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Abstract Mouse mammary tumor virus (MMTV) is a well-
known cause of mammary tumors in mice transmitted as
endogenous proviruses or exogenously as infectious virions.
The hypothesis that a retrovirus homologous to MMTV is
involved in human breast cancers has resulted in renewed
interest in the etiology of human breast cancer. Therefore,
the detection of MMTV-like exogenous sequences in 30—
40 % of invasive breast cancer has increased attention towards
this hypothesis. To detect the prevalence of MMTYV in Paki-
stani population, 666-bp-long MMTV envelop and 630-bp
LTR sequences were amplified from breast cancer patient
samples (tissue biopsies and peripheral blood) using mouse
with mammary tumor as control. MMT V-like virus env and
LTR DNA sequences were detected in 20 and 26 % of breast
tumor samples, respectively, from the total of 80 breast cancer
patients’ blood and tissue samples. No significant association
was observed between age, grade of disease, and lymph node
involvement with the prevalence of MMT V-like sequences.
Our data add to the growing number of studies implicating
MMTV-like virus in human breast cancer, but still clear causal
association of MMTV to breast cancer remains to be
reputable.
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Introduction

Mouse mammary tumor virus (MMTV) is a beta retrovirus
first described by Bittner et al. in 1936 as an extra-
chromosomal agent secreted in milk and has since been a
known cause of mammary tumors in certain strains of mice
[2]. MMT V-like virus has been a major suspect as a cause of
some human breast cancers for over 50 years. Despite the
substantial evidence that MMT V-like virus may have a role in
human breast cancer, the development of conclusive evidence
has been elusive [15]. MMTYV itself does not have the onco-
genic potential; it rather acts as an insertional mutagen. Inser-
tion of a retroviral genome in the vicinity of a proto-oncogene
has the potential to lead to an inappropriate transcriptional
activation of nearby genes, causing oncogenic transformation
of the infected cells [4]. Insertion of the MMTV genome
within several loci designated as mt, wnt, and int has been
observed, most of which encode for growth factors or other
related proteins. Normally, wnt, int, and mt genes are not
expressed in mammary tissue but get activated after integra-
tion of MMTYV provirus into the adjacent chromosomal DNA,
leading to mammary carcinogenesis [32].

MMT V-like virus has been under speculation as a possible
cause of human breast cancer [26]. The hypothesis of MMTV
involvement in human breast cancer was proposed based on
the presence of MMT V-like retroviral particles in breast can-
cer biopsies and milk, supported by the detection of MMTV
proteins in breast tumors by use of anti-MMTYV antisera and
by the presence of MMTYV reactive antibodies [6, 9, 13, 20,
21, 23, 27, 33]. Molecular hybridization studies identified
significant homology at the nucleic acid level between
MMTYV and RNA isolated from human breast tumors [27].
MMTYV envelope nucleotide sequences (env) (95-99 % ho-
mologous to MMTYV) were detected in 38.5 % of unselected
human breast cancer samples but not in normal breast or other
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tissues [32]. Moreover, two complete proviral sequences were
isolated from two human breast carcinomas and found to have
95 % nucleotide homology with MMTYV but only 57 % ho-
mology to HERV-K [17]. MMTV gene-like sequences have
been found more frequently in breast cancer patients with a
family history of breast cancer, tumors discovered during
pregnancy or lactation, and breast cancers from certain geo-
graphical locations [24]. The prevalence of MMT V-like gene
sequences has been found to be 73.7 % in Tunisia [25], 38 %
in North America [19, 31], 38 % in Italy [1, 16] and Australia
[10], 31 % in Argentina [19], 16.8 % in China [18], and 4.2 %
in Mexico [36]. Studies have suggested an unseen association
between breast cancer development and aggressiveness and
the presence of viral sequences with 80 % homology with
MMTV.

