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Breast Cancer is a multifactorial disease and recent evidence that viruses have a greater
role in its aetiology and pathophysiology than previously hypothesized, has garnered a lot
of attention in the past couple of years. After the role of Mouse Mammary Tumour Virus
(MMTV) in the oncogenesis of breast cancer has been proved in mice, search for similar
viruses found quite a plausible relation of Human Papilloma Virus (HPV), Epstein—-Barr virus
(EBV), and Bovine Leukaemia Virus (BLV) with breast cancer. However, despite practical
efforts to provide some clarity in this issue, the evidence that viruses cause breast cancer
still remains inconclusive. Therefore, this article aims to clarify some ambiguity and
elucidate the correlation of breast cancer and those particular viruses which are found
to bring about the development of tumorigenesis by a previous infection or by their own
oncogenic ability to manipulate the molecular mechanisms and bypass the immune
system of the human body. Although many studies have reported, both, the individual
and co-existing presence of HPV, EBV, MMTV, and BLV in patient sample tissues,
particularly in Western women, and proposed oncogenic mechanisms, majority of the
collective survey of literature fails to provide a delineated and strong conclusive evidence
that viruses do, in fact, cause breast cancer. Measures to prevent these viral infections may
curb breast cancer cases, especially in the West. More studies are needed to provide a
definite conclusion.

Keywords: breast cancer, human papilloma virus, Epstein-Barr virus, mouse mammary tumor virus, bovine leukemia
virus

INTRODUCTION

Breast cancer is a chronic disease, primarily owing to its metastatic characteristics, due to which it can
relocate to other parts of the body such as bone, liver, brain and lungs. With 2.3 million women
diagnosed, and 685,000 worldwide deaths in the year 2020 alone, breast cancer continues to retain its
place as the most prevalent cancer in the world (Breast Cancer, 2021). The incidence of breast cancer
in Pakistani women is increasing at an alarming rate of 19.33% every year, owing to the fact that one
in every nine woman suffers from it (Baloch et al., 2012). Due to this, the ratio of breast cancer in
Pakistani women is the most in the whole of Asia (Baloch et al., 2012).

Breast cancer is becoming increasingly common in women, as a 150 times higher number of cases
are reported in women as compared to men (Lawson, 2009). However, it also occurs as a rare
malignancy in adult older males, with approximately 1% reported cases (Siegel et al., 2016). The
liability of occurrence and mortality of breast cancer is four to five-fold higher in Western women as
compared to Eastern, particularly, Asian women (Ghocheh et al., 2015). Moreover, high mortality
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rates are observed in less developed countries as compared to
more developed countries, which have a high prevalence
(Ghocheh et al., 2015).

A large number of internal and external factors bring about
the development of breast cancer. Some significant external
factors that run the risk of inducing breast cancer include:
genetic susceptibility (e.g., mutations in BRCA1/2 and other
genes), obesity, a familial history of breast cancer, unhealthy
behavioural choices, hormonal contraception and treatment
after menopause (Lawson, 2009). Besides genetics, some other
external factors that can contribute to breast cancer initiation
are variation of food consumption among populations, and
difference in fertility pattern (Lawson, 2009).

However, among such factors, despite that around 16% of
all human cancers are caused by biological role carcinogens,
the role of oncogenic viruses is less obvious (de Martel et al.,
2012). Since a couple of decades, the evidence that viruses
may play an influential role in the pathogenesis of breast
cancer is becoming increasingly clear. Among such
oncogenic viruses, the role of Human Papilloma Viruses
(HPVs), Epstein-Barr virus (EBV-also known as human
herpes virus type 4), Mouse Mammary Tumour Virus

Oncogenic Viruses and Breast Cancer

(MMTYV) and Bovine Leukemia Virus (BLV) particularly
stand out. In recent literature, reported information
regarding the presence of viruses and their manipulation
of molecular mechanisms for tumorigenesis is somewhat
ambiguous and contradictory, and remains yet to be
annotated (Lawson et al., 2018). Therefore, the aim of this
article is to shed some light on the correlation of the presence
of HPV, EBV, MMTYV and BLV, their infections, and their
oncogenic ability by which they exploit the human molecular
pathways and the immune system to bring about the
pathogenesis of breast cancer.

HUMAN PAPILLOMA VIRUS AND BREAST
CANCER

Human Papilloma Virus (HPV) is small in size, circular and
contains double stranded DNA as its nucleic acid. About 200
different species of HPVs are classified into two categories:
mucosal and cutaneous (Miinger et al., 2004). Infection due to
HPV is majorly transmitted through sexual activities or by
skin-to-skin contact (Figure 1A). These are mostly short lived

From Human
to
Human

Identification
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to
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EBV

Through Saliva

From Domestic

From Mice

MMTV

FIGURE 1 | Transmission and Identification of the viruses, respectively: (A) HPV transmission takes place from human to human through sexual and/or skin to skin
contact. It can be diagnosed by PCR (recommended) or Whole Genome Sequencing. (B) EBV is transmitted through saliva from human to human. Its presence can be
identified by PCR, immunohistochemistry, in situ hybridization and in situ PCR. (C) BLV transmission primarily takes place from bovine or cattle (usually domestic animals)
to humans; dairy and cattle meat can also be a source of transmission. PCR or antibody screening of a human blood sample is carried out for its diagnosis. (D)
MMTV is transmitted from mice to human. Its presence is identified by PCR or NGS.
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HPV

FIGURE 2 | Mechanism by which each virus is said to cause breast cancer: (A) When mutated, oncoproteins (E6 and E7) of HPV virus activate pro-tumor genes. E6
activates BCL2 and inhibits p53, thus, promoting cell division. The pRB-E2f complex inhibits cell cycle; E7 detaches E2f from pRB and E2F alone commences the cell
cycle. Mutation of BRCA-1 gene by E7 can also lead to tumor development. HPV also inhibits APOBEC (a cell cycle inhibitory molecule) to start cell cycle and cause
genome instability. (B) EBV can activate HER2/HERS gene(s) to render cell towards uncontrolled division. (C) Steroid hormones lead to efficient replication and
increased expression of MMTV genome. An LTR in the MMTV genome codes for superantigens which activate T lymphocytes. MMTV replicates rapidly in these T cells in
the gut, during which it can be carried to the breast. HMTV, a virus similar to MMTV, can inhibit p53 to induce to cell cycle. (D) The true mechanism by which BLV causes
cancer in humans has not been yet studied. However, HTLV-1, a virus similar to BLV present in humans, can lead to uncontrolled cell division by the production of Rex
and Tax proteins. Tax protein accentuates this by activating cell proliferating genes and halting DNA repair mechanism of the cell.

