed in the B-cell acute

https://www.federa.org/sites/default/files/digital_version_first_part_code_in_uk_2011_12092012.pdf
https://www.federa.org/sites/default/files/digital_version_first_part_code_in_uk_2011_12092012.pdf
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mphoblastic leukemia (B-ALL) cell line REH. The following
tibodies and dilutions were used in this study: Anti-MCPyV LT-
tigen (clone: CM2B4) dilution 1:100, SANTA CRUZ
IOTECHNOLOGY, Germany; anti-REST (clone: CL0381)
lution 1:100, Sigma Aldrich, the Netherlands; anti-MASH1/
chaete-scute homologe1 (clone: 24B72D11.1) dilution 1:100,
bcam, UK; NeuroD1 (clone: 3H8) dilution 1:100, Abnova,
ermany; anti-Cytokeratin 20 (clone: Ks 20.8) “ready to use
tibody”, Dako, the Netherlands. All IHC stainings were conducted
a Dako Autostainer 48 Link using the EnVision FLEX

isualization Kit K8008 Dako as described previously and according
standard diagnostic routine protocols and manufacturer instruc-

ons [31]. The IHC double staining procedure of REST and
ytokeratin 20 (CK20) was performed manually by using the Dako
it K8008 for anti-REST and K5005 for the staining of anti-CK20.
he double staining method was adapted to the standard routine
otocol.

EST-GFP Transfection
The cell line WaGa was transfected with human cDNA ORF GFP
gged clone NM_005612 from Origene. The expression vector led
a transient expression of REST-GFP. The transfection was

erformed by using Lipofectamine 3000 (ThermoFisher
IENTIFIC, The Netherlands) according to the instructions of
e manufacturer. The expression level changes of synaptophysin and
romogranin A were assessed by immunofluorescence microscopy
using a standard protocol. The cells were formalin fixed,

rmeabilized with 0,3% Triton X-100, blocked with 5% BSA,
cubated with the first antibodies against chromogranin A 1:250
P11, ThermoFisher SCIENTIFIC, The Netherlands) or anti-
naptophysin 1:250 (SP12, ThermoFisher SCIENTIFIC, The
etherlands), stained with the second antibody anti Rabbit Texas
ed conjugated (T-2767, ThermoFisher SCIENTIFIC, The Neth-
lands). The detection of the GFP tagged REST and fluorescence
ained cells with the Leica microscope DM 5000 B (Leica, the
etherlands).

iRNA Isolation and miRNA Quantitative RT-PCR
The miRNA was extracted by using the miRNA isolation kit
ucleoSpin® miRNA” according to the manufacturers' instructions
acherey Nagel, Germany). The miRNA concentration was
easured with the Nanodrop 2000 (ThermoFisher SCIENTIFIC,
he Netherlands). The cDNA from the isolated miRNAs was
nthesized by using the Universal cDNA Synthesis Kit II from
xiqon, the Netherlands.
The expression of miR-9 and miR-9* was analyzed in means of the
antitative RT-PCR by using the specific LNA primers hsa-miR-5p
iR-9) and hsa-miR-3p (miR-9*) (Exiqon, the Netherlands). The
iRNA expression level was normalized to the expression of miR-103
ing the primer set hsa-miR-103a-3p. The qRT-PCR was performed
using the SYBR Green Supermix (Bio-Rad, Switzerland) on the

FX96 PCR Detection System (Bio-Rad, Switzerland) and recorded
the Bio-Rad CFX manager.

EST-, Synaptophysin-, and Chromogranin A- Gene Transcript
xpression
RNA was extracted using the RNA isolation kit “NucleoSpin®
NA” according to the manufacturer's instructions (Macherey-
agel, Germany). The RNA concentration was measured with the
anodrop 2000 (ThermoFisher SCIENTIFIC, The Netherlands).
NA was converted into cDNA using the “iScript™ Select cDNA
nthesis Kit” (Bio-Rad, Switzerland). Exon 1 and exon 3 of REST
ere amplified using the R1 and R3 primers (Table S2). In addition,
on 1 and exon 3 spanning amplification of REST cDNA was
rformed using the REST forward (fw) primer and REST reverse
v) primer (Table S2).
A quantitative RT-PCR was performed for the analysis of REST-,
naptophysin- and chromogranin A- expression in the cell lines
KL-1, MKL-2, WaGa, MCC13, MCC26 and REH. For this
rpose, the qRT-PCR primer sets for REST, chromogranin A,
naptophysin were used. The resulting Ct values were normalized
ith the housekeeping genes β-actin or GAPDH (Table S2). The
T-PCR was performed by using the SYBR Green Supermix (Bio-
ad, Switzerland) on the CFX96 PCR Detection System (Bio-Rad,
itzerland) and recorded by the Bio-Rad CFX manager. All used
imers were obtained by Eurofins Genomics, Germany.

