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REZUMAT
Prezenåa virusului Epstein Barr æi a citomegalovirusului în prostatã - un subiect de controversã
Virusul Ebstein-Barr a fost încadrat de IARC drept carcinogen de grupul I având capacitatea de a imortaliza
limfocitele B cât æi celulele de carcinom epitelial. Citomegalovirusul are de asemenea capacitatea de a imortaliza celule umane în vitro, în special la nivel tegumentar unde este prezent frecvent. Datã fiind implicarea
certã a acestor 2 virursuri în diverse neoplazii s-a ridicat întrebarea dacã nu cumva existã o posibilã implicare
a acestora în neoplazia prostaticã. Am cãutat in literatura de specialitate date privind prezenåa Ebstein Barr
Virus æi citomegalovirus in patologia prostaticã, cãutând metode specifice de determinare a prezenåei acestor
tipuri de virusuri în åesutul prostatic. Asocierea celor 2 virusuri cu åesutul prostatic este un fapt dovedit. Ceea
ce ridicã semne de întrebare este rolul acestor 2 virusuri în apariåia neoplaziei prostatice, fie cã este vorba de
adenomul prostatic, PIN sau adenocarcinomul prostatic. Implicarea celor 2 virusuri ca promotori ai neoplaziei
prostatice a fost deja doveditã.
Cuvinte cheie: Ebstein Barr Virus, citomegalovirus, prostatã, oncomodulare

ABSTRACT
Epstein Barr virus was encoded by IARC as a Group I carcinogen and it has the ability to immortalize in vitro
B cells as well as the epithelial carcinoma cells. Cytomegalovirus, a Herpesviridae family member can also
immortalize various human cells in vitro, especially in the skin where it its presence was noticed. The oncogenic capacity of these two viruses was demonstrated rising to questions related to a possible involvement in
neoplastic prostate pathology. We extensively searched and studied in the specialized literature data which
refer to these two viruses and their presence in the prostate, looking for specific methods used to detect them
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in the prostate tissue. The presence of these two viruses in prostate is a verified fact. What raises questions is
their role in various forms of prostatic neoplasia whether it is prostatic adenoma, PIN or prostatic adenocarcinoma. Their role as promoter and oncogenic modulator has already been proved.
Key words: Epstein Barr virus, cytomegalovirus, prostate, oncomodulation

