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Abstract
Background  Germinal center-associated nuclear protein (GANP) is a phosphoprotein involved in mRNA export and regula-
tion of DNA recombination. Although GANP expression in human breast cancer tissue is associated with breast cancer prog-
nosis, the association between the genetic background of GANP and susceptibility and prognosis of breast cancer is unclear.
Methods  We selected 694 breast cancer cases and 1376 age- and menopausal status-matched non-cancer controls from the 
Hospitable-based Epidemiologic Research Program, conducted at Aichi Cancer Center between 2001 and 2005. We evalu-
ated the impact of two polymorphisms at the GANP locus (rs2839178 and rs11702450) on the susceptibility and prognosis 
of breast cancer. Reference alleles were defined as the A allele for rs2839178 and G allele for rs11702450.
Results  The GG genotype of rs2839178 was statistically significantly associated with breast cancer risk (odds ratio [OR] 
0.48, 95% confidence interval [CI] 0.30–0.76, P = 0.002). In prognostic analysis, compared to those with AA genotype of 
rs2839178, patients with AG or GG genotypes had longer disease-free survival (DFS) (hazard ratio [HR] 0.71, 95% CI 
0.49–1.04 and HR 0.42, 95% CI 013–1.42, respectively, P for trend = 0.04). eQTL analysis indicated that association with 
rs2839178 can be explained by the effect of rs2839173 on expression of GANP/MCM3AP.
Conclusions  The G allele of rs2839178 at the GANP locus was significantly associated with reduced breast cancer risk and 
longer DFS in breast cancer patients, showing a consistent direction in the association between susceptibility and clinical 
outcome. GANP is, therefore, important for the occurrence and progression of sporadic breast cancer.

Keywords  Breast cancer risk · Breast cancer prognosis · GANP/MCM3AP · Polymorphism

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s1228​2-019-00956​-5) contains 
supplementary material, which is available to authorized users.

 *	 Hidemi Ito 
	 hidemi@aichi‑cc.jp

1	 Department of Breast Oncology, Aichi Cancer Center 
Hospital, 1‑1 Kanokoden, Chikusa‑ku, Nagoya 464‑8681, 
Japan

2	 Division of Surgical Oncology, Department of Surgery, 
Nagoya University Graduate School of Medicine, 65 
Tsurumai‑cho, Showa‑ku, Nagoya 466‑8550, Japan

3	 Division of Cancer Epidemiology and Prevention, Aichi 
Cancer Center Research Institute, 1‑1 Kanokoden, 
Chikusa‑ku, Nagoya 464‑8681, Japan

4	 Division of Cancer Information and Control, Aichi Cancer 
Center Research Institute, 1‑1 Kanokoden, Chikusa‑ku, 
Nagoya 464‑8681, Japan

5	 Division of Cancer Descriptive Epidemiology, Nagoya 
University Graduate School of Medicine, 5 Tsurumai‑cho, 
Showa‑ku, Nagoya 466‑8550, Japan

6	 Department of Diagnostic Pathology, Fujita Health 
University Graduate School of Medicine, 1‑98 
Dengakugakubo, Kutsukake‑cho, Toyoake 470‑1192, Japan

7	 Division of Immunology, Aichi Cancer Center Research 
Institute, 1‑1 Kanokoden, Chikusa‑ku, Nagoya 464‑8681, 
Japan

8	 Department of Epidemiology, Nagoya University 
Graduate School of Medicine, 5 Tsurumai‑cho, Showa‑ku, 
Nagoya 466‑8550, Japan

http://crossmark.crossref.org/dialog/?doi=10.1007/s12282-019-00956-5&domain=pdf
https://doi.org/10.1007/s12282-019-00956-5


563Breast Cancer (2019) 26:562–572	

1 3

Introduction

Breast cancer is the most common cancer among women 
worldwide, with about 1.67 million new cases diagnosed 
in 2012 [1]. Despite the generally good prognosis of breast 
cancer patients, more than 520,000 patients died from the 
disease in 2012, making it the fifth-leading cause of cancer 
death that year [1]. Although several risk factors such as 
no parity, later live birth, and obesity [2, 3], and genetic 
factors like BRCA1 and BRCA2 have been identified [4, 5], 
the cause of breast cancer has not been fully elucidated.

