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The uncertain contribution of Epstein—Barr virus (EBV) to the etiological processes underlying invasive duc-
tal carcinoma (IDC) of the mammary gland, especially in relation to its molecular interactions within infla-
med histological contexts, remains to be elucidated. This case—control research assessed the link between
EBV infection and mammary IDC in a population of Iraqi females from Kirkuk. A total of 300 breast tissue
specimens preserved in paraffin blocks were evaluated, including 150 samples diagnosed with IDC and 150
samples classified as fibroadenoma serving as controls. EBV latent membrane protein-1 expression was iden-
tified through the application of immunohistochemical staining and polymerase chain reaction methodologies.
EBV positivity, defined as detection by both IHC and PCR, was observed in 7.3% of IDC cases and 4% of
controls, with no statistically significant difference between groups (P=0.996). No significant association was
found between EBV presence and estrogen or progesterone receptor status, while Her-2 expression differed
significantly between EBV-positive and EBV-negative patients (P<0.001). EBV was more frequently detec-
ted in grade I tumors and stage II breast cancers, and older patients showed a higher prevalence of EBV
infection. The results indicate that although Epstein—Barr virus (EBV) is identifiable in a fraction of invasive
ductal carcinoma (IDC) breast specimens, a definitive causative relationship between EBV presence and IDC
occurrence within this demographic is not established. Nonetheless, EBV detection appears to exhibit higher

frequency in specific histopathological grades, clinical stages, and patient age categories.
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1. Introduction

Worldwide, mammary carcinoma represents the most
commonly diagnosed neoplastic disorder among women
(excluding cutaneous malignancies of the non-melanoma
type) and accounts for the highest proportion of cancer-
related deaths in the female population [1]. Its incidence
varies across multicultural communities, indicating that
the biological expression and the influence of etiological
factors may vary [2,3]. In Iraq, the age-standardized inci-
dence rate (ASR) was 39.7 per 100,000 person-years du-
ring 2011-2019, and its incidence varies across multicultu-
ral communities, indicating that the biological expression
and influence of etiological factors on the course of the
disease [4,5]. With an overall incidence of 11.7% of cases
diagnosed, breast cancer ranked first among the 36 most
common cancer types in 159 countries in 2020, accoun-
ting for 2,261,419 cases. High-income regions like Aus-
tralia and New Zealand had the highest age-standardized
incidence rate (95.5/100,000), whereas South Central Asia
had the lowest rate (26.2/100,000) [6]. In Iraq, the breast
was the most prevalent cancer location in terms of inci-
dence among females (35.95/100,000 persons per year)

and death (6.22/100,000 persons annually) [7].

It is yet unknown what molecular processes EBV may
use to cause breast cancer. Nonetheless, some insight into
possible processes has been provided by the molecular cha-
racterization of breast cancers. Consequently, analogous
to other EBV-associated epithelial malignancies, expres-
sion of EBV-derived transcripts including EBNA1, LMP1,
BZLF1, and BARF]1 has been identified within mammary
cancer samples [8]. Furthermore, latency type Il tumors
associated with EBV were identified by the expression of
EBNA1 and LMP1-2B together with lytic gene expres-
sion of BXLF2 and BFRF3, indicating a potential role for
latent/lytic switch activation [9]. Mofrad et al. found in
2020 that all breast cancer control samples tested negative
for EBNA-1, but 4/59 (6.7%) of Iranian samples tested
positive. Furthermore, tumors that tested positive for EBV
were categorized as high grade (II and III) [10].

Detection of viral nucleic acid within tissue specimens
can be achieved through multiple analytical techniques,
including polymerase chain reaction and in situ hybridiza-
tion. Given that PCR alone may exhibit limited specificity
in differentiating malignant cells from infiltrating lym-
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phoid populations, it is recommended that both ISH and
PCR be employed concurrently to enhance the precision
of viral genome identification in neoplastic breast tissue
[11-13]. The finding of EBV nucleic acid DNA in breast
tissue may potentially be impacted by tissue preparation.
Although there was no documented link between EBV and
the mammary cancers in a study done on dogs, for the first
time, the authors discovered EBV DNA in canine mam-
mary cancers. This implies that the amount and quality of
DNA recovered from paraffin-embedded tissues may have
an impact on virus detection [14]. Even with these advan-
cements in EBV detection, it is difficult to assess oncoge-
nic viruses in all types of breast cancer because viral loads
are so low.

