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Abstract. It has been demonstrated that there is an asso-
ciation between human papillomavirus (HPV) infection and
prostate cancer (PCa). However, HPV infection in PCa and
the causal role remains unclear, therefore the objective of the
present study was to confirm this association and evaluate the
clinical tumor characteristics to understand the underlying
molecular mechanisms. HPV detection and genotyping were
analyzed in 117 paraffin-embedded prostate tissue from men
diagnosed by histological analysis with adenocarcinoma, and
a group including 60 men with benign prostatic hyperplasia
(BPH). The clinical and histological characteristics in tissues
with PCa were evaluated, comparing HPV-infected vs. not
infected, single vs. multiple HPV infection, and low-risk (LR)
HPV vs. high-risk-HPV (HR-HPV). In 84.1% of all samples,
HPV was detected, exhibiting a higher prevalence in tissues
with PCa (109/117 or 93%) compared with tissues with BPH
(40/60 or 67%), as evidenced by the association between the
infection and PCa [odds ratio (OR); 6.8; 95% confidence
interval (CI), 2.77-16.69; P<0.0001]. The main viral genotypes
detected in order of decreasing prevalence were 16, 11, 18 and
6. Detection of multiple HPV infection was significantly higher
in PCa (78/117 or 66.7%) than in HPB (21/60 or 35%) (OR,
3.7; 95% CI, 1.929-7.151; P=0.0001). Of note, co-infections
containing interactions of HPV 16-18 types were associated
with PCa (OR, 3.9079; CI, 1.2867-11.8685; P=0.0162) which
indicates new epidemiological data in PCa. Cribriform cells,
prostatic atrophy and prostatitis were statistically less frequent
in tissues with PCa HPV-infected vs. not infected (P<0.05).
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Cribriform cells were also more frequent in single vs. multiple
HPYV infection (P<0.05), and in tissues with LR-HPV vs.
HR-HPV (P<0.05). A worse prognosis was observed for
HPV-not infected, with a single HPV infection and LR-HPV
infection, suggesting that tumor progression could be attrib-
uted to the resistance of human PCa cells to tumor apoptosis
in the presence of multiple HPV types to ensure cell survival.
Studies evaluating differences in the tumor microenvironment
are needed to clarify the association between viral infections
and histopathological tumor characteristics.

Introduction

Worldwide, prostate cancer (PCa) is the second most common
cancer type in men, with the highest incidence in North and
South America, Europe, Australia and the Caribbean (1). Early
detection of PCa is becoming increasingly popular and accept-
able among the male population. Screening with biomarkers
and magnetic resonance imaging aims to enable timely
diagnosis and reduce mortality. However, multiple factors
can contribute to its development; among the risk factors that
have been identified are family history, germline mutations,
ethnicity, age, metabolic syndrome, obesity, smoking, lifestyle
and infectious diseases (2).

Human papillomavirus (HPV) is a 55 nm enveloped virus
with a circular double-stranded deoxyribonucleic acid (DNA)
chain that encodes eight genes: late structural proteins L1
and L2 and early proteins El, E2, E4, ES5, E6, and E7. The
proteins E6 and E7 are considered the most important in cell
transformation due to their interactions with p53 and pRB,
respectively. VPH is one of the most common sexually trans-
mitted infections worldwide (3). In total, ~200 HPV types have
been identified and classified as low-risk (LR) and high-risk
(HR) based on their oncogenic potential (4,5). Certain types
of cancer, such as cervical, oropharyngeal, breast, anal, penile
and PCa, have been linked to HPV infection (3).

There is sufficient evidence for the association between
HPV and PCa in several meta-analyses and case-control
studies (6-13). However, differences in HPV prevalence have
been described by geographical location (14). Due to the mode
of transmission of a pathogen and the fact that HPV infection
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has been linked in male genital and urinary tumors, potential
for intra-organ transmission (15), vaccination is a critical factor
in developing effective preventive strategies, and investigation of
HPYV prevalence and its distribution of genotypes are of critical
importance for the implementation of vaccination programs. In
addition, HPV infection in PCa and their causal role remains
unclear, and existing reports often lack information about the
clinical characteristics of tumors. The study of clinical tumor
characteristics is critical to our understanding of the molecular
mechanisms underlying the link between HPV and PCa. The
objective of the present study was to analyze the association
between HPV and PCa, the genotype distribution and the poten-
tial association with tumor development.

