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ABSTRACT 
 
Introduction: the Epstein Barr virus is one of the very first oncogenic viruses to be identified as 
responsible for human malignancies. Its role as an etiological agent of breast cancer remains 
controversial, however, despite the growing molecular evidence. The aim of this study was detected 
the presence of EBV DNA in patients with breast cancer in the Republic of Congo. 
Methods: The study was conducted on 90 samples of formalin fixed and paraffin-embedded tissue 
blocks (FFPE) from breast cancer tissue. The immunohistochemistry technique was used to test for 
the expression of the LMP1 antibody and DNA was extracted from all blocks of formalin-fixed and 
paraffin-embedded breast cancer tissue (FFPE) to detect presence of EBV 1 DNA by real-time 
polymerase chain reaction (PCR). 
Results: EBV was detected in 12.33% (12/90) of formalin-fixed, paraffin-embedded (FFPE) breast 
cancer tissue blocks. All formalin-fixed, paraffin-embedded (FFPE) breast cancer tissue blocks with 
positive EBV DNA were high tumor grades (II and III). Overall EBV infection with 
clinicopathological features of breast cancer cases showed no significant difference (P>0.05). 
However, a statistically significant difference was observed between EBV infection and histological 
types (P=0.04). 
Conclusion: Our results provide evidence for the presence of EBV DNA in female breast cancer in 
Congo Brazzaville. However, this evidence is substantial but inconclusive for the involvement of 
viruses in the development of breast cancer. Therefore, future investigations will be needed to 
elucidate the exact role of EBV in breast cancer in women in the Republic of Congo. 
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INTRODUCTION  

The majority of humans have come 
into contact with the Epstein-Barr virus 
(EBV) which is a human gamma herpes 
virus [1, 2, 3]. The Epstein Barr virus is one 
of the very first oncogenic viruses to be 
identified as responsible for human 
malignancies. It infects lymphoid cells and 
epithelial cells in the oropharynx. Its 

association with Burkitt's lymphoma and 
other cancers, particularly gastric, is 
strongly documented [4, 5, 6, 7, 8]. In 
addition, it has recently been pointed out 
that oncoviruses, such as high-risk human 
papillomavirus (HPV) and Epstein-Barr 
virus (EBV), may be involved in the onset 
and progression of breast cancer [9, 10, 11, 
12]. 
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Likewise, a variable frequency of 
EBV infection has been reported; in Jordan, 
Pakistan, Portugal and Eritrea, EBV was 
present in 24-28% [13], while a higher 
frequency was reported in Qatar (49%), 
Syria (52%) and in Sudan (53%), 
respectively [9, 14, 15]. Its role as an 
etiological agent of breast cancer remains 
controversial, however, despite the 
increasing molecular evidence [16, 17, 18]. 
Although the etiology of breast cancer is not 
fully understood, exposure to Epstein-Barr 
virus (EBV) is suggested as a risk factor for 
breast cancer [19]. The involvement of EBV 
in this group of breast cancers could have 
important etiopathogenic, preventive and 
therapeutic consequences. To understand 
why this issue remains controversial and 
how it might be resolved, in this article, we 
first examine the evidence for the presence 
of the EBV genome in selected cases of 
female breast cancer in Congo Brazzaville. 

In Congo, the incidence of breast 
cancer has been galloping for a few years to 
the point, it has become the first incidence 
of all cancers diagnosed in 2020 according 
to the latest data from Globocan2020 [20, 
21]. Therefore, it is important to seek to 
know the causes of the increase in the 
incidence of breast cancer in Congo by 
looking for other risk factors or association 
link of an infectious agent with the 
malignant pathology of the breast. breast. 

The possible contribution of EBV to 
the development and progression of breast 
cancer is still controversial. In Congo, there 
are no published data on EBV and breast 
cancer. To help fill this knowledge gap, we 
conducted a preliminary study to detect the 
EBV genome by real-time PCR in 10% 
formalin fixed and paraffin-embedded 
breast cancer tissue samples in women in 
the Republic of Congo. 
 