NA-PCR
DNA isolation was performed using the Nucleospin Tissue DNA
it (Macherey-Nagel, Germany) according to manufacturer's
structions. PCR was performed on a Veriti well thermal cycler
pplied Biosystems, the Netherlands) with an annealing temperature
57°C for all combinations of primers and 35 cycles. The PCR
oducts were sequenced using the Big Dye Sequencing Kit
hermoFisher SCIENTIFIC, The Netherlands) according to
anufacturers' instructions. All experiments were repeated at least
times.

reatment of Cell Lines with 5-Aza-2′ Deoxycytidine
The cell lines MKL-1, MKL-2, MCC13 and MCC26 were treated
ith 0.5 μM, 1.0 μM and 2.0 μM of 5-aza-2′-dC (Sigma-Aldrich,
e Netherlands) which was added every 24 hrs. In total, the cells
ere exposed to the demethylation agent for 96 h. After exposure the
lls were formalin fixed and REST expression was tested by IHC.

ethylation Specific PCR (MSP)
The genomic DNA of all cell lines was extracted using the
ucleoSpin® Tissue” kit (Macherey-Nagel, Germany). The location
the CpG islands was previously described by Kreisler et al. [32] and
as reproduced using the CpG island searcher [32,33]. The gDNA
as bisulfite converted using the EpiTect Bisulfite Kit (Qiagen, the
etherlands) according to the manufacturers' instruction. CpG
lands were amplified using specific primers for both methylated and
methylated specific primer (Table S2). As positive control, the
methylated and the methylated Epitect Control DNAs (Qiagen,
e Netherlands) were used.

atistics
The significance of the qRT-PCR data was determined with
raphpad Prism 6 by using the One-Way ANOVA. Data were
pressed as the mean ± standard deviation (SD). P-values of b0.05
ere considered as statistically significant.

esults

rotein Expression of REST, ASCL1 and NeuroD1 in MCC
Of the 28 MCC tissues, 23 (82.1%) were MCPyV-positive and 5
7.8%) MCPyV-negative as tested by IHC. All MCCs (Table 1)
ere completely devoid of REST expression as assessed by IHC
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Figure 1. Immunohistochemistry staining of REST, ASCL1 and NeuroD1 inMCC ID 25. A, IHC reveals no expression of REST expression in
the MCC tissue. In B, double staining of CK20 (red) and REST (brown) confirms that the REST positive cells are not located in the MCC
tissue. ID25 is negative for ASCL1 and positive for NeuroD1 as shown in C and D. Themicrophotographs were taken at 20x magnification.
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igure 1, A and C). Double staining for CK20- and REST-
pression of MCC tissues revealed a specific nuclear expression of
EST within the tumor infiltrating lymphocytes but not in the MCC
lls expressing CK20 (Figure 1B). All MCCs were negative for
SCL1, except one case which revealed focal expression for ASCL1
D8, Table 1). All MCCs revealed a specific moderate to strong
clear expression of NeuroD1 (Table 1, Figure 1D).
REST

Ascl1

NeuroD1

MKL-1 MKL-2                      WaGa

gure 2. IHC staining of the MCC cell lines MKL-1, MKL-2, WaGa, MC
euroD1. Specific nuclear REST expression (brown) is found in the MCP
aGa and MKL-2. All cell lines tested were repeatedly negative for ASC
ken at 40x magnification.
In addition, REST expression was assessed in MCC cell lines by
C. MCPyV-positive cell lines (MKL-1, MKL-2, WaGa, PeTa,

roLi, MS-1) were negative for REST expression (Figure 2 and
pplemental Table S1). In contrast, the MCPyV-negative cell lines
CC13, MCC26, REH) revealed a specific nuclear REST
pression. In compliance with the MCC specimens, all cell lines
ere negative for ASCL1 expression, but revealed a strong and
MCC13 MCC26 REH

