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Background: A controversy of the role of Epstein-Barr virus (EBV) infection in breast carcinomas has been
reported in the literature.
Objectives: We carried on this research to explore possible association between EBV infection and breast
invasive ductal carcinoma (IDC) in Egyptian women attending our center.
Study design: This study carried out at Sohag university hospital on 84 paraffin embedded samples of
breast tissue, of them 42 breast IDC as the case group and 42 breast fibroadenomas as the control group.
Nested PCR and immunohistochemistry (IHC) done separately for all samples to identify the Epstein-Barr
nuclear antigen-1 (EBNA-1) gene and EBV latent membrane protein-1 (LMP-1) respectively, in breast can-
cer cells and controls.
Results: Specimen considered positive when both (EBNA-1) gene and LMP-1 were detected using PCR and
IHC separately for the same sample, this was achieved by 10/42 (23.81%) of breast IDC (case group) and
6/42 (14.29%) of breast fibro-adenomas (control group) (P-value = 0.4). Nodal involvement was the only
parameter that demonstrated a significant statistical relationship with EBV presence in cancerous tissue
with p-value = 0.003.
Conclusion: Our research could not find a significant statistical association between EBV infection and
breast IDC in Egyptian women attending our center, but, there might be an association between the exis-
tence of EBV and tumor aggressiveness.
� 2017 National Cancer Institute, Cairo University. Production and hosting by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Breast cancer is the most common malignancy of females in
many populations and the second leading cause of death in the
world [1]. According to National Cancer Institute (NCI) Egypt reg-
istry data, female breast cancer ranked first among tumors and
IDC the most frequent pathological subtype.[2]

The identification of a viral agent for breast cancer has eluded
researchers for decades [3,4]. As for many decades, oncogenic
viruses have been hypothesized as having potential causal roles
in breast cancer. The main candidate viruses include EBV, high risk
human papilloma virus (HPV), mouse mammary tumor virus
(MMTV) – like envelope DNA and Cytomegalovirus (CMV) [5–7].
Co-infection with more than one of these viruses has been argued;
as the probability of a single patient to be infected with two or
more distinct types of viruses is increasing [8,9].

Co-infection of EBV and HPV seems to be present in a signifi-
cantly higher proportion in breast cancer than in normal breast
epithelial cells. The Glenn group reported that HPV and EBV coexist
in several human cancers; and the presence of these viruses in
breast cancer is associated with young age at diagnosis and, possi-
bly, an increased breast cancer grade [10,11].

The first report on the role of EBV in breast cancer has been
described by Labrecque et al. 1995 [12]. Then accumulated reports
and observations have strengthened this role; for example the high
incidence of breast cancer in Mediterranean countries with ende-
mic EBV infection, EBV -associated lymphomas in the breast and
the morphological similarities between breast medullary
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carcinoma and EBV-associated nasopharyngeal carcinoma [3].
Nevertheless; data on viral presence and oncogenic mechanisms
are still inconsistent and detailed mechanisms of interactions
between infectious agents and host cells have yet to be fully eluci-
dated [13]. But it has been suggested that cell cycle proteins could
be the target of EBV- transformation mechanism, like other onco-
genic viruses [14]. EBV uses its viral proteins; the actions of which
mimic several growth factors, transcription factors, and anti-
apoptotic factors, to usurp control of the cellular pathways that
regulate diverse homeostatic cellular functions [15]. For example;
the Epstein–Barr virus (EBV) nuclear antigen (EBNA)-1 promotes
the accumulation of chromosomal aberrations in malignant B cells
by inducing oxidative stress and activation of the DNA damage
response [16,17]. In addition, EBV-positive neoplasms show
genetic alterations that are distinct from those exhibited by EBV-
negative neoplasms; for example EBV-positive gastric adenocarci-
noma that displays recurrent PIK3CA mutations, extreme DNA
hypermethylation, and amplification of JAK2, CD274 and
PDCD1LG2 [18]. A recent work on DNA cytosine deaminases sug-
gested that APOBEC3B -a newly defined source of DNA damage-
has a role in breast cancer development. It showed that viral infec-
tions causing innate immune responses and/or splice variants may
be contributing factors for its action [19]. In support of this idea;
recent studies on head/neck cancer have linked human papilloma
virus infection to APOBEC3B upregulation and implicated APO-
BEC3B mutagenesis in activation of PIK3CA kinase which is mu-
tated in a large proportion of breast cancers [20].