MATERIAL AND METHODS 

It is a descriptive and cross-sectional 
study. Data collection was retrospective and 
prospective by analyzing the outcome 
registers for breast cancer cases. These 
cases were listed in the pathological 

cytology anatomy laboratory of the 
Brazzaville university hospital center, 
during the period 2014-2020. They were 
selected on the basis of the availability of 
tumor tissue fixed in formalin and coated in 
paraffin with a pathological diagnosis 
confirmed after re-reading of the slides by 
two pathologists. The paraffin blocks of 
cancerous breast tissue were for Congolese 
women. Their serological profile for EBV 
was not known. 

The immunohistochemical study 
was carried out on tissue fixed in formalin 
and coated in paraffin, with the anti-LMP1 
antibody (clone EBS-I-025, Thermo Fisher) 
of EBV and data on the various phenotypic 
characteristics such as expression of 
hormone receptors (estrogen receptors (ER) 
or progesterone (PR)). Antigenic unmasking 
was carried out by treatment with Bain 
Marie set at 95 ° C. 

Detection of the presence of EBV 
DNA in breast cancer cases was performed 
using a Magnetic Induction Thermal Cycler 
(Mic). The latter, located in the molecular 
biology laboratory of the Marie Madeleine 
GOMBES Foundation in Pointe-Noire, 
allows real-time PCR to be carried out. The 
systems consist of a personal computer and 
pre-loaded software to run the tests and 
view the results. Positive and negative 
controls were included in each run. 

Genomic DNA was extracted from 
malignant breast tissue fixed in 10% 
formalin and embedded in paraffin. Next, 
we performed real-time polymerase chain 
reaction (PCR) to detect EBV DNA. To 
extract the DNA, malignant breast tissues 
fixed in 10% formalin and embedded in 
paraffin were cut into 10 μm thick using a 
microtome. Dewaxing was carried out by 
adding 1 ml of xylene. Then we centrifuged 
the samples for 5 min and the supernatants 
were removed. This step was repeated once, 
then 1 ml of 96% ethanol was added. The 
microtubes were placed in a heat block at 50 
° C until the ethanol was completely dry. 
Then, digestion was carried out by adding 
digestion buffer and proteinase K solution. 
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The “RNA / DNA purification kit” 
(PROMEGA) was used for DNA extraction. 
Once the tissue was digested, we added 800 
µl of 90 ° C ethanol (Cooper) to each tube 
containing the samples. The mixture was 
homogenized and extracted according to the 
manufacturer's instructions. The DNA 
extracts obtained were measured with a 
Qubit 3.0 fluorometer to assess the 
concentration of DNA. The extracted DNA 
was stored at -70 ° C until amplification by 
real-time PCR. 

The Epstein-Barr Virus Quantitative 
PCR Kit (Ref: Dia-EBVQ-200.Vs1) in Real 
Time is a quantitative in vitro diagnostic test 
for the rapid and specific detection of 
human Epstein-Barr virus (VEB) in samples 
by the real-time polymerase chainization 
technique. The primers used were the 
forward primer EBV p143 (5'-
GGA.ACC.TGG.TCA.TCC.TTG.C-3') and 
the reverse primers EBV p143 (5'-
ACG.TGC.ATG.GAC.CGG.TTA.AT-3'), 
which were synthesized at Isogen 
Biosciences (Maarssen, The Netherlands). 

A fluorogenic probe (5'-
CGC.AGG.CAC.TCG.TAC.TGC.TCG.CT-
3') was synthesized by PE Biosystems with 
a FAM reporter molecule attached to the 5 
'end and a TAMRA quencher linked to the 
end. 3 '[22]. Real-time PCR amplification 
was performed in a volume of 25 µl 
containing 12.5 µl (qPCR Mix), 2.5 µl 
Primers / Probes, 5 µl of molecular biology 
water and 5 µl of each sample or control. 
Amplification and detection were performed 
by a real-time PCR machine (magnetic 
induction cycler: Mic). The thermal cycles 
used for the detection of EBV DNA were 
amplified for initial denaturation at 95 ° C 
for 10 min, followed by 45 cycles of 95 ° C 
for 10 s and hybridization at 40 ° C for 30 s 
and a final elongation for 30 s at 72 ° C. 
 
