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KEYWORDS Abstract Introduction: Breast cancer represents the leading cause of cancer-related death
Breast cancer; in the Venezuelan female population. Many risk factors favoring its appearance have been
Human reported; however, human papillomavirus and Epstein-Barr virus have been associated in the
papillomavirus; past few decades as potential risk factors in the development of this malignancy. Objective:
HPV; To detect the presence of human papillomavirus and Epstein-Barr virus in breast cancer bi-
Epstein-Barr virus; opsies in order to establish a possible link between infection with these viral agents and the
EBV: development of this pathology. Methods: Fresh biopsies were collected from patients with

breast cancer and patients with breast benign pathology attending the Hospital Universitario
de Caracas for surgery. Human papillomavirus detection was made using the INNO-LIPA® HPV:
Genotyping Extra commercial kit (Innogenetics), and Epstein-Barr virus genome was detected
with Epstein-Barr Virus BMLF1 commercial kit (Maxim Biotech, Inc.). Results: 63.6 and 13.6%
of breast cancer cases were positive for human papillomavirus and Epstein-Barr virus DNA,
respectively, whereas the benign pathology samples had 4.5% positivity for each one of the
viruses; 42.90% of breast cancer samples had mixed infection with low and high oncogenic
risk human papillomavirus genotypes. Conclusion: We can suggest that human papillomavirus
and Epstein-Barr virus are important risk factors for breast cancer; however, studies allowing
for the role of these viruses in the development of the disease to be elucidated are required.
(creativecommons.org/licenses/by-nc-nd/4.0/).
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INTRODUCTION

Breast cancer is the second most common cancer in the
world. In 2012, the International Agency for Research on
Cancer (IARC) estimated 1.6 million new cases of breast
cancer, accounting for 25% of all types of cancer diagnosed
that year'. In Venezuela, according to the People’s Power
Ministry for Health (MPPS - Ministerio de Poder Popular para
la Salud) Mortality Yearbook, breast cancer was the lead-
ing cause of oncological death in the female population in
2012, with 2,067 deaths being reported, and this pathology
turning into an alarming public health problem and that,
although it can affect males, current male mortality figures
in the country do not exceed 10 annual cases’.

The probabilities for developing breast cancer increase
or decrease according to the number of concurring risk fac-
tors, which include the environment, genes, and lifestyle.
Currently, there are well known risk factors associated with
breast cancer; however, in most women, identifying a par-
ticular factor related to the development of the disease is
not possible®. In the past few decades, the action of a group
of tumor-producing viruses has been considered to be an
important factor in the development of cancer in both ex-
perimental and human models*°. The human papillomavirus
(HPV) is the etiologic agent of cervical cancer, and the Ep-
stein-Barr virus (EBV) is mainly associated with nasopharyn-
geal carcinoma and Burkitts lymphoma. These two viruses
have been frequently associated with the development of
breast cancer owing to their oncogenic role, either by the
expression of viral genes that are similar to cell genes, or
by the expression of proteins that are able to alter the cell
cycle®”’.

Human papilloma virus is a sexually transmitted virus and
member of the Papillomaviridae family; its genome is com-
posed of double-stranded, circular DNA of approximately
8,000 bp. This virus has special affinity for epithelial cells,
and infects uterine cervix stratified squamous epithelium
basement membrane cells; however, expression and repli-
cation of its genes depends on normal epithelium differen-
tiation. This dependence of the virus on host cells, togeth-
er with the expression of viral oncoproteins, drive the cell
to a proliferative state without cell lysis occurring. The E6
and E7 oncoproteins are able to interact with p53 and pRb
cell proteins, respectively, thus affecting their functions on
cell-cycle regulation and driving to permanent cell immor-
talization’®. In addition, HPV genome integration interrupts
and eliminates E2 open reading frame, with expression of
this viral gene being lost. This way, integration of the viral
genome and concomitant loss of E2 expression could be an
important step in the carcinogenic process resulting from
the altered expression of viral genes E6 and E7 , given that
the E2 protein acts as viral replication negative control”®.
Based on this affinity of HPV for epithelial cells and its im-
portant capacity to lead to the development of cancer'?,
numerous studies have investigated the presence of HPV in
breast tissue epithelial cells, with some works having re-
ported little or no evidence'"'?; while others have reported
important infection figures in breast cancer patients*'*,
additionally proposing possible routes for HPV infection in
breast tissue'®.

