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The role of human papillomavirus (HPV) in prostate carcinogenesis is highly controversial: some studies suggest a positive
association between HPV infection and an increased risk of prostate cancer (PCa), whereas others do not reveal any correlation. In
this study, we investigated the prognostic impact of HPV infection on survival in 150 primary PCa patients. One hundred twelve
(74.67%) patients had positive expression of HPV E7 protein, which was evaluated in tumour tissue by immunohistochemistry.
DNA analysis on a subset of cases confirmed HPV infection and revealed the presence of genotype 16. In Kaplan-Meier analysis,
HPV-positive cancer patients showed worse overall survival (OS) (median 4.59 years) compared to HPV-negative (median 8.24
years, P = 0.0381). In multivariate analysis age (P < 0.001), Gleason score (P < 0.001), nuclear grading (P = 0.002), and HPV
status (P = 0.034) were independent prognostic factors for OS. In our cohort, we observed high prevalence of HPV nuclear E7
oncoprotein and an association between HPV infection and PCa survival. In the debate about the oncogenic activity of HPV in

PCa, our results further confirm the need for additional studies to clarify the possible role of HPV in prostate carcinogenesis.

1. Introduction

Human papillomaviruses (HPVs) are small epitheliotropic
viruses belonging to the Papillomaviridae family and consist
of 8kb double stranded circular DNA surrounded by a
nonenveloped capsid. The involvement of HPV infection in a
malignant transformation was first discovered by zur Hausen,
who identified a subgroup of HPVs as etiological agents of
cervical cancer [1-3]. More than 120 types of HPV have been
identified and about one-third of them infect the genital tract
[4, 5]. These sexually transmitted viruses are classified either
as “low-risk,” or nononcogenic HPV-type (e.g., HPV-6 and
-11), or as “high-risk,” or oncogenic (e.g., HPV-16 and HPV-
18) [4, 5], and recently they have also been associated with
nongenital cancers [6], particularly head and neck tumours
[7, 8]. HPV E6 and E7 are the main transforming viral
proteins that work together to immortalize infected cells [9,
10]. E7 oncoprotein targets the retinoblastoma protein (pRB)

for degradation causing a release of E2F transcription factor
and the constitutive expression of E2F-responsive genes with
premature activation of S-phase. Normally, this condition
leads to p53-dependent apoptosis, but HPV has evolved to
inhibit the tumour suppressor p53 functions, indirectly by
inducing its ubiquitylation and proteasomal degradation or
directly by binding p53 interfering with its transcriptional
activity. Moreover, HPV oncoproteins contribute to the prog-
ressive expansion of tumours by stimulating proangiogenic
cytokines, especially VEGF (vascular endothelial growth fac-
tor), responsible for the recruitment of new blood vessel cap-
illaries from preexisting mature vessels [11-13]. Besides those,
several other E7 and E6 transforming activities (reviewed
in [9, 10]), probably assisted by HPV E5, contribute to
maintaining a high proliferative and inhibited apoptosis state
that leads to the accumulation of mutations and genomic
instability in persistently infected cells, which results in full
malignant progression and cancer development.
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To date several studies have investigated the role of HPV
in prostate carcinogenesis with very contradictory and not
fully conclusive results. In the most recent literature, some
studies suggest a positive association between HPV infection
and prostate cancer risk [14-17], whereas others do not reveal
any correlation [18-24]. In this study, we investigated the
prevalence of HPV infection and the prognostic impact for
overall survival in a cohort of patients with primary prostate
cancer.

2. Material and Methods

2.1. Patients. Detailed histopathological and clinical data
were retrospectively collected for 150 patients, who were
diagnosed with primary prostate cancer in a single institution
of the northeastern area of Italy from January 1992 to
December 1994. Inclusion criteria were (i) the diagnosis of
prostate cancer and (ii) the availability of formalin-fixed
and paraffin-embedded tissues for immunohistochemical
staining and molecular analyses. No fine needle biopsies were
used for this study, and consequently patients with solely
fine needle biopsies were excluded. In detail, following the
abovementioned criteria, cases refer to patients diagnosed
in the University Hospital of Trieste from 1 January 1992 to
31 December 1994. Prognostic variables were grouped for
statistical analysis as reported in Table 1. The use of formalin-
fixed and paraffin-embedded prostate cancer tissues and the
related clinical information were approved by the Ethical
Committee of the University of Trieste (Report 23; 5.10.2009)
before the beginning of the study.

