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Abstract Human papillomavirus (HPV) infection is a
necessary cause of cervical neoplasia. Concomitant infection with other infectious agents has been demonstrated to
be a cofactor for HPV-related cervical carcinogenesis. The
present investigation aimed to determine the prevalence of
HPV and Merkel cell polyomavirus (MCPyV) infections
and to evaluate the role of MCPyV as a co-factor for HPVrelated cervical carcinogenesis in Iranian women. From
2011 to 2013, a total of 112 cervical samples were examined. Forty-five samples (40.2 %) were positive for HPV.
MCPyV was found in 37 samples (33 %). Both HPV and
MCPyV were present in 14 samples (12.5 %). MCPyV was
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seen in 30 % of squamous cell carcinomas, 37.5 % of
adenocarcinomas, and 16.7 % of undifferentiated carcinomas. The MCPyV large T antigen (LT-Ag) DNA load was
determined as the viral copy number per cell. The median
MCPyV LT-Ag copy number in positive women was
0.049 9 10-3 per cell (range 0.0006 9 10-3-4.558 9
10-3 copies per cell). In comparison with other types of
cervical cancer, the MCPyV LT-Ag load was higher in
adenocarcinomas (0.1024 9 10-3 copies per cell). A logistic regression model adjusted to HPV positivity and age
revealed no statistically significant association between
MCPyV infection and cervical cancer (OR, 1.12; 95 % CI,
0.07-16.83). More studies should be conducted to clarify
the role of MCPyV in cervical carcinogenesis.

Introduction
Worldwide, cervical cancer is the third most common
malignancy and the fourth leading cause of cancer death in
women [1]. It is well established that persistent infection
with human papillomavirus (HPV) is a necessary cause of
cervical cancer [2, 3]. Over 120 different HPV types now
have been identified [4]. Nearly 15 high-risk types (16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 73) are
carcinogenic and are associated with the development of
cervical cancer [5, 6]. Epidemiological studies have indicated that oncogenic HPV-16 and HPV-18 are responsible
for nearly 70 % of cervical cancers worldwide [7, 8].
However, the vast majority of infections are transient, and
only a small fraction of infected women progress to cervical intraepithelial neoplasia (CIN), which may develop
into cervical cancer. This fact indicates that there must be
additional poorly understood viral, host or environmental
cofactors affecting HPV carcinogenesis. Concomitant

123
Downloaded from http://www.elearnica.ir

M. Salehi-Vaziri et al.

infections with other infectious agents have been reported
in several studies as a cofactor in the development of
cervical cancer [9, 10].
Merkel cell polyomavirus (MCPyV) belongs to family
Polyomaviridae and is the only human polyomavirus for
which a strong correlation with a human cancer, Merkel
cell carcinoma (MCC), has been demonstrated [11]. The
MCPyV large T antigen (LT-Ag) can bind tumor suppressor protein pRb, a key regulator of cell cycle progression and is a potential oncogene. Moreover, truncation
mutations in the viral LT-Ag gene result in replication
incompetence and tumorigenesis [12]. Merkel cell polyomavirus T antigen expression induces anchorage- and
contact-independent growth in rodent cell lines and serumindependent growth of human cell lines [13].
MCPyV commonly infects the human population, and the
virus has been detected at several anatomical sites including
the skin [14], respiratory tract secretions [15], saliva [16],
oral and anogenital mucosa [17, 18], and the cervix [19].
Since MCPyV is a tumor virus and can infect cervical
tissue, we hypothesize that MCPyV may act as a cofactor
for high-risk HPV to enhance cellular malignant transformation and development of cervical cancer. To examine
our hypothesis, a pilot study was performed to determine
the prevalence of HPV and MCPyV infections and to
evaluate the association between MCPyV and development
of cervical cancer in Iranian women with different stages of
cervical disease.