Materials and methods

Study population. The present study is cross-sectional in the
Central Military Hospital of the National Defense Ministry
(Mexico City, Mexico). A total of 177 paraffin-embedded tissue
prostate samples from men were analyzed. Tissue collection
was performed between June and November 2024, from the
biopsy sample repertoire of the pathology department of the
Central Military Hospital, from patients who had previously
undergone prostatectomy.

The inclusion and exclusion criteria were as follows:
Inclusion criteria: i) Unrelated men, recruited between
May 2022 and September 2023, who had undergone a prostate
biopsy based on clinical findings (urinary symptoms and digital
rectal examination) and had a histopathological diagnosis
of benign prostatic hyperplasia (BPH) or PCa; ii) controlled
comorbidities (diabetes and/or hypertension); iii) no history of
HPYV infection; and iv) no evidence of infectious diseases or
inflammatory disorders. Exclusion criteria: i) Patients who were
presented with cancer elsewhere in the body; ii) Cases with
incomplete or inconsistent data in clinical history; iii) patients
without follow-up after the biopsy (missing or not attending
further consultations); and iv) missing biopsy samples or those
with insufficient tissue for analysis. The samples were divided
into two groups, a group including 117 tissue samples from men
diagnosed by histological analysis with adenocarcinoma, and a
group including 60 tissue samples from men with BPH. Tissue
samples for histological examination were preserved in formal-
dehyde, embedded in paraffin, sectioned into 3 mm-thick slices,
stained with hematoxylin and eosin, and examined microscopi-
cally. Histopathological analysis from tissue prostate samples
of the patients were evaluated by Pathology Department, and
the clinical characteristics of the patients were explored by a
urologist. The histopathological and clinical data of all patients
were collected from digital expedients. The present study was
approved (approval no. CInv-045) by the Ethics and Research
Committee of the Teaching and Research Department of the
Central Military Hospital (Mexico City, Mexico).

DNA extraction and molecular assays. DNA was extracted
from paraffin-embedded prostate tissue samples. The sample
deparaffination was carried out using xylene (J.T. Baker;
Avantor) and DNA extraction was carried out via an organic
method using UltraPure™: mixture 1:24:25, v/v of isoamyl
alcohol: chloroform: phenol (cat. no. 1593049; Invitrogen;
Thermo Fisher Scientific, Inc.). HPV detection and genotyping

were analyzed using a Thermal Cycler for Real-Time PCR
System Techne Prime Pro 48 (Antylia Scientific) and the
Genotyping Real-time PCR Diagnostic kit (PCR-Fluorescenc
Probing for 23 genotypes of HPV DNA (cat no. S3108E
Sansure Biotech Inc.). The technology is based on the use of
specific primers and Tagman fluorescence probes with DNA
fragments specific to 23 HPV types for genotyping (6, 11, 16,
18,26,31,33,35,39,42,43,45, 51,52, 53,56, 58, 59, 66, 68, 73,
81, 82) in groups of 4 different genotypes in 6 reaction tubes.
The PCR test used a contamination-proof system using the
uracil-N-glycosylase + deoxy-uridine triphosphate enzyme to
eliminate false positives by degrading potentially unwanted
amplified products. To evaluate the efficiency of nucleic acid
extraction, it uses [-globin in human epidermal cells as an
internal control to ensure amplification and avoid false negatives
by detecting potential PCR inhibitors. The limit of detection for
each genotype was determined to be 400 copies/ml. The quality
control was evaluated simultaneously with sample analysis
using an HPV genotype-negative control, with no Ct values
at specific fluorescence channels of HPV genotype assays and
an HPV genotype-positive control which shows typical S-type
amplification curves and the tested Ct values range from 24 to
30 at specific fluorescence channels of HPV genotype assays.

Statistical analysis. The clinical results are presented as
percentages, and the mean + SD. The analysis of variables was
performed using the y? test for categorical variables or Fisher's
exact test when the expected frequencies were lower than 5, and
the unpaired Student's t-test for comparing variables between
groups. The odds ratio (OR) with 95% confidence intervals
was determined as a measure of the association between HPV
infection and PCa risk. P<0.05 was considered to indicate a
statistically significant difference. Data were analyzed using
SPSS version 24 (IBM Corp.).

Results

In the present study, paraffin-embedded prostate tissue samples
from a group of men with PCa and a group of men with BPH
were used (Fig. 1). The prevalence and HPV genotypes were
studied in the patients, who were aged between 51-96 years,
with a mean age of 69.6+8.7 years.