HTLV-1
human virus

and, within 2 years of infection, 90% of men and women
naturally clear the viral load (Winer et al., 2003).

There is evidence that high risk HPV 16 and 18 are involved in
cervical carcinoma and other cancers related to genital sites
(Shukla et al., 2009). Most of HPV strains are causative agents
of cervical cancer, but “high risk” HPVs have been reported for
breast cancer, as well (Rassi et al., 2009). HPV-associated cervical
infections can precede the development of same type HPV-
positive breast cancer in the same patient (Lawson et al., 2016)
As a result, HPV viral load is higher in cervical cancer as
compared to that in breast cancer (Khan et al.,, 2008). Due to
this, identification of HPV in breast tumours is quite difficult, but
it can be done either by whole-genome sequencing, or by PCR
(Figure 1A). High-risk HPV's have also been identified in the SK-
BR-3 breast cancer cell line (Yan et al., 2016). In a study, whole-
genome sequencing was used to identify high-risk HPVs in
invasive breast cancers (Lawson et al., 2015).

Duct epithelia are the rising ground in most breast cancers;
similarly, HPV is reported to enter mammary ducts through

the nipple areola complex, which is continuously exposed to
the external environment (Polyak, 2007). The cell cycle control
enzyme, APOBEQC, is altered by viral infection, which causes
genomic instability and leads to breast cancer (Ohba et al,
2014). Some studies also report that the early genes of
oncoproteins E6 and E7 of HPV 16 inactivate the two
major tumour suppressor proteins of the human body, Rb
and p53, by interacting with them (Dyson et al., 1989; Werness
etal., 1990). This is reported to commence continuous division
of mammary epithelial cells in in vifro experiments, and in
doing so, immortalize them, leading to breast cancer (Wazer
et al., 1995; Liu et al., 1999). According to reports of familial
breast cancer cases, these oncoproteins are notorious for
inducing mutations in BRCAI gene, due to the functional
interaction that exists between E7 and the BRCAI gene
(Rassi et al., 2009). E7 of high risk HPV 16 dissociates the
pRB-E2F complex by binding to pRB (Zhang et al., 2005).
Lower p53 and higher BCL2 level is a hallmark of breast
carcinogenic tumours. E6 deregulates expression of p53 and

Frontiers in Molecular Biosciences | www.frontiersin.org

March 2022 | Volume 9 | Article 781111


https://www.frontiersin.org/journals/molecular-biosciences
www.frontiersin.org
https://www.frontiersin.org/journals/molecular-biosciences#articles

Afzal et al.

BCL2 by inactivating p53 and releasing repression of BCL2
(Figure 2A) (Sidransky and Hollstein, 1996).

In addition, a research study of the Indian population also
observed the role of “high risk” HPV 16 in promoting breast
cancer at genetic and epigenetic levels (Islam et al., 2017). They
found that frequent integration of HPV into host’s genome is seen
through disruption of hinge region (E28) of E2 gene, which
gradually increases at different stages. Even lower viral loads
are associated with cancer induction. Moreover, they confirmed
HPV occurrence by sequencing and analysing LCR, E6 and E7
regions of HPV 16 genome. Variation analysis of LCR revealed
one common variant (7521G>A) that overlaps with the binding
of transcriptional repressor, YY1, regulating the expression of E6
and E7, and four novel variants (7628A>T, 7800A>G, 7837A>G
and 7839A>C). The variant of E6 (350T>G) has been shown to be
associated with HPV pathogenicity, while the two novel variants
(519G>A) and (395G>T), destabilize the E6 mRNA and protein
stability. The integration of HPV 16 in breast cancer is also linked
to hyper methylation of promoter and enhancer regions of P97.
Furthermore, expression analysis of E6 and E7 of HPV 16 showed
two spliced transcripts (E61* and E6I1*) of E6 and three spliced
transcripts (E6*1/E7, E6*II/E7, E6E7) of E6/E7, along with two
novel fusion transcripts R6E7*I and E6E7*1I in samples of breast
cancer hypothesized to be associated with HPV (Islam et al,
2017).

In concordance with results of Ohba et al. (2014), another
study suggested that HPV also influences genomic instability by
interfering with the cell cycle control enzyme APOBEC,
ultimately leading to breast cancer. They also observed that
HPV initiates cancer and then disappears from tumour cells
by the time cancer is clinically detected, therefore, suggesting a
“hit and run” hypothesis for its initial mode of action (Balci et al.,
2019).

Reports regarding the causal role of HPV and breast cancer
seem to be contradictory in nature. Some studies report the
presence of HPV in breast tumour samples either before or
during the confirmation of the disease. For example, a study
conducted in Iranian females with breast cancer discovered that
25.9% of tumour samples were positive for HPV DNA, and
among these, 53.34% were of HPV 16 and 18 (Sigaroodi et al.,
2012). Similarly, Salman et al. (2017) reported selective presence
of twelve high risk HPVs in 42% of 110 female breast tumour
samples, and confirmed viral activity majorly in invasive
carcinomas. However, some studies report no or very low
expression of HPV in samples associated with breast cancer.
For instance, a study executed on Danish women with breast
cancer, who were previously affected with cervical dysplasia,
found only 1.55% prevalence of HPV in the assays they used
(an in-house semi-Q PCR assay and SPF;, PCR-DEIA-LiPA,;)
and no particular difference regarding between samples of
patients and controls (Benlgkke et al., 2018). Furthermore,
from a samples size of 76 breast carcinomas and two benign
tumour samples in a research study Spain, no evidence of HPV
genome was found by Vernet-Tomas et al. (2015).

Although breast cancer cannot be prevented, one can and
must observe some strategies to minimize its risk. Therefore, it’s
recommended for women to regularly perform self and screening

Oncogenic Viruses and Breast Cancer

exams, as well as getting frequent mammograms with advancing
age (Purdie, 2019). The best way to prevent an HPV infection is to
get vaccinated against it. FDA approved drugs for HPV are
classified as: human papillomavirus bivalent vaccine
(Cervarix); human papillomavirus Quadrivalent vaccine
(Gardasil); human papillomavirus 9 violent vaccine (Gardasil
9) (Purdie, 2019). The shots of vaccination differ in Gardasil
being specific for ages 9-14, while Gardasil 9 is for people aged
15-26 (Purdie, 2019). According to a survey study, Gardasil 9
protects against nine types of HPV infection, which hold prime
importance against genital warts, while the other seven types are
fruitful against other cancers caused by HPV, including breast
cancer (HPV and Cancer National Cancer Institute, 2021).