C13, MCC26 and the B-ALL cell line REH for REST, ASCL1 and
yV-negative cell lines but not in MCPyV-positive cell lines MKL-1,
L1 and positive for NeuroD1 by IHC. The microphotographs were
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Figure 3. Analysis of REST, synaptophysin, chromogranin A and miR-9/9* expression. No relevant REST transcripts were detected in
MCPyV-positive MCC cell lines MKL-1, WaGa and MKL-2. Exon 1 (R1), exon 3 (R3) and intron-exon spanning amplification of exon 1 and
exon3 (REST) MKL-1, MKL-2 andWaGa were not detectable using cDNA (A) but by using genomic DNA (B) level. TheMCPyV-negative cell
lines were positive for REST cDNA. The expression of REST, chromogranin A, synaptophysin and miR-9/9* were analyzed by means of a
RT-qPCR. The cq values were normalized to MKL-1 and the sd of n = 2 is shown. Only for the REST expression the cq values were
normalized to MCC13. The REST RT-qPCR confirmed this result and shows a comparable REST transcript level in MCC13, MCC26 and
REH (C). For chromogranin A and synaptophysin is the pattern vice versa. Whereas WaGa showed a 10-fold higher chromogranin A
expression compared to the other MCPyV-positive cell lines (D). For ThemiR-9 andmiR-9* expression the REST positive cell linesMCC13,
MCC26 and REH showed an 84 to 76% respectively lower expression of miR-9 and miR-9* compared to the MCPyV-positive cell lines
MKL-1, MKL-2 and WaGa. The p-value for the assessed genes was b0.5.
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ecific nuclear NeuroD1 expression in all cell lines. All MCPyV-
sitive cell lines showed a uniform expression pattern for the tested
anscription factors. Therefore, for further experiments MKL-1,
KL-2 and WaGa cells were used.

EST Transcript Gene Expression in MCC Cell Lines
The presence of REST transcripts was assessed in MKL-1, MKL-2,
aGa, MCC13, MCC26 and REH cells (Figure 3). No transcript
pression of the first (R1) and third (R3) exons and marginal, almost
visible presence of the RNA-specific REST transcript was observed in
KL-1, MKL-2 and WaGa. In contrast, the MCPyV-negative cell lines
CC13, MCC26 and REH revealed an evident and distinctive REST
anscript expression.QRT-PCR for REST revealed that the expression of
EST transcripts was under the signal threshold in MCPyV-positive
CC cells and thus negative. In contrast,MCPyV-negative cells revealed
high expression of REST transcripts (Figure 3, A and C).
The sequencing of the cDNA amplification products for MCC13,
CC26 and REH showed the expression of the identical REST
oform (variant 1) in these three cell lines. The cDNA REST
plification product of MKL-2 (Figure 3A; Supplemental Figure
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Figure 4. REST-GFP transient expressing WaGa cells with downregulated chromogranin A and synaptophysin expression. WaGa nuclei were
shown with DAPI. The transient expressed REST-GFP is detected by green fluorescence. Immunofluorescene staining of chromogranin A and
synaptophysin reveal a cytoplasmic detection of both in WaGa cells und red flourescence. The merged picture shows no detection of
chromogranin A and aweak detection of synaptophysin inWaGa cells with REST-GFP. Themicrophotographswere taken at 63xmagnification.
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) showed a faint PCR product, which was confirmed as REST by
quencing, carrying an insertion of 67-bp. This insertion had
eviously been reported in SCLC and is supposed to result in a
uncated REST [34,35].

hromogranin A, Synaptophysin andmiR-9/miR-9* Expression in
CC
The detected patterns of chromogranin A and synaptophysin
pression levels in MCPyV-positive cell lines revealed an inverse
rrelation with REST expression (Figure 3D). Of interest, a 10-fold
gher transcript expression level of chromogranin A was observed in
aGa cells compared to MKL-1 and MKL-2. Interestingly, the WaGa
lls revealed an approximately 3-fold higher expression level of the
CPyV T antigens compared to MKL-1 and MKL-2 (Figure 3D and
pplemental Figure S2). MiR-9 expression in MCC cell lines was
sessed in REST-negative, MCPyV-positive MCC cell lines MKL-1,
KL-2 and WaGa, and REST-positive, MCPyV-negative MCC cell
es MCC13 and MCC26 by means of qRT-PCR. The expression of
iR-9 and miR-9* was normalized to MKL-1 (Figure 3E).
The REST-negative, MCPyV-positive, cell lines showed a high
iR-9/miR-9* expression compared to the REST-positive, MCPyV-
gative, MCC cell lines and the B-ALL cell line REH.