Materials and methods
Clinical samples
In this cross-sectional study, a total of 112 cervical tissue
biopsies were retrieved from women presenting with histologically confirmed cervical abnormality between 2011
and 2013 to the Cancer institute of Imam Hospital Complex affiliated to Tehran University of Medical Sciences.
Except for one patient with human immunodeficiency virus
type 1 (HIV-1) infection, all of the participants were immunocompetent. All experiments were performed according to the relevant laws and guidelines in accordance with
the ethical standards of the Declaration of Helsinki. This
study was approved by the Ethical Committee of Tehran
University of Medical Sciences, and written informed
consent was taken from all participants.
DNA extraction
Cervical biopsies were collected in 0.1 M PBS solution.
DNA was isolated from the samples using a QIAamp DNA
Mini Kit (QIAGEN, Hilden, Germany) according to the
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manufacturer’s instructions. The quantity and quantity of
the extracted DNA was estimated using a NanoDrop
spectrophotometer (Thermo Scientific, Wilmington, USA)
at the end of the extraction process.
HPV detection and typing
HPV detection and typing were carried out using the reverse-hybridization-based INNO-LiPA HPV Genotyping
Extra assay (Innogenetics NV, Ghent, Belgium) according
to the manufacturer’s instructions. This assay can identify
28 different types of HPV: HPV types 16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, 68, 73 and 82 as high-risk types,
HPV types 26, 53 and 66 as probable high-risk types, HPV
types 6, 11, 40, 43, 44, 54 and 70 as low-risk types, and
HPV types 69, 71 and 74 as unknown-risk types [5]. CaSki
cell line DNA extract was used as a positive control for
HPV testing.
Cloning of human RNase P and Merkel cell
polyomavirus large T antigen amplicons
A 65-bp fragment of the human RNase P gene (RPP30)
was amplified from whole-blood genomic DNA by PCR as
described previously [20]. A 309-bp fragment of MCPyV
LT-Ag (571-879) was amplified from MCC tumor genomic
DNA by PCR as described by Feng et al. [11]. To construct
the plasmids pRNase P and pMCPyV LT-Ag, both human
RNase P and MCPyV LT-Ag amplicons were TA-cloned
into pTZ57R/T PCR cloning vector (InsTAcloneTM PCR
Cloning Kit, Fermentas, MD, USA) according to the
manufacturer’s instructions. To confirm the accuracy of the
cloning process, plasmids were sent to Bioneer Corporation
(Daedeok-gu, Daejeon, South Korea) for sequencing. Purified plasmids were used to generate standard curves in the
real-time PCR assay for the quantification of human RNase
P and MCPyV LT-Ag amplicons.
Quantitative real-time polymerase chain reaction
Quantitative real-time PCR was conducted using a RotorGeneÒ Q real-time PCR system (QIAGEN GmbH, Hilden,
Germany) with the primer sets and TaqMan probe specified for the human RNase P gene and MCPyV LT-Ag
gene [19, 21]. Real-time PCR was performed in a 25-ll
reaction mixture containing 500 ng of extracted DNA,
12.5 ll of Maxima Probe qPCR Master Mix (Fermentas,
Glen Burnie, MD, USA), 0.3 lM each primer and 0.2 lM
dual-labeled probe. Genomic DNA extracted from an
MCC tumor was used as a positive control. To make
standard curves, real-time PCR was conducted on a tenfold dilution series of each purified plasmid (pMCPyV
LT-Ag and pRNase P) ranging from 2 9 101 to 2 9 106
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copies/ll. Viral gene copy numbers per cell were computed by dividing the virus copy number by half of the
RNase P copy number, since each diploid cell has two
copies of RNase P gene [22]. To exclude the possibility of
contamination and false positive results, a number of
control specimens, including whole blood and serum from
healthy subjects, in which the presence of MCPyV was not
suspected, were analyzed.
Real-time reverse transcription PCR
Total cellular RNA was extracted from MCPyV-positive
cervical samples using TRIzol Reagent (Invitrogen, USA)
according to manufacturer’s instructions. The presence of
MCPyV LT-Ag transcripts was investigated by using
qualitative real-time reverse transcription PCR (real-time
RT-PCR). Real-time RT-PCR was performed using a Rotor-GeneÒ Q Real Time PCR System (QIAGEN GmbH,
Hilden, Germany) with the primer sets specified for the
MCPyV LT-Ag transcripts as described previously [23].
Each reaction consisted of 100 ng of total RNA, 12.5 ll of
One Step SYBRÒ PrimeScriptTM RT-PCR Buffer (Takara
Bio, Shiga, Japan), 1 ll of PrimeScript 1 Step Enzyme Mix
2 (Takara Bio, Shiga, Japan), and 10 lM each primer in a
25-ll total reaction volume. Total RNA extracted from an
MCC tumor was used as a positive control. To confirm
amplification specificity, melting curve analysis was
performed.
Statistical analysis
The chi-square test was used to compare the distribution
of HPV and MCPyV infections according to stage of
cervical disease. A binary logistic regression model was
applied to investigate the relationship between viral infection and the stage of cervical disease. The median
MCPyV DNA loads in different cervical lesion grades and
various types of cervical cancer were compared with
Kruskal-Wallis test. Stata software, version 12 (Stata
Corp, College Station, TX, USA) was used for data analysis. Two sided p-values B0.05 were considered statistically significant.

