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Abstract

Merkel cell carcinoma is a rare, lethal cancer histopathologically composed of cells showing
similarity with mechanoreceptor Merkel cells. Merkel cell tumors manifest in two distinct forms.
While a virus called Merkel cell polyomavirus is involved in the pathogenesis of one form of
Merkel tumors, the other is driven by ultraviolet (UV)-linked mutations. In this study we
investigated 18 cases, from the Indian population, of Merkel cell carcinoma for
immunohistochemical (IHC) expression of Merkel cell polyomavirus (MCV) T antigen, including
12 cases tested by PCR, to identify viral etiopathology. We tested the tumors with two sensitive
antibodies (CM2B4 and Ab3), targeting the viral large T antigen protein and with PCR primers
targeting the N terminus of T antigen. Overall, we observed 38.8% (7/18) tumors displaying
positive IHC expression of Merkel cell polyomavirus T antigen and 25% (3/12) tumors showing
positive results, by both, immunohistochemistry and PCR. This constitutes the first report from
India showing implication of MCV in Merkel cell carcinomas. Moreover, this is one of the larger
series of Merkel cell carcinomas, tested for MCV, by both immunohistochemistry and PCR, in this
part of the world. These results further indicate that a slightly more number of such cases in India
are likely to be caused by UV-linked damage, as opposed to Merkel cell polyomavirus mediated
tumorigenesis, which is definitely implicated in a subset of cases.
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Introduction

Merkel cell carcinoma (MCC) is an uncommon, primary, cutaneous, neuroendocrine
neoplasm, associated with a poor prognosis [1-3]. MCC disease-associated mortality is
greater than 40%, significantly higher than that of melanoma and other cutaneous cancers
[2,4]. Prolonged ultra violet (UV) exposure, advanced age and loss of immune competence
constitute as risk factors for development of MCC [1,2]. Tumor cells of MCC resemble
mechanoreceptor cells, which are located in the basal layer of the epidermis. These cells
originate from the epidermal progenitors during embryonic development and play an integral
role in the sensory system of the skin [3,5-7].

As a result of its rarity and its similarity with other more common neuroendocrine tumors
(such as small cell lung carcinoma) measuring the incidence of MCC has been challenging.
The incidence rate of MCC is different across regions of the world. In the United States of
America (USA), the incidence rate reported in the 2011 SEER (Surveillance, Epidemiology,
and End Results) analysis was 0.79 per 100,000 [8]. In Europe, the incidence, as reported by
the RARECARE database was 0.13 per 100,000 between 1995 and 2002 [9]. Australia
(Queensland) has the highest reported age-adjusted incidence of 1.6 per 100,000 from 1993
to 2010 [10]. The incidence of this neoplasm has quadrupled over the last 20 years in
America and Europe, possibly due to systemic immune-suppression, cumulative UV
exposure and longer life-span [8]. A recent study reported that incidence of MCC is
outpacing that of other cancers with a 95% increase from 2000 to 2013 [11,12]. The authors
from that study have predicted the number of newly diagnosed cases would possibly
increase from 2488 in 2013-3284 in the year 2025 [11,12].

In the year 2008, Feng et al. [13] discovered integration of polyomavirus genome in the
genome of MCC tumor cells. This created a major paradigm shift in the understanding of the
etiology of MCC. As a result of a strong association with immunosuppression and its
epidemiology, MCC was selected and subjected to a direct sequencing-based method, known
as the Digital Transcriptome Subtraction (DTS) [13,14]. An /n sifico subtraction of MCC
tumor cDNA libraries against curated human genomic sequence databases identified
candidate nonhuman sequences for further examination. A transcript with homology to other
polyomaviruses was identified and led the way to the discovery of a novel virus associated
with MCC [13]. The virus was named after the cancer as Merkel cell polyomavirus and is
the 7th known cancercausing virus in humans [15-17].

Polyomaviruses have been previously linked to human disease [18]. However, unlike other
polyomaviruses, MCV is the first polyomavirus, found to be convincingly linked to a human
cancer as a causative agent [19]. Compelling evidence of causation has led to its
classification as a Group 2A carcinogen by World Health Organization (WHO) International
Agency for Research on Cancer (IARC) [20].

