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Association of Epstein-Barr virus with human
mammary carcinoma. Pros and cons
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The Epstein-Barr virus (EBV) is associated with the develop-
ment of different malignancies. In the last few years, EBV has
been detected in a subset of breast tumors. The EBV genome
was detected by PCR and Southern-blot analysis and identi-
fication of the infected cells was determined using different
in situ methods. EBV has detected more frequently in steroid
hormone receptors negative tumors, in high histological SBR
grade tumors and furthermore, the EBV genome was also ob-
served in metastatic lymph nodes, along with EBV detection
in the primary tumor. Opposing results are discussed.

1. Introduction

The Epstein-Barr virus (EBV) is associated with the
development of different malignancies such as Burkitt’s
lymphoma, nasopharyngeal carcinoma (NPC) [11] and
carcinomas in various organs [3,10,14]. In the last few
years, EBV has been detected in a subset of breast
tumors and reported in different studies [1,7,8]. To this
aim, different approaches were used. The EBV genome
was detected by PCR and Southern-blot analysis and
identification of the infected cells was determined using
various in situ techniques.

2. Investigation of the presence of the EBV genome
by PCR in breast cancer, healthy tissue and
lymph node metastasis

In three separate studies, PCR techniques allowed
the detection of the virus genome in 20–51% of in-
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vasive breast carcinoma of different histological types
whereas no or only rare positive cases was obtained
with healthy tissue [1,7,8]. These results suggest that
EBV is restricted to the tumor.

However, a study performed with samples col-
lected over a period of 30 years failed to detect the
EBV genome in 34 breast carcinomas (including 16
medullary carcinoma) [4]. Negative results could be
due to differences in the preparation of samples (fixa-
tion, storing) over such a long period of time.

Investigation of lymph nodes with metastasis sug-
gested that EBV could already be present in the tumor
cells prior to their migration [1].

3. EBV presence and breast cancer prognostic
factors

We also observed a statistically significant relation-
ship between EBV presence and several poor prognos-
tic factors for breast carcinomas, such as, steroid hor-
mone receptors negative, high histological SBR grade,
and association with axillary node invasion [1]. Find-
ings which suggest that the infection by EBV may be
related to a high metastatic potential of the tumor.

4. Breast cancer and EBV: Identification of the
infected cells

The direct detection of EBV products had to be
addressed. In situ hybridization (ISH) with EBER-1
(Epstein-Barr virus encoded small RNA1) probes, a
very sensitive method for the detection of EBV in in-
fected cells, is widely used because of the high EBER
RNA copy number. EBER-1 were identified on frozen
sections, in a fraction of malignant cells in six dif-
ferent breast tumors [7] while in other studies using
paraffin sections, EBER-1 transcripts could not be de-
tected [1,2,5,8]. Technical problems (related to tis-
sue fixation, probe penetration in breast tissue) may be
responsable for the negative results. In addition, the
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regulation of transcription of EBERs remains poorly
understood and their high expression in infected cells
might not be universal. NPC which exhibits varying
degrees of differentiation lacks EBERs expression in
some areas [9]. Moreover Takeuchi et al. [12] did not
observe any EBER-1 expression in some EBV-positive
NPC cases. Contrary to the other EBV associated dis-
eases, it appears that EBERs ISH is not the best method
for identifying infected cells in breast cancers.

Immunohistochemical studies were performed on 60
invasive breast cancers collected and processed 11 to
20 years ago [2]. The authors did not detect the latent
membrane protein 1 (LMP-1) although, in a previous
study, [8] a distinct staining for LMP-1 was observed in
scattered epithelial cells in several of the tumor sections
examined. The fact that few cells were stained, the low
sensitivity of immunochemistry and the epidemiologic
difference of the samples analyzed could explain the
divergence between these two results. The Epstein-
Barr nuclear antigen 2 (EBNA-2) was not detected in
the breast carcinoma samples [2]. This result is coher-
ent with all in vivo studies which show that EBNA2 is
not expressed in EBV associated tumors. This antigen
is only expressed in lymphoproliferative disorders and
lymphomas of immunodeficient patients [11].

EBNA1 is essential for the maintenance of the viral
episome in infected cells and is constantly expressed in
all EBV infections [11]. EBNA-1, has been detected in
breast cancer tumor cells by immunohistochemistry [1,
6]. Monoclonal antibodies distinctly showed nuclear
staining of many epithelial tumor cells while normal
cells (including lymphocytes) were not labeled. The
fact that only a fraction of tumor cells were found to
be EBNA-1 positive in breast cancer could reflect low
expression or low accessibility of the protein to staining
in some cells. Alternatively, at this stage of the disease,
the virus may have been lost in a fraction of those cells.

RT-PCR analysis of cDNAs encoding the EBNA1
protein could be detected in a series of EBV positive
infiltrating breast cancers and not in EBV negative sam-
ples (Boualaga and Joab, unpublished results). EBNA-
1 is able to induce malignancies in transgenic mice by
a mechanism which is not yet understood [13]. The
expression of EBNA-1 in breast tumors might be im-
portant in the transformation phenomenon.

5. Conclusion

The discrepancies between results need to be re-
solved since an association of EBV with breast cancer

have potential relevance to its early detection, treatment
and even prevention. This implies the need for more
studies. As positive results are more conclusive that
negative ones, it would appear that, PCR of comparable
efficiency should be performed on frozen material with
an appropriate single copy gene of the cellular genome
as a control. Optimized RT-PCR conditions should be
used for detection of EBV transcripts. In situ methods
have to be developed to confirm the already published
work. The proportion of EBV-infected breast tumor
cells, would have to be confirmed by sensitive tech-
niques (ie in situ PCR). Real time PCR on microdis-
sected tumors cells would be a valuable tool for the
determination of the number of EBV genome copies
per cell.

The question of EBV as an etiologic factor remains
to be answered. Howewer, it could still be a useful
prognostic marker or provide molecular targets for ther-
apy.

Note added in proof

While this review was in press, Fina et al. (Br J
Cancer 84 (2001) 783–790) described the presence of
EBV in a large subset of breast cancer. Moreover,
EBER ISH was found to be positive in a fraction of
tumor cells.
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