INTRODUCTION
Epstein-Barr virus (EBV) is a member of the
Herpes Virus family and is also known as Human
Herpes Virus 4. The virus was first isolated in 1964
by the British virologists Michael Anthony Epstein
and Yvonne Barr, on a cell line derived from a
Burkitt lymphoma. EBV infection is especially common in young individuals with low hygiene standards
and also low social and economic status. Thereby it
is considered that until the third decade of life,
around 80 – 100% individuals have become carriers
of infection [1,2]. Although EBV is considered to be
a lymphotropic B virus, it can also infect T and NK
lymphocytes or some epithelial cells, as it has been
found in T cell lymphomas, stomach, nose, and
throat carcinomas [2]. The most common host cell
for EBV is B lymphocyte, although in some cases the
virus can also be detected in epithelial cells. The role
of epithelial cells is likely to permit the replication
and amplification of EBV persistence than that of
the latent infection [3].
Human Cytomegalovirus (HCMV) is a member
of Betaherpesvirinae, a subfamily of Herpesviridae
and it is a highly prevalent pathogen that infects the
majority of young adults [4,5]. The percent of people
infected with HCMV until the age of 40, is considered to range between 50 to 85% [6]. It has been
demonstrated that HCMV has an important role to
play in many inflammatory and proliferative diseases, like cardiovascular diseases or some types of
cancers [5] and is also responsible for about 8% of
mononucleosis cases [7]. Human Cytomegalovirus is
also the most important cause of birth defects, which
determines most often deafness and mental retardation to the newborn, if the mother is exposed to the
virus during pregnancy [8].
In order to make a comprehensive assessment of
the implications of EBV and HCMV infection, we
extensively searched the specialized literature data
which refer to these two viruses and their presence
in the prostate. Therefore, we have found a series of
articles published mainly in the last 10 years in which
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we have looked for specific methods used to detect
this virus in the prostate tissue. Microscopy, PCR
(polymerase chain reaction) and ELISA (EnzymeLinked Immunosorbent Assay) are methods used to
detect the presence of HCMV. Acute infection with
EBV is demonstrated by the presence of heterophile
antibodies in sera like VCA (viral capsid antigen)
and early diffuse antigen (EAD). The presence of
VCA IgM antibodies is essential for acute infection
diagnosis. PCR and ELISA are also used for the
detection of EBV.
The role of Epstein-Barr virus and
cytomegalovirus in prostatic pathology
Epstein Barr virus is known for its oncogenic role
involved in the pathogenesis of lymphomas and
various epithelial tumors like breast cancer.
Grinstein published a study in which he tried to
isolate Epstein Barr virus in malignant tumors and
tried to demonstrate its presence in various sites,
including prostate with adenocarcinoma [9]. The
control group for this study was represented by 10
patients with normal prostates who tested negative
for EBV [9]. The presence of viral infection in
regions with PIN and prostate adenoma was the
most important aspect to this work [9]. The methods
used to detect the expression of EBNA-1 in tissue
fragments obtained from the Rush-Presbyterian-St.
Luke's Medical Center in Chicago, were based on
immunohistochemistry [9]. The tissue fragments
were also analyzed using PCR for gene amplification
and in situ hybridization [9]. The authors were
unable to identify the CD21 receptor fragments in
either normal or dysplastic lesions of target organs
[9]. Therefore, they raised the hypothesis that these
viral strains did not presented this type of receiver,
based on the fact that either the host cell had a
different mechanism of penetration that does not
require a receiver or other viral envelope has a
glycoprotein as a ligand [9].
The work of Sfanos et al included a group of 30
patients with prostatic neoplasia and other 200
patients in the control group for the presence of
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various pathogens [10]. They found in 16 of them the
presence of a viral stain based on the IS-PCR and
PCR to increase the specificity and sensitivity of the
determination [10].
In his study, Dr. Saad Mohammed Hassan Ali
concentrates its efforts to demonstrate a determinant relationship between EBV infection and the
presence of benign or malignant prostate tumors
[11]. For this reason he showed that 10% of the
patients (2 of 20) diagnosed with benign prostate
hyperplasia (BPH) presented EBV infection, while
in 47.5% of the patients (19 of 40) diagnosed with
prostate adenocarcinoma have also been diagnosed
with EBV infection [11]. These results indicated that
EBV infection may be among the causes that gave
rise to a benign or malignant tumor of the prostate
[11]. A discouraging result for the causal relationship between BPH and the development of adenocarcinoma by the EBV pro-oncogenic activity is the
study of J. Bergh [12]. Prostate fragments were
studied and the EBV was detected in 29 of them;
9.4% [12] were cases that have progressed from
BPH to ADK-P, and 8.8% [13] of the fragments