Immunohistochemistry (IHC) is an essential auxiliary
technique in the clinical practice of breast pathology that
helps with the detection and classification of a wide va-
riety of breast abnormalities. Despite the fact that many
benign and malignant breast lesions have well-defined
morphologic characteristics, numerous tumors may exhi-
bit overlapping traits. IHC may be particularly useful in
the differential diagnosis of some diagnostically challen-
ging breast lesions [15]. Here, we used both IHC and PCR
to investigate the potential link between EBV infection
and invasive ductal breast cancer.

2. Materials and Methods
2.1. The study design and setting

The study cases were retrieved from the archive of
Histopathology Laboratory in Azadi Teaching Hospital,
Kirkuk, Iraq for the period between January 1% 2022 and
January 20™ 2024 and including 150 formalin fixed and
paraffin embedded tissue specimens of mastectomies with
a diagnosis of invasive ductal carcinoma (not otherwise
specified) IDC (NOS) as a case group and 150 formalin
fixed and paraffin embedded tissue specimens with a dia-
gnosis of fibroadenoma as a control group.

Clinical information was gathered from these patients'
medical records. Age, tumor grade, tumor stage, hormone
receptor status, and Her-2/neu status were some of these
variables. The study was authorized by Kirkuk Medical
College's ethics committee and adhered to the World Me-
dical Association's (Declaration of Helsinki) guidelines
for human research.

2.2. EBV detection
2.2.1. Immunohistochemistry

Immunohistochemical staining for LMP1 was perfor-
med using antibodies, buffers, and linking systems obtai-
ned from in vitro Master Diagnostic™ (Spain). The prima-
ry antibody used was a clonal mouse monoclonal antibody
against LMP1 (clone CS1-4, reference MAD-001619QD).
All products, including the primary antibodies, ultra-sen-
sitive micro polymer-based universal detection systems,
and auxiliary reagents, were sourced from the same manu-
facturer. The staining procedure was carried out following
the manufacturer’s instructions.

2.2.2. Molecular tests
2.2.2.1. DNA extraction

Genomic DNA was isolated from formalin-fixed, pa-
raffin-embedded tissue sections utilizing the RIBO-prep
nucleic acid isolation system, catalog number K2-9-Et-
100-CE. All procedures were executed in strict accordance

with the protocol provided by the manufacturer.

2.2.2.2. Detection of the virus by PCR

Using specialized EBV primers, a section of the pa-
thogen's genome was amplified to identify EBV via the
polymerase chain reaction (PCR). Fluorescent dyes were
used in real-time PCR to detect the amplified product.
Conventionally, these chromogenic signals were linked
to specific oligonucleotide probes that hybridized exclusi-
vely with the amplified target during thermal cycling. This
enabled real-time detection of the accumulating amplicon
without the need to reopen the reaction vessels post-ampli-
fication. The AmpliSens® EBV-screen/monitor-FRT PCR
assay, designed for both qualitative and quantitative analy-
sis, was employed incorporating internal controls of both
endogenous and exogenous origin.

The Internal Control STI-87 (IC), known as the exoge-
nous internal reference, was applied throughout the plas-
ma isolation process from peripheral blood to oversee
the analytical stages of individual specimens and iden-
tify any potential interference affecting the reaction. The
DNA fragment of the B-globin gene was amplified when
a clinical sample, including cells, including white blood
cells, and complete human blood. A human genome piece
called the B-globin gene's DNA fragment served as an
internal endogenous regulator. Therefore, monitoring test
steps (DNA extraction and amplification) and evaluating
the suitability of clinical material sampling and storage
were made possible by the use of an endogenous internal
control.