In turn, EBV is an enveloped virus, member of the Her-
pesviridae family, which is constituted by a linear, dou-

ble-stranded DNA genome of approximately 172,000 bp'. It
is a virus with great affinity for B-cells and oropharyngeal
epithelial cells, which are main route of infection with the
virus, with two types of replication cycles having been able
to be established: a lytic cycle, and another of latency in the
host cell’. Although EBV is frequently associated with human
lymphoid neoplasms in immunosuppressed patients'®, sev-
eral studies have demonstrated that there is also a possible
association between EBV and the development of malignan:
cy epithelial cells such as breast tissue, mainly based on
some observations that support this hypothesis: (i) high inci-
dence of male breast cancer in EBV-endemic Mediterranean
countries; (ii) development of EBV-associated lymphomas at
the level of the breasts; and (iii) morphological similarities
between breast medullary carcinomas and nasopharyngeal
carcinomas'’. The most specific evidence of an association
of EBV with breast cancer has been the identification of EBV.
gene sequences in breast tumors?®?'. On the other hand, the
expression of EBV latent protein expression has also been
assessed in breast cancer cell lines in vitro and in vivo?, as
well as the oncogenic capacity of its viral proteins®. Howev-
er, some studies have failed to find any relationship between
EBV and breast cancer”%.

These evidences allow for a possible relationship between
breast cancer and infection, either with EBV or HPV, to be
proposed, based on which these viruses can be regarded as
risk factors in the development of this disease that causes
many deaths in the female population worldwide. Based on
this, the purpose of this work was to assess the presence of:
HPV and EBV in fresh biopsies of Venezuelan female patients
with breast cancer as possible risk factors associated with
this pathology.

MATERIALS AND METHODS

Patients

From April 2014 through May 2015, 44 Venezuelan patients
attending the outpatient clinic of the Caracas University.
Hospital (HUC - Hospital Universitario de Caracas) Gynecol-
ogy Department Breast Pathology Unit (UPM - Unidad de Pa-
tologia Mamaria) were prospectively assessed. Each patient
was invited to participate in the study after being briefed
on the study design and protocol, with each one signing a
HUC Bioethics Committee-approved informed consent form.
Patient selection was made under the following selection
criteria: patients diagnosed with stage 0, |, and Il breast car-
cinoma, and those patients diagnosed with stage Ill and IV
breast carcinoma who, for intrinsic reasons, did not receive
neoadjuvant therapy, as well as patients diagnosed with
benign breast pathology were included. Patients diagnosed
with autoimmune disease or any other cancer not related
to the primary tumor, pregnant patients, patients receiving
neoadjuvant therapy, and those not accepting to participate
in the study were excluded.

Genetic material extraction
and quality assessment

Genetic material extraction was carried out with the Pure
Link™ Genomic DNA commercial kit (Invitrogen), following
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Table 1. Clinical characteristics of patients diagnosed with breast cancer and benign pathology

Breast cancer

Benign pathology

Age mean
Menarche mean
Pregnancies mean
Partners mean
Use of OC

HPV presence
EBV presence

58 years (range 30-86)
12.5 years (range 9-17)
3.14 pregnancies (range 0-9)
1.85 partners (range 1-4)
45.5%

63.6%

13.6%

29.4 years (range 14-50)
12.5 years (range 9-17)
1.32 pregnancies (range 0-6)
1.73 partners (range 0-5)
72.7%

4.5%

4.5%

EBV: Epstein-Barr virus; HPV: human papilloma virus; OC: oral contraceptives.

the manufacturer’s specifications. The DNA quality of all sam-
ples was assessed following the BIOMED-2 protocol by Van
Dongen, et al.?. The reaction mixture was prepared using
0.1 pl of DNTP (100 mM), 2 pl of each primer (100 pM), 6.5 pl
10X buffer, 2 pul MgCL, (50 mM), 0.6 pl Tag polymerase, and
28.8 pl nuclease-free H,0, for a final volume of 50 pl. Amplifi-
cation conditions were seven minutes at 95 °C, 35 30-second
cycles at 45 °C, 40 seconds at 60 °C, and 40 seconds at
70 °C, and a final amplification of 15 seconds at 70 °C.