Clinical characteristics. Similar clinical characteristics were
detected between groups: Most had no family history of cancer,
tobacco use, or alcohol, and presented similar proportions of
controlled comorbidities. There was no case with a history of
HPV infection or other STTs. No statistically significant differ-
ences were found in the clinical characteristics of the groups
(Table I).

Prevalence and HPV genotypes. HPV was detected in 84.1%
(149/177) of all analyzed samples, exhibiting a higher preva-
lence in tissues with PCa (109/117 or 93%) than in tissues with
BPH (40/60 or 67%), evidencing that HPV infection is associ-
ated with PCa (OR, 6.8; 95% ClI, 2.77-16.69; P<0.0001).

The viral genotypes detected overall in the study, and the
distribution between groups are summarized in Table II. The
main viral genotypes observed in the samples, in order of
decreasing prevalence, were 16, 11, 18 and 6. Genotypes 16,
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Table I. Clinicopathological characteristics of study groups.

Prostate cancer Hyperplasia prostatic

Characteristics group, n (%) benign group, n (%) P-value Both groups
Family history of cancer 0.121

No 114 (97) 59 (98) 173 (98)

Yes 303 1(2) 4(2)
Tobacco 0.090

No 99 (84) 56 (93) 155 (88)

Yes 18 (16) 4(7) 22 (12)
Alcohol 0.326

No 106 (91) 56 (93) 162 (92)

Yes 11(9) 4(7) 15(8)
Another cancer 0.485

No 112 (96) 54 (90) 166 (94)

Yes 54) 6 (10) 11 (6)
Comorbidities

No 66 (56) 31(52) 97 (55)

Diabetes mellitus 2 8(7) 7 (11) 0.121 159)

Systemic arterial hypertension 27 (23) 9 (15) 0.190 36 (20)

Both 16 (14) 13 (22) 0.783 29 (16)
Age, years 71.4+8 .4 66.9+8 4 0.855 69.6+8.7
Body mass index 26.0+5.6 25.545.5 0.359 26.0+5.6
Heart rate 76.6+17.2 78.1£10.0 0.604 77.2+14.8
Respiratory rate 18.5£5.9 18.3£1.2 0.392 18+£5.9
Temperature 36.3+8.3 36.6+0.5 0.092 36.4+6.7
Systolic blood pressure 12594292 128.7+14.9 0.309 127.0+24 4
Diastolic blood pressure 71.8+17.6 76.5+7.5 0.121 73.7+14.6
Percentage of O, saturation 88.9£25.3 94.3+1.6 0.092 89.6£19.9

Figure 1. Representative histopathological image derived of samples used in the present study. (A) Prostate cancer and (B) Benign prostatic hyperplasia.
Hematoxylin and eosin staining at x200 magnification.

11, 18 and 53 were detected with higher frequency in the PCa The detection of multiple HPV infection in the same
group and genotype 58 was detected with higher frequency in ~ sample (2-11 different genotypes) in the population studied
the HPB group (Table II). was 55.9% (99/177), which was higher than the detection of
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Table II. Distribution of HPV genotypes in the study groups.

BPH (n=60) PCa (n=117) Overall infection (n=177)
HPV genotype N (%) N (%) P-value N (%)
HPVI16H 9 (15) 53 (45.3) <0.0001 62 (35)
HPV11 8(13.3) 43 (36.8) 0.001 51 (28.8)
HPVI18H 5(8.3) 36 (30.8) 0.001 41 (23.2)
HPV6 7(11.7) 19 (16.2) 0417 26 (14.7)
HPV39H 7(11.7) 17 (14.5) 0.599 24 (13.6)
HPV53 3(5) 19 (16.2) 0.032 22 (124)
HPV59H 4(6.7) 16 (13.7) 0.164 20 (11.3)
HPV51H 5(8.3) 12 (10.3) 0.682 17 (9.6)
HPV33H 6 (10) 10 (8.5) 0473 16 (9.0)
HPV42 2(3.3) 10 (8.5) 0.193 12 (6.8)
HPV43 5(8.3) 7 (6) 0.557 12 (6.8)
HPV6S 5(8.3) 7 (6) 0.557 12 (6.8)
HPV26 6 (10) 54.3) 0.136 11 (6.2)
HPVS82 2(3.3) 8 (6.8) 0.341 10 (5.6)
HPV56" 2(3.3) 7 (6) 0.449 9(5.1)
HPV45H 2(3.3) 6(5.1) 0.587 8(4.5)
HPV73 5(8.3) 3(2.6) 0.081 8(4.5)
HPV58H 5(8.3) 2(1.7) 0.033 7 (4.0)
HPV35H 1(1.7) 3(2.6) 0.705 42.3)
HPV31H 1(1.7) 3(2.6) 0.705 4(2.3)
HPV52H 3(5) 1(0.9) 0.079 4(2.3)
HPV8I 0 (0) 1(0.9) 0474 1(1.3)
HPV66 0 (0) 1(0.9) 0474 1(1.3)