The "hot-start" mechanism integrated into the Am-
pliSens® EBV-screen/monitor-FRT PCR system signi-
ficantly minimized the occurrence of unintended primer
annealing events. This feature was enabled through the
use of TagF, a polymerase enzyme modified via chemi-
cal means, ensuring controlled initiation. Activation of the
altered TaqF enzyme was achieved by subjecting it to ther-
mal exposure at 95 °C for a duration of 15 minutes.

The uracil-DNA-glycosylase (UDG) and dUTP en-
zymes were used in the PCR kit to prevent amplicon conta-
mination. DNA containing deoxyuridine was recognized
and destroyed by the enzyme UDG, although DNA contai-
ning deoxythymidine was unaffected. Since dUTP was a
component of the dNTP mixture in the amplification rea-
gents, deoxyuridine was always present in amplicons but
lacking in real DNA. Because contaminating amplicons
included deoxyuridine, they were susceptible to UDG's
destruction before DNA-target amplification. Thus, it was
not possible to amplify the amplicons. UDG was a thermo-
labile enzyme. Heating it to a temperature higher than 50
°C deactivated it. Consequently, the target amplicons that
were collected during PCR were not destroyed by UDG
(Reference number: R-V9-100-S (RG,iQ, Mx)-CE).

2.2.2.3. Analysis of data

The real-time PCR device software analyzed fluores-
cence signal accumulation across three channels to inter-
pret the results. Amplification of the B-globin gene DNA
(internal control, IC Glob) was detected via the FAM fluo-
rophore channel. The Epstein-Barr virus (EBV) DNA si-
gnal, representing positive control DNA alongside human
DNA, was detected through the JOE fluorophore channel.
Amplification of the internal control STI-87 (IC) DNA
was monitored using the ROX fluorophore channel. The
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instrument’s algorithms evaluated the data based on whe-
ther the fluorescence amplification curve crossed the pre-
defined threshold line at cycle 33.

2.3. Identification of positive cases

It is important to emphasize that the outcomes obtai-
ned via polymerase chain reaction were consistent with
those derived from immunohistochemical analysis, with
the exception of the cohort of patients exhibiting minor
discrepancies. Each specimen underwent independent and
isolated evaluation through both PCR and IHC methodo-
logies; classification as EBV-positive was assigned exclu-
sively to cases demonstrating positivity in both analytical
approaches.

2.4. Ethical consideration:

The research framework received authorization from
the ethics board affiliated with the College of Medicine at
the University of Kirkuk.

2.5. Exclusion criteria

Instances in which polymerase chain reaction yielded
positive results while immunohistochemistry was nega-
tive were not classified as positive and were omitted from
consideration.

2.6. Statistical analysis

Digital statistical evaluation was performed utilizing
SPSS software version 26. The Chi-square test was em-
ployed to assess data distributions (P-value) and examine
nominal variables and associated probabilities (P). Fin-
dings were interpreted as statistically significant (S) when
the P-value was below 0.05, as highly significant (HS)
when the P-value fell below 0.01, and as significant when
the P-value was under 0.05. Values of P exceeding 0.05
were regarded as lacking statistical significance.

3. Results

Regarding the age distribution of the patients and
control group, the largest proportion of patients, 49
(32.6%), were aged 66—75 years, whereas the highest
percentage in the control group, 66 (44%), was observed
in the 25-35 years age range. It was also noted that the 25—
35 years age group had the lowest representation among
patients, with 8 (5.3%), while the control group’s lowest

Table 1. Age distribution of the patients and the control group.

Age groups Patient No. (%) Control No. (%)
25-35 8(5.3) 66 (44)

36-45 32(21.3) 63 (42)

46-55 43 (28.6) 21 (14)

56-65 18 (12) -

66-75 49 (32.6) -

Total 150 (100) 150 (100)

percentage, 21 (14%), was in the 4655 years age range,
as shown in Table 1.

