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Summary
Papillomaviruses are small DNA viruses that infect and
multiply in cutaneous or mucosal epithelial tissue. Human
papillomavirus (HPV) 16 and 18 cause more than 99% of
cervical carcinomas. Simultaneous presence of HPV is found
in cervical intraepithelial neoplasia, vaginal intraepithelial
neoplasia, vaginal and anal cancer. Invasive vulvar squamous
cell carcinoma in younger women under the age of 50 are also
associated with HPV. Most of the penile lesions are subclinical
and the high prevalence of high-risk HPV suggests that they
constitute a reservoir for high-risk HPV. Bowens disease and
Buschke-Lowenstein tumors are associated with particular
low- and high-risk HPV types. The potential role of HPV infection in the carcinogenic steps of breast, prostate, colorectal

Introduction
Papillomaviruses are small DNA viruses that infect and multiply in cutaneous or mucosal epithelial
tissues. More than 100 types of HPV exist and all of
them have one thing in common - circular DNA genome composed of about 8000 base pairs. These small
genomes are organized into an early, a late, and a long
control region. The products of 2 genes from the early
control region, genes E6 and E7, are essential in the
HPV-induced processes of cellular transformation and
immortalization [1], and 2 genes from the late control
region, genes L1 and L2, encode for the viral capsid
proteins. НРVs are implicated as a risk factor for many
benign and malignant diseases - cervical cancer, anal
cancer, penile, vulvar and vaginal cancer, cancer of the
conjunctiva, head and neck tumors, laryngeal papilloma, genital and cutaneous warts etc.
There are 15 high risk types, according to their

and lung cancers should be further tested. HPV-DNA might
be transported from the original site of infection to the breast
tissue by the bloodstream, and therefore is possibly involved
in the carcinogenesis of breast neoplasia in some patients.
HPV-DNA is detected in 40-70% of head and neck squamous
cell carcinomas and in only 1% in normal epithelial cells.
In this paper we propose the hypothesis that many epithelial normal cells are susceptible to HPV infection, which
are the most sexually transmitted viruses. Experimental and
epidemiological data imply a causative role for HPVs and they
appear to be the second most important risk factor for cancer
development in humans, exceeded only by tobacco usage.
Key words: cervical cancer, HPV- associated cancers, HPV
types

oncogenic potential: 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 68, 73 and 82; 3 probably oncogenic types:
26, 53, 66; and 12 low risk types: 6, 11, 40, 42, 43, 44,
54, 61, 70, 72, 81 and CP108 [2]. While the relationship
between cervical cancer and HPV infection is certain
and proven in more than 99% of all cases, this relationship varies greatly from 0 to 100% when other organs
are infected. This broad range of variation explains our
interest in that problem.
The aim of this paper was to review the scientific literature for evidence of a universal concept that some HPV
types are associated with many types of human cancer.

Mechanism of neoplastic transformation in cervical cells
Cervical cancer is the 11th most common cancer
among women in the United States. Among women in
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developing countries cervical cancer is the second most
common cancer and is the leading cause in cancer-related deaths [3]. This association between certain subsets of HPVs and cervical cancer was first postulated in
the late 1970s [4], when it was observed that some types
of HPV were more frequent in malignant than in benign
lesions. Now it is proven that infection with high-risk
HPV types is a major risk factor for the development of
cervical cancer [5] and these risk categories reflect the
viral ability to promote the proliferation of infected cells
by disrupting DNA stability of host cells [6,7]. For example, a subset of mucosotropic HPV types, which includes high-risk HPV16 and HPV18, 31, 33, 45, 39, 45,
51, 52 (Table 1), cause more than 99% of cervical carcinomas [8,9], where the viral genome is integrated into
the host cell chromosomes [10]. HPV16 integration
leads to expression of the viral genes E6 and E7 [1] and
their products - oncoproteins E6 and E7, respectively.
These oncoproteins bind and inactivate cell tumor suppressor proteins p53 and pRB.
In addition, the continuous expression of these
early proteins can cause accumulation of DNA mutations, which in turn promotes malignant transformation. Although these events of HPV-mediated genome
transformation occur early, they are better characterized in the stage of invasive cancer [11]. Abnormalities include aberrant chromosomes - monosomies and
trisomies, chromatid gaps and breaks etc. Contemporary knowledge of the relationship between HPV DNA
integration and the resultant genome instability is still
insufficient, especially in vivo. Progress in this area has
been hampered by lack of experimental models and
methods suitable for population samples.

