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Abstract

Several different viruses have been proposed to play a role in breast carcinogenesis. The aim of this study was to investigate
the prevalence of a subset of viruses in breast cancer tissue. We investigated the prevalence of 12 DNA viruses: EBV and
CMV from the Herpesviridae family and SV40, BKV, JCV, MCV, WUV, KIV, LPV, HPyV6, HPyV7, and TSV from the Polyomaviridae
family in 54 fresh frozen breast tumour specimens. Relevant clinical data and basic lifestyle data were available for all
patients. The tissue samples were DNA extracted and real-time PCR assays were used for viral detection. The highest
prevalence, 10% (5/54), was found for EBV. MCV, HPyV6, and HPyV7 were detected in single patient samples (2% each),
while WUV, KIV, JCV, BKV, LPV, SV40, TSV and CMV were not detected in the 54 breast cancer specimens analysed here.
Further investigations are needed to elucidate the potential role of viruses, and particularly EBV, in breast carcinogenesis.
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Introduction

Breast cancer is the most common type of cancer in women

worldwide [1]. Only a small proportion of breast cancer cases,

approximately 5%, are caused by hereditary mutations (such as

BRCA1 and 2) [2], with the majority of breast cancers being

sporadic or acquired in nature. Whilst there are some recognised

risk factors for sporadic breast cancer such as late first full-term

pregnancy, nulliparity, obesity and alcohol, only a small propor-

tion of breast cancer cases actually display these risk factors.

Hence, the aetiology of sporadic breast cancer remains enigmatic.

Infectious agents have been estimated to be responsible for 18% of

human cancers [3], and a role of viral infection in breast

carcinogenesis has been proposed. A number of studies have

examined the role of different viruses with oncogenic potential

such as human papillomavirus (HPV), mouse mammary tumour

virus (MMTV), simian virus 40 (SV40), cytomegalovirus (CMV)

and Epstein-Bar virus (EBV) in breast cancer tissue [4,5,6].

However, even though these viruses have been identified in

varying prevalence in breast cancer tissue, there has so far not

been any definitive evidence for a causal role of any of these

viruses [4,7].

SV40 is a non-human member of the Polyomaviridae family which

has traditionally contained only two true human-host specific

viruses (JCV and BKV). In the last four years, there has been a

flurry of new human polyomaviruses discovered, however their

role in various human cancers has not been thoroughly evaluated.

In 2007, WU and KI polyomaviruses (WUV and KIV,

respectively) were nearly simultaneously discovered by separate

groups in the respiratory tracts of children presenting with

respiratory disease [8,9]. A year later, Merkel Cell Polyomavirus

(MCV) was discovered integrated into Merkel cell carcinoma

(MCC) tissue, a rare but aggressive form of skin cancer [10].

Subsequent studies have confirmed the association between MCV,

viral integration and MCC (up to 80% tumour positivity rate), and

to this day, MCV presents the strongest evidence for polyomavirus

involvement in human oncogenesis [11,12]. More recently, three

additional polyomaviruses have been discovered; HPyV6 and

HPyV7 on the skin of healthy human volunteers [13] and

Trichodysplasia Spinulosa Polyomavirus (TSV) from the hair

follicles of a heart transplant patient suffering from TSV’s

namesake disease [14]. Like SV40, Lymphotropic Polyomavirus

(LPV) is a monkey-origin virus [15], however in the last few years,

there have been several reports of its detection in the blood of

immunocompromised patients [16,17]. The new members of the

human polyomavirus family appear to have a tissue tropism

preference for various forms of epithelial tissues, which also form

the majority of breast cancer types [18].

In this study we investigated the prevalence of two members of

the Herpesviridae family (EBV and CMV) together with ten

members of the Polyomaviridae family (SV40, BKV, JCV, MCV,
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WUV, KIV, LPV, HPyV6, HPyV7 and TSV) in breast tumour

specimen.

Materials and Methods

Study population and samples
We analysed 54 breast cancer tissue samples that were removed

as a part of treatment from patients undergoing surgery at the

Wesley Hospital, Brisbane, Queensland, Australia between 2003

and 2007. These samples were used in a previously published

study into the role of human papillomaviruses in breast cancer [6].