Statistical analyzes 

The following software was used: 
Microsoft Excel version 2016 for the 
creation of the database and Graph Pad 
Prism version 5.0.0.3 for the data 
processing. Results were expressed as mean 

± standard deviations for quantitative 
variables and as number and / or percentage 
for qualitative variables. The comparison of 
the qualitative variables was made by the 
Chi square test and that of the quantitative 
variables by the Student's t test. The p-
values (P≤0.05) were considered 
statistically significant. 
 
RESULTS 

Our study involved 90 patients 
ranging in age from 22 to 80 years. The 
average age was 46.78 years. The age range 
of EBV positive patients was between 25 
and 71 years (mean age 41.83 years). The 
90 cases studied corresponded to 64 non-
specific invasive carcinomas (CITNS), 20 
invasive lobular carcinomas (CLI), 4 mixed 
carcinomas (CMx) and 2 medullary 
carcinomas (CM). The most dominant 
histologic diagnosis of all positive cases was 
CITNS (58.33%). The SBR grade was 
specified in all 90 cases, for EBV positive 
breast cancer cases, 66.67% (8/12) had SBR 
grade III. Hormone receptors, studied by 
immunohistochemistry in all cases (90), 
were positive 63 (70%) and negative in 27 
cases (30%). The immunohistochemical 
study showed cytoplasmic positivity in 
tumor cells for the LMP1 protein in 12 cases 
(13.33%) among the 90 studied (FIG. 1A). 
However, non-tumor epithelial cells as well 
as stromal lymphoid cells were in all cases 
negative. Real-time PCR analysis of EBV 
DNA confirmed the results of 
immunohistochemistry. Indeed, the amount 
of fluorescence emitted from the presence of 
EBV DNA was detected in tumor cells only 
in 12 cases (13.33%) (Figure 1B). Table 1 
summarizes the anatomoclinical 
characteristics of the 12 EBV positive breast 
malignancies. non-tumor epithelial cells as 
well as stromal lymphoid cells were all 
negative. Real-time PCR analysis of EBV 
DNA confirmed the results of 
immunohistochemistry. Indeed, the amount 
of fluorescence emitted from the presence of 
EBV DNA was detected in tumor cells only 
in 12 cases (13.33%) (Figure 1B). Table 1 
summarizes the anatomoclinical 
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characteristics of the 12 EBV positive breast 
malignancies. non-tumor epithelial cells as 
well as stromal lymphoid cells were all 
negative. Real-time PCR analysis of EBV 
DNA confirmed the results of 
immunohistochemistry. Indeed, the amount 
of fluorescence emitted from the presence of 
EBV DNA was detected in tumor cells only 
in 12 cases (13.33%) (Figure 1B). Table 1 
Anatomoclinical characteristics of positive 

EBV tumors. Overall EBV infection with 
clinicopathological features of breast cancer 
cases showed no significant difference 
(P>0.05). However, a statistically 
significant difference was observed between 
EBV infection and histological types 
(P=0.04) Table 2. Distribution of HPV 
infection according to clinicopathological 
features. 

 

Table 1. Anatomoclinical characteristics of positive EBV tumors. 
n ° Age (years) SBR Histological type Hormone receptors LMP1 PCR 
1 33 I CM Positive Positive Positive 
2 25 II CM Positive Positive Positive 
3 71 III CITNS Negative Positive Positive 
4 25 III CITNS Negative Positive Positive 
5 61 III CITNS Positive Positive Positive 
6 55 II CITNS Positive  Positive Positive 
7 33 III CITNS Positive Positive Positive 
8 38 III CITNS Positive Positive Positive 
9 34 III CITNS Positive Positive Positive 
10 46 III CLI Positive Positive Positive 
11 31 III CLI Negative  Positive Positive 
12 50 II CLI Negative Positive  Positive 

 

Table 2. Distribution of HPV infection according to clinicopathological features 
Clinicopathological features Total (n=40) EBV infection EBV +, n(%)  EBV -, n(%) p-value (p>0.05) 
Ages (years)   

 
0,31 

≤40 30   7 (23,33) 23 (76,67) 
41–56 37 3 (25) 12 (75) 
57–71 21 2 (20) 8 (80) 
≥72 2 0 (0) 5 (100) 
Lateralities   

 
0,11 

Left 31 4 (13) 27 (87) 
Right 43 4 (9) 39 (81) 
Bilateral 3 1(33,3) 2 (6,67) 
Unknown 13 3 (23,1) 10 (76,9) 
Histological Types   

