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ABSTRACT 

Background and Purpose: In Iraq, breast cancer is the common type of female malignancy. 
Increasing indication in the past 10 years proposes that Epstein-Barr virus (EBV) and cy-
tomegalovirus (HCMV) are related with some human malignancies including breast cancer. 
The part of EBV and HCMV in breast cancer is still debatable. Unraveling this relationship 
is potentially essential for better understanding of breast cancer etiology, early recognition 
and possibly inhibition of breast cancer The purpose of the current study is to detect the cor-
relation between EBV, HCMV and breast cancer in Iraqi women and expression of ERB and 
IL-6R in breast tissues. Patients and Methods: The study was done on paraffin-embedded 
tissues of eighty Iraqi patients with breast cancer in addition to twenty normal breast tissues 
as controls. Both controls and breast cancer mass are divided into two sections, one for 
DNA extraction and amplification by real time PCR for detect EBV and HCMV occurrence 
while the other section processed for protein expression (IL-6R, ERB) by immunohisto-
chemistry technique (IHC). Results: The result showed that 18/80 (22.5%) and 5/80 (6.25%) 
sample from breast cancer were positive for EBV and HCMV respectively, with the p-value 
= 0.062 and 0.597 and the results of IHC for IL-6R and ERB expression in patients with 
breast cancer were 37/80 (46.25%) and 30/80 (37.5%) p-value = (0.274 and 0.381) respec-
tively. Conclusions: Our findings suggest that EBV might have a role in the pathogenesis of 
breast cancer and absence this role between HCMV with breast cancer. These findings were 
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based mainly on EBV, HCMV detection by PCR technique. So, the roles of these viruses in 
the development of breast cancer remain unclear. 

 

1. INTRODUCTION 

Cancer progress is a difficult process containing the influence of many diverse reasons. The research-
ers identify numerous factors that subsidize in progresses of cancer action contain spontaneous, heredita-
ry, microbes and contact of gene and environment. The head explanations about a likely infectious etiolo-
gy of cancer ascended at the beginning of the previous century [1, 2]. The infectious agents basis cancer by 
numerous mechanisms contain: (a) Introduction of chronic inflammation or prompt cell proliferation; (b) 
Direct carcinogenesis done DNA damage; (c) Destruction of immune responses against cancer.(d) Im-
mune motivation of cancer growth factors [3-5]. 

Breast cancer is the most type of cancer in women worldwide [6]. Some human cancers can be pro-
duced by viruses e.g. mouse mammary tumor virus (MMTV) causes breast cancer in mice [7]. The scien-
tists theorized that late contact (in adulthood rather than in childhood) to a common virus such as CMV 
or EBV can cause breast cancer [8, 9]. HCMV had been revealed to be involved in several cancers com-
prising prostate, skin, colorectal and malignant glioma [10]. Increasing indication in the past 10 years 
proposes that HCMV is related with some human malignancies, and that HCMV gene yields can modify 
oncogenic properties of cells in vitro [11]. Since persistent of HCMV infection of breast epithelium may 
stimulate malignant transformation of infected breast epithelium, that wanted to define the HCMV gene 
products in usual and neoplastic breast [12]. There might be some mechanisms of how HCMV can reason 
breast cancer beginning and development. Firstly, it was revealed that HCMV gene yields disturb cell cycle 
regulation, prevent apoptosis, trigger angiogenesis and metastatic phenotype, and reason increased muta-
tion rate, thus, overlapping with all recognized hallmarks of cancer cells [13]. Secondly, HCMV reveals 
immunosuppressive properties, leading to leakage of tumor cells from immune investigation mechanisms 
[14]. HCMV might have a part as an “oncomodulator” in altering the tumor microenvironment as well as 
in beginning and raise of tumor cells [15-18]. Recognition EBV in the neoplastic tissues of breast cancer 
samples has been recorded by several authors [19-24]. Most of the studies done to date to evaluate the link 
between EBV infection and breast carcinoma have been completed in Western countries; however, stable 
results have to be established from studies lead all over the world in order to found a causative association. 
So far, limited studies have been recorded from Asian countries [24-26] and from Egypt [27-29] the part of 
EBV in breast cancer is debatable [23, 25, 30-32] and a new study by QPCR proposed EBV might be an 
indicator of biological aggressiveness in breast cancer [33]. Three previous studies also proposed that 
breast cancer may be related with late infection and/or immune response to late infection [34-36]. There is 
sign for both EBV and HCMV as disruptors of telomere maintenance which may play a part in cancer 
progress [37, 38]. However, two previous studies by QPCR for detection of EBV and breast cancer estab-
lish very little levels of EBV DNA in breast cancer tissue [26, 39] and a new study by immunohistochemi-
stry (IHC) and in situ hybridization (ISH) establish EBV not in malignant cells but in infiltrating lympho-
cytes in breast cancer tissue [40].  

