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Abstract Prostate cancer is the most common neoplasm
found in males and the second most frequent cause of
cancer-related mortality in males in Greece. Among other
pathogens, the detection frequency of human papillomavirus
(HPV) has been found to be significantly increased in tumor
tissues among patients with sexually transmitted diseases
(STDs), depending on the geographical distribution of each
population studied. The present study focused on the detection
of HPV and the distribution of Arg72Pro p53 polymorphism
in a cohort of healthy individuals, as well as prostate cancer
patients. We investigated the presence of HPV in 50 paraffinembedded prostate cancer tissues, as well as in 30 physiological tissue samples from healthy individuals by real-time PCR.
Furthermore, the same group of patients was also screened for
the presence of the Arg72Pro polymorphism of the p53 gene,
a p53 polymorphism related to HPV. Out of the 30 control
samples, only 1 was found positive for HPV (3.33 %). On the
contrary, HPV DNA was detected in 8 out of the total 50
samples (16 %) in the prostate cancer samples. The distribution of the three genotypes, Arg/Arg, Arg/Pro, and Pro/Pro,
was 69.6, 21.7, and 8.7 % in the cancer patients and 75.0,
17.86, and 7.14 % in healthy controls, respectively. No statistically significant association was observed between the HPV
presence and the age, stage, p53 polymorphism status at
codon 72, or PSA. The increased prevalence of HPV detected
in the prostate cancer tissues is in agreement with that reported
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in previous studies, further supporting the association of HPV
infection and prostate cancer.
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polymorphism . Prostate cancer patients

Introduction
It is known that the most common male malignancy worldwide is prostate cancer [1]. Among the prostate malignancies,
adenocarcinoma, which is a carcinoma of the glandular tissue,
is the most frequent [2]. Apart from adenocarcinoma [3], other
types of cancer, although rare, can also initiate from the
prostate gland, including sarcomas, small cell carcinomas,
and transitional cell carcinomas [4, 5]. Although, the etiology
of prostate cancer is largely known, there are several risk
factors that are considered to contribute toward the development of this disease. These include hormonal disorders, advanced age, African-American race, and family history [6].
Other risk factors, such as diet, physical activity, and occupational exposures, have also been implicated; however, studies
have demonstrated conflicting results [7, 8].
Historically, Ravich and Ravich [9] first proposed in 1951
that sexually transmitted infections (STIs) may also contribute
to prostate carcinogenesis. Since then, there have been several
epidemiological studies that have focused on the association
between STDs and prostate cancer [10–15]. STDs are generally known to increase the risk of prostate cancer by causing
inflammation of the prostate, which may then lead to the
initiation of carcinogenesis [7, 8]. However, the association
of other STIs, such as Chlamydia trachomatis, human papilloma virus (HPV), and human herpesvirus type 8 (HHV-8)
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infections, and prostate cancer development is controversial
[16–18].
Human papilloma virus is the most common STI worldwide according to the Center for Disease Control and Prevention (CDC). However, the experimental data and epidemiological estimates in the male population differ among several
studies. Differences in HPV prevalence in sexually active men
vary depending on the geographical area, the anatomical site,
as well as the sampling method. High-risk groups comprise of
men with multiple sex partners and men infected with human
immunodeficiency virus (HIV) [19, 20]. The HPV detection
in these groups has considerable variation, ranging from 1 to
84 % among the low-risk group and from 2 to 93 % among the
high-risk group [21]. Several studies have focused on HPV
detection using molecular diagnostic techniques and possible
correlation with prostate cancer with controversial results
[22–25].
Human papillomavirus detection was initially carried out
using in situ hybridization, as well as direct probe hybridization, such as dot blot, and Northern or Southern blots [26].
However, these techniques require a significant amount of
viral DNA to be present in the sample, while they are generally quite laborious and time-consuming. The immunological
detection of HPV is not regarded to be reliable, mainly due to
three reasons. Firstly, the capsid proteins are only expressed in
active infection; secondly, the early viral proteins are
expressed in low amounts and, finally, the available antibodies
lack the sensitivity and affinity for the viral proteins [27].
These abovementioned techniques have been superseded by
the molecular detection of HPV DNA using polymerase chain
reaction (PCR), as well real-time PCR [28]. Both these techniques provide increased sensitivity, detecting a low-copy
number of viral particles, as well as the specific high-risk
subtypes of HPV, while they can be performed in a relatively
short time period.
p53 is a 53-kDa nuclear phosphoprotein consisting of 393
amino acids[29], and is known as protein 53 or tumor protein
53 and in humans is encoded by the TP53 gene, located on the
short arm of chromosome 17 (17p13.1) [30]. This protein
plays a crucial role in organism since it regulates the cell cycle
and, thus, functions as a tumor suppressor that is involved in
preventing cancer [31]. p53 has been described as “ the
guardian of the genome” since it protects the cell by
preventing genome mutation. Countless publications had
shown that p53 mutations are found in the majority of human
tumors, while in the control groups of the surveys, no mutations in p53 were observed [32, 33]. As for the ten most
frequent cancer types, p53 alterations are observed in 40–
45 % of cases [34].
The p53 gene polymorphism is a common human polymorphism concerning codon 72 substitution of the amino acid
of arginine (Arg) for a proline (Pro). Many studies have
investigated the correlation between this polymorphism and

