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ABSTRACT

Recently, a deletion in the human apolipoprotein B mRNA-editing enzyme
catalytic polypeptide-like 3 (APOBEC3) gene cluster has been associated with a
modest increased risk of breast cancer, but studies yielded inconsistent results.
Therefore we performed a meta-analysis to derive a more precise conclusion. Six
studies including 18241 subjects were identified by searching PubMed and Embase
databases from inception to April 2016. Pooled odds ratios (ORs) and corresponding
959% confidence intervals (CIs) were evaluated under allele contrast, dominant,
recessive, homozygous, and heterozygous models. All the analyses suggested a
correlation of APOBEC3 deletion with increased breast cancer risk (D vs I: OR = 1.29,
959% CI = 1.23-1.36; D/D+I/D vs I/I: OR = 1.34, 95% CI = 1.26-1.43; D/Dvs 1/
D+ I/I: OR = 1.51,95% CI = 1.36-1.68; D/Dvs I/I: OR = 1.75, 95% CI= 1.56-1.95;
I/DvsI/I: OR = 1.28, 95% CI = 1.19-1.36). Stratified analysis by ethnicity showed
that the relationship is stronger and more stable in Asians. In summary, our current
work indicated that APOBEC3 copy nhumber variations might have a good screening
accuracy for breast cancer.

INTRODUCTION The discovery of submicroscopic copy number
variations (CNVs) present in our genomes has changed
Breast cancer is the most frequently diagnosed dramatically our perspective on DNA structural variation
cancer and the leading cause of cancer death among and disease. It is now thought that CNVs encompass
females worldwide [1]. Accumulating publications have more total nucleotides and arise more frequently than
reported that genetic factors play important roles in the SNPs. CNVs may account for 13% of the human genome
pathogenesis of both sporadic and familial breast cancer and have been supposed to explain some of the missing
[2-6]. Recent genome-wide association studies (GWASs) heritability for complex diseases after the findings from
focusing on evaluating common single nucleotide GWASs [13-16].
polymorphisms (SNPs) have identified more than 70 Recently a deletion in the APOBEC3 gene
genetic susceptibility loci for breast cancer [6-12]. cluster was identified [17, 18]. This CNV is a deletion
However, these newly identified genetic factors, along located between exon 5 of APOBEC3A and exon 8 of
with known high-penetrance breast cancer susceptibility APOBEC3B, resulting in a fusion gene with a protein
genes, only explain a small portion of the heritability for sequence identical to APOBEC3A, but with a 3’-UTR
this cancer [9]. of APOBEC3B. It has been found that the deletion
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Table 1: Characteristics of studies on association between APOBEC3 gene deletion and breast cancer

Sample size

Cases Controls

.. Source of Genotyping P for HWE Quality
Author Year Area  Ethnicity .
Cases Controls Controls D DD I D D/D Method in controls  Score
Real-time
Marouf 2016 Morocco Caucasian 226 200 PB 19 0 175 25 0 qualitative PCR 0.35 8
(Tagman)
KASPar or Life
Gohler 2016 Sweden Caucasian 782 1559 PB 142 5 1295 251 13 Technologies 0.83 8
assays
Rezaei 2015  Iran  Caucasian 262 217 PB 103 5 148 63 ¢ Reaktime 0.82 9
qualitative PCR
Xuan 2013 Europe Caucasian 1671 1602 PB 1275 376 20 1279 314 o Realtime 0.03 8
qualitative PCR
Lon 2013  China  Asian 5792 5830 PB 2045 2805 942 2530 2638 662 Realtime 0.52 9
g qualitative PCR :
. Real-time
Komatsu 2008  Japan Asian 50 50 PB 21 7 21 23 2 qualitative PCR 0.16 8

PB, population-based; PCR, polymerase chain reaction; HWE, Hardy-Weinberg equilibrium.

