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Abstract: Despite a large number of molecular epidemiological studies, the association of Mouse Mammary Tumor
Virus-Like Virus (MMTV-LV) infection with the risk of human breast cancer remains inconclusive mainly due to the
heterogeneity in populations involved. We performed a systematic search of multiple bibliographic databases, up
to October 2013, to identify all studies on detection of MMTV-LV DNA in human breast cancer using polymerase
chain reaction (PCR) and conducted the first comprehensive meta-analysis of published literature to explore the
relevance of MMTV-LV to human breast cancer. As a result, meta-analysis of twelve case-control studies identified
from the systematic search revealed a significantly increased risk for breast cancer development after MMTV-LV in-
fection (OR=15.20; 95% Cl: 9.98-23.13). However, there was no significant correlation between MMTV-LV infection
and the transformation from ductal carcinoma in situ to invasive ductal carcinoma (OR=1.16; 95% Cl: 0.27-4.97).
In addition, MMTV-LV infection was not associated with the expression of estrogen receptor (ER) (OR=0.89; 95%
Cl: 0.48-1.65), progesterone receptor (PR) (OR=0.73; 95% Cl: 0.22-2.42), HER-2 (OR=0.65; 95% CI: 0.30-1.43)
or p53 (OR=1.47; 95% CI: 0.79-2.73). Finally, we found that the prevalence of MMTV-LV in breast carcinoma was
significantly higher in patients from Western countries (prevalence=40.4%, 95% Cl: 28.9%-51.9%) than in Asian pa-
tients (prevalence: 8.5%; 95% Cl: -7.1%-24.1%) in a subgroup and meta-regression analysis (p=0.015). In summary,
the meta-analysis of published studies revealed a significantly increased risk for breast cancer development after
MMTV-LV infection. In addition, the prevalence of MMTV-LV is much higher in breast cancer patients from Western
countries than Asian patients.
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Introduction incidences of breast cancer over a period of
decades. Diet high in fat and xeno-oestrogens
have been proposed to increase breast cancer

risk [5]. However, the circumpolar Inuit have a

Although some risk reduction might be achieved
with prevention, breast cancer remains the top

cancer in women both in the developed and the
developing world and the principle cause of
death from cancer among women globally. The
incidence of breast cancer varies worldwide [1].
Itis universally agreed that changes in the envi-
ronment account for the increased risk for
breast cancer [2]. People moving from areas of
lower to higher breast cancer incidence show a
gradually acquired increasing risk. For example,
the Japanese moving to the USA [3], or south
Asians to the UK [4] all experience increased

high saturated fat diet that is contaminated
with high levels of xeno-oestrogens [6], but the
breast cancer incidence is low [7]. SO some
other unrecognized environmental factors with
oncogenic potential may explain the geographic
differences in human breast cancer incidence.

Viral infection is the most important risk factor
for the development of human cancers. Onc-
ovirus that can cause cancers in human con-
tributes to carcinogenesis by carrying viral
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oncogenes or inserting into the genome to acti-
vate proto-oncogenes. Many oncoviruses have
been identified already, such as hepatitis B,
hepatitis C, human papillomavirus and Epstein-
Barr virus.

The majority of mammary tumors in mice are
caused by mouse mammary tumor virus
(MMTV), a milk-transmitted retrovirus formerly
known as Bittner virus [8]. As the infected mice
develop mammary tumors in adulthood, MMTV
has inspired the search for a human breast
cancer virus. MMTV-like sequence has been
found in human breast cancer. A complete pro-
viral sequence that was greater than 95%
homologous to MMTV, named MMTV-like virus
(MMTV-LV) was sequenced out of human breast
cancer tissue including a correct integration
into the human genome. Since realizing the
involvement of MMTV-LV in human breast can-
cer in the late 1970s [9], a growing number of
case-control studies have been performed to
evaluate the relevance of MMTV-LV infection to
human breast carcinogenesis [10-34].

In an effort to gain a better insight into the cor-
relation of MMTV infection and breast cancer
development, we conducted the first systemat-
ic review and comprehensive meta-analysis to
explore the correlation of MMTV-LV infection
and human breast cancer risk and the charac-
teristics of MMTV-LV prevalence in human bre-
ast cancers.

Material and methods

This systematic review was conducted following
guidance provided by the Cochrane Handbook
[35] and is reported according to the Preferred
Reporting Items for Systematic reviews and
Meta-Analysis (PRISMA) guidelines [36].

Search strategy

We carried out a comprehensive search strate-
gy in various databases including PubMed,
Embase, EBSCO (ASP/BSP), Cochrane Library
and China National Knowledge Infrastructure
(CNKI) to seek out the articles which were
about the association between MMTV-LV infec-
tion and human breast cancer risk. We searc-
hed “mouse mammary tumor virus” or “MMTV”
in title/abstract combined with medical subject
headings term “breast neoplasms”. The title
and abstract of studies identified in the search
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were reviewed by two authors independently
(FW and JH) to exclude studies that did not
answer the research question of interest. The
full text of the remaining articles was examined
to determine whether it contained relevant
information. Additional studies were identified
by a manual search from references of original
studies or review articles on this topic. All rele-
vant studies published between January 1995,
when more specific techniques were available,
and October 2013 were included.

Eligibility criteria

Included studies had to meet the following cri-
teria: (i) Studies had to use PCR-based tech-
niques to detect regions of MMTV env gene
that have low homology to known HERVs in tis-
sues. Researches with PCR product not homol-
ogous to MMTV env gene were excluded [37].
(ii) Only studies on breast cancer in females
were included. Data on breast cell lines [17],
animal breast tumors [38], male breast cancer
[23] or human family breast carcinoma [39]
were all excluded. (iii) If data or data subsets
were published in more than one article, only
the publication with the most explicit descrip-
tion was included [14, 23, 34]. (iiii) Studies with
ambiguous sample prevention method [26, 30]
or not with a detection target of MMTV env
gene [29] were excluded. Inclusion was not oth-
erwise restricted by study size, language or
study location. The article selection process
used in this study is summarized in Figure 1.

The methodologic quality of case-control stud-
ies was assessed by two authors independent-
ly (FW and QS) using the Newcastle-Ottawa
scale (NOS) [40]. In this scale, studies were
scored across three categories: selection (4
items), comparability (2 items) of study groups
and exposure (3 items), with all items with a
score of one. Any discrepancies were addressed
by a joint reevaluation of the original article.