Other types of HPV-associated genital tumors
Vaginal intraepithelial neoplasia (VAIN) and vaginal
cancer (VC)
VAIN is thought to be a precursor of malignant disease [12]. Its incidence is about 1% of the lower genital
tract intraepithelial neoplasia [13]. Risk factors for VAIN
seem to be similar to those of the cervical and vulvar
neoplasia. Previous hysterectomy for cervical neoplasia
suggests increased risk for VAIN and HPV seems to be
the responsible agent in both locations [14-17], as well
as simultaneous presence of cervical intraepithelial neoplasia (CIN) [18]. This confirms that HPV is implicated
in the etiology of this neoplasia [15,16].
In 2007 Frega et al. [19] found that in 830 women
with prior hysterectomy HPV types 16 and 18 were
present in all patients affected by VAIN (Table 1).

Table 1. Human papillomavirus types and their clinical associated
cancers
HPV - associated cancers

HPV type

Cervical cancer/pelvic lymph nodes 16, 18, 31, 33, 45, 39, 51, 52
Vulvar cancer/vaginal cancer
16/16, 18, 33
Anal cancer/colon cancer
16
Penile cancer
16
HNSCC*
16 up 90% of the cases
Recurrent respiratory papilloma
6, 11
Bowenoid papulosis
16
Breast cancer / axillary lymph nodes
16
Prostate cancer
16, 18, 31, 33
Condyloma and laryngeal papillomatosis
6, 11
*head & neck squamous cell carcinoma

Women in the VAIN group who had relapsed or progressed to VC had significantly higher titers of highrisk HPVs. In that study it was found that the HPVDNA testing had predictive value for monitoring patients previously treated for VAIN [19]. Thus it might
be concluded that high-risk HPV-DNA testing would
improve the current guidelines for follow-up of patients
with VAIN in addition to cytological diagnosis, since
it could indicate VAIN persistence/progression to VC
before cytology becomes abnormal.
Vulvar intraepithelial neoplasia (VIN) and vulvar carcinoma (VuC)
VIN is a precursor lesion of invasive vulvar carcinoma. Many studies have demonstrated an association
between HPV and VIN [20-22]. A significant number
of investigated lesions were found positive for highrisk HPV, especially HPV16 (Table 1). VIN related to
high-risk HPV is frequently chronic, multifocal, high
-grade dysplastic disease that tends to recur after local surgical excision or laser therapy and represents
a relative risk for progression to invasive VuC if left
untreated [23]. Jones et al. demonstrated that women
aged less than 50 years more often present with VuC
associated with VIN, while they have lower incidence
if older [24]. This increase of VIN in younger women
may be explained by the recently changed sexual behavioral habits leading to higher prevalence of HPV
infections and smoking.
Invasive vulvar squamous cell carcinoma has two
types [25]. Those found in younger women under the
age of 50 are associated with HPV, aneuploidy or warty
lesions which are multifocal as a result of numerous
sexual partners, HPV16, smoking and immunosuppression. In up to 40% of cases these lesions coexist with
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other types of premalignant conditions of the genital
tract, such as CIN and VAIN [26]. In older women the
lesions are basaloid, unifocal, are not associated with
HPV and arise in a background of lichen sclerosus.
VIN is a premalignant lesion of the lower genital
tract. The frequency of VIN and VIN-related cancer has
been increasing during the past two decades, while the
mean age of patients is declining [27]. One explanation
for this rise in incidence of VIN is the increase in the papillomavirus infections involving the lower genital tract.
The presence of high-risk HPV-DNA in the preinvasive
and invasive lesions may be as high as 90% in undifferentiated VIN III [28]. The most frequently found highrisk type is HPV16, followed by types 33 and 18.
External genital warts, recurrent respiratory papillomatosis (RRP) and HPV
HPV types 6 and 11 infections are responsible for
over 90% of external genital lesions and the majority of
recurrent respiratory papillomatosis [29,30]. These are
visible warts that occur on the perigenital and perianal
region: the penis, scrotum, and vulva; pubic, perineal,
and perianal areas; and crural folds. Low-risk types 6
and 11 (Table 1) are commonly associated with either
viral condyloma or mild dysplastic changes in cervical
epithelium (CIN I), which do not usually progress to
invasive disease [31,32]. RRP can occur in adults but
principally presents in children; among children, it is
thought to be due to birth-associated exposure to HPV
[29]. RRP is rare, not malignant, and recurs often. It
can be life-threatening if papillomas reach a size that
obstructs the airway.
Penile lesions and HPV in male sexual partners of
women with CIN
The prevalence of HPV in males has been studied
poorly. As determined by peniscopy, 50-65% of male
sexual partners of women with HPV-associated genital
disease were found to have genital lesions; half of the
lesions were subclinical (ie, not visible without aceton
white staining) [33,34]. Barrasso et al. [34] showed
that penile lesions with histologic features of penile intraepithelial neoplasia (PIN) were found in about 30%
of the sexual partners of women with cervical dysplasia. 68% of the male sexual partners had penile lesions.
In another report a single lesion type was seen in 85%
of the cases, and 15% had lesions of multiple categories [35]. In that study penile lesions were categorized
in 2 types: flat type; and the more commonly observed
in association with HPV infection condyloma acuminatum type (known as genital warts). In another study,