2.2. Tissue Microarray. Each patient’s haematoxylin & eosin
(H&E) slides were reviewed by an expert pathologist (RB),
who marked the representative tumour areas to be analysed.
Tissue microarrays (TMAs) were constructed by the use
of the entire cohort’s FFPE tissues using Galileo TMA
CK3500 (Integrated Systems Engineering, Milano, Italy), as
previously described [25]. Multiple tissue cores were sampled
for tumours showing histological heterogeneity. One section
from each TMA block was stained with H&E to confirm the
presence of carcinoma.

2.3. Immunohistochemical Staining. Immunohistochemical
staining (IHC) was performed on 4 pm thick tissue sec-
tions of the TMA block following the standard proce-
dures [26]. To detect HPV E7 protein, Cervimax IHC kit
(Valdospan GmbH, Austria) was used as already reported
[27]. Immunostaining was performed manually with the
Vectastain Universal Elite ABC kit (Vector Laboratories,
Burlingame, CA, USA). In short, after deparaffinisation,
alcohol washings, and endogenous peroxidase blocking,
TMAs were treated with 3% BSA for aspecific sites blocking
and subsequently incubated with E7 mAb (1:200 dilution)
for 1 hour at room temperature. For the visualization of
reaction DAB Substrate kit for Peroxidase (Vector Laborato-
ries, Burlingame, CA, USA) was used. Positive and negative
control slides were used in each IHC assay. For evaluation
of the immunostaining, the positively stained cells were
counted across 3 high-power fields at 40x magnification;
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cytoplasmatic and nuclear staining were recorded separately.
For THC, the specificity of HPV E7 signal was assessed with
a preabsorption test performed on a prostate cancer. Two
aliquots of the working dilutions of mAb E7 were used: one
was mixed with the immunizing peptide (kindly provided by
Valdospan GmbH, Austria) in a stoichiometrical ratio of 1: 5
and the other was used undiluted. Both were incubated with
the specimen for 30 minutes at 37°C before IHC staining.

2.4. PCR and Sequencing. Twenty-two cancer cases, 19 pos-
itive and 3 negative for HPV E7 immunodetection, were
submitted to DNA extraction using a homemade proto-
col [28]. In short, dewaxed tissues sections were incu-
bated overnight at 55°C with proteinase K. Crude extracts
were purified by phenol/chloroform and concentrated by
ethanol precipitation. To check the availability and qual-
ity of the DNA, extracts were submitted to multiplex
PCR using the specimens control size DNA ladder (In
Vivo Scribe Technologies), which enables amplifying 100,
200, 300, 400, and 600bp DNA fragments [29]. DNA
extracts were tested for the presence and type of HPV
with a PCR-based system by using the GP5+/6+ consen-
sus primers set (5'-TTTGTTACTGTGGTAGATACTAC-3'
and 5-GAAAAATAAACTGTAAATCATATTC-3'), which
targets conserved sequences in the LI gene and enables
amplifying a wide spectrum of HPV types [30]. PCR was
run for 45 cycles, and then products were run on a 2%
Metaphor agarose gel and 14 samples were purified by the
use of QIAquick PCR purification kit (Qiagen) following
the manufacturer’s instruction [31]. After this step, purified
amplicons were submitted to Sanger sequencing for geno-
typing (BMR Genomics, Padua, Italy). Reamplification of
purified PCR products and nested PCR were avoided because
of the higher probability of PCR contamination.