cancer development with controversial results. p53 protein
with Arg (p53-Arg72) seems to be more susceptible to E6mediated degradation than the Pro form (p53-Pro72), and
according to several reports, the Arg allele is overrepresented
in cancer patients [35, 36]. As for prostate cancer, there are
few studies on the effect of the Arg polymorphism and increased risk for cancer development, with controversial results
[23, 37–39]. On the other hand, there are studies supporting
that Pro homozygosity is associated with a reduced risk of
prostate cancer [38], and therefore this allele may have some
protective effects.
The aim of this study was to examine the presence of
human papilloma virus in prostate cancer patients and healthy
individuals, using real-time PCR. Subsequently, we examined
the genotypic frequency of the p53 codon 72 polymorphism in
the same cohort of patients. The final goal was to identify any
possible correlation between HPV infection, the p53 polymorphism, and a higher risk of developing prostate cancer. In
addition, the results of this study were associated with the
patient histopathological status, their age, and the value of the
prostate-specific antigen (PSA), as well as other studies focusing on HPV detection, p53 codon 72 polymorphism, and
prostate cancer risk.

Materials and methods
Tumor specimens
Fifty tumor specimens were acquired from patients with histologically confirmed prostate cancer, as well as 30 samples
from healthy individuals from the Department of Urology,
“Asklipieio” General Hospital, Voula, Athens, Greece. The
tissues were formalin-fixed and embedded in paraffin blocks
after surgical removal. All samples were randomly selected
from the archival collection of the Department of Urology.
The ethics committee of the “Asklipieio” General Hospital
approved the protocol and all patients and control subjects
provided informed consent in written form.
DNA isolation
Five 20-μm-thick sections were cut from each block and
placed in 2-ml sterile tubes. Tissues were deparaffinized by
immersing in xylene for 10 min at 60 °C, then centrifuged at
10,000 rpm at room temperature (this step was performed
twice). Finally, each sample was washed with absolute ethanol
three times (10,000 rpm at 4 °C for 5 min) and then dried at
37 °C. To extract DNA, the samples were incubated in 400-μl
Lysis buffer (10 mM Tris, 0.1 mM EDTA, and 2 % SDS),
using 30 μl Proteinase K (10 mg/ml) at 55 °C and at 700 rpm
using a shaking incubator for 48 h. The samples were supplemented with Proteinase K after the first 24 h.
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DNA extraction was performed according to the Phenol/
Chloroform protocol. DNA was precipitated by using absolute
ethanol at −20 °C overnight. The amount of DNA was determined by ultraviolet (UV) absorbance at 260 nm and brought
to a final concentration of 100 ng/μl.
Polymerase chain reaction for β-actin gene detection
Polymerase chain reaction (PCR) was performed for all 80
samples, to detect amplifiable DNA, using primers for the βactin gene (Table 1). The PCR conditions for the amplification
of the β-actin gene were set in a Thermocycler machine
according to the following:
An initial denaturation step at 94 °C for 4 min and then
36 cycles of 94 °C for 30 s, annealing at 58 °C for 30 s, and the
elongation step at 72 °C for 30 s. The final elongation step of
the PCR was carried out at 72 °C for 10 min.
Real-time polymerase chain reaction for HPV detection
Real-time polymerase chain reaction (RT-PCR) was performed for all 80 samples that produced amplifiable DNA
in the β-actin PCR. The widely accepted GP5+/6+ primer
set (Table 1) was used for the identification of HPVpositive samples [40, 41]. Real-time PCR was carried
out in an Applied Biosystems (AB-7500) RT-PCR Detection System (Applied Biosystems, Carlsbad, CA, USA).
Positive, as well as negative (DNA-free), samples were
included in each run. All reactions were performed in a
final volume of 20 μl containing 2× Kappa SYBR Green
Fast qPCRTM, 50× ROX Low reference dye, 50 pmol
GP5+/6+ primers, and 1 μl DNA (100 ng/μl). The amplification protocol for the HPV-DNA detection was optimized prior to the study sample testing. The annealing
temperature was selected in the range between 38 and
50 °C by automatic gradient analysis on sequenced HPV
positive samples [42–44].
In order to verify the correct discrimination between HPVpositive, -negative, and primer-dimer products, gel electrophoresis was performed onto a 2 % agarose gel. Apparently