Figure 1 shows the fluorescence curve crossing the
threshold line at 33, and a detected positive case of EBV
through the use of the real-time PCR technique.

In respect to the comparison between the patients and
control group in regards to detection of the virus by either
PCR technique or IHC, the present study revealed that the
number of the positive cases of EBV in comparison to ne-
gative cases among patients’ group was trivial and the dif-
ferences were statistically non-significant (P=0.832), indi-
cating non-significant correlation between EBV presence
and breast cancer. In addition, the present study revealed
only 4% of positive cases in the control group, and the
variances between the positive and negative cases of EBV
were non-significant (P=0.996) (Table 2, Figure 2).

Furthermore, the present study showed the highest rate
2 (25%) of the positive cases of EBV detected through
using of PCR technique was among patient's group aged
less than 30 years old, while minor differences noticed
among the positive cases between age groups (30-50) and
> 50 years old where they recorded (7.6 VS 7.9%) respec-
tively. The differences between the positive and negative
cases were highly significant (P <0.01) as shown in Table
3.

Regarding the association between the tumor grade
and detection of EBV by PCR technique, the current study
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Fig. 1. A standard curve showing positive EBV of a patient with
breast cancer

Fig. 2. Histopathological sections from invasive ductal carcinoma
(NST); A-Hematoxylin and Eosin B-Immunohistochemical stained
slide for EBV LMP1.

Table 2. Comparison between patients and controls in regards to detection of EBV by Immunohistochemistry and PCR.

Groups Detection by PCR Detection by IHC P-Value
+ - + -
No. (%) No. (%) No. (%) No. (%)
Patients 13/150 (8.66)  137/150 (91.33)  11/150(7.33) 139/150 (92.66) 0.832
Control 6/150 (4) 144/150 (96) 6/150 (4) 144/150 (96) 0.996
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Table 3. Clinical and pathological features of breast cancer patients and their association with PCR-based

detection of EBV.
Character Detection of EBV by PCR P. Value
+ -
No. (%) No. (%)
<30 2 (25) 6 (75)
Age 30-50 6 (7.6) 73 (92.4) <0.001
>50 5(7.9) 58 (92.1)
I 4(14.3) 24 (85.7)
Tumor grade II 4(7.5) 49 (92.5) <0.001
I 5(7.2) 64 (92.8)
I 1(5.6) 17 (94.4)
Tumor stage II 9(12) 66 (88) <0.001
I 3(5.3) 54 (94.7)
ER + 8(10.3) 70 (89.7) 0.568
- 5(6.9) 67 (94.1)
PR + 9(12.3) 64 (87.7) 0.152
- 4(5.2) 73 (94.8)
Her + 10 (22.2) 35 (78.8) <0.001
- 329 102 (97.1)

documented the greatest rate of positive cases 4 (14.3%)
among patients with tumor grade I in comparison to slight
variances (7.5 VS 7.2) for both tumor grade II and III res-
pectively and the variation between the positive and nega-
tive cases were highly significant P <0.0001.

Considering the tumor stage, the highest percentage, 9
(12%) of EBV positive cases detected among patients with
tumor stage II, while the highest proportion of negative
samples, 94.4% of EBV, was observed among patients’
group with tumor stage III. The results were highly signi-
ficant (P <0.0001). Table 3.

With respect to estrogen receptor (ER), only 10.3 %
were positive and had positive EBV, in comparison to
89.7% were negative. The differences were non-signifi-
cant (P=0.568), as shown in Table 3.

With respect to the Progesterone Receptor (PR), the
current investigation demonstrated no statistically mea-
ningful differences (P>0.05) between EBV-positive and
EBV-negative cases in relation to PR expression status.
In contrast, Her-2 exhibited markedly significant variation
(P<0.001). Refer to Table 3.