All tissue samples were confirmed by histology and the patients’

median age was 57 years, with a range of 31–88 years. We also

had adjacent tumour free breast tissue from 10 of these women

that served as controls. The median age for these 10 women was

53. Data on diagnosis, location, invasive grade, histological type,

menopausal status, family history of breast cancer, cervical cancer

diagnosis and HER2, oestrogen and progesterone receptors was

also captured in an Access database.

Written informed consent was obtained from all patients, and

the taking of fresh frozen breast cancer tissue samples for this

project was approved by the Princess Alexandra Hospital Human

Research Ethics Committee (PAH 2007/057).

Tumour tissue samples were snap frozen and stored at 280uC.

Prior to extraction the samples were grinded in 1.5 ml tubes on

dry ice. The tissue samples were then homogenized in Trizol

(Invitrogen, Carlsbad, CA), and DNA extraction was carried out

following the protocol provided by the manufacturer. The DNA

extracted from the breast tissue specimens was stored at 220uC
until analysed.

Viral analysis
Viral detection was achieved with both published and

specifically designed real-time PCR (rtPCR) assays. Samples were

screened in duplex for JCV (JL1) and BKV (V3a) using previously

published methods [19,20]. Similarly, polyomaviruses TSV (VP1

assay) [14], SV40 (SL1 assay) [20], as well as EBV [21], and CMV

[22] were screened for in previously published singleplex assays.

Based on available genomic sequences, rtPCR assays targeting

MCV, LPV, HPyV6, HPyV7, WUV and KIV were designed and

evaluated for cross-reaction with other viral species (Table 1). The

LPV, HPyV6 and HPyV7 assays were run as singleplex reactions,

while the WUV and KIV assays were combined into a triplex.

Samples positive by the HPyV6-VP2 and HPyV7-LT screening

assays were confirmed with the use of secondary rtPCR assays

HPyV6-LT and HPyV7-VP2 (Table 1), respectively, while MCV-

LT1.1 positive samples were confirmed by a previously described

MCV rtPCR assay [23].

A common reaction mix was used for all rtPCR assays. Briefly,

the rtPCR consisting of 12.5 ml Quantitect Probe PCR Mix

(QIAGEN, Australia), 10 pmol of each primer, 4 pmol of each

probe and 2 ml of template in a 25 ml final reaction was performed

in a Rotorgene 3000 (Corbett Research, Sydney, Australia) under

the following conditions: 15 minutes incubation at 95uC, followed

by 45 cycles of 95uC for 15 seconds and 60uC for 1 minute.

For positive controls, the MCV, WUV/KIV, JCV/BKV,

CMV, and EBV screening assays used known clinical positive

samples, for the LPV and TSV screening assays whole-genome

plasmids were used, for the HPyV6 and HPyV7 screening assays

synthetic oligo controls were used, and for the SV40 screening

assay the SV40-integrated COS-1 cell line was used.

Only samples which were both positive for the screening and

confirmatory assays were considered ‘‘positive’’. Other sample

targets which were well characterised, such as JCV, BKV, EBV,

CMV, WUV, KIV, or did not produce any positives (LPV, TSV,

SV40) did not need confirmation.

A PCR assay targeting the human L1 sequence was used to

ensure that our sample contained human DNA and that no PCR

inhibiting agents were present, as described in our previous study

[6].

Statistical analysis
For comparisons, we used the t-test for normally distributed

continuous variables and chi-square or Fisher’s test (for small

samples where the expected number in any cell was ,5) for

categorical variables. All analyses were conducted in SAS (version

9.2) and all significance tests were two sided at a= 0.05.

Results and Discussion

Fifty-four Australian breast cancer tumours were analysed for

the presence of ten different viruses from the herpes and

polyomavirus families.

The mean age of the 54 women studied was 57 years and the

mean size of the study tumours was 24 mm (range: 8–120 mm),

with a majority of patients diagnosed with invasive ductal

Table 1. Primer and probe sequences, in 59 to 39 orientation,
of LPV, HPyV6, HPyV7, WUV and KIV assays used in this study,
along with their genomic target.