Human papilloma genome detection
and typing

Detection and genotyping of HPV 28 genotypes in breast
cancer biopsies was carried out with the INNO-LIPA® HPV
Genotyping Extra kit (Innogenetics), following the manufac-
turer’s recommendations. This test involves an assay with
immobilized probes in nitrocellulose stripes, based on a re-
verse hybridization principle, designed to identify 28 dif-
ferent HPV genotypes by means of the detection of HPV ge-
nome L1 region specific sequences. This assay uses a series
of SPF10 primers for higher amplification sensitivity of most
more clinically relevant HPV genotypes.

Epstein-Barr virus genome detection

Epstein-Barr virus detection was made with the Epstein-Barr
virus BMLF1 commercial kit (Maxim Biotech, Inc.), follow-
ing the manufacturer’s specifications. The reaction mixture
conditions were the following: 40 pl of master mix (Buffer,
dNTP, MgCl,), 0.2 pl Tag polymerase, and 10 pl of sample
DNA were used to obtain a final volume of 50.2 pl. Amplifi-
cation conditions were one minute at 96 °C, 35 one-minute
cycles at 94 °C, one minute at 58 °C, one minute at 72 °C,
and a 10-minute final amplification at 72 °C. Only those
samples where a 265 bp band was observed were regarded
as positive.

Agarose gel electrophoresis

The PCR amplification products were visualized by means of
agarose gel electrophoresis at 2% with Invitrogen 10X TBE
1X stock buffer (1.0 mM base Tris, 0.9 mM borate and 0.01
mM EDTA, pH 8.0) and were stained with SYBR® SAFE (In-
vitrogen). Photographic registration was carried out with a
ChemiDoc™ imaging system (Bio Rad).

Statistical analysis

Descriptive analyses were performed using central tendency:
and dispersion measures (mean, median, standard devia-
tion) for continuous variables, and frequency analysis and
contingency tables for discrete variables. The chi-square
test was used to assess dependence of variables with the
Microsoft Excel Office 2010 program. P-values < 0.05 were
considered to be statistically significant.

RESULTS

A total of 22 breast cancer patients and 22 benign breast
pathology patients were included. Clinical characteris-
tics of the study population are shown in table 1, where
mean age, mean menarche, mean full-term pregnancies,
mean number of partners, and use of oral contraceptives
(OC) are indicated. Of total breast cancer samples, 63.6%
corresponded to patients with stage Il tumors, followed
by stage | with 18.2%. With regard to histopathological
diagnosis, collected samples of breast cancer tumor cor-
responded to ductal carcinoma in situ (DCIS), infiltrating
ductal carcinoma, infiltrating lobular carcinoma, and in-
filtrating papillary carcinoma, with infiltrating ductal car-
cinoma being the most common in the group with 68.2%.

Once the genetic material was extracted from the study
biopsies, its quality could be corroborated by identifying five
constitutive expression genes in order to ensure the genome
was in optimal conditions. All samples amplified the target
genes, since the collected specimens were fresh biopsies
preserved at -80 °C, without the need to be embedded in
paraffin, thus avoiding possible DNA fragmentation during
the processing of the sample to prepare paraffin blocks,
which complicates viral DNA detection.

Subsequently, detection and genotyping was carried out,
with 14 out of 22 (63.6%) breast cancer samples being found
to be positive for HPV DNA, whereas in healthy tissue sam-
ples, HPV DNA was only detected in one sample, accounting
for 4.5% of all benign pathology evaluated patients (Table 1).

Then typing was performed and we found that among the
14 positive samples, the most common types were 6 and 11,
(27.27% each), followed by type 16 (21.21%). With regard
to the HPV-infected patient with benign pathology, the high
oncogenic risk HPV-33 viral genotype was identified. Figure 1
shows a bar graph with the frequency of each one of the HPV
genotypes found in the patients with breast cancer.
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Figure 1. Frequency of human papilloma virus genotypes in breast

cancer patients’ tumor biopsies.