Despite the considerable evidence that MMT V-like virus
may be linked with breast cancer cause and tumorogenesis,
the exact mechanism and relationship of MMTYV and breast
cancer in humans is still a subject of research [14]. Here, we
extend the search for MMTYV envelop and LTR-like gene
sequences in a Pakistani population diagnosed with breast
cancer and fibroadenoma. Our results show the presence of
MMTV-like sequences in breast cancer patients and thus
provide supportive evidence for the viral cause in breast
cancer.

Materials and methods
Patients and controls

Peripheral blood samples and formalin-fixed paraffin-
embedded (FFPE) tissue biopsies of a total of 80 clinically
diagnosed breast cancer patients were taken from different
hospitals of Rawalpindi, Islamabad, and Lahore after taking
informed consent. Blood samples from one healthy male and
five healthy female volunteers (without having a history of
any type of cancers reported in their families) were taken as
control. Blood samples were collected in sterile vacutainers
containing EDTA as anti-coagulant and were stored at 4 °C.
To conduct this study, approval from Institutional Review
Board (IRB) of Atta-ur-Rahman School of Applied Biosci-
ences (ASAB) was taken prior to the start of the project.

Animals

Balb/C mice strain generously provided by AMSON Vaccine
& Pharma, Pakistan, was maintained and bred in ASAB
animal house at NUST H-12 campus. Few of the mice devel-
oped spontaneous mammary tumor, and those mice were then
kept in separate chambers to avoid spread of the tumor. Mice
were monitored for mammary tumors by palpation. Tumor-
bearing mice were held 3 to 4 weeks before sacrifice. The

@ Springer

tumor mass was isolated through biopsy while blood samples
were taken through heart puncturing.

DNA isolation from FFPE tissue and blood samples

The samples were processed for DNA extraction from
formalin-fixed paraffin embedded (FFPE) tissue samples as
described by Chan et al. [3]. The major steps involved de-
parafinization, xylene removal, tissue lysis, phenol-
chloroform extraction, and resuspension of isolated DNA.

The DNA from human and mice blood samples were
collected using phenol-chloroform extraction method. Quality
of the DNA was checked on 0.8 % agarose gel, followed by
ethidium bromide staining. Genomic DNA concentration was
estimated using a spectrophotometer by measuring the optical
density of DNA at 260 and 280 nm and ratio of absorbance at
260/280 nm was used to assess the purity of DNA. A ratio of
~1.8 is generally accepted as “pure” for DNA; so the samples
having the ratio below 1.7 were treated with phenol-
chloroform to remove the contaminating proteins.

Checking the DNA integrity using polymerase chain reac-
tion (PCR) for 3-globin gene was performed as described by
Daniel et al. [5] using forward primer 5'-ACACAACTGTGT
TCACTAGC-3' and reverse primer 5'-CAACTTCATCCA
CGTTCACC-3'. PCR was performed using standard PCR
procedures to avoid contamination, and DNA quality was
assessed by amplifying a 119-bp fragment of the 3-globin
gene under the PCR profile; denaturing at 95 °C for 40 s,
annealing at 58 °C for 40 s, and extension at 72 °C for 50 s for
35 cycles, and a final extension at 72 °C for 7 min, keeping the
number of cycles 35.

A 119-bp DNA fragment on agarose gel depicted the
amplification of (3-globin gene (Figs. 2 and 3). Only those

«—Gag (1338bp)
Env (666bp)
«— LTR (630bp)

1000bp —»

500bp ——»

Fig. 1 Amplification of MMTV Gag-LTR gene, 1,338 bp, Envelope
gene, 666 bp, and LTR gene, 630 bp, by PCR. Lane M 50-bp ladder
(Fermentas, USA); lane 1 Gag-LTR gene, 1,338 bp; lane 2 LTR gene,
630 bp; lane 3 env gene, 666 bp
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Fig. 2 Screening of MMTYV envelop gene from breast cancer DNA samples. Lane M 1-kbp ladder (Fermentas, USA), lanes 1—17 samples screened for the
presence of 666-bp MMT V-envelop gene, lane 18 negative control, lane 19 positive control. Lower gel showing (3-globin gene of 191 bp as a PCR control

samples which gave amplification of (3-globin gene were
selected, and the rest of the samples were discarded.