at 44 °C, the product had the best yield and target discrimination, producing the specific product common among all HPV
subtypes. Therefore, we used the following amplification
protocol for HPV-DNA analysis: initial denaturation at
95 °C for 3 min, and then 40 cycles of 95 °C for 30 s, 44 °C
for 1 min, and 72 °C for 1:30 min. A final elongation step was
added at 72 °C for 10 min. After amplification, a melting
curve was performed at temperatures between 60 and 95 °C
with temperature increasing at 0.5 °C per second. The melting
temperature (Tm) range to distinguish the GP5+/6+ amplicons
was between 77 and 82 °C.
Polymerase chain reaction amplification of p53 polymorphic
sequences
For the determination of the polymorphism at codon 72 of the
p53 gene, two sets of primers were used, one to amplify the
Arg allele and the other to amplify the Pro allele (Table 1).
PCR was performed for all 80 samples, twice, one time for
each allele. The PCR was transacted in a Thermocycler machine according the following conditions. For the Arg allele,
there was an initial denaturation step at 94 °C for 3 min and
then 35 cycles of 94 °C for 30 s, annealing at 60 °C for 30 s,
and the elongation step at 72 °C for 30 s. The final elongation
step of the PCR was carried out at 72 °C for 5 min. As for the
Pro allele, the same program was followed, differentiated at
the annealing step which was at 54 °C for 30 s. All reactions
were performed in a final volume of 25 μl containing 1× Mg
free Taq buffer, 25 mM MgCl2, 5 mM of each dNTP, 10 mM
of each primer (either ArgR/ArgF set or ProR/ProF set), 0.5 U/
ml Taq polymerase (KAPA Taq PCR Kit, KAPA
BIOSYSTEMS), and 1 μl DNA (100 ng/μl).
PCR product analysis

Primers

Sequence (5′–3′)

PCR product (bp)

β-actin F
β-actin R
GP5
GP6
ArgF
ArgR
ProF
ProR

CGGCATCGTCACCAACTG
GGCACACGCAGCTCATTG
TTT GTT ACT GTG GTA GAT AC
GAA AAA TAA ACT GTA AAT CA
TCC CCC TTG CCG TCC CAA
CTG GTG CAG GGG CCA CGC
GCC AGA GGC TGC TCC CCC
CGT GCA AGT CAC AGA CTT

70

The PCR products were electrophoresed onto a 1.5 % agarose
gel, stained with Thermo Scientific 6× DNA loading dye, and
then photographed on a UV light transilluminator. The photographs were processed using Adobe Photoshop CS3 Extended for Windows. The PCR product of the Arg allele was
141 bp, while the product of the Pro allele was 177 bp.
Heterozygous specimens had PCR products in both PCRs,
whereas homozygous samples exhibited product only in one
of the two reactions. In each PCR reaction, there were two
blank samples as negative controls, to ensure that no contaminants were introduced.