2. MATERIALS AND METHODS 

Patients and tissue specimens 
This study was done on eighty samples Iraqi women patients with breast cancer which diagnosed by 

the histopathology department, in addition to twenty normal breast tissue samples as a control group. All 
patients were newly diagnosed and just three of them had a previous history of breast carcinoma. Paraffin 
blocks of breast tissues were obtained from the Pathology Departments of Imam Hussein Teaching Hos-
pital in Nasiriya province in Iraq, from august 2015 to march 2017. For each tumor block, divided into two 
sections the first cut onto positive charged slides for immunohistochemistry (IHC). Another section was 
cut into a sterile Eppendorf tube for DNA extraction and real time PCR. A consent form was obtained 
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from all patients prior to enrollment in the study.  
DNA extraction 
DNA was extracted from FFPE tissue sections by using (DNA Extraction Kit Geneaid. USA) and 

done according to company instruction, the extracted DNA was checked by using Nano drop spectropho-
tometer (THERMO. USA), that check and measurement the purity of DNA through reading the absor-
bance in at (260/280 nm) and storage at −20˚C freezer. 

Primers and probes: as we mentioned in Table 1. 
Real-Time Polymerase chain reaction 
Real-Time PCR technique was performed for detection of Human cytomegalovirus and Epstein-Barr 

virus. This technique was carried out according to method described by (Richardson et al., 2015) as fol-
lowing steps: Real-Time PCR master mix preparation: qPCR master mix was prepared by using (GoTaq® 
Probe qPCR Master Mix) and this master mix done according to company instructions) DNA template 5 
µL, Forward & Reverse primer 1 µL (10 pmol), probe 1 µL (20 pmol), 10 µL qPCR master mix, and 2 µL wa-
ter. After that, these PCR master mix component that mentioned in above transferred into Exispin vortex 
centrifuge at 3000 rpm for 3 minutes, then placed in Real-time PCR Thermocycler (BioRad, USA). Real-Time 
PCR thermocycler conditions was set according to primer annealing temperature and qPCR TaqMan kit in-
structions by Biorad Real-Time PCR thermocycler system as in the following Pre-Denaturation 95˚C, 5 min 
for 1 cycle, Denaturation 95˚C, 20 sec, Annealing/Extension Detection (Scan) 60˚C 30 sec for 45 cycles. 
qPCR data analysis was performed by calculation the threshold cycle number (CT value) that presented 
the positive amplification in Real-Time PCR cycle number. 

Immunohistochemistry 
The standard Streptavidin-biotin-peroxidase detection technique was performed according manu-

facture instruction for detect estrogen receptor beta antibody: ERB(B-3):ERB(B-3) is a mouse monoclonal 
antibody (santacruz biotechnology USA) and IL-6 receptors antibody (santacruz biotechnology USA). The 
antigen retrieval method was performed by microwave pretreatment in 0.01 M citrate buffer (pH 6.0). 
Manufacturer’s protocols were followed for all procedures. The primary antibody was applied and incu-
bated overnight at 4˚C in a humidified chamber and after 3 washes in PBS, the secondary antibody and the 
avidin-biotin complex (ABC) were applied to slides. Diaminobenzidine (DAB) was used as a chromogen 
and sections were counterstained using Mayer’s hematoxylin. To evaluate the specificity of the antibodies, 
known positive and negative tissues were used as controls. Cases were considered positive with >10% 
stained cells. 

Statistical analysis: 
Statistical analysis of all obtained data, are reported as mean ± SD. Significant differences between 

the data were assessed by Student’s t-test. The values of p < 0.05 were considered significant. The Pear-
son correlation test was used for correlation analysis. All statistical analysis and correlation graphs were 
performed using SPSS 18 software. All experiments were replicated twice with triplicate repeated meas-
ures. 
 
Table 1. The primers and probes used for detection of HCMV and EBV. 

Primer Sequence Amplicon Gen Bank 

HCMV primers 
F ACGCGTAGAAGCAAGAGAAG 

119 bp 
AF043720.1 R ATGTAGTTGCGCAACGTGTC 

HCMV probe FAM-TGTGCTTTACGCCCAGCTGCA-BHQ1 

EBV primers 
F TCATGAACGTGCCTTTGGTG 

78 bp 
FJ594486.1 R AGCTGTTCACAAAGGCAAGC 

EBV probe FAM-ACCTACTGGGAACGGGCAGGG-BHQ1 
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3. RESULTS 

The present study shows that 18 of 80 (22.5%) patient with breast cancer was positive for EBV, while 
the EBV was positive for just 2 of 20 of control (Table 2). But, the CMV was positive in 5 of 80 (6.25%) for 
breast cancer patients and 1 of 20 (5%) for control by QPCR method with p-value (0.062 and 0.597 respec-
tively) (Table 3). the detection of receptors expression was shown in Table 4 & Table 5 for ERB and 
IL-6R, respectively. The ERB was positive (Figure 1) for 37 of 80 (46.25%) women with breast cancer, 
nevertheless 9 of 20 (45%) of control group their ERB was positive. IL-6R was positive in 30 of 80 (37.5%) 
of patients having breast cancer, and 9 of 20 (45%) in control.  

4. DISCUSSION 

EBV was categorized as a group-1 carcinogen via IARC Working Group [41]. However, the related  
 
Table 2. The frequency of EBV in breast cancer and normal breast tissues. 

Group  
Virus  Breast cancer Normal tissue Association 

EBV 
Positive 18 2 

P-value 0.062 no significant No relation  
between EBV and breast cancer 

Negative 62 18 

Total positive (%) 18/80 (22.5%) 2/20 (10%) 
 
Table 3. HCMV frequency in the breast tissues from healthy and breast cancer women. 

Group 
Virus 

 

Breast cancer Normal tissue Association 

HCMV 
Positive 5 1 

P-value 0.597 no significant No relation  
between HCMV and breast cancer 

Negative 75 19 

Total positive (%) 5/80 (6.25%) 1/20 (5%) 
 
Table 4. ERB expression in breast tissues of breast cancer and healthy women. 

 Group  
Receptors  Breast cancer Normal tissue Association 

ERB 
Positive 37 9 

P-value 0.274 no significant No relation  
between ERB and breast cancer 

Negative 43 11 

Total positive (%) 37/80 (46.25%) 9/20 (45%) 
 
Table 5. IL-6 receptors expression in breast tissues of breast cancer and healthy women. 

Group 
Virus 

Breast cancer Normal tissue Association 

IL-6 R 
Positive 30 9 

P-value 0.381 no significant No relation  
between IL-6R and breast cancer 

Negative 50 11 

Total positive (%) 30/80 (37.5%) 9/20 (45%) 
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Figure 1. ERB and IL-6R expression by immune-histochemistry staining. (A) 
ERB negative; (B) ERB positive; (C) IL-6R negative; (D) IL-6R positive. 

 
cancers differ markedly in viral incidence, from approximately 100% of (NPCs) to around 10% of gastric 
carcinomas [42-44], and likewise vary in the designs of viral genes expressed, proposing that EBV may 
disturb cell progress in more than one mode [44]. Thus, EBV infection signifies an essential but not an 
adequate step in carcinogenesis and epidemiological risk factors have been revealed to play an extra dire 
part in this manner. Indirect support for a link of EBV with breast cancer derives from opinions that: a) 
EBV is existing in breast tissue, where it is identified in breast milk in a number of women [45]; b) 
transfection of EBV DNA motivates progress of human breast milk cells [46]; c) certain EBV-associated 
lymphomas happen in the breast [47, 48]; d) breast cancer has epidemiological likenesses to young-adult 
(Hodgkin’s lymphoma), though indication for breast cancer accuses timing of primary EBV infection 
rather than viral oncogenesis [9]; e) EBV has been recognized in normal breast tumors in immunosup-
pressed women [49]; f) in vitro: breast epithelial cells can be diseased by direct connection with 
EBV-bearing lymphoblastoid cell lines [50]; and g) Concerning serological indication, quantity levels of 
anti-EBNA-1 (IgG) antibodies in kept sera of breast cancer Indian women was before prepared by Joshi et 
al. using commercial (ELISA) kit, in which patients with normal breast diseases were used as a contrast 
group for both IHC and serological examination. 