Screening of MMT V-like env and LTR sequence

Blood as well as tissue biopsies were taken from the mice with
tumor, and histopathology of the mice tissue samples was
done to confirm the mammary tumor. DNA from both tissue
and blood sample were extracted, and PCR was performed to
detect env and LTR-like MMTV DNA sequences [32].
MMTV-env gene of 660 bp was amplified using forward
primer 5'-CCTCACTGCCAGATC-3' and reverse primer 5'-
CTATCTGTGGCATACCT-3". MMTV-LTR gene of 630 bp
was amplified using forward primer 5'-GGTGGCAACCAG
GGACTTAT-3" and reverse primer 5'-CGTGTGTTTGTGTC
TGTTCG-3". PCR was performed in 50-uL reaction mixture
which consisted of 1x polymerase buffer, 2 mM MgCl,,
2 mM dNTPs (dATP, dGTP, dTTP, dCTP), 20 pmol of each
forward and reverse primers, 1 unit of thermostable Tag
polymerase, and 20 ng of DNA as template. Nuclease-free
water was added to make the volume up to 50 pL. Thermal
profile for PCR reaction consisted of 35 cycles of denaturation
at 95 °C for 40 s, annealing at 50 °C for 40 s, and extension at
72 °C for 50 s for 35 cycles, and a final extension at 72 °C for
7 min. To avoid false positive PCR amplification results, PCR
was performed using standard PCR procedures. Amplified

M 1 2 3 4 5 6 7 8

3000bp-=
1000bp -

PCR products were resolved on 1.5 % agarose gel followed
by ethidium bromide staining and analysis through UV trans-
illuminator. DNA fragments referring to ~660-bp-long
MMT V-env and ~630-bp-long MMTV-LTR were eluted from
gel and cloned in pCR II vector (Invitrogen Life Technologies,
Inc., Carlbad, CA, USA) containing LacZ as reporter gene,
allowing blue-white selection, following manufacturer’s pro-
tocol. A total of eight transformed white colonies of
Escherichia coli were screened through restriction digestion
with EcoR1. Clones were subjected to commercial DNA
sequencing (Operon, Canada) and sequences were analyzed
through BLAST homology search and CLC Bio software.
The resulting sequences (accession numbers KC179710-
KC179713) were compared to known published sequences
and to sequences in the GenBank, with accession ID as
AY659980-AY 659985 for env sequences and AY652964—
AY 652978 for LTR sequences. The confirmed clones were
then used as positive controls in all PCR reactions.

Statistical analysis

The prevalence of MMTV-like env and LTR DNA se-
quences in Pakistani breast cancer patients was correlated
with age, grade of the disease, and lymph node presence
or absence by using Statistical Product and Service Solu-
tions (SPSS) correlation test.

9 10 11 12 13 14 15

= Ltr (630bp)

Fig.3 Screening of MMTYV LTR gene from breast cancer DNA samples.
Lane M 1-kbp ladder (Fermantas, US), lane I negative control, lanes 2
and 3 positive control, lanes 4—15 breast cancer DNA samples screened

for the presence of 630-bp MMTV-LTR gene. Lower gel showing {3-
globin gene of 191 bp as a PCR control
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Results

Amplification and cloning of MMTYV envelop and LTR genes
from mice

Amplification of MMTV 666-bp envelope and 630-bp LTR
gene sequences from the blood and tissue of infected mice
with mammary tumors was performed, as shown in Fig. 1.
Amplified sequences were ligated in pCRII vector for TA
cloning, separately, and then used to transform cells of
DHS alpha strain of E. coli. Transformed colonies were
screened for the presence of positive clones by EcoRI
digestion. After restriction digestion, positive clones ob-
tained were subjected to automated sequencing. Sequenc-
ing results showed a >98 % homology of amplified
MMTYV envelope and LTR gene fragment from mice with
MMTYV proviral genome.