Data abstraction

Two reviewers (FW and YY) independently extr-
acted data and reached consensus on all the
terms. We recorded the following information
about each eligible trial: first author’s name,
study location, language, sample preservation
method, cell selecting method, detection meth-
od, detection target, breast cancer pathology,
matching control type and sample size. The
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Figure 1. Flow diagram of the literature search strategy and assessment of studies identified for systematic review.

sample preservation methods could be forma-
lin-fixed paraffin-embedded or frozen in -80°C.
Cell selecting methods were divided into sec-
tions cut from tissue (traditional method) and
laser capture microdissection (LCM), which can
exactly select cancer cells and exclude stromal
and inflammatory cells. Detection methods
contained traditional PCR, semi-nested PCR,
nested PCR, and fluorescence-nested PCR (FN
PCR). The detection targets were all related to
MMTV envelope gene, which is not homological
to the known HERVs. The pathologic type of
breast cancer contained infiltrating lobular car-
cinoma (ILC), infiltrating ductal carcinoma (IDC)
and ductal carcinoma in situ (DCIS), while
matching control can be matched adjacent nor-
mal breast tissue, breast specimens from
reduction mammoplasties or breast fibroade-
nomas. Detailed information on all included
studies was presented in Tables 1 and 6.
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Statistical analysis

This meta-analysis consisted of four parts. The
first part was a statistical pooling of MMTV-LV
infection and breast cancer risk estimate. The
second part was an estimation of the transfor-
mation risk from ductal carcinoma in situ to
infiltrating ductal carcinoma affected by MMTV-
LV infection. In the third part, we estimated the
MMTV-LV prevalence in breast carcinoma tis-
sues and explored possible parameters associ-
ated with MMTV-LV detection rate in subgroup
analysis. In the last part, we explored the asso-
ciation of clinical parameters, including ER, PR,
HER2, P53 and grades of infiltrating ductal car-
cinoma, and MMTV-LV prevalence in breast
cancer tissue.

Fixed-effect and rawere adopted to pool the
case-control data based on Mantel-Haenszel
[41] and DerSimonian and Laird methods [42],
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Table 1. Characteristics of included studies assessing the risk of human breast cancer in women with MMTV-LV infection

Study Stugy Language Sample preservation Cell selecting method Detection Detection Ea:iiztr MMTV-LV+ /- Matching - MMTV-LV*+/
location method target Case (%) control Control (%)
pathology
Wang [34] 1995 America English Frozen tissue Sections cut from tissue PCR 660 bp env IBC 121/314 Con 4/136 (2.94)
(38.54) BF 2/29 (6.90)
NBT 2/107 (1.87)
Paraffin-embedded tissue  Sections cut from tissue PCR 250 bp env IBC 60/151 (39.74) NBT 1/27 (3.70)
Pogo [33] 1999 Italy English Paraffin-embedded tissue  Sections cut from tissue PCR 250 bp env BC 26/69 (37.68)
DCIS 5/17 (29.41)
IDC 14/36 (38.90)
Etkind [32] 2000 America English Frozen tissue Sections cut from tissue Nested PCR 660/250 bp env IBC 27/73 (36.99) NBT 0/35 (0.00)
Melana [31] 2001 America English Paraffin-embedded tissue  Sections cut from tissue PCR 250 bp env IBC 32/106 (30.19) NBT 1/106 (0.94)
Melana [28] 2002 Argentina  Spanish Frozen tissue Sections cut from tissue PCR 250 bp env BC 23/74 (31.08) Con 1/15 (6.67)
NBT 1/10 (10.00)
BF 0/5 (0.00)
Ford [27] 2003 Vietnam English Paraffin-embedded tissue  Sections cut from tissue PCR 356 bp env BC 1/120 (0.83) NBT 0/60 (0.00)
Ford [23] 2004 Australia English Paraffin-embedded tissue  Sections cut from tissue ~ Semi-nested PCR 190 bp env BC 45/144 (31.25) Con 7/136 (5.15)
DCIS 2/8 (25.00) NBT 2/111 (1.80)
IDC 43/136 (31.62) BF 5/25 (20.00)
Faedo [24] 2004 Australia English Paraffin-embedded tissue  Sections cut from tissue ~ Semi-nested PCR 190 bp env IBC 50/128 (39.06)
Levine [21] 2004 Tunisia English Paraffin-embedded tissue  Sections cut from tissue PCR 250 bp env BC 28/38 (73.68)
Zammarchi [18] 2006 Italy English Frozen tissue Laser Microdissection Fluorescent nest- 248 bp env BC 15/45 (33.33) NBT 0/8 (0.00)
ed-PCR (FN-PCR) DCIS 1/1 (100.00)
IDC 13/43 (30.23)
Luo [19] 2006 China Chinese Paraffin-embedded tissue  Sections cut from tissue Nested PCR 166 bp env BC 22/131 (16.79)
DCIS 2/23(8.70)
IDC 20/87 (22.99)-
Zapata-Benavides [17] Mexico English Frozen tissue Sections cut from tissue PCR 250/594 bp env BC 5/119 (4.20)
2007
Mok [15] 2008 Australia English Paraffin-embedded tissue  Sections cut from tissue Nested PCR 255 bp env IBC 28/50 (56.00)
Hachana [16] 2008 Tunisia English Frozen tissue Sections cut from tissue Nested PCR 190 bp env BC 17/122 (13.93) NBT 0/122 (0.00)
Lawson 2010 [14] Australia English Paraffin-embedded tissue  Sections cut from tissue Nested PCR 255 bp env BC 33/74 (44.59) NBT 0/29 (0.00)
2004 [22] PCR 250 bp env DCIS 5/22(22.73) - -
IDC 15/20 (75.00)
Mazzanti [13] 2011 Italy English Paraffin-embedded tissue Laser Microdissection Fluorescent nest- 202 bp env BC 47/69 (68.12) Con 5/46 (10.87)
ed-PCR (FN-PCR) DCIS 40/49 (81.63) NBT 0/20 (0.00)
IDC 7/20 (35.00) ANBT 5/26 (19.23)
Motamedifar [10] Iran English Paraffin-embedded tissue  Sections cut from tissue Nested PCR 250 bp env BC 0/50 (0.00)
2012
Glenn [11] 2012 Australia English Frozen tissue Sections cut from tissue PCR 643 bp env IBC 39/50 (78.00) NBT 13/40 (32.50)
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Morales-Sanchez [47] Mexico English Frozen tissue Sections cut from tissue Nested PCR 253 bp env BC 0/65 (0.00) ANBT 0/65 (0.00)
2013 Paraffin-embedded tissue BC 0/21 (0.00)
Tabriz [48] 2013 Iran English Paraffin-embedded tissue  Sections cut from tissue Real time-PCR 104 bp env BC 0/40 (0.00)
BC: breast cancer; IBC: infiltrating breast cancer; IDC: infiltrating ductal carcinoma; DCIS: ductal carcinomas in situ; BF: breast fibroadenomas; NBT: normal breast tissue; ANBT: adjacent normal breast tissue.
Table 2. Newcastle-Ottawa Scores for the Studies Included in the MMTV-LV Infection and Breast Cancer Risk Analysis
Score
Reference Selection Comparability Exposure TOTAL
listhe 2 Represen- 3 Selec- 4 Defini- 5 Study 6 Study cont_rols 7 Ascer- 8 Same _method of 9 Nonre-
case defini- tativeness of tion of  tion of controls for for systemic tainment of ascertainment for sponse
tion the cases  controls controls |, r_np tom_s therap y_ (yes=1, exposure cases ind coivtrols rate
(yes=1, no=0) no=0)? (yes=1, no=0)
Wang 1995-1 1 1 0 1 1 0 1 1 0 6
Wang 1995-2 1 1 0 1 1 0 1 1 0 6
Pogo 1999 1 1 0 1 1 0 1 1 0 6
Etkind 2000 1 1 0 1 1 0 1 1 0 6
Melana 2001 1 1 1 1 1 0 1 1 0 7
Melana 2002 1 1 0 1 1 0 1 1 0 6
Ford 2003 1 1 0 1 1 0 1 1 0 6
Ford 2004 1 1 0 1 1 0 1 1 0 6
Faedo 2004 1 1 0 1 1 0 1 1 0 6
Lawson 2004 1 1 0 1 1 0 1 1 0 6
Zammarchi 2006 1 1 0 1 1 1 1 1 0 7
Luo 2006 1 1 0 1 1 0 1 1 0 6
Lawson 2006 1 1 0 1 1 0 1 1 0 6
Hachana 2008 1 1 1 1 1 0 1 1 0 7
Lawson 2010 1 1 0 1 1 0 1 1 0 6
Mazzanti 2011 1 1 0 1 1 1 1 1 0 7
Glenn 2012 1 1 0 1 1 0 1 1 0 6
Morales-Sanchez 2013-1 1 1 0 1 1 0 1 1 0 6