were patients in the control group who suffered
from ADK-P [12].
The results of this study showed that this virus is
not responsible for the progression of HBP to ADKP in these patients and there were no statistically
significant differences between positive and negative
test samples, in chronic inflammation [12,13].
Recently they found strains of EBV using both
classical and in situ PCR in 4 of 10 patients with
ADK - P and in 2 of 10 patients with BPH [14]. The
paper aimed to demonstrate the strains of HPV in
parallel with EBV and their co-existence and the
presence of koilocytes (a classic marker of HPV
infection) were also studied in parallel [14]. The
authors emphasized the presence of HPV strain 18
and its implications in cervical cancer, raising the
hypothesis of a relationship between the prooncogenic effect of this viral stain and prostate
cancer [14].
Since the mid 70’s was demonstrated the oncogenic role of this ubiquitous virus, sustained recently
in many studies by the oncomodulatory role, demonstrated on immortalized human cells.
Stapleton's study attempted to prove the involvement of CMV in prostate adenoma using alternative
methods for its detection by PCR and immunohistochemistry, but only two positive results have been
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reported: one in the control group which had normal
prostate tissue and one from the group of cases
diagnosed with BPH [15]. The results of this study
cannot support the idea that CMV may play the role
of promoter for the progression of BPH [15].
Usually a rich history in STDs is also closely related
to CMV seropositivity rate and there is recent
evidence which point out that CMV has oncogenic
potential [13]. The results of this study show that
patients diagnosed with prostate adenocarcinoma
have a lower level of CMV antibodies than patients
with BPH [13,15].
Increasing the number of patients it was hoped
that the “statistical relevance" will also increase.
Bergh and collaborators did not identify CMV virus
on a sample of 402 patients of whom 201 with
prostatic adenoma, in both the control group and in
the group with prostate cancer [12].
Serological studies made on smaller lots have
found a small number of patients with cytomegalovirus active infection. In an attempt to increase the
spectrum they tried to identify as many strains as
possible. Isolated case presentations involving the
virus in the prostate in acute diseases have appeared
in medical literature over time; so there are
described cases of acute prostatitis with CMV
[16,17].
A representative study in this sense is that of
Hrbacek et al which focused on BPH progression to
adenocarcinoma [18]. The control group of this
study included patients diagnosed with BPH from
which 86.7% (91 patients) were found positive for
CMV [18].
One of the largest studies published which
concerns this topic focuses on serological methods to
detect the virus on a large number of patients (614
cases of prostate cancer cases and 616 controls) [19].
Although the study included a large number of
patients, the results were disappointing because they
found no statistically significant association between
viral infection and prostate infliction [19]. An
important aspect of this study is the window of
opportunity, specifically if the infection and oncology
changes coincided serological detection methods
cannot be used unless serum harvesting is done when
infection is present [19]. Thus, it is pointed out one of
the drawbacks of this method of detection [19].
There is also the possibility of reactivation of
dormant viral strains and infection with another
strain. In such cases it is impossible to distinguish
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between infection with the role of promoter and
other events [19]. Unfortunately no methods that
rely on tissue sampling (DNA, RNA) may be useful
in such cases [19].
Older papers using immunofluorescence
methods or in situ hybridization, found in higher
proportions the viral presence [20]. To increase the
sensitivity and specificity more recent studies used a
real battery of investigations like immunohistochemistry, in situ hybridization and polymerase
chain reaction [13]. These methods are used by
Samanta et al in a study in 2003 to investigate the
presence of viral proteins in prostate PIN lesions
[13]. Like in a small sample of 22 patients with
prostate adenocarcinoma and PIN they found 100%
viral presence [13]. The viral presence was less
expressed in cancerous lesions as much in PIN and
hyperplasia [13].
Leskinen MJ et al in a paper in 2003 used PCR
on a small group of prostate cancer patients and an
equivalent control group with benign prostatic
hyperplasia to detect strains of CMV in radical
prostatectomy tissue [21]. None of the investigated
patients had infection with CMV or HPV and HSV
[21]. Yet in recent years the meta-analysis made on
this subject could not give a reliable result of this
type of virus implication in prostate pathology [21].
A very recent review of Caini studying the involvement of various sexually transmitted microorganisms in prostatic neoplastic pathology cannot
find a statistically significant association than for
gonorrhea [22].