Amplification of MMTYV envelop and LTR genes
from Pakistani normal women and breast cancer patients

Normal women and breast cancer patients’ tissue biop-
sies were tested for the presence of MMTV sequences.
MMTYV 666-bp envelope and 630-bp LTR-like sequences
were detected using a positive control of envelope and
LTR genes cloned from mice source and a reagent con-
trol. Figures 2 and 3 represent MMTYV envelope and LTR
sequences, respectively, amplified from Pakistani normal
and breast cancer patients along with negative and pos-
itive controls. No amplification was observed in negative
controls and normal women breast tissue samples. We
have found 16 out of 80 samples (20 %) positive for the
presence of Envelope gene, whereas 21 samples (26 %)
were positive for the presence of LTR gene in breast
cancer patients. None of the control samples were posi-
tive for any of env or LTR gene.

Statistical analysis using SPSS software

SPSS (Statistical Product and Service Solutions) was used to
analyze the prevalence of MMTYV envelope and LTR genes in
Pakistani breast cancer patients. The results show that 20 and
26.3 % of the samples were positive for the presence of
MMTV envelope and LTR sequences, respectively, from the
total samples, as shown in Tables 1 and 2. No significant
correlation was observed in any case of these comparisons.
No significant correlation was found while comparing differ-
ent pathological parameters: age of the patient, type of breast
cancer, grade of the disease, lymph node involvement, etc.,
with the prevalence of MMTV-like DNA sequences with p
value >0.05 (Table 3).
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Table 1 Prevelance of MMTYV envelop gene in Pakistani breast cancer
popullation

Envelop gene

Frequency  Percent  Valid Cumulative
percent  percent
Valid  Positive 16 20.0 20.0 20.0
Negative 64 80.0 80.0 100.0
Total 80 100.0 100.0

Sequencing and homology results

Homology results show 100 % match between MMTYV enve-
lope sequence from Pakistani human and murine sources, with
99 % similarity to MMTYV proviral genome. However, in the
case of MMTV LTR-like sequence, >95 % similarity was
observed.

Mus musculus envelope protein-like (Env) gene isolate
(partial sequence KC179713) was observed to have 100 %
homology with Homo sapiens isolate B-env-3 envelope
protein-like (Env) gene (partial sequence KC179710) isolated
from a Pakistani breast cancer female patient, as shown in
Fig. 4.

Homology results indicated a similarity of 99 % between
Pakistani M. musculus isolate (KC179712) and M. musculus
DNA, clone lambda5, endogenous mouse mammary tumor
virus LTR region (AB049194) (Fig. 5). H. sapiens isolate B-
LTR-3 retrotransposon (partial sequence KC179711) showed
100 % homology with mouse mammary tumor virus complete
proviral genome AF033807 (Fig. 6).

Discussion

Breast cancer is the most frequently diagnosed malignancy of
women in developed and developing countries especially in
Pakistan. It has been estimated that one in every nine Pakistani
women is likely to suffer from breast cancer, one of the highest
incidence rates in Asia. [29]. In Pakistan, the reasons behind
these relatively high rates of breast cancer are unknown.

Table 2 Prevelance of MMTV LTR gene in Pakistani breast cancer
popullation

Long Terminal Repeats

Frequency  Percent  Valid Cumulative
percent  percent
Valid  Positive 21 26.3 26.3 26.3
Negative 59 73.8 73.8 100.0
Total 80 100.0 100.0
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Table 3 Comparison of LTR and envelop gene detection with age, grade of cancer, and presence/absence of lymph node

Parameters Age (years) LTR + LTR - Total Sig Env+ Env— Total Significance
(p value <0.05)
Age <20 4 9 13 0.5 5 8 13 0.3
20-29 4 14 18 3 15 18
30-39 2 10 12 1 11 12
40-49 3 14 17 3 14 17
50-59 6 8 14 3 11 14
>59 2 4 6 1 5 6
Grade of cancer /I 10 36 46 0.2 9 37 46 0.71
/1t 8 17 25 4 21 25
II/1I 3 6 9 3 6 9
Presence of lymph node Yes 3 4 7 0.3 2 5 7 0.5
No 18 55 73 14 59 73