HHigh-risk genotypes. Statistically significant difference at P<0.05 was determined using the chi-square test or Fisher's exact test when the

expected frequencies were lower than 5. HPV, human papilloma virus.

a single HPV infection (28.2%; 50/177) (Table III). A higher
single HPV infection rate was observed in HPB (31.6%; 19/60)
compared with PCa (26.5%; 31/117); however, no statistical
significance was detected between groups. The detection rate
of multiple HPV infection was significantly higher in PCa
(66.7%; 78/117) compared with HPB (35%; 21/60), which
suggested that multiple HPV infection represents a risk factor
for PCa (OR 3.7, 95% CI, 1.929-7.151; P=0.0001). A total of
73 different patterns of multiple HPV infections were identi-
fied (Fig. 2). The co-infections containing two different HPV
genotypes were the most frequent. Of note, co-infections
containing interactions of HPV16-18 types were associated
with PCa: HPB (4 cases) and PCa (33 cases) (OR, 3.9079; CI,
1.2867-11.8685; P=0.0162) indicating new epidemiological
data regarding the specific combination of HPV genotypes in
PCa.

HR-HPV genotypes were found in 48/149 (32.2%) cases,
LR-HPV genotypes in 50/149 (33.6%), and both genotypes
in 51/149 (34.2%). Similarly, the distribution of genotypes
was detected in study groups. In the PCa group the HR-HPV
genotype was detected in 36/109 (33%) of cases, LR-HPV
in 32/109 (29.4%) and both in 41/109 (37.6%). In the BHP
group, the HR-HPV genotype was detected in 12/40 (30%)
of cases, LR-HPV in 18/40 (45%) and both in 10/40 (25%)
(Table IV). The proportion of HR-HPV, LR-HPV and both in

multiple- and single-infection HPV was analyzed, detecting
similar frequencies between the infected population and the
study groups (Table IV).

Patients with PCa were staged according to the differentia-
tion and aggressiveness of the prostate tumor using the Gleason
score (a scale of 6 to 10) according to the histopathological find-
ings; the higher the score, the greater the aggressiveness of the
lesion and staging according to the ISUP grade (classification
of 1 to 5 grades). As the grade increases, the risk of the cancer
being aggressive and spreading rapidly also increases (Table V).

Prostatic specific antigen was evaluated, and normal values
(<4 ng/ul) were more frequent in the study population (64.1%),
which was concordant with a higher frequency of a Gleason
Score of 6-7 (78.6%). In terms of histopathological type, all
samples in the PCa group were carcinoma acinar, and the
comparison of histopathological characteristics in prostatic
tissues between HPV-infected and not infected patients was
performed. Most cases of PCa are found in the first stages of
cancer (Gleason 6-7 and ISUP 1-2), but they did not present a
significant association with the presence of HPV; the results
showed that cribriform cells, prostatic atrophy and prosta-
titis were more frequent in patients not infected with HPV
(Table V). The clinical and histopathological characteristics
were also compared between single and multiple infections
with HR-HPV, LR-HPV and cribriform cells were also more
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Table III. Prevalence of single and multiple HPV infection in the study groups.

Single HPV infection
Hyperplasia
prostatic

Genotype benign (n=60) Prostate cancer Overall infection
number N (%) (n=117) N (%) P-value (n=177) N (%)

1 19 (31.6) 31 (26.5) 0.469 50 (28.2)

Multiple HPV infection

2 5 8.3) 30 (25.6) 0.006 35 (19.8)
3 11 (18.3) 23 19.7) 0.832 34 (19.2)
4 2 3.3) 12 (10.3) 0.106 14 79
5 0 0) 7 6) - 7 39
6 1 .7 4 34 0.505 5 (2.8)
7 1 .7 0 0) - 1 0.6)
8 1 .7 1 0.9 0.629 2 (1.1)
11 0 ) 1 0.9 - 1 0.6)
Total 21 35) 78 (66.7) <0.0001 99 (559)

Statistically significant difference at P<0.05 was determined using the chi-square test or Fisher's exact test when the expected frequencies were

lower than 5. HPV, human papilloma virus.

frequent in patients with a single LR-HPV infection (Table V
and Fig. 3).

