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A B S T R A C T

In small cell lung cancer (SCLC), hypermethylation of the tumour suppressor Ras associa-

tion domain family 1A (RASSF1A) is frequent. It is associated with SV40 polyomaviral infec-

tion in other tumours. Merkel cell polyomavirus (MCPyV) infection has been reported in

Merkel cell carcinoma (MCC), a neuroendocrine carcinoma with biological similarity to

SCLC. In our study, we investigated polyomavirus infection (SV40 and MCPyV) and pro-

moter hypermethylation of the tumour suppressors RASSF1A and p16 in 18 SCLCs (14

primaries and 4 regional lymph node metastases) and 18 blood control samples. MCPyV

was found in 39% (7 of 18) of the tumour tissues but not observed in controls. SV40 was

not observed in the tumour tissue. RASSF1A promoter hypermethylation (94%; 17 of 18)

was more frequent compared to p16 methylation (56%, 10 of 18). We found no significant

correlation between RASSF1A or p16 promoter hypermethylation and infection with the

investigated polyoma viruses. Our results show a high frequency of hypermethylation of

the RASSF1A promoter and occurrence of MCPyV infection in the tumour tissue of SCLC.

These events may contribute to the pathogenesis of SCLC.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction of the chromosomal region 3p21.3 is the most frequently de-
Lung cancer is one of the most frequent malignant neoplasms

in humans. This group of pathologically different cancer

types caused 7.9 million deaths worldwide in 2007. Small cell

lung cancer (SCLC) accounts for approximately 15% of all lung

cancer cases.1 Approximately 40% of those cases are diag-

nosed in patients older than 70 years. This proportion contin-

ues to rise in contrast to the continued decline in the

incidence of SCLC among the general population.2 SCLC orig-

inates from neuroendocrine cells of the lung. Distinct genetic

and epigenetic aberrations have been reported in SCLC. Loss
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tected LOH in SCLC.3 In the chromosomal segment, we iso-

lated a novel tumour suppressor gene termed Ras

association domain family 1A (RASSF1A). Promoter hyperme-

thylation of RASSF1A occurs frequently in lung cancer and is

frequently found in SCLC.4 Hypermethylation of the RASSF1A

promoter is associated with infection of the rhesus monkey

polyomavirus SV40 in malignant mesothelioma, prostate can-

cer and breast cancer.5–7

Another highly aggressive neuroendocrine cancer with

high mortality is Merkel cell carcinoma (MCC). Interestingly,

MCC shows genetic alterations similar to those in SCLC.8–10
.
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Recently, a novel Merkel cell polyomavirus (MCPyV) was iden-

tified in MCC.11–14 The presence of MCPyV in other neuroen-

docrine cancers has not been investigated.

To reveal the causality of viral infection and tumour sup-

pressor gene inactivation in SCLC, we investigated the hyper-

methylation of RASSF1A and p16 and viral infection of SV40

and MCPyV in SCLC and controls. Our study demonstrates

frequent hypermethylation of RASSF1A tumour suppressor

and presence of MCPyV in SCLC.

2. Material and methods

2.1. Material

SCLCs were retrospectively sampled from the tissue bank of

the National Centre for Tumour Diseases (NCT) Heidelberg.

The protocol was approved by the local Ethics Committee of

the University of Heidelberg. All patients gave informed con-

sent for the work. We investigated 18 samples of 18 tumours

(14 primary SCLC, 4 regional lymph node metastases from 18

patients (details Table 1). Eighteen blood control samples were

obtained from random donors from the outpatient prophylac-

tic skin check programme of the Department of Dermatology

(median age 64.9 years, 11 men, 7 women). Exclusion criteria

were inflammatory skin disorders, known general inflamma-

tory or auto-immune diseases, known other severe general

diseases and any malignancies (current or in history). Diagno-

sis of SCLC was established histologically according to World

Health Organisation WHO criteria.15 Additionally, expression

of tumour cell markers was investigated immunohistological-

ly: CD56 (17 of 18 investigated samples positive), neuron-spe-

cific enolase (15/16), synaptophysin (18/18), chromogranin (3/

11) and BerEP4 (4/5). A sufficient number of viable tumour

cells were guaranteed in each sample (54.9 ± 21.0%,

mean ± SD). Ki-67 expressing proliferative tumour cell frac-
Table 1 – Sample characteristics and results.