4. Discussion
Epstein-Barr virus (EBV), a member of the human
herpesvirus family, is detected in approximately 90% to
95% of the population, predominantly among pediatric
and adolescent groups, and may manifest through diverse
clinical presentations. Furthermore, EBV is implicated in
oncogenic disorders including gastric adenocarcinoma,
Hodgkin’s disease, nasopharyngeal malignancy, and Bur-
kitt’s lymphoma. The International Agency for Research
on Cancer (IARC) has designated EBV as a Group 1 car-
cinogenic agent. Consequently, its potential role in breast
tumorigenesis has been the subject of investigation [16].
The current study showed that the greatest proportion,
49 (32.6%) of the patients were aged 66-75, which was in
line with Mofrad MG et al., who detected that the highest
proportion of breast cancer was found among patients in
the age group older than 50 years old [10]. The current
study was likewise close to a study conducted on Jorda-

nian women, who revealed that the greatest percentage of
the patients was older than 55 years old [17].

Moreover, the present study revealed that the number
of EBV-positive cases compared to negative cases in the
patient group was minimal, with no statistically significant
difference (P = 0.832) based on PCR and IHC analyses.
This indicates a non-significant correlation between EBV
presence and breast cancer, consistent with the findings
of El-Naby et al. [18] who also reported only slight dif-
ferences between positive and negative cases detected by
PCR or IHC. The current study was also in line with a
study done in Iran, where they detected that there was no
causal link between female breast invasive ductal carci-
noma and EBV infection [19]. Our results disagreed with
an Iranian study, where they found that 6.7% (4/59) of
patients had EBV, whilst all breast control samples came
back negative, which disagreed with our findings, where
the control group showed 4% of the positive cases. These
differences might be attributed to the differences in the
technical issues or the differences in access to the virus in
these communities [10]. From these points, it is clear that
there might be no association between EBV presence and
breast cancer.

Furthermore our study exhibited that the highest pro-
portion 25% of the positive cases of the virus distinguished
through using of PCR technique was in patient's group who
aged less than 30 years old, this was near to a study done
in India, where it revealed the greatest percentage of EBV
was found among breast cancer women aged (25-45) [20].
The current study was likewise in line with a Sudanese
study that revealed a high frequency of the disease among
young women [21].

The present research documented the greatest ratio
of positive cases, 4 (14.3%), among patients with tumor
grade I, in comparison to slight variances (7.5 VS 7.2) for
both tumor grade II and III, respectively. This disagrees
with the study conducted by Mazouni et al [22], where
they detected significant differences across tumor grades
1 (16.2%), 11 (32.0%), and III (46.4%), with the highest
EBYV positivity in grade III. These differences may be due
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to the sample size differences between our study and this
study, in addition to that the method of selection of the
patients is different.

Taking into account the stage of the tumor, patients with
stage II tumors had the highest percentage of EBV-positive
cases (12%), whereas patients with stage III tumors had
the highest percentage of EBV-negative samples (94.4%).
Richardson et al. found that 70 breast cancer patients from
New Zealand had 34.3% EBNA-1 positivity and 9 out of
70 had 13% in paired normal tissue; nevertheless, EBV
positivity was unrelated to grade, receptor status, or di-
sease stage, which was disagreed with our findings, the va-
riances might be due to differences in response to the virus
in these areas [23], whereas our study was in line with a
Jordanian study in regards to the correlation of tumor stage
and EBV positivity [24].

With respect to estrogen receptor (ER), only 10.3 %
were positive and had positive EBV, in comparison to
89.7% were negative. The differences were non-signifi-
cant (P=0.568). Regarding Progesterone receptor (PR), the
present study revealed non-significant variations (P>0.05);
these findings were in agreement with Richardson et al.
[23].

The detection of Her-2 exhibited markedly significant
variation (P<0.0001) between EBV-positive and EBV-ne-
gative patient subsets, closely resembling the observations
made by Cyprian FS et al. [25], who noted that HER-2 and
EBV-derived oncoproteins utilize overlapping downstream
molecular pathways, including PI3k/Akt/mTOR, SRC/f-
catenin, and RAS/MEK/ERK. This convergence may lead
to disruptions in cellular differentiation processes (EMT),
uncontrolled proliferation, evasion of programmed cell
death, and enhanced vascular formation, thereby contri-
buting to tumor initiation and/or promoting neoplastic
advancement.