Discussion

In the present study, the prevalence of HPV in prostate
tissue samples from patients with PCa and BPH, and their
HPV genotype distribution, were analyzed. Epidemiological
studies on HPV prevalence in patients with PCa have been
previously conducted; in the present study, the detected
prevalence of HPV was 84.1%, which was consistent with the
findings of a previous study (16), but inconsistent with our
previous study, where 20% HPV prevalence was found (17).
One explanation for the variation in the detection rate of HPV
in our studies could be the use of different diagnostic methods.
HPV detection and genotyping using genotyping Real-time
PCR used in the present study has as advantage the use of a
high number of HPV type-specific PCR primers, resulting in
high sensitivity and specificity of the HPV detection. Despite
being the most rapid diagnostic method, a disadvantage
is that it is limited to numbers of HPV type-specific PCR
primers according to kit design. Nested PCR used in the
authors' previous study (17) also has as advantage the high
sensitivity. However, an important disadvantage is the use of
L1 primers for HPV detection (universal degenerated primers
MY09/MY11, GP5+/6+ and L1C1), which could decrease the
detection rate, due to the loss of the L1 gene during HPV
integration into the host genome.

On the other hand, a pathogenetic link has been described
between HPV and various malignancies other than PCa,
which involve the genitourinary system in men; A previous
study has suggested that HPV infection of the prostate gland

could occur due to its anatomic proximity to the genitouri-
nary system, which is considered as a virus reservoir (18).
This suggestion is supported by the following: i) Certain
studies have found positive associations between PCa, and
sexual activities and sexually transmitted diseases (19,20);
ii) HPV transmission during sexual activities through
non-penetrative sexual contact (21); iii) evidence of
HPV transmission via circulating extracellular vesicles
throughout the body (22); and iv) a recent study revealed
that a patient with prostate and bladder cancer had a history
of recurrent HPV infection, highlighting the potential
intra-organ spread of the virus (15). Based on the aforemen-
tioned, the increased prevalence in the present study could
be due to the high prevalence of HPV in the genitourinary
system in Mexican men (23).

Regarding HPV genotypes, the simultaneous presence
of different HPV types suggested that they originated from
the samples analyzed and are not the result of contamination.
With regards to the prevalence of HPV genotypes detected
in the present study, HPV16 was the most detected geno-
type, which was in accordance with previous meta-analysis
exploring the link between HPV infection and PCa (7,9,10).
The high frequency of HPV16 is important, due to certain
studies reporting that the clearance of genital HPV infec-
tion in men is higher for the HR-HPV genotype compared
with the LR-HPV genotype; namely, the clearance of genital
HPV16 infection and some HVP 16 lineages are nearly twice
as long (24) as in other oncogenic HPV types, which based on
another studies could lead to persistent infection, a chronically
inflammatory microenvironment and immune dysregulation,
and promote carcinogenesis (25,26). The presence of HPV11
and HPV6 was also detected in a high proportion of patients
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HPV6/16/26/39/45/51/53/66/68/81/82
HPV16/18/26/33/39/45/59/73*
HPV6/16/18/39/51/53/59/82*
HPV11/43/35/51/53/59/68
HPV11/33/39/43/45/59
HPV16/18/33/35/45/59*
HPV11/16/18/33/43/45*
HPV16/18/39/33/56/58-*
HPV6/11/42/51/68
HPV16/18/39/56/59*
HPV6/11/31/42/59
HPV11/16/18/33/39*
HPV16/26/33/39/82
HPV16/18/39/42/73*
HPV16/26/53/56/82
HPV 1142/43/73
HPV51/52/53/68
HPV11/43/53/59
HPV6/11/51/68
HPV11/16/18/33*
HPV26/42/73/82
HPV16/18/33/43*
HPV16/18/45/59*
HPV16/18/39/53*
HPV16/18/51/53*
HPV16/18/33/39*
HPV11/16/18/39*
HPV16/11/43
HPV6/18/26
HPV16/33/39
HPV6/16/52
HPV6/56/58
HPV56/58/33
HPV51/52/53
HPV6/26/82
HPV6/11/43
HPVe6/16/18*
HPV51/53/68
HPV35/51/68
HPV6/11/42
HPV6/11/53
HPV11/5/-59
HPV11/39/51
HPV11/16/18*
HPV16/42/43
HPV11/42/82
HPV16/33/56
HPV16/18/26*
HPV16-45-53
HPV16/18/51*
HPV16/18/56*
HPV16/51/53
HPV6/11/59
HPV16/18/39*