Interestingly, serological and molecular studies indicate that MCV is a near-ubiquitous,
asymptomatic, life-long infection of adults [21]. MCV DNA has been detected in human
skin and a variety of other tissues [13,22,23]. However, MCV DNA is found in higher copy
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numbers and its T antigen onco-proteins (multiply-spliced) express specifically in only
MCC tumor cells, and not in neighboring healthy tissue or any other cancer cells [22].

MCV T antigens (Large T and small T) contain conserved domains present across different
polyomaviruses, such as DnaJ and LXCXE retinoblastoma protein binding motifs, which are
important for various tumor suppressor-targeting functions of the virus [24]. MCV wild type
T antigens however, are distinct from MCV tumor derived T antigens. In tumor derived
MCVs, mutations truncate the T antigens, removing the C terminal helicase and origin
binding domains thereby rendering the virus replication-incompetent in the tumors [22,25].

In an attempt to distinguish the two types of MCC, several studies have shown that MCPyV-
negative tumors have a higher number of chromosomal aberrations and UV-specific
mutation burden [26-30]. A multivariate analysis, including age, sex and
immunosuppression, of 282 MCC cases showed that MCV negative MCC patients have a
significantly higher risk of disease progression (hazard ratio = 1.77) and death from MCC
(hazard ratio = 1.85) [31] in comparison to MCV positive MCC patients. This suggests that
virus-negative tumors may be clinically more aggressive.

Isolate cases of MCC have been reported from various regions of India [32-44]. However an
estimated incidence of MCC in India is not known. A recently published study by Rekhi et
al.32 describes the clinico-pathologic spectrum of the first largest series of 16 cases of MCC
diagnosed at a tertiary cancer referral center in India [32]. However, none of these cases
were tested for MCV as the causative agent.

In this study, we tested 18 cases of MCC for MCV T antigen by immunohistochemistry, in
order to identify association of MCC with MCV in Indian cases. The cases were diagnosed
as MCC using a series of specific IHC markers including positive expression of cytokeratin
20 (CK20). We used immunohistochemistry against the viral Large T antigen protein using
two antibodies (CM2B4 and Ab3). Moreover, we also tested 12 of these cases for MCV
virus, using PCR and applied the multimodal method (both IHC and PCR) for MCV
detection [31].

2 Materials and methods

2.1 Samples

After computerized search of medical records from January 1, 2000, to March 7, 2017, 24
cases were found, in which MCC was either offered as a diagnosis or constituted as one of
the differential diagnoses. The diagnosis was confirmed using Immunohistochemical
staining using markers described in Table 1. Nine cases included in this study were from the
earlier reported case series by Rekhi et al. [32]. Finally, paraffin blocks were available for 18
cases and those were included in this study. Conventional hematoxylin and eosin-stained
slides along with immunohistochemical (IHC) stained microsections were reviewed by the
specialty pathologist. Institutional Ethics Committee Approval was obtained for this study
(IEC-263), from both the institutions involved in the study.
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2.2 Immunohistochemistry

Immunohistochemical (IHC) staining was performed using the polymer technique (Dako
REAL Envision detection system, Glostrup, Denmark) including peroxidase/3-3-
diaminobenzidine tetrahydrochloride (DAB). The antibodies used to test for Merkel cell
polyomavirus in this study were CM2B4 (Santa Cruz, sc-136172) and Ab3, both target
MCV Large T antigen. All 18 tumors were tested with CM2B4 antibody. Sixteen tumors
were also stained using Ab3 [45]. Ab3 was a kind gift from Prof James Decaprio, Dana
Farber Cancer Institute, Boston, USA. Various other antibodies utilized have been listed in
the Supplementary Table 2. Dilutions of 1:50 were used for both Ab3 and CM2B4
antibodies. Antigen retrieval was by heating — microwave for CM2B4 and pressure cooker
for Ab3.