To date, at least seven viruses have been confirmed to
contribute significantly to human cancers [22]. MMTYV, one
of the oncoviruses, has also been strongly linked to breast
cancer because of two main reasons: being established as a
causative agent of mammary cancer in the most well-known
animal model, i.e., mouse, and most of the studies on the
association of MMT V-like sequences and human breast can-
cers have found a strong correlation with very few studies for
null association. The detection of MMT V-like env sequences
has been reported in variable proportions that did not exceed
40 % of BC cases in several countries, with an exception of
higher proportion (74 %) of MMT V-like sequences in Tuni-
sian women diagnosed with BC during the 1970s [11].
MMTV-like env gene sequences indicate the presence of a
replication-competent MMT V-like virus [14].

Ford et al. have also reported premalignant breast lesions
(20-28 %) and male gynecomastia (19 %) samples with
significant rates of MMTV positivity, but we did not find
any prevalence of MMTV LTR and Envelop sequences in
any of breast lesions and male gynecomastia samples [10]. A
MMTV-like long-terminal repeat super antigen in human
breast cancer has been sequenced by Wang et al. in 2004 from
human breast cancer and has been found highly homologous
to those of MMTYV [30].

We have conducted this study independent of earlier stud-
ies reporting a high prevalence of MMT V-like sequences in
human breast cancer, and it is in direct contrast to two recent
negative reports questioning the association of MMTV-like
sequences with breast cancer [35, 34]. The ethnic background
of healthy controls and breast tumor patients are quite similar.
However, in our case, the median age of patients with normal
breast tissue and patients with env and LTR-positive and -
negative tumors differs (35 and 45 years, respectively), with
over half of our normal controls being under the age of
30 years, whereas in the study of Etkind et al. [7], the median
age of patients with normal breast tissue and patients with

Envelop-positive and -negative tumors differs (15 and
32 years, respectively), with over half of their normal controls
being under the age of 40 years. However, for our entire breast
tumor samples, we have found 20 % env-positive samples and
26 % LTR-positive samples as reported by Wang et al. [31, 32]
and Etkind et al. [7].

Although such data are not enough to establish the causal
role of this virus, at least three different studies have tried to
establish MMTYV as an exogenous source. Firstly, Melana
et al. [19] used paired samples and found MMTV in 30 % of
the cancerous cases but only in one of the 106 normal tissue
samples from the same patients [19]. Secondly, Etkind et al.
found MMTV-homologous sequences in father, mother, and
daughter living together for years and who all developed
breast cancers [8]. Thirdly, Stewart et al. associated MMT V-
positive breast cancer prevalence to the population density of
M. musculus [28]. The abovementioned three researches
showed the variation in prevalence in different regions, the
variation of results in different populations living in the same
region [10], and the establishment of the fact that MMTYV can
infect human cells in culture [12].

We have correlated THE presence of MMTV env and LTR
gene-like sequences with special clinical disease status, grad-
ing, and lymph node presence, but we did not find any
significant correlation. With a greater number of samples in
the future, we may determine MMT V-like sequences as an-
other potential molecular marker and may distinguish a subset
of human breast cancer for which viral etiology is tenable; the
further findings may have implications for epidemiology and
potentially for therapy and prevention.

Conclusion

MMTV-like Envelop and LTR sequences have been amplified
and sequenced from infected mice with mammary tumor.
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Fig. 4 Alignment of M. musculus env gene sequence with that of H. sapiens (accession numbers KC179713 and KC179710)

@ Springer



Tumor Biol. (2014) 35:8077-8086 8083

KC179712 GGEGGE
AB049194 GGGG]
Consensus GGTGGCAACC AGGGACTTAT AGGGGACCTT ACATCTACAG

60 80

Conservanon

KC179712
AB049194

Consensus ACCAACAGAC GC AC CA CAGG AAGATATGAT
Too%
comercin, | [TJI I IR
o
‘U 120
KC179712 [ 120
AB049194 GTEGAR 120