Moreover, various other important aspects to treat HPV-
related breast cancer are also present. Focusing on molecular
targets which facilitate gene therapy is one such way; for example,
a recent study showed that knockdown of HPV 18’s E6 and E7
oncogene results in inhibition of cancer progression (Yan et al.,
2016). Similarly, finding alternative ways of breast cancer
detection when target receptors are absent in patients is
another useful strategy. For instance, a study reported 15%
positivity of HPV in triple negative breast cancer (an
aggressive form of breast with poor prognosis), which lacks
receptors for ER and PR genes and shows an inability to
amplify expression of HER2 gene (Abramson et al, 2015;
Horakova et al., 2018).

EPSTEIN-BARR VIRUS AND BREAST
CANCER

Epstein-Barr virus (EBV), a gamma-Herpes virus which belongs
to the Herpesviridae family, has a linear double-stranded DNA
genome that encodes more than 85 genes. It is commonly found
in approximately 95% of the total population. Approximately,
200,000 malignancies all over the world are annually associated
with EBV. Its infection is common worldwide, but usually
appears later among Western individuals in comparison to the
developing communities (Speck and Longnecker, 2000). The
most common route of transmission of the Epstein-Barr virus
is saliva (Figure 1B). Primary infection of EBV causing a mild
disease is more frequently reported in childhood. It appears
asymptomatic in 20%-80% individuals aged two or three
(Bolis et al., 2016; Prabhu and Wilson, 2016). When exposed
to EBV, approximately 30%-70% of healthy young individuals
can develop infectious mononucleosis (Bolis et al., 2016).

In addition to mononucleosis, EBV is reported as the causative
agent of lymphoma, Langerhans cell histiocytosis, and
nasopharyngeal cancer (Kang and Kieff, 2015). It is also
responsible for oncogenesis in humans, and causes a latent
infection that persists lifelong in most afflicted people
(Mazouni et al., 2015). A restricted expression of viral proteins
(latency III: six nuclear proteins EBNA-1, EBNA-2, EBNA-3A-C,
EBNA-LP, and three latent membrane proteins (LMP-1, LMP-
2A, and LMP-2B)) characterize its latent infection (Kang and
Kieff, 2015). Along with lymphomas, EBV is associated with
several other cancers, especially breast cancer, in which it is
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reported to induce tumour formation only by cell-to-cell contact
(Speck  and  Longnecker,  2000).  Techniques like
immunohistochemistry, in situ hybridization, standard liquid
PCR, and in situ PCR have been used to identify EBV genes
in breast cancer in various countries (Figure 1B) (Hu et al., 2016).
Similar methods found out the expression of EBV in some benign
breast tissues, and its gene sequences have been identified even
before the development of EBV-positive breast cancer. The prior
and later specimens were from the same patients (Hu et al., 2016).

The most likely mechanism proposed by which EBV can form
tumours is the one in which it activates the HER2/HER3
signalling cascades, resulting in infection predisposition in
breast epithelial cells, leading to the dreaded malignant
transformation stage (Figure 2B). HER2 and HER3 are
oncogenes that are known to be involved in the development
of human breast cancer with a poor prognosis. CD21 receptors
are also involved in transforming primary mammary epithelial
cells to malignant cells by EBV infection and are no longer needed
by the cells after onset of malignancy (Hu et al., 2016).

Due to the low reported frequency of BRCA1 and BRCA2
genes in Sudanese women with breast cancer, the methylation
status of six tumour suppressor genes (BRCAI, BRCA2, p16, p14,
MGM?2, and hMLH) was observed by Liu et al. (2012). The
reported methylation frequencies of the genes were: 84% of
BRCAI, 84% of BRCA2, 15% of pl6, 81% of pl4, 12% of
MGM?2, and 18% of hMLH. A potent effect of the EBV virus
on the methylation machinery is suggested by the high frequency
of epigenetic silencing in BRCA1, BRCA2, and pl4; this is an
oncogenic mechanism delineated in other cancers except in
breast cancer (Ryan et al, 2010; Liu et al, 2012). The
methylation of pI4 can be a potential mechanism by which
the tumour genome evades control of p53 and other related
tumour suppressors, thereby, annulling the role of gene
mutations. Esteller et al. (2000) first proposed this mechanism
in colorectal cancer, and its basis was the over-representation of
p14ARF hyper-methylation in tumours with wild-type p53, in
comparison to tumours harbouring p53 mutations. Tumour type
greatly influences the methylation profiles of tumour suppressor
genes, and each tumour is designated with a distinct “DNA
hypermethylome” (Estellar, 2005).

Lin et al. (2007) infected MCF7-A and BT474-A cells with
EBV, and increased anchorage-independent growth was observed
in cells on soft agar. This increase in cell mass was found to be
associated with hyper-activation and expression of HER2/HER3
signalling cascades, as supported by the findings that the
treatment of phosphatidylinositol 3-kinase inhibitor, HER2
antibody trastuzumab (Herceptin), or MEK inhibitor
completely ceased the oncogenic capacity. The expression of
EBV latency genes EBERI, BARF0, and EBNA was determined
in breast cancer cells infected with EBV. However, it has been
detected that BARFO alone was enough to promote tumorigenic
activity in MCF7 and BT474 cells by up-regulating the expression
of HER2/HER3, utilizing the techniques of small interfering RNA
knockdown and overexpression. Consequently, a significant rise
in the HER2 protein level was also reported. Yarden and
Sliwkowski (2001) stated that HER2 lacks an activating ligand;
therefore, it forms heterodimers with HER1, HER3, or HER4 to

Oncogenic Viruses and Breast Cancer

transfer signals downstream upon ligand binding. The expression
status of HER1, HER3, and HER4 was also examined, and it was
found that EBV-infected cells showed significantly increased
expressions of HER3 at both transcription and translation
levels, whereas, the expression of HER1 and HER4 was
unaffected. A dramatic increase of tyrosine phosphorylation of
HER?2 coupled with increased binding of p85 (PI3K subunit) to
HER2/HER3 complex was also reported. All these results suggest
that EBV infection enhances both the expression and functional
activity of HER2/HER3. Collectively, it was demonstrated that
EBV-encoded BARF0 promotes the oncogenic capacity of breast
cancer cells by activating the HER2/HER3 signalling cascades.