Sample characteristics

Sample Histological diagnosis P/LN TN

1 SCLC P pT1, pN

2 SCLC P pT2, pN

3 SCLC P pT2, pN

4 SCLC LN

5 SCLC LN

6 SCLC + SCC P pT2, pN

7 SCLC P pT1, pN

8 SCLC P pT3 pNx

9 SCLC P pT2, pN

10 SCLC LN

12 SCLC P pT2, pN

13 SCLC + SCC P pT2, pN

14 SCLC P pT2, pN

15 SCLC LN

16 SCLC P pT2, pN

17 SCLC P pT1, pN

18 SCLC P pT1, pN

19 SCLC P pT2, pN

SCLC, small cell lung cancer; SCLC + SCC, combined SCLC and squamo

methylated; 0, negative or unmethylated; MCPyV, Merkel cell polyomavi
tion was 78.8 ± 14.1%. Strictly corresponding successive sec-

tions of the paraffin-embedded material were used for

haematoxylin and eosin staining, immunostaining and DNA

isolation.

2.2. Antibodies

Monoclonal mouse anti-CD56, clone 123C3 (07-5603, Zymed,

San Francisco, CA), monoclonal mouse anti-human neuron-

specific enolase (M0873, Dako, Glostrup, Denmark), affinity

isolated polyclonal rabbit anti-synaptophysin (A0010, Dako),

monoclonal mouse anti-human chromogranin (M0869, Dako),

monoclonal mouse anti-human epithelial antigen BerEP4

(M0804, Dako), monoclonal mouse-anti Ki-67 and clone

MIB1 (M7240, Dako).

2.3. Immunostaining

Five-micrometre-paraffin sections were de-paraffinised

(graded ethanol series). Endogenous peroxidase was quenched

(0.3% H2O2 in methanol). Sections were microwaved (10 mM

citrate buffer, pH 6.0, 4 · 5 min, 600 W) and incubated for

30 min at room temperature either with anti-CD56 (1:200),

anti-neuron specific enolase (1:500), anti-synaptophysin

(1:100), anti-chromogranin (1:100), BerEP4 (1:200) or anti-Ki-67

(1:100). Further steps were performed with the Elite-ABC-Kit

(Vector, Burlingame, CA) and AEC substrate system (Dako) fol-

lowing manufacturer’s instructions. Sections were counter-

stained with 25% hemalaun (Merck, Darmstadt, Germany).

2.4. DNA isolation

The tissue specimen from paraffin-embedded tumours was

deparaffinised by xylene and ethanol treatment. After a pro-

teinase K restriction, DNA was isolated with a QIAamp DNA
Results

M MCPyV SV40 RASSF1A p16

2, pMx 0 0 + 0

0, pMx 0 0 + +

0,pMx 0 0 + +

+ 0 + 0

+ 0 + +

2, pMx 0 0 0 +

0, pMx + 0 + +

, pMx + 0 + 0

2, pMx 0 0 + 0

0 0 + 0

1, pMx + 0 + +

2, pMx 0 0 + 0

0, pMx 0 0 + +

+ 0 + 0

2, pMx 0 0 + +

0, pMx + 0 + 0

x, pMx 0 0 + +

0, pMx 0 0 + +

us cell carcinoma; P, primary; LN, lymph node filia; +, positive or

rus; RASSF1A, Ras association domain family 1A.
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extraction kit (Qiagen, Hilden, Germany). Concentrations of

DNA were determined by UV-photospectrometry (Gene Quant

Pro, Amersham Biosciences, New York).