Germinal center-associated nuclear protein (GANP), 
also known as minichromosome maintenance complex 
component 3-associated protein (MCM3AP), is a nuclear 
phosphoprotein involved in mRNA export and the regula-
tion of DNA recombination [6, 7]. The coding region of 
GANP is located on human chromosome 21q22.3. GANP 
reportedly has tumor-suppressive effects in glioblastomas 
[8]; however, it is controversial, because reverse effect is 
also observed in the other tumors [9–11]. GANP expres-
sion was recently shown to be significantly decreased in 
human breast cancer tissue compared to normal breast 
tissue. Furthermore, lower GANP expression is an inde-
pendent risk factor for poor prognosis of the disease [12]. 
Homozygous Ganp-deficient mice are embryonic lethal 
[13], and aged female Ganp-heterozygous mice develop 
mammary gland tumors that express similar profiles for 
estrogen receptor (ER), progesterone receptor (PgR), 
human epidermal growth factor receptor type 2 (HER2), 
and Ki-67 to those observed in humans [12]. Moreover, 
tissue-specific targeting of the Ganp gene causes the gen-
eration of mammary gland tumors in both Ganp-homode-
ficient and Ganp-heterodeficient mice [12]. These results 
suggest that GANP plays an important role in the genesis 
and progression of breast cancer. We, therefore, hypoth-
esized that genetic polymorphisms in GANP may be asso-
ciated with the risk of breast cancer.

Here, we conducted a case–control study to investi-
gate whether single-nucleotide polymorphisms (SNPs) 
at the GANP locus are associated with breast cancer risk 
in a Japanese population. Furthermore, we evaluated the 
prognostic impact of GANP polymorphisms among breast 
cancer patients.

Materials and methods

Subjects

The details of this case–control study were described in 
our previous study [14]. Subjects were selected from the 

database of the Hospital-based Epidemiologic Research 
Program at Aichi Cancer Center (HERPACC), conducted 
at Aichi Cancer Center Hospital (ACCH) in Nagoya, 
Japan. Case subjects were 697 female breast cancer 
patients (354 premenopausal, 343 postmenopausal) 
without a history of breast cancer and who initially vis-
ited ACCH between January 2001 and November 2005. 
Control subjects were 1394 age- and menopause status-
matched females (708 premenopausal and 686 postmeno-
pausal) who visited the hospital without a history of cancer 
during the same period. The case-to-control subject ratio 
was 1:2. The framework of HERPACC has been described 
in detail elsewhere [15, 16]. Briefly, 23,408 HERPACC-
enrolled first-visit outpatients were asked to provide blood 
samples, as well as information on lifestyle factors using 
a self-administered questionnaire, which was checked 
by a trained interviewer. Approximately 95% of eligible 
subjects completed the questionnaire and 55% provide 
blood samples [14]. The general lifestyle of non-cancer 
outpatients at our hospital was previously shown to be in 
accordance with that of a general randomly selected popu-
lation from the electoral roll in Nagoya City, Aichi Prefec-
ture, confirming the feasibility of their use as controls in 
epidemiological studies [17]. This study was approved by 
the Institutional Ethics Review Board of ACCH, and all 
participants provided written informed consent.

Evaluation of environmental factors

The questionnaire included items on height and weight, 
menopausal status, parity and lactation, drinking and smok-
ing habits, exercise, past medical history, family history of 
cancer, and referral pattern to our hospital. This informa-
tion was obtained at interview about 1 year before the onset 
of symptoms for symptomatic patients or at interview for 
asymptomatic patients.