100%

100%
& so%
- ot
g 60% 1 42,90%
é a0% 1~ 2857% 28,57%

0%
HR | LR |HRyBR HR | LR |HRyBR
Group 1 Group 2

HPV GENOTYPES

Figure 2. Frequency of infection with high- and low-risk genotypes
found in both study groups. Group 1: Patients with breast cancer;

Group 2: Patients with benign pathology. HR: high oncogenic risk;

HR and LR: coinfection with both viral genotypes; HPV: human papilloma
virus; LR: low oncogenic risk.

In addition, continuing with HPV classification according
to the reported viral genotype, HPV types were grouped in
this work according to their oncogenic risk associated with
the development of several types of carcinoma. Figure 2 de-
picts the frequency of infection with the high- and low-risk
genotypes found in both study groups. Of the breast cancer
patients, 28.57% were observed to have single infections
with low- or high-risk genotypes, and 42.90% of patients
showed coinfection with both genotype groups. As for the
HPV DNA-positive healthy tissue sample, it was found to be
of high oncogenic risk.

Within the group of cases with cancer, the presence of
EBV genome was detected in three of 22 assessed samples,
which accounted for 13.6% of infection, and in the healthy
tissue samples, this genome was detected in one sample,
accounting for 4.5% of the total (Table 1).

Of the breast cancer patients, three were observed to
have HPV and EBV coinfection, which accounted for 13.6%
of all evaluated patients. In the case of the group with be-
nign pathology, the only EBV DNA-positive sample was also
found to be HPV DNA-positive, and it corresponded to a pa-
tient diagnosed with abscessed mastitis. However, no sta-
tistically significant relationship was found between HPV
and EBV infection in the assessed breast cancer samples
(p = 0.344).

DISCUSSION

Clinical data of the assessed breast cancer patients are con-
sistent with those obtained in previous publications, where
the age range of breast cancer-affected patients has been
reported to be between 45 and 65 years in Venezuela and
between 50 and 80 years in European and North American
countries, whereas benign pathologies are associated with
early female ages all over the world?”?. The high incidence
of benign lesions in young women has been proposed to
be a result of the hormone load being higher at younger
ages, where hormone stimulus during the reproductive cy-
cle drives to an increase in cell mitotic activity, with the
risk for developing benign pathologies on that site increas-
ing if young patients have hormone imbalances, whereas in
middle-aged and elderly patients, the presence of benign
pathologies is proportionally lower with higher numbers of.
full-term pregnancies, which possibly gradually decreases
the hormone load? .

In this study, the presence of HPV was detected in 63.6%
of breast cancer samples, while only 4.5% of benign pathol-
ogy tissue biopsies were positive for this virus. This detec-
tion frequency is within the previously published worldwide
range, with a prevalence ranging from 10-86%"> 416293
where the works by Akil, et al.” in 2008 and Antonsson, et
al.** in 2011 detected 61.06 and 50% of HPV DNA-positive
cases by means of multiplex PCR and assembly PCR, respec-
tively.

In Latin America, the rate of HPV infection in breast can-
cer is low. Positivity has been reported to range between
8-40%'*153133, Therefore, our work is the first to report high
frequency of HPV in malignant breast tissue of Venezuelan
female patients. However, some studies have failed to de-
tect HPV in breast tumor or normal tissue'"**. This differ-
ence in published reports can be attributed to the number:
of assessed samples, differences in methodology, and sensi-
tivity of the employed methods, such as the use of different
primer kits, as well as the type of sample used.

When identification of HPV viral genotypes was made,
we found that all 14 positive samples showed single and
mixed infections with oncogenic high-risk genotypes 16,
18, 52, and 56, and oncogenic low-risk genotypes 6 and 11.
In malignant tumors, the most common high-risk genotype
was 16 (21.21%), and in the case of low-risk genotypes, the
types found were 6 and 11 (27.27% each). In the patient
with benign pathology infected with HPV, viral genotype 33,
of oncogenic high-risk, was identified. These identified gen-
otypes are consistent with those reported at the global lev-
el, where the most commonly detected oncogenic high-risk
genotype is HPV-16 in between 20 and 90%?%'-*°.

When viral genotypes were grouped according to their
oncogenic risk, we found that 28.57% of breast cancer pa-
tients had single infections with high- or low-risk genotypes,
and 42.90% of HPV-positive patients showed coinfection with
both genotype groups.