2.3 DNA extraction and PCR

For DNA isolation, 4 FFPE tissue sections of 5 um were cut from each tumour block
(microtome, Leica) and placed in sterile 1.5 mL centrifuge tubes ready for extraction. After
deparaffinizing the sections with xylene, the DNA was extracted using the QiaAmp FFPE
tissue kit (Cat no 56404). Briefly, tissue sample is lysed with proteinase K under denaturing
conditions followed by incubation at 90 °C. The DNA is extracted through the column
membrane and eluted in ATE elution buffer. These FFPE samples derived DNA were
subjected to PCR using DreamTaq Master Mix (ThermoFischer Scientific, K1081). Briefly,
10 pl of 2X DreamTaq PCR Master mix, 1 pl Forward primer (RA149), 1 ul Reverse primer
(RA150), 7 ul of nuclease-free-water and 1 pl (20 ng) template DNA were mixed and used
for PCR. The PCR program used is as follows: 95 °C for 2 min, 95 °C for 30 s, 55 °C for 30
s, 72 °C for 1 min (last 3 steps for 35 cycles) followed by 72 °C for 5 min. The PCR
products were run on a 2% Agarose (HiMedia, MB002) gel at 120 V for 30 min. Primers:
RA149 - TGGCAACATCCCTCTGATGAA and RA150-
TGCTGGAATTTGCTCCAAAGG, Expected PCR product size — 120bp.

2.4 Real-time quantitative polymerase chain reaction (qPCR)

gPCR was performed with the SYBR Green method using DNA extracted from MCC FFPE
samples as template, 0.25 UM gene-specific primer pairs and Maxima SYBR Green/ROX
gPCR 2X Master Mix (K0221, Thermo Fisher Scientific) in a 10 pl reaction. qPCR reactions
were performed in duplicate using the ViiA 7 Real-Time PCR System (Applied Biosystems)
with the following thermal cycling conditions: 50 °C for 2 min, initial denaturation at 95 °C
for 10 min, then 40 cycles of denaturation (95 °C, 15 s), annealing (55 °C, 45 s) and
extension (72 °C, 45 s). Melt curve analysis of every gPCR was conducted after each cycle.
Primers used were: For T antigen - (RA149) forward- TGGCAACATCCCTCTGATGAA
and (RA150) reverse- TGCTGGAATTTGCTCCAAAGG; for GAPDH - (RA322) forward —
CCCTTCATTGACCTCAACTACAT and (RA323) reverse-
TGGAAGATGGTGATGGGATTT. GAPDH was amplified as internal control. Copy
numbers were established from standard curves of Ct values from serial dilutions of known
concentrations of MCV DNA using Plasmid pLenti.puro. MCV.ER.RAZ2. (Addgene
#114382) and MKL-1 genomic DNA. Water was used as control to detect template
contamination. GAPDH was used to determine cell genome copy number. Results were
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expressed as numbers of viral copies per cell calculated from Ct values of viral and cellular
gene standards. Cellular viral DNA copy number below 1.0 x 10-3 per cell was considered
negative.

3 Results

Eighteen primary MCCs tested in this study occurred in 11 men and 7 women (M/F =
1.57:1), with their age ranging from 37 to 74 years (average = 58; median = 60). Site-wise,
the tumors were frequently observed in the lower extremities (9, 50%), head and neck sites
(4, 22.2%), followed by the upper extremities (4, 22.2%) and chest wall (1, 5.55%) (Table
1). A single case presented with a coexisting Bowen's disease. Cases 1, 10 and 12 had high
blood sugar levels and were suspected diabetic. Tumor size, known in 4 cases, varied from
2.5 cm to 16 cm. Therapeutically, surgical resection/excision was performed in 7 cases;
chemotherapy was offered in 3 cases and one patient was given supportive care. Two of the
patients who received excision, one along with chemotherapy (Etoposide, Carboplatin) were
free of disease at 16 months and 21 months respectively. Despite treatment, 4 patients
developed metastasis at lymph nodes, lung and the scalp. The Fitzpatrick scoring for skin
type was done where relevant information was available. Cases 1,2, 9,10, 11 are of score 3—-
6. Case 3 was of score 2. Though Case 2 was clearly MCV positive and had a higher
Fitzpatrick score, the other cases were 3,9,10 and 11 were negative for MCV via
immunostaining and there is no clear link to Fitzpatrick skin type.

Histopathologically, almost all tumors were composed of malignant round to oval cells with
scanty cytoplasm, found in diffuse, trabecular, cord-like, nesting and occasionally
pseudoglandular patterns. Variable amounts of necrosis in the tumor tissue and prominent
apoptotic and mitotic cells were seen.