oncogenic role of other pathogens [23]. The term
used lately for the activities of this virus is oncomodulation. The oncomodulation, is a relatively new
term in the definition of CMV virus is the ability of
this virus to alter the antitumor defense mechanisms
of the host organism and to facilitate and / or
accelerate the development of a neoplastic process
already present. Until now it could not be demonstrated the direct oncogenic role of this virus. It is
interesting and important to determine if it can have
a role in the transition from hyperplasia to benign
prostatic adenocarcinoma. On the other hand, there
are studies which raise the suspicion of a sexually
transmitted pathogen that could play a role in the
progression of prostatic neoplasia [24,25].

DISCUSSION
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These results showed that EBV may be involved
in cell proliferation but not necessarily in the
development of premalignant or malignant lesions.
However, the presence of EBV in dysplastic or
precancerous lesions stresses that EBV may have
additional involvement in the development of carcinomas in this organ. There are numerous plausible
assumptions that indicate the role of Epstein Barr
virus as a neoplastic promoter interfering with various defense mechanisms of the body and facilitating
the process of alteration and deletion at the cellular
level.
The role of neoplastic promoter of cytomegalovirus is and has been the subject of many debates.
We know now that it is at least an enhancer of other
neoplastic processes facilitating the penetration and
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CONCLUSIONS
The presence of both viruses in the prostate tissue
is a fact. There are still a lot of questions about what
role are these two viruses playing in the neoplastic
process either benign hyperplasia or adenocarcinoma
of the prostate. New immunological methods are now
approaching their oncogenic properties. The key to
mutations seems to reside in the presence of these
organisms and the changes that they produce in the
cellular life cycle.
Conflict of interests
The authors declare that there is no conflict of
interests regarding the publication of this paper.
Acknowledgement

REFERENCES
1.

2.
3.

4.

Proceedings of the IARC Working Group on the Evaluation of
Carcinogenic Risks to Humans. Epstein-Barr Virus and Kaposi's
Sarcoma Herpesvirus/Human Herpesvirus 8. Lyon, France, 17-24
June 1997. IARC Monogr Eval Carcinog Risks Hum. 1997; 70:1492.
Thompson MP, Kurzrock R. Epstein-Barr virus and cancer. Clin
Cancer Res. 2004; 10(3):803-821.
Kieff ED. Epstein-Barr virus and its replication. In: Knipe DM,
Howley PM (editors). Fields Virology. 5th Edition. Philadelphia,
USA: Lippincott Williams & Wilkins, 2007, p. 2603-2654.
Mocarski ES Jr, Shenk T, Pass RF. Cytomegaloviruses. In: Knipe
DM, Howley PM (editors). Fields Virology. 5th Edition. Philadel-

Epstein Barr Virus and Cytomegalovirus in Prostate - A Controversial Subject

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

phia, USA: Lippincott Williams & Wilkins, 2007, p. 2701-2772.
Saffert RT, Penkert RR, Kalejta RF. Cellular and viral control over
the initial events of human cytomegalovirus experimental latency in
CD34+ cells. J Virol. 2010; 84(11):5594-5604.
Selinsky C, Luke C, Wloch M, Geall A, Hermanson G, Kaslow D,
Evans T. A DNA-based vaccine for the prevention of human
cytomegalovirus-associated diseases. Hum Vaccin. 2005; 1(1):1623.
Grosse SD, Ross DS, Dollard SC. Congenital cytomegalovirus
(CMV) infection as a cause of permanent bilateral hearing loss: a
quantitative assessment. J Clin Virol. 2008; 41(2):57-62.
Koch S, Solana R, Dela Rosa O, Pawelec G. Human
cytomegalovirus infection and T cell immunosenescence: a mini
review. Mech Ageing Dev. 2006; 127(6):538-543.
Grinstein S, Preciado MV, Gattuso P, Chabay PA, Warren WH, De
Matteo E, Gould VE. Demonstration of Epstein-Barr virus in carcinomas of various sites. Cancer Res. 2002; 62(17):4876-4878.
Sfanos KS, Sauvageot J, Fedor HL, Dick JD, De Marzo AM, Isaacs
WB. A molecular analysis of prokaryotic and viral DNA sequences
in prostate tissue from patients with prostate cancer indicates the
presence of multiple and diverse microorganisms. Prostate. 2008;
68(3):306-320.
Ali SHM, Al-Alwany SHM. Molecular localization of Epstein Barr
virus and Rb tumor suppressor gene expression in tissues from prostatic adenocarcinoma and benign prostatic hyperplasia. Journal of
Natural Sciences Research. 2013; 3(8):70-76.
Bergh J, Marklund I, Gustavsson C, Wiklund F, Grönberg H,
Allard A, Alexeyev O, Elgh F. No link between viral findings in the
prostate and subsequent cancer development. Br J Cancer. 2007;
96(1):137-139.
Samanta M, Harkins L, Klemm K, Britt WJ, Cobbs CS. High prevalence of human cytomegalovirus in prostatic intraepithelial neoplasia and prostatic carcinoma. J Urol. 2003; 170(3):998-1002.
Whitaker NJ, Glenn WK, Sahrudin A, Orde MM, Delprado W,
Lawson JS. Human papillomavirus and Epstein Barr virus in
prostate cancer: Koilocytes indicate potential oncogenic influences
of human papillomavirus in prostate cancer. Prostate. 2013;
73(3):236-241.