W Pca

Patterns of multiple HPV genotypes detected

HPB

HPV11/43
HPV26/68
HPV18/51
HPV58/73
HPV16/59

HPV6/31

HPV6/51
HPV31/35

HPV6/18
HPV53/59
HPV42/59
HPV16/56
HPV11/16
HPV11/59
HPV11/42
HPV16/53
HPV11/53

HPV6/11

HPV16/18*

-
N

*Co-infections containing interactions of HPV16/18 genotypes

4 5 6 7 8

Frequency (n)

Figure 2. Frequency of multiple HPV patterns detected in study groups. The figure describes 73 patterns of multiple HPV infection detected (Y-axis), and the
number of samples (frequency for pattern (X-axis). "Coinfections containing interactions of HPV16/18 genotypes were associated with the PCa group (OR,

3.9079; CI, 1,2867-11,8685; P=0,0162).

in both groups, suggesting the presence of a precancerous
inflammatory state in PCa, although a previous study also
reported the presence of LR-HPV in cancer (27). Furthermore,
some recent systematic reviews (9,28) reported that HPV16

and HPV6 were the most common genotypes in genital HPV
infections in men. Consistently, another study reported a high
prevalence of HPV16 (63.41%) in urethral scraping samples in
men from Mexico City (29).
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Table IV. Distribution of HR-HPV, LR-HPV and both (HR-HPV, LR-HPV) genotypes in the study groups.

Genotype Overall infection n (%) HPB n (%) PCan (%) P-value®
Overall infection 0.167
HR-HPV 48 (32.2) 12 (30) 36 (33)
LR-HPV 50 (33.6) 18 (45) 32(294)
Both 51(342) 10 (25) 41 (37.6)
Total 149 (100) 40 (100) 109 (100)
Multiple HPV infection 0.880
HR-HPV 28 (28.3) 5(23.8) 23 (29.5)
LR-HPV 20 (20.2) 6 (28.6) 14 (17.9)
Both 51(51.5) 10 (47.6) 41 (52.6)
Total 99 (100) 21(100) 78 (100)
Single HPV infection 0.938
HR-HPV 20 (40) 7 (36.8) 13 (42)
LR-HPV 30 (60) 12 (63.2) 18 (58)
Total 50 (100) 19 (100) 31 (100)

HPV, human papillomavirus; HR, high-risk; LR, low risk. ** test. P<0.05, was considered to indicate a statistically significant difference.

Multiple HPV infection was more common in PCa group
(66.7%) than HBP group (35%), demonstrating that multiple
HPV infection was associated with PCa as a risk factor, which
represents a relevant finding in the present study. Moreover,
multiple infection with HPV16/18, was higher in the PCa group,
than the HPB group (PCa, 41% vs. HPB, 19%) evidenced new
epidemiological data, which suggest synergistic interactions
between HPV 16/18 associated with an increased risk of PCa.
Similarly, the findings of our previous study showed that the
most frequent combination of genotypes detected was 16/18
for the PCa group although not significant difference was
detected with HPB (17).

Specific antagonist and synergic interactions between HPV
genotypes have not yet been fully described in PCa. However,
some studies have reported that coinfection with HR-HPVs
can significantly increase the risk of high grade squamous
intraepithelial lesions and high-grade anal intraepithelial
neoplasia in men (30) such as persistent infection (31); and also
anal infection with HPV16/18 and other oncogenic genotypes
have been reported as predominant in HIV-positive men who
have sex with men (32).

In addition, recent findings demonstrated that precan-
cerous lesions, cervical cancer and changes in vaginal
microecology were strongly linked to HPV16/18, although
the molecular mechanisms underlying this association remain
unclear (33,34).

Moreover, evaluation of HPV whole genome sequences has
allowed genetic variation within each HPV type (lineages and
sublineages), and cancer risk (35). Some studies have shown
that HPV types differ in their frequencies of integration into
the host genome (36); moreover, certain sublineages have even
shown to be significatively associated with increased risks
of cervical cancer (37), and sublineages risks of cancer also
vary by histologic subtype (35) and are influenced by host
ethnicity (38).

Therefore, in the present study, the specific combination of
HPV genotypes detected may contribute to allow viral persis-
tence within the host, modulating the developing PCa and in
patients infected with HPB and HPV could be a risk factor to
developing PCa.