frequency was highly variable, rare in African and
European populations (frequency of 0.9% and 6%,
respectively), more common in East Asian and American
populations (36.9% and 57.7%), and almost fixed in
Oceanic populations (92.9%) [17]. Komatsu et al. first
discovered an increased but statistically non-significant
risk of breast cancer associated with APOBEC3 deletion
in Japanese [19]. Then Long’s study strongly indicated
a positive correlation of APOBEC3 deletion with an
elevated breast cancer risk in Chinese [20]. Later, Xuan’s
study in European and Rezaei’s study in Iranian both
showed the similar positive correlation with statistical
power [21, 22]. However, the latest study by Gohler
only revealed statistically non-significant results in
Sweden and Marouf’s study in Moroccans even indicated
contrary results [23, 24]. As mentioned above, the results
derived from current publications are inconclusive and
even conflicting to each other, therefore we believe that
it’s necessary to perform a meta-analysis of available
patient data to gain greater statistical power on this issue,
with an expectation to obtain a pooled estimate much
closer to the unknown truth and consequently to provide
useful evidences and suggestions for early breast cancer
screening and future investigation.

RESULTS

Study identification

For the process of eligible studies’ identification and
selection, 16 publications were initially retrieved from
PubMed and Embase databases. After further screening
according to the inclusion and exclusion criteria, 6
relevant reviews and 4 molecular mechanism research

studies were excluded. Finally, a total of 6 case-control
studies with 18241 subjects were identified to be eligible
for this meta-analysis [19-24]. The main characteristics of
included studies were summarized in Table 1.

Quantitative data analyses

Finally, 6 epidemiological individual studies
including 8783 cases and 9458 controls were enrolled in
this meta-analysis. All studies reported detailed number of
three genotypes Insertion/Insertion (I/I), Insertion/Deletion
(I/D), Deletion/Deletion (D/D). To be comprehensive,
the correlation of APOBEC3 CNVs with breast cancer
risk was analyzed by five different comparison models:
allele contrast, dominant, recessive, homozygous, and
heterozygous.

Firstly, in the allele contrast model, the APOBEC3
deletion variation was found to be significantly correlated
with a higher breast cancer risk compared with the no-
deletion allele (D vs I: OR = 1.29, 95% CI = 1.23-1.36)
(Figure 1A). For the ethnicity-specific subgroup analysis,
the results indicated that both Asians and Caucasians with
the APOBEC3 deletion allele possessed an increased
breast cancer susceptibility. Summary of the ORs and 95%
ClIs for breast cancer risk and APOBEC3 deletion under
different genetic models was shown in Table 2.

The positive association between APOBEC3
deletion and breast cancer susceptibility was also found
by the dominant model in both Asians and Caucasians (D/
D+1/D vs I/I: for total, OR = 1.34, 95% CI = 1.26-1.43; for
Asians, OR = 1.40, 95% CI = 1.30-1.51; for Caucasians,
OR = 1.20, 95% CI = 1.06-1.35) (Figure 1B). Similarly,
evidences from the heterozygous analysis also support a
prominent association between APOBEC3 deletion and
breast cancer risk, and no statistically significant ethnic