Since the 1990’s, studies have reported the presence of EBV in
human B lymphocytes, by which the virus has an easier access to
breast epithelial cells for infection (Magrath and Bhatia, 1999).
This might make it possible for the virus to commence
oncogenesis in those breast epithelial cells (Richardson et al,
2015). However, contradictory results have been gained in regard
to this hypothesis. For example, one of the first studies conducted
in London centring on the presence of EBV in breast tumour
samples showed a positive EBV result (Labrecque et al., 1995).
Another study conducted in France reported the presence of EBV
in 33.2% breast cancer tumours, which tended to be found in
more aggressive cancer types (Mazouni et al, 2011). A very
conflicting meta-analysis study reported that the highest
prevalence of EBV-associated breast cancer was majorly
present in Asia (35.25%), while the least was in the
United States (18.27%) (Hou et al., 2012). Some studies report
otherwise; Perrigoue et al., (2005) reported no contribution of
EBV to breast cancer in their study conducted in America;
Herrmann and Niedobitek (2002) found a negative association
of EBV with breast cancer; in Mexico, Morales-Sanchez et al.
(2013) took 86 tumour tissue samples and 65 tissues adjacent to
the site of tumour and checked for the presence of EBV and
MMTYV to report that conventional PCR results showed no
presence of either genome in any of the samples, while a more
sensitive test with nested PCR revealed only four tumour samples
to be positive for EBV.

Herpes viruses (a family of DNA viruses) predominantly
express viral miRNAs (Cullen, 2009). Several viral mRNAs are
targeted by viral miRNAs, for example, EBV encodes miR-
BART2 that inhibits BALF5 (an EBV DNA polymerase)
(Pfeffer et al., 2004). As described in several studies, the use of
CRISPR/Cas9 technology interferes with the maintenance/
replication of EBV, or edits its genome. CRISPR/Cas9 was
used by Yuen et al. (2015) to delete a 558 bp sequence in the
promoter region of the BamHIA rightward transcript via NHE],
in virus-infected cells by direct chopping of the EBV genome. A
transgene was introduced by HDR upon co-delivery of a template
sequence at the same target site (Yuen et al., 2015). EBV-negative
Akata cells can be successfully manipulated by the introduction of
recombinant viruses (van Diemen et al., 2016). In addition to the
application of CRISPR/Cas9 for the direct production of EBV
variants, the use of anti-EBV gRNAs to hamper latent EBV
infection has been described by two reports (Wang and
Quake, 2014; van Diemen et al, 2016). Wang and Quake
(2014) have used anti-EBV gRNAs to target the latent EBV
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genome in Raji Burkitt lymphoma cells by restricting viral
replication and cell proliferation. gRNAs were constructed
with the purpose to target various different regions including
the viral genes EBNAI, EBNA3C, and LMPIof the latent EBV
genome. The authors reported to achieve a reduction of 65%-85%
in EBV viral DNA, as well as the arrest of cell proliferation.
Moreover, complete removal of the latent virus has been shown in
a subset of cells that express CRISPR/Cas9 (Wang and Quake,
2014; van Diemen et al, 2016). Single gRNAs successfully
resulted in up to 50% loss of EBV genomes, whereas, two
gRNAs resulted in up to 95% reduction in latent EBV-positive
B cells (van Diemen et al., 2016). These two studies depict that
with the CRISPR/Cas9 system, the dsSDNA EBV episome can be
successfully targeted and removed from latently infected cells.
However, in vivo experiments in EBV infection models, for
example, humanized mice are required to analyse the
therapeutic potential of this approach.

MOUSE MAMMARY TUMOUR VIRUS AND
BREAST CANCER

Mouse Mammary Tumour Virus (MMTYV) is a perpetuating
oncogenic virus which induces a set of familiar proto-
oncogenes, causing the up-regulation of the promoter region
and facilitating tumorigenesis via a protein production
(Schrauzer, 2006). It triggers breast cancer in mouse and
transmits it either exogenously through milk, or endogenously
through the germ line (Schrauzer, 2006). MMTV is also
transmitted in humans from the domestic mice Mus
domesticus, illustrating the socioeconomic impact of breast
cancer in humans with high prevalence rate in poor people
who live in an unhygienic environment (Figure 1D) (Stewart
etal.,, 2000). MMTV sequences have been identified from the long
terminal repeats (LTRs) of MMTV’s genome by using PCR and
NGS technologies, but with more valid outcomes from the former
(Figure 1D) (Narty et al., 2017). By combining hybridization with
DNA cloning techniques, Callahan et al. (2012) found sequences
related to MMTYV in human breast cancer cells. However, Szakacs
and Moscinski (1991) identified the whole provirus of MMTV
with a typical retroviral structure e.g. LTRs, gags, pol, env and
RTRs in 13% of tested human breast cancers. In 2019, (Naccarato
etal., 2019) identified the presence of more MMT Vels in sporadic
breast cancer cells than in hereditary breast cancer cells. A
characteristic dUTPase in the gag gene has recently been
discovered that is essential for viral replication and can be
used for the confirmation of MMTV in human breast cancer
using primer studies (Hizi and Herzig, 2015; Lehrer and
Rheinstein, 2019).

MMTYV has been noted to replicate efficiently in the alveolar
epithelial cells of the mammary glands and an increased
expression of MMTYV has been observed during the lactation
period due to the release of steroid hormones (Taneja et al., 2009).
MMTV contains a long terminal repeat (LTR) of 1.3 kb size,
which is responsible to encode a protein (super-antigens) which,
in turn, activates T lymphocytes (Amarante et al., 2019). This
protein triggers the replication of virus and amplification of T
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lymphocytes, which acts as a carrier to transfer the virus from the
gut to the breast (Figure 2C) (Amarante et al., 2019). Moreover,
the malignant transformation of human breast cancer epithelial
cells is also done by the protein termed as p14 being expressed on
envelope gene of MMTV (Katz et al., 2005). This p14 protein has
shown its oncogenic capability when overexpressed (Feldman
et al, 2012). Some other proteins like Rem, Sag, Naf or
uncharacterized analogs of Tax also play a vital role in the
transformation of human BC epithelial cells (Lawson et al.,
2018). A virus similar to MMTV, named as the human
mammary tumor virus (HMTV), which is found to be a
potential cause of human breast cancer, contains DNA
sequences with a 95%-99% homology with MMTV enveloped
gene; it is found in samples including BC like serum, saliva, milk
and others (Amarante et al., 2019). There is a consistently low
level of HMTYV identification in normal and benign breast cancers
than human breast cancers (Lawson and Glenn, 2019). HMTV
DNA sequences are linked with p53 nuclear aggregation and the
presence of receptors for progesterone, which causes the cellular
down-regulation, leading to breast cancer (Schrauzer, 2006).