one part of flat lesions showed histological features of
PIN 2 and the other resembled mild dysplasia or PIN
1 (known as squamous hyperplasia in which atypia is
absent) [35]. The low percentage of high grade PIN
(PIN 2 and 3) in male partners of women with CIN was
impressing. 59% of the penile scrapings were positive.
94% of these samples contained high-risk HPVs of
which HPV16 was most common (Table 1), present in
two thirds of the cases. The use of acetic acid is indispensable for the identification of these lesions, the majority of which were found around the coronal sulcus,
the inner part of the foreskin, and the frenulum. Most
of the lesions are subclinical and the high prevalence of
high-risk HPVs among males suggests that they constitute a reservoir for high-risk HPVs. In a metaanalysis
Van Howe concluded that the medical literature does
not support the claim that circumcision reduces the risk
for genital HPV infection [36]. To correctly assess the
risk of HPV infection in circumcised males, the penile
shaft needs to be sampled for HPV infection.

Other types of HPV-associated tumors
Skin lesions caused by HPV – Bowen’s disease, Buschke
-Lowenstein tumor
Bowens disease, an in situ squamous cell carcinoma, is confined to the epidermis and becomes invasive infrequently [37]. Associations between Bowens
disease and both low and high-risk HPV types have
been reported [38,39]. In Bowenoid papulosis skin
condylomas normally consist of a number of small papules which histologically resemble SCC or Bowen’s
disease in situ. Due to its local stage it is analogous to
the VIN in women [40]. Both low- and high-risk HPV
types have been isolated from Bowenoid papulosis.
Buschke-Lowenstein tumor is a rare highly differentiated genital carcinoma that is associated with some
low-risk HPVs [41].
Breast cancer and HPV
Breast cancer is the most studied or investigated
oncological disease in the world. In 1990, Band et al.
reported that HPV-DNA could immortalize normal human mammary epithelial cells, and reduce their requirement on growth factors [42]. A number of studies have
detected HPV-DNA in breast carcinoma tissues. This
raises the question whether HPVs play a carcinogenic
role in breast carcinomas. Liang and Tian [43] proposed
the hypothesis that mammary epithelial cells that partly
lose control in proliferation are more susceptible to per-
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sistent HPV infection. There are controversial data on
the meaning of viral induction of breast cancer. Lindel
K et al. [44] found that all samples were negative for
HPV-DNA in 81 patients with breast cancer analyzed by
polymerase chain reaction (PCR). In contrast, Kroupis
et al. [45] using 4 different PCR methods for detection
and verification of genital HPVs in breast cancer found
16% positive tissues tested. 67% of all detected HPV
types were HPV16 (Table 1). Breast cancer patients
harboring high-risk HPV-DNA sequences in their tumor
were younger than the rest of the patients. Furthermore,
they were less estrogen receptor-positive and a possible association with acceleration of malignancy was
examined [45]. Recently, patients having both a history
of invasive cervical cancer and breast cancer as second
primary cancer were selected for enrolment in a study of
breast carcinomas for the presence of HPV [46]. Paraffin-embedded tissue from cervical cancer, pelvic lymph
nodes, breast cancer and axillary lymph nodes of 11
patients were examined for the presence of HPV-DNA
using PCR. Additionally, serum samples taken between
diagnosis of cervical and breast cancer, were analyzed
for the presence of HPV-DNA to examine a possible
haematogenous spread of oncogenic HPV-DNA. All
cervical carcinomas were HPV-positive. HPV-DNA
was detected in 7 out of 11 cases in breast cancer and/or
axillary lymph node tissue. These results suggest that
HPV-DNA might be transported from the original site
of infection to the breast tissue via the bloodstream,
and that it is possibly involved in the carcinogenesis
of breast neoplasia in some patients [46]. The potential
role of HPV infection in the carcinogenic steps of breast
cancer should be further tested.
Head and neck squamous cell carcinomas (HNSCCs)
and HPV
The development of HNSCCs has also been related to HPV infection [47]. HNSCCs have common
predisposing factors - smoking, alcohol consumption,
or both in combination, as well as chronic inflammation and gastroesophageal reflux disease (GERD)
[47-49]. These factors induce hyperplastic inflammatory response, which is considered as a premalignant
condition.
Thanks to the extremely fast development of
diagnostic methods of molecular biology, our understanding of HNSCC tumorigenesis has increased tremendously. Using these methods, HPV is isolated from
precancerous and dysplastic tissues, as well as from
advanced tumors [50]. For example, using PCR, HPVDNA is detected in 40-70% of HNSCCs [49]. In contrast, HPV-DNA is found in only 1% in normal epithe-