Molecular techniques are the most definitive assays in estab-
lishing viral presence in cancerous tissue in comparison to other
tests based on host antibody assessment. Up to date, no standard
method has been generally accepted for EBV detection in cancer
tissues, PCR and IHC have been considered as the most sensitive
methods [21].

We conducted this study to explore possible relationship
between EBV infection and breast IDC using both IHC and PCR
techniques.
Materials and methods

Samples and data collection

Specimens obtained from pathology department laboratory at
Sohag university hospital. Biopsies obtained by incisional and/or
excisional method. Specimens were formalin fixed, and paraffin
embedded. Collectively we have obtained84 paraffin embedded
blocks; 42 IDC not otherwise specified (NOS) (as case group) and
42 fibroadenomas (as control group). Clinical data obtained from
medical records of those patients. These data include: age,
histopathological grade, tumor size, hormonal receptor status
and TNM categories besides to other factors.

The study has been carried out under Code of Ethics of the
World Medical Association (Declaration of Helsinki) for experi-
ments involving humans. Informed consent taken from partici-
pants and the study approved by ethical committee of Sohag
faculty of medicine.
Fig. 1. agarose gel electrophoresis showing the amplified PCR product of b globin
gene (297 bp) in S1–S5 indicating intact DNA of the corresponding specimens. NC:
negative control; M: marker.
Detection of EBV by nested PCR

DNA extraction
Using a microtome; 8 sections of 5–10 lm thickness cut up

from blocks and immediately placed into 2 ml microcentrifuge
tube. Paraffin dissolved and DNA extraction done using QIAamp�

DNA FFPE Tissue (Qiagen, USA) according to the manufacturer
instructions.
Testing DNA integrity by standard PCR
The integrity of the extracted DNA confirmed by standard PCR

using b-globin primers G073 (50GAAGAGCCAAGGACAGGTAC-30)
and G074 (50CAACTTCATCCACGTTCACC-30). Reaction volume of
25 ll (supplied by Invitrogen; Groningen, the Netherlands, UK)
used containing 2.5 mL of 1X PCR reaction buffer, 1 mL DNA solution,
1 mL MgCl2, 2 mL of each of the gene-specific primer, 0. 125 mL Taq-
DNA polymerase, 2.5 mL deoxynucleoside triphosphates mix
(dNTPs), and 16 mL PCR water. PCR amplifications performed on a
T-Gradient thermal cycler (Biometra, USA). PCR amplification con-
ditions as follows: initial heating at 95 �C for 10 min; followed by
(denaturation at 95 �C for 5 min, annealing at 58 �C for 30 s; exten-
sion at 72 �C for 30 s) for 35 cycles then final extension at 72 �C for
5 min. Samples with negative b-globin gene excluded from the
study.

Nested PCR
Two primer sets described by Cinque et al. were used. The first

round for amplifying a 297 bp fragment (EB3 50-AAG
GAGGGTGGTTTGGAAAG), (EB4 50-AGACAATGGACTCCCTTAGC);
while the second one using a primer set that binds within the first
round product generating a 209 bp fragment (EB1 50-
ATCGTGGTCAAGGAGGTTCC, EB2 50-ACTCAATGGTGTAAGACGAC).
The first cycle conducted using a reaction volume of 25 ll (sup-
plied from Invitrogen; Groningen, the Netherlands, UK) containing
2.5 mL of 1X PCR reaction buffer, 1 mL DNA solution, 1 mL MgCl2,
2 mL of the first set gene-specific primer, 0. 125 mL TaqDNA poly-
merase, 2.5 mL deoxynucleoside triphosphates mix (dNTPs), and
16 mL PCR water. The cycling conditions as follows: initial heating
at 95 �C for 3 min., followed by 35 cycles of 95 �C for 30 s, followed
by 55 �C for30 s, then 72 �C for 30 s, and a final extension at 72 �C
for 5 min. The PCR product of the first cycle used as the template
for the second cycle where 1 ll of it added to complete the 25 ll
volume mixture as mentioned before; then placed in the thermal
cycler under the same cycling condition of cycle 1. PCR amplicons
separated by electrophoresis on a 1% agarose gel and stained with
ethidium bromide with a marker (DNA Ladder 100 bp, 10 bands)
from (KOMA BIOTECH, Seoul, Korea) to assess PCR product size;
then the bands photographed by a gel documentation system
(Ingenius, Syngene, USA) (Figs. 1 and 2).

Positive control is genomic DNA which isolated from EBV-
positive Hodgkin’s lymphoma case. Negative control is PCR with
the omission of the DNA template (Figs. 1 and 2).



