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Abstract

Background: The role of human papillomavirus (HPV) in prostate cancer is unclear. The aim of this study was to investigate the
relationship between HPV and prostate cancer.
Methods: In this case - control study, 133 paraffin embedded and formalin fixed prostate tissues were collected from the archive of
pathology laboratory, Tohid Hospital, Sanandaj, Iran. A total of 58 tissues with malignant tumors (cases) and 75 tissues with benign
prostatic hyperplasia (controls) were selected. Sections with thickness of 7 µm to 10µm were prepared by sterile microtome blade.
Sections were deparaffinized, deoxyribonucleic acid (DNA) was extracted, and stored at - 20 °C. To detect HPV infection, PCR test
was conducted on all samples, using HPV general primers. Also, to detect high - risk HPV genotypes, PCR test was performed, using
genotype specific primers. Genotypes of HPV positive samples were confirmed by sequencing.
Results: In the polymerase chain reaction (PCR) test using HPV general primers, 3 (2.3%) of the 133 samples were positive. Using
genotype specific primers, HPV - 18 was positive in 2 (3.4%) of 58 cases and 1 (1.3%) of the 75 controls. The difference of HPV infection
between 2 groups was not significant (P = 0.41). Other high - risk genotypes, HPV - 16, HPV - 31, and HPV - 33 were not found in both
groups.
Conclusions: The findings of this study do not support the role of HPV in prostate cancer. So, there may be other factors involved
in carcinogenesis of the prostate cancer in our population. It is necessary to confirm this result by different detection methods and
in other populations.
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1. Background

Prostate cancer is the most common malignancy in
men worldwide. The incidence rates of prostate cancer
have increased in Asian countries during the last decades
(1). Therefore, the epidemiological and biological study of
the etiology of prostate cancer is essential. Multiple etiolo-
gies have been hypothesized for the cause of prostate can-
cer, including genetic defects, infectious agents, and asso-
ciated inflammation (2).

Human papillomavirus (HPV) infection is reported as a
risk factor of prostate cancer. HPV is a member of viral fam-
ily,papillomaviridae, containing double stranded and circu-
lar deoxyribonucleic acid (DNA). Oncogenesis of HPV in hu-
man tissue has been proven. Its oncogenicity is due to per-
sistent infection with the expression of 2 viral early pro-
teins, E6 and E7, inhibiting cellular tumor suppressor pro-
teins such as Rb, and p53 (3).

HPV is commonly transmitted by sexual activity. High-

risk or more carcinogenic types, such as HPV - 16 and 18
have been proved to be a cause of cervical cancer in women
(4,5). Also, studies have suggested a possible link between
HPV infection and other cancers in women, such as vulva,
vagina, and breast cancers (5).

In addition, HPV infection has also been shown to be as-
sociated with the risk of cancers in anogenital and urinary
sites of men such as anus, penis, and bladder. Several epi-
demiologic and molecular methods detected HPV in ma-
lignant, benign, or normal prostate tissues (5).

The association of HPV infections with prostate cancer
was reported by a meta-analysis of 46 tissue - based stud-
ies, including 4919 prostate cancer cases worldwide. The
overall prevalence of HPV infection was 18.93% in prostate
cancer cases, and most of which were high - risk HPV types.
The prevalence varied by region, PCR primers used, publi-
cation period, and Gleason score (5).

Pooled data of epidemiological studies in Iran sug-
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gested that the prevalence of HPV was 10.4% in prostate
cancers and 3.8% in benign prostatic hyperplasia (BPH), re-
spectively. HPV - 16 and 18 genotypes were almost equal in
prostate cancers and BPHs (6).

In a study, immunohistochemical (IHC) staining was
performed in 30 prostate adenocarcinoma and 90 BPH tis-
sue blocks in Isfahan, Iran. HPV infection was positive in
10% (3/30) of cases with adenocarcinoma and 1.1% (1/90) of
BPH (3).

The prevalence of high - risk HPV types in prostate can-
cer has not been reported in Kurdistan province until now.
Furthermore, the role of HPV in prostate cancer is unclear
and controversial. Therefore, the aim of this study was
to investigate the relationship between human papillo-
mavirus and prostate cancer.