www.impactjournals.com/oncotarget

74980

Oncotarget



Study %
1] OR(95%C))  Weight

Caucasian
Marouf (2016) — 066 (0.36, 1.21) 087
Gohler (2016) —— 1.11(0.90, 1.36) 5.71
Rezael (2015) — 132(0.95,182) 220
Xuan (2013) —— 1.23(1.06,1.43) 10.16
Subtotal (-squared = 34.3%, p = 0.207) <> 1.18 (1.05, 1.32) 18.94
Asian
Long (2013) == 132 (1.25,1.39) 8044
Komatsu (2008) 130 (0.71,2.38) 0.63
Subtotal (squared = 0.0%, p =0.951) ] 132 (1.25,1.39) 81.06
Overall (i-squared = 36.4%, p = 0.164) O 1.29(1.23,1.36) 10000
s 1 185
B
Study %
[} OR(95%Cl)  Weight
Caucasian
Marouf (2016) — 064 (0.34, 1.21) 1.49
Gohler (2016) — 1.14 0.91,1.42) 8.73
Rezael (2015) —_— 150 (1.03, 2.19) 2.71
Xuan (2013) e 1.23(1.04,1.45) 15.38
Subtotal (ksquared = 45.0%,p=0.141) | <> 1.20 (1.06, 1.35) 28.31
Asian
Long (2013) — 1.40 (1.30, 1.51) 70.99
Komatsu (2008) 1,07 (0.48, 239) 0.70
Subtotal (ksquared = 0.0%, p = 0.508) Lo 1.40 (1.30, 1.51) 71.69
Overall (squared = 52.3%, p = 0.063) O 1.34 (1.26,1.43) 10000
T T
3 1 22
C
Study %

0 OR (95% CI) Weight

Cavcasian
Gotler (2016) —_— 077027,218) 149
Rezaei (2015) —_— 0e8 21,227 1M
Xuan (2013) e 214097,472) 157
Marout (2016) (Excuded) 000
‘Sublotal (-squared = 44.7%, p = 0.164) <> 126(074,215) 417
Asian
Long (2013) - 152(13,169) 9552
Komatsu (2006) — 356070,1822) 031
Subtotal (-squared = 6.4%, p = 0.301) O 152(137,169) 9583
Overall (-squared = 225%,p=0.271) 151(136,168) 10000

2 1 an

D
Study »

0 OR(@%C)  Weight

079 (026,222)
080 (024,268
223(101,491)
(Excluded)

189
121
192
000

=

134(079,220) 502
Asian
Long (2013) - 176 (157,108 9462
Komatsu (2008) — 334 (062, 17.95) 037
Sublotal (I-squared = 0.0%, p = 0.456) 177 (157,1.08) 9498
Overal (I-squared = 17.2%, 9 = 0.305) 175(1.56,1.95) 10000

2 1 8

E
Stugy %
[ OR(95%Cl)  Weight
Caueasian

(2016) 064 (0.34, 1.21) 158
Gohler (2016) —_— 1.16 (0.92, 1.45) 8.90
Rezael (2015) ——e—— 1s57(107,231 270
Xuan (2013) ——— 120 (1.01,1.42) 16.05
Subtotal (-squared =47.7%,p=0.125) | <> 1.19 (1.05,1.35) 20.22
Asian
Long (2013) - 132 (1.22,1.42) 7002
Komatsu (2008) 067 (0.38,202) 0.76
Subtotal (-squared = 0.0%, p =0.340) [ 131(1.21,1.42) 70.78
Overall (squared = 39.4%, p = 0.143) o 128 (1.19,1.36) 100.00
34 1 232

Figure 1: Forest plot of breast cancer risk associated
with APOBEC3 gene deletion. Models represented in A.
allele contrast, B. dominant, C. recessive, D. homozygous, and
E. heterozygous.

variation was observed (I/D vs I/I: for total, OR = 1.28,
95% CI = 1.19-1.36; for Asians, OR = 1.31, 95% CI =
1.21-1.42; for Caucasians, OR = 1.19, 95% CI = 1.05-
1.35) (Figure 1E).

As Marouf’s study [24] included no individuals
with D/D genotype, it was excluded in the comparison by
recessive model (D/D vs I/D+1/I) and homozygous model
(D/D vs I/1). After the exclusion, positive results were only
found in Asians but not in Caucasians (D/D vs I/D+I/I:
for total, OR = 1.51, 95% CI = 1.36-1.68,; for Asians, OR
=1.52,95% CI = 1.37-1.69; for Caucasians: OR = 1.26,
95% CI=0.74-2.15) (D/D vs I/I: OR = 1.75, 95% CI =
1.56-1.95; for Asians, OR = 1.77, 95% CI = 1.57-1.98;
for Caucasians: OR = 1.34, 95% CI = 0.79-2.29) (Figure
1C and 1D).

