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Abstract

Background: As one of the most prevalent cancers in men, prostate cancer is a condition with multiple causes. Viral infections have
been identified as one of the major sources of elevated incidence of prostate cancer.

Objectives: The purpose of this research was to assess the association of the risk of prostate cancer and its aggressiveness with
seropositivity of herpes simplex virus 2 (HSV-2) and/or human herpesvirus 8 (HHV-8).

Methods: Totally, 103 men with prostate cancer as cases and 81 healthy individuals as controls were included in this case-control
analysis and provided a serum sample. The specific IgG antibodies against HSV-2 and HHV-8 were screened by enzyme-linked im-
munosorbent assay (ELISA). To determine the association between HSV-2, HHV-8, prostate-specific antigen (PSA) level, and demo-
graphic variables with incidence of prostate cancer, univariate and multivariate logistic regression models were applied.

Results: The results of the univariate logistic regression model showed a statistically significant association between HSV-2 and
HHV-8 seropositivity, PSA level, age, and smoking with prostate cancer incidence (P < 0.20). The multivariate logistic regression
model results after adjusting for the potential confounding variables showed a significant statistical association between the mean
of PSA level [adjusted odds ratio (OR): 3.44; 95% CI: 2.15-5.51; P < 0.001) and incidence of prostate cancer. Moreover, the results of uni-
variate and multivariate logistic regression model showed a significant statistical association between age [adjusted OR: 0.88; 95%
confidence interval (CI): 0.81- 0.95; P=0.001] and HSV-2 and also significant statistical association was found between PSA (adjusted
OR:1.02; 95% CI:1.005-1.03; P=0.006) and HHV-8.

Conclusions: Although the seroprevalence of HSV-2 and HHV-8 was higher in patients with prostate cancer than in the control
group, it cannot be concluded that there is a significant association between the seropositivity of these viruses and prostate cancer
incidence. However, the findings showed a significant statistical association between age and seropositivity of HSV-2 and also a
significant statistical association between PSA levels and seropositivity of HHV-8.
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. Background

Prostate cancer is the second leading malignancy and
the 6th major cause of cancer-related death among males
worldwide (1). Aprevious study reported prostate cancer as
the second most prevalent cancer among urological malig-
nancies in Iranian males (2).

Prostate tumor is a multifactorial disease and several
genetic and environmental risk factors have been associ-
ated with its development and progression, such as aging,
ethnicity, and genetic predisposition (3). Seroepidemio-

logicresearch has proposed a correlation between sexually
transmitted infections (STIs) and the possibility of prostate
cancer. Infectious agents such as herpes simplex virus type
2 (HSV-2) and human herpesvirus type 8 (HHV-8) have been
assumed to contribute to prostate tumorigenesis (4-6).

Herpes virus is one of the viral etiologies that has been
associated with the pathogenesis of cancer and plays a sig-
nificantrole in the carcinogenesis via induction of deoxyri-
bonucleic acid (DNA) synthesis as well as inhibition of cell
apoptosis (7). On the other hand, energy is essential for any
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function, and one of the new hypotheses is the effect of en-
ergy depletion in human cells on the development of can-
cer cells. Mitochondria are involved in cellular metabolic
processes and also play a major role against viruses. Many
viral proteins also react with mitochondrial proteins and
regulate cellular responses. Therefore, one of the new as-
pects of carcinogenesis is the effect of viruses including
HSV-2 and HHV-8 on cellular mitochondria (8, 9).

The possible association of HHV 8 and HSV 2 in prostate
cancer has been reported in some previous studies (10, 11).
However, some other studies reported contradictory re-
sults and failed to find such a relationship (6, 12, 13). There-
fore, the correlation between HSV 2 and/or HHV 8 infection
and prostate cancer remains controversial.

2. Objectives

The current case-control study aimed at evaluating
the potential association between the STIs and the risk
of prostate cancer and its aggressiveness by studying the
seropositivity of HSV-2 and/or HHV-8, using serological
methods.

