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Breast cancer currently enjoys the position of being the com-
monest cancer in females worldwide [1] and indeed in Sri
Lanka. In 2005 breast cancer contributed to 14.3% of all can-
cers reported islandwide and 25.4% of all female cancers [2].
Many aetiological factors have been discovered with a strong
focus on hereditary forms of breast cancer [3]. However, these
contribute only to 5-10% of breast cancers overall.
Environmental, socio-economic, hormonal and radiation fac-
tors have also been shown to contribute to the aetiology. An
emerging area of interest is the role of infectious agents in
breast cancer aetiology.

The global burden of infectious agents causing cancer is 16-
18% [4]. Most of these infection related cancers occur in
developing countries and are due to treatable infections caused
by Hepatitis B virus (HBV), Hepatitis C virus (HCV), Human
Papilloma virus (HPV), Helicobacter pylori,Epstein Barr virus
(EBV) and Cytomegalovirus (CMV).

The aim of this article is to give an overview of infectious
agents linked to carcinomas and their association with breast
cancer

Viruses

Viruses have long been linked to carcinoma. Epstein-Barr
virus is known to cause nasopharyngeal carcinoma and
Burkitt's lymphoma. HPV has been proved to be a causal agent
in cervical carcinoma5. Most of these viruses have lytic and
latent cycles. The genes expressed in the latent cycle allow
these viruses to remain in certain cells and also set up an envi-
ronment conducive to malignant change. Some of these genes
can promote tumour growth. A recent study in Taiwan found
the presence of genes of several viruses in breast cancer cells
[6]. Therefore, it is rational to investigate a possible link
between viruses and breast cancer.
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Epstein Barr Virus (EBV)

This is a human herpes virus. It is a ubiquitous infection which
commonly occurs in childhood. It replicates in the buccal and
nasopharyngeal mucosa and is unique in its ability to transform
its main target; the B-lymphocyte [5].

Itis a prevalent infection in China and other parts of Asia. It is

associated with nasopharyngeal carcinoma, Burkitt's lym-
phoma and Hodgkin's lymphoma in immunosuppressed indi-
viduals. However, an interesting fact is in spite of its world-
wide prevalence the cancers linked to EBV show geographical
specificity [7]. Nasopharyngeal carcinoma for example occurs
mainly in China and other parts of South Asia whereas
Burkitt's lymphoma is found mainly in Africa. This suggests
that there are local factors which alter the carcinogenesis initi-
ated by EBV. Malaria has been proven to be a cofactor in
Burkitt's lymphoma [7]. Late exposure to EBV was found to
be a risk factor in one study [8]. A study conducted in India [9]
found significant expression of EBV DNA in breast cancer tis-
sue compared to hon-malignant breast tissue and also a higher
immunological response. An Egyptian study found an associ-
ation between EBV and invasive breast cancer and suggested
that it may be involved in the aetiology [10]. Another study
also revealed that EBV was frequently found in more aggres-
sive breast cancer [11]. In the recent past it was discovered that
EBV infections in-vitro of breast cancer cells would confer
resistance to paclitaxel (taxol) and provoke overexpression of
a multidrug resistance gene [12]. A possible carcinogenesis
pathway was explored by a Taiwanese group which found that
there was activation of HER2/HER3 signalling cascades by
EBV genes expressed in breast carcinoma cells [13]. Studies
have shown that the HER2/neu gene is amplified in 30% of
breast tumours and that this amplification is a significant pre-
dictor of overall survival and relapse in breast cancer [13].

The causal relationship between breast cancer and EBV is yet
to be proven. A possible geographical relationship between
EBV incidence and breast cancer incidence was explored by a
French study which failed to show a correlation [14].

Cytomegalovirus (CMV)

This is also a herpes virus closely related to EBV [5]. Like
EBV, CMV also establishes latent infection. CMV DNA has
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been detected in breast cancer cells and a persistent infection
of breast epithelia by CMV has also been shown, suggesting
that CMV is involved in the development of breast cancer [15]
. Studies have concluded that an elevation in the serum CMV
1IgG precede the development of breast cancer and also late
exposure to CMV increases the risk of breast cancer in older
women [16]. CMV however has shown to be oncomodultory
rather than oncogenic as it does not transform cells but affects
signaling pathways [17]. Research conducted at the University
of San Fransisco [18] to determine possible tumorigenesis of
breast cancer, has found that cmvIL-10 secreted by CMV
infected cells activates STAT 3 in breast cancer cells through
phosphorylation causing them to become invasive or metasta-
tic. Studies [17] have suggested that CMV can cause glioblas-
tomas to become resistant to chemotherapy and therefore there
is ongoing research to establish the value of offering antiviral
therapy as an adjunct to chemotherapy in treating glioblastoma
patients.

Human Papilloma virus (HPV)

Papilloma viruses cause warts on skin and genital regions.
There are clear associations between the development of cer-
vical cancer and HPV infection, especially HPV 16 & 18 [5].
In most primary and metastatic cancer cells, the HPV genomes
are present in integrated form (ie. within the host genome), and
certain viral oncoprotein genes referred to as E6 and E7 are
transcribed and translated. Integration occurs at different chro-
mosomal locations and the E6 and E7 seem to be involved in
transformation of epithelial cells and in maintenance of the
transformed state, probably by binding to and inactivating
tumor-suppressing cellular proteins concerned with regulation
of the cell cycle. E6 is involved in turnover of p53 a tumor
suppressor protein, and E7 binds and inactivates the retinoblas-
toma proteins [5]. Both of these activities are critical in HPV
induced oncogenesis and result in genome instability, accumu-
lation of oncogene mutations, uncontrolled cell growth and
eventually cancer. Somatic mutations in the TP53 gene are
much more common, occurring in approximately 20 percent to
40 percent of all breast cancer cases [19]. The evidence link-
ing HPV to breast cancer is controversial. Many studies have
suggested the possibility whereas many more refute it. Some
studies have found HPV DNA using PCR but not with in-situ
hybridization suggesting the possibility of HPV being linked
to breast cancer [20]. More recent studies conducted in
Switzerland and India have failed to show a link [21, 22]. All
these studies have recommended larger epidemiological stud-
ies to be done in this area.