2.5. Statistical Analysis. Overall survival (OS), defined as the
time between the date of diagnosis and the date of death or the
last follow-up (FU) observation, was the end point evaluated
in this study. Patients were censored if they were still alive
or they were lost to FU. The Kaplan-Meier method was used
to generate cancer-specific survival curves and differences
between groups were analysed using the log-rank test. A
multivariate Cox proportional hazards analysis was used to
evaluate the association of OS with each prognostic factor. A
) test was applied to determine whether age at diagnosis was
equally distributed between dichotomized groups for each
variable used for OS analysis. Possible associations among
covariates were evaluated by x” test. All statistical tests were
done by STATA software (StataCorp. 2011. Stata Statistical
Software: Release 12. College Station, TX: StataCorp LP) and
a value of P < 0.05 was considered statistically significant.

3. Results

3.1 Patients’ Characteristics. Table 1 summarizes the baseline
characteristics of the 150 patients included in the study. The
median age at diagnosis was 72.18 years (range: 50.57 to 91.13
years) and the median FU time was 5 years (range: 0.1 to
18.85 years). Nuclear E7 staining, which is a marker of HPV
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TABLE 1: Univariate and multivariate analyses of prognostic factors in 150 patients with primary prostate cancer. Univariate analysis was
performed by using the Kaplan-Meier method. Multivariate analysis was done by the Cox proportional hazards model.

Pati Death Univariate Multivariate
Variable atients eaths . X
n=150 (%) n=132(%) M::'d1an(surv1;1al 95% CI P value Hazard ratio Standard error 95% CI P value
me years
Age (years)
< —
<72 85(56.67)  69(52.27) 6.87 >15-929 6 0017 215 0.39 1.51-3.06 <0.001°
>72 65 (43.33) 63 (47.73) 3.14 1.82-3.63
Nuclear grade
1 23 (15.33) 18 (13.64) 13.60 6.21-15.13
2 99 (66.00) 86 (65.15) 5.14 412-6.73 <0.001" 1.53 0.42 0.91-2.62  0.105
3 28 (18.67) 28 (21.21) 2.56 1.34-3.63 2.76 0.92 1.43-5.31 0.002"
Capsule infiltration
Negative 84 (56.37) 71 (54.20) 6.21 4.72-8.79
Positive 65 (43.63) 60 (45.80) 3.30 1.89-4.95 0.0159"
1 missing
Gleason score
<7 64 (42.67) 49 (3712) 10.78 691-13.60 o001 253 0.51 1.70-3.75 <0.001*
>7 86 (57.33) 83 (62.88) 3.28 1.85-4.59
Nuclear
E7 expression
Negative 38(2533)  30(2273) 8.24 363-IL8L ) 3g1* 1.57 0.33 1.03-2.39 0.034°
Positive 112 (74.67) 102 (77.27) 4.59 3.45-5.35

CI: confidence interval; *significant value.

infection [9], was positive in 112 (74.67%) patients at the
time of diagnosis. One hundred thirty-two (88%) patients
died at the end of the observation period and those patients
who were still alive were censored for survival analyses.
Considering the elevated median age at diagnosis and the
high mortality rate of our cohort, we performed a x* test
that demonstrated that there were no significant differences
in distribution of age at diagnosis in the nuclear grade (x> =
1.51, degree of freedom (df) = 2, P = 0.47), capsule infiltra-
tion ()(2 =0.046,df = 1, P = 0.83), Gleason score (XZ = 3.64,
df = 1, P = 0.06), and nuclear E7 expression (y* = 0.87,
df = 1, P = 0.35) groups for OS analysis.

3.2. HPV Detection. The specificity of the E7 mAb signal
detected by IHC was assessed by the pre-absorption test.
As reported in Figure 1, the staining pattern was completely
eliminated after incubation of the antibody with the immu-
nizing peptide. Both cytoplasmatic and nuclear staining
were evaluated. Diffuse or granular immunostaining was
observed. In some cases, a combination of both was detected.
Cells characterised by a diffuse or focal staining pattern
were considered positive. A representative staining of E7
is reported in Figure 2. HPV E7 positivity prevailed at the
nuclear level with intensity varying from 1 to 3. Although
nuclear immunostaining was the most represented one, cases
presenting with cytoplasmatic positivity were also observed
(data not shown).