High-risk genotypes 16 and 18 are associated with an ac=
celerated growth of cervical epithelial cells, since they tend
to integrate into the genome and drive to uncontrolled cell
proliferation owing to an inhibition of cell proteins p53 and
pRb function®. In this work we found that out of 57.1% of
HPV 16 and/or 18-infected patients, 75% of them had ele-
vated expression of cell proliferation Ki67 marker reported
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on medical records, whereas in the rest of the patients in-
fected with other viral genotypes (6, 11, 52, 56), only one
out of six patients had Ki67 over-expression reported, which
suggests that the presence of high-risk genotypes (16 and 18)
can drive to uncontrolled cell proliferation in breast tissue.

Ever since the presence of EBV was first reported, the
number of studies focused on the oncogenic potential of this
and other viruses has been progressively increasing. In this
sense, new investigations have been carried out associating
this virus with other types of lymphomas and several types of
carcinoma, such as gastric and lung carcinoma and, recently,
breast carcinoma**"*¢. These associations are based on the
type of cells EBV is able to infect, which include B-cells and
epithelial cells. In addition, most these tumors are charac-
terized by the presence of multiple viral genome extra-chro-
mosomal copies and expression of EBV-encoded latent genes,
which contributes to the malignant phenotype®.

In this study, the presence of EBV was detected in 13.6%
of Venezuelan female patients with breast cancer, where-
as in the studied patients with benign pathology, EBV DNA
was detected in only one patient (4.5%). This result is below
the values reported in other studies conducted at a global
level, which range from 21-55% of EBV DNA positivity, de-
pending on the type of technique employed for viral DNA
detection*”“°. In works using some type of PCR, as in our
study, low infection rates were detected, as in the trial by
Xue, et al. in 2003, who, using BZLF1 gene-specific reverse
transcriptase PCR, detected viral DNA in 17% of breast can-
cer cases, and the work by Yahia, in 2014, who detected 11%
of EBV DNA positivity in breast cancer cases using PCR with
EBNA-1 gene-specific primers®2,

In Latin America, very few studies have assessed the
presence of EBV in breast cancer, and have reported a rate
of infection ranging from 6-31%"*. Differences found with
regard to other studies may be due to EBV epidemiology
variations according to the geographic region.

Therefore, with EBV being a co-factor in the develop-
ment of several malignancies, including different carcino-
mas (nasopharyngeal carcinoma, gastric carcinoma)'®, we
can suggest that the presence of EBV in breast tissue tumors
might be an important risk factor for breast cancer, owing
to its oncogenic potential. However, it is important to take
into consideration the genomic DNA load of the virus and the
amount of assessed DNA in the samples, in order to avoid
discrepancies in viral DNA detection.

With regard to coinfection with HPV and EBV in breast
cancer, all three patients who had EBV DNA were found to
also have HPV DNA detected, accounting for 13.6% of all
assessed patients with breast carcinoma, with this coinfec-
tion rate being intermediate with regard to that reported
in other studies at the global level, which ranges from 2.1
to 38%7%. It is important to highlight that there are only
few studies that have assessed the presence of this virus in
South America. In Chile, Aguayo, et al.*' studied coinfection
with EBV and HPV, and found 6.5% of EBV positivity in breast
cancer samples.

To the best of our knowledge, this is the first study to
assess the presence of both viruses in Venezuelan female pa-
tients with breast cancer. Even though there was no statisti-
cally significant relationship with regard to the presence of
both viral agents, the biological behavior of viruses should
not be disregarded.

CONCLUSIONS

The presence of HPV was detected in 63.6% of breast can-
cer patients, whereas EBV was detected in 13.6%. Even
when there were no statistically significant differences,
we can suggest that HPV and EBV might act as important
risk factors in breast cancer pathogenesis, owing to their
oncogenic characteristics. Our finding is mainly based on
viral genome detection with the PCR and reverse hybridiza:
tion technique, and confirmatory tests would therefore be
required. In addition, further investigations are needed to
determine the role of HPV and EBV in breast cancer etiolo-
gy or progression, including viral load assessment for both
agents and determination of HPV viral integration to the
host genome, since this is known to be an important step
in the development of carcinogenesis that affects impor-
tant viral replication checkpoints. In addition, increasing
the number of samples is necessary, which will allow for
a clearer tendency to be observed with regard to the re-
lationship between the presence of these viruses and the
development of breast cancer.
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