2. Methods

2.1. Study Population and Specimens

In this case - control study, we found only 58 formalin
fixed and paraffin embedded (FFPE) prostate samples with
malignant tumors (cases); also, we selected 75 samples
with benign prostatic hyperplasia (controls). Therefore,
samples of FFPE prostate tissue blocks were collected from
archive of pathology laboratory, Tohid Hospital, Sanandaj,
Iran, during 2010 to 2012. Prostate tissues had been taken
due to prostate problems from patients referring to Sanan-
daj hospitals. Adequate tumor tissues without necrosis
and hemorrhage were the inclusion criteria of the samples
to this study. Sections with thickness of 7 µm to 10 µm
were prepared by sterile microtome blade. This study was
approved by Ethics Committee of Kurdistan University of
Medical Sciences (ethic code: MUK.REC.1393.124).

2.2. Tissue Deparaffinization

The sections were deparaffinized by xylol, using a kit
(GenetBio, Korea), according to manufacturer’s instruc-
tion. Briefly, prostate tissue sections were thrown into 1ml
xylol, incubated at 50 ºC to 60 ºC for 15 minutes. Then, su-
pernatant was separated by centrifugation at 13000 rpm,
repeated 3 times, and washed in 100%, 90%, 70%, 50%
ethanol for 5 minutes.

2.3. DNA Extraction

DNA was extracted, using PrimePrepTMgenomic DNA
extraction kit (GenetBio, Korea) from formalin fixed and
deparaffinated prostate tissue sections and stored at - 20 °C
until PCR testing. To verify the integrity of extracted DNA, a
PCR test for betaglobin gene was performed on all samples.

2.4. Molecular Detection of HPV and Beta - globin

For detection of betaglobin and HPV, PCR tests were
done in a total volume of 25 µL reaction mixture, includ-
ing 10 µL of PCR 2 × master mix (SinaClon, Iran), 1 µL for-
ward and reverse primers each, 5 µL DNA template, and 8
µL distilled water.

PCR amplification program for betaglobin was as: Ini-
tial denaturation at 94 ºC for 5 min; followed by 30 cycles
of denaturation at 94 ºC 40 s, annealing at 58 ºC 30 s, exten-
sion at 72 ºC, 50 s, and final extension at 72 ºC for 5 min.

To detect HPV infection, PCR test was conducted on all
samples, using HPV general primers (GP5+ and GP6+) for L1
region of HPV genome. Also, to detect high-risk HPV geno-
types, PCR tests were performed, using genotype specific
primers for E7 gene of HPV. The name and sequences of
primers as well as the length of PCR products are shown
in Table 1.

PCR amplification program for HPV infection using
general primers was as: Initial denaturation 94 ºC for 5
min; followed by 30 cycles of denaturation at 94 ºC 30 s,
annealing at 50 ºC 30 s, extension at 72 ºC 40 s, and final
extension at 72 ºC for 5 min.

PCR amplification program for HPV using genotype
specific primers was as: Initial denaturation 94 ºC for 5
min; followed by 30 cycles of denaturation at 94 ºC 30 s, an-
nealing at 58 ºC 30 s, extension at 72 ºC 40 s, and final exten-
sion at 72 ºC for 5 min.

Genomic DNA of HeLa cell line containing HPV - 18 se-
quence (NCBI Code: C552) was purchased from national
cell bank, Pasteur institute of Iran. In addition, the HPV
genotype specific DNAs (HPV - 16, 18, 31 and 33) were pre-
pared from the research institute of virology, Messiah
Daneshvari Hospital, Tehran, Iran. These DNAs were used
as positive control in PCR tests.

2.5. Sequencing

Genotypes of HPV positive samples were confirmed by
sequencing. The results of sequencing were compared
with the sequences stored in Gene Bank database, using
BLAST software.

2.6. Statistical Analysis

The data were entered into the SPSS software version
19 and were analyzed by Chi - square and Fisher statistical
tests. In all steps, P values less than 0.05 were considered
statistically significant.