3. Methods

3.1. Study Design

In the current case-control study, between 2017 and
2019, 184 samples comprising 103 histologically confirmed
prostate cancer patients (as cases), who had undergone
one or more treatment programs for prostate cancer
(including radical prostatectomy, hormone-suppression
therapy, radiation therapy), and 81 age-matched healthy
controls were enrolled. All participants (both cases and
controls) completed a self-administered questionnaire for
relevant clinical characteristicsand demographicdataand
provided a serum sample for serological analysis. Individu-
als with a history of any other malignancies and/or cancer
metastasized to the prostate from another origin as well as
the ones with the history of organ transplantation and hu-
man immunodeficiency virus (HIV) were excluded. All par-
ticipants have signed informed consent and the work was
accepted by the institutional review board (approval ID:
IR. TUMS.VCR.REC.1397.1028). In the patient group (cases),
prostate-specific antigen (PSA) levels at the time of diagno-
sis were considered, and in the control group (controls),
their PSA levels were measured when individuals entered
the study. The differentiation level of the prostate tumor
was evaluated by a pathologist, using the Gleason score
(GS) system (well-differentiated, GS < 7; moderately differ-
entiated, GS =7; poorly differentiated, GS> 7) (14).

3.2. Serology

The specific IgG antibodies against HSV-2 were de-
tected, using a recognized sandwich third-generation
enzyme-linked immunosorbent assay (ELISA) according to
the manufacturer’s guidelines (DIAPRO Diagnostic; Bio-
probes Milano Italy) (15). Moreover, the presence of anti-
bodies specific to HHV-8 was screened by ELISA (16). Briefly,
the microtiter plates were coated with the diluted ORF65
protein, which is extremely immunogenic in humans. All
wells were blocked with 5% no-fat dry milk in PBS (2 hours
at room temperature). Diluted serums samples were also
blocked with 5% no-fat dry milk in PBS. Subsequently, a 2-
step ELISA was performed for the detection of IgG, using
horseradish peroxidase (HRP)-conjugated goat antibody
to mouse IgG and gamma-chain-specific monoclonal anti-
bodies specific for y-chain, which were diluted to a concen-
tration of 1: 2000 and 1: 800, respectively. Then, the mix-
ture was incubated with the substrate (1 hour/room tem-
perature). Finally, the absorption measurement was per-
formed (415 nm). All tests were performed in duplicate and
the laboratory technicians were blinded to the cases and
controls.

3.3. Statistical Analysis

The relevant data were entered into the STATA14 for
analysis. In descriptive analyzes, mean and standard devi-
ation (SD) were used for quantitative variables, and num-
ber and relative frequency were used for qualitative vari-
ables. Moreover, to determine the association between
HSV-2, HHV-8, PSA level, and demographic variables with
incidence of prostate cancer, univariate and multivariate
logistic regression models were applied; then, the crude
and adjusted ORwith 95% confidence interval (CI) were cal-
culated. Additionally, the area under a ROC curve was used
for the assessment discriminative ability of the multivari-
ablelogistic regression analysis (Figure1). Also, the univari-
ate and multivariate logistic regression models were used
to determine the association of HSV-2 and HHV-8 with Glea-
son score, PSA, and age in case subjects. Finally, P < 0.05
was considered as a statistically significant level.

4. Results

A total of 103 cases (patients with prostate cancer) and
81 healthy controls were recruited for the present study.
The mean age + SD for cases and controls was 65.70 = 9.92
and 61.96 £ 8.53 years, respectively (Table 1). Additionally,
Table 1 shows the association of HSV-2, HHV-8, PSA, and de-
mographic variables with the incidence of prostate can-
cer. The results of the univariate logistic regression model
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Figure 1. The area under the curve for variables entered in the multivariable logistic regression model.

showed a statistically significant association between HSV-
2, HHV-8, PSA, age, and smoking with the incidence of
prostate cancer (P < 0.20). After the univariate logistic re-
gression model, to eliminate potential confounding vari-
ables, we introduced all the significant variables in univari-
ate logistic regression analysis (P < 0.20) simultaneously
into a multivariate logistic regression model. An indepen-
dentvariable should be examined in the univariate model.
Then, only variables that seem to be closely associated with
the studied outcome (P < 0.2) are imported into the fi-
nal multivariate model (17). The results of the multivari-
ate logistic regression model after adjusting for the con-
founding variables showed a significant statistical associ-
ation between mean PSA level [adjusted odds ratio (OR):
3.44; 95% CI: 2.15 - 5.51; P < 0.001] and prostate cancer in-
cidence; this means that for every one-unit increase in the
mean PSA level, the odds of incidence of prostate cancer in-
crease by 3.44 times. However, other variables did not show
a statistically significant association with the incidence of
prostate cancer (P> 0.05) (Table 1). Figure 1 shows the area
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under the ROC curve for variables entered into the multi-
variate logistic regression model, which was 0.9688.

