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Prostate cancer is the second most common cancer with sexual history as a consistent risk factor. This is the
pioneering study that evaluates the frequency of HPV infection in prostate cancer in India. Ninety five (95)
histopathologically confirmed cancer and fifty five (55) BPH from Indian population were analyzed for HPV
infection using a pair of consensus sequence primer followed by type specific PCRs for both high-risk and
low-risk HPV types. The data demonstrate HPV infection in 41% of prostate tumor biopsies and 20% in
BPH. Subsequent PCR- based HPV typing using type - specific primers revealed 32% were infected with
HPV type 16 whereas 6% were found to be positive for HPV type 18, while in BPH controls only 5% of the
BPH controls were infected with HPV 16 and this difference was highly significant (p 5 0.0004). Significant
proportion of HPV infected (74%) cases belonged to stage III and IV (p , 0.001) with a high Gleason score
$8 (p 5 0.003). The study represents for the first time the incidence of HPV infection in prostate cancer in
Indian population and strengthens the hypothesis that HPV infection could be one of the co factor
associated with progression of prostate cancer.

P
rostate cancer is a common urological malignancy and an important health concern among males is
India1–3. The exact mechanisms of the progression of prostate gland into a cancer are not well characterized.
The growing epidemiological studies have suggested that prostate tissue is prone to sexually transmitted

infection with several viruses having oncogenic potential such as polyomaviruses (SV40), human papilloma-
viruses (HPVs), and members of the herpes virus family4–9. It has also been implicated that cellular transforma-
tion in prostate cancer is carried out by viral oncogenes of polyomaviruses, or the E6 and E7 proteins of HPVs10.
Human papillomavirus is a small, non-enveloped DNA virus with a circular, double stranded DNA genome of
approximately 8 Kb genome size. The oncogenic potential of HPV is determined by E6 and E7 oncogenes that
interact with and inhibit the activities of critical components of cell-cycle regulatory systems, in particular E6 with
p53 and E7 with Rb11,12.

In our previous studies we have reported that oncogenic subtypes of HPV, with the most common types 16 and
18, have a strong association with cervical cancer13,20,21. It has been speculated that cervical and prostate cancer
may represent, in some aspects, homologous cancers in females and males, respectively. Both of the cancer types
are influenced by similar factors like sexual activities and infection status14 and are most commonly occurring
cancers in the developing countries like India, with a roughly equal lifetime risk. There is growing evidence of the
role of the sexually transmitted diseases in prostate cancer9. Therefore, it is possible that there would be an
association between oncogenic HPV infection and prostate cancer. Studies have reported the contrasting role of
HPV infection in the pathogenesis of prostate cancer15–18. Molecular investigations have reported that E6/E7
oncoprotein of HPV types 16 or 18 can immortalize prostate epithelial cells17,18. The meta-analysis studies have
demonstrated that HPV infection was associated with increased prostate cancer risk4,18. On the contrary certain
number of studies has also reported that HPV infection is absent in prostate cancer16,37,38.
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The inconsistent results across many of these epidemiologic stud-
ies could possibly be related to the variation in ethnicity and popu-
lation of one geographic region to another. Based upon the above
findings, the current pioneering study is designed to analyze the HPV
infection status in prostate cancer cases in comparison with benign
prostate hyperplasia (BPH) controls and to find its correlation if any
with the various risk factors like mean age, PSA level, gleason score
and disease aggressiveness19 in the North Indian population.

Methods
In the present study, a total of one hundred and fifty (n 5 150) histopathologically
confirmed, prostate biopsies comprising 95 cancer cases and 55 Benign prostate
hyperplasia (BPH) were collected from the Post Graduate Institute of Medical
Education and Research (PGIMER), Chandigarh. Only clinically confirmed cases
comprising 76% patients of stages I & II and 24% of stage III & stage IV were
processed for DNA extractions. Most of the prostate cancer cases belonged to the age
group of 60–79 years with average age of 68 years (Table 1).

Written informed consent was obtained from all the subjects included in the study
and was carried out in accordance with the principles of the Helsinki Declaration. The
study was approved by the Ethics Committee of the Post Graduate Institute of
Medical Education and Research (PGIMER), Chandigarh (India).

Extraction and quantitation of genomic DNA. High molecular-weight genomic
DNA was isolated from tumor tissue and BPH samples that served as controls by
standard Proteinase-K digestion and phenol-chloroform extraction procedure
routinely followed in our lab20. The concentration of genomic DNA obtained was
determined on a spectrophotometer (Cecil, USA) or in ethidium bromide stained 1%
agarose gel.