Fig. 2. agarose gel electrophoresis of the nested PCR product showing the bands
EBNA-1gene (209 bp) in S1–S5. M: marker; NC: negative control; PC: positive
control.

Fig. 4. Infiltrating Ductal carcinoma not otherwise specified grade II shows
moderate cytoplasmic staining for EBV/Ab-1 (X200).
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Detection of EBV by immunohistochemistry
All samples subjected for IHC staining, pre-cleaned (Super-

frost�) ⁄/Plus-Fisherbrand �-USA) slides used. Formalin-fixed
paraffin-embedded sections immune stained using peroxidase-
labelled streptavidin-biotin technique to detect Epstein-Barr virus
expression. Mouse monoclonal antibody to Epstein-Barr virus/ LMP
Ab-1Cat# MS- 1458-S0 (0.1 ml) LABVISION Corporation used. All
specimens stained with the antibody (Figs. 3 and 4).
Staining procedure
Anti-polyvalent HRP-DAB detection system Cat# TPD-015

(15 ml) was used. Tissue sections de-paraffinized in 2 changes of
xylene and re-hydrated through descending grades of alcohol
and washed in distilled water. Endogenous peroxidase activity
blocked with hydrogen peroxide (Cat# DHP-xxx) using peroxidase
blocking reagent and then washed in 20% diluted phosphate buf-
fered saline (PBS). Slides immersed in antigen retrieval solution
(10 mmol sodium citrate buffer solution, pH 6.0) and ovened at
100ᵒc for 90 min; finally, they were washed in distilled water
and in PBS. Tissue sections incubated in 1/50 Epstein-Barr virus
in 1/100 normal goat serum (NGS) overnight at room temperature
to block nonspecific interactions. After rinsing in PBS, tissue sec-
tions treated with biotinylated anti-goat serum for 10 min at room
temperature. The slides rinsed and peroxidase-labelled strepta-
vidin applied for 10 min at room temperature, rinsed again with
PBS and blotted. The slides incubated with 14-diaminobenzidine
Fig. 3. Infiltrating ductal carcinoma not otherwise grade III specified shows
moderate cytoplasmic staining for EBV/Ab-1 (X200).
(DAB) and 0.06% H2O2 for 20 min, washed in distilled water and
counter-stained using Myer’s Hematoxylin. Tissue sections washed
in tap water dehydrated in ascending grades of alcohol, cleared in
xylol, left to dry, then mounted with DPX, and cover slipped.

Positive controls: Sections from EBV-positive Hodgkin’s lym-
phoma. Negative controls: more sections of the examined tissues
stained in parallel, but with omission of the primary antibody.

Positive cases identification

All samples were tested by PCR and IHC separately and inde-
pendently; only positive cases by both samples were identified
as positive EBV, we would like to emphasize that the PCR results
were identical for IHC results except for 2 cases where they were
positive by PCR and negative by IHC and these were not considered
as positive one and excluded.

Statistical methods

Data was analyzed using STATA intercooled version 12.1. As all
data were qualitative data, they were presented as number and
percentage and compared using Chi square test and Fisher’s exact
test. P value was considered significant if it was less than 0.05 and
was highlighted for each test (Table 2).
Results

Clinical and pathological features of the study group

The clinical characteristics of our study include: age,
histopathological grade, tumor size, hormonal receptor status
and TNM categories. These parameters analyzed with EBV detec-
tion; age of IDC cases ranged from 23 to 70 years with a median
age of 43 years; while fibroadenomas control group age ranged
from 24 to 50 years and median age 34 years. 61.9% of the patients
in IDC case group were less than 50 years of age with a median of
43 years; while in fibroadenomas group it was 34 years. The most
frequent grade was GII (61.9%) while 52.38% of these tumors were
of 3–5 cm range in size. Nodal involvement by cancer detected in
66.7% of IDC cases with one third of them having N1 stage. Estro-
gen receptors negative in 57.14% of these cases and only 2 cases
were metastatic.

EBV detection results

By nested PCR technique; EBNA-1 gene detected in 12 out of 42
(28.57%) IDC specimens, while detected only in 6 out of 42 of
fibroadenoma specimens. By combining IHC technique for all study



Table 1
Comparison between the studied groups as regards detection of EBV by PCR and IHC.

Group PCR IHC

+ve –ve +ve –ve

Cases 12/42 30/42 10/42% 32/42
28.57% 71.42% 23.81% 76.19%

Controls 6/42 36/42 6/42 36/42
14.29% 85.71% 14.29% 85.71

Table 2
Pathologic and clinical features of patients with BC and their relation to EBV detection.