21 score can be allotted in this category for other controlled factor:

2]

(proportion of cancer cells in the cut selection, patients location and so on).
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respectively. These two models provide similar
results when between-studies heterogeneity is
absent. Otherwise, a random-effect model is
more appropriate. We assessed heterogeneity
between study-specific estimates using 2 met-
hods [43, 44]. First, the Cochran’s statistical
test for heterogeneity, which tests the null
hypothesis that all studies in a meta-analysis
have the same underlying magnitude of effect,
was measured. Because this test is underpow-
ered to detect moderate degrees of heteroge-
neity, a p-value of < 0.10 was considered sug-
gestive of significant heterogeneity. Second, to
estimate what proportion of total variation
across studies was due to heterogeneity rather
than chance, I? statistic was calculated. In this
analysis, a value of < 30%, 30-60%, 61-75%
and > 75% were suggestive of low, moderate,
substantial and considerable heterogeneity,
respectively [44]. Once heterogeneity was no-
ted, between-study sources of heterogeneity
were investigated using subgroup analyses by
grouping original data according to study char-
acteristics (study location, sample prevention
method, cell selecting method and detection
method). In this analysis, a test of interaction
comparing the sub-groups was performed in a
meta-regression model. If the p-value for differ-
ence between subgroups was < 0.05, it was
considered statistically significant (i.e., p <
0.05 suggested that stratifying based on that
particular study characteristic partly explained
the heterogeneity observed in the analysis). We
assessed for publication bias quantitatively
using Egger’s regression test(publication bias
present if p £0.10) [45] and visually by inspec-
tion of funnel plots of the logarithmic OR versus
their standard errors [46]. All p values were two
tailed. For all tests (except for total heterogene-
ity and publication bias), p < 0.05 was consid-
ered statistically significant. All calculations
and graphs were performed using STATA statis-
tical software, version 12.0.

Results

From a total of 772 unique studies identified
using the search strategy, 22 studies fulfilled
the inclusion criteria and were included in
meta-analysis [10, 11, 13-24, 27, 28, 31-34,
47, 48]. Two of the publications were both divid-
ed into two parts because of their samples
including two types (paraffin-embedded tissue
and frozen tissue) [34, 47], so there were 24
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data sets (Table 1). There were 13 data sets
included in the MMTV-LV infection and breast
cancer risk estimate analysis [11, 13, 14, 16,
18, 23, 27, 28, 31, 32, 34, 47], while only 6
data sets were used for the estimation of the
transformation risk from ductal carcinoma in
situ to infiltrating ductal carcinoma effected by
MMTV-LV infection [13, 18, 19, 22, 23, 33].
There were 22 data sets referring the MMTV-LV
prevalence in breast carcinoma tissues, so
they were included in the MMTV-LV prevalence
meta-analysis [10, 11, 13-19, 21, 23, 24, 27,
28, 31-34, 47, 48]. Lastly, there were 3 studies
estimating the association of MMTV-LV preva-
lence with ER and p53 [11, 16, 24], 4 studies
referring PR [11, 16, 24, 33], 3 studies referring
HER2 [11, 16, 33] and 7 studies relating to IDC
grades [11, 16, 18-20, 23, 24], so all the stud-
ies were included in meta-analysis, respective-
ly (Table 6).

Characteristics of included studies

The characteristics of the included studies are
shown in Tables 1 and 6. All the studies were
population-based. Sixteen studies represented
Western populations (6 based in the Americas
[47, 28, 31, 32, 34, 47], 3 based in Europe [13,
18, 33], 7 based in Oceania [11, 14, 15, 20,
22-24]). Two studies were performed in an
African population (both based in Tunisia [16,
21]). There was an interval of 4 years between
two studies conducted in Tunisia and the most
obvious distinction between them was that the
earlier one was performed on a small series of
Tunisian patients with 71% showing objective
signs of inflammatory breast cancer [21]. The
other four studies were performed in Asian
populations (1 based in China [19], 1 based in
Vietnam [27] and 2 based in Iran [10, 48]). The
earliest study was published in 1995 [34], and
the latest ended in 2013 [47, 48].

All the included publications were case-control
studies. The exposure factor in both case and
control groups for estimating OR was MMTV-LV
infection.

Quality of included studies

The overall methodologic quality of these evi-
dences was moderate to high (Table 2). The
results of quality assessment according to NOS
for case-control studies are shown in Table 2,
respectively. All these studies reported that the
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Table 3. Subgroup and overall analysis of studies comparing the association of MMTV-LV infection

and the risk of human breast cancer

Human breast cancre risk

Subgroup analysis

p-value for difference between sub-group

OR 95% Cl

Study location Asian 1 1.52 0.06-37.84 0.11
Western and African 11 15.69 10.26-23.99

Sample preservation  Paraffin-embedded tissue 6 14.95 8.41-26.55 0.96
Frozen tissue 6 15.46 8.37-28.56

Cell selecting method  Sections cut from tissue 10 15.15 9.58-23.94 0.94
Laser Microdissection 2 15.52 5.57-43.29

Detection method PCR 6 14.99 8.34-26.94 0.94
Nested PCR 3 43.31 8.46-221.74
Semi-nested PCR 1 8.38 3.62-19.37
FN-PCR 2 15.52 5.57-43.29

Overall analysis 12 15.20 9.98-23.13

95% Cl: 95% confidence interval, OR: odds ratio.

diagnoses of all cases and controls were based
on pathological and clinical records, and thus
all studies got the two scores in the items of
“adequate definition of cases” and “definition
of controls”. All breast cancer cases in each of
the studies were declared to be diagnosed
cases during a certain period, in certain medi-
cal centers, and thus the representativeness of
cases was qualified for another score. MMTV-
LV infection was identified by PCR methods, so
two more scores were assigned for “ascertain-
ment of exposure” and “same method to ascer-
tain for cases and controls” to all studies.
Gender was supposed to be the most impor-
tant impact factor for detection rate of MMTV-
LV, so all studies got one score in the terms of
“study controls for symptoms”. However, the
same non-response rate between groups was
not shown, or non-response rate was not men-
tioned in all studies, and thus all studies failed
to win a score for “non-response rate”.

MMTV-LV infection and breast cancer risk

Thirteen data sets were collected from 12 stud-
ies that reported on the association between
MMTV-LV infection and breast cancer risk. Of
all the 13 data sets, 9 demonstrated an appar-
ent hazardous association [11, 13, 14, 16, 23,
31, 32, 34], 3 reported no significant relation-
ship [18, 27, 28], and 1 was automatically
excluded by the software for the zero MMTV-LV
prevalence in both case and control groups
[47]. Overall, meta-analysis of the case-control
studies demonstrated that MMTV-LV infection
(as compared to non-infection) increased the
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risk to develop breast cancer by 15.20 fold
(OR=15.20, 95% Cl: 9.98-23.13).