Results
Among the 112 enrolled patients (mean age, 44.8 ± 13.5
years; range, 18-75 years), 30 (26.8 %) had CIN-1, 42
(37.5 %) had CIN-2/3, and 40 (35.7 %) had cervical cancer. Out of 40 patients with cervical cancer, 20 (50 %) had
squamous cell carcinoma (SCC), 8 (20 %) had adenocarcinoma (AC) and 12 (30 %) had undifferentiated
carcinoma.

The results from HPV detection and genotyping revealed the presence of HPV infection in a total of 45
(40.2 %) out of the 112 tested samples, of which 39
(86.7 %) were infected with a single HPV type and six
(13.3 %) were infected with two or more HPV types
(multiple-type infection).
A total of 14 different HPV genotypes were identified,
including 10 high-risk types, two probable high-risk types,
and two low-risk types. Out of 45 HPV-positive patients,
40 (88.9 %) were infected with high-risk types, of which
31 (77.5 %) and 5 (12.5 %) had HPV-16 and HPV-18,
respectively. The less common high-risk types included
HPV-39 (in 3 patients, 7.5 %) and HPV-31, HPV-45, HPV51, HPV-56, HPV-58, HPV-68, and HPV-82 (each of them
in one patient, 2.5 %).
In the current study, cervical biopsies were examined for
the presence of the MCPyV LT-Ag sequence using quantitative real-time PCR. Of the 112 samples tested, the
MCPyV LT-Ag sequence was found in 37 (33 %). To rule
out the possibility of contamination and false positive results, a number of control specimens were investigated for
MCPyV infection, and all MCPyV-positive samples were
analyzed for MCPyV LT-Ag transcripts. All of the control
samples tested negative for the MCPyV LT-Ag DNA sequence, and MCPyV LT-Ag transcripts were detected in all
of the samples that were positive for MCPyV LT-Ag DNA.
Table 1 shows the frequency of HPV and MCPyV infection according to the stage of cervical disease. The
frequency of HPV infection and increased with high-risk
types infection with the severity of cervical lesions
(p \ 0.001 and p = 0.011, respectively). However, no
significant difference was found between MCPyV positivity and the grade of cervical lesions (p = 0.230). Concomitant infection with HPV and MCPyV was seen in 14
cases (12.5 %). There was no significant association between concomitant infection with HPV and MCPyV, and
the grade of cervical lesions (p = 0.202).
Regarding the type of cervical cancer, MCPyV LT-Ag
was quantified in 30 % (6/20) of squamous cell carcinoma,
37.5 % (3/8) of adenocarcinoma, and 16.7 % (2/12) of
undifferentiated carcinoma. However, this difference was
not statistically significant (p = 0.557)
As shown in Table 2, the frequency of MCPyV infection
was slightly higher in HPV-negative (34.3 %) than in
HPV-positive women (31.1 %), but this difference was not
statistically significant (OR, 0.88; 95 % CI, 0.38-2.02;
p = 0.723). Similarly, MCPyV positivity was not significantly associated with high- and low-risk HPV types or
single-type or multiple-type HPV infections (Table 2).
Table 3 shows the relationship between cervical disease
stage, HPV and MCPyV infection. The odds of HPV
positivity were notably higher in high-grade lesions (CIN2/3) and cervical cancers when compared to low-grade
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Table 1 Prevalence of HPV and MCPyV infections stratified by grade of cervical lesion
Cervical lesion