Body mass index (BMI) was calculated as the weight 
divided by the height squared (kg/m2). Drinking habit was 
categorized into never, former, and current light, moder-
ate, and heavy drinking. Light drinking was defined as the 
consumption of less than 5 g of ethanol per day; moderate 
drinking as between 5 and less than 23 g per day; and heavy 
drinking as 23 g or more per day. Smoking habit was catego-
rized into never, former, and current smoking of < 20 and 
≥ 20 pack-years. Former drinkers and smokers were defined 
as those who had quit drinking or smoking at least 1 year 
previously. Subjects were considered to have experienced 
lactation if they had had a lactation period of more than 1 
week. Subjects were considered to have conducted regular 
exercise if they performed exercise at least twice a week, 
more than 30 min per one time [18]. Subjects were consid-
ered to have a family history of breast cancer if a mother or 
sister had had breast cancer.
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Vital and disease status was estimated by checking the 
medical records from the date of the last follow-up visit. 
For patients lost to follow-up, vital status was confirmed 
from annual census registration data [19].

Genotyping and SNP selection

DNA of each subject was extracted from the buffy coat 
fraction using a DNA Blood Mini kit (Qiagen K.K. 
Tokyo, Japan). Cases and controls were genotyped using 
an Infinium iSelect custom array (iCOGS, Illumina Inc., 
San Diego, CA, USA) comprising more than 200,000 
SNPs. For the purpose of our analysis, we selected all 13 
SNPs at the GANP locus on chromosome 21: rs12482209, 
rs2839984, rs2839171, rs2250213, rs2839173, rs2839174, 
rs2839178, rs2839186, rs2839188, rs2839194, rs4438580, 
rs11702450, and rs9975588. We narrowed these down by 
considering the linkage disequilibrium (LD) using geno-
type information from controls. We combined neighbor-
ing SNPs with high linkage disequilibrium (D′ > 0.90) 
into the same LD block (Fig. 1). Using this method, we 
identified two LD blocks and selected one SNP within 
each LD block, rs2839178 and rs11702450, for analysis.

Expression quantitative trait locus (eQTL) analysis

To speculated the functional consequences of the SNPs of 
GANP, we used Genotype-Tissue Expression (GTEx) [16] 
which is a publicity available database for eQTL.

Statistical analysis

Differences in characteristic variables between cases and 
controls were assessed using a Chi-squared test, excluding 
subjects with missing data. The ages of case and control 
subjects were compared using the Mann–Whitney test. The 
main effect of each SNP on breast cancer risk was assessed 
using odds ratios (ORs) and 95% confidence intervals 
(CIs) calculated by conditional logistic regression models 
(per-allele and genotype model) adjusted for potential con-
founder variables. Variables used in the model were age, 
age at menarche (≤ 12, 13–14, ≥ 15), menopausal status 
(premenopause and postmenopause), current BMI (< 18.5, 
18.5–21.9, 22–24.9, ≥ 25), age at first live birth (no birth, 
17–24, 25–29, ≥ 30), regular exercise (yes, no), family his-
tory of breast cancer (yes, no), and referral pattern to our 
hospital (patient discretion, recommendation by family or 
friends, referral from another clinic, secondary screening 
after primary screening, and others). Missing data for each 
covariate were included in the model as indicator variables.

Fig. 1   Linkage-disequilibrium 
(LD) plot of a region covered by 
the 13 single-nucleotide poly-
morphisms (SNPs) at the ger-
minal center-associated nuclear 
protein (GANP) locus. The 
region covered by the 13 SNPs 
at the GANP locus constituted 
two LD blocks (r^2). Two SNPs 
(rs2839178 and rs11702450) in 
each LD block were selected for 
evaluation
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We defined the reference alleles for each SNP as the 
A allele of rs2839178 and G allele of rs11702450 in the 
model. We also stratified the analysis by menopausal sta-
tus. To evaluate the potential heterogeneous impact of 
SNPs on breast cancer risk due to ER, PgR, Her2, and 
nodal status, we performed Cochran’s Q test for the SNPs 
and each biological factor in the per-allele model.

Overall survival (OS) was defined as the interval 
between the date of the initiation of treatment (operation 
or chemotherapy) and the date of death or last follow-up. 
Disease-free survival (DFS) was defined as the number of 
days from the beginