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INTRODUCTION
Worldwide, breast cancer has the highest incidence in women of all primary site cancers [1]. The incidence has also increased 

in Korean women during the previous ten years since the early detection mammography program was introduced [2]. In addition 
to a genetic predisposition, various environmental factors are also known to contribute to the development of breast cancer [3-5]. 
The fact that Asian women, including Korea, show a relatively younger age of breast cancer occurrence than Western women has 
been one basis for the emergence of theories of viral infection as a cause of breast cancer [6-10].

Mouse Mammary Tumor Virus (MMTV) was reported to cause breast cancer in mice by Bitter, in 1936 [11], making it the first 
known oncogenic virus in mammals [4]. Since then, there have been efforts to find out whether an analogous virus might cause 
human breast cancer (HBC) [9]. In 1995, Wang et al. [12] used a 660-bp sequence related to the MMTV env gene, and reported 
that 38.5% of HBC patients were positive for this sequence. As a result, this was named Human Mammary Tumor Virus (HMTV), 
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ABSTRACT

Objective: There is ongoing debate about the association between 
Human Mammary Tumor Virus (HMTV) infection and breast cancer. 
A systematic review (SR) published in 2014 revealed that there was 
a statistically significant association. However, there was suspected 
duplication of the studies selected in that SR and it also presented the 
need for a more detailed subgroup analysis by region. Therefore, the 
present study repeated the meta-analysis with the addition of relevant 
papers published before October 2015. 

Methods: Using the papers selected for the previous SR, a list was 
made of the references, and the “cited articles” and “similar articles” 
provided by PubMed. Of these, we only selected case-control studies that 
used PCR to detect the HMTV gene in tissue. The criterion for duplication 
was papers that showed identical researcher names or affiliated 
institutions. Among duplicated papers, the one with the largest number 
of samples was chosen. The meta-analysis was used to obtain summary 
odds ratio (SOR) and 95% confidence interval (CI). 

Results: A total of 13 case-control studies were selected. The total 
number of the case and control groups was 1,878 and 1,204 persons, 
respectively. The results of the meta-analysis for these 13 papers showed 
that HMTV infection increased the risk of breast cancer (SOR=8.37, 95% 
CI: 2.29-23.39; I-squared = 98.4%). 

Conclusion: In the sub-group analysis, there was statistical 
significance for North America, the Mediterranean, and Australia. The 
results of this study support the claim that HMTV infection increases the 
risk of human breast cancer. 
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and its 95% homologous to MMTV [13-15]. Currently, the debate about whether HMTV is a cause of breast cancer is still ongoing [16], 
but Salmons and Gunzburg [17] summarized the evidence that would make HMTV a cause according to Koch’s postulates. And a 
systematic review (SR) by Wang et al. [14] of 12 case-control studies published before October 2013 reported a summary odds ratio 
(SOR) 15.2 (95% confidence intervals, CI: 9.98-23.13).

But there are two potential issues with the meta-analysis and conclusions from that SR [14]. First, there is a suspicion that the 
data from the selected papers was duplicated. Of the 12 papers, the authors’ names and affiliated institutions were identical for 
2 US papers [12,18] and 4 Australian papers [19-22]. However, the source of the samples for these papers is unclear, and moreover, 
there is no description of whether these papers each tested different cancer tissues. If there is a sample overlap between 
papers, the results of a meta-analysis that does not take this into account could be over-estimated. In other words, the papers 
for the meta-analysis need to be reselected with attention to the possibility of duplication between papers from identical authors 
and institutions. Second, the SR [14] claimed that the risk of HMTV-related breast cancer was much higher in Western countries 
compared to Asia, but the meta-analysis included 11 papers from Africa and Western countries combined, and only 1 paper from 
Asia. To make a more valid claim about region-specific differences, the 11 papers from Africa and Western countries need to be 
further subdivided, and the search period needs to be extended to perform a re-analysis with additional papers. Therefore, in the 
present study, we aimed to perform an adaptive meta-analysis looking at the association between HMTV infection and human 
breast cancer, with an extended search period for papers published before October 2015.

MATERIALS and METHODS 
Literature search and selection of relevant papers

Since this was a reanalysis of a previously published SR [14], we applied a hand search strategy [23-25], rather than an electronic 
search. Specifically, we searched the references from the papers selected by Wang et al. [14], and made a list of the “Cited articles” 
and “Similar articles” for each paper, as provided by PubMed (www.ncbi.nlm.nih.gov/pubmed). The dates of publication for the 
papers included in the list were up to October 2015.