 
0,04* 

Non-specific type carcinoma 64 7 (11) 57 (89) 
Lobular carcinoma 20 3 (15) 17 (85) 
Carcinoma mixte 4 0 (0) 4 (100) 
Carcinoma Medullary  2 2 (100) 0(0) 
Grade SBR   

 
0,88 

Grade I 13 1 (13) 12 (87) 
Grade II 49 3 (6) 15 (94) 
Grade III 28 8 (28,6) 18 (71,4) 
Molecular subtypes   

 
 
0,46 

RH (RO+RP)+ 63 8 (12,7) 55 (87,3) 
RH (RO+RP)- 27 4 (14,8) 23 (85,2) 
HER2+ 23 10 (43,5) 13 (56,5) 
HER2- 67 2 (3) 2 (97) 
Ki67≤14 49 1 (2) 48 (98) 
Ki67≥15 41 11 (27) 30 (73) 

 

 
Figure 1. A : Cytoplasmic positivity of tumor cells for LMP1 (immunohistochemistry x 200). B : Real-time PCR results with Mic systems. 
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DISCUSSION 
The worldwide increase in the 

incidence and mortality of breast cancer is 
considerable [23, 24]. The rate of breast 
cancer is increasing by about 3% per year 
[25]. Breast cancer is a multifactorial 
disease; the role of the infectious agent in 
this disease is remarkable. The high 
incidence of breast cancer in the world has 
drawn the scientist's attention to the viral 
etiology of breast cancer. Viral agents play a 
crucial role as carcinogens and they are 
associated with almost 20% of cancers. The 
development of molecular techniques and 
subsequent investigations have proven the 
carcinogenic effect of EBV in various 
tumors [4, 5, 26]. Although many studies 
have been performed, no etiological factors 
for human breast cancer have been known. 
Recent research has shown the association 
of breast cancer and viral infections, such as 
Epstein-Barr virus (EBV), human 
papillomavirus (HPV), and mouse 
mammary tumor virus (MMTV) [27]. 

Formalin fixed and paraffin 
embedded tissues (FFPE) support tissue 
structure for the histopathological diagnosis 
of diseases such as cancer are commonly 
used worldwide [28, 29]. The detection and 
characterization of new viruses is often an 
obstacle to the lack of adequately stored 
material. Formalin-fixed paraffin-coated 
tissues (FFPE) can be used to detect known 
viral sequences [30, 31]. The viral RNA was 
extracted from a sample of FFPE lung tissue 
from a victim of the 1918 pandemic, the 
"Spanish" influenza A / H1N1 virus, this 
virus was characterized and then recovered 
by reverse genetics [32]. 

EBV is a widespread human 
pathogen which causes infectious 
mononucleosis in approximately 10% of 
individuals during the primary infection. 
EBV infection most commonly occurs early 
in life, with around 30% of children being 
HIV positive by 5 years, 50% by 10 years 
and up to 80% by 18 years [33]. This 
infecting human herpesvirus has also been 
associated with post-transplant 
lymphoproliferative disease [34] and may 

play a role in certain autoimmune diseases 
[35, 36, 37,38]. In addition, EBV has 
oncogenic properties and is involved in the 
pathogenesis of several types of cancer, 
mainly Burkitt's lymphoma, Hodgkin's and 
non-Hodgkin's lymphoma, carcinoma of the 
nasopharynx and gastric carcinoma [39, 40]. 
More than 5% of the 2 million new cancer 
cases associated with infection in 2008 
could be attributed to EBV [41] ; it would 
also have caused 1.8% of cancer deaths in 
2010, or more than 140,000 cases [42]. 

The particular biological properties 
of EBV are at the origin of the remarkable 
variety of pathologies associated with this 
virus and its worldwide distribution. In 
certain pathologies, EBV is present in 
almost all cases and in almost all cells; this 
is the case with Burkitt's lymphoma, 
undifferentiated carcinoma of the 
nasopharynx, primary cerebral lymphomas 
in patients with AIDS, lymphoproliferations 
in transplant patients and T / NK 
lymphomas of the nasopharynx. In other 
pathologies such as Hodgkin's disease, EBV 
is inconstantly found [43, 44]. In addition, 
EBV has been proposed since 1995 to 
contribute to the development of breast 
cancer. [45]. Its role as an etiological agent 
of breast cancer remains controversial, 
however, despite increasing molecular 
evidence [46, 47]. 