Consensus TTAAATTTTG ATAGGTGGGT CACAGTCNAC GGCTATAAAG

[T TR

140 160
]

KC179712 WG] l i GTGHER
AB049194 TG B B T eufel {1
Consensus TGTTATACAG ATCCCTCCCC TTTCGTGAAA GGCTCGCCAG

180 200
kc179712

I
GomeEG
AB049194 HGBTHEG GceTelc me A BcHERG A

Consensus AGCTAGACCT CCTTGGTGTG TGTTGTCTCA AGAAGAAAAA

20

aol T
G

Consensus GACGACATGA AACAACAGGT ACATGATTAT ATTTATCTAG

2?0 280
KC179712 G| 280

AB049194 GANBEAGGHEAT @ 280
Consensus GAACAGGAAT GAACTTCTGG GGAAAGATAT TTGACTACAC

300 320
|
kc179712 HGH

Gl ]
AB049194 MG Gl
Consensus CGAAGAGGGA GCTATANCAA AAATTATNNA TAATATGAAA

\HHHHMHHQQ\HHHHHHMHH

100
Conservauon

160
160

Conservatlon

200
200

Conserva(lon

240
240

Conservanon

Conservauon

|
GHEE 320
320

Conservatlon

KC179712
A80491 94

360
360

GGGGTCGCAT T
s
cevety, (TN I
3?0
KC179712 [] ]

AB049194
Ccnsensus ACATTTATAA ATACAATTAG GTCNACCTTG CGGTTCCCAA

[T A T Iy

420 0

KC179712 GG BcTTEAGGGT B T W l 440
AB049194 GG BcTTBAGGGT B T m A 440

Consensus GGTTTAAGTA AGTTCAGGGT CACANACTGT TCTTAAAACA

[T T TS T (T

|
kc179712 HGGETGTGHAG TGGET GEETGG 480
AB049194 HGGHETGTGHG GEGGET GETFGGTATE 4s0
Consensus AGGATGTGAG ACAAGTGGTT TCCTGACTTG GTTTGGTATC

0
|

KC179712 B TGEATGTTET

AB049194

Consensus AAATGTTTTG ATCTAAGCTC TGANTGTTCT ATTCTCCTAT

on (LTI T T T T

Conservation
o%
540

| |
A HG GT EEETG|
G

Consensus GTTCTTTTGG AACTTATCCA AGTCTTATGT AAATGCTTAT

Conservanon

Conservatlon

Conservatlon

520
520

Consenn, LTI (TP (T
5?0 600
KC179712 @ G L eo0
AB049194 G| Tc B GH cTcRTGATTT TTNGACTAAR coo
Consensus GTAAACCATG ATATAAAAGA GTGCTGATTT TTTGAGTAAA
oo
Canseaton HHIRImmm
o
520 Le'd
KC179712 LI bord
AB049194 LI m 640
Consensus CTTGCAACAG TCCTAACATT CACGTCTCGT GTGTTTGTGT
conenson, [[ T[T T T TTOTITIIOD
kc179712 [
AB049194

Consensus CTGTTCG
100%

Conservation
o

Fig. 5 Alignment of murine LTR gene sequences (accession numbers KC179712 and AB049194)
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Fig. 6 Sequence comparisons of LTR gene isolate from H. sapiens with MMTYV proviral sequence (accession numbers KC179711 and AF033807)
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DNA samples of Pakistani breast cancer patients were
screened for the prevalence of MMTYV Envelop and LTR gene
sequences in the Pakistani population, and it was found that
26 % of the samples were positive for LTR gene, whereas
20 % of the samples were positive for the presence of envelop
gene. However, no correlation was observed for prevalence of
MMTYV gene sequences with age, gender, disease type, lymph
node involvement, and grade of the disease. By this study,
MMTV cannot be said to be an etiological agent to cause
breast cancer, but further studies can provide more insights
into the association of MMTV with breast cancer in the
Pakistani population.
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