There was no significant heterogeneity between
studies (Cochran’s Q test: p=0.515, 1>=0.0%).
No significant difference was noted in subgroup
analysis based on study location, sample pre-
vention method, cell selecting and detection
method (Table 3 and Figure 2).

MMTV-LV infection and the transformation risk

Subsequently, we analyzed whether MMTV-LV
infection could increase the risk for developing
invasive ductal carcinoma (IDC) from ductal
carcinoma in situ (DCIS). Six studies including
IDC and DCIS groups were selected for meta-
analysis [13, 18, 19, 22, 23, 33]. Of all the six
studies, 1 demonstrated an apparent hazard-
ous association [22], 1 indicated an obvious
protective association [13], while the remaining
four studies reported no significant relationship
[18, 19, 23, 33]. Overall meta-analysis of the
case-control studies indicated that MMTV-LV
infection (as compared to non-infection) app-
eared to have a neutral effect on the risk of
transformation from DCIS to IDC (OR=1.16,
95% Cl: 0.27-4.97).

There was a significant heterogeneity between
studies (Cochran’s Q test: p=0.000, 1°=81.3%).
When we divided all the studies into two sub-
groups (selections cut from tissue and laser
microdissection) by cell selecting method, we
found that the association between MMTV-LV
infection and transformation risk was signifi-
cantly protective in the laser microdissection
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Study ID OR (95% CI) Weight (%) Study ID OR (95% CI) Weight (%)
A Study location C  Cell selecting method

L)
Western and African Hil Sections cut from tissue E
Wang 1995-1 1— 20.69(7.46,5740) 18.25 Wang 1995-1 —— 2069(7.46,57.40) 1825
Wang 1995-2 —— 17.14(2.27,129.71) 544 Wang 1995-2 —-:o-— 17.14(227,12971) 544
Etkind 2000 ——— 41.99(248,712.10) 225 Etkind 2000 b—— 4199 (2.48,712.10) 225
Melana 2001 i 45.41(6.07,339.71)  3.71 Melana 2001 i 4541 (6.07,330.71) 371
Melana 2002 L —4-—1:— 631(0.78,5093) 610 Melana 2002 p——— 631(0.78,5093) 610
Ford 2004 -‘[-o- 838(362,1937) 2633 Ford 2003 —_—— 152(0.06,37.84) 349
Zammarchi 2006 —t——— 864(047,15070) 295 Ford 2004 - 838(362.1937) 2633
Hachana 2008 ——— 40,64 (241, 683.96) 2.28 Hachana 2008 s 40,64 (2.41, 683.96) 2.28
Lawson 2010 : 47.63(2.80,808.69) 2.10 Lawson 2010 - 4763(2.80,80869) 2.10
Mazzanti 2011 — 17.52(6.08,50.44) 1018 Glenn 2012 ~— 736(287.1887) 1691
Glenn 2012 — 7.36(287,1887) 1691 Morales-Sanchez 2013-1 : (Excluded) 0.00
Morales-Sanchez 2013-1 H (Excluded) 0.00 Subtotal (I-squared = 9.3%, p = 0.356) Q 15.15(9.58,23.94) 8687
Subtotal (I-squared = 0.0%, p = 0.588) & 15.69(1026,23.99) 9651 '

H Laser Microdissection H
Asian H Zammarchi 2006 e ——— B.64(047,159.70) 295

. =
Ford 2003 —_— 1.52(0.06,3784) 349 Mazzanti 2011 —— 1752(6.08,5044) 1018
Subtotal (I-squared = %, p =) — 152(006,3784) 349 Subtotal (I-squared = 0.0%, p = 0.651) <> 1552(5.57,4329) 1313

H v

: i

B Sample preservation D Detection method

Frozen tissue E PCR E :
Wang 1995-1 — 2069 (7.46,57.40)  18.25 Wang 1995-1 —— 2069 (7.46,57.40) 1825
Etkind 2000 —— 4199 (248,712.10) 225 Wang 1995-2 — 17.14(2.27,12971) 544
- Gramss w0 Mo | g fiuadd
Zammarchi 2006 = -} 8640047.15970) 295 Ford 2003 B — e - 152(006,37.84) 349
Hachana 2008 T 40.64(2.41,683.96) 2.28 Glenn 2012 —— 736(287,1887) 1691
Glenn 2012 — 7.36(287.1887) 169 Subtotal (I-squared = 21.4%, p=0.273) ¢ 14.99(8.34, 2694)  53.90
Morales-Sanchez 20131 . (Excluded) 0.00 '
Subtotal (I-squared = 0.0%, p = 0.482) q> 15.46 (8.37,268.56)  48.74 Nested PCR :

v Etkind 2000 41.99(248,71210) 225
St = Lawion 2010 26305090069 210

i awson ——— 47,63 (2.80, X

4 —— | 27,129, ’
:"I"g ‘9:0212 - l: l‘: :z ;: ;;: :: : : Morales-Sanchez 20131 : (Excluded) 000
elana ——— 4 1 X .

H : Subtotal (I-squared = 0.0%, p = 0.997) ¢ 43.31(8.46,221.74) 663
Ford 2003 —_———— 152(006,37.84)  3.49 R
Ford 2004 —_— 838(362,1937) 2633 Semi-nested PCR _—
Lawson 2010 ————————— 47.63(280,80869) 210 Ford 2004 — 838(362,1937) 2633
Mazzanti 2011 i 17.52(6.08,50.44)  10.18 Subtotal (I-squared = %,p =) <> 838(362,1937) 2633
Subtotal (I-squared = 12.2%, p = 0.337) <3> 14.95(841,26.55)  51.26 .

. FN-PCR :

. Zammarchi 2006 —_— 864(047,15970) 295
Overall (1-squared =0.0%,p =0.515) @ 15.200998,23.13 10000 Mazzanti 2011 —— 17.52(6.08,5044) 1018

H = =

: Subtotal (I-squared = 0.0%, p = 0.651) ‘¢ 1552(5.57,4329) 1313

: Overall (I-squared = 0.0%, p = 0.515) <O 15.20(9.98,23.13)  100.00

[] L]

T L) L . Ll
06 800 06 1 800

Figure 2. The association between MMTV-LV infection and breast cancer risk were analyzed by subgroup analysis based on study location (A), cell selction methods
(B), sample preservation (C) and detection methods (D).

255 Am J Transl Res 2014;6(3):248-266



MMTV-LV infection and human breast cancer risk

Table 4. Subgroup and overall analysis of studies comparing the association of MMTV-LV infection and
the risk of transformation from ductal carcinoma in situ to infiltrating ductal carcinoma

Transformation risk

Subgroup analysis

p-value for difference between sub-group

N OR 95% Cl

Study location Asian 1 3.13 0.68-14.53 0.56
Western and African 5 0.93 0.17-5.20

Sample preservation Paraffin-embedded tissue 5 1.48 0.31-6.96 0.33
Frozen tissue 1 0.15 0.01-3.86

Cell selecting method Sections cut from tissue 4 2.87 1.15-7.19 0.02
Laser Microdissection 2 0.12 0.04-0.37

Detection method PCR 2 3.82 0.59-24.53 0.03
Nested PCR 1 3.13 0.68-14.53
Semi-nested PCR 1 1.39 0.27-7.16
FN-PCR 2 0.12 0.04-0.37

Overall analysis 6 1.16 0.27-4.97

subgroup (OR=0.12, 95% CI: 0.04-0.37), while
a harmful association in the subgroup of sec-
tions cut from tissue (OR=2.87, 95% CI: 1.15-
7.19) (Table 4 and Figure 3).