3.3. PCR Analyses. Specimen control size was successful in
all prostate cancer tissues; in detail in 19 out of 22 samples
300 bp fragments were detectable and in 3 out of 22 cases 200
bases fragments were visualized. HPV PCR amplification
resulted positively in 18 out of 19 specimens positive for
HPV E7 immunodetection with variable intensities (Figure
1(c)). Variability and failure of PCR amplification in some
samples could be due to the low DNA quality in some
formalin fixed-paraffin embedded tissues. It is well known,
indeed, that degradation of nucleic acids represents a limit
in the detection of HPV by extractive methods in formalin
fixed-paraffin embedded biopsies [32, 33]. All three cases
negative for HPV E7 immunodetection were confirmed
negative by PCR. All purified amplification products were
submitted to sequencing; in 9 out of 14 specimens sequenc-
ing was successful and showed that in those cases the HPV
genotype was 16; in the remaining ones the sequence was not
readable because of the inadequate amount of PCR products
submitted to Sanger reaction (data not shown). Typical
results of sequencing were as follows: ATGTGCTGCATA-
TCTACTTCAGAAACTACATATAAAAATACTAAC-
TTTAAGGAGTACCTACGACATGGGGAGGAATAT-
GATTTACAGTTTATTTTTCA, which gave 98-99% of
identity with human papillomavirus type 16.

3.4. Univariate Analysis. Association of each factor with
survival time was calculated by the Kaplan-Meier method
and survival differences were evaluated by the log-rank test.
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FIGURE 1: Tests for specificity of the analysis. Preabsorption test to verify the specificity of the E7 signal on prostate cancer samples.
Immunostaining with the Cervimax IHC kit in prostate cancer tissue (a) and after preabsorption with the specific oncoviral peptide (b).
Original magnification: 20x; conventional immunohistochemistry performed with diaminobenzidine as a chromogen and hematoxylin for
counterstaining. PCR amplification of HPV DNA is reported in (c): MW molecular weight marker, 1-22 amplification carried out in prostate
cancer specimens. In 19 cases positive for HPV E7 IHC, 18 were PCR positive and 1 was PCR negative (sample 10). Of those successfully
sequenced samples were 4,7, 8, 9,13, 14, 15, 17, and 21. Sequencing failed in samples 1, 2, 3, 5, and 6. Samples 12, 16, and 20 refer to amplification
carried out in prostate cancer cases negative for HPV E7 immunodetection.

Univariate survival analyses showed that the age at diagnosis
(P < 0.001), Gleason score (P < 0.001), nuclear grade
(P < 0.001), capsule infiltration (P = 0.0159), and nuclear
E7 expression (P = 0.0381) were strongly related to OS
(Table 1). Interestingly, HPV-positive cancer patients showed
worse OS (median 4.59 years) compared to those who were
HPV negative (median 8.24 years, P = 0.0381; Figure 3).
Thus, these results demonstrate that HPV infection signifi-
cantly affects survival time of prostate cancer patients in our
cohort.

3.5. Multivariate Analysis. Prognostic factors associated with
survival time in the univariate analysis were evaluated in
a Cox multivariate regression model. Capsule infiltration
was eliminated from the multivariate model because of
association with Gleason score (y* = 13.28, df = 1, P <
0.001) and nuclear grade (X2 = 1129, df = 2, P =
0.004). In this analysis the age at diagnosis, Gleason score,
nuclear grade, and HPV status were statistically independent
predictors for OS with, respectively, HRs of 2.15 (95% CI, 1.51-
3.06; P < 0.001), 2.53 (95% CI, 1.70-3.75; P < 0.001), 2.76
(95% CI, 1.43-5.31; P = 0.002), and 1.57 (95% CI, 1.03-2.39;
P =0.034) (Table 1).