263

15. Stapleton AM, Williams RH, Timme TL, Yang G, Truong LD,
Thompson TC. Human cytomegalovirus is not implicated in benign
prostatic hyperplasia: a study using immunohistochemistry and the
polymerase chain reaction. J Urol. 1996; 156(2 Pt 1):542-545.
16. McKay TC, Albala DM, Sendelbach K, Gattuso P.
Cytomegalovirus prostatitis. Case report and review of the literature. Int Urol Nephrol. 1994; 26(5):535-540.
17. Yoon GS, Nagar MS, Tavora F, Epstein JI. Cytomegalovirus prostatitis: a series of 4 cases. Int J Surg Pathol. 2010; 18(1):55-59.
18. Hrbacek J, Urban M, Hamsikova E, Tachezy R, Eis V, Brabec M,
Heracek J. Serum antibodies against genitourinary infectious
agents in prostate cancer and benign prostate hyperplasia patients:
a case-control study. BMC Cancer. 2011; 11:53.
19. Sutcliffe S, Till C, Gaydos CA, Jenkins FJ, Goodman PJ, Hoque
AM, Hsing AW, Thompson IM, Zenilman JM, Nelson WG, De
Marzo AM, Platz EA. Prospective study of cytomegalovirus
serostatus and prostate cancer risk in the Prostate Cancer Prevention Trial. Cancer Causes Control. 2012; 23(9):1511-1518.
20. Boldogh I, Baskar JF, Mar EC, Huang ES. Human cytomegalovirus
and herpes simplex type 2 virus in normal and adenocarcinomatous
prostate glands. J Natl Cancer Inst. 1983; 70(5):819-826.
21. Leskinen MJ, Vainionp R, Syrjnen S, Leppilahti M, Marttila T,
Kylml T, Tammela TL. Herpes simplex virus, cytomegalovirus, and
papillomavirus DNA are not found in patients with chronic pelvic
pain syndrome undergoing radical prostatectomy for localized
prostate cancer. Urology. 2003; 61(2):397-401.
22. Caini S, Gandini S, Dudas M, Bremer V, Severi E, Gherasim A.
Sexually transmitted infections and prostate cancer risk: a systematic review and meta-analysis. Cancer Epidemiol. 2014; 38(4):329338.
23. Soroceanu L, Cobbs CS. Is HCMV a tumor promoter? Virus Res.
2011; 157(2): 193-203.
24. Dennis LK, Dawson DV. Meta-analysis of measures of sexual activity and prostate cancer. Epidemiology. 2002; 13(1):72-79.
25. Hayes RB, Pottern LM, Strickler H, Rabkin C, Pope V, Swanson
GM, Greenberg RS, Schoenberg JB, Liff J, Schwartz AG, Hoover
RN, Fraumeni JF Jr. Sexual behaviour, STDs and risks for prostate
cancer. Br J Cancer. 2000; 82(3):718-725.

Modern Medicine. 2015, Vol. 22, No. 3