Characteristics of MMTV-LV prevalence

In addition, the prevalence of MMTV-LV in bre-
ast cancer tissue ranged from 0% to 78% and
the overall MMTV-LV prevalence was 37.0%
(95% Cl: 26.4-47.6%). The heterogeneity bet-
ween studies was significant (Cochran’s Q test:
p=0.000, 12=98%). In the subgroup analysis, we
found that the lowest MMTV-LV prevalence was
in Asian subgroup (8.5%, 95% Cl: -7.1-24.1%)
and the highest prevalence was in Western and
African subgroup (40.6%, 95% Cl: 29.9-51.4%).
The difference between the two subgroups was
statistically significant (p=0.02) (Table 5 and
Figure 4). Then, we specially compared MMTV-
LV prevalence in Asian and Western patients
(prevalence=40.4%, 95% Cl: 28.9%-51.9%)
and also found a significant difference between
them (p=0.015).

MMTV-LV infection and clinical parameters

In the last part, we analyzed the association of
MMTV-LV prevalence and clinical parameters
such as estrogen receptor (ER), progesterone
receptor (PR), Her-2, p53 expression and histo-
logical grade. In the meta-analysis of pathologi-
cal parameters, we did not find any positive
association between MMTV-LV infection and
the expression of ER (OR=0.89, 95% CI=0.48-
1.65), PR (OR=0.73, 95% Cl: 0.22-2.42), HER2
(OR=0.65, 95% Cl: 0.30-1.43) and p53 (OR=
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1.47, 95% CI: 0.79-2.73). Then, we made three
meta-analysis to explore the differences among
histological grades (Gradelll vs I, Gradelll vs I,
and Gradell vs 1). With the same results, we did
not find any positive association (Gradelll vs I:
OR=1.35, 95% CI: 0.82-2.22; Gradelll vs II: OR:
1.06, 95% CI=0.70-1.62; Gradell vs |: OR: 1.34,
95% Cl: 0.82-2.19) (Table 7, Figures 5 and 6).

Sensitivity analysis and publication bias

To assess where any one study had a dominant
effect on the meta-analytic results, each study
was excluded and its effect on the main sum-
mary estimate and Cochran’s Q-test p-value for
heterogeneity was evaluated. The results were
consistent, revealing a relatively low sensitivity
to restrictions and credible meta-analysis
results. When we excluded the studies with the
most weight for each individual analysis (Ford
et al for breast cancer risk, Mazzanti et al for
transformation risk, Ford et al for MMTV-LV
prevalence, Faedo et al for ER, PR and histo-
logical grades, Hachana et al for HER2 and
p53) [13, 16, 23, 24, 27], the conclusions of
the main analysis did not change significantly
for breast cancer occurring risk (OR=17.63,
95% Cl: 10.82-28.73), transformation risk (OR
=2.27, 95% CI: 0.81-6.33), prevalence of
MMTV-LV in breast cancer tissue (rate=0.39,
95% Cl: 0.29-0.49) or the association of MMTV-
LV infection with ER (OR=1.04, 95% CI: 0.43-
2.49), PR (OR=0.46, 95% I: 0.17-1.25), P53
(OR=1.97, 95% CI: 0.90-4.30), HER2 (OR=1..17,
95% Cl: 0.45-3.01) or histological grades (Gr-
ade lll vs I: OR=1.27, 95% CI: 0.70-2.32; Grade
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B Sample preservation D Detection method

Study ID OR (95% CI) Weight (%) Study ID OR (95% CI)  Weight (%)
A Study location C Cell selecting method
Western and African Sections cut from tissne é
Pogo 1999 — 1.53(0.44,5.28) 1862 Pogo 1999 —‘:-O— 1.53(0.44, 5.28) 18.62
Ford 2004 — 1.39(0.27,7.16) 16.90 Ford 2004 — 1:'._ 1.39(0.27,7.18) 16.90
Zammarchi 2006 0.15(0.01, 3.86) 1032 Luo 2006 —%—t— 3.13(0.68,1453) 1737
Mazzanti 2011 ——— 0.12(0.04,0.39) 1891 Lawson 2004 E —— 10.20(2.46,42.23) 1787
Lawson 2004 10,20 (2.46,42.23) 17.87 Subtotal (I-squared = 37.8%, p = 0.185) o 2.87(1.15,7.19) 7077
Subtotal (I-squared = 83.8%, p = 0.000) < 0.93(0.17,5.20) 8263 ;
Laser Microdissection H

Asian Zammarchi 2006 : 0.15 (0.01, 3.86) 1032
Luo 2006 - 3.13(0.68,14.53) 17.37 Mazzanti 2011 —— i 0.12{0.04,0.39) 1891
Subtotal (I-squared = %, p =) - 313(068,1453) 1737 Subtotal (I-squared =0.0%,p=0911) <> : 012(0.04,037) 2923

'

'

'

:

FO—

Paraffin-embedded tissue PCR

Pogo 1999 — 1.53(0.44, 5.28) 1862 Pago 1999 —_ 1.53(0.44,528)  18.62

Ford 2004 — 139027, 7.16) 160 Lawson 2004 | 1020(246,4223) 1787
Subtotal (I-squared = 74.3%, p = 0.048) L —— 3.82(0.59,2453) 3649

Luo 2006 -1 3.13(0.68,14.53) 1737 H

Mazzanti 2011 —— 0.12 (0.04, 0.39) 1891 Semi-nested PCR

Lawson 2004 10.20 (2.46, 42.23) 17.87 Ford 2004 1.39(0.27,7.16) 16.90

Subtotal (I-squared = 84.1%, p = 0.000) - 1.48 (031, 6.96) 89.68 Subtotal (I-squared =%, p=) 139(0.27,7.16) 1690

FN-PCR

Frogen tissue
Zammarchi 2006

Mazzanti 2011

0.15 (0.01, 3.86) 1032

Zammarchi 2006 0.12 (0.04, 0.39) 18.91

0.15(0.01, 3.86) 1032

1.

