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Abstract

Objective: This study aimed to determine the presence of Epstein-Barr Virus (EBV) and Human papillomavirus
(HPV) in breast cancer with patients from Northeast of Brazil, considering the molecular subtypes and also taking
in account the relation with TP53 immunoexpression. Methods: Seventy-five samples of invasive breast carcinoma
with no special type were selected from pathology archives at Federal University of Ceara. EBV was detected by In
situ hybridization (ISH) and immunohistochemistry (IHC) and HPV was detected by PCR. ISH was performed using
EBERI probe (Shibata et al., 1991; Bacchi et al., 1996) while IHC was performed on histological formalin-fixed
paraffin-embedded tissue samples (Hsu et al., 1981). PCR methodology (Haws et al., 2004) was used to amplify the
genetic material of human papillomavirus. The amplification products were electrophoretic analyzed on 1% agarose
gel. The data analyses were carried out using the statistical software EPINFO® version 6.04d and SPSS version 17.0
(SPSS Inc., Chicago, IL). Statistically significant differences were evaluated by the chi-square test and Fisher’s exact
test and correlations between groups were analyzed by Spearman’s and Pearson’s rank correlation coefficient. Results:
69.4% of the cases were EBNA1 positives by IHC. EBNAT1 positive tumors had lower Ki-67 index (0-40%), while
EBNAI negative cases had relevant higher Ki-67 index (41-100%) (p = 0.06). EBV was present in all tumor grades,
with a high frequency in grade I and III tumors comparing to EBNA1 negative cases. No HPV positive cases were
observed. Conclusion: Regarding the results from this study, we support the hypothesis that EBV can be involved on
breast tumorigenesis.
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can adopt different latency patterns expressing different
viral elements depending on the affected tissue (Kimura,
2018). EBV was the first human virus directly involved in

Introduction

Breast cancer (BC) is the major cause of cancer mortality

among women in less developed regions. Although some
risk factors are well described, it has been estimated that It
is stimated that, in only 20% of breast cancers worldwide,
known risk factors have been identified (Torre et al.,
2017). Recently, it was suggested an association between
some viral infections and BC development as Human
Papillomavirus (HPV) and Epstein-Barr virus (EBV) (Pai
etal., 2016; Khodabandehlou et al., 2019; Jin et al., 2020;
Mastoraki et al., 2020).

EBYV is a gamma herpes virus that infects roughly 95%
of world’s population, most happening in early childhood.
The virus mainly infects B cells from the lymphocytes
and oropharyngeal epithelial cells (Yin et al., 2019).
After EBV infection, the virus usually becomes latent and

carcinogenesis being a well-established etiological factor
of Burkitt’s lymphoma, nasopharyngeal cancer, Hodgkin’s
disease and cancers associated with immunodeficiency
(Marques-Piubelli et al., 2020). In BC, the presence of
EBV is a controversial issue, the majority of publications
have not managed to provide convincing evidence that the
virus is truly present in human mammary epithelium or is
directly associated with breast cancer (Joshi and Buehring,
2012; Glaser et al., 2017).

EBYV detection uses the viral elements expressed in the
latency pattern as target. In situ hybridization, targeting
EBV-encoded small noncoding RNAs (EBER), is usually
the methodology of choice since these RNAs are expressed
in almost all latently programs of infected cell. However,
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in tumor cells, the EBV latent program differs according
to the tissue. In breast cancer, the latency pattern of EBV
is not fully known, but the EBNA1 presence and absence
of Latent Membrane Protein 1 (LMP1) is always reported,
while the Latent Membrane Protein 1 2A (LMP2A)
and Epstein-Barr Virus Encoded Small RNA (EBERSs)
could be present or absent (Lima and Rabenhorst, 2006;
Lorenzetti et al., 2010).

HPV is a papillomavirus that infect approximately 12%
of the world population varying according to demographic
characteristics and access to healthcare (Colpani et al.,
2020). HPV shows a tropism for squamous epithelium
and the expression of its E6 gene has been related to
degradation of tumor suppressor protein TP53 (Brianti
etal., 2017). Approximately 15 HPV  are categorized as
high-risk, The most common are HPV 16, 18, 31, 33, 52
and 58 , which have a well-established role in cervical
carcinoma (Balci et al., 2019). HPV detection could be
rich achieved by in situ hybridization, however, it is not
a highly sensitive method.