Human Herpes virus 8 (HHV 8)

HHYV 8 is another herpes virus and causes Kaposi's sarcoma
which is 300 times more common in patients with AIDS [5]. It
is also seen in benign and malignant lymphomatous condi-
tions, namely multicentric Castleman's disease and primary
effusion lymphoma respectively. HHV 8 was found in one
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study to be more prevalent in breast cancer tissues than EBV
[6]. HHV induced IL6 has been shown to have an effect on the
proliferation of human cells especially the myeloma cell line
[23]. IL6 has been shown to be significantly increased in
breast cancer patients and further demonstrated to be a poor
prognostic predictor in chemo-endocrine therapy and repre-
sents a poor prognostic predictor of metastasis [24, 25]. The
evidence linking HHV 8 significantly to breast cancer howev-
er is still obscure.

Mouse Mammary Tumour virus (MMTYV)

The Mouse Mammary Tumour Virus (MMTYV) also known as
the Bittner virus is a retrovirus which is transmitted via breast
milk. Dr. John Joseph Bittner in 1936 forwarded a hypothesis
that a milk factor causing breast cancer would be transmitted
to the offspring of infected mice [26]. It has been subsequent-
ly shown that these mice develop breast tumours. This sparked
interest in exploring the connection between this virus and
human breast cancer. Studies have proven that MMTYV indeed
infects human breast cancer cells [27]. MMTV genes have
been found in up to 38% of sporadic breast cancer [28].

An important characteristic of the MMTV s that it has
genes which are highly responsive to steroids and prog-
estins [29]. This may explain MMTYV gene expression in
62% of gestational breast cancer [30]. One study conclud-
ed that human cells were capable of being infected by
MMTYV and can also support replication. This study also
identified a human breast cancer cell line BT-474 to be an
invasive ductal carcinoma derived line which was shown
to be susceptible to infection by and replication of MMTV
[31]. More evidence linking MMTV to breast cancer was
established by discovering that there is an elevated expres-
sion of TP53 gene in the presence of MMTYV genes [32].
The possible transmission of MMTYV from mother to off-
spring has been explored and was not found to be a risk
factor [33, 34]. Another study has proposed the possibility
of mouse to human transmission of the virus, based on the
observation that worldwide, the incidence of breast cancer
in a geographic area is proportional to the incidence of the
mouse species Mus domesticus in that area [35]. Research
is ongoing to establish causality once and for all.

Hepatitis B virus (HBC) & Hepatitis C virus (HCV)
Hepatitis B virus which is a DNA virus and Hepatitis C virus
which is a RNA virus cause chronic liver infection which can
persist and cause hepatocellular carcinoma [5]. Recent studies
have found chronic Hepatitis C infection to be associated with
other types of cancer [36-38]. However, population based
studies have given varying results; a Taiwanese study found
that HCV was a risk factor for early onset breast cancer [39]
while another study found that chronic HCV infection was not
a promoter of breast cancer [40]. This is also an area still being
investigated.
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Bacteria

Helicobacter pylori has been implicated in the pathogenesis of
gastric and duodenal cancer. It is thought that the chronic
infection triggers chronic inflammation leading to metaplasia,
dysplasia and carcinoma5. There seems to be a paucity of
studies linking bacteria to breast cancer aetiology. This area of
interest cannot be ignored as cancers are now accepted to
occur in the presence of chronic infections and inflammation
[41]. The role of gut bacteria in breast cancer has been
researched. It was found that infecting mice with Helicobactor
hepaticus promotes mammary carcinoma in females and
enhances intestinal adenoma multiplicity by a tumor necrosis
factor a (TNFa)-dependent mechanism [42]. A recent study
found that bacteria can cause breast cancer cells to become
invasive due to bacterial peptidoglycans by increasing the
activity of toll-like receptor 2 [43]. Other studies however are
trying to explore the other side of the story; can bacterial infec-
tions confer protection from the development of breast cancer?
One finding that may support this study showed that chronic
antibiotic use increased the risk of breast cancer [44]. Another
study concluded that the IL-10 feedback inhibitory loop which
is important for inhibition and therefore regulation of immune
homeostasis is lost due to improved personal hygiene and
antibiotic use. This gives a possible explanation for the
increase in breast cancer risk in developed countries and how
immune response to bacterial infections can provide some
degree of protection from cancer [45]. Trypanasoma cruzi
infections have showed varying degrees of inhibitory action
on in-vitro human breast cancer cells [46]. The exact role bac-
teria play in breast cancer pathogenesis is yet to be elucidated.

In summary looking at the current information, viruses seem
to be the main form of infections connected to breast cancer
aetiology. Bacterial infections or sometimes the lack of it may
also be contributing towards the development of breast cancer.
More work is required to better understand the complex inter-
play between infections and our immune system and ultimate-
ly their effect on breast cancer pathogenesis.
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