lial cells [49,51,52]. Gillison et al. found that only 23%
of recurrent HNSCCs were positive for HPV-DNA and
that those patients had better prognosis [53]. HPV 6
and 11 subtypes and other rarer low-risk subtypes have
been found in recurrent laryngeal papillomatosis. This
condition is characterized by multiple relapsing papules on the vocal cords which spread to other parts of
the respiratory tract.
Laryngeal papillomatosis has distinct age predilection, seen mostly in patients before the age of 5 and
between 20 and 30 years. This is related to the type of
transmission - at birth and later during sexual contact.
Laryngeal papillomatosis rarely progresses to malignancy, which is seen after many years of persistence
and is facilitated by radiotherapy or smoking. In those
cases, such malignant transformations are usually
positive for HPV 6 and 11. This means that only under
certain conditions HPV could exert its carcinogenic potential. HPV is a prerequisite, but not the only factor for
papilloma development. Its role as a cofactor remains
to be further explored [51].
Using in situ hybridization, viral DNA is localized
in the nucleus of the preinvasive tumor cells, invasive
carcinoma and metastatic lymph nodes. The reported
rate of НРV-DNA detection in laryngeal carcinomas
varies significantly - from 0 to 100% [51]. The exact
percent is not known, because of great differences in the
specificity of the HPV-detection methods used. When
HNSCCs are seropositive for НРV, they are subtype 16
in more than 90% of the cases (Table 1) [53].
Dahlstrom et al. found that seropositivity for
НРV16 was present in 58.6% of patients with oropharyngeal tumors and in 35.7% of those with laryngeal
tumors [52]. They suggested that exposure to НРV16
is a risk factor for HNSCCs, particularly in non-smokers [52,54]. We reported similar results in a recently
published study [17].
Prostate cancer and HPV
Since 1990, approximately 13 published studies
looked for the presence of HPVs in prostate carcinomas. These investigations revealed that the presence of
these viruses vary from 4.2 to 53% [55,56]. Nevertheless, these studies were carried out in different countries, and the types of HPVs detected in prostate carcinomas were mostly limited to HPV types 16, 18, 31 and
33 (Table 1). In parallel, several investigations were
able to demonstrate that E6/E7 genes of HPV types 16
and 18 can immortalize human normal and cancer prostate epithelial cells [55]. On the other hand, few studies
have revealed that HPVs could not be detected in normal and cancer prostate tissues [57,58].
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Colorectal, anal cancer and HPV

Discussion

Associations between HPV and vaginal, vulvar,
and anal cancers are well established, but the full extent in terms of age and time since diagnosis of these
associations is not well known. In addition, several
studies have assessed the pattern of anogenital cancer after diagnosis of CIN or invasive malignancies
[59,60]. Anal cancer has also been related to HPV infection. Using PCR Frisch et al. found HPV in 88%
of the patients with anal cancer [61]. They also found
greater incidence of HPV in anal cancer in people who
were promiscuous with early first sexual contact, especially anal, or people who were single and divorced, or
women with a promiscuous partner. They concluded
that HPV is a sexually transmitted disease and should
be easily preventable.
HPV is present in the colon and rectum of most
patients with colorectal adenocarcinoma, suggesting
that this virus may be related to the pathogenesis of colorectal cancer. Kirgan et al. [62] studied tissue samples
by in situ hybridization, detecting HPV-DNA in 27%
of colorectal adenomas, 31% of invasive colorectal
carcinomas, and 69% of colorectal carcinomas in situ.
Cheng et al. [63] analyzed tissues by HPV type-specific
PCRs, finding HPV-DNA in 29% of adenomas and in
53% of colorectal carcinomas. Perez et al. [64] investigated tissue samples by MY/GP nested PCR, detecting HPV in 74% of colorectal carcinomas. Bodaghi
et al. [65] used MY/GP nested PCR and in situ PCR
to detect HPV-DNA in 51% of samples from patients
with cancer, but in none of the samples collected from
controls without cancer. HPV16 was the most prevalent viral type, being detected in 82% of the positive
samples (Table 1).
Damin et al. [66] found no significant differences
in clinical and pathological variables between HPVpositive and HPV-negative colorectal carcinomas. In
contrast, opposite results have been observed in head
and neck and lung carcinomas where the presence of
HPV was considered as a marker of better prognosis
[53].

Our clinical oncological practice directed our attention to the idea that HPVs may be a causal factor
for development of other types of tumors excepting
cervical cancer (Table 2). It has often happened a simultaneous presence of a second or third type of tumor
in women with cervical cancer or concurrent development of genital warts and nasopharyngeal cancer in
very young patients. In a study of ours the causal and
effective connection between cervical cancer, vaginal
cancer and laryngeal cancer in situ with common etiological agent - HPV-was proved in one of the studied
patients [17].
The theory that cancer could be caused by a virus
began to be developed in 1911 by Peyton Rous. Rous
transmitted solid tumors of chicken by transplanting
tissue between them. By the early 1950s it was known
that viruses could remove and incorporate genes and
genetic material in cells.
The main viruses associated with human cancers
are HPV, hepatitis B and C viruses, Epstein-Barr virus,
and human T-lymphotropic virus.
Between 5 and 10% of human cancers are a consequence of HPV infection. Although there are many
carcinogenic mechanisms, it seems that there exist few
key players among them in the development of cancer.
HPV seems to be the paradigm in oncogenesis. 100%
of cervical cancer is caused by HPV infection. In addition to cancer of the cervix, a major proportion of
anal, perianal, vulvar, and penile cancers appears to be
linked to the same HPV infections, some head and neck
cancers, and some rare cancers at mucosal/squamous
epithelial junctions. There are controversial data on the

Table 2. The degree of risk in certain tumor types when HPV
infection is present
Degree of risk

High level of probabilityestablished

Lung cancer and HPV
The epidemiological and morphological observations, the detection of HPV-DNA in lung cancer and
in vitro studies are in agreement with the concept that
HPV might be involved in bronchial carcinogenesis
[67]. The detection rates of HPV in lung carcinomas
are subject to wide variations. In a review of 85 studies [67] and some others [68,69] recording about 2739
cases described a detection rate of 22.16%.

Middle level - probable
predisposing factor
Low level - just a
potential risk factor

Localization

Percent
of risk

Cervical cancer
Vaginal cancer
(in young women)
Vulvar cancer
Anal cancer

99
99
up to 90
88

HNSCC*
Laryngeal cancer
Oropharyngeal cancer

40-70
35.7
58.6

Breast cancer
Prostate cancer
Colorectal cancer
Lung cancer

0-16
4.2-53
27-69
22.16

*head & neck squamous cell carcinoma
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meaning of viral HPV induction of breast cancer, lung
cancer and colon cancer, thus future basic research and
clinical trials should be carried out.
Results of Widschwendter et al. [46] suggest that
HPV-DNA might be transported from the original site of
infection to breast tissue by the bloodstream, and therefore to all organs and may possibly be involved in the
carcinogenesis of breast and other neoplasias in some
patients. This indicates a possible common risk factor
of oncogenic HPV-DNA in developing certain second
primary cancers after HPV-related primary neoplasia.
How should we use this evidence? Strengthening of the evidence linking persistent HPV infection
and human cancers suggests that prevention of HPV
infection, possibly through vaccination, might be a way
of eliminating cervical cancer and other HPV-assosiated tumors in the future. Vaccines to protect against
HPV infection have recently become available, based
on virus-like particle technology [70,71]. Virus-like
particles are produced by expressing the capsid proteins of the virus using recombinant DNA technology.
These highly immunogenic particles can protect not
only against infection with the HPV types incorporated
in the vaccine and some cross-reactive HPV types but
also against the other malignant disease (anal, perianal,
vulvar, and penile cancers) etiologically connected
with НРV. Protection is durable over at least 5 years,
and the vaccine appears to protect nearly 100% of the
immunized subjects.

Conclusions
In this paper, we propose the hypothesis that
many normal epithelial cells are susceptible to HPV
infection, which are the most sexually transmitted viruses. Experimental and epidemiological data imply a
causative role for HPVs and they appear to be the second most important risk factor for cancer development
in humans, exceeded only by tobacco usage.
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