° NAT/O

1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

N, NIH Public Access

(<
A 5 Author Manuscript
P repSS

Published in final edited form as:
/nt J Cancer. 2010 May 1; 126(9): 2240-2246. doi:10.1002/ijc.24676.

Merkel cell carcinoma subgroups by Merkel cell polyomavirus
DNA relative abundance and oncogene expression

Kishor Bhatial, James J. Goedert!, Rama Modali?, Liliana Preiss3, and Leona W. Ayers#

linfections and Immunoepidemiology Branch, Division of Cancer Epidemiology and Genetics,
National Cancer Institute, Rockville, Maryland, USA

“Bioserve, Laurel, Maryland, USA
SRTI International, Rockville, Maryland, USA
4The Ohio State University, Columbus, Ohio, USA

Abstract

Merkel cell polyomavirus (MCPyV) was recently discovered in Merkel cell carcinoma (MCC), a
clinically and pathologically heterogeneous malignancy of dermal neuroendocrine cells. To
investigate this heterogeneity, we developed a tissue microarray (TMA) to characterize
immunohistochemical staining of candidate tumor cell proteins and a quantitative PCR assay to
detect MCPyV and measure viral loads. MCPyV was detected in 19 of 23 (74%) primary MCC
tumors, but 8 of these had less than 1 viral copy per 300 cells. Viral abundance of 0.06-1.2viral
copies/cell was directly related to presence of retinoblastoma gene product (pRb) and terminal
deoxyribonucleotidyl transferase (TdT) by immunohistochemical staining (P<0.003). Higher viral
abundance tumors tended to be associated with less p53 expression, younger age at diagnosis, and
longer survival (P<0.08). These data suggest that MCC may arise through different oncogenic
pathways, including ones independent of pRb and MCPyV.
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Introduction

In 2008, Feng et al. (1) reported a polyoma virus associated with ~80% of Merkel cell
carcinoma (MCC) tissues. This virus, provisionally designated Merkel cell polyomavirus
(MCPyV), may be the etiological agent of MCC (2-6). Like the prototypic polyomavirus
simian virus 40 (SV40) (7,8), the oncogenic potential of MCPyV may reside in expression
and interaction of its T antigen with the cellular retinoblastoma tumor suppressor protein
(pRb) (6). Links between human cancers, SV40 and four other established human polyoma
viruses (BK, JC, WU and KI), that all encode homologous T antigens, remain controversial
(7-10). MCPyV DNA is found in 2-10% of diverse non-MCC tissues, suggesting that
MCPyV is neither rare nor restricted to tumor cells and may have a natural reservoir in skin
(1,4-6). Initial evidence, particularly clonally integrated MCPyV DNA in MCC, as well as
tumor-specific mutations in large T antigen (1,6), make a convincing case for its role in
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human cancer. Integrated viral genome in most tumor cells in the majority of MCC cases
supports a broad etiological link between MCPyV and MCC.

However, MCC is heterogeneous clinically, morphologically and in expression of
neuroendocrine, epithelial and oncogenic markers (11-13). MCC cell lines point to at least
two biologically discrete MCC subgroups (14). “Classic” MCC cell lines grown in vitro
manifest a non-adherent, clustered morphology; variant MCC lines lose expression of
neuroendocrine markers and grow as adherent cells. Gene expression analyses illustrate
heterogeneity in protein expression (15). Classic subtypes have higher levels of transcripts
for genes with kinase activity and signal transduction receptors; variant MCC cell lines have
higher expression of cell cycle genes (c-myc and cyclin D1). The association of MCPyV
with “classic” but not variant MCC cell lines (6) suggests differences in oncogenesis.

We conducted a pilot study to determine if association of MCPyV in MCC correlates with
MCC biomarker profile or with protein markers including pRb (postulated relevance to
MCC oncogenesis) and p53 expression distribution. Archival formalin-fixed paraffin-
embedded tissue (FFPET) specimens were tested for the presence and amount of MCPyV
DNA. The same tissue samples were independently and blindly stained for panels of
antibody markers using immunohistochemistry (IHC), and data from these two set of
analyses were correlated with patient characteristics.

Materials and Methods

Study Population

Twenty three patients with MCC and sufficient retained FFPET blocks were identified from
the tissue archives of The Ohio State University Medical Center (1994-2007) by the
Pathology Archive Service. Patient characteristics at time of diagnosis were mean age 77
(range 57-90) years; 17 were male and 6 were female. Controls included DNA from 12
colon carcinomas, 20 breast cancers and 20 peripheral blood lymphocyte samples from an
unrelated set of patients. The Ohio State University Cancer Institutional Review Board and
the National Institutes of Health, Office of Human Subjects Research approved the use of
these de-identified specimens.