Then, the univariate and multivariate logistic regres-
sion model was used to examine the association of HSV-2
and/or HHV-8 seropositivity with Gleason score, PSA level,
and age. Finally, the results of the multivariate logistic
regression model showed a significant statistical associa-
tion between age (adjusted OR: 0.88; 95% CI: 0.81- 0.95; P
=0.001) and HSV-2 seropositivity; this means that for every
one-unit increase of the age, the odds of seropositivity for
HSV-2 decrease by 12% (intra-group analysis was performed
in cases) (Table 2).

In addition, a significant statistical association was
found between PSA levels (adjusted OR: 1.02; 95% CI: 1.005
- 1.03; P = 0.006) and HHV-8 seropositivity; this means
that for every one-unit increase in the mean of PSA level,
the odds of seropositivity for HHVS increase by 1.02 times
(intra-group analysis was performed in cases) (Table 3).
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Table 1. The Association Between HSV2, HHVS, PSA, and Demographic Variables with Prostate Cancer by Univariate & Multivariate Logistic Regression Model *

Variables Case Control Crude OR (95% CI) P-Value Adjusted OR (95% CI) P-Value

HSV-2 0.122
Seronegative 89(86.4) 75(92.6) Reference 0.187 Reference
Seropositive 14 (13.6) 6(7.4) 1.97(0.72-5.37) 3.91(0.6922.03)

HHV-8 0.789
Seronegative 92(89.3) 79 (97.5) Reference 0.048 Reference
Seropositive 11(10.7) 2(2.5) 4.72 (1.01-21.94) 0.63(0.02-18.51)

Smoking 0.494
Non-smoker 44 (42.7) 55(67.9) Reference 0.001 Reference
Smoker 59(57.3) 26(32.1) 2.83(1.54-5.21) 150 (0.47-4.83)

PSA 2535 +32.43 3.41+ 128 3.40 (219 -5.28) < 0.001 3.44(2.15-5.51) < 0.001

Age (y) 65.70 £+ 9.92 61.96 =+ 8.53 1.04 (1.01-1.07) 0.009 0.93(0.00 - 6.24) 0.082

Abbreviations: CI, confidence interval; SD, standard deviation.

? Values are expressed as No. (%) and mean = SD unless otherwise indicated.

Table 2. The Association Between HSV-2 with Gleason Score, PSA, and Age by Univariate & Multivariate Logistic Regression Model *
Variables v Crude OR (95% CI) P-Value Adjusteéil)() R(95% P-Value
Seronegative Seropositive

Gleason score 74118 6.5+ 1.65 0.71(0.44 -1.15) 0.168 0.86 (0.52-1.43) 0.573

PSA 1536 == 25.61 18.46 £ 34.15 0.99(0.98-1.01) 0.951

Age (y) 64.97 +9.26 56.55 =+ 8.11 0.87(0.81-0.94) < 0.001 0.88(0.81-0.95) 0.001

Abbreviations: CI, confidence interval; SD, standard deviation.

2 Values are expressed as mean = SD unless otherwise indicated.

Table 3. The Association Between HHV-8 with Gleason Score, PSA, and Age Cancer by Univariate & Multivariate Logistic Regression Model *
Variables TS Crude OR (95% CI) P-Value Adjusteéil)o R(95% P-Value
Seronegative Seropositive

Gleason Score 6.91+1.25 710 £137 1.12(0.68-1.83) 0.656

PSA 1334 £23.1 46.64 + 45.68 1.02 (1.005-1.03) 0.006 1.02(1.005-1.03) 0.006

Age (y) 63.97 £ 938 65.15 £ 1116 1.01(0.95-1.08) 0.668

Abbreviations: CI, confidence interval; SD, standard deviation.
2 Values are expressed as mean = SD unless otherwise indicated.