Subtotal (I-squared = %, p = J'-='-'—_-:: 0.15(0.01,3.86) 1032 Subtotal (I-squared = 0.0%, p = 0.911) 0.12(0.04,037)  29.23
Overall (I-squared = 81.3%, p = 0.000) - 1.16(0.27,4.97) 100,00 Nested PCR
Luo 2006 - 3.13(0.68,1453) 17.37
Subtotal (I-squared =%, p=.) = 3.13(0.68,14.53) 17.37
Overall (I-squared = 81.3%, p = 0.000) - 116 (0.27,497) 10000
T T T T
01 1 40 01 1 40

Figure 3. The association between MMTV-LV infection and the risk of transformation from CDIS to IDC were analyzed by subgroup analysis based on study location
(A), cell selction methods (B), sample preservation (C) and detection methods (D).
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Table 5. Subgroup and overall analysis of studies assessing the prevalence of MMTV-LV in human

breast cancer

MMTV-LV prevalence

Subgroup analysis

N  Prevalence (%)

p-value for difference between sub-group
95% Cl (%)

Study location Asian 2
Western and African 16
Sample preservation Paraffin-embedded tissue 11
Frozen tissue 7

Cell selecting method Sections cut from tissue 16

Laser Microdissection 2
Detection method PCR 9
Nested PCR 5
Semi-nested PCR 2
FN-PCR 2
Overall analysis 18

8.5
40.6
39.4
33.4
35.3
51.0
36.5
32.8
34.9
51.0
37.0

-7.1-24.1
29.9-51.4
23.5-55.4
16.4-50.4
24.5-46.0
16.9-85.1
21.2-51.8
18.2-47.4
27.3-42.6
16.9-85.1
26.4-47.6

0.02

0.74

0.31

0.35

Il vs 1l: OR=1.06, 95% CI: 0.66-1.72, and
Gradell vs I: OR=1.30, 95% CI: 0.73-2.33).

There was no evidence revealing publication
bias, both quantitatively (p=0.39 for breast
cancer occurring risk, p=0.92 for transforma-
tion risk, p=0.37 for the prevalence of MMTV-
LV, p=0.97 for ER, p=0.20 for PR, p=0.43 for
HER2, p=0.56 for p53, p=0.83 for Grade lll vs
I, p=0.82 for Grade lll vs Il, p=0.36 for Grade I
vs |) and qualitatively, on visual inspection of
the funnel plot for studies (figures not shown).

Discussion

Studies on the relevance of MMTV-LV to human
breast carcinogenesis started shortly after clar-
ifying the role and mechanism of viruses to
cancer development. Early at the 1970s and
1980s, MMTV-like antigens or viral particles
have been detected in human milk or breast
cancer cells and variable immunological
responses to MMTV-LV antigens was observed
in women with breast cancer [49-51]. However,
hybridization experiments unexpectedly rev-
ealed that the DNA detected was homologous
to human endogenous retroviruses (HERVs)
[52]. Until recently, PCR studies using primers
from selected regions of the MMTV env gene
which have low homology to known HERVs,
detected MMTV-like DNA sequences in human
breast carcinoma tissues [34]. Interests in a
viral etiology of breast carcinoma were there-
fore rekindled. Unfortunately, the reported
prevalence of MMTV-LV infection in breast car-
cinoma samples varied geographically, and
some researchers even reported their inability
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to detect MMTV-LV sequence using PCR in
human breast cancer tissues. These studies
stimulated a new wave of controversy on the
relevance of MMTV-LV to human breast
cancetr.

So we made a comprehensive meta-analysis to
summarize the inconsistent results of previous
studies. In this meta-analysis of 22 studies
analyzing the association between MMTV-LV
infection and breast cancer, we found that
MMTV-LV infection could significantly increase
the risk of breast cancer (15.20 fold), whereas
MMTV-LV infection was associated with neutral
or possibly slightly increased risk of transfor-
mation from DCIS to IDC. However, the meta-
analysis of transformation risk was limited by
substantial heterogeneity across studies that
could be explained by differences in cell select-
ing method or detection method. When we
pooled the MMTV-LV prevalence in breast can-
cer tissue in this meta-analysis, we found the
prevalence was much higher in Western
patients than that in Asian, whereas, in addi-
tion, we did not find any positive association
between MMTV-LV infection and expression of
ER, PR, HER2, p53 or histological grades.
Based on the data from our study, we specu-
late that the variable prevalence of MMTV-LV
infection in breast cancer tissue may at least
partially explain why breast cancer incidence
rate was much higher in Western women than
that in Asian [53, 54].