Tissue Study Set

Twenty-five MCC FFPET blocks along with masked interspersed MCC case duplicates (9
synchronous, metachronous or recurrent tumors from four patients) were assembled for a
panel of 34 tumors. Separately assembled were tissue blocks with 26 non-tumor skin
samples from 13 cases. Three consecutive 10uM sections for DNA isolation for the viral
abundance assay were harvested from these blocks. Tissue morphology (H&E) in cut
sections immediately before and after tissue harvest confirmed largely tumor tissue with
little necrosis (pathologist LWA).

DNA extraction

Ten micron thick sections (3 each) were de-paraffinized for 30 min followed by washing
with acetone for 10 min. After drying, samples were treated with proteinase K overnight at
55 C. DNA was precipitated using isopropanol and pelleted using centrifugation. Dried
DNA pellet was dissolved in 50ul of TE.

Real Time PCR assay for MCPyV

Tagman PCR primers and dual-labeled (FAM/VIC/TET and TAMRA) probes were
designed using the published MCPyV sequence EU375804 of the genome of MCC339.
PrimerExpressO software from Applied Biosystems was used to define the optimal targeted
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amplicon from the small T antigen (nucleotides 606 to 702). Probes were selected that have
a predicted T, near 68°C, with the polymorphic base near the center. Flanking PCR primers
were selected based on a calculated penalty score, Ty, length, and amplimer size. The
MCPYYV forward primer used in the reaction was GCAAAAAAACTGTCTGACGTGG and
the reverse primer was CCACCAGTCAAAACTTTCCCA. The probe sequence was
TATCAGTGCTTTATTCTTTGGTTTGGATTTCCTCCT.

Each reaction (10ul) contained 10ng of genomic DNA, 1x TagMan™ Master Mix, dual-
labeled probe (100nM each), and PCR primers (900nM each). Reactions were performed in
96-well MicroAmp® Optical reaction plates and caps (PE Biosystems). Plates were
incubated at 50°C for 15 minutes, 95°C for 10 minutes, followed by 40 cycles of 95°C for
15 seconds and 60°C for 1 minute. Data were analyzed with Sequence Detection System
version 1.6.3. Laboratory personnel were blinded to case and control status of the samples.
Samples were analyzed at two different concentrations and in duplicate. Quantification of
MCPYYV in the samples was performed using a known quantity of positive control sample
(Genomic DNA from MCC sample from which MCPyV 350 was originally isolated- kindly
provided by Dr Moore, University of Pittsburgh, USA). A ten-fold dilution of this sample
was used to generate a standard curve to determine the quantity of MCPYV in each sample.
The amounts used were 100ng, 10ng, 1ng and 0.1ng. The MCPYV quantity was normalized
among all the samples for concentration of human DNA by using a probe to detect single
copy human gene RNAse P. A standard curve using a ten-fold dilution series of human
DNA samples was generated. The amounts used were 100ng, 10ng, 1ng and 0.1ng. All the
reactions were performed in duplex to detect MCPYV and RNAse P. The primer and probe
sequences for Rnase P are as follows; forward primer sequence:
AGATTTGGACCTGCGAGCG; reverse primer sequence:
GAGCGGCTGTCTCCACAAGT:; labeled probe sequence: 5° FAM-
TTCTGACCTGAAGGCTCTGCGCG. All data were analyzed by SDS software developed
by Applied BioSystems, Foster City, CA.

Biomarker Analyses of MCC tissues

A tissue microarray (TMA) was constructed from the tissue study and appropriate tissue
controls. TMA cut sections were stained for tissue morphology quality by H&E, MCC
common diagnostic biomarkers, and cell cycle proteins of potential interest. Detailed
information regarding the antibodies used and their source is provided in Table 1.
Biomarkers were: neuron-specific enolase (NSE), synaptophysin, chromogranin, cytokeratin
markers [CAM 5.2, AE 1/3, MAKG®6, CK 20, CK7(13)], epithelial membrane antigens (EMA,
Ber-EP4) and a second antibody (IHC) panel selected for relevance to MCPyV pathogenesis
or to previously demonstrated heterogeneity in expression in MCC. Included in this latter
group were retinoblastoma protein (pRb) (6); TdT reported to be aberrantly expressed in
8/15 cases (16), CD44 suggested to correlate with risk of metastases (17) and p53 previously
reported to range in positivity from 5-25% (18). The expression patterns of these markers
were correlated with the presence and the relative abundance of MCPyV DNA. Thyroid-
transcription factor (TTF-1) and glycoprotein CD99-013 and CD 99-mic 2 were included to
exclude malignancies with similar morphology. The IHC grades for tumor cell staining
were: negative (—) with no or <5% light staining of tumor cells, weakly positive (+) where
50% tumor cells show light staining intensity, positive (++) where >50% tumor cells show
moderate staining intensity, strongly positive (+++) where >50% tumor cells show strong
staining intensity.