The association of HPV with cancers development such
as cervical, anogenital, upper digestive tract region, head
and neck and skin are already well established (Brianti et
al., 2017; Hu and Ma, 2018; Tumban, 2019; Tommasino,
2019). Some studies have reported a relationship with
breast carcinogenesis, but their detection in mammary
tumor tissue varies greatly from 0 to 86% (Di Lonardo et
al., 1992; Gopalkrishna et al., 1996; Hennig et al., 1999;
Leon et al., 2009; Hachana et al., 2010).

Taking in account the necessity of more studies
focusing viruses and breast cancer, this study aimed to
determine the presence of EBV and HPV in breast cancer
with patients from Northeast of Brazil, considering the
molecular subtypes and also taking in account the relation
with TP53 immunoexpression.

Materials and Methods

Clinical specimens

Seventy-five samples of invasive breast carcinoma
with no special type were selected from pathology archives
at Federal University of Ceara in this study. Histological
and clinical data were collected from medical records.
The present study was approved by the Hospital Ethics
Committee of the Assis Chateaubriand Maternity School,
Ceara, Brazil.

In situ hybridization (ISH) for EBERI

ISH was performed using EBER1 probe described
by Shibata (1991) following previous report (Bacchi
et al., 1996). The cases were considered positive when
there was nuclear staining in tumor cells, regardless
of the percentage of labeled cells. Cases of gastric
adenocarcinomas previously tested and found positive for
EBYV were used as positive reaction controls.

Immunohistochemistry (IHC) for EBNAI and breast
cellular markers

Immunohistochemistry was performed on histological
formalin-fixed paraffin-embedded tissue samples
according to a previously described protocol (Hsu et al.,
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1981). For EBNA1 (Abcam®) and for cellular proteins
ER, PR and TP53 (Spring Bioscience®) the antibodies
were diluted 1:50, HER2 and Ki67 (Spring Bioscience®) -
dilution 1:80, CK5/6 (Biocare medical®) dilution 1:70 and
CK&8/18 (Biocare medical®) dilution 1:150. In each round
of THC, a known positive clinical sample was included
for each marker as positive controls. For the EBNAL, a
negative control was performed excluding the antibody
of the inespecific .

DNA isolation

Eight 10um sections were cut from FFPE tissue and
collected in sterile tubes. After cutting each sample, the
blade was cleaned with ethanol to avoid contamination.
Total DNA was extracted from each sample using QIAamp
DNA FFPE Tissue Kit (QIAGEN, Hilden, Germany)
according to manufacturer’s protocol. For each sample,
Quality of isolated DNA was checked by PCR B-globin
gene primers as internal control.

HPYV detection (NESTED-PCR)

The polymerase chain reaction (PCR) methodology
was used to amplify the genetic material of human
papillomavirus present in the studied samples. The
degenerated oligonucleotides PGMY09 (5-CGT CCM
ARR GGA WAC TGATC- 3) and PGMY11 (5-GCM
CAG GGW CAT AAY AAT GG-3) were used to
detect the DNA viral. The amplification products were
used in a nested PCR with the oligonucleotides GP5+
(5-TTTGTTACTGTGGTAGATACTAC-3) and GP6+
(5-CTTATACTAAATGTCAAATAAAAA-3), which
generate an internal sequence of 150 bp (Haws et al.,
2004). The amplification products were electrophoretic
analyzed on 1% agarose gel.

Statistical analyses

The data analyses were carried out using the statistical
software EPINFO® version 6.04d and SPSS version
17.0 (SPSS Inc., Chicago, IL). Statistically significant
differences were evaluated by the chi-square test and
Fisher’s exact test and correlations between groups were
analyzed by Spearman’s and Pearson’s rank correlation
coefficient. The results were considered statistically
significant when p-values were < 0.05.

Results

Patients and tumor characteristics

The median age of the 75 patients included in this
study was 55 years old (ranging from 28 to 100 years
old). Of these, 21 women were younger than 45 years,
32.3% (22/68) were smokers, 13.2% (9/68) drank alcohol,
20% (14/70) were nulliparous and 8.57% (6/70) were
uniparous. Familiar or previous history of cancer (any
type) was observed in 16 cases (23%), of these, five cases
were familial breast cancer. Absence of the above risk
factors was observed in 50.7% (34/67) of women. Just
few patients were diagnosed in early stage (IA).

Luminal A (34.7%) and luminal B (30.5%) were the
most common subtypes, followed by HER2 (14.7%) and
triple negative tumors: normal like (14.7%) and basal like
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Figure 1. EBER1-Positive Cases. a and b, Breast carcinomas: nuclear staining in a few tumor cells (arrows);

¢, Positive control (gastric adenocarcinoma). (400X)

Table 1. Pathological Profile and Protein Expression (ER, PR, HER2, TP53, Ki67, CK5/6 and CK8/18) in EBV

Positive (EBER1) Cases (n= 5).

In situ hibridization Immunohistochemistry Histopathology
ER PR HER2 TP53 Ki67 CK5/6 CK8/18
Age R S R LI R LI R E R LI R LI R R G S. Tumor
55 + F + 60 + 20 - - - 0 + 99 - + 111 T2
45 + F + 5 - 0 - - + 80 + 8 - + 1 T2
64 + F + 40 - 0 - + - 0 + 35 - + 1 T1
54 F + 80 + 40 - + - 0 + 20 - + 111 T1
47 + F + 8 + 80 + -+ + 95 + 25 - + I T3

ER, estrogen receptor; PR, progesterone receptor; HER2, epidermal growth factor receptor 2; CK, cytokeratin; R, result; S, staining; F, focal;

LI labelling index (%); E, score; G, grade; S, tumor: tumor size.

(5.3%). TP53 was present in 31% of tumors. According
to cut off age, tumors grade III were more frequent in
women over 45 years old (54.3 versus 27.8%). HER2
subtype were slightly more frequent in women >45 years

old (15.4% versus 10%, respectively), while basal like
subtype was more frequent in women <45 years old (10%
versus 3.8%).

EBV in breast cancer: EBERI and EBNAI detection

Figure 2. EBNA1-Positive Cases. a and b, Breast carcinomas: nuclear staining in a large number of tumor cells

(arrows); ¢ and d, Negative controls. (400X)
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Table 2. Clinical, Histopathological and Protein
Expression in EBV Positive (EBNAT1) Cases (n=50).

EBV EBV P
positive % (n) negative % (n)

Age
<45 years old (20) 28 (14) 27.3 (6) 0.94
>45 years old (52) 72 (36) 72.7 (16)
Grade
1(15) 27.3(12) 15(3) 0.22
11 (17) 22.7 (10) 35(7) 0.30
111 (32) 50 (22) 50 (10) 1.00
Lymph node status
Positive (33) 75 (24) 75 (9) 0.64
Negative (11) 25(8) 25(3)
Molecular markers
ER+ (52) 72 (36) 72.7 (16) 0.94
PR+ (41) 58(29) 54.5(12) 0.78
Her2+ (10) 14 (07) 13.6 (03) 0.64
Ki67+ (50) 68 (34) 72.7 (16) 0.68
P53+ (23) 34 (17) 27.3 (06) 0.57
Molecular subtypes
Luminal A (23) 36 (18) 31.8(7)
Luminal B (24) 30 (15) 31.8(7) 0.082
Her2 (10) 14(7) 13.6 3) 0.96
Basal like (04) 06 (3) 4.5(1) 0.80
Normal like (11) 14 (7) 182 (4) 0.64
Triple negative (15) 20 (10) 22.7 (05) 0.79

ER, estrogen receptor; PR, progesterone receptor.

EBV-EBERI positivity was observed in five cases
(6.8%), all of them displaying weak nuclear staining
in a few tumor cells (Figure 1). Unlike, EBV-EBNAI1
immunostaining was present in 69.4% (50/72) of
the studied cases. The stained was strong in all cases
(Figure 2). Three cases were excluded from EBNAI

analysis because they did not have sufficient tumors
cells. All EBV positive cases by ISH (EBER1) were also
EBNAI positive.

EBNALI positive cases were slightly more common
among smokers (76.2% versus 65.9%), those women who
had at least one child (71.4% versus 67.9%), did not have
drink alcohol (69.6% versus 66.7%) and had breastfeed
(73.8% versus 70%). Conversely, EBNA1 positive cases
were less frequent in patients with previous or familiar
history of any kind of cancer (33.3% versus 70.3% and
64.3% versus 71.2% respectively).

Table 1 shows pathological profile and protein
expression in EBER1 positive cases and table 2 shows
the clinical and histopathological data according to the
EBNALI status. No statistical differences in molecular
markers studied, histopathological parameters and cutoff
age were observed between EBNA positive and negative
cases. However, it is important to highlight that EBNA1
positive cases were present in all tumor grades with a
high frequency in grade I and III tumors comparing to
EBNAI negative cases.

Taking in account the molecular subtypes (Figure 3),
it was interesting to observed that luminal A subtype was
slight more frequent in EBNA1 positive tumors while
luminal B was slight more frequent in EBNAT1 negative
tumors. Additionally, normal simile was more frequent in
EBNA1 negative tumors than in positive. It is interesting
fica repetido Also, in patients <45 years old, all triple
negative tumors were EBV positive, while in patients >45
years old, this subtype Inverta EBV negative was more
frequent. was more frequently EBV negative (31.3%
versus 13.9%).

The difference among luminal molecular subtypes
suggested a relation with Ki-67 (the molecular marker
that differentiates these two subtypes). Considering Ki-
67 index, the majority EBNAT1 positive tumors had low
Ki-67 index (0 to 40%), while EBNA1 negative cases had
higher Ki-67 index (41 to 100%) (p = 0.06) (Figure 4).

40%

35%

MW EBNAL +

number of cases (%

EBNAL -

T 30% -
25%
20% - —
15% - —
10% - —
5% I —
0% T T T | | |

Luminal ALuminal B Her2

Basal like Normal

Molecular subtypes

Triple
like negative

Figure 3. Molecular Subtypes Distribution between EBV-Positive and EBV-Negative Tumors.
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Figure 4. Ki67 Index in EBV-Positive and EBV Negative Tumors (p = 0.06).

HPYV in breast cancer

HPV was tested in 54 samples analysis (21 cases were
excluded due not having enough material available for
DNA extraction). In this study, all tested samples were
negative for the HPV DNA presence.

Discussion

In the present study, the most interesting results were
the presence of EBV and absence of HPV in breast cancer
cells. In fact, in the literature, EBV is largely associated
with mammary carcinogenesis (Jin et al., 2020).

It was interesting to observe that EBV positivity was
6.67% when the target was EBER1 (by ISH) and 69.4%
when the target was EBNA1 (by IHC).These results
were according to the literature where EBV frequencies
were higher when the target was EBNA1 comparing to
EBERI. The frequency of EBV (EBNA1) in breast cancer
is variable in the studies around the world (Chu et al.,
2001; Grinstein et al., 2002; Murray et al., 2003; Preciado,
2003; Preciado et al., 2005; Fawzy et al., 2008; Joshi et
al., 2009; Lorenzetti et al., 2010; Glenn et al., 2012).
Only three studies did not find the EBV presence using
EBNALI as target (Deshpande et al., 2002; Herrman and
Niedobitek, 2003; Aguayo et al., 2011). The EBV-EBNA1
frequency found in the current study (69%) was closer to
the frequency found in Indian patients (54.9%), also using
IHC (Joshi et al., 2009).

On the other hand, using EBER as target, the majority
of the studies were EBV negative (Lugmani and Shousha,
1995; Chu et al., 1998; Glaser et al., 1998; Bonnet et
al., 1999; Brink et al., 2000; Dadmanesh et al., 2001;
Kijima et al., 2001; Deshpande et al., 2002; Herrman and
Niedobitek, 2003; Murray et al., 2003; Perrigoue et al.,
2005; Lorenzetti et al., 2010) or in very low frequencies,
ranging from 1% to 20% (McCall et al., 2001; Fina et al.,
2001; Trabelsi et al., 2008; Yahia et al., 2014). In only one
study (from patients from Iraq and Egipt) EBV-EBER1
positivity were quite high (28% and 45%, respectively)

(Zekri et al., 2012). This observation points out that
EBERI, is not a constant element in breast cancer as
in other EBV related cancer and could explain the few
EBERI staining cells in our study. One aspect to be
raised when EBER is not abundant is the quality of the
paraffin-embedded procedures. Fina (2001) found 31.8%
EBYV breast cancer positivity by PCR followed by HIS in
paraffin-embedded and in frozen tissue for virus location
(EBER1/2) and found that the signal intensity EBER1/2
was lower in paraffin-embedded sections than in frozen
sections, justifying the few infected cells observed in this
study using EBER as target. From that, our and the above
results confirm the observation of Preciado (2005) study,
in which in breast pattern latency, the EBNA1 protein
is always present and EBERI is not a constant element.