ffects of the Transient Expression of REST-GFP in WaGa
ells Assessed by IF
In order to determine the functional importance of REST
pression in MCPyV-positive MCC cell lines, WaGa cells were
ansfected with a GFP-tagged REST and its transient expression was
tected in the nuclei. The REST-GFP positive WaGa cells were
ained for chromogranin A and synaptophysin. A significant decrease
chromogranin A and synaptophysin compared to the not

ansfected WaGa cells was observed (Figures 4 and S3) in the
ansfected cells compared to the non-transfected cells.

ethylation of the REST Promoter in MCCs
REST expression had been shown to be regulated by methylation of
omoter CpG islands [32]. Since neither REST protein or transcript
pression could be detected in the MCPyV-positive cell lines, MKL-1,
KL-2, MCC13, MCC26 and REH were treated with 5-aza-2′-dC
igure 5A).Of interest, after 0.5 and 1.0μMtreatment with 5-aza-2′-dC
CC26 showed exclusively the response of approximate 50 to 60%
spectively decrease of REST expression. However, due to the high
andard deviation this failed to reach statistical significance. The
pression of REST was not altered in the MCPyV-positive cell lines
KL-1 and MKL-2 by 5-aza2′ dC treatment as assessed by IHC and
T-PCR (Figure 5B). The REST expression in the other cell lines was not
gnificantly altered by the 5-aza2 dC treatment.
Amethylation specific PCRwas performed on theCpG islands 1 and 3
igure 5D) of the genomic DNA of the above-mentioned cell lines and
methylation was detected on both CpG islands in all tested cell lines.