Samples of human breast tumors have been found to include
MMTYV sequences from the long terminal repeat (LTR) region of
the MMTV genome. These MMTV env gene sequences are
unique to the MMTV genome and are not found in human
endogenous retrovirus (HERV) sequences, which are frequently
found in human genome research. In any of the MMTV-like env
positive DNAs, no MoMt or IAP DNA sequences were found.
Whnt-1 expression is much higher in MMTV-like positive breast
cancer specimens than in MMTV-like negative breast cancer
specimens, which is consistent with studies showing high Wnt-1
expression in MMTYV positive mouse mammary tumors. PyMT, a
membrane scaffold protein, activates MAPK and PI3K pathways,
which are involved in cell proliferation and survival, by boosting
various signaling pathways, including Shc and PI3-kinase (Cai
et al,, 2017; Nartey et al., 2017).

Many of the strongly enriched pathways, such as ECM-
receptor interaction and focal adhesion, are essentially portion
of the large “pathway in cancer” (KEGG: 05200). The PyMT
oncogenesis causal route PI3K-AKT signaling is also included in
the “pathway of cancer,” and is connected to several of those
enriched pathways. Deregulation of metabolism has long been
associated with cancer, and a high-calorie diet has been shown to
increase cancer risk, particularly in terms of glucose metabolism.
Many metabolic related words and pathways, notably the TCA
cycle pathway, were found to be overrepresented in both DEGs
and WGCNA module genes (Cai et al., 2017; Nartey et al., 2017).

Although many studies have confirmed the presence of
MMTV-associated breast cancer in mice, and have proposed a
pathway by which MMTV can cause tumorigenesis in humans,
some ambiguity is still present in this regard. Studies have
reported both, the presence and absence of MMTV genome or
its sequences in breast cancer samples. For example, studies of
breast cancer in females only by using supplementation of Wang
et al. (1995) has shown 15- fold more prevalence of MMTV-env
sequences in human breast cancers than the control ones. Lawson
and Glenn (2019) also detected 15-fold higher sequences similar
to MMTYV in samples of breast tumour than control samples and
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reported them to be 40% more in patient samples than normal
controls. Serum of women with breast cancer was also found to
contain a 5-fold higher presence of MMTYV antibodies than
normal women serum (Lawson and Glenn, 2019). They also
located the same MMTV-like sequences in lactating women and
in benign breast tumour tissues 1-11 years before diagnosis
(Lawson and Glenn, 2019). They reported these MMTV-like
sequences to be highly similar to MMTV (Lawson and Glenn,
2017). Likewise, a study executed in Saudi Arabia also detected
the presence of MMTV-env provirus sequences in human breast
tumour samples (Al Dossary et al, 2018). However, due to
heterogeneous results, it is not a definitive conclusion. There is
vast difference in prevalence of MMTV- like breast cancer
according to the geographical distinction. It has been observed
that breast cancer prevalence is much more in western countries
(30-40%) than Asian countries (10%-20%) (Stewart et al., 2000).
Approximately 16% variations in Mexico’s identification of
MMTYV breast cancers and 12% in Iraq has been observed and
similar variation has been determined in United States, Italian
and Australian breast cancers (Lawson et al., 2018). Furthermore,
Hameed et al. (2020) declared that no association of MMTV and
breast cancer was found in their study, in which they applied the
Bradford Hill criteria and perused studies with both normal and
benign samples along with those of breast cancer. They, however,
reported that it could worsen the state of breast cancer after its
tumorigenesis had already begun (Hameed et al., 2020). One
more study conducted in Myanmar looked for the presence of
Human Mammary Tumour Virus in breast cancer patients,
which has a 90%-95% homology to MMTV and is mostly
found in humans; from 58 patient samples, they found only
one sample containing the HMV sequence, whose prevalence of
1.7% is obviously quite low (San et al., 2017).

Various drugs and chemicals have shown promising results
in treatment of breast cancer and MMTV infection. For
instance, Cathepsin D (CTSD) is a lysosomal protease
marker that has shown fewer prognoses in human breast
cancer by blocking tumor development in cell- independent
way. Its absence delays the growth of tumor in human for
2 months. Proliferation of quiescent CTSD ™'~ tumor cells has
restarted upon long term culture by reiterating oncogenic gene
expression and signaling pathways (Ketterer et al., 2020).
Moreover, in an ecological and correlational study, it was
revealed that selenium acts as an anti-tumorigenic agent
when given to MMTV positive mice as a dietary element
(Schrauzer, 2006). The traces of selenium present in the
samples were shown to inhibit the infection caused by
MMTV in mice, whereas, chromium was found as an
element antagonistic to selenium (Schrauzer, 2006). When
chromium is present in +3 oxidation state, it acts as a
nutritive factor, while chromium in +6 oxidation state acts
as anti-selenium agent, decreasing the inhibitory effect of
selenium (Schrauzer, 2006). So, chromium and selenium
were showed to have interactive effects on the growth and
development of mouse mammary tumor virus in MMTV
infected female mice (Schrauzer, 2006). The relevance of
interaction between selenium and chromium in humans is
still in debate, but analysis of blood samples of workers
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working in a polish tannery, living in a dusty environment,
and getting exposure to chromium showed decreased level of
selenium (Schrauzer, 2006).