The selection criteria were the same as Wang et al. [14] as case-control studies that used tissue samples and a polymerase 
chain reaction (PCR) detection method. Based on the titles and abstracts of the papers in the compiled list, the following three 
exclusion criteria were applied – papers with a different hypothesis, expert reviews or systematic reviews, and case reports. 
Among the papers remaining after this process, a further 4 exclusion criteria were applied – no HMTV detected for either the 
case group or the control group, non-tissue samples, not using a PCR method, and duplicated samples. Here, duplicated samples 
were defined as papers published by researchers affiliated with the same institution and, after dividing the results into paraffin-
embedded tissue (PET) and fresh frozen tissue (FFT), the paper with the largest combined number of samples for the case and 
control groups was selected. After applying all the above 7 exclusion criteria, the remaining case-control studies were selected for 
the final analysis.

Statistical analysis

Two researchers were responsible for applying the exclusion criteria for each paper and extracting HMTV-related information-
total number of samples and number of positive samples for the case group and the control group, by sample type; nationality of 
subjects; cell selection method; detection method; kinds of control tissue. Samples were divided by type into either PET or FFT, and 
then the number of HMTV-positive and HMTV-negative subjects in the case and control groups were used to obtain the OR and 
95% CI for each study. Using the subjects’ nationality, the studies were categorized into North America, South America, Australia, 
the Mediterranean, and Asia. Cell selection methods were divided into either section cut from tissue (SC) or laser microdissection 
(LM). HMTV infection detection methods were divided into 4 groups-PCR, nested PCR (N-PCR), semi-nested PCR (SN-PCR), and 
fluorescent-nested PCR (FN-PCR). Control tissue was defined as either normal breast tissue (NBT), breast fibro-adenoma (BF), or 
adjacent normal breast tissue away from tumor (ANBT).

The I-squared value (%) was used to evaluate heterogeneity in the meta-analysis, and summary odds ratio (SOR) and 95% 
CI were initially obtained for a random effects model. Egger’s test for small-study effects was used to test for publication bias [26]. 
In the case of publication bias, a sensitivity analysis was performed, excluding studies that caused issues in the forest plot. Also, 
additional subgroup analyses were performed according to sample type, region, cell selection method, and PCR testing method, 
and these were compared with the results of the previous SR [14]. The statistical significance level was set at 5% and the Statistics 
program STATA version 14 (www.stata.com) was used.

RESULTS
Figure 1 displays the process of selecting papers for the final analysis through a literature search process. In order to 

determine the risk of breast cancer caused by HMTV, 50 references were acquired based on the previous SR [14], and a list of 
593 “Cited articles” and “Similar articles” was compiled using PubMed. When the selection criteria were applied in order to these 
643 papers, 28 case-control studies were obtained. Of these, (1) 5 papers [27-31] were excluded because HMTV gene could not be 
detected in either the case or control group, (2) 3 papers [32-34] were excluded because the test samples were not tissue-based, (3) 
1 paper [35] that did not used PCR, (4), and 6 papers [12,21,36-39] that used duplicate samples.
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Figure 1. Flow chart of article selection.

The process of determining duplicate samples and excluding and selecting relevant papers is described in Table 1. Among 
research results for samples from the United States, there were a total of 6 papers [12,18,36-38,40] from the Mount Sinai School of 
Medicine, and of these, the papers with the largest total number of samples were Melena et al. [18] and Wang et al. [40], so these 
were included in the PET and FFT scores, respectively. There were also 5 papers [19-22,39] from the University of New South Wales 
in Australia, and of these, the results of Ford et al. [20] and Glenn et al. [22] were included in the scores for PET and FT respectively. 
The paper by Ford et al. in 2003 [19] used Vietnamese samples, and so was not excluded.