Oligo Sequence Virus Target

LPV-VP2-F CATTGAAATAGAAGCAGTGGATCTTG LPV VP2

LPV-VP2-R AAACTCCTATTCCTATGGCATTGTTG

LPV-VP2-Prb AGAGCAGTTTTCCCTCCTAAGTGCTATCCCAA

HPyV6-VP2-F TTGAGGAGCTGGACAAAGAGATT HPyV6 VP2

HPyV6-VP2-R TCTGGGAAGCTTTTGAATTGGT

HPyV6-VP2-Prb AGGAAGATGCCTTGTCACAGAAAAGGAAATG

HPyV6-LT-F ACCAGGTGGGTGATGAAGACA HPyV6 LTAg

HPyV6-LT-R CGCCTGAATGTTTTAAAGGAGAA

HPyV6-LT-Prb TTGGTCCCTCAGGGTGGCATTCA

HPyV7-LT-F AAGACATTCAGTCTTTGCATTTTCTG HPyV7 LTAg

HPyV7-LT-R CCCCTCATACAGCATAAGGTTAGATT

HPyV7-LT-Prb CCACCTTTATCTGGATGATACTTTTTGCTGGC

HPyV7-VP2-F GAGGAAGGAAACACTCCCCAGTA HPyV7 VP2

HPyV7-VP2-R TTCACTTCTTTTTGTAGCTCCTCAAG

HPyV7-VP2-Prb ACTATACCTCAATGGATGCTTTTTGT

WUV-F-Reg-F GCCGACAGCCGTTGGATATA WUV NCCR

WUV-F-Reg-R TTTCAGGCACAGCAAGCAAT

WUV-F-Reg-Prb AGGGTCACCATTTTTATTTCAGATGGGCA

KIV-D-LT-F CACAGGTGGTTTTCTATAAATTTTGTACTT KIV LTAg

KIV-D-LT-R GAATGCATACATCCCACTGCTTC

KIV-D-LT-Prb TGCATTGGCATTCGTGATTGTAGCCA

KIV-E-Reg-F GAACTTCTACTGTCCTTGACACAGGTA KIV NCCR

KIV-E-Reg-R GGATTAGAACTTACAGTCTTAGCATTTCAG

KIV-E-Reg-Prb TGGGAAACATCCGGTTTCCTCTCACTTCC

MCV-LT1.1-F AGCTCAGAAGTGACTTCTCTATGTTTGA MCV LTAg

MCV-LT1.1-R ACAATGCTGGCGAGACAACT

MCV-LT1.1-Prb TTTGCAGAGGTCCTGGGTGCATG

LTAg = Large T Antigen, NCCR = Non Coding Control Region.
doi:10.1371/journal.pone.0039842.t001

DNA Viruses in Breast Cancer

PLOS ONE | www.plosone.org 2 August 2012 | Volume 7 | Issue 8 | e39842



carcinoma (87%). Other relevant clinical features for the 54

patients studied can be found in Table 2.

The highest prevalence of the viruses investigated here in the

breast tumour samples was 10% (5/54) which was found for EBV.

None of the ten adjacent healthy tissues were EBV positive,

including one originating from an EBV positive patient. Four of

five EBV positive samples were grade 3 tumours, with the

remaining one being grade 2. All five EBV positive women were

postmenopausal, and were on average 10 years older than the

EBV negative women (66 and 56 years old, respectively), however

this age difference was not statistically significant (p = 0.09). In a

recent paper, the EBV positive cells in breast tumours were found

to be infiltrating lymphocytes, while no virus was detected in the

malignant breast cells [24]. Due to insufficient original sample

quantities, we were not able to perform in situ hybridisation or

immunohistochemistry on the EBV positive samples, and thus,

could not determine the cellular origin of the detected virus.

MCV, HPyV6, and HPyV7 were detected in single cases (2%

each) of the breast tumour samples. The MCV positive patient was

a 58 year old woman with a grade 1 tumour of mixed type (ductal

and lobular) breast cancer. The patient with the HPyV6 positive

tumour was 52 years and had a grade 2 ductal breast tumour,

while the HPyV7 positive patient was 78 years and had a grade 2

lobular breast tumour. The MCV, HPyV6 and HPyV7 positive

samples produced high cycle threshold values of 31.9, 38.5, and

40.2, respectively, which is suggestive of low viral genome copy

numbers. Given the evident low viral loads, and that MCV,

HPyV6 and HPyV7 are polyomavirus with skin tropism, it is

unclear whether these findings represent true infection or merely

sample contamination originating from the skin during surgical

excision or from skin shedding during sample processing.