iscussion
the present study we investigated the expression of key regulator
nes of neuroendocrine gene expression in MCC. For this purpose a
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Figure 5.Nomethylation of REST CpGs inMCC cell lines. Q-RT-PCR of REST expression after 5 days treatment with 0.5 μMand 1 μMof 5-
aza-2′-dC of MCC cell lines MKL-1, MKL-2, MCC13 and MCC26 and the BALL cell line REH revealed no increase in expression of REST in
MCPyV-positive cell lines (A). The P value of the MKL-1/MKL-2 treatment was b0.01. For MCC26 the REST expression decreased up to
62% which failed to reach statistical significance. No REST protein is detectable in MKL-1 and MKL-2 after 2 μM treatment (B). The MSP
for CpG 1 and 3 showed nomethylation in all MCC cell lines and in the B-ALL cell line. The positive controls showed either a methylated or
an unmethylated DNA fragment. M: methylated; U: unmethylated.
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rge number of MCC tissues including MCC cell lines was tested for
e expression of REST, ASCL1, and NeuroD1.
REST acts as an repressor of neuroendocrine gene expression,
hereby loss of REST expression leads to the expression of
naptophysin and chromogranin A. In contrast, ASCL1 and
euroD1, both proneural basic-helix–loop–helix proteins, have
th been identified as activators of neuroendocrine lineage genes
pression [36]. In contrast, ASCL1 induces synatophysin expression
d NeuroD1 activates CD56 (NCAM1) expression [37,38].
All MCC tissues and cell lines in this study were negative for
SCL1 expression except one MCC which revealed a focal expression
ASCL1 (Table 1). Ralston and colleagues (2008) have previously
ported that MCCs were all tested negative for ASCL1 expression by
C [39]. In contrast, Lewis et al. (2010) found that MCCs arising in
e head and neck region were positive for ASCL1 expression [40].
terestingly, the anti-ASCL antibody in this study and the two
evious reports derived from the same antibody clone. Moreover, we
ow that ASCL1 expression is also absent in all tested MCC cell
es, irrespective of the MCPyV-status (Figure 2).
To the best of our knowledge we report for the first time that
euroD1 is expressed to 100% in MCC tissues and cell lines
respective of the MCPyV-status (Table 1, Figure 2). Interestingly,
e acute B-cell lymphoblastic leukemia cell line REH also reveals a
rong expression of NeuroD1, suggesting that NeuroD1 expression
one is not sufficient to induce neuroendocrine differentiation. This
supported by the fact that MCC13, MCC26 and REH were
gative for the neuroendocrine genes chromogranin A and
naptophysin.
According to previous data, chromogranin A and synaptophysin
ne expression is negatively regulated by REST [18,41]. Therefore,
e tested the expression of REST in MCC tissues and MCC cell lines
able 1, Figure 2). None of the MCC in our study did reveal any
EST expression in the MCC cells irrespective of the MCPyV-status.
The expression of REST-GFP in the MCPyV-positive MCC cell
e WaGa and the subsequent REST induced decrease of
naptophysin and chromogranin A expression reveals that chromo-
anin A and synaptophysin are regulated by REST also in MCC cells
igure 4) [18,41]. Since MCC are devoid of neuroendocrine gene
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tivator ASCL1 expression in combination with the lack of the
uroendocrine gene repressor REST expression strongly indicates that
e neuroendocrine gene expression of synaptophysin and chromogranin
in MCC is mediated by the absence of REST. NeuroD1 expression in
CC alone apparently seems to be insufficient to induce the
uroendocrine gene expression of synaptophysin and chromogranin A
the MCPyV-negative MCC (Figure 3, C and D). According to
evious reports one might speculate that the high NeuroD1 expression
MCC might be responsible for the known expression of NCAM1
D56) in MCCs [37,42].
It is important to note, that the MCPyV-negative variant MCC cell
es MCC13 and MCC26 are currently controversially discussed in as
uch these cells lines indeed derive fromMCC [43]. Further the absence
the neuroendocrinemarker chromogranin A and synaptophysin can be
plained by the expression of REST in these cells. In the context of the
known cellular origin of MCC, it would be interesting to get more
owledge about the regulation of REST in MCC.
In this context we also assessed the methylation status of relevant
EST promoter CpG islands. It has been shown previously in SCLC
lls that REST expression is regulated by the CpG island
ethylation of the REST promoter. CpG1 and CpG3 islands were
ronger methylated in SCLC REST-low expressing cell lines [32]
igure 5). In our study, we did not observe methylation of CpG1
d CpG3 islands of the REST promoter in MCPyV-positive and
egative MCC cell lines. Moreover, the 5-aza-2′-dC treatment of the
EST negative cell lines did not lead to REST expression which
nfirms the MSPs. Thus, the loss of REST expression in MCC is
ost likely not due to REST promoter methylation.
Notably, MCPyV-positive WaGa cells revealed an up to 10-fold
gher expression of chromogranin A compared to the other MCPyV-
sitive MCC cell lines which was paralleled by also a 3-fold higher
undance of MCPyV T antigens. This might possibly hint to a
rect or indirect activation of MCPyV T antigens on chromogranin
expression.
REST is not only negatively regulating the gene expression of
romogranin A and synaptophysin but also the expression of miR-9.
deed, we could show that miR-9 and miR-9* are abundantly
esent in REST-negative MCPyV-positive MCC cell lines. Recently,
iR-9 was found to be upregulated in 20 MCC tissues compared to
taneous lesions of melanoma, squamous cell carcinoma, and basal
ll carcinoma [25]. In cervical carcinoma and oropharyngeal
uamous cell carcinoma it was shown that miR-9 is activated by
PV [26,44]. It is tempting to speculate that a comparable
echanism might be applicable to MCPyV and miR-9 expression
MCC. In the context of the unknown cellular origin of MCC the
pression of miR-9 and the absence of REST might be the first step
wards understanding the regulation of neuroendocrine gene
pression in MCC and might help to identify the cellular ancestry
MCC [13,14].

onclusion
CCs reveal a unique expression pattern of the neuroendocrine key
gulator genes REST, ASCL1 and NeuroD1, which is characterized by
e lack of REST and ASCL1 expression and the presence of NeuroD1.
he absence of REST expression inMCC and inMCPyV-positiveMCC
ll lines, in combination with REST expression inMCPyV-negative cell
es points to an important role of theMCPyV in the regulation of REST
pression inMCC.Our data might provide the basis ofMCPyV-related
uroendocrine gene expression in MCC.
Supplementary data to this article can be found online at https://
i.org/10.1016/j.neo.2018.10.003.
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