The tumorigenic effect of MMTV-LV is postulat-
ed to be mediated by proviral DNA integration
near cellular proto-oncogenes that activates
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Study ID Prevalence (95% C1) Weight (%) Study ID Prevalence (95% CI) Weight (%)  Figure 4. The MMTV-LV prev-
A Study location C  Cell selecting method alence in women breast can-
Western and African : Sections cut from tissue : cer tissue were analyzed by
Wang 1995-1 - 039(0.33,044) 574 Wang 1995-1 - 039(033,044) 574 f
Wang 1995-2 - 040(0.32,048) 565 Wang 1995-2 —— 040(032,048) 565 subgroup a_na lysis based on
Pogo 1999 —— 038(0.26,049) 545 Pogo 1999 —r— 038 (026,049) 545 study location (A), cell selc-
Etkind 2000 —— 0.37(0.26,048) 548 Etkind 2000 —— 037(0.26,048) 548 .
Melana 2001 —— 030(0.21,039) 560 Melana 2001 —— 030(0.21,039) 560 tion met_hOds (B), sample
Melana 2002 — 031(0.21,042) 551 Melana 2002 — 031(021,042) 551 preservation (C) and detec-
Ford 2004 - 031(0.24,039) 566 Ford 2003 * ' 001(-001,002) 582 .
Faedo 2004 —— 039(031,048) 562 Ford 2004 e 031(0.24,039) 566 tion methods (D).
Levine 2004 H —— (.74 (0.60,088) 529 Faedo 2004 —— 039(031,048) 562
Zammarchi 2006 —p— 0.33 (0.20,047) 530 Levine 2004 H e 0.74 (0.60,0.88) 529
Zapata-Benavides 2007 | o ' 0.04(0.01,008) 579 Luo 2006 - 0.17(0.10,023) 570
Mok 2008 | —— 056 (042,070) 530 Zapata-Benavides 2007 o . 0.04(0.01,008) 579
Hachana 2008 - 0.14 (008,020) 571 Mok 2008 ! —— 056 (042,070) 530
Lawson 2010 |-.- 045(0.33,056) 546 Hachana 2008 - H 0.14(0.08,020) 571
Mazzanti 2011 ' —p— 0.68(057,079) 548 Lawson 2010 045 (0.33,056) 546
Glenn 2012 H —p— 0.78 (0.67,0.89) 545 Glenn 2012 H e 0.78(0.67,089) 545
Morales-Sanchez 2013-1 H (Excluded) 0.00 Motamedifar 2012 H (Excluded) 0.00
Morales-Sanchez 2013-2 ' (Excluded) 0.00 Morales-Sanchez 2013-1 v (Excluded) 0.00
Subtotal (I-squared = 96.4%, p = 0.000) <> 0.41(0.30,051) 8848 Morales—Sanchez 2013-2 H (Excluded) 0.00
. 5 Tabriz 2013 N (Excluded) 000
Asian ' Subtotal (I-squared = 98.0%, p = 0.000) ¢ 0.35(0.25,046)  89.22
Ford 2003 i H 0.01(-001,002) 582 H
Luo 2006 - 0.17(0.10,0.23)  5.70 Laser Microdissection H
Motamedifar 2012 H (Excluded) 0.00 Zammarchi 2006 —..— 0.33(0.20,047) 530
Tabriz 2013 ' (Excluded) 0.00 Mazzanti 2011 | wegmm 068(057,079) 548
Subtotal (I-squared = 95.5%, p = 0.000) H 0.09 (-0.07,0.24) 11.52 Subtotal (I-squared = 93.3%, p = 0.000) _————e 051(0.17,085) 1078
H :
B Sample preservation D Detection method
Frozen tissue E PCR :
Wang 1995-1 = 0.39(0.33,044) 574 Wang 1995-1 L 3 0.39(033,044) 574
Etkind 2000 —p— 0.37(0.26,048) 548 Wang 1995-2 - 040 (0.32,048) 565
Melana 2002 i 031(021,042) 551 Pogo 1999 —— 038(0.26,049) 545
Zammarchi 2006 —r— 0.33(0.20,047) 530 Melana 2001 - 030(0.21,039) 560
: . H Melana 2002 e 0.31(0.21,042) 551
Zapata-Benavides 2007 o ' 0.04(0.01,008) 579 N M
' Ford 2003 » 0.01(-0.01,002) 582
Hachana 2008 - 0.14(0.08,020) 571 Levine 2004 : - 074(0.60,088) 529
Glenn 2012 : === 075(067,089) 545 Zapata-Benavides 2007 - ' 004(001,008) 579
Morales—Sanchez 2013-1 ' (Excluded) 000 Glenn 2012 H g 0.78(0.67,089) 545
Subtotal (I-squared = 97.5%, p = 0.000) - 033(0.16,050) 3897 Subtotal (I-squared = 98.6%, p = 0.000) - 037(0.21,052) 5029
L] L]
Paraffin-embedded tissue : Nested PCR :
g1 - o . -
Pogo 1999 0.38(0.26,049) 545 uo . g Phebe .70
Melana 2001 - 030(021,039) 560 Mok 2008 | —— 056(042,070) 530
s [ ) Hachana 2008 L . 0.14(0.08,020) 571
Ford 2003 L 4 ' 0.01(-0.01,002) 582 Lawson 2010 i 045(033,056) 546
Ford 2004 g 0.31(0.24,039) 566 Motamedifar 2012 ' (Excluded) 000
Faedo 2004 —— 0.39(031,048) 562 Morales-Sanchez 2013-1 : (Excluded) 0.00
Levine 2004 ' i (.74 (0.60, 0.88) 529 Morales-Sanchez 2013-2 ¥ (Excluded) 0.00
Luo 2006 =, 0.17(0.10,023) 570 Subtotal (I-squared = 92.6%, p = 0.000) q 033(0.18,047) 2766
Mok 2008 ! —— 056(0.42,0.70) 530 Sembnested PCR '
Lawson 2010 —— 0.45 (0.33,0.56) 546 N .
Mazzanti 2011 | = 068(0.57,0.79) 548 Ford 2004 "‘i 031(024,039) 566
Motamedifar 2012 : (Excluded) 0.00 ﬁﬁf&im uared = 45.1%, p = 0.177) o Eg:; g':g; R
MoralesSanchez 2013-2 : (Excluded) 000 squarec=43.1%p=0. < =3 1021 O :
Tabriz 2013 : (Excluded) 000 FN-PCR H
Subtotal (I-squared = 98.2%, p = 0.000) - 039(0.24,055)  61.03 Zammarchi 2006 — 033 (020,047) 530
H Mazzanti 2011 N —— 0.68 (0.57,0.79) 548
Overall (I-squared = 98.0%, p = 0.000) ¢ 0.37(0.26,0.48) 10000 Subtotal (I-squared = 93.3%, p = 0.000) ¢ 0.51(0.17,0.85) 1078
: Real time-PCR :
H Tabriz 2013 : (Excluded) 0.00
H Subtotal (I-squared = %,p=) N () 0.00
"
' Overall (I-squared = 98.0%, p = 0.000) <> 0.37(0.26,048) 100,00
s .
™ T LN | T
0 3 6 9 o 3 6 9

259 Am J Transl Res 2014;6(3):248-266



MMTV-LV infection and human breast cancer risk

Table 6. Included studies assessing the association of clinical parameters and MMTV-LV prevalence in

human breast cancer

MMTV-LV+ (%)

Parameters Pogo [33] Faedo [24] Hachana Glenn [11] Ford [23] Zammarchi Luo [19] Lawson
1999 2004 [16] 2008 2012 2004 [18] 2006 2006 [20] 2006
ER + 10/29 (34.48) 8/54 (14.81) 29/38(76.32)
40/99 (40.40) 9/68(13.24)  8/10 (80.00)
PR + 13/35(37.14) 18/31(58.06) 4/58(6.90) 24/34 (70.59)
13/34(38.24) 32/97(32.99) 13/64 (20.31) 14/15 (93.33)
HER2 +  10/24 (41.67) 1/32 (3.13) 2/3(66.67)
16/45 (35.56) 16/90 (17.78) 27/35 (77.14)
P53 + 15/27 (55.56)  7/57 (12.28) 34/44 (77.27)
35/101(34.65) 10/75(13.33) 5/6(83.33)
IDC Grade | 12/37 (32.43)  4/23 (17.39) 3/5 (60.00) 9/40 (22.50) 0/2 (0.00) 3/16 (18.75) 5/9 (55.56)
Il - 18/44 (40.91) 7/43(16.28) 11/1764.71) 19/56(33.93) 2/9(22.22) 9/39(23.08) 9/18(50.00)
1} - 20/47 (42.55) 4/45 (8.89) 20/23(86.96) 15/40(37.50) 11/32(34.38) 8/32(25.00) 5/16 (31.25)

IDC: infiltrating ductal carcinoma.

Table 7. Meta-analysis of the association of clinical parameters
and MMTV-LV prevalence in human breast cancer

The association of clinical parameters and MMTV-LV

lence of MMTV-LV in women
breast cancer tissue in different
countries. Overall, breast cancer

parameters N OR 95% Cl incidence. rate yaries 4-fold by
ER 3 0.89 0.48-1.65 ge(.)graplhlc Iocatllon between cou-
ntries with the highest and lowest

PR 4 0.73 0.22-2.42 rates. North American and north-
HER2 3 0.65 0.30-1.43 ern European countries have the
P53 3 147 0.79-2.73 highest incidence rates of breast
Grade lllvs| 7 1.35 0.82-2.22 cancer; intermediate levels have
sl 1.06 0.70-1.62 been reported in Western Europe

s | 1.34 0.82-2.19 and Oceania; while Asia has the

their transcription. Analysis of the proviral
sequences demonstrates that the LTRs of
MMTV-LV contain all of the enhancer and pro-
moter elements and MMTV-LV genes, 95%
homologous to MMTV, have potential for
expression, replication and integration into the
hosts’ cell genome [55]. Indeed, the mammali-
an Wnt gene family and several other onco-
genes were discovered because of their asso-
ciation with MMTV [56]. Because MMTV
integration does not appear to be site-specific
[57], the more viruses produced, the more like-
ly it is that proviral DNA will integrate near a
proto-oncogene. Thus, latency and incidence of
tumor formation are proportional to virus load
[58]. In addition, the env protein also partici-
pates in MMTV-mediated transformation of
mammary epithelial cells, since mutation of the
Env protein reduces MMTV-induced mammary
tumorigenesis without effecting infection levels
[59].

Based on the theory, the incidence rate of
breast cancer should roughly parallel the preva-
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lowest levels [53]. In our meta-
analysis results, the prevalence
of MMTV-LV in Western women breast cancer
tissue is 40.4% (95% Cl: 28.9%-51.9%), which
is much higher than that in Asian (rate=8.5%,
95% Cl: -7.1%-24.1%, p=0.015). This result sup-
ports the association between MMTV-LV infec-
tion and human breast cancer risk.