BOVINE LEUKAEMIA VIRUS AND BREAST
CANCER

Bovine Leukaemia Virus (BLV) is responsible for causing bovine
leucosis in cattle worldwide. It belongs to the family of
Retroviridae and is closely related to human T-lymphotropic
virus type-1 (HTLV-1) (Gao et al., 2020). The size of BLV ranges
between 60 and 125nm, having an enveloped capsid and a
diploid positive sense RNA in its structure (Martinez Cuesta
et al,, 2018). In 1969, Janice Miller and co-workers first reported
BLV in cattle (Buehring and Sans, 2020). It infects species close to
cattle such as sheep, buffalo, and alpaca; however, the RNA
genome of BLV has also been reported positive in human
breast tissues (Buehring et al., 2019).

Recently a surge in female death has been observed due to
breast cancer, so finding its etiological factors is necessary. In
recent advanced studies, it is concluded that viruses are also a
predisposing factor to cause cancer. Majorly MMTV, HPV, and
EBV have been found responsible for this guilt (Lawson et al.,
2018). In a few studies, BLV has also been considered a cause of
breast cancer in females (Sinha, 2016). Although BLV is a
zoonotic virus (found especially in cattle), some shreds of
evidence show the presence of BLV in humans, too. Its
presence has been detected and identified in breast cancer
samples by RT-PCR, in situ PCR assay, ELISA,
immunohistochemistry, in situ hybridization, and DNA
sequencing (Figure 1C) (Khatami et al., 2020; Le et al,, 2020).
Most likely, the virus’s presence in women’s breast tissue and
blood indicates its transmission from cattle to humans (Khalilan
etal, 2019). Moreover, antibodies against BLV have been isolated
in humans, which contribute to evidence of its transmission
(Buehring et al., 2003).

The exact mechanism through which the transmission of BLV
in humans takes place is unknown. However, relating some
conditions can probably resolve this problem. There are
several hypotheses which justify the presence of BLV in
humans. According to some studies, consuming contaminated
dairy products and meat of cattle positive with bovine leukemia
virus could be a possible way of transmission in humans (Olaya-
Galan et al., 2017). Vertical transmission has been found in cattle,
which is evidence that the virus is present in their milk (Buehring
et al, 2015). According to some researchers, consuming
unpasteurized and undercooked meat in some areas of the
world could cause transmission in humans (Figure 1C). Some
hypothesize that before pasteurizing technique, this virus became
part of the human species (Khatami et al., 2020).

Oncogene presence in a virus or activation of proto-oncogenes
of cells is an essential step in converting normal cells into
malignant cells. BLV neither has an oncogene, nor can it
incorporate its gene into the cellular genome to activate proto-
oncogene (Aida et al., 2013). Moreover, the presence of a receptor
is significant for a viral infection to take place. In recent studies,
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the presence of a receptor for BLV on human cells is still
unknown. It indicates the resistance of humans against BLV;
however, a close relation of BLV with the human T-cell leukemia
virus (HTLV-1) might justify its relatedness to breast cancer (Ban
et al,, 1999). HTLV-1 is a human origin virus causing defects in
T cells lineage. Both of these viruses have a nearly similar mode of
action to cause disease.

Malignancies of the breast are not caused by directly
interacting with the host genome. Instead, BLV is supposed
to cause defects in the mechanisms responsible for the repair of
base-pair or other kinds of mutations, leading to oxidative
damage. The unrecovered mutations eventually accumulate
and lead to various cancers, such as that of lungs or breast
(Khatami et al., 2020).The genome of BLV is characterized by
the presence of essential genes (pro, pol, env, gag), accessory
genes (G4, R3) and regulatory genes (rex and tax) (Martinez
Cuesta et al., 2018; Bai et al., 2020). Tax is also an oncogene,
and is translated into proteins called Tax. This protein
interferes with a number of normal functions, and renders
them anomalous. The tax encoding genes are responsible for
aberration in the DNA excision repair mechanism, prevention
of apoptosis, and the down regulation in the function of
tumour suppressors. The presence of tax gene, along with
the rex gene, is marked in the Px region, which is between the
envelope gene and one of the long terminal repeats (LTRs), and
is a similar region present in the genome of both of these
viruses (Gao et al., 2020). The presence of tax protein is also
observed evidently in HTLV-1.

Tax protein can supposedly convert normal cells into
malignant cells, primarily by converting lymphocytes into
immortal cells. Moreover, by acting as an activating agent for
cell proliferating genes, and inhibiting the repairing process of
DNA damage, Tax protein can enhance uncontrolled cell division
(Figure 2D). Studies show a new mutant form of Tax protein has
been identified that is named TaxD247G. This mutant form of
Tax protein can enhance genes’ activation more than wild type
(Aida et al., 2013). On the evidence of these functions of Tax
protein, we can hypothesize that BLV can cause breast cancer in
humans. Further studies are required to thoroughly understand
the role of BLV in inducing breast cancer (Buehring et al., 2015).

Bovine Leukaemia Virus primarily causes infection in
bovine animals or cattle. Despite this, there are studies
which report the initiation of lymphosarcoma in 69 sheep
ensuing contact with materials contaminated with bovine
lymphosarcoma (Olsen and Baumgartener, 1976). This gives
evidence that it can be responsible to commence oncogenesis
in an organism other than bovine or cattle. There are also
reports of it playing a causal role in tumour in other animals
like rats, water buffaloes, goats, rabbits, etc. (Schwartz and
Levi, 1994). Along these lines, many cases have been reported
around the globe in which the presence of BLV has been
confirmed in breast cancer patients. In the United States,
BLV was observed in breast cancer tissues in 2015. In
Brazil, using molecular and immunological techniques, BLV
presence was also confirmed. A similar study conducted in
Argentina indicates that BLV could also a possible cause of
breast cancer. In India, a rise in milk consumption could be a
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likely cause of breast cancer (Gao et al., 2020). Moreover, in
Australia and Colombia, BLV presence has been found
(Giovanna et al., 2013; Buehring et al., 2017). In China and
Japan, BLV has not been found in breast cancer samples
(Zhang et al.,, 2016; Saito et al., 2020). The one reason
which can justify the absence of virus in Chinese people is
their lactose intolerance, due to which milk consumers are
significantly low in China (Gao et al., 2020).