PCR amplification for quality check and HPV detection. PCR based approach was
used for detection for high- risk types HPV16/18 and low- risk types HPV6/11 DNA
were carried out as described previously20,21 using type-specific primers: HPV16 (1),
59 -AAG GCC AAC TAA ATG TCA C-39; HPV16 (2), 59 -CTG CTT TTA TAC TAA
CCG G-39; HPV18 (1), 59 -ACC TTA ATG AAA AAC CAC GA-39; HPV18 (2), 59 -
CGT CGT TTA GAG TCG TTC CTG-39. Initially, all DNA samples were tested forb-
globin gene amplification using a pair of primers: b-globin (1), 59 -GAA GAG CCA
AGG ACA GGT AC-39; b-globin (2), 59 -CAA CTT CAT CCA CGT TAC ACC-39

and the presence of HPV by using a pair of consensus primers located within the
conserved L1 open reading frame (ORF) of the HPV genome (MY 11, 5 -GCM CAG
GGW CAT AAY AAT GC-3; MY 09, 5 -CGT CCM ARR GGA WAC TGA TC-3;
where M A C, WA T, Y CT, R A G). PCR was performed in a 25 ml reaction mix
containing 50–100 ng DNA, 10 mM Tris-HCl (pH 8.4), 50 mM KCl, 1.5 mM
MgCl2, 125 mM of each dNTP (dATP, dCTP, dGTP and dTTP), 5 pmol of each
oligonucleotide primer and 0.3 U Taq DNA polymerase (Bangalore Genei). The
temperature profile used for amplification constituted an initial denaturation at 95uC
for 5 min followed by 35 cycles with denaturation at 95uC for 30 sec, annealing at 55–
57uC for 30 sec and extension at 72uC for 1 min, which was extended for 7 min in the
final cycle. After amplification, 15 ml aliquot of PCR products were electrophoresed
and visualized on an ethidium bromide-stained 2–3% Nusieve agarose gel under a
short wave UV transilluminator and gel documented on Alpha digi doc (Alpha Digi
Doc, Bio Rad).

Statistical analysis. Statistical analysis on the data was performed using Epi-info
version 6.0 software (Center of Disease Control and Prevention, Atlanta, USA).
Fischer’s exact test, chi square test were used where ever applicable. These tests were
considered statistically significant when p # 0.05.

Results
Prostate tissue biopsies and their clinical-pathological charac-
teristics. In the present study, a total of one hundred and fifty (n
5 150) histopathologically confirmed, prostate biopsies comprising
55 Benign prostate hyperplasia (BPH) that served as controls
and 95 invasive cancers were collected. The various clinical and
demographic characteristics of prostate carcinoma cases and
BPH controls and the status of their HPV infection is presented in
Table 1.

Most of prostate cancer cases were in the age group of 60–69 years
while that of BPH controls were ,60 years. The PSA level was found
to be in the range of 10–20 ng/ml in 29% (28/95) cancer patients
compared to 7% (4/55) in BPH controls while higher PSA level
(.20 ng/ml) was measured in 10% (10/95) cases and none in BPH
controls. The carcinoma of the prostate was pathologically con-
firmed in all the cases, and the Gleason score (highly differentiated,
score #6; moderately differentiated, score 7; poorly differentiated,
score $8) was evaluated by pathologist using the Gleason scoring

system22,23. Patient stratification with respect to Gleason score
revealed that 50% (48/95), 13% (12/95) and 37% (35/95) of the cases
had a Gleason score of #6, 7 and $8 respectively (Table 1). Clinically
24% (23/95) of prostate cancer cases had late presentation either
stage III or IV while 76% (72/95) belonged to stage I or II (Table 1).

Prevalence of Human Papillomavirus infection in Prostate
Cancer. Human papilloma virus infection has been found to be
one of the co-factor associated with the progression/development
of prostate cancer, tissue samples were screened by PCR
amplification for both high-risk HPV type 16/18 and low risk type
6/11 infection initially using a pair of L1 consensus sequence primers
MY09/MY11. The data revealed HPV infection in 41% (39/95) of
tumor biopsies and 20% (11/55) in benign hyperplasia (BPH) that
served as disease controls.

Subsequent PCR- based HPV typing using type - specific primers
revealed that out of 39 HPV L1 positive tumors, 77% (30/39) were
infected with HPV type 16 and 15% (6/39) were found to be positive
for HPV type 18 and rest three cases were infected with either HPV
type 6 (5%, 2/39) or HPV type 11 (2%, 1/39) Table 2 and 3.

While out of 11 L1 BPH positive cases, majority (7/11, 64%) of the
BPH controls were infected with low risk type 6 (6/7) and type 11 (1/
7) and only fraction of samples (4/11, 36%) were infected with either
high risk type 16/18. None of the HPV infected tumors either cancer/
BPH showed any co- infection with other high- risk/low-risk HPV
types (Table 3).