The PCR and IHC laboratories were masked to each other’s data. Appropriate positive and
negative controls were included for each antibody. All IHC results were interpreted and
analyzed by a single pathologist (LWA).
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Results and Discussion

Real Time PCR analyses for MCPyV

Serial dilutions of genomic DNA from a fresh frozen MCC tissue sample associated with the
MCV350 strain were employed to calibrate the real time PCR method. The reference curve,
ranging 0.1-10 ng genomic DNA, corresponded to 10-1000 cells (as determined by
simultaneous amplification of the human RNaseP gene). MCPyV (confirmed by sequencing)
was readily detected by this assay in fresh frozen MCC tissue but in only 1/52 non-MCC
controls (DNA samples from 12 colon cancers, 20 breast cancers, and 20 normal peripheral
blood lymphocytes).

MCPyV DNA was detected in 28/35 MCC samples, including 17 (74%) of 23 MCC
individual cases. The range of viral abundance (amount of viral DNA/amount of cellular
DNA) in these samples was 0— 1.2 with a mean and median viral abundance of 0.1275 and
0.001, respectively. (Table 2)

MCPyV DNA in the positive samples presented a discontinuous association of MCPyV
abundance (Fig 1). Two distinct sub-groups of MCPyV positive tumors were discerned.
Nine MCC samples had higher levels of MCPyV DNA (median 0.145 copy/cell) than 8
samples with very low levels of MCPyV DNA (median 0.001). No MCPyV DNA was
detected in the remaining 6 MCC samples.

Concordance of viral-abundance was very high (coefficient of variation 0.11-0.26) in
blinded duplicate samples from four patients (Table 3). MCPyV DNA was also detected in
1/26 uninvolved skin samples from MCC patients, with very low viral abundance (0.0003
copy/cell) (data not shown).

Tissue Biomarkers (IHC)

All tumor tissues in this study met criteria for MCC diagnosis. Classic morphologic types
were represented, and all were TTF-1 and CD99-013/CD 99-mic 2 negative. Staining for
neuron-specific enolase, synaptophysin and most cytokeratins (CAM 5.2, MAK-6 and AE
1/3) were positive in all samples. Some biomarkers were associated with variable positive
and negative results; these are shown in Table 2 arranged by decreasing viral abundance.
Chromogranin expression was positive or strongly positive in all tumors with higher viral
abundance, including 18/23 positive overall. Epithelial markers EMA/BER EP4 stained
positive in 20/23 cases. Similarly, the neural cell adhesion molecule CD56 stained positively
in 19/23. CK 20 was uniformly positive for perinuclear punctuate staining in all but two
cases with lower viral abundance. CK7 was positive only in some of the low/no viral
abundance tumors.

Two MCC subgroups were readily distinguished by pRb expression; 9 positive, 14 negative
(Table 2 and Figure 2). pRb-positive MCC tumors had relatively high levels of MCPyV
DNA (median 0.145 copy/cell); MCPyV DNA was detected at very low levels (n=8, median
0.001) or not detected (n=6) in the pRb-negative tumors. TdT expression was observed in 5
of 8 pRb-positive tumors but in none of the pRb negative tumors. MCPyV viral-abundance
was significantly associated with pRb and TdT expression (P<0.0001 and P=0.003,
respectively, by Kruskal-Wallis). Higher viral abundance, pRb-expressing tumors were
associated with higher CD44 expression (Wilcoxon P=0.02), absent CK7 expression
(P=0.05), and lower p53 expression (P=0.06). Viral copy number was not related to the
quantity (size) of tumor tissue in the DNA/PCR sample (Spearman R=—-0.20, P=0.24).
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Clinical associations

We investigated whether selected MCC clinical characteristics differed between the two
MCC subgroups (Table 4). The higher viral abundance, pRb-expressing subgroup tended to
be younger (P=0.07) but did not differ by sex (P=0.64). MCC primary site, cell type, and
presence of positive lymph nodes (either sentinel nodes or nodes in regional lymph node
dissections) also did not differ by subgroup. Distant metastases occurred in 22% of patients
with higher abundance, pRb-expressing tumors, compared to 43% of the other patients
(P=0.4). Corresponding median survival times were 86 months and 20 months, respectively
(Kaplan-Meier log-rank P=0.015). Adjusted for age, the relative hazard for death was 0.15
(95% confidence interval 0.02-1.24, P=0.08) with higher abundance, pRb-expressing
tumors.