150

HPV genotyping

141

All HPV-positive samples were subjected to genotyping. The
LINEAR ARRAY HPV Genotyping (Roche) Test, which is a
qualitative test that detects 37 high- and low-risk human
papillomavirus genotypes, was employed according to the

Table 1 Primer sequences and length of PCR products

177
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manufacturer’s instructions. This kit was selected for its high
sensitivity, specificity, and reliability [45].
Statistical analysis
Continuous variables are presented as the means±standard
deviation [age, prostate-specific antigen (PSA)], while categorical data (age groups, tumor stage, and p53 polymorphism
at codon 72) are described with the use of counts and frequencies. Pearson’s chi-square test and Fisher’s exact test, due to
the small sample sizes, were used to test possible differences
in regards to HPV presence between prostate cancer cases and
controls. The analysis was performed with the statistical package SPSS 16.0 (Statistical Package for Social Sciences, SPSS,
Inc, Illinois, USA). P values were based on two-sided tests
and a significance level lower than 0.05 was adopted.

Results
Thirty-eight patients with prostate cancer were diagnosed at
stage pT2 (76 %), 7 at stage pT3 (14 %), and 5 at stage pT4
(10 %). The mean age of the patients was 65.5 (SD 5.97)
years. Among the 35 cancer cases with available data, the
mean value of prostate-specific antigen (PSA) was 9.19 ng/ml
(SD 9.12; Table 2). Thirty-six tumors (78.3 %) were found at
“homozygotic” status within the p53 polymorphism 72 Arg or
Pro, while 10 tumors (21.7 %) were found at “heterozygotic”
status presenting p53 polymorphism at codon 72 Arg and Pro
(4 missing cases). Respectively, 23 controls (82.1 %) were
either Arg/Arg or Pro/Pro, while 5 healthy samples (17.9 %)
followed the Arg/Pro model as for p53 polymorphism 72 (2
missing cases). The distribution of p53 alleles codon 72 Arg or
Pro is presented in Fig. 1, while representative examples of the
detection of the PCR analysis are shown in Fig. 2.
Analysis for the detection of HPV virus revealed 8 positive
samples out of 50 (16 %) prostate tumor specimens. Four
samples were infected by HPV-18, two by HPV-16, one by
HPV-31, and for one sample the HPV type could not be
determined by the assay employed. On the contrary, only 1
out of 30 controls (3.4 %) was found positive for HPV
(undetermined type). Statistical analysis between the HPVpositive prostate cancer samples [8/50 (16 %)] and control
specimens [1/30 (3.4 %)] produced a value of P=0.086 by
performing Pearson’s chi-square test and P=0.080 with Fisher’s exact test (Fig. 3). Although this difference met a borderline level of nonstatistical significance, an attempt to calculate
the respective odds ratio (OR) led to a 5.52 (confidence
interval 95 % 0.66–45.6). HPV infection was detected in
6/38 (15.8 %) samples from patients at stage II, in 0/7 (0 %)
samples from patients at stage III, and in 2/5 (40 %) samples
from patients at stage IV. Table 3 shows the frequencies of

HPV DNA in the age groups of prostate cancer patients < or
≥70 years. Overall, we did not observe any statistically significant association of HPV presence with age, stage, p53
polymorphism status at codon 72, and PSA.

Discussion
According to the American Cancer Society projections, in
2013, there were 580,350 cancer deaths overall. Among them,
306,920 were male deaths, including 29,720 from prostate
cancer [46]. Prostate cancer is the most common cancer type
after skin cancer and the second leading cause of cancerrelated mortality, following lung carcinomas [47]. For 2014,
the American Cancer Society estimated that approximately
233,000 new cases of prostate cancer will be diagnosed and
approximately 29,480 men will die of prostate cancer in the
USA. The overall prediction for the male population is that 1
in 7 men will be diagnosed with prostate cancer during his
lifetime, while approximately 1 in 36 men will die of prostate
cancer [48].
Several studies have focused on HPV detection using
molecular diagnostic techniques and its correlation with prostate cancer with controversial results. Specifically, HPV DNA
was detected in 20 % of prostate cancer specimens and in 3 %
of the control group in a recent study [22]. Concomitantly,
another study demonstrated an increased association between
HPV DNA detection and prostate adenocarcinoma with
41.5 % prevalence of HPV in prostate cancer cases [23]. On
the contrary, two independent studies reported no detection of
HPV DNA in 352 and 200 prostate tissues samples screened
[24, 25]. The differences observed in the abovementioned
studies may be justified by differences in the study populations (differences in sexual behavior and thus exposure to
HPV), as well as technical differences in the viral detection
methods.
In 1998, the fundamental study of Storey et al. [35] described the role of the p53 polymorphism in the development
of HPV-associated cancer, stating that the HPV E6
oncoprotein binds p53 and promotes its ubiquitin-mediated
degradation [49, 50] with the Arg form to be more susceptible
rather than the Pro form. As a consequence, individuals homozygous for Arg were found to be seven times more susceptible to HPV-associated tumorigenesis than heterozygotes.
Since then, many studies have investigated the correlation
between the p53 polymorphism and several types of cancer,
such as cervical [51], pancreatic [52], breast [53], colorectal
[54], endometrial [55], renal cell carcinoma [56], nonoropharyngeal [57], lung [58], urinary bladder [36], and prostate cancer [23, 37–39] development with controversial
results.
Concerning prostate cancer, Henner et al. [38] suggested
that men with p53 homozygosity for Pro seem to be at a
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Table 2 Clinical and histopathological data of 50 patients with prostate cancer and results of p53 codon 72 polymorphism analysis and HPV detection