More intriguing is that the incidence of breast
cancer correlates with the geographic distribu-
tion of various species of wild mice [60]. Sage
et al. treat mice as three separate species,
namely Mus domesticus, Mus musculus and
Mus castaneus [61]. The ability to transmit
MMTYV varies in the three species. The common
mice, Mus domesticus, as compared with Mus
musculus and Mus castaneus are thought to
shed a higher viral burden of MMTV [60].
Usually landed from western Iran and North
Africa to Western Europe, Mus domesticus
mice gradually expanded their range to North
and South America, Australia, New Zealand and
Hawaii via ships sailing from western European
ports. The range of Mus musculus abuts that of
Mus domesticus from east Europe to east Asia
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Study ID OR (95% CI) Weight (%)
A ER
Faedo 2004 —-t—  — 078(033,184) 5482
Hachana 2008 1.14(041,319) 3133
Glenn 2012 081(0.14,450) 1385
Overall (I-squared = 0.0%, p = 0.847) <> 0.89(048,1.65 100,00
2 1 4
B er
Pogo 1999 —l- e 095(0.36,253) 2816
Faedo 2004 —_— 281(123,645) 2968
Hachana 2008 —-— 0.29(0.09,095) 2586
Glenn 2012 017(002,148) 1629
Overall (I-squared = 76.3%, p = 0,005) 073(022,242) 100,00

06

V

T
6

c

Study ID OR (95% CI)  Weight (%)
HER2
Pogo 1999 li—' — 1.29(0.47,357) 4047
Hachana 2008 z 0.15(0.02,1.17)  50.68
Glenn 2012 ‘f} 0.59(0.05,742) 886
Overall (I-squared = 46.3%, p = 0.156) ¢> 0.65(0.30,1.43)  100.00
% B
P53
Faedo 2004 +¢_ 2.36(0.99, 5.59) 40.66
Hachana 2008 _‘—é_ 0.91(0.32, 2.56) 46.94
Glenn 2012 i 0.68(0.07,6.52) 1239
Overall (I-squared = 17.5%, p = 0.298) <o 147(0.79,273) 10000

T
.06

Figure 5. The association of MMTV-LV prevalence with ER (A), HER2 (B), PR (C) and p53 (D) were analyzed.
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Study ID OR (95% CI) Weight (%)
A Gradelllvs I
Faedo 2004 ——IO— 1.54 (0.63,3.79) 28.78
Hachana 2008 —-0-——;— 0.46 (0.10, 2.05) 18.00
Glenn 2012 i 4.44(0.51,38.61) 240
Ford 2004 -—é—‘— 2.07(0.78,5.51) 20.99
Zammarchi 2006 é 2.67 (0.12,60.54) 223
Luo 2006 —-:'-— 1.44 (033, 6.40) 11.19
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Figure 6. The association of MMTV-LV prevalence with different histological

grades as indicated were analyzed.
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and Mus castaneus lives from southern China
to central Iran [61]. The incidence of breast
cancer is much higher in Mus domesticus lands
than that in other mice lands [60]. Such a clear
geographic pattern of mice distribution is relat-
ed to the incidence of breast cancer and the
prevalence of MMTV-LV in women breast can-
cer tissue.

Mice may be a zoonotic source of MMTV-LV
infection in human breast cancer. The sequence
of MMTV-LV is 95% homologous to MMTV [55],
and the distribution of mice is associated with
breast cancer incidence [60] and MMTV-LV
prevalence in women breast cancer tissue.
Both two points suggest that MMTV-LV infec-
tion should be considered a zoonotic infection,
and that MMTV-LV has been transferred to
human from mice. As a supportive argument for
early hu-
man exposure, they cite ancient documents
indicating that mouse fecal pellets have been
present in stored grains, and thus could have
found their way into the human alimentary
tract. By another way, cats may become infect-
ed by MMTV from mouse and then transmit an
adapted virus to humans [62].

In the overall meta-analysis of the association
between MMTV-LV infection and the risk of
transformation from CDIS to IDC, we found a
neutral effect of MMTV-LV infection on the
transformation from CDIS to IDC (OR=1.16,
95% Cl: 0.27-4.97). But when we divided the
studies by cell selecting methods or detection
methods, we found that the association
between MMTV-LV infection and transforma-
tion risk was significantly protective in the laser
capture microdissection (LCM) and fluores-
cence-nested PCR (FN PCR) subgroup
(OR=0.12, 95% CI: 0.04-0.37), by contrast, the
association in the subgroup of sections cut
from tissue was harmful (OR=2.87, 95% CI:
1.15-7.19).

LCM process does not alter or damage the mor-
phology and chemistry of the sample collected,
nor the surrounding cells. For this reason, LCM
is a useful method of collecting selected cells
for DNA, RNA and/or protein analyses. LCM can
be performed on a variety of tissue samples
including frozen and paraffin embedded archi-
val tissue [63]. There were two studies using
this method [13, 18] in the meta-analysis. They
carefully excluded stromal and inflammatory
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cells and exactly selected cancer cells. Com-
pared with traditional selecting method, LCM is
more exact and reliable. The two studies also
adopted FN PCR to detect MMTV ENV gene
sequence. This method was proved as sensi-
tive and robust for detecting MMTV-LV in human
tissues as other traditional approaches such as
combined nested-PCR/agarose gel electropho-
resis/southern blot/autoradiography [64, 65].
Although the two studies used a more exact
and reliable method, their sample sizes were
smaller. So the results need to be confirmed by
more studies adopting LCM method and FN
PCR.

There were several studies referring to the
association between MMTV-LV prevalence and
clinical parameters of women breast cancer.
Their results were not consistent, so we
explored the overall effects in this comprehen-
sive meta-analysis. We showed no correlation
between the prevalence of MMTV-LV and the
histological grades, expression of ER, PR, HER2
or pb3.

In addition, we did not find any significant differ-
ence between frozen and formalin-fixed paraf-
fin-embedded tissues.

There were two major limitations to our meta-
analysis that merit consideration. First, the
cancer-modifying association between MMTV-
LV infection and breast cancer risk was based
on data from case-control studies. There were
few perspective studies to include into this
meta-analysis. In order to confirm the conclu-
sion that MMTV-LV infection do contribute to
the etiology of breast cancer, more perspective
studies are needed to perform. Second, there
were only two studies using LCM method, while
the others all used scalpel blades when scrap-
ing sections from paraffin-embedded or frozen
tissues. The researchers could not control the
proportion of cancer cells when they adopted
the latter method. This may be the partial
source of heterogeneity between studies. We
should pay more attention to the cell selecting
method in the future studies.

Based on the results of this meta-analysis, it
appears that MMTV-LV infection could increase
the risk of breast cancer. We find no positive
association between MMTV-LV prevalence and
histological grades, expression of ER, PR, HER2
or p53 in breast cancer tissue. However, the
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prevalence of MMTV-LV is much higher in
Western women breast cancer tissue than in
tissues of Asian patients. Our results support
the zoonotic hypothesis that human acquired
MMTV from house mice. These results may pro-
vide important guidelines to breast carcinoma
diagnosis, prevention and treatment.
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