Characteristics No of patients (%) Detection of EBV by IHC P value

Yes No

Age
<50 26 (61.90%) 4 (15.38%) 22 (84.62%) 0.10*

�50 16 (38.00%) 6 (37.50%) 10 (62.50%)

Grading
GI/GII 28 4 (14.29%) 24 (85.71%) 0.06*

GIII 14 6 (42.86%) 8 (57.14%)

Tumor size
<3 4 (9.52%) 2 (50.00%) 2 (50.00%) 0.06
3–5 22 (52.38%) 2 (9.09%) 20 (90.91%)
>5 16 (38.10%) 6 (37.50%) 10 (62.50%)

LN
Negative 14 (33.33%) 2 (14.29%) 12 (85.71%) 0.31
Positive 28 (66.67%) 8 (28.57%) 20 (71.43%) 0.45*

T
T1/T2 26 4 (15.38%) 22 (84.62%)
T3/T4 16 6 (37.50%) 10 (62.50%) 0.14*

N
N0/N1 28 2 (7.14%) 26 (92.86%) 0.003
N2/N3 14 4 (28.57%) 10 (71.43%) 0.15*

M
M0 40 (95.24%) 10 (25.00%) 30 (75.00%) 1.00*

M1 2 (4.76%) 0 2 (100%)

ER
Negative 12 (28.57%) 4 (33.33%) 8 (66.67%) 0.46
Positive 24 (57.14%) 4 (16.67%) 20 (83.33%) 0.51*

Unknown 6 (14.29%) 2 (33.33%) 4 (66.67%)

PR
Negative 10 (23.81%) 2 (20.00%) 8 (80.00%) 0.82
Positive 26 (61.90%) 6 (23.08%) 20 (76.92%) 0.77*

Unknown 6 (14.29%) 2 (33.33%) 4 (66.67)

* Means analysis carried out by Fisher’s exact test; no * means by Chi square test.
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samples including those with PCR positive results; LMP-1 protein
of EBV expressed on 10/42 IDC specimens – which were 10/12 of
PCR positive samples; – representing 23.81% and expressed on
6/42 of control samples – which were 6/6 of PCR positive fibroade-
noma specimens. There was no a significant statistical difference
between the detection of EBV in breast IDC and fibroadenoma sam-
ples (P value = 0.4) as presented in Table 1.

EBV positivity and clinico-pathological features relationship

As regard the association between EBV positivity and character-
istics of IDC group; only nodal involvement showed statistically
significant association as possibility to detect EBV increases with
more involved nodes (p-value = 0.003) (Table 2).

Discussion

Breast cancer prevalence has been reported differently in the
world. EBV as a putative factor for breast cancer- risk or casual-
has been debated over the past decades; first link in this issue
has been proposed by Labrecque LG, et al. in 1995 when they found
about 50% of tested breast cancer materials positive for EBV DNA
[11]. Then Bonnet et al. in 1999 using PCR detected EBER-2 and
LMP-2 DNA in 51% of breast cancer cases [22]. It was very difficult
to distinguish EBV disease from background infection [23]. In many
studies, a joint approach has been applied to overcome the limita-
tion of methods used for EBV detection in breast cancer [22].

Yet the results stay unconvincing, and their interpretation has
been a matter of debate for years. This variation is due to the fail-
ure of some studies to find EBV in breast carcinoma [22,24]. A pos-
sible explanation might be the epidemiological variation in EBV
infections; such as variance in age at the time of acquiring primary
EBV infection and socioeconomic background; as populations with
higher incidence rates of breast carcinoma correspond to those
with higher possibility of delayed primary EBV infection [25]. Fur-
thermore, this controversy might be due to diversity in the
methodologies used for detecting the virus and different EBV-
derived proteins or nucleic acids investigated. In addition; loss of
the virus episome during cell division of malignant cells may result
in absence of viral DNA ‘hit and run’ behavior [26].
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Our study was not designed to compare the two techniques; but
to define the most probably positive case of EBV infection inside
the tumor cell or in breast cells in control. Positive cases by either
technique alone excluded. We tried to detect EBV in breast tissue
specimens by combining 2 methods; nested PCR using 2 primer
sets for EBNA-1 gene and IHC using antibodies against EBV/ LMP-
1 protein used separately to test all specimens; then we identified
EBV case as the sample that is positive in both tests. EBV detected
in 12/42 and 10/42 0f IDC samples by PCR and IHC, respectively.
None of negative PCR results was positive by IHC, so, we consid-
ered only positive cases by the 2 methods. For control group; both
methods showed the same detection of 6/42 samples.

As regard the tested specimens; we used formalin-fixed
paraffin-embedded specimens as many studies carried out for
the same purpose [24,27]. But, one study with both frozen and
formalin-fixed paraffin-embedded specimens was negative to
detect EBV by PCR but 5% of specimens were positive by nested
PCR [28]. One study of fresh breast cancer tissue samples was a
positive study [29].

Genetic basis studies of phyllodes tumor identified DNA copy
number alterations including both gains and losses, but with sig-
nificant heterogeneity seen among these cases [30–32]. Studies
of fibroadenoma have shown much lower frequency of chromoso-
mal alterations than in phyllodes tumor [31]. Another study
showed that fibroadenomas have the highest and lowest expres-
sion of epithelial- and proliferation-related genes, respectively,
whereas malignant phyllodes showed the opposite expression pat-
tern. Within the dataset of IDCs and normal breast tissues, the vast
majority of fibroadenomas identified as Normal-like by intrinsic
breast cancer subtyping. For that, fibroadenomas can be considered
as intermediate phenotype between normal and malignant breast
lesions; so we used fibroadenomas as control group [33].

In our work; nested PCR showed EBV DNA detection in 28.57%
IDC specimens (case group) and 14.29% of fibroadenoma speci-
mens (control group); this is in agreement with Arbach H, et al.
who were able to detect EBV DNA in 46% of breast tumors by
PCR [34,35]. Also, a study from UK showed EBV DNA in 34% of
breast cancer tissue [36]. But, in other studies detection was less
than ours as in an Iranian study where it was 7.3% [37] and in Her-
rmann et al. – Germany; it was (6.8%) [24], while in USA; Perrigoue
JG and Deshpande CG were able to detect EBV DNA in 45% [38] and
42% [39] of specimens, respectively. A recent Sudanese study
showed EBV DNA in 55.5% of breast cancer cases [40].

By IHC; we found EBV virus LMP-1 protein in 23.81% of IDC
specimens and in 14.29% of fibroadenoma specimens (P value
0.4%); this finding approaches findings of two Egyptian studies;
Fawzy et al. and Mohamed et al. [27,41]. They reported EBV pro-
teins in 25% and 35.3% of invasive breast carcinoma specimens,
respectively. Our findings were in agreement with a Jordanian
study that showed EBNA-1 protein in 26% of breast carcinoma
cases [42]; but not in agreement with an Iranian study which
showed LMP-1 protein in 7.5% of the studied cases [43]. But; these
studies including ours had certain limitations as they have looked
for expression of only one viral protein. They should have investi-
gated multiple EBV proteins present in different phases of viral
latency seen in other EBV associated tumors.

Marked variability in PCR and IHC findings were noticed in
many studies done over the last two decades [12,11]; moreover,
EBV infection has been foundmost consistently and in a prevalence
ranging between 7.5 and 55%. All these studies could not produce
evidence of a pathogenic role of EBV in breast carcinomas.

Apparent variability of these findings should not itself exclude a
possible role for EBV in breast carcinogenesis; as this is influenced
to some extent by two issues: first, the marked variation in EBV
prevalence even among studies using similar techniques [22,44];
second, the possibility of false-positive or false-negative analytical
test results due to lymphocyte-derived EBV, cross-reactivity
immune-stains, amplicons contamination, or inappropriate tech-
nique sensitivity [45].

In our study; only lymph node involvement showed significant
association with the presence of EBV in cancerous tissue. These
findings come in agreement with two Egyptian studies [27,41]
which suggest aggressive tumor behaviour. Also; this matches
findings by Bonnet et al. [22] who showed that EBV detection in
primary tumors varied by nodal status (P = 0.01), largely because
of the difference between subjects with more than three lymph
nodes versus those with less than or equal to three lymph nodes
involvement (72% versus 44%). Again this matches results found
by Arbach et al. [35] who showed that EBV infection of breast
tumor enhances its mutagenic properties, such as invasion, angio-
genesis, and metastasis.

In contrary to our study; a recent study carried in UK debates
this finding as it concluded that EBV positivity was not associated
with grade, hormonal receptor status, or disease stage [36].

Conclusion

Our study could not prove a statistically significant association
between EBV infection and occurrence of breast IDC tumors; but a
possible association between EBV detection and tumor aggressive-
ness might be present.

Recommendations

A past priority has been to confirm the identification of EBV
virus in breast tumors. The new priority is to determine whether
EBV is a causal factor or not; rather than innocuous passenger
invading pre-existing malignant tissues. So, executing another
research with larger number of samples with pan marker in all
stages of EBV infection is mandatory.

Conflicts of interest

None.

References

[1] Boyle P, Levin B, editors. World cancer report 2008. IARC Press, International
Agency for Research on Cancer; 2008 Available from http://www.cabdirect.
org/abstracts/20103010665.html (accessed April 24, 2016).

[2] El Saghir NS, Khalil MK, Eid T, El Kinge AR, Charafeddine M, Geara F, et al.
Trends in epidemiology and management of breast cancer in developing Arab
countries: a literature and registry analysis. Int J Surg. 2007;5(4):225–33.

[3] Mant C, Hodgson S, Hobday R, D’Arrigo C, Cason J. A viral aetiology for breast
cancer: time to re-examine the postulate. Intervirology. 2004;47(1):2–13.

[4] Szabo S, Haislip AM, Garry RF. Of mice, cats, and men: Is human breast cancer a
zoonosis? Microsc Res Tech. 2005 Nov;68(3–4):197–208.

[5] Lawson JS, Günzburg WH, Whitaker NJ. Viruses and human breast cancer.
Future Microbiol. 2006;1(1):33–51.

[6] Katz E, Lareef MH, Rassa JC, et al. MMTV encodes an ITAM responsible for
transformation of mammary epithelial cells in three-dimensional culture. J
Emerg Med 2005;201:431–9.

[7] Theodorou V, Boer M, Weigelt B, et al. Fgf10 is an oncogene activated by MMTV
insertional mutagenesis in mouse mammary tumors and overexpressed in a
subset of human breast carcinomas. Oncogene 2004;23:6047–55.

[8] Trivedi P, Takazawa K, Zompetta C, Cuomo L, Anastasiadou E, Carbone A, et al.
Infection of HHV-8 + primary effusion lymphoma cells with a recombinant
Epstein-Barr virus leads to restricted EBV latency, altered phenotype, and
increased tumorigenicity without affecting TCL1 expression. Blood. 2004;103
(1):313–6.

[9] de Elgui Oliveira D. DNA viruses in human cancer: an integrated overview on
fundamental mechanisms of viral carcinogenesis. Cancer Lett. 2007;247
(2):182–96.

[10] Glenn WK, Heng B, Delprado W, Iacopetta B, Whitaker NJ, Lawson JS. Epstein-
Barr virus, human papillomavirus and mouse mammary tumour virus as
multiple viruses in breast cancer. PLoS One. 2012;7(11):e48788.

[11] Fina F, Romain S, Ouafik L, Palmari J, Ben Ayed F, Benharkat S, et al. Frequency
and genome load of Epstein-Barr virus in 509 breast cancers from different
geographical areas. Br J Cancer. 2001;84(6):783–90.

http://www.cabdirect.org/abstracts/20103010665.html
http://www.cabdirect.org/abstracts/20103010665.html
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0010
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0010
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0010
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0015
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0015
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0020
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0020
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0025
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0025
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0030
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0030
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0030
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0035
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0035
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0035
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0040
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0040
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0040
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0040
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0040
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0045
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0045
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0045
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0050
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0050
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0050
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0055
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0055
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0055


82 Noha ED Hassab El-Naby et al. / Journal of the Egyptian National Cancer Institute 29 (2017) 77–82
[12] Labrecque LG, Barnes DM, Fentiman IS, Griffin BE. Epstein-Barr virus in
epithelial cell tumors: a breast cancer study. Cancer Res. 1995;55(1):39–45.

[13] Alibek Kenneth, Kakpenova Ainur, Mussabekova Assel, Sypabekova Marzhan,
Karatayeva Nargis. Role of viruses in the development of breast cancer. Infect
Agent Cancer. 2013;8:32.

[14] Eltahir HA, Elhassan AM, Ibrahim ME. Contribution of retinoblastoma LOH and
the p53 Arg/Pro polymorphism to cervical cancer. Mol. Med. Rep. 2012;6
(3):473–6.

[15] Thompson MP, Kurzrock R. Epstein-Barr virus and cancer. Clin Cancer Res
2004;10(3):803–21.

[16] Kamranvar SA, Gruhne B, Szeles A, Masucci MG. Epstein-Barr virus promotes
genomic instability in Burkitt’s lymphoma. Oncogene. 2007;26:5115–23.

[17] Kamranvar SA, Masucci MG. The Epstein-Barr virus nuclear antigen-1
promotes telomere dysfunction via induction of oxidative stress. Leukemia.
2011 Jun;25(6):1017–25.

[18] Cancer Genome Atlas Research Network. Comprehensive molecular
characterization of gastric adenocarcinoma. Nature. 2014 Sep 11;513
(7517):202–9.

[19] Reuben S. Harris., Molecular mechanism and clinical impact of APOBEC3B-
catalyzed mutagenesis in breast cancer. Breast Cancer Res. 2015;17(1):8.

[20] Henderson S, Chakravarthy A, Su X, Boshoff C, Fenton TR. APOBEC-mediated
cytosine deamination links PIK3CA helical domain mutations to human
papillomavirus-driven tumor development. Cell Rep 2014;7:1833–41.

[21] Holland JF, Pogo BG. Comment on the review by Joshi and Buehring. Breast
Cancer Res Treat. 2012;136(1):303–7.

[22] Bonnet M, Guinebretiere J-M, Kremmer E, Grunewald V, Benhamou E,
Contesso G, et al. Detection of Epstein-Barr virus in invasive breast cancers. J
Natl Cancer Inst. 1999;91(16):1376–81.

[23] Gulley Margaret L. Molecular diagnosis of Epstein-Barr virus-related diseases. J
Mol Diagn. 2001 Feb;3(1):1–10.

[24] Herrmann K, Niedobitek G. Lack of evidence for an association of Epstein-Barr
virus infection with breast carcinoma. Breast Cancer Res. 2003;5(1):R13–7.

[25] Murray PG. Epstein-Barr virus in breast cancer: artefact or aetiological agent? J
Pathol. 2006;209(4):427–9.

[26] Yasui Y, Potter JD, Stanford JL, Rossing MA, Winget MD, Bronner M, et al. Breast
cancer risk and ‘‘delayed” primary Epstein-Barr virus infection. Cancer
Epidemiol Biomarkers Prev. 2001;10(1):9–16.

[27] Fawzy S, Sallam M, Awad NM. Detection of Epstein-Barr virus in breast
carcinoma in Egyptian women. Clin Biochem. 2008;41(7):486–92.

[28] Morales-Sánchez A, Molina-Muñoz T, Martínez-López JL, Hernández-Sancén P,
Mantilla A, Leal YA, et al. No association between Epstein-Barr virus and
mouse mammary tumor virus with breast cancer in Mexican women. Sci Rep
2013;3:2970.

[29] El-Shinawi M, Mohamed HT, El-Ghonaimy EA, Tantawy M, Younis A, Schneider
RJ, et al. Human cytomegalovirus infection enhances NF-jB/p65 signaling in
inflammatory breast cancer patients. PloS One. 2013;8(2):e55755.

[30] Ried T, Just KE, Holtgreve-Grez H, du Manoir S, Speicher MR, Schrock E, Latham
C, Blegen H, Zetterberg A, Cremer T, Auer G. Comparative genomic
hybridization of formalin-fixed, paraffinembedded breast tumors reveals
different patterns of chromosomal gains and losses in fibroadenomas and
diploid and aneuploid carcinomas. Cancer Res 1995;55:5415–23.

[31] Ojopi EP, Rogatto SR, Caldeira JR, Barbieri-Neto J, Squire JA. Comparative
genomic hybridization detects novel amplifications in fibroadenomas of the
breast. Genes Chromosomes Cancer 2001;30:25–31.

[32] Amiel A, Kaufman Z, Goldstein E, Bruchim RB, Kidron D, Gaber E, Fejgin MD.
Application of comparative genomic hybridization in search for genetic
aberrations in fibroadenomas of the breast. Cancer Genet Cytogenet
2003;142:145–8.

[33] Vidal M, Peg V, Galván P, Tres A, Cortés J, Ramón y Cajal S, Rubio IT, Prat A.
Gene expression-based classifications of fibroadenomas and phyllodes
tumours of the breast. Mol Oncol. 2015;9(6):1081–90.

[34] Arbach H, Joab I. EBV and breast cancer: questions and implications. In:
Robertson ES, editor. Epstein-Barr Virus. Caister Academic Press; 2005. p.
139–56.