Total

Number HPV positive (%)

Number positive for HPV high-risk types (%)

Number MCPyV positive (%)

CIN-1

30

3 (10 %)

3 (10 %)

8 (26.7 %)

CIN-2/3

42

21 (50 %)

18 (42.9 %)

18 (42.9 %)

CC

40

21 (52.5 %)

18 (45 %)

11 (27.5 %)

\0.001

0.004

0.230

P-value

Table 2 Association between MCPyV and HPV infections in cervical samples
Total cases (N = 112)
N (%)
HPV infection
HPV risk category

ORa (95 % CI)

P-value

0.88 (0.38-2.02)

0.723

HPV-

67 (59.8)

23 (34.3 %)

HPV?

45 (40.2 %)

14 (31.1 %)

High-risk types

39 (34.8 %)

11 (28.2 %)

0.75 (0.31-1.87)

0.516

Low-risk types

6 (5.4 %)

3 (50 %)

2.12 (0.38-11.56)

0.385

39 (34.8 %)

11 (28.2 %)

0.79 (0.33-1.89)

0.606

6 (5.4 %)

3 (50 %)

1.75 (0.32-9.48)

0.515

Single-type infection
Multiple-type infection
a

MCPyV-positive cases (N = 37)
N (%)

Odds Ratio adjusted for age

lesions (CIN-1) (age-adjusted OR [ 9), and odds ratios of
HPV infection increased with increasing cervical lesion
grade.
Although MCPyV infection was positively associated
with CIN-2/3 and cervical cancer, this association was not
statistically significant (Table 3). To evaluate the effect of
MCPyV infection in HPV-positive cases, a logistic regression model was adjusted to HPV positivity as well as
age. Among HPV positive women MCPyV infection was
positively associated only with cervical cancer; although
this association was not statistically significant (OR, 1.12;
95 % CI, 0.07-16.83).
The MCPyV LT-Ag load was determined as the viral
copy number per cell using a proven single-copy gene,
RNase P. The amplification of this cellular gene also could
be a marker for the presence of adequate amplifiable DNA.
The median MCPyV LT-Ag copy number in positive
women was 0.049 9 10-3 per cell (range, 0.0006 9
10-3-4.558 9 10-3 copies per cell). In MCPyV-positive
cases, the median MCPyV copy number was higher in the

patients with CIN-1 (0.0579 9 10-3 copies per cell) and
cervical cancer (0.578 9 10-3 copies per cell) compared to
CIN-2/3 (0.0236 9 10-3 copies per cell); however, this
difference was not statistically significant (p = 0.468)
(Fig. 1A).
With respect to the type of cancer, the median MCPyV
LT-Ag copy number was higher in ACs (0.1024 9 10-3
copies per cell) in comparison with SCCs (0.0617 9 10-3
copies per cell) and undifferentiated carcinomas
(0.03055 9 10-3 copies per cell); however, this difference
was not statistically significant (p = 0.325) (Fig. 1B).

Discussion
Despite the fact that HPV infection is the main factor
leading to cervical cancer, the presence of HPV infection
alone is unlikely to be enough for cervical cancer development, and other infections may elevate the risk of cervical carcinogenesis, together with HPV infection [9, 10].