The tumors were characterized as MCC using immunohistochemical staining for CK20,
CD56, chromogranin, and synaptophysin. All 15 tumors, tested for CK20, displayed a
characteristic ‘dot-like’ paranuclear-staining pattern. Remaining 3 tumors, not tested for
CK20, were distinctly positive for neuroendocrine markers, namely chromogranin, as well
as other epithelial markers and other pan-cytokeratin stainings (CK and AE1/AE3). Two of
those tumors were also positive for another neuroendocrine marker, namely synaptophysin.
Possibility of metastatic neuroendocrine carcinomas was ruled out, based on clinical and
imaging results. Other immunohistochemical markers, such as MIC2, Desmin, etc. were
used to differentiate these tumors from their diagnostic mimics.

MKL-1 cells embedded in a paraffin block were used as a positive control. Sections stained
without primary antibody were used as a negative control. Seven out of 18 tumors (38.8%)
showed positive staining for MCV LT using either CM2B4 or Ab3 antibodies. The staining
pattern ranged from diffuse intranuclear staining in cases #2, #4, #7,#17 and #18 to weak
and focal staining in cases #12 and #13 (Fig. 1). Two of these cases (case#12 and #13)
displayed negative immunostaining with CM2B4 antibody, but showed positive
immunostaining with Ab3.
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We also tested 14 other skin tumors by immunostaining with both CM2B4 and Ab3
antibodies. All 5 basal cell carcinomas, 5 melanomas and 3 of 4 squamous cell cutaneous
carcinomas were negative for both the antibody IHC stains (Supplementary Fig. 2). A single
case squamous cell carcinoma was negative with CM2B4, however showed focal weak
immunostaining with Ab3. These observations further testify high specificity of both the
antibodies.

To further evaluate the presence of MCV in these MCC samples, we extracted DNA from
these FFPE samples and subjected them to PCR. We were able to obtain good quality DNA
for only 12 MCC cases. For Case #2 we extracted DNA from 2 samples, tumor excision and
post tumor excision with no residual tumor. We performed PCR using primers that target
120bp of the T antigen region, common to both small and large T. A total of 8 samples were
positive (some weakly, 66.7%) (Supplementary Fig. 1). Further, g°PCR was done to
determine cellular viral genome copy number, using GAPDH as normalizing control. The
MCC cases showed cellular viral copy numbers of the range of 2.8-9.7 (Supplementary
Table 1). When analyzed together with the IHC results (Table 1 and Supplementary Table 1),
for a multimodal approach, 2 cases (Case #2 and #4) was consistently positive using all
assays, and 1 sample (Cases #13) was positive for at least two of the 3 assay conditions. We
did see variation between the IHC positive and PCR positive cases, and five of the IHC -
negative cases showed PCR positivity. Although these cases cannot be excluded as being
MCYV positive, this detection could be attributed to coincidental infection, low-tumor purity
and infectious wild-type MCV in the adjacent nonmalignant skin. Hence, of the 12 cases
tested via both IHC and PCR, 3 (25%) were determined to be MCV positive via the
multimodal approach.

4 Discussion

This study is the first and largest series of 18 MCCs from our country tested for the presence
of MCV as a causative agent, including 9 cases from an earlier reported series by Rekhi et
al. [32]. Various reports have shown that the proportion of MCV-positive MCCs varies with
the geographic location [46,47]. Although, reports from United States and Europe revealed
nearly 80% viral positive cases of MCC; studies from Australia described the same in only
24% cases [46,47]. Studies from Japan, show a 76.9%—-88.5% positivity for MCV in
Japanese MCC patients [48]. Ours is the first such study from India, wherein we observed a
relatively lesser number of MCV positive MCCs (38.8% by IHC and 25% by IHC and
PCR). More cases are likely to yield a better picture of the viral positive Merkel tumor
prevalence in India. Limited sensitivity of the CM2B4 antibody, used in this study, can be
another reason for this difference.

We noted 7 out of 18 (38.8%) cases of MCC, positive for MCV large T antigen protein. The
antibodies used to detect MCV presence in this study was the CM2B4 antibody [22], with a
specificity of 0.943 and sensitivity of 0.882 [31], and Ab3 [45], with a specificity of 0.453
and a sensitivity of 0.983 [31]. We observed a range of very strong positive staining to weak/
focal positive staining that is reflective of the level of T antigen present in the different MCC
patients. Such a range depends on the specific truncation of the T antigen in the MCC tumor
and thereby its protein levels, as has been seen with MCC cell lines [49,50]. We identified a
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single case that showed negative immunostaining with CM2B4 antibody, but showed
positive immunostaining with Ab3, though weak and focal. This could be explained by the
higher sensitivity of this antibody.