3. Results

The age range in case group was 22 to 90 years (mean:
71.62) and in the control group 51 to 91 years (mean: 71.7), re-
spectively. The difference of the age between 2 groups was
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Table 1. Name and Sequences of Primers Used in PCR Tests, the Target Gene, and the Length of PCR Products in Base Pairs (Bp)

Primer Name Primer Sequence Target Length of PCR Product in Base
Pairs (bp)

Reference

PCO3 ACACAACTGTGTTCACTAGC
Human Betaglobin gene 110 bp (7)

PCO4 CAACTTCATCCACGTTCACC

GP5+ TTTGTTACTGTGGTAGATACTAC
HPV General (L1 gene) 150 bp (8)

GP6+ GAAAAATAAACTGTAAATCATATTC

F - 16 TTATGAGCAATTAAATGACAGCTCAG
HPV - 16 (E7 gene) 215 bp

(9)

R - 16 TGAGAACAGATGGGGCACACAAT

F - 18 GACCTTCTATGTCACGAGCAATTA
HPV - 18 (E7 gene) 236 bp

R - 18 TGCACACCACGGACACACAAAG

F - 31 AGCAATTACCCGACAGCTCAGAT
HPV - 31(E7 gene) 210 bp

R - 31 GTAGAACAGTTGGGGCACACGA

F - 33 ACTGACCTAYACTGCTATGAGCAA
HPV - 33 (E6 and E7 genes) 229 bp

R - 33 TGTGCACAGSTAGGGCACACAAT

not significant (P = 0.6). Using the Gleason system, 39.7% of
the study population had grade < 5, 25.4% grade 5 - 6, 14.26%
grade 7, and 20.64% high grade prostate adenocarcinoma.

Three (2.3%) of the 133 samples were positive for HPV in
the PCR test, using HPV general primers, 2 in case group,
and 1 in control group, respectively. Also, using genotype
specific primers, HPV - 18 was positive in 2 (3.4%) of 58 cases
and 1 (1.3%) of 75 controls. For detection of human papil-
lomavirus infection, representative agarose gel (2%) elec-
trophoresis of PCR products are shown in Figures 1 and 2.
DNA sequencing confirmed the HPV - 18 genotype in posi-
tive samples. The difference of HPV infection was not sig-
nificant between 2 groups (P = 0.41). Other high - risk geno-
types such as HPV - 16, HPV - 31, and HPV - 33 were not found
in both groups.

4. Discussion

In the present study, 3 (2.3%) of the 133 samples were
positive for HPV, using HPV general primers. Also, HPV - 18
was positive in 2 (3.4%) of 58 cases and 1 (1.3%) of 75 controls,
using genotype specific primers. The difference of HPV in-
fection was not significant between 2 groups. Other high
- risk genotypes, HPV - 16, HPV - 31, and HPV - 33 were not
found in both groups.

The identification of human papillomavirus, as the
cause of prostate cancer, is very important because it
would facilitate the management of prostate cancer such
as treatment and prevention. HPV vaccine is developed for
the prevention of cervical cancer in some countries. If HPV
infection is associated with the risk of prostate cancer, it
would be necessary for the use of HPV vaccine in the pre-

Figure 1. Agarose gel (2%) electrophoresis of PCR products for detection of Human
papillomavirus, using HPV general primers; Lanes 1 and 7: 50 bp DNA Ladder (Cin-
naClon, Iran); Lanes 2 to 4: three positive results (150 bp bands); Lane 5: negative
control; Lane 6: positive control

vention of prostate cancer in addition to its use in the pre-
vention of cervical cancer.

A systematic study including 61 studies were con-
ducted on different cancers in Iranian populations. The
prevalence of HPV has been 77.5% in cervical cancers and
32.4% in head and neck cancers. Also, HPV has been de-
tected in 23.1%, 22.2%, 10.4%, 30.9%, 14%, and 25.2% of esopha-
gus, lung, prostate, urinary tract, breast, and skin cancers,
respectively. HPV16 and 18 have been the most frequent in
all cancers (6).
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Figure 2. Agarose gel (2%) electrophoresis of PCR products for detection of high risk
human papillomavirus, using type specific primers; Lane 1: a negative result; Lanes
2 to 4: three positive results (236 bp bands); Lane 5: negative control; Lane 6: positive
control; Line 7: 50 bp DNA Ladder (CinnaClon, Iran)

In the present study, the majority of histological type
of prostate cancer was adenocarcinoma. That is compat-
ible with the result of a meta - analysis (5). In another
study, during 6 years (2003 - 2008), a total of 16071 cases of
prostate cancer were recorded in Iran; most (95.2 %) were
adenocarcinoma (10).