SYNERGISTIC ONCOGENIC
RELATIONSHIP OF MOUSE MAMMARY
TUMOUR VIRUS, HUMAN PAPILLOMA
VIRUS AND EPSTEIN-BARR VIRUS IN
BREAST CANCER

Many research studies show that multiple viruses co-exist in
samples extracted from women afflicted with breast cancer.
Glenn et al. (2012) found genome sequences of more than one
virus (namely, from EBV, high-risk HPV and MMTYV) co-
habiting in about 72% of samples taken from women with
breast cancer. Moreover, they also found that DNA extracted
from 50 samples of women with invasive breast cancer
contained EBV genome sequence in 68% of the samples,
MMTYV genome sequence in 78% of the samples, and high-
risk HPV genome sequence in 50% of the samples (Glenn
et al., 2012). Their results also showed that the common
presence of both HPV and EBV was 38% (three- to four-
fold higher) in 50 patients with breast cancer as compared to
10% of 40 normal control breast tissue samples (Glenn et al.,
2012). Results of the study conducted by Naushad et al. (2017)
were in concordance with the aforementioned results; PCR
showed the prevalence of hish-risk HPV, EBV and MMTV
genome sequences in the same samples of Pakistani women
with breast cancer.

According to the studies conducted by Gupta et al. (2020)
and Al Moustafa et al. (2016) co-infection of both, high-risk
HPV and EBV, was found in 47% of Qatari and 32% of Syrian
female breast cancer patients, respectively. Based on their
own previous study conducted in 2015, Moustafa (2015)
postulated that since E5 and E6/7 oncoproteins of HPV
could initiate or enhance the progress of human oral
carcinomas by a co-operative interaction with the LMP1
and EBNAI oncoproteins of EBV, via the EMT event, a
similar mechanism could follow the pathogenesis and
metastasis of breast cancer. Another study conducted in
cervical smears found that chances of HPV genome
integration in host cells increased five- to seven-fold when
EBV presence was found along with it, suggesting that
genome instability caused by HPV was enhanced in its
presence (Polz-Dacewicz et al., 2016). Moreover, it was
also suggested that by producing a homolog of interleukin
10, known as the BCRF1 gene product, EBV might hinder
one’s immune response to cells transformed by HPV (Szostek
et al., 2009). It is possible that breast cancer pathogenesis
might be enhanced by any of the mechanisms suggested.
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DISCUSSION

There is some evidence that Human Papilloma Virus can lead to
breast cancer, but it is insubstantial. Many studies have reported
both the presence and absence of HPV in breast cancer samples.
For example, a study found a 26% prevalence of HPV DNA in
Argentinian women with breast cancer (Suarez et al., 2013). High
risk HPVs, namely HPV 16, 18 and 31, were also detected in 16 of
72 Egyptian females afflicted with breast cancer (El-Sheikh et al.,
2021). However, a study conducted in Indian women with breast
cancer found no traces of either HPV DNA or E6 and E7 proteins,
both, by conventional and real time PCR (Hedau et al., 2011).
Similarly, another study done on patients with breast cancer in
Iran found DNA of HPV in only eight out of the 98 patient
samples, which is an extremely low prevalence; among HPV
positive samples, 62.5% of DNA was of HPV 16 and 18
(Malekpour Afshar et al., 2018). In addition, Kwong et al
(2013) found no traces of HPV by PCR in their study of 102
breast cancer patient samples in Hong Kong.

Most of the accounts aforementioned reporting the presence
of HPV genome in breast tumour samples is in Western females.
There is also a higher viral load in patients of breast cancer as
compared to controls. On the contrary, absence of HPV DNA or
extremely low prevalence is mostly seen in Eastern particularly,
Asian, females. Therefore, to get a better picture of the causal link
between HPV and breast cancer, more studies should be
conducted on Eastern women with breast cancer, especially
those who were previously affected by HPV infections in their life.

Similar results have been reported in regard to EBV. A study
conducted in France discovered that 51% of tumour samples
contained the EBV genome, while 90% of healthy tissue samples
taken from near the tumour site showed its absence (Bonnet et al.,
1999). This indicates that EBV genome is significant in these
oncogenic epithelial cells, as neighbouring normal cells showed
no trace of it. Moreover, Zekri et al. (2012) detected the presence
of EBV in 45% of Egyptian women with breast cancer and 28% of
Iraqi breast cancer patients and also reported a more plausible
relationship of EBV with increased aggressiveness of the cancer.
Meanwhile, Dowran et al. (2019) found no traces of EBV in
Iranian breast cancer patients. Likewise, Kadivar et al. (2011)
found an absence of EBV in 100 breast cancer patient samples.

Most of the studies which support the hypothesis that breast
can also be EBV associated are conducted in the West. On the
other hand, reports which deny its association with breast cancer
and present mostly in Asia. However, no conclusive statement
can be given in this regard, as any EBV-associated breast cancer
samples were not found in America and New Zealand, too. It is
possible, though, that breast cancer can be worsened or become
aggressive by the infection of EBV after tumorigenesis. In any
case, more studies need to be executed to eliminate this
conflicting result.

In concordance with HPV and EBV, there is substantial
evidence that MMTV can cause cancer in human breast
tissues, but the underlying mechanism which execute this are
not yet clear and defined. The evidence reports includes a study
carried out in Egypt aimed to detect the presence of env sequences
in MMTV-like DNA in samples of familial and non-familial
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breast cancer; the prevalence they found was 70% in familial and
76% in non-familial women suffering from breast cancer (Loutfy
et al,, 2021). Furthermore, one more study reported 65.72%
prevalence of MMTYV sequences on 105 breast cancer patients
and also suggested that be used as a biomarker for cancer invasion
(Khalid et al., 2021). However, a study reported a contrasting
result; they detected the presence of MMTV in human breast
cancer samples, but due to inconsistency and a later confirmation
of it being murine DNA, they concluded that no association was
present between MMTV and human breast cancer (Perzova et al.,
2017). Likewise, another study which took place in Iran reported
that they found no traces of two sequences of MMTV-like DNA
by nested PCR in any of their 300 breast cancer patient samples
(Motamedifar et al., 2012).

As compared to HPV and EBV, more studies reported the
presence of MMTV or MMTV-like sequences in breast cancer in
Western countries as compared to Eastern countries. Moreover,
since some studies enumerate that an increased frequency of
MMTV-like sequences were found in patient samples as
compared to control, suggests that it may enhance tumour
induction. However, this gap in these findings certainly needs
to be abridged to get a picture with more clarity. A concrete
statement cannot be given with such contrasting studies also
existing, and being continuously reported, around the world.
Therefore, it is more prudent to report that MMTV or MMTV-
like sequences may play causal role for breast cancer, but evidence
regarding this is still inconclusive.