The association of EBV with certain 
primary mammary lymphomas and the 
similarity of medullary carcinoma with 
undifferentiated nasopharyngeal-type 
carcinoma closely linked to EBV has 
prompted some authors to search for this 
virus in breast cancer, particularly with 
lymphoid stroma. which includes medullary 
carcinoma and high-grade invasive ductal 
carcinoma with lymphoid stroma [48]. 
Published studies have used different 
methods and report controversial results. 
We found only two studies in the literature 
that looked at bone marrow carcinomas. In 
these two series, all the cases studied were 
negative for EBV [49, 50]. On the other 
hand, our study shows the presence of EBV 
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DNA in 2 medullary carcinomas out of the 2 
studied. 

Fina et al. conducted a retrospective 
study of 509 cases of breast cancer in 
women from different geographic areas 
according to the incidence of EBV 
infection; this virus was detected in 31.8% 
of mammary carcinomas, while it was 
absent in non-tumor mammary epithelial 
cells and in stromal lymphoid cells. 
Regarding the geographical distribution, 
these authors did not find a difference in the 
association of EBV with breast cancer, 
unlike carcinoma of the nasopharynx and 
Burkitt's lymphoma [51]. Bonnet et al., In a 
study of 100 breast carcinomas, detected 
EBV by PCR in 51% of cases. In addition, 
the presence of EBV had a poor prognostic 
significance: high histological grade, with 
negative hormone receptors and a higher 
rate of lymph node metastases.[48]. These 
results are far superior to those found in our 
study; in terms of percentage detection of 
EBV DNA by real-time PCR. Indeed, in our 
study 13.33% (12/90) were positive for the 
detection of EBV DNA by real-time PCR, 
but a point of convergence in relation to the 
aggressiveness of breast cancer having 
tested positive for EBV. 

In this study, the prevalence of 
breast cancer samples in which Epstein Barr 
virus (EBV) was detected was 12 samples 
fixed in 10% formalin and embedded in 
breast cancer paraffin either 13.33%. This 
prevalence of EBV DNA detection status in 
our study is low compared to that found in 
the world or in Asia. Indeed, the 
epidemiological studies conducted by Huo, 
Zhang and Yang on the basis of the PCR 
examination, the prevalence of EBV 
infection in the world is 29.32% and the 
prevalence in Asia is 35.25% [52]. The 
higher incidence may be caused by 
demographic differences and the 
characteristics of the research sample. 
Results from other studies have also 
demonstrated an overall prevalence ranging 
from 26.37% to 28% for EBV infection in 
patients with malignant breast tumors 
worldwide [53]. While a high frequency of 

55.5% of detection of EBV DNA in women 
with breast cancer has been reported in 
Sudan [54]. On the other hand, the results of 
our study are superior to those reported 
respectively by Naushad et al., and by 
Mofrad et al. who described the low 
frequency of 7.3% in Pakistan and 6.7% in 
Iran of EBV DNA among breast cancers 
[55, 56]. 

Breast cancer linked to the virus has 
been shown to have a poor prognosis, 
especially when multiple viruses are 
detected in breast samples. EBV positive 
breast cancer has been shown to have more 
aggressive characteristics [57]. In our 
present study, the high incidence of 58.33% 
of EBV DNA was found among grade III 
breast cancer specimens, indicating the 
possible role that EBV may play in the 
aggressiveness of breast cancer. malignant 
breast tumors. 

Furthermore, the role of latent EBV 
antigens EBNA1, EBNA2, EBNA3C and 
LMP1 is often essential for the 
transformation and immortalization of cells 
infected with EBV, which leads to cancers 
[58]. 