Sensitivity analysis

Sensitivity analysis was conducted by deleting one
study at a time to examine the influence of individual
study to the pooled ORs. No single study materially
altered the pooled ORs when they were sequentially
deleted, suggesting that our results were stable and robust
(data not shown).

Publication bias

The funnel plot revealed no obvious publication bias
with a symmetrical distribution of study results around the
pooled measurement of effect, indicating that publication
bias was generally not a factor influencing the results
(Figure 2). Egger's test and the Begg’s test were employed
to detect the potential publication bias, and also confirmed
no statistically significant publication bias in this meta-
analysis. All P-values from the Egger's test and the Begg’s
test were listed in Table 2.

DISCUSSION

The APOBEC3 gene family, including APOBEC3A,
APOBEC3B, APOBEC3C, APOBEC3D, APOBEC3E,
APOBEC3F, APOBEC3G, and APOBEC3H, plays
pivotal roles in intracellular defense against viral
infections [25, 26]. The APOBEC3 genes family encodes
cytosine deaminases that have been demonstrated to
play key roles in innate immunity through their ability to
mutagenize viral DNA and restrict viral replication [27,
28]. Recent advances in cancer genomics, together with
biochemical characterization of the APOBEC3 enzymes,
have implicated that APOBEC3 germline variations are
specifically involved in many human cancers, including
breast, bladder, lung (adenocarcinoma and squamous cell
carcinoma), head/neck, and cervix [29, 30]. Moreover,
the APOBEC3 gene may play a role in carcinogenesis
by triggering DNA mutation [31]. Stephen Henderson
and Tim Fenton have reviewed the evidences linking
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Table 2: ORs and 95% CI for breast cancer risk and APOBEC3 deletion under different genetic models

Genetic models n OR [95% CI] P ,x, Model (method) I-square (%) P P (Bege) P (Egger)
Allele contrast (D vs 1)

All 6 1.29[1.23 - 1.36] <0.001 F (M-H) 36.4 0.164 0.260  0.115

Caucasian 4 1.18 [1.05-1.32] 0.005 F (M-H) 343 0.207 - -

Asian 2 1.32[1.25-1.39] <0.001 F (M-H) 0.0 0.951 - -
Dominant model (D/D+I/D vs I/T)

All 6 1.34[1.26 - 1.43] <0.001 F (M-H) 52.3 0.063 0452  0.119

Caucasian 4 1.20 [1.06 - 1.35]  0.004 F (M-H) 45.0 0.141 - -

Asian 2 1.40[1.30 - 1.51] <0.001 F (M-H) 0.0 0.508 - -
Recessive model (D/D vs I/D+I/T)

All 5 1.51[1.36 - 1.68] <0.001 F (M-H) 22.5 0.271 1.000  0.809

Caucasian 3 1.26 [0.74 - 2.15]  0.389 F (M-H) 44.7 0.164 - -

Asian 2 1.52[1.37-1.69] <0.001 F (M-H) 6.4 0.301 - -
Homozygous model (D/D vs I/T)

All 5 1.75[1.56 - 1.95] <0.001 F (M-H) 17.2 0.305 1.000  0.591

Caucasian 3 1.34[0.79-2.29] 0.280 F (M-H) 39.5 0.192 - -

Asian 2 1.77 [1.57 - 1.98] <0.001 F (M-H) 0.0 0.456 - -
Heterozygous model (I/D vs I/T)

All 6 1.28 [1.19 - 1.36] <0.001 F (M-H) 39.4 0.143 0.133  0.194

Caucasian 4 1.19[1.05-1.35] 0.006 F (M-H) 47.7 0.125 - -

Asian 2 1.31[1.21 - 1.42] <0.001 F (M-H) 0.0 0.340 - -

CI, confidence intervals; I, insertion; D, deletion; P (ORY

P for odds ratios; P

studies; F, fixed-effect model; M-H, Mantel-Haenszel method.

these enzymes to carcinogenesis including the potential
mechanisms that misdirect APOBEC3 activity to the host
genome, the links to viral infection, and the association
between a common APOBEC3 polymorphism and cancer
risk [27].