Table 3 HPV and MCPyV as risk factors for cervical disease among women in Iran
HPV ORa (95 % CI)

MCPyV OR (95 % CI)
All women, ORa

HPV DNA-positive women, ORb
1

CIN-1

1

1

CIN-2/3

9.09 (2.33-35.39)

1.76 (0.62-4.98)

0.86 (0.06-12.08)

Cervical cancer

9.80 (2.47-38.95)

1.40 (0.44-4.41)

1.12 (0.07-16.83)

a

Odds Ratio adjusted for age

b

Odds Ratio adjusted for HPV positivity and age
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Fig. 1 Median MCPyV DNA
load according to cervical lesion
grade (A), and type of cervical
cancer (B). The P-value was
determined by the KruskalWallis test

In the current investigation, a total of 112 cervical samples
with different grades of cervical disease were examined for
HPV and MCPyV infections.
The route of MCPyV transmission remains to be determined. However, considering that MCPyV has been
detected in anogenital mucosa [17, 18] and cervical tissue
[19], it is conceivable that this virus might be transmitted
during sexual activity. In addition, the MCPyV LT-Ag is
considered to be an oncoprotein that is responsible for
MCPyV-related oncogenesis [12, 24–26]. Therefore, expression of the MCPyV LT-Ag in cervical cells infected
with high-risk HPVs could be a cofactor with oncogenic
HPVs for initiation and/or progression of cervical cancer.
Importantly, the cervix is a frequent site of neuroendocrine
carcinomas, which are histologically similar to MCCs.
The frequency of HPV infection was 45.4 %. In total, 14
different HPV types, including 10 high-risk, two probable
high-risk and two low-risk types, were identified. In accordance with previous reports, the most commonly detected type was HPV-16 [27–29]. As expected, there was a
significant correlation between the severity of cervical
disease and HPV infection as well as infection with highrisk types.
In the present study, MCPyV infection was detected in
all stages of cervical disease. In addition, MCPyV was
found in women with or without HPV infection. The results
suggest that MCPyV has no role as a cofactor in HPVrelated cervical carcinogenesis; however, a role of MCPyV
in cervical disease pathogenesis cannot be completely ruled
out due to the fact that MCPyV is an oncogenic virus and
persistent infection with this virus may lead to cell
transformation.
The presence of MCPyV in cutaneous SCCs has been
confirmed in several previous studies from distinct geographic regions: The frequency of MCPyV was reported to
be 13 % among Japanese patients [30], 25 % in German

patients [31], and 13-15 % in North American patients [32,
33]. In the present study, the frequency of MCPyV in
cervical SCCs was 30 %, a rate that is higher than in
previous reports about cutaneous SCCs. In addition, Imajoh
et al. showed that 18.75 % of cervical SCCs and 25 % of
cervical ACs were positive for MCPyV [19]. In this study,
in accordance with Imajoh et al., MCPyV was detected in
both SCCs (30 %) and ACs (37.5 %), with higher prevalence in our study.
In this work, the MCPyV LT-Ag oncogene was quantified as copies per cell, which is more valuable when determining viral loads in tumors than determining copies per
microliter [22]. The existence of more than one DNA copy
per tumor cell, which is generally seen in MCCs, suggests a
carcinogenic process and tumor-viral clonality [34]. In a
good agreement with Imajoh et al. [19], low copy numbers
of MCPyV LT-Ag per cell were found in cervical cancer
tissues, suggesting that there was no direct association with
MCPyV in cervical carcinogenesis. Low copy numbers of
MCPyV LT-Ag may be the reason for persistence of
MCPyV as a passenger virus in the cervical tissues without
obvious pathological outcome, and a role of MCPyV in
tumor initiation is possible through a ‘‘hit and run’’ strategy
[19].
The results of this study should be interpreted cautiously, since there were no matching normal cervical tissues as controls, and further investigations with a casecontrol or cohort design may shed more light on the role of
MCPyV in the pathogenesis of cervical disease.
In conclusion, this study investigated the role of MCPyV
infection in HPV-related cervical carcinogenesis among
Iranian women. The current investigation suggests that
MCPyV can infect cervical tissues at a low viral copy
number, either alone or together with HPV. More worldwide epidemiological investigations should be done to
ascertain the role of MCPyV in cervical carcinogenesis.
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