4. Discussion

Current literature on the role of HPV infection in the carcino-
genesis of prostate cancer remains controversial. Recently,
Martinez-Fierro et al. [16] evaluated the presence of viral
HPV DNA in 55 prostatic cancer tissues and 75 controls
and found a significant positive association between HPV
and risk of prostate cancer. In the same year, Sutcliffe et
al. [18] did not find any association in a prospective study
on serum samples collected from 612 patients with prostate
cancer and 612 controls. No positive correlation has been
reported in subsequent serologic [22] or viral DNA-based
(19, 21, 23] or mixed laboratory technique [20, 24] studies.
More recently, Whitaker et al. [34] observed a ubiquitous dis-
tribution of HPV in normal, benign, and cancerous prostate
tissues supporting the innocuity of HPV-18; however, they
concluded an oncogenic potential role of HPV-18 in prostate
cancer, since they detected HPV-18 in koilocytes of prostatic
tissues. Even about the most representative HPV types, there
is great discordance. If Whitaker and colleagues reported the
potential involvement of HPV-18 in prostate cancer [34], Lin
etal. [17] found a prevalence of HPV-16 with respect to HPV-
18 in a meta-analysis, whereas Adami et al. [14] observed a
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FIGURE 2: Representative immunohistochemistry staining of E7 for prostate intraepithelial neoplasia (PIN2) (a); prostate adenocarcinomas
(b), (c), and (d); original magnification: 20x; conventional immunohistochemistry performed with diaminobenzidine as a chromogen and

hematoxylin for counterstaining.

positive association between prostate cancer and HPV-33 and
no oncogenic role for HPV-16 and -18. A major prevalence
of HPV-16 has been reported by Leiros and colleagues [15].
Therefore, these mixed results are consistent with the present
controversial landscape on the role of HPV infection in
prostate carcinogenesis.

In this study, we investigated the clinical significance
of HPV infection in primary prostate cancer patients. We
found that overall survival was significantly associated with
the nuclear expression of E7 protein and other clinical-
pathological factors, such as age higher than 72 years, high
nuclear grade, capsule infiltration, and high Gleason score
at diagnosis. The statistical independence of each of these
prognostic factors was assessed in a multivariate analysis,
which identified age, nuclear grade, Gleason score, and
HPV E7 expression as significantly independent prognostic
factors for survival of patients with primary prostate cancer.
Furthermore, analysis of DNA extracted from all the analysed
samples of our cohort confirmed HPV infection and showed
the presence of HPV16 genotype. This result is consistent with
other studies on prostate cancer [15, 17] and further reinforces
the high carcinogenicity of HPV16, which has already been
shown as the most carcinogenic HPV genotype for cervical
[6, 35] and neck and head cancers [6]. Although our data do
not provide supportive proof for a causal relation between

HPV and prostate cancer, they demonstrate a potential
association between HPV infection and adverse prognosis in
our patient cohort. Moreover, they sustain a possible role of
HPYV as an independent prognostic factor for OS of primary
prostate cancer patients. We believe that our data, which
analyse the prognostic impact of HPV infection in prostate
cancer from a clinical point of view, confirm the absolute need
to investigate and validate the prevalence of HPV infection
in a controlled prospective study and its role in prostate
carcinogenesis. This study is increasingly important as we
have HPV vaccines able to guarantee excellent prevention
and control of this viral infection and its consequences in
terms of tumour development. Moreover, the correlation
between HPV infection and angiogenesis [11-13] offers a
good rationale to treat a specific subgroup of prostate cancer
patients selected on the basis of the HPV status by using
antiangiogenic agents, whose efficacy has recently been
reported for the treatment of advanced cervical cancer [36].

5. Conclusion

This study provides evidence for the correlation between
HPV infection and prostate cancer survival in our patient
cohort and sustains the need for additional studies to clarify
the possible role of HPV in prostate carcinogenesis. Further
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FIGURE 3: Survival curves by HPV E7 nuclear expression in 150
patients with primary prostate cancer. P value from log-rank test is
reported. Numbers of at risk (still alive) patients are indicated below
the x-axis.

studies are required because vaccines and novel therapeutic
drugs are now available and may be used to prevent HPV
infection and treat more effectively HPV-associated prostate
cancer.
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