Nation Study PET FFT Selected in Wang 
et al. [14]

  Target (bp) Case Control Target (bp) Case Control Y
US Wang (1995) [12] 250 60/151 1/27 660 121/314 4/136
 Pogh (1997) [36 250 60/151 1/28 660 131/335 2/150
 Wang (1998) [37]    660 42730 0/10
 Wang (2001) [38]    630 27/65 0/44
 Melana (2001) [18]* 250 32/106 1/106    Y
 Wang (2001) [40]*    660/590 188/495 2/155
        

Australia Ford (2003) [19] 356 38/92 2/111    Y
 Ford (2004) [20]* 190 45/144 7/136    Y
 Ford (2004) [39] 356 26/33 0/20    
 Lawson (2010) [21] 255 33/74 0/29    
 Glenn (2012) [22]*    643 39/50 13/40 Y

Table 1. Papers shown results of doubtfully overlapping samples by paraffin-embedded tissue (PET) and fresh frozen tissue (FFT).

*Articles selected for meta-analysis; Study: first author (year of publication) [reference number]

Following the above exclusion process, a total of 13 papers were selected for the meta-analysis [13,18-20,22,40-47]. Table 2 
summarizes the 13 case-control studies in the final selection, together with the subjects’ nationalities, cell selection methods, 
PCR methods, and the number of HMTV-positive individuals for each type of sample. In Ford et al. [20], data was only collected 
from females. From these 13 case-control studies, the total number of subjects in the case and control groups was 1,878 and 
1,204, respectively. In terms of sample types, there were 6 studies for PET samples and 7 studies for FFT samples. By region, 3 
studies were categorized as North America, 2 studies as South America, 2 studies as Australia, 4 studies as the Mediterranean 
coast, and 2 studies as Asia. For the cell selection method, 11 papers used sections cut from tissue and 2 papers used laser 
micro dissection. For the detection method, 4 papers used PCR, 6 papers used N-PCR, 2 papers used FN-PCR, and 1 paper used 
SN-PCR. In terms of control sample selection, 10 papers used NBT or BF, 2 papers used ANBT, and 1 paper used a combination 
of ANBT and NBT.

Table 2. Summary of the 13 selected case-control studies.

Study Nation PET FFT Cell 
selection Detection Matching 

Control  Target (bp) Case Control Target (bp) Case Control
Melana (2001) [18] US 250 32/106 1/106    SC PCR NBT
Wang (2001) [40] US    660/590 188/495 2/155 SC PCR BF/NBT
Etkind (2000) [41] US    660/250 27/73 0/35 SC N-PCR NBT
Ford (2004) [20] Australia 190 45/144 7/136    SC SN-PCR BF/NBT
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Glenn (2012) [22] Australia    643 39/50 13/40 SC N-PCR NBT
Zammarchi (2006) [42] Italy    248 15/45 0/8 LM FN-PCR NBT
Mazzanti (2011) [13] Italy 202 47/69 5/46    LM FN-PCR NBT/ANBT
Hachana (2008) [43] Tunisia    190 17/122 0/122 SC N-PCR NBT
Slaoui (2014) [44] Morocco 171 24/42 6/18    SC N-PCR ANBT
Melana (2002) [45] Argentina    250 23/74 1/15 SC PCR BF/NBT
Cedro-Tanda (2014) [46] Mexico    660 57/458 72/458 SC N-PCR ANBT
Ford (2003) [19] Vietnam 356 1/120 0/60    SC N-PCR NBT
Naushad (2014) [47] Pakistan 660 16/80 0/5    SC PCR NBT
a) ANBT: Adjacent Normal Breast Tissue away from Tumor; BF: Breast Fibroadenoma; FFT: Fresh Frozen Tissue; FN-PCR: Fluorescent Nested 
Polymerase Chain Reaction (PCR); LM: Laser Microdissection; NBT: Normal Breast Tissue; N-PCR: Nested PCR; PET: Paraffin-Embedded Tissue; 
SC: Sections Cut from Tissue; SN-PCR: Semi-Nested PCR; Study: first author (year of publication) [reference number]

When the 13 papers were divided into PET and FFT, and a meta-analysis was performed applying an REM, the risk of SOR 
for HMTV-positive individuals was 7.96 for PET (95% CI: 3.37-18.84: I-squared=49.8%), and 9.82 for FFT (95% CI: 1.94-49.70: 
I-squared=90.1%) (Figure 2). An Egger test was performed to determine whether there was publication bias, and the p-values for 
PET and FFT were 0.763 and 0.019, respectively (Table 3). From the FFT studies in Figure 2, Cedro-Tanda et al. [46] was judged to 
be increasing heterogeneity and causing publication bias. When this was excluded, the publication bias disappeared (p=0.456), 
as did the heterogeneity (I-squared=21.9%). When this study was excluded from the FFT group, the SOR for the remaining 6 
studies was 15.05 (95% CI: 6.49-34.91), and when combined with the PET group, the SOR for those 12 studies was 10.64 (95% 
CI: 4.95-20.30, I-squared=45.0%). Among detection methods, the SOR was highest for PCR, at 19.12 (95% CI: 5.34-68.47, 
I-squared=38.1%). Among control tissues, the SOR for the BF or NBT group was 12.04 (95% CI: 6.50-22.32, I-squared=20.7%), 
which was higher than the ANBT group.