In conclusion, our findings indicate that Epstein—Barr
virus can be detected in a subset of breast invasive duc-
tal carcinoma cases, but there is no significant etiological
association between EBV infection and the development
of this malignancy in Iraqi women from Kirkuk. While
EBV positivity was more frequently observed in certain
tumor grades, stages, and among older patients, these
associations do not support a direct causal role for the
virus in breast carcinogenesis. Further studies with larger
cohorts and advanced molecular techniques are warranted
to clarify the potential contribution of EBV to breast can-
cer pathogenesis and its possible prognostic or therapeutic
implications.

Abbreviations

EBV (Epstein-Barr Virus), PCR (Polymerase Chain Reac-
tion), ICH (Immunohistochemistry), ISH (In-Situ Hybri-
dization), ASR (Age-Standardized Rate), ER (Estrogen
Receptor), PR (Progesterone Receptor), Her-2 (Human
Epidermal Growth Factor Receptor 2), NOS (Not Othe-
rwise Specified), IDC (Invasive Ductal Carcinoma),
DNA (Deoxyribonucleic Acid), RNA (Ribonucleic Acid),
EBNAI1 (Epstein-Barr Nuclear Antigen 1), LMP1 (Latent
Membrane Protein 1), BZLF1 (BamHI Z Leftward Rea-
ding Frame 1), BARF1 (BamHI-A Rightward Frame 1),
BXLF2 (BamHI X Leftward Frame 2), BFRF3 (BamHI
F Rightward Frame 3), UDG (Uracil-DNA Glycosylase),
dUTP (Deoxyuridine Triphosphate), dNTP (Deoxynu-
cleotide Triphosphate), FRT (Fluorescent Resonance

Transfer), TaqF (Fruorescent Taq Polymerase), FAM
(Fluorescein Amidite), JOE (6-Carboxy-4',5'-Dichloro-
2',7'-Dimethoxyfluorescein), ROX (Carboxy-X-Rhoda-
mine), IC (Internal Control), SPSS (Statistical Package
for the Social Sciences), IARC (International Agency for
Research on Cancer), PI3k/Akt/mTOR (Phosphoinositide
3-Kinase/Protein Kinase B/Mammalian Target of Rapa-
mycin), RAS/MEK/ERK (Rat Sarcoma/Mitogen-Activa-
ted Protein Kinase Kinase/Extracellular Signal-Regulated
Kinase), EMT (Epithelial-Mesenchymal Transition)

Conflict of interest
The authors declare that they have no conflict of interest.

Consent for publications
All contributors attest to having reviewed and sanctioned
the finalized manuscript for publication..

Ethics approval and consent to participate

This investigation was carried out subsequent to receiving
clearance from the Ethics Committee of the College of
Medicine, University of Kirkuk. All methodologies invol-
ving human subjects adhered to the ethical principles esta-
blished by both institutional and national research regula-
tory bodies, in accordance with the guidelines outlined in
the Declaration of Helsinki.

Informed consent

Signed informed consent was secured from every subject
before enrollment in the research. Participants were com-
prehensively briefed regarding the study's aims, methodo-
logies, and potential risks.

Availability of data and materials
The data supporting this study's findings are available
from the corresponding author upon reasonable request.

Authors' contributions

M.M.M., AK.A., and D.O.M. each played an equivalent
role in the methodological structuring and theoretical
formulation of the investigation. M.M.M. carried out the
procurement of biological specimens and performed the
associated benchwork procedures. A.K.A. undertook the
interpretation and processing of the acquired data. D.O.M.
authored the preliminary document and implemented
analytical modifications to refine its scientific rigor. The
conclusive manuscript was collectively examined and rati-
fied by all listed contributors.