Our results have shown that EBV positivity in breast cancer samples in 18/80 was (22.5%), the EBV 
have not verified in association with case samples and the presence of EBV was not significant besides 
breast cancer (p-value = 0.062, df = 1). The result was near to the previous study prepared by Joshi et al., 
[24]. Where they establish that around (55%) of breast cancer Indian women cases showed (EBNA-1) ex-
pression in tumor cells by (IHC) but wholly the controls with normal breast tumor were negative. Also, 
two Egyptian authors Mohamed et al. 1994 and Fawzy et al. 2008 [29, 51] have testified EBV infection in 
(35.3%) and (25%) of invasive breast carcinoma respectively. nevertheless, those three studies had some 
limits, where they observed for expression of only one viral protein. They should have studied several EBV 
proteins existing in diverse stages of viral dormancy seen in other EBV linked tumors. Moreover, our re-
sults are near to several studies [19, 20, 23, 51-55], where EBV infection has been found most steadily and 
in a incidence of roughly (10% - 50%) by use PCR method, and (IHC) methods have produced indication 
of viral DNA or proteins inside the breast cancer cells that proposes a pathogenic role of (EBV). Though 
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EBV infection has been created by some authors, it has been completely hidden by others [56-59]. The 
conflict and obvious inconsistency of these results should not itself ignore a role of EBV in breast carcino-
genesis because it is influenced to certain range by three matters: First, the marked difference in EBV inci-
dence even among studies by the similar methods [23, 52, 60]. Second, the likelihood of false-positive or 
-negative investigative test results due to lymphocyte-derived EBV, cross-reactivity immunostains, ampli-
con impurity, or unsuitable method sensitivity. And the latter matter is the lack of EBV-cancer link hall-
marks containing (EBERs) expression in all cells of virus related tumors. Breast cancer can express 
(EBERs) less copiously than other malignancies [20-23]. Nevertheless, (EBERs) are not established in all 
(NPCs) or in certain Burkitt and Hodgkin lymphomas that are (LMP-1) positive by PCR [25, 26, 61]. 
Luqmani and Shousha (1995) [19] From England obtained 28 Invasive and carcinoma (Nested PCR for 
BamH1W was 54%, ISH for EBER was 0% And IHC for LMP1 Focal positive) Brink et al. (2000) [52] 
From Holland obtained 24 Carcinoma and the results were (PCR for BamH1W 21%, PCR for LMP1 2/5 
(40%) PCR+, rtPCR for BamH1A RNA 0/5 PCR+, rtPCR for EBNA1 RNA 0/5 PCR+, IHC for EBNA1 1/5 
(20%) PCR+ and ISH for EBER1/2 0/5 PCR+) Kijima et al. (2001) [59] From Japan obtained 61 Carcino-
ma (ISH for EBER1 0%) Chu et al. (2001) [62] From US obtained 48 Invasive and carcinoma (IHC for 
EBNA1 25%, IHC for LMP1 0%, IHC for BZLF1 0%, ISH for EBER1 10%, PCR for EBNA-4 (EBNA-3b) 
10%, PCR for LMP1 10% and Southern blot for EBV clonality 0/6 PCR+). 