2.5. Methylation analysis

Promoter methylation of the tumour suppressor genes RASS-

F1A and p16 was investigated by methylation-specific PCR

(MSP) with primers and conditions listed in Table 2.16 MSP

eliminates the false positive results inherent to previous

PCR-based approaches.17 Briefly, PCR was performed with

methylation-specific primers and unmethylation-specific

primers using 225 ng of the bisulphite-modified genomic

DNA as template for 40 or 38 cycles at 95 �C for 30 s, (TA see

Table 2) for 30 s in 25 ll containing 200 lmol dNTPs, 20 pmol

primers and 1 unit of Taq DNA polymerase (Invitek, Berlin,

Germany). Ten micro litres of the PCR product was analysed

on a 2% Tris–borate EDTA agarose gel. All visible PCR products

obtained by methylation-specific PCR amplification were clas-

sified as methylated samples.

2.6. Detection of viral DNA

PCR was performed with the Merkel cell polyomavirus and

SV40-specific primers (Table 2) using 250 ng of the genomic

DNA as template for 40 cycles at 95 �C for 30 s, 62 �C for 30 s

and 72 �C for 30 s in 25 ll containing 200 lmol dNTPs, 20 pmol

primers and 1 unit of Taq DNA polymerase (Invitek, Berlin,

Germany). Ten micro litres of PCR product was analysed in

a 2% Tris–borate EDTA agarose gel. Visible PCR products ob-

tained by virus-specific PCR amplification were classified as

polyomavirus-positive samples. The housekeeping gene GAP-

DH was utilised in parallel as control for DNA integrity (Table

2). For positive control, human Merkel cell carcinoma or a

plasmid harboring SV40 sequence (pTD1-1) was used in

MCPyV or SV40 studies, respectively.

3. Results

3.1. Presence of Merkel cell polyomavirus in SCLC

Recently, the presence of novel polyomavirus termed Merkel

cell polyoma virus (MCPyV) was reported in neuroendocrine

tumours of the skin.12 The frequency of MCPyV occurrence

in SCLC has been not determined and, therefore, we investi-

gated its frequency in 18 SCLC (14 primaries, 4 local lymph

node metastases) and in 18 blood control samples (Fig. 1
Table 2 – Primers and conditions for analyses.

Forward primer (5 0 to 3 0) Reverse

RASSF1A M: GTGTTAACGCGTTGCGTATC M: AACCCCGCG

U: TTTGGTTGGAGTGTGTTAATGTG U: CAAACCCCAC

p16 M: TTATTAGAGGGTGGGGCGGATCGC M: GACCCCGAA

U: TTATTAGAGGGTGGGGTGGATTGT U: CAACCCCAA

MCPyV S: ACTTGGGAAAGTTTTGACTGGTGGCAA AS: GGGCCTCGT

SV40 S: CAGTTGCATCCCAGAAGCCTCCAA AS: TCTTGAAAG

GAPDH S: TGATGCCCCCATGTTCGTCAT AS: GACCTTGGC

M: methylation-specific primer; U: unmethylation-specific primer; S: sen
and Table 1). Visible PCR products obtained by MCPyV-specific

PCR amplification were classified as Merkel cell polyomavi-

rus-positive samples (Fig. 1). The integrity of DNA was con-

trolled by amplification of a genomic region of GAPDH

(Fig. 1). We found MCPyV occurrence in 7 of 18 (39%) of the tu-

mour tissues (Fig. 1, Table 1). Control samples were not posi-

tive (p < 0.001, Fisher’s exact test). SV40 was not detected in all

SCLCs and blood controls (Table 1). Our results show presence

of MCPyV in primary SCLC, but not in blood controls.

3.2. Frequent hypermethylation of RASSF1A and p16 in
SCLC

It has been observed that polyomavirus infection (e.g. SV40)

and promoter hypermethylation of RASSF1A correlate in dif-

ferent cancer entities.5–7 Therefore, we investigated the meth-

ylation status of CpG island promoter of RASSF1A in 14

primary SCLCs, 4 local lymph node metastases and blood con-

trols by methylation-specific PCR (Fig. 2 and Table 1). Interest-

ingly, we observed frequent hypermethylation of the RASSF1A

promoter in 17 of 18 (94%) of the investigated tumour tissues

(controls without hypermethylation; p < 0.001, Fisher’s exact

test). Methylation of p16 was less frequent and detected in

10 of 18 (56%) of the tumour tissue and in 2 of 18 (11%) blood

controls (p = 0.001). No correlation was observed between pro-

moter hypermethylation (RASSF1A or p16) and MCPyV pres-

ence (rs = )0.316, p = 0.20, n = 18 or rs = )0.149, p = 0.55,

n = 18, respectively, Spearmańs rank correlation).