Funding
This research did not receive financial support from any
individual or organization.

References

1. Yang M, Zhang Y, Li M, Liu X, Darvishi M (2023) The various
role of microRNAs in breast cancer angiogenesis, with a special
focus on novel miRNA-based delivery strategies. Cancer Cell
Int 23:24. doi: 10.1186/512935-022-02837-y. Erratum in: Cancer
Cell Int 23:55. doi: 10.1186/512935-023-02885-y.

2. Alwan NAS, Lami F, Al Nsoor M, Kerr D (2022) Trends in the
Incidence and Mortality of the Most Common Cancers in Iraq
(Iraqi Cancer Registry 1999-2019). Gulf J Oncolog 1:47-57.
PMID: 36448070.

109



EBYV in invasive ductal breast carcinoma.

Cell. Mol. Biol. 2025, 71(9): 105-110

3.

10.

11.

12.

13.

14.

Tahergorabi Z, Mohammadifard M, Salmani F, Moodi M (2021)
Breast cancer screening behavior and its associated factors in
female employees in South Khorasan. J Educ Health Promot
10:102. doi: 10.4103/jehp.jehp_750_20.

Arif KB, Hussain I, Rea C, El-Sheemy M. Stem Cell Factor Anti-
body: Effective Manipulation of Antihormonal Therapy in Resis-
tant Human Breast Cancer In Vitro. Technology. 2019;9(4):608-
12

Zahedi R, Molavi Vardanjani H, Baneshi MR, Haghdoost AA,
Malekpour Afshar R, Ershad Sarabi R, Tavakoli F, Zolala F (2020)
Incidence trend of breast Cancer in women of eastern Mediterra-
nean region countries from 1998 to 2019: A systematic review
and meta-analysis. BMC Womens Health. 20:53. doi: 10.1186/
$12905-020-00903-z.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,
Jemal A, Bray F (2021) Global Cancer Statistics 2020: GLO-
BOCAN Estimates of Incidence and Mortality Worldwide for
36 Cancers in 185 Countries. CA Cancer J Clin 71:209-249. doi:
10.3322/caac.21660.

Al-Hashimi MMY (2021) Trends in Breast Cancer Incidence
in Iraq During the Period 2000-2019. Asian Pac J Cancer Prev
22:3889-3896. doi: 10.31557/APJCP.2021.22.12.3889.

Arbach H, Viglasky V, Lefeu F, Guinebretiére JM, Ramirez V,
Bride N, et al (2006) Epstein-Barr virus (EBV) genome and ex-
pression in breast cancer tissue: effect of EBV infection of breast
cancer cells on resistance to paclitaxel (Taxol). J Virol 80:845-53.
doi: 10.1128/JVI1.80.2.845-853.2006.

Hu H, Luo ML, Desmedt C, Nabavi S, Yadegarynia S, Hong A,
et al (2016) Epstein-Barr Virus Infection of Mammary Epithelial
Cells Promotes Malignant Transformation. EBioMedicine 9:148-
160. doi: 10.1016/j.ebiom.2016.05.025.

Golrokh Mofrad M, Kazeminezhad B, Faghihloo E (2020) Pre-
valence of Epstein-Barr virus (EBV) in Iranian Breast Carcinoma
Patients. Asian Pac J Cancer Prev 21:133-137. doi: 10.31557/
APJCP.2020.21.1.133.

Sterchi DL (2020) Molecular Pathology—In Situ Hybridization.
Theory and Practice of Histological Techniques 2008:537-58.
doi: 10.1016/B978-0-443-10279-0.50033-6.

Naeini AR, Darvishi M, Kalantar S, Aminianfar M (2019) Eva-
luation of the frequency and the relationship between EBV VCA
IgM positive and EBV VCA IgG positive and serum level of 25
(OH) D3 in patients with CIS. Int J Pharm Res 9. DOI: 10.31838/
ijpr/2019.11.01.041 .