No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Arg/Arg

Arg/Pro

Pro/Pro

HPV

HPV type

+

18

+

16

+

16

+

18

+

18

+

31

+

Undefined

+

18

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

TNM

Age

PSA (ng/ml)

T2cNoMo
T2cNoMo
T2cN1Mo
T2cNoMo
T2cNoMo
T2cNoMo
T2cNoMo
T3bNoMo
T2cNoMo
T2cNoMo
T3bNoMo
T2cNoMo
T2cNoMo
T2cNoMo
T2cNoMo
T2bNoMo
T2cNoMo
T3bNoM1b
T2bNoMo
T3aNoMo
T2cNoM1bM1c
T2cNoMo
T2bNoMo
T2bNoMo
T2cNoMo
T2cNoMo
T2cNoMo
T2cNoMo
T2bNoMo
T2bNoMo
T2cNoMo
T3bNoMo
T2bNoMo
T2cNoMo
T2cNoMo
T2bNoMo
T2cNoM1b
T2cNoMo
T2cNoM1b
T3bNoMo
T2cNoMo
T2cNoMo
T2cNoMo
T2cNoMo
T2cNoMo
T3bNoMo
T2cNoMo
T2cNoMo
T2bNoMo
T2bNoMo

71
52
66
60
73
66
73
66
62
73
72
55
74
68
74
62
66
67
74
65
71
68
71
65
64
59
70
61
59
59
68
70
65
59
58
71
50
68
67
68
65
60
59
70
67
74
68
67
58
58

50.70
NA
9.2
NA
5.08
34.61
9.32
12.5
NA
1.98
8.7
5.8
7.76
4.8
7.91
8.46
NA
NA
NA
2.8
7.0
8.9
5.0
10.09
13
6.14
5.3
4.3
6.1
8.8
4.4
NA
3.8
4.8
NA
8.5
6.52
9.0
4.70
18.1
NA
NA
NA
NA
NA
5.6
NA
NA
5.84
6.3

TNM staging: T evaluation of the primary tumor, N evaluation of the regional lymph nodes, M evaluation of distant metastasis
NA not available
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Fig. 3 HPV detection in cancer and control prostate samples. a Prevalence of HPV detection by real-time PCR; P=0.086 (Pearson’s chi-square
test) and P=0.080 (Fisher’s exact test). b HPV genotyping results using
LINEAR ARRAY HPV Genotyping (Roche) Test

Fig. 1 p53 codon 72 polymorphism PCR analysis of both prostate cancer
and control samples. a Distribution of proline and arginine homozygosity
and heterozygosity in prostate cancer and normal samples. b Frequency
of proline and arginine alleles in prostate cancer and normal samples

reduced risk of developing prostate cancer and therefore this
allele may have some protective effect. On the contrary, three
other studies found no correlation between the p53 polymorphism and prostate cancer. In detail, Wu et al. [39], in 1995
studying this polymorphism in several urological cancers,
found no significant difference between the tumor and control
samples and concluded that the association is not so clear.
Some years later, Huang et al. [37] not only supported that