4. Discussion

In our study, we investigated the occurrence of MCPyV in

small cell lung cancer. Recently, Feng and colleagues demon-

strated the presence of MCPyV in Merkel cell carcinoma

(MCC).12 Similar to SCLC, MCC is a very aggressive neuroendo-

crine cancer with high mortality. Interestingly, MCC shows

genetic alterations comparable to SCLC.8–10 Our study is the

first to report the presence of MCPyV in SCLC. Occurrence of

MCPyV in SCLC is less frequent compared to that of MCC. It

has been reported that an MCPyV infection is present in 77–

85% of MCCs.11,12,14 However, it has also been shown that

MCPyV is less frequently present in Australian MCCs (24%).13

Our findings might suggest that MCPyV also plays a role in

tumourigenesis of SCLC. Nevertheless, further validation is

needed before the role of MCPyV in SCLC genesis can be dif-

ferentiated from an infection without pathogenetical

significance.
primer (5 0 to 3 0) TA in �C Cycles Product size (bp)

AACTAAAAACGA 60 40 93

AAACTAAAAACAA 60 40 105

CCGCGACCGTAA 65 40 150

ACCACAACCATAA 60 40 151

CAACCTAGATGGGAAAG 63 40 195

GAGTGCCTGGGGGAA 63 34 191

CAGGGGTGCTA 59 34 204

se primer; AS: antisense primer; TA: annealing temperature.
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Fig. 1 – Merkel cell polyomavirus (MCPyV) specific PCR. (A) Part of the map of MCPyV genome and location of primers MCPyVS

(sense) and MCPyVAS (antisense). (B) DNA extracted from small cell lung cancer (SCLC) was amplified by PCR together with a

water control (H2O). PCR products (195 bp) were analysed in a 2% Tris–borate EDTA agarose gel together with a 100 bp ladder

(Marker). Integrity of DNA was confirmed by amplification of GAPDH (204 bp). (C) DNA isolated from blood controls (B) and a

Merkel cell carcinoma (con.) were analysed by PCR for MCPyV and GAPDH.
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Fig. 2 – Methylation analysis of RASSF1A and p16. DNA isolated from small cell lung cancer (SCLC) and in vitro methylated DNA

(met.) were treated with bisulphite and amplified by methylation-specific PCR. Methylation (m)- and unmethylation (u)-

specific PCR products of RASSF1A (93 bp and 105 bp, respectively) and p16 (150 bp and 151 bp, respectively) were resolved on a

2% TBE gel together with a negative control (H2O) and a 100 bp ladder (M).
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RASSF1A is a prominent epigenetically tumour suppressor

gene and it regulates apoptosis, microtubule stability and cell

cycle.18–20 RASSF1A inactivation was previously reported in
SCLC.4,21,22 Here we confirmed this finding and found a meth-

ylated RASSF1A promoter in 94% of SCLCs. It has been sug-

gested that RASSF1A methylation is a promising biomarker
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for lung cancer diagnosis.23,24 It has been reported that infec-

tion with SV40 is associated with hypermethylation of RASS-

F1A in malignant mesothelioma, prostate cancer and breast

cancer.5–7 However, no SV40 infection was observed in SCLC

and the presence of MCPyV and RASSF1A hypermethylation

did not correlate. This suggests that RASSF1A silencing is

not necessarily due to MCPyV infection in SCLC. It has been

reported that RASSF1A hypermethylation is associated with

aberrant expression of an isoform of DNMT3B in lung can-

cer.25 Another tumour suppressor gene inactivated in SCLC

is the cell cycle inhibitor p16.22 We found frequent inactiva-

tion of p16 in 56% of SCLC, but also in 11% of blood controls.

In summary, we report on frequent hypermethylation of

RASSF1A and detection of MCPyV in SCLC. To our knowledge,

this is the first study that analysed MCPyV infection in SCLC.

Our data indicate that Merkel cell polyomavirus infection may

contribute to the pathogenesis of SCLC.
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