Abdulla KA, Muammed Gharib AL-Barzinji R, Taher CA (2024)
OPEN READING FRAME 8 GENE SEQUENCE VARIATION
OF CORONA VIRUS IN PATIENTS FROM ERBIL CITY, IRAQ.
GOMAL JMED SCI 22: 44-51. DOI: 10.46903/gjms/22.01.1499.
Roa Loépez GA, Suarez JJ, Barato P, Garcia NV (2018) Lack of
Association Between Epstein-Barr Virus and Mammary Tumours

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

in Dogs. J Vet Res 62:309-315. doi: 10.2478/jvetres-2018-0045.
Sun H, Ding Q, Sahin AA (2023) Immunohistochemistry in the
Diagnosis and Classification of Breast Tumors. Arch Pathol Lab
Med 147:1119-1132. doi: 10.5858/arpa.2022-0464-RA.

Ahmed RA, Yussif S (2016) Immunohistochemical detection of
human cytomegalovirus, Epstein-Barr virus and human papillo-
mavirus in invasive breast carcinoma in Egyptian women: A tis-
sue microarray study. J. Solid Tumors 6:6-16. doi: 10.5430/jst.
v6n2P8.

Khasawneh Al, Himsawi N, Sammour A, Al Shboul S, Alorjani
M, Al-Momani H, et al (2024) Association of Human Papilloma
Virus, Cytomegalovirus, and Epstein-Barr Virus with Breast
Cancer in Jordanian Women. Medicina (Kaunas) 60:699. doi:
10.3390/medicina60050699.

El-Naby NEH, Hassan Mohamed H, Mohamed Goda A, El
Sayed Mohamed A (2017) Epstein-Barr virus infection and breast
invasive ductal carcinoma in Egyptian women: A single center
experience. J Egypt Natl Canc Inst 29:77-82. doi: 10.1016/j.
jnci.2017.02.002.

Torabizadeh Z, Nadji A, Naghshvar F, Nosrati A, Parsa M (2014)
Association between Epstein - Barr Virus (EBV) and Breast
Cancer. Res Mol Med (RMM) 2:24-29 doi: 10.18869/acadpub.
rmm.2.4.24.

Joshi D, Quadri M, Gangane N, Joshi R, Gangane N (2009) Asso-
ciation of Epstein Barr virus infection (EBV) with breast cancer
in rural Indian women. PLoS One 4:¢8180. doi: 10.1371/journal.
pone.0008180.

Abdallah MOE, Algizouli UK, Suliman MA, Abdulrahman RA,
Koko M, Fessahaye G, et al (2018) EBV Associated Breast
Cancer Whole Methylome Analysis Reveals Viral and Develop-
mental Enriched Pathways. Front Oncol 8:316. doi: 10.3389/
fonc.2018.00316.

Mazouni C, Fina F, Romain S, Ouafik L, Bonnier P, Brandone
JM, Martin PM (2011) Epstein-Barr virus as a marker of biologi-
cal aggressiveness in breast cancer. Br J Cancer 104:332-7. doi:
10.1038/sj.bjc.6606048.

Richardson AK, Currie MJ, Robinson BA, Morrin H, Phung Y,
Pearson JF, et al (2015) Cytomegalovirus and Epstein-Barr virus
in breast cancer. PLoS One 10:¢0118989. doi: 10.1371/journal.
pone.0118989.

Khasawneh Al, Himsawi N, Alorjani M, Al-Momani H, Shahin
U, Sammour A, et al (2024) Triple Viral Infections in Advanced
Breast Cancer: Insights from a Three-Case Report and Litera-
ture Review. Diagnostics (Basel) 15:51. doi: 10.3390/diagnos-
tics15010051.

Cyprian FS, Al-Antary N, Al Moustafa AE (2018) HER-2/Eps-
tein-Barr virus crosstalk in human gastric carcinogenesis: A novel
concept of oncogene/oncovirus interaction. Cell Adh Migr 12:1-4.
doi: 10.1080/19336918.2017.1330244.

110