there is no correlation between the p53 polymorphism and
prostate cancer, but also introduced the theory that p21 codon
31 polymorphism is associated both with cancer development
and benign prostate hyperplasia (BPH). More recently, Leiros
et al. [23] corroborated with the above concept, concluding
that the p53 codon 72 polymorphism seems to have a correlation neither with prostate carcinomas and hyperplasias nor
with HPV-positive and HPV-negative carcinomas.
The present study investigated the potential association of
HPV and prostate cancer using real-time PCR in archived
tissue specimens from 50 cancer cases and 30 controls in a
Greek group of patients. Furthermore, we examined the prevalence of p53 codon 72 polymorphism to our samples, both
prostate cancer and controls and tried to associate all of the
above with the demographic data, such as the age of patients,
as well as tumor stage and PSA. Due to the weakness of the
techniques employed in previous studies that may have contributed to reported controversial results of this association,

Table 3 HPV infection and patients with prostate cancer < or ≥70 years
Age

Fig. 2 a PCR amplification of the p53 codon 72 Arg allele (141 bp).
Lanes 1, 2, 3, and 6 positive samples. Lanes 4 and 5 negative samples. M
100 bp molecular weight marker. b PCR amplification of the p53 codon
72 Pro allele (177 bp). Lanes 1, 2, 3, and 6 positive samples. Lanes 4 and
5 negative samples. M 100 bp molecular weight marker

HPV testing
Positive n (%)

Negative n (%)

<70 years

6 (15.8)

32 (84.2)

≥70 years
P

2 (16.6)
NS

10 (83.4)

HPV+ HPV-positive samples, HPV− HPV-negative samples
NS not significant
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we selected real-time PCR as a superior and more sensitive
technique.
Despite the high sensitivity and specificity of real-time
PCR as a laboratory method for HPV detection in prostate
cancer, we found a nonstatistically significant association
between the above, apart from a trend that more patients with
prostate cancer were positive for HPV infection (16 %) versus
the control samples (3.4 %). HPV typing revealed that the
majority of the tumor samples harbored HPV-18 (four samples), compared to HPV-16 (two samples) and other or undefined types (two samples). The high prevalence of this HPV
type in the Greek population may be attributed to ethnic
variations [59]. As for the p53 polymorphism, there has been
a prevalence of the Arg allele in both cancer and control
samples, presenting no statistically significant diversification
among them. Consecutively, our results do not follow the
mechanism proposed by Storey et al. [35] and agree with the
abovementioned studies, supporting that there is no correlation between the p53 polymorphism, HPV infection, and
prostate cancer. At last, we failed to detect any statistically
significant association between HPV and the cancer stage, the
age of the patients, and the p53 polymorphism status at codon
72 or PSA.
Several factors may have contributed to these findings. We
used archived specimens for this study and perhaps fresh
tissue may have demonstrated different results, since freshfrozen tissue ensures higher quality in DNA isolation and
PCR amplification. Furthermore, there is the risk of
overestimating p53 homozygosity in tumor versus blood samples; therefore, there are reports suggesting that the genotype
be conducted on blood samples [60]. The patient population
from which the tissue originated may be the reason for the lack
of significant difference in the presence of HPV between
cancer and controls. Our population was an outcome of simple
random sampling. That may lead to a sample with high Arg
frequency in which a further increase in tumor patients may
not yield statistically significant results versus samples comprised of higher Pro frequency [61]. Moreover, we did not
have information on social or sexual behaviors of the patients
in the cancer group nor the controls, an important piece of
information. Considering that HPV presence is strongly associated with high-risk sexual behavior, a comparison of cancers
from patients with such sexual activity versus those who did
not engage in high-risk behavior may have shown different
results. Lastly, the lack of a statistical association between
HPV infection and p53 codon 72 Arg homozygosity indicates
a synergistic action of the virus with other environmental
factors, such as exposure to carcinogens or other lifestyle
habits leading to the development of the disease, information
that we do not have. Last but not least, another handicap of our
research may be the sample size. Considering the trend that
seems to show high, regarding HPV prevalence in prostate
cancer versus control samples, a broader sample may have

displayed statistically significant results. Although with the
currently available superior laboratory techniques HPV presence in prostate cancer can be easily demonstrated, the true
association, if any, of the virus with the disease requires
further investigation.
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