[35] Arbach H, Viglasky V, Lefeu F, Guinebretiere J-M, Ramirez V, Bride N, et al.
Epstein-Barr virus (EBV) genome and expression in breast cancer tissue: effect
of EBV infection of breast cancer cells on resistance to paclitaxel (Taxol). J
Virol. 2006;80(2):845–53.

[36] Richardson AK, Currie MJ, Robinson BA, Morrin H, Phung Y, Pearson JF, et al.
Cytomegalovirus and Epstein-Barr virus in breast cancer. PloS One. 2015;10
(2):e0118989.

[37] Torabizadeh Z, Nadji A, Naghshvar F, Nosrati A, Parsa M. Association between
Epstein-Barr Virus (EBV) and Breast Cancer. Res Mol Med. 2014;2(4):24–9.

[38] Perrigoue JG, Den Boon JA, Friedl A, Newton MA, Ahlquist P, Sugden B. Lack of
association between EBV and breast carcinoma. Cancer Epidemiol Biomarkers
Prev. 2005;14(4):809–14.

[39] Deshpande CG, Badve S, Kidwai N, Longnecker R. Lack of expression of the
Epstein-Barr Virus (EBV) gene products, EBERs, EBNA1, LMP1, and LMP2A, in
breast cancer cells. Lab Invest. 2002;82(9):1193–9.

[40] Yahia ZA, Adam AA, Elgizouli M, Hussein A, Masri MA, Kamal M, et al. Epstein
Barr virus: a prime candidate of breast cancer aetiology in Sudanese patients.
Infect Agent Cancer. 2014;9(1):9.

[41] MohamedWS, Mohamed MA, Omar MM. Possible involvement of Epstein-barr
Virus (EBV) in pathogenesis and prognosis of female breast infiltrating duct
carcinoma: clinicopathological, immunohistochemical and molecular study.
Egy J Med Microbiol. 2007;16(2):403–14.

[42] Khabaz MN. Association of Epstein-Barr virus infection and breast carcinoma.
Arch Med Sci. 2013;9(4):745–51.

[43] Mohammadizadeh F, Zarean M, Abbasi M. Association of Epstein-Barr virus
with invasive breast carcinoma and its impact on well-known
clinicopathologic parameters in Iranian women. Adv Biomed Res 2014;3:141.

[44] Glaser SL, Ambinder RF, DiGiuseppe JA, Horn-Ross PL, Hsu JL. Absence of
Epstein-Barr virus EBER-1 transcripts in an epidemiologically diverse group of
breast cancers. Int J Cancer. 1998;75(4):555–8.

[45] Zekri A-RN, Bahnassy AA, Mohamed WS, El-Kassem FA, El-Khalidi SJ, Hafez
MM, et al. Epstein-Barr virus and breast cancer: epidemiological and
molecular study on Egyptian and Iraqi women. J Egypt Natl Cancer Inst
2012;24(3):123–31.

http://refhub.elsevier.com/S1110-0362(17)30008-0/h0060
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0060
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0065
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0065
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0065
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0070
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0070
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0070
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0075
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0075
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0080
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0080
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0085
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0085
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0085
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0090
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0090
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0090
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0095
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0095
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0100
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0100
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0100
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0105
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0105
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0110
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0110
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0110
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0115
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0115
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0120
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0120
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0125
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0125
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0130
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0130
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0130
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0130
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0135
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0135
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0140
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0140
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0140
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0140
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0145
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0145
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0145
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0150
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0150
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0150
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0150
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0150
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0155
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0155
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0155
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0160
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0160
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0160
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0160
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0165
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0165
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0165
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0170
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0170
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0170
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0175
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0175
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0175
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0175
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0180
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0180
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0180
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0185
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0185
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0190
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0190
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0190
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0195
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0195
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0195
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0200
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0200
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0200
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0205
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0205
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0205
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0205
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0210
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0210
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0215
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0215
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0215
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0220
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0220
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0220
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0225
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0225
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0225
http://refhub.elsevier.com/S1110-0362(17)30008-0/h0225

	Epstein-Barr virus infection and breast invasive ductal carcinoma in Egyptian women: A single center experience
	Introduction
	Materials and methods
	Samples and data collection
	Detection of EBV by nested PCR
	DNA extraction
	Testing DNA integrity by standard PCR
	Nested PCR
	Detection of EBV by immunohistochemistry
	Staining procedure

	Positive cases identification
	Statistical methods

	Results
	Clinical and pathological features of the study group
	EBV detection results
	EBV positivity and clinico-pathological features relationship

	Discussion
	Conclusion
	Recommendations
	Conflicts of interest
	References