Furthermore, a hit-and-run mechanism in oncogenesis was
evidenced, since there were differences in the cellular trans-
formation capacity between HPV16 and HPV18. In HPV16, all
cell lines obtained by DNA transfection contained >1 copy/cell
viral DNA, while HPV18 viral DNA was not detected in all
cell lines obtained by transfection, which suggested that the
presence of the virus is not always required to maintain a
transformed cellular state (39). Therefore, according to this
hypothesis that HPV16 is more frequent in PCa tissues than
in HPVI18 tissues, which was the finding of the present study.
In addition, a previous study showed that in the presence of
HR-HPVs, including HPV16 and HPV1S from 28 different
patients with BPH prior to the development of HPV-positive
PCa in the same patients, HPV causality in PCa was indi-
cated (40). On the other hand, HPV18 has been associated
with PCa using the epidemiological method of Mendelian
Randomization, which uses single nucleotide polymorphisms
as instrumental variables to clarify the causal relationship
between exposure and outcome (41). HPV18 has also been
linked with PCa when it is found as a co-infection with Epstein
Barr virus; this infection status has been found to be correlated
with microbial dysbiosis (16,42).

Regarding the distribution of the HR-HPV and LR-HPV,
and HR-HPV + LR-HPV genotypes, no significant differ-
ences were detected between the multiple- and single
infection groups. These findings were consistent with the ones
of previous studies, who have shown that HPVs, predominantly
HPV16 and HPV18, were detected as transcriptionally active
and showed evidence of an early influence of the infection on
oncogenesis, through the detection of HPVE6 and HPVE7Y
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Figure 3. Representative histological section of (A-F) prostatic adeno-
carcinomas and (G-L) benign prostatic hyperplasia used in the present
study. (A and G) Samples without HPV infection; (B and H) samples with
single HPV infection; (C and I) samples with multiple HPV infection;
(D and J) samples with single low-risk HPV infection; (E and K) samples
with single high-risk-HPV infectionl and (F and L) samples with multiple low
and risk HPV infection. Hematoxylin and eosin staining at x10 magnification.

overexpression in prostate tissues with BPH in a period of
1-10 years prior to debuting with PCA (39,40).

In the present study, the prostatic specific antigen was
evaluated, and normal values (<4 ng/ul) were more frequent
in the study population (64.1%), which was concordant with
a higher frequency (78.6%) of a Gleason Score of 6-7 (grades
with low and intermediate risk not associated with a fatal
outcome) (43,44). Comparisons between patients in the PCa
group infected with HPV and those not infected revealed
a higher level >4 ng/ul in infected patients; however, no
statistical difference was detected.

No associations were detected regarding tumor progres-
sion because, in terms of histopathological type, all samples in
the CaP group were acinar carcinoma, of which 76% presented
Gleason Score of 6-7 (grades with low and intermediate risk
not associated with fatal outcome), then differences were only
detected in cribriform cells, prostatic atrophy and prostatitis.

No histological differences were found between HPV-HPB
and HPV + HPB, while that comparison of the histopathological

characteristics of tumors between HPV-PCa and HPV + PCa
showed that cribriform cells, prostatic atrophy and prostatitis
were more frequent in patients not infected with HPV.

Cribriform morphologies in prostate tissue are associated
with a worse prognosis in PCa; certain studies have even found
an association between cribriform morphologies and germline
mutations in DNA repair genes (45), linked to oncological
pathologies following radical prostatectomy (46), as well as
higher mortality and biochemical recurrence (47).

On the other hand, prostatitis is a frequent disease that can
manifest as acute or chronic inflammation (48). The connection
between inflammation and PCa carcinogenesis is known (26).In
tissues with BPH and PCa, chronic inflammation is commonly
present; this finding is attributed as carcinogenic potential to
trigger the progression of PCa (49-52). The inflammatory state
causes DNA damage due to the release of cytokines and free
radicals, causing cellular damage and atrophy (53).

The clinical and histopathological characteristics of tumors
between single vs. multiple HPV infection were compared; and
HR-HPV, LR-HPV were evaluated detected that cribriform
cells also were more frequent in single infection and, LR-HPV
infection. The differences in histopathological characteristics
revealed a worse prognosis for patients with a single infection,
LR-HPV infection, or no infection. One explanation for this
finding could be due to differences in the tumor microenvi-
ronment between HPV-positive and -negative in PCa such as
have been demonstrated in certain studies, as evidenced by the
direct association between the oncogenic proteins E6 and E7
of high-risk HPVs and their ability to act on tumor suppressor
signaling pathways through various mechanisms, such as the
overexpression of antiapoptotic mediators (Bcl-2, survivin)
with the progression of PCa and the induction of p53 and pRB
degradation through E6 and E7, respectively (54,55).