Quantitative real time PCR done to qualitative finding of cytomegalovirus DNA in DNA samples that 
extracted from tissue sample of breast cancer. The result revealed just five from 80 (6.25%) sample was 
positive not show the significant levels of HCMV. Therefore, the correlation is not established between 
HCMV and breast cancer (p-value = 0.597, df = 1). These results differ with several studies indicated to the 
link of HCMV with breast cancer, but different results had been presented. This result complete by Har-
kins LE. et al., 2010 [11] when used (PCR) and (ISH) to identify HCMV DNA in the breast ductal carci-
noma in situ (DCIC) and invasive ductal carcinoma (IDC). In addition to that, Al-Alwany and Ali, 2013 
[63] CMV was demonstrated by ISH in (34.3%) breast cancer tissues 24 out of 70 which statistically show 
highly significant difference (p < 0.001) when compared to the control breast tissues group (all were nega-
tive by ISH for CMV-DNA).In contrast, Utera-Barillas et al., 2013 [64] study indication no link between 
HCMV infection and breast cancer development when used real time PCR to identify HCMV DNA in the 
samples of breast cancer tissue Two carcinomas were positive for HCMV, one was positive for two Taq-
Man viral detection probes, and one was positive for a sole TaqMan viral detection probe (UL83), whereas 
the remainder of the samples was negative. Additional studies also used normal breast tissue as control 
and the results were similar, certain studies displayed lack of the HCMV DNA in the normal breast tissue 
while others presented (63%) of HCMV DNA existing in normal epithelial breast tissue Harkins et al., 
2010) [11]. Recent examinations have related viral infections such as (EBV, MMTV, HPV and HCMV) to 
breast cancer (Lee and Schmitt, 2003) [65]. Human cytomegalovirus had be revealed to be implicated in 
many cancers such a malignant glioma, and prostate, skin, and colorectal cancers. As revealed above, 
HCMV had several mechanisms implicated in the progression of the cancer. First indication indicated to 
the relationship between HCMV and breast cancer was the shedding of the virus with breast milk and ex-
istence of the epithelial cells in breast tissue, which consider the leading tropism cell for HCMV. HCMV 
prompts inflammation and at the same time exploits sophisticated ways to escape immune recognition 
[66, 67]. 

The results of our study support an unlikely relationship between EBV and breast cancer but not 
CMV and breast cancer while some earlier studies of CMV and EBV IgG levels found an association be-
tween high IgG levels and breast cancer for CMV but not EBV. These results, together with the results of 
other studies of EBV and CMV and breast cancer, propose several possibilities including differences in the 
techniques that used for detection of viruses in addition to the limitations of molecular analyses mean that 
these analyses may not be confirm whether, one, both, or neither virus is associated with breast cancer; 
however, sensitivity may be increased by using ISH in addition to PCR for precise diagnosis. 

Our results showed (46.25%) and (45%) of patients and control were express ERB respectively. While, 
IL-6R expression was seen in (37.5%), (45%) of cancer and normal tissue samples respectively. Interleu-
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kin-6 (IL-6) is a pleiotropic cytokine that interacts with its specific receptor in different cells involving ma-
lignant ones, thus regulating proliferative response and differentiation. Chronic inflammation is associated 
with a number of tumors through a number of inflammatory mediators such as cytokines. proinflamma-
tory cytokines play critical roles in the pathogenesis of cancer involving IL-6, IL-8 and TNF-α that lead to 
tumor endorsement, invasion, and angiogenesis. IL-6 signaling has been implicated in directive of tumor 
growth and metastatic spread, and its level could be linked with poor prognosis in different cancers. In 
addition, high IL-6 serum levels were reported to be associated with metastasis and poor prognosis of 
prostate, ovarian, and bladder cancers [68]. Estrogen receptor β, there are two different estrogen receptors 
in man, estrogen receptor α and estrogen receptor β, which are encoded by two distinct genes, ESR1 and 
ESR2. ERα mediates most of the proliferative effects in female reproductive tissues. In contrast, ERβ ap-
pears to act mostly as an inhibitor of ERα action, and perhaps even of the androgen receptor in males. The 
two estrogen receptors are expressed in different patterns throughout the human body [69]. 

5. CONCLUSION 

Our findings suggest that EBV might have a role in the pathogenesis of breast cancer and absence this 
role between HCMV with breast cancer. These findings were based mainly on EBV, HCMV detection by 
PCR technique. So, EBV may contribute to increased tumor aggression. Neither virus has a role in breast 
cancer development. Future studies should focus on ways to investigate these possibilities and should in-
clude more samples and should focus on several viruses’ proteins and use development techniques.  
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