NOTE: Weights are from random effects analysis
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Figure 2. Forest plot using a random-effects summary estimate of 13 case-control studies by kinds of tissue. ID: author name (year of publication) 
[reference number]; ES : effect size; CI: confidence intervals.
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Table 3. Sub-group analyses and sensitivity analyses by kinds of tissue and global area.

Study Number of 
articles Reference number

p-value of 
bias

(Egger test)

I-squared 
(%) SOR [95% CI] SOR [95% CI] of Wang et 

al. [14] 

Overall 13 13,18-20,40-47 0.007 98.4 8.37 [2.99, 23.39]  

PET 6 13,18,19,20,44,47 0.763 49.8 7.96 [3.37, 18.84] 14.95 [8.41, 26.55]

FFT 7 13,40-43,45,46 0.019 90.1 9.82 [1.94, 49.70]  

FFT except Ref [46] 6 13,40-43,45 0.456 21.9 15.05 [6.49, 34.91] 15.46 [8.37, 28.56]

All except Ref [46] 12 13,18-20,40-45,47 0.669 37.7 10.64 [5.89, 19.21] 15.20 [9.98, 23.13]

North America 3 18,40,41 0.113 0 45.72 [15.72, 132.99]  

South America 2 45,46 - 73.8 1.69 [0.23, 12.61]  

Australia 2 20,22 - 0 7.91 [4.23, 14.80]  

Mediterranean 4 13,42-44 0.75 56.2 9.29 [2.58, 33.39]  

Asia 2 19,47 - 0 2.12 [0.24, 18.64]  

SC 11 18-20,40,41,43-47 0.011 87.9 7.69 [2.52, 23.43]  

SC except Ref [46] 10 18-20,40,41,43-
45,47 0.566 45.0 10.03 [4.95, 20.30] 15.15 [9.58, 23.94]

LM 2 13,42 - 0 16.14 [5.97, 43.61] 15.52 [5.57, 43.29]

PCR 4 18,40,45,47 0.179 38.1 19.12 [5.34, 68.47] 14.99 [8.34, 26.94]

N-PCR 6 19,41,22,43,44,46 0.062 85.2 4.46 [1.14, 17.50]  
N-PCR except Ref 

[46] 5 19,41,22,43,44 0.549 37.0 6.60 [2.44, 17.90] 43.31 [8.46, 221.74]

FN-PCR 2 13,42 - 0 16.14 [5.97, 46.61] 15.52 [5.57, 43.29]

SN-PCR 1 20 - - 8.38 [3.62, 19.37] 8.38 [3.62, 19.37]

NBT or BF 10 18-20,22,40-
43,45,47 0.44 20.7 12.04 [6.50, 22.32]  

NBT 7 18,19,22,41-43,47 0.42 8.4 10.77 [4.97, 24.20]  

ANBT 2 44,46 - 75.5 1.26 [0.38, 4.19]  

NBT & ANBT 1 13 - - 17.52 [6.08, 50.44]  
ANBT: adjacent normal breast tissue away from tumor; BF: breast fibroadenoma; FFT: frozen tissue; FN-PCR: fluorescent nested polymerase 
chain reaction (PCR); LM: laser microdissection; NBT: normal breast tissue; N-PCR: nested PCR; PET: paraffin-embedded tissue; Ref [46]: the 
article by Cedro-Tanda et al. with reference number 46; SC: sections cut from tissue; SN-PCR: semi-nested PCR; Study: first author (year of pub-
lication) [reference number]

DISCUSSION
The meta-analysis of 13 case-control studies revealed that HMTV infection increases the risk of breast cancer. After excluding 

one Mexican study [46] that caused publication bias and heterogeneity the SOR was 10.64 (95% CI: 5.89-19.21), which was lower 
than the SOR given by Wang et al. [14], but still showed statistical significance. This is because the Mexican study [46] had the largest 
number of samples among the 13 studies and showed a higher positivity rate for control tissues (15.7%) than cancer tissues 
(12.4%). However, that study chose ANBT as the control tissue. Three [13,44,46] of the total 13 studies used ANBT as the control 
tissue, and after excluding Mazzanti et al. [13], which also used NBT, the remaining 2 studies both had an OR of less than 3 and did 
not show statistical significance (Figure 2). Hence, care should be taken when interpreting the result of studies using ANBT as the 
control tissue, and so we performed a sensitivity analysis centered on the relevant studies (Table 3).