Integration of the high-risk HPV genome into the host
leads to a significant decrease in p53 expression levels in
cancer cells; in detail, E6 requires binding to the E3 ligase
protein E6-associated protein (E6AP) in order to bind to p53,
which leads to p53 degradation by E6AP-mediated ubiquitina-
tion (56), this causes the inactivation of p21 (p21WAF1/Cipl), a
cyclin-dependent kinase inhibitor, which under normal condi-
tions promotes cell cycle arrest in the G1 phase, preventing
cells from entering the S phase of the cell cycle (57,58);
therefore, p53 inactivation, mediated by high-risk HPV,
results in the suppression of cell cycle checkpoints, causing
cell immortalization, and consequently leading to uncon-
trolled cell proliferation with the potential for progression to
malignancy (59).

This mechanism has been described experimentally in
mice, where conditional inactivation of the p53 gene (Trp53)
in normal prostate epithelial cells resulted in the formation
of prostate adenocarcinoma and NEPC (neuroendocrine
PCa). PCa with neuroendocrine features may be resistant to
castration as part of the treatment, since it presents attenuated
androgen receptor (AR) signaling, suggesting that the absence
of TP53 drives lineage plasticity, manifesting as a phenotypic
switch from AR-dependent cells to AR-independent neuroen-
docrine cells, which in turn may lead to resistance to androgen
deprivation therapy (60).

Moreover, the accumulation of p53 mutations may lead to
an increase in MRP1 expression (61,62) and thus a decrease
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in the accumulation and sensitivity to drugs (63), a multidrug
resistance phenotype observed in this disease (63,64).

Furthermore, a previous study detected viral modulation
in the behavior of PCa cells by stimulating chronic inflam-
mation, as observed by the increase of cytokines (IL-1, IL-6,
IL-7, IL-8, IL-11, IL-17, TNF-a and TGF-f3), whose expres-
sion pattern varied according to the different types of HPV
studied (65). In addition, in PCa tissue with HPV infection,
the overexpression of the vascular endothelial growth factor
has also been detected and has been attributed to tissue
inflammation leading to hypoxia, and thus angiogenesis and
tumorigenesis (54); Therefore, the variants that contribute to
the modulation of the immune response are attributed to the
complex viral interaction between different variants pres-
ents (65). Thus, probable discrepancy results in the present
study and other respect to aggressivity tumor in patients with
a single infection, LR-HPV infection, or no infection, could
be due to the complex interaction among different HPV
types that exist within individuals as mutation, integration
and host ethnicity. Similar findings have been reported into
HPV-positive women, where the co-infection of HPV 16
and other genotypes of HPV except 18 was associated with
decrease of cervical intraepithelial neoplasia grade 3, (34);
likewise, interactions between high and low risk HPV
types reduced the risk of squamous cervical cancer (66).
Finally, a previous study reported that E6 oncoprotein varied
depending on the HPV genotypes composition in multiple
infection; however, expression was greatest in women with
single HPV-type infections compared with those with
multiple HPV types regardless of histopathology (67).
Then studies evaluating differences in the tumor microen-
vironment are needed to clarify the association between
co-infections and histopathological tumor characteristics.
The present study has an important limitation: The sample
type analyzed (paraffin-embedded prostate tissue), which
resulted insufficient to analyze ‘tumor environment’ and the
‘immune response’; however, studies in progress analyzing
fresh tissue could help us to clarify the association between
viral infections and histopathological tumor characteristics
for the control and management of the disease.

Although in the present study HPV showed a higher
prevalence in patients with PCa with Gleason stages 6-7 and
ISUP 1-2, and uninfected PCa patients have a worse prognosis,
it cannot be suggested that the male population should be
infected with HPV16/18 to improve their survival against PCa;
rather, it is intended to show that HPV has a role yet to be
demonstrated in the development of PCa in the early stages,
therefore preventive measures such as vaccination focused
on the most frequent genotypes according to the population
should be reinforced to prevent high-risk HPV infection, as
well as promoting health promotion for screening for the
early detection of PCa. According to the data obtained, HPV
may play a role in the initiation of PCa development, thus the
benefit of vaccination would be to prevent infection before
PCa develops. The benefits of HPV vaccination in patients
diagnosed with PCa would need to be studied.
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