5. Discussion

HSV-2 is one of the sexually transmitted viruses, which
is typically most frequent in people with high-risk behav-
iors (18). The worldwide incidence of HSV-2 infection in
populations aged 15 to 49 years in 2012 was roughly 11% (19).
In general, the seroprevalence of HSV-2 varies in different
demographic groups from 6% in the healthy population to
40% in patients with STIs (19). The frequency of HSV-2 has
been documented to be very high in some regions of Africa
and South America and low in Asia (7). There is limited data
on the prevalence of HSV-2 in Asia and, specifically, Iran
(20). Our findings showed that the total seroprevalence of

HSV-2 in the statistical population of the study was 10.9%,
which is less than the incidence reported in some of the
earlier studies in Iran (21, 22). A meta-analysis in Iran re-
ported the incidence of HSV-2 to be 42.04% (20). Moreover,
a previous study in Iran showed the prevalence of HSV-2 as
23.3% in a sample of asymptomatic Iranian students (21).
However, the prevalence of HSV-2 IgG antibody was previ-
ouslyreported tobe 5.8% in an analysis of pregnant women
residing in northwestern Iran (22).

Furthermore, the seroprevalence of HHV-8 differs in
various geographical regions and races in different coun-
tries (23). The highest incidence of the virus is in sub-
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Saharan Africa with 36 to 60% (24). The majority of the
available studies reported the seroprevalence of the virus
among high-risk populations, including the men who have
sex with men (MSMs) or HIV-positives; however, the inci-
dence of the virus in the healthy population has not been
well documented (25-27). The HHV-8 seroprevalence in
healthy populations was reported to be 1.3 to 4.4% in South-
east Asia and the Caribbean (28) and 7.3% in the United
States (29). It was 1.7% in renal transplant recipients in
Saudi Arabia (30). The seroprevalence of HHV-§ was 7.1%
in the statistical population of our research; however, the
seroprevalence of the control group was 2.5%. One of Iran’s
infrequent tumors is Kaposi’s sarcoma (31). The preva-
lence of HHV-8 is estimated to be 2% in the normal Iranian
community, but this figure rises to 45.7% in HIV patients
(32). The prevalence of HHV-8 was reported to be about
10% in hemodialysis patients (33) and 5.5% in HIV-positive
patients (34). In addition, no positive HHV-8 DNA cases
were observed in the two groups of a previous study in Iran
(healthy and HIV-patient group) and reported a very low
seroprevalence for the virus. The authors claimed that Iran
is probably one of the regions with low HHV-8 prevalence
(35).

Herpes viruses play a central role in carcinogenesis
by suppressing cellular apoptosis and activating the DNA
synthesis (11). The role of HSV-2 and HHV-8 viruses in
prostate cancer has been a controversial subject in stud-
ies. These differences could be due to the varying preva-
lence of prostate cancer and HSV-2 and HHV-8 viruses, both
of which are dependent on geographical region and age
(7). Another explanation for the disparity of results on the
role of these viruses in prostate cancer is the use of var-
ious approaches in detecting the virus. Due to the lack
of healthy prostate tissue samples that can be used as the
control for the study of the relationship between viral in-
fections and prostate cancer, serological methods may be
preferable to others (12). Moreover, the herpes virus sero-
logical tests are less complicated than tissue tests and are
also more popular in investigations (7). Moreover, there
is no reliable and adequate data on the comparability or
consistency of the results from serological testing with tis-
sue analysis in diagnosing the herpes virus infections (7).
Several studies have reported a strong association between
serological results of HHV-8 positives and an increased risk
of prostate cancer (10, 36). A previous study showed that
HHV-8 expresses IL-6,a human-like viral interleukin that ef-
fectively induces the proliferation of prostate cancer cells
(37). Moreover, in a case-control study on serum level of in-
flammatory cytokine in prostate cancer patients and con-
trols, it was found that the cytokine profile in men with
prostate cancer was different from that of the healthy men.
The researchers reported a T-helper 2 response with an in-
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crease in IL-13 levels as well as a decrease in the T-helper
1 response, and the level of IL-12P70 was present in both
prostate cancer patients and HHV-8 serologically positive
patients. Hence, the authors of the study regarded these
findings as supportive of their theory on the presence of
an interaction between chronic HHV-8 infection and in-
creased risk of prostate cancer (38). Previous research on
men living in Trinidad and Tobago and the United States
showed increased HHV-8 seropositivity in prostate cancer
patients (36). In another study on Tobago men, it was
shown that a latent HHV-8 infection leads to inflammation
and macrophage infiltration in the prostate. Notably, To-
bago is one of the areas with the highest rates of prostate
cancer mortality (39).

The results of a meta-analysis of 11 trials, consisting
of a total of 2 999 cases and 3 875 controls, indicated a
significant association between HSV-2 infection and an in-
creased risk of prostate cancer in the North and South
American populations; however, such a relationship was
not observer for HHV-8 infection (7). While the geograph-
ical region factor was considered in the meta-analysis be-
fore the research, no reports from Asia and Africa were in-
cluded in the study, which, in turn, is one of the drawbacks
of this review for comparative purposes (7). The study re-
ported the lack of adequate information from Asia and
Africa as inhibitors of extensive and reliable meta-analyses
investigating the relationship of these viruses and the risk
of prostate cancer (7).

Our findings showed that 13.6% of the cases and 7.4%
of the control group were seropositive for HSV-2, but there
was no statistically significant difference in the prevalence
of HSV-2 between the two groups (P=0.181). Although there
was no correlation between HHV-8 and HSV-2 seropositiv-
ity with prostate cancer based on the findings of the logis-
tic regression model of multivariate analysis after adjust-
ing the confounding variables in our study, these results
are consistent with some earlier studies; namely, some
studies reject the presence of a relationship between such
viruses infection and prostate cancer (4, 12, 13, 40). For ex-
ample, during a seroepidemiological analysis in Finnish
men, over a 24-year follow-up, no significant association
was observed between HHV-8 and HSV-2 infections and
an increased risk of prostate cancer (12). Moreover, a
protective impact of HHV-8 chemokines was proposed on
prostate cancer in an article, establishing an inverse asso-
ciation between virus infection and prostate cancer. How-
ever, the authors claimed the Mediterranean population as
an intervening variable (6).

Furthermore, according to the findings shown in Ta-
bles 2 and 3, no significant association was observed be-
tween the seropositivity of HHV-8 and HSV-2 with the Glea-
son score of prostate tumors.



Ohadian Moghadam S et al.

Based on the findings of the multivariate logistic re-
gression model after adjusting the potential confounders
in the present research, a statistically significant associa-
tion was observed between the mean level of PSA and the
occurrence of prostate cancer. These findings indicate a
3.44-fold rise in the incidence of prostate cancer per unit
of mean PSA levels.

The results of the univariate and multivariate logistic
regression model have also demonstrated a significant sta-
tistical association between PSA levels and HHV-8 seropos-
itivity. These results are consistent with the results of the
previous case-cohortreport, in which the increased PSA lev-
elsin prostate cancer caused by HHV-8 infection were iden-
tified as a potential source for their previously reported
significant relationship between the virus infection and
prostate cancer (4).

Increasing age is an accepted factor in developing
prostate cancer (41). The mean age of the case and con-
trol groups in the present study was 65.70 and 61.96 years,
respectively. Despite the different age ranges of patients
in the groups, no significant association was observed be-
tween age and prostate cancer according to the results of
the multivariate logistic regression model. The previous
studies have described age as a risk factor for HSV-2 infec-
tion (20). Furthermore, the prevalence of HSV-2 has been
documented to increase with age, from a very low percent-
age in below 12 to 80% in high ages (42), with a maximum
infection occurring around the age of 40 (43); however, it
should be noted that many aspects such as sexual activity
have a major role in this process (42).

HHV-8 also becomes more prevalent with age (13). How-
ever, the results of our analysis revealed no significant re-
lationship between HHV-8 seropositivity and the patients’
age. Nevertheless, the results of the multivariate logistic
regression model showed a significant statistical associa-
tion between age and HSV-2 seropositivity, as opposed to
previous research, in which greater seropositivity was re-
ported in older ages (42). The older age of our research
sample could explain this finding because the population
studied in the case group were men with prostate cancer,
who are usually old.

5.1. Conclusions

Although the seroprevalence of oncogenic and sex-
ually transmitted viruses was higher in patients with
prostate cancer than in the control group, it cannot be
concluded that there is a significant association between
the seropositivity of these viruses and prostate cancer
and the grade of the tumor. However, the results of our
research showed a significant relationship between the
age and seropositivity of HSV-2 and also a significant sta-
tistical association between PSA levels and seropositivity

of HHV-8. Nonetheless, multicenter experiments on sev-
eral groups of people of varying ages and races, as well
as the concurrent use of various virus detection and as-
sessment approaches are essential to endorse or rule out
the correlation of such viruses with prostate cancer. In
addition, aside from the carcinogenic characteristics of
these viruses, chronic infections, and estimates of their
role in increasing the prevalence of cancer, the screening
and surveillance of the prevalence of these viruses is an-
other important concern for the implementation of in-
structional, prevention, and treatment initiatives, particu-
larly in communities at higher risk of infection with these
viruses.
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