Up to now, emerging studies support a positive
association between APOBEC3 CNVs and cancer risk [32,
33], particularly for breast cancer [19-24]. What’s more,
it’s reported that the expression of APOBEC3 genes is
regulated by estrogen (ER) [19], a hormone that plays a
central role in the etiology of breast cancer. And Burns et
al. provided evidences that APOBEC3B is overexpressed
in breast tumors and cell lines and that the APOBEC3B
mutation signature is statistically more prevalent in
the breast tumor database of The Cancer Genome Atlas
(TCGA) than is expected [34]. Also, APOBEC3B has
recently been verified to be a marker of pure prognosis
and poor outcomes for ER" breast cancer, which strongly
suggests that genetic aberrations induced by APOBEC3B
contribute to breast cancer progression [35]. Additionally,
a recent re-analysis of public breast cancer mutation data

. P for heterogeneity; n, number of included

reported that breast cancers in carriers of the deletion
show more mutations of the putative APOBEC-dependent
genome-wide signatures than cancers in non-carriers.
Their results suggested that the APOBEC3A/3B germline
deletion allele confers cancer susceptibility through
increased activity of APOBEC-dependent mutational
processes, although the mechanism by which this occurs
remains unknown [36].

Herein we performed a comprehensive databases
search for all the eligible studies that reported the
association between APOBEC3 CNVs and breast
cancer risk. After pooling all the available data, we
got a conclusion that the APOBEC3 deletion mutation
significantly increases the risk of breast cancer, and
the results are especially stable in Asians. OR (95%
CI) of 1.29 (1.23-1.36) associated with deletion allele
compared with no deletion allele strongly suggested a
positive relationship between APOBEC3 deletion and
breast cancer risk. And generally, consistent results
were observed under the other four genetic models.
When assessing by the homozygous and hetarozygous
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A Begg's funnel plot with pseudo 95% confidence limits
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Figure 2: Publication bias tested by Begg’s funnel
plot. Models represented in A. allele contrast, B. dominant, C.
recessive, D. homozygous, and E. heterozygous.

model, APOBEC3 deletion was also significantly
associated with breast cancer risk, with OR (95% CI)
of 1.28 (1.19-1.36) associated with one-copy deletion
and 1.75 (1.56-1.95) associated with two-copy deletion
compared with subjects with no deletion. The results
present a possibility that the deletion copy number
may be directly proportional to the breast cancer
susceptibility.

In particular consideration of the influence of
ethnicity, we conducted stratified analysis by ethnicity.
Notably, the results showed that the relationship is
weaker in Caucasians than in Asians. The ORs in
Caucasian subgroup were always lower than those in
Asian subgroup, and results in recessive model and
homozygous model analysis revealed no statistical
significance. Although analysis by other three genetic
models showed positive results, we cannot convincingly
conclude that APOBEC3 deletion would confer risk
for breast cancer in Caucasian populations from the
current assessment. More studies with large sample size
in Caucasian populations are warranted to verify our
results.

Our work has several strengths. Above all, this is
by far the first meta-analysis evaluating the association
between APOBEC3 CNVs and breast cancer risk.
And it was comprehensively analyzed by five different
comparison models. Besides, all the included studies were
of high quality with NOS scores ranged from 8-9 score,
which is critical for the reliability of our pooled results.
What’s more, no obvious heterogeneity was observed
in all the analysis by five models and the ethnicity
subgroup analysis further reduced the heterogeneity.
Also, sensitivity analysis indicated no study to be deleted
and no evident publication bias was detected. All these
points significantly increased the statistical power of our
analysis.