These data confirm that MCPyV is associated with most, but probably not obligatory for,
MCC (1-6). Like others (1-5), we found that 24% of MCC had no detectable MCPyV
DNA. An additional 40% had <1 viral copy/300 cells. Did MCC tumors with no or low viral
abundance lose the MCPyV genome, as would occur with “hit and run” carcinogenesis? We
think not, because such loss would result in uniform distribution of viral abundance, whereas
our samples had either >1 viral copy per 16 cells or <1 viral copy per 300 cells. One should
also consider whether the viral abundance in the higher category (0.06 — 1.2 viral copies per
cell) would be sufficient to contribute to neoplasia. The true number of infected cells in a
tumor cannot be determined with our methods. However, viral levels were highly
concordant in our blinded duplicates of metachronous and recurrent tumors, suggesting that
admixture by variable numbers of non-MCC cells in the tissue specimens played little role
in the observed variation in viral abundance. Malignant transformation certainly could arise
from clonal integration of the MCPyV genome and expression of its large T antigen in MCC
tumors, events for which there is good evidence (1,6). In addition, it is plausible that an
infected cell could contribute to transformation of uninfected neighboring cells by paracrine
mechanisms, as suggested for Kaposi sarcoma-associated herpes virus (19-22).

Finally, we could identify no differences in the clinical characteristics or protein expression
patterns between MCC with low-abundance virus and MCC with undetectable virus (Tables
2 and 4). This similarity was our rationale for considering these low/no virus MCC to be one
subgroup. It also suggests that MCPyV may be detected in bystander cells, in which case the
virus may be incidental to the malignancy.

Thus, our data support two virologically distinct MCC subgroups. Higher viral abundance is
characterized by immunohistochemical detection of pRb and TdT, as well as a tendency for
improved patient survival. MCC tumors with very low or undetectable levels of MCPyV
DNA lack detectable pRb and TdT expression, and they have a tendency for poorer survival.
These observations suggest that higher viral-abundance MCC may depend upon a pRb-
mediated oncogenic pathway. In contrast other MCC, with few or no detectable copies of
MCPyV, may depend on alternate oncogenic pathways such as p53. Future, larger studies
are needed to corroborate our findings and should also consider the effects of immune
deficiencies, ultraviolet radiation exposure (23,24), tumor stage, and therapeutic
interventions and responses.
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Figure 1.
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Distribution of MCPyV DNA level in virus positive MCC tumors. Copies of MCPyV DNA,

standardized to copies of a cellular gene (RNAse P) are plotted on a logarithmic scale.

Analytic sensitivity was 0.0005 viral copies/cell. Six MCC tumors were below this level and

are identified by an asterisk.
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Figure 2.
Illustrative examples of correlation between immunohistochemical expression of pRb and
p53 in MCC with high and low viral abundance.
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Table 1

Antibodies used for immunochemical detection of cell proteins.

Antibody to: Manufacturer™ | Dilution 1: Antigen
retrieval
method

B-cell CLL/lymphoma 2 (BCL-2) gene Dako 5 Dako TRS

Chromogranin Dako 200 Dako TRS

AE1/AE3 Dako 100 Dako TRS
CAM52 Becton 10 Dako TRS
Dickinson
Cytokeratin CK20 Dako 250 Dako TRS
CK7 Dako 150 Dako TRS
MAK 6 Zymed 2 Dako TRS
Epithelial membrane antigen (EMA) Dako 200 Dako TRS
CD99 013 Signet 300 Dako TRS
CD99-mic2 Dako 200 Dako TRS
Glycoprotein
BER EP4 Dako 400 Dako TRS
CD44 Dako 10 Dako TRS

Neuron cell adhesion molecule Novocastra 50 Dako TRS

(NCAM) CD56

Neuron-specific enolase (NSE) Dako 200 Dako TRS

Proliferation protein Ki-67 (MIB1) Dako 150 Dako TRS

Cell cycle p21wafl/cipl Dako 50 Dako pH 9.0

proteins p27kipl Dako 50 Dako TRS

Retinoblastoma protein (pRb) Novocastra 25 Dako TRS

Synaptophysin Dako 150 Dako TRS

Terminal Deoxynucleotidyl Transferase Dako 25 Dako TRS

(TdT)

Thyroid transcription factor-1 (TTF-1) Dako 40 Dako TRS

Tumor suppressor gene p53 Dako 50 Dako TRS

Page 10

*
Dako, Carpinteria, CA USA; Becton Dickinson, San Jose, California, USA; Zymed Laboratories, San Francisco, USA.; Signet, Emeryville,

California, USA. and Novocastra, Newcastle upon Tyne, UK..
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Concordance of viral copy number in same patients

Patient | Identifier | MCPyV DNAviral | Tissue
copies/cell

1 0.0005

A hand
2 0.00025
6 0.34

B eyelid
7 0.33
27 0.9

C forearm
28 1
31 0.07

D 32 0.08 arm
33 0.07
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