LMP-1 is directly related to 
oncogenesis, as it is able to activate several 
cell signaling pathways such as nuclear 
factor-κB, c-Jun NH2-terminal kinase 
(JNK), p38 kinase, phosphatidylinositol 3 -
kinase (PI3K), and several other possible 
pathways, resulting in continued 
proliferation and inhibiting apoptosis [59]. 
The expression of LMP1 by cells infected 
with EBV depends on the type of viral 
latency and its negativity does not eliminate 
the presence of EBV [60]. In our series, 
detection of EBV latency type II (positive 
LMP1) by immunohistochemistry was 
found in 12 cases out of the 90 studied, i.e. 
13.33%. This positivity was limited to 
carcinoma epithelial cells and rarely to 
stromal lymphoid cells; these 12 LMP1 
positive cases were also positive on real-
time PCR (i.e. a 100% correlation of cases). 

One of the oncoproteins found in 
Epstein-Barr virus is EBNA-1. The 
oncogenic role of the EBNA-1 protein has 
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been pointed out by some previous 
researchers. EBNA-1 can reduce p53 levels 
by triggering ubiquitin specific protease 
USP7 so that p53 becomes unstable. 
Ultimately, the mammary gland epithelium 
becomes infected with EBV, so the cells 
continually proliferate and become anti-
apoptotic [61]. In our study, we could not 
test for expression by 
immunohistochemistry of the oncoprotein 
EBNA-1 in our samples fixed with 10% 
formalin and embedded in breast cancer 
paraffin. 

Other studies failed to detect EBV in 
breast cancer [62, 63]. Thus, the analysis of 
the various studies reported shows 
controversial results concerning the 
association of EBV and breast cancer, this 
variability would be due to several factors, 
in particular the sensitivity which varies 
between the different techniques used as 
well as the reduced number of reported 
cases [50, 64]. Geographically, the 
molecular prevalence of these viruses in 
breast cancer varies. Another point is that 
biopsy samples show more positive results 
than FFPE samples, indicating that biopsy 
samples (fresh or frozen) are more suitable 
and more sensitive than other samples for 
the detection of EBV. Furthermore, the 
limited amount of genomic DNA extracted 
and DNA fragmentation are problems 
associated with the use of FFPE samples 
[65]. It can be concluded that the 
heterogeneity of the results of the different 
studies could be attributed to several 
variables, notably the geographical location, 
the methods used to detect EBV infection, 
the type of samples, regions or detection 
genes in the EBV genome; and histological 
types of breast cancer. Other cofactors and / 
or particular predispositions in the 
population (genetic, geographic, ethnic, etc.) 
could be related to the relatively high 
association rate found in certain cases. 

Detection of EBV in tumor cells 
does not make it possible to attribute a 
certain oncogenic role to this virus. 
According to Labreque et al, the presence of 
EBV can be explained by the passage of 

EBV in neoplastic epithelial cells after its 
reactivation in circulating B lymphocytes 
and EBV in this case does not play a direct 
role in the oncogenesis [66]. 

Overall EBV infection with 
clinicopathological features of breast cancer 
cases showed no significant difference 
(P>0.05). However, a statistically 
significant difference was observed between 
EBV infection and histological types 
(P=0.04). 

In the current state of knowledge, an 
implication of EBV in breast cancer remains 
a plausible hypothesis. The Epstein Barr 
virus is one of the very first oncogenic 
viruses to be identified as responsible for 
human malignancies. Its role as an 
etiological agent of breast cancer remains 
controversial, however, despite the growing 
molecular evidence. Several points relating 
to the role of EBV in this cancer will be 
clarified in the future. Although the etiology 
of breast cancer is not fully understood, 
exposure to Epstein-Barr virus (EBV) is 
suggested as a risk factor for breast cancer. 

Limitations of our study included the 
unavailability of in situ hybridization (ISH) 
to detect viral gene expression to determine 
whether EBV is associated with malignant 
cells, the lack of serological test results for 
EBV and the expression of the oncoprotein 
EBNA-1 and a control group of healthy 
breast tissue. 
 
CONCLUSION 

Based on our results and the review 
of other studies in the literature, it can be 
concluded that EBV may have an etiological 
role in breast cancer. No significant 
association between the pathological 
subtype and the presence of EBV-DNA was 
identified in our study. The study on EBV 
and breast cancer in Congolese women was 
carried out to detect the presence of EBV 
virus DNA in malignant breast tumors. 
Although the presence of a virus alone does 
not establish a causal role in the disease, our 
results are positive at 13.33% of the 
detection of EBV DNA in our female breast 
cancer samples in the Republic of Congo.  
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