Despite its strengths, some limitations should be
taken into consideration. Firstly, three of the included
studies were based on a relatively small sample of less
than 500 subjects and Long’s study with 11622 subjects
weights much higher than others. Secondly, only
literatures in English were included in our study. Finally,
many other factors could influence our analysis, such as
distinct covariant factors, various genotyping methods
among studies and non-coincident baseline characteristics
of different samples. All of these potential discrepancies
interfere with the standardization of our pooled data, but
we were unable to conduct further stratified analyses
for lack of detailed information. Thus, further studies
investigating this issue should consider the factors
mentioned above.

In summary, our current work indicates that
a high copy number of APOBEC3 deletion confers
risk for breast cancer, suggesting a possibility that
APOBEC3 CNVs has a good screening accuracy for
breast cancer.
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MATERIALS AND METHODS

Search strategy

Potentially eligible articles were obtained through
searching PubMed and Embase databases up to April 2016.
The literature search was performed using free-text words
combined with Medical Subject Headings (MeSH). Gene-
specific terms (APOBEC3 or apolipoprotein B mRNA
editing enzyme, catalytic polypeptide 3) were combined
with polymorphism-specific terms (polymorphism or
polymorphisms or variation or variations or variant or
mutation or mutations or genotype or genotypes) and
disease-specific terms (breast cancer or breast cancers) to
retrieve eligible studies. References from retrieved articles
were further screened manually for other potentially
available reports.

Inclusion and exclusion criteria

Inclusion criteria for studies were the following:
(1) case-control or cohort study design; (2) evaluating
associations between APOBEC3 gene deletion and breast
cancer risk; (3) providing OR estimates with 95% ClIs or
sufficient data for calculation; (4) published in English;
and (5) performed on humans. Exclusion criteria were
the following: (1) reviews and comments; (2) insuffient
data for calculation; (3) performed on animals; and (4)
duplication of a previous publication.

Study selection and data extraction

Data extraction was performed independently by
two investigators (Y. Han and Q. Qi) and disagreements
were adjudicated by a third reviewer (Q. He). For each
study, general characteristics such as the first author,
publication year, country and ethnicity of patients, sample
size, and genotyping method were collected.

Quality assessment

The Newcastle-Ottawa Scale and Agency for
Healthcare Research and Quality (http://www.ohri.ca/
programs/clinical epidemiology/oxford.asp; maximum
score = 9 points) was used to evaluate the methodological
quality, which scored studies based on the selection of
patients, the comparability of the groups, and the quality
of the sampling process. A study awarded a score of
0-3, 4-6, or 7-9 was considered as a low-, moderate-, or
high-quality study, respectively. Two authors (Y. Han
and Q. Qi) independently assessed the study quality, and
inconsistency was discussed with another reviewer-author
(Q. He), who acted as an arbiter.

Statistical analysis

To obtain a more comprehensive assessment of
associations between APOBEC3 deletion and breast
cancer risk, five different comparison models were
used: allele contrast, dominant, recessive, homozygous
and heterozygous. Risk estimates were expressed as
ORs and 95% ClIs. Heterogeneity arising from pooled
individual studies was examined by the /* test and Q
test. Values of P > 0.10 for the Q test or 7 < 50% was
considered lack of heterogeneity and a fixed-effect model
was used; otherwise, a random-effect model was used.
Subgroup analysis by ethnicity was used to detect and
reduce potential source of heterogeneity among studies.
Sensitivity analysis was conducted by excluding one
study at a time. We depicted the Begg’s funnel plot and
computed the Egger regression asymmetry test to assess
the probability of publication bias. Values of P < 0.05
were indicative of statistically significant publication
bias. Data analyses were carried out using Stata software,
version 11.0 (Stata Corporation; College Station, TX,
USA). All P values were two sided and P-values < 0.05
were considered statistically significant.
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