WUV, KIV, JCV, BKV, LPV, SV40, TSV, and CMV were not

detected in the 54 breast cancer specimens analysed in this study.

JCV and BKV were discovered 40 years ago and findings of

these two viruses have been reported in various types of tissues, but

infections have mainly been associated with urinary tract diseases

and mild upper respiratory tract infections [25]. Both viruses have

been found to persist in kidneys, B-lymphocytes and the central

nervous system (CNS) [26,27,28]. There are, to our knowledge,

only one publication to date investigating JCV and BKV DNA in

breast tumours [29]. This recent paper by Hachana et al

performed on Tunisian breast tumours did not find any BKV

DNA positive tumours, but 23% of the specimens were found to

be JCV positive. The JCV positive tumours in this paper were all

invasive ductal type carcinomas. The majority of our samples

(87%) were also of invasive ductal type, but we did not identify

JCV in our population. Real-time PCR is generally accepted to be

at least one log more sensitive than conventional PCR, and

increasing PCR cycle numbers tends to increase the final yield and

sensitivity of the assay. Considering Hachana et al used 35 cycles

on their conventional PCR for the detection of JCV, while we used

45 cycles in a real-time PCR assay, we believe that assay sensitivity

cannot explain the divergent JCV detections. In view of the

Tunisian samples and our samples being similar breast tumour

type (majority invasive ductal), and the previous study’s apparent

lower JCV assay sensitivity, it is difficult to explain the vast

difference in JCV detections between our sample sets. Further-

more, Hachana et al found a significant correlation between

multiple viral infection (SV40, JCV and MMTV) and ‘‘triple

negative’’ phenotype (ER, PR and HER2) [30]. Due to the low

number of polyomavirus detections, we did not find any

correlations with the ‘‘triple negative’’ phenotype and any other

variables in our dataset.

None of our specimens were positive for the monkey origin

polyomavirus SV40. A study by Hachana et al. [30] investigating

SV40 in breast tumours found 22% of tumours to be SV40

positive compared to 2% in matched tumour-free breast tissue,

which contrasts with the findings of our study. The previous study

SV40 assay targeted the large T antigen gene, whereas we used a

previously published assay targeting the structural VP2 gene. This

choice of targets may have impacted our ability to detect any

integrated SV40 genomes if their structural genes were truncated.

Alternatively, the detection of SV40 DNA may have been due to

endogenous contamination of reagents or samples by SV40

sequences, considering the ubiquity of SV40 sequence use in

molecular biology.

CMV is an interesting virus in regard to breast cancer, even

though there is no solid evidence of an involvement in breast

carcinogenesis. Thirty to 40% of CMV infections are acquired

during the first year of life and the route of transmission is mainly

through breast milk from the mother [31]. Interestingly, one case-

control study found an odds ratio (OR) of 4.0 for women

seroconverting to CMV at least four years prior to being

diagnosed with breast cancer compared to women who did not

seroconvert [32]. When adjusting for parity and age at first birth,

the OR for CMV seroconversion increased to 9.7 in the same

study. However, CMV was not detected in our study population.

To conclude, we found very low or no prevalence to the viruses

investigated in this study apart from EBV, although due to the

histological limitations of the study, we could not draw robust

Table 2. Basic characteristic for study participants.

N %

Total 54

Age (mean and SD) 57.0 (11.9)

Menopausal status Pre 13 24%

Peri 9 17%

Post 32 59%

Tumour size (mean and SD) 24.3 (23.0)

Tumour size .25 mm 41 76%

,25 mm 13 24%

Cancer type Invasive Ductal 47 87%

mixed 1 2%

DCIS 1 2%

Invasive Lobular 5 9%

Grade 1 10 19%

2 23 42%

3 20 37%

N/A 1 2%

Nodal Status Positive 20 37%

Negative 34 63%

ER Positive 43 80%

Negative 11 20%

PR Positive 39 72%

Negative 15 28%

HER2 Positive 8 15%

Negative 46 85%

Triple negative Yes 6 11%

(ER, PR and HER2) No 48 89%

doi:10.1371/journal.pone.0039842.t002
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conclusions on EBV’s role in breast cancer. The study data

suggests the lack of these DNA viruses’ involvement in breast

cancer, however further investigations and larger studies are

needed to elucidate if EBV plays a role in breast carcinogenesis.
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