Excluding the Mexican study [46], studies using FFT samples showed a higher SOR than studies using PET samples (15.05 vs 
7.96). When compared with the previous SR (Table 3), there was a 50% for PET studies (7.96 vs 14.95), and almost no change in FFT 
studies (15.05 vs 15.46). Additional research is required to determine whether this difference is the result of over-estimation due to 
duplicate analysis, or if it is the result of an actual difference between PET and FFT. Among PCR testing methods, N-PCR showed a large 
change compared to the previous SR (6.60 vs 43.31). Given that there were 3 N-PCR studies in the previous SR [14], while the present SR 
analyzed 6 N-PCR studies, this result can be interpreted as the present SR having obtained a more accurate value.

In the analysis by region, there was no statistical significance for Asia and South America. This could be interpreted as simply 
the result of having only 2 studies from each region, but Australia also only had 2 studies in this SR and still showed statistical 
significance. Hence, it is more valid to view this as an interregional difference in the risk of breast cancer due to HMTV infection. 
The highest risk was shown for North America, followed by the Mediterranean, then Australia, meaning that the theory of Stewart 
et al. [48] linking the incidence of human breast cancer to the natural ranges of mice. This theory has epidemiological significance 
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in that it can explain the results of immigrant studies that have shown an increase in breast cancer incidence among females who 
move from low-incidence to high-incidence regions [15].

The main limitation of the present SR is that duplicate samples were defined as studies with identical author names and 
affiliated institutions. In the previous SR [14], duplicate studies were defined as those with the clearest descriptions, and accordingly 
that SR only selected Wang et al. [12] among US studies. Meanwhile, the present SR selected Melana et al. [18] and Wang et al. [40], 
which had the most samples, and so it could be considered that there was no difference between the SRs in terms of duplication. 
Conversely, among Australian studies, the previous SR selected 3 PET studies [19-21], while the present SR only selected the 2004 
study [20] from these, because it had the largest number of samples. In other words, only the selection of Australian studies showed 
a difference with the previous SR. The criteria for dealing with duplication in the present study can be viewed as stricter than 
the previous SR [14], and as a result, the risk was slightly lower but it still maintained statistical significance. Even in the excluded 
studies in Table 1 were not actually duplicates, it is expected that there would be no change in the statistical significant of the 
risk of breast cancer due to HMTV.

Meanwhile, the following sentence from Wang et al. in 2001 [40] clearly shows that the 1995 and 1998 studies [12,37] both 
used the same samples: “DNA was extracted from fresh or frozen primary human breast carcinomas, and human breast cancer 
cell lines as described in previous publications”. However, several studies shown in Table 1 did not have a sufficient description of 
the source of the samples, and did not clearly demonstrate differences with previous published samples. In the future, emphasis 
needs to be placed on reflecting the above information in the research methods.

Because the present SR aimed to resolve the doubts regarding the previous SR [14], a hand search was preferred over a 
new electronic search, since this made maximal use of the results of the previous SR. Consequently, we were able to acquire an 
additional 3 papers published after November 2013 [44,46,47]. The papers acquired through the selection process in this study can 
be used as an important list for future adaptive meta-analyses.

In conclusion, this SR selected 13 case-control studies by lengthening the publication period and reassessing sample 
duplication, and the results supported the claim that HMTV infection increases the risk of human breast cancer. In order to 
end the debate, additional research is required into the oncogenic mechanisms of HMTV infection [9,46]. This is because an 
understanding of the oncogenic process would enable suitable diagnosis, development of treatments that improve prognoses, 
and the design of more active prevention strategies [47]. In particular, given that human papillomavirus and Epstein-Barr virus have 
also been discovered in HBC tissue as well as HMTV [9], vaccine development may present a new opportunity for breast cancer 
management [49].
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