The results of the current study showed that 3 (2.3%) of
the total 133 prostate samples were positive for HPV. Also,
high - risk HPV - 18 was positive in 2 (3.4%) of 58 cases and
1 (1.3%) of the 75 controls. The difference of HPV infection
was not significant between 2 groups.

Three meta - analyses have reported the association be-
tween HPV infection and the risk of prostate cancer, but the
results were not consistent (1,11,12).

In a meta - analysis, the estimated summary odds ra-
tios of the total 30 articles indicated that HPV - 16 infection
significantly increased the risk of prostate cancer (1). In the
United Kingdom, 100 prostate DNA samples were tested for
HPVs by nucleic acid detection method. Only one sample
was positive for HPV - 16 (13). But, we did not find HPV - 16 in
our population.

In a study, 90 FFPE blocks with the diagnosis of BPH
and 30 cases with adenocarcinoma were tested, using Im-
munohistochemical (IHC) staining to detect HPV infection
in Isfahan, Iran. HPV infection was positive in 10% (3/30) of
cases and 1.1% (1/90) of BPHs (3).

In two studies using FFPE blocks of prostate tissues,
HPV was detected by MY09/MY11 and GP5+/GP6+ primers in
a nested PCR. The first study included 29 prostate cancers
and 167 BPH samples in Tehran, Iran. HPV DNA was found

in 17.2% of prostate cancers and 4.8% of BPH samples and
the difference was not significant (2). The second study
included 104 primary prostate adenocarcinomas and 104
control tissues of BPH in Iran. HPV - DNA was found in 13
of 104 prostate cancers and 8 of 104 BPH samples. High
- risk HPVs were detected in 10 of 13 prostate cancers and
5 of 8 BPH samples. Low - risk HPVs were detected in 3 of
13 prostate cancers and 3 of 8 BPH specimens. There was
no significant difference between prostate cancer and BPH
specimens regarding the HPV - DNA (14). In the present
study, the difference of HPV infection was not significant
between 2 groups, although we did not achieve PCR test to
detect low - risk HPVs.

In a study, HPV - 18 and EBV were detected in approxi-
mately equal proportion in normal, benign, and prostate
cancer specimens. HPV associated koilocytosis were identi-
fied in 24% of prostate cancers. Experimental evidence has
demonstrated that HPV and EBV can collaborate in the pro-
liferation of cultured cervical cells (15). Thus, other viruses
may be the etiology of prostate cancer. But, we could not
report koilocytosis in prostate tissues and did not intend
to detect EBV. Also, in comparison to the prevalence of HPV
- 18 in prostate tissue reported by mentioned studies in Ira-
nian population; the result of the present study is lower.

A study indicated that the human
apurinic/apyrimidinic endonuclease 1 (ApE1) 1349T >
G polymorphism is associated with the increased risk
of prostate cancer in northern Iran (16). Thus, genetic
alteration of cell may be an etiology of prostate cancer.

PCR method is important in the detection of HPV infec-
tions in prostate cancer (5). Studies carried out on cancer
tissues showed that PCR test using type - specific primer
was more sensitive in the detection of HPV DNA, in compar-
ison with the low detection rate of PCR test that uses HPV
general primers. Because, HPV type - specific primers are
designed to amplify shorter sequences of HPV DNA for ex-
ample viral E gene, but HPV general primers are designed
for long viral L1 gene (5). We used general and type spe-
cific primers. However, due to the instability of DNA in
long - time maintenance and in extraction from FFPE tissue
blocks, there is the possibility of PCR detection failure.

However, due to aging the population and changing
the lifestyles, more studies are needed on the association
of viruses with prostate carcinogenesis (10). We previously
did not detect xenotropic murine leukemia virus - related
virus (XMRV) in samples either from prostate cancer or be-
nign prostate hyperplasia (17).

In conclusion, the aim of this study was to investigate
the relationship between HPV and prostate cancer. But,
the findings of the current study do not support the role
of HPV in prostate cancer. So, there may be other factors
involved in the oncogenesis of the prostate cancer in our
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population or we may have detection failure. Thus, it is
necessary to confirm this result by further investigations
by different detection methods in other populations.
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