PCR based detection for MCV, although a widely used easy-to-use diagnostic method is not
as sensitive or specific as IHC [31,51,52]. Moshiri et al. recently reported a gPCR that
showed 82.5% sensitivity and 81.1% specificity for identifying intratumoral MCV [33]. In
our study a total of 8 samples were positive for PCR of the 12 tested. However, only 3 cases
were positive for both IHC and PCR. Besides low sensitivity, PCR contamination and false-
positivity are major concerns of using PCR diagnostically. In the case of MCV detection,
background, wild-type MCV infection can also complicate interpretation. Low purity tumor
samples might be confounded by background signals from skin and/or other non-MCC
tumors and hence coincidental MCV is often detected in these cases [51].

Hence, a multimodal approach, to convincingly determine MCV positivity, using both IHC
and PCR testing assays, has recently been suggested [31]. In our study, using this
multimodal method, we observed that only 3 of the 12 cases (25%) tested by both IHC and
PCR were positive for MCV by both tests, compared to when using only IHC to determine
the same (7/18, 38.8%).

Viral positive MCCs did not show any specific clinical profile in comparison to the viral
negative cases. Both forms of MCC, as described, occurred in sun-exposed, as well as un-
exposed regions of the body and stained similarly with IHC markers. Hence, unless tested
for MCV oncoprotein expression, to a pathologist both types of MCC are indistinguishable.
However, our study results concurred with that of Pasternak et al.’s recent immunochemical
profile of MCC subsets. Few of our MCV positive MCC cases fit the “classical” CK20+,
Chromogranin+, CK7- and TTF1-profiles, (where all 4 markers were tested) as they
described, however we did not test for Neurofilament [53,54].

Although information related to patient outcomes was not available for all the cases, of the 4
cases that showed metastatic growth,3 were negative for MCV immunostaining. Also, of the
2 cases reported to be free of disease, one was strongly viral positive via all tests. These
observations support Moshiri et al. data [31] relating to better prognosis for virus positive
patients.

Lately, studies based on Next-generation sequencing (NGS) of whole genomes and
transcriptomes have shown distinction between the MCV positive and MCV negative MCC
tumors [28-30]. MCV is clearly the primary etiological agent of virus-associated tumors and
these have minimally altered genomes. On the other hand, non-virus associated tumors or
virus negative tumor genomes are dominated by UV-mediated mutations. These mutations
have been mostly observed in p53 signaling, cell-cycle and DNA-damage response
pathways. Collectively, all these studies indicate that MCV has a dominant control and
drives tumorigenesis to the same severity as all the somatic genome alterations seen in
MCCs? 28,

Most importantly, these distinct mutagenic processes, operative in viral and non-viral MCCs
affect disease outcomes. Furthermore, Moshiri et al.3! observed that MCV negative MCCs
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showed a clinically more aggressive phenotype and also a lower progression free survival in
comparison to polyomavirus positive MCC [31]. Hence, MCV T antigen expression in MCC
is an important determinant not just of causation of the disease but also has implications for
the effective treatment of these tumors and determining subgroup-related prognosis. Our
work has direct impact on both diagnostic practice and prognostic prediction and we hope
this kind of testing can be incorporated into clinical use.

5 Conclusions

The present study constitutes the first study on analysis of MCCs from the Indian
subcontinent, showing implication Merkel cell polyomavirus (MCV) as the etiologic agent
in a significant number of Merkel tumors.

Supplementary Material
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MCVLT(CM2B4)  MCVLT(Ab3)
RS :

Case #13

Case #17

Case #18

Fig. 1. Merkel cell polyomavirus positive Merkel cell carcinoma.
7 cases of Merkel cell carcinoma were found positive for Merkel cell polyomavirus. H&E

staining shows epidermis with a tumor below composed of malignant round cells, medium
power. Tumor cells show MCV Large T antigen positivity ranging from strong positivity
(cases #2, #4, #7, #17 and #18) to weak/focal positivity (cases #12 and #13). Image for
Cases #18 is of CM2B4 staining, as it was not tested with Ab3.
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