BLV-associated infection and cancer is usually found in
bovine animals and cattle, but varying results regarding it are
also seen in human breast cancer samples. For instance, a case
control study carried out in Texas, America, reported a significant
presence of BLV genome in tissues of women with breast cancer
as compared to those women with benign tumour or were normal
(Baltzell et al, 2018). To know if there was any associative
relationship of BLV and HPV in causing malignant breast
cancer, they also executed PCR and DNA hybridization tests;
however, they found no traces of HPV in any of the samples
(Baltzell et al., 2018). Similarly, Khatami et al. (2020) reported by
their meta-analysis study that nine case control studies centring
on the causal role of BLV for breast cancer confirm the notion. As
aforementioned, some reports also propose contrasting results.
This could be due to low milk consumption in the Chinese and
Japanese population, as compared to other countries where there
was a prominent association between BLV and breast cancer, as
already mentioned above.

Collective survey of literature does suggest that an association
between BLV and breast cancer is highly likely, but the evidence is
still insufficient. Efforts to eradicate bovines, cattle and other
animals from BLV might be one way to control its supposed effect
on breast cancer.

CONCLUSION

In our opinion, even though there is evidence that Human
Papilloma Virus can cause cervical and oral cancers and is
considered as a high risk factor for breast cancer, it is not
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sufficient to conclude that it alone is a causal factor for breast
cancer. Moreover, evidence that Mouse Mammary Tumour Virus
can lead to breast cancer is suggestive and comprehensive, but is
not conclusive because its prevalence is higher in Western females
as compared to women residing in the East. In addition, although
a pathway leading to the pathogenesis of breast has been
proposed for Epstein - Barr Virus, it is inadequate to
conclude that it is one of the root factors for breast cancer.
Similarly, even though there are suggested pathways by which
Bovine Leukemia Virus can confer breast cancer and is suggested
to be highly likely, it is insufficient to report it as conclusive, due
to different reports in varying geographical distributions.
However, evidence that presence of multiple viruses in
specimens of breast cancer, is more detailed and suggestive.
More studies are required to conclude that these viruses
definitely lead to the malignancy that is breast cancer.

REFERENCES

Abramson, V. G., Lehmann, B. D,, Ballinger, T. J., and Pietenpol, J. A. (2015).
Subtyping of Triple-Negative Breast Cancer: Implications for Therapy. Cancer
121 (1), 8-16. doi:10.1002/cncr.28914

Aida, Y., Murakami, H., Takahashi, M., and Takeshima, S.-N. (2013). Mechanisms
of Pathogenesis Induced by Bovine Leukemia Virus as a Model for Human
T-Cell Leukemia Virus. Front. Microbiol. 4, 328. doi:10.3389/fmicb.2013.00328

Al Dossary, R., Alkharsah, K. R, and Kussaibi, H. (2018). Prevalence of Mouse
Mammary Tumor Virus (MMTYV)-like Sequences in Human Breast Cancer
Tissues and Adjacent normal Breast Tissues in Saudi Arabia. BMC Cancer 18,
170. doi:10.1186/s12885-018-4074-6

Al Moustafa, A.-E., Al-Antary, N., Aboulkassim, T., Akil, N., Batist, G., and
Yasmeen, A. (2016). Co-Prevalence of Epstein-Barr Virus and High-Risk
Human Papillomaviruses in Syrian Women with Breast Cancer. Hum.
Vaccin. Immunother. 12 (7), 1-4. doi:10.1080/21645515.2016.1139255

Amarante, M. K., de Sousa Pereira, N., Vitiello, G. A. F., and Watanabe, M. A. E.
(2019). Involvement of a Mouse Mammary Tumor Virus (MMTV) Homologue
in Human Breast Cancer: Evidence for, against and Possible Causes of
Controversies. Microb. Pathog. 130, 283-294. doi:10.1016/j.micpath.2019.
03.021

Bai, L., Hirose, T., Assi, W., Wada, S., Takeshima, S.-n., and Aida, Y. (2020). Bovine
Leukemia Virus Infection Affects Host Gene Expression Associated with DNA
Mismatch Repair. Pathogens 9 (11), 909. doi:10.3390/pathogens9110909

Balci, F. L., Uras, C.,, and Feldman, S. M. (2019). Is Human Papillomavirus
Associated with Breast Cancer or Papilloma Presenting with Pathologic
Nipple Discharge? Cancer Treat. Res. Commun. 19, 100122. doi:10.1016/j.
ctarc.2019.100122

Baloch, A. H,, Shuja, J., Daud, S., Ahmed, M., Ahmad, A., Tareen, M., et al. (2012).
Various Aspects, Patterns and Risk Factors in Breast Cancer Patients of
Balochistan. Asian Pac. ]. Cancer Prev. 13 (8), 4013-4016. doi:10.7314/apjcp.
2012.13.8.4013

Baltzell, K. A., Shen, H. M., Krishnamurthy, S., Sison, J. D., Nuovo, G. J., and
Buehring, G. C. (2018). Bovine Leukemia Virus Linked to Breast Cancer but
Not Coinfection with Human Papillomavirus: Case-Control Study of Women
in Texas. Cancer 124 (7), 1342-1349. d0i:10.1002/cncr.31169

Ban, J., Hlavaty, J., Orlik, O., Splitter, G. A., and Altaner, C. (1999). The Human
Homologue of the Bovine Leukemia Virus Receptor BLVRcpl is the §-subunit
of Adaptor-Related AP-3 Protein that Does Not Bind the BVLgp51. Arch. Virol.
144 (10), 2013-2022. doi:10.1007/s007050050722

Bolis, V., Karadedos, C., Chiotis, I., Chaliasos, N., and Tsabouri, S. (2016). Atypical
Manifestations of Epstein-Barr Virus in Children: A Diagnostic challenge.
J. Pediatr. 92 (2), 113-121. doi:10.1016/j.jped.2015.06.007

Bonlokke, S., Blaakeer, J., Steiniche, T., Hogdall, E., Jensen, S. G., Hammer, A., et al.
(2018). Evidence of No Association Between Human Papillomavirus and Breast
Cancer. Front. Oncol. 8, 209. doi:10.3389/fonc.2018.00209

Oncogenic Viruses and Breast Cancer

Moreover, even if there is a definite causal relationship
between viruses and breast cancer, control of these viral
infections in the first place might curb reported cases.
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