In order to determine the cofactors which may increase the risk of
HPV infection in prostate cancer; association of HPV infection with
various demographic and clinical characteristics of the patients was
examined (Table 3). Significant proportion of HPV infected (74%)

Table 1 | Clinico-pathological and demographic characteristics
and HPV status of prostate cancer cases and BPH controls investi-
gated from North Indian population

Characteristics Cancer n 5 95(%) BPH n 555(%)

Mean Age
,60 21 (22) 36(65)
60–69 54(57) 15(27)
70–79 17(18) 3(5)
.79 3(3) 1(3)

Mean PSA
0–4.00 10(10) 19(35)
4.1–10.0 47(49) 27(49)
10.1–20.0 28(29) 4(7)
.20 10(10) -

Gleason Score
#6 48(50) -
7 12(13) -
$8 35(37) -

Staging
I II 72(76) -
III IV 23(24) -

HPV Status
Positive 39(41) 11(20)
Negative 56(59) 44(80)

Table 2 | HPV status of prostate cancer cases and BPH controls
investigated from North Indian population

HPV type BPH (n 5 55) Prostate Cancer (n 5 95) p-value

L1 11(20) 39 (41) 0.01
HPV 16 3(5) 30 (32) 0.0004
HPV 18 1(2) 6 (6) 0.39
HPV 6 6(11) 2 (2) 0.05
HPV 11 1(2) 1 (1) 0.73
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cases belonged to stage III and IV (p , 0.001) with most of them
belonging to high Gleason score $8 (p 5 0.003). Majority (60%) of
the cases with a Gleason score $8 were significantly infected with
HPV16 (p 5 0.006) compared to 9%, 3% and 3% with HPV18, HPV6
and HPV11 infection respectively (Table 3). In contrast, no signifi-
cant association of HPV infection could be coupled with age and
mean PSA level of the patients (Table 3).

Discussion
The oncogenic potential of high risk HPVs and their role as a vital
etiologic factor in the development of cancer is well documented13.
The present scenario of various molecular approaches in prostate
cancer is focusing on the controversial role of HPV infection in the
prostate carcinogenesis16,18,24,25. Though contrasting studies have
reported the presence of HPV and other viral infections in prostate
cancer worldwide7,25, none of the studies till date have been reported
from India. Therefore, the present study was designed to study the
HPV infection status in prostate cancer cases and BPH controls from
North Indian population. Previous findings have given sufficient
evidences that oncogenic subtypes of HPV, with the most common
types 16 and 18, have a strong association with anogenital and other
epithelial cancers13,21,24,26–31. However, the role of HPV in prostate
carcinogenesis is still debatable and needs to be elucidated. Previous
studies that showed immortalization of prostate epithelial cells with
HPV-16 or 18 DNA implicated for the positive association between
HPV infection and prostate cancer18,32. The present study demon-
strated that a significant number of prostate cancer cases were
infected with HPV accounting for about 41% of the total cases and
20% in BPH controls. This is in concordance with previous and
recent epidemiological studies carried out world over that showed
presence of HPV in as high as 65% of prostate tumors and established
association of certain specific HPV types as a risk factor in causing of
progression to prostate cancer17,18,33,34. Leiros et al detected HPV in
41.5% (17/41) in prostate carcinoma samples from Argentina35

which is similar to the findings of the present study. Our results
are also in agreement with Zambrano et al that showed HPV infec-
tion in 41% of prostate tumor cases in California6. In another study
HPV infection was observed in 65.3% of prostate cancer and 48% in
BPH controls36.

Further stratification of the results revealed that a significantly
high proportion (77%) of HPV positive cases was infected with high
risk type HPV 16. A previous study has also reported high-risk HPV
type 16 positivity in 53.8% cancer and in 20.0% benign biopsies36.
The analysis of low risk HPV types 6 and 11 showed that BPH
controls harbored a higher proportion of low risk HPV types
(13%) as compared to only 3% in prostate cancer. This finding
reflects the important role of HPV low risk types in formation of
benign and precancerous lesions in prostate cancer as HPV6 and 11
have been well accepted to form precancerous lesions during cervical
cancer13. In contrast certain studies from different geographical
regions have also reported almost nil HPV infection in prostate
cancer37,38. These discrepancies in the status of HPV infection world-
wide indicate the influence of demographic factors like geographical
area, ethnicity, lifestyle in the prevalence of HPV infection in prostate
cancer.

In the present study a highly significant correlation was found
between HPV infection and prostate carcinoma stage. Though
HPV infection was more prevalent in advanced stage of cancer with
a high gleason score, the entry of HPV in prostate cancer appears to
be at the BPH stage as 20% of these showed HPV infection Therefore,
there is a possibility that HPV may be significantly influencing both
disease initiation and disease progression during prostate carcino-
genesis. No significant association of HPV infection was found with
respect to PSA level and mean age of patients.

Therefore, the present study strengthens the hypothesis that the
prostate gland in males represents a complex niche where multiple
infections with oncogenic DNA viruses like HPV occur and impli-
cates the potential role of these viruses in progression of prostate
cancer. To our knowledge, this is the pioneering study evaluating the
frequency of HPV infection in prostate cancer in India. The study
guarantees the clinical relevance of HPV infection in prostate carci-
nogenesis that has been underestimated till date in Indian popu-
lation.
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