Considering the literature above cited, breast cancer
-EBV associated, is worldwide spread with no specific
region or development condition. There are many
published studies about EBV frequency in North America,
Europe and Middle East using various techniques for
EBV detection. Conversely, there are few studies from
south hemisphere. In South America, EBV positivity
varies from 31 to 37.6% using EBNAI as target as target.
Corroborating twith this study, EBV was not detected
when (Lorenzetti et al., 2010) and Chile (Aguayo et al.,
2011). A previous Brazilian study (Ribeiro-Silva et al.,
2004) with patients from Ribeirdo Preto (Sdo Paulo,
Brazil) found EBV in 37.6% of the breast cancer cases,
using IHC for EBNA1, which are a lower frequency than
the current study showing differences in EBV frequency
according Brazil regions.

In our study, the higher EBV frequency found in grade
1 (80% among the grade I was EBV+) in accordance with
other studies (Chu et al., 2001; Preciado et al., 2005;
Zekrietal., 2012; Mazouni et al., 2015; Reza et al., 2015)
raises investigations on the role of this virus in the grade
I breast cancer carcinogenesis. EBV also seems not to be
associated to any molecular subtype, however, the highest
EBYV frequencies was in luminal A, followed by luminal
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B as it was found by Mazouni (2015). Considering the
proliferative status though Ki67 analyzes, it was observed,
besides didn’t rich the significance (p=0.06), that low
Ki67 index was present in EBV positive tumors, while
high Ki67 index was present in EBV negative tumors,
suggesting that tumors EBV positive are less proliferative.
There are no previous studies evaluating Ki67 in EBV
positive breast cancers but in B-cell Non-Hodgkin
lymphomas, it was not significantly related with any
tested proliferation marker (Chabay et al., 2011). Beside
EBYV from the results above described could be linked to
a potential better prognosis, it is important to highlight
the relevant presence of EBV among the basal like
subtype (75%) that has a poor prognosis. In addition the
frequency of TP53 was slightly higher in EBV positive
tumors, although contrasting to Glenn (2012) study, on
which was found higher TP53 frequency in EBV negative
sample. From that, the EBV positive breast cancer need
more studies including therapeutic response.

On the other hand, HPV was found negative in the
present study and in some others (Bratthauer et al., 1992;
Wrede et al., 1992; Gopalkrishna et al., 1996; Lindel et
al., 2007; Cremoux et al., 2008; Hachana et al., 2010;
Hedau et al., 2011; Chang et al., 2012; Ahangar-Oskouee
etal., 2014). However most of the published studies have
reported HPV presence in BC. The presence of HPV in
breast cancer vary widely in published studies worldwide,
being high-risk HPVs present in 15.9% to 63.6% of breast
cancers in European women (Di Lonardo et al., 1992;
Henning et al., 1999; Widschwendter et al., 2004; Kroupis
et al., 2006; Frega et al., 2012); at about 49% in women
from Oceania (Kan et al., 2005 ; Glenn et al., 2012); in
5.7% to 86% in women from United States (Liu et al.,
2001; Villiers et al., 2005; Baltzel et al., 2012); in 11 to
74% in women from Asian (Tsai et al., 2005; Gumus et
al., 2006; Choi et al., 2007; Akil et al., 2008; Khan et
al., 2008; Liang and Tian, 2008; Sigarood et al., 2012;
Ahangar-Oskouee et al., 2014; Choi et al., 2016) and in
4.47% to 29.4% in South American women, including
Mexican (Mendizabal-Ruiz et al., 2009; Le6n et al., 2009)
and Brazilian women with 24.75% using sequencing
methodology (Damin et al., 2004).

These differences are attributed to demographic
features, type of sample and different sensitivity of the
methods used. In this study, the method was high sensitive,
but HPV could be more associated to a specific subtype and
underrepresented in this study. There is also a possibility
that the genetic material of HPV could underwent some
degradation due of paraffin-embedded process.

In conclusion, this study supports the hypothesis that
EBY, but not HPV, may be involved in tumorigenesis of
some breast tumor types, since the presence of the virus
in high frequency was observed in low grade and luminal
A tumors. Besides no significant association was observed
for histopathological parameters for EBV associated
breast carcinoma, the data of this study instigate more
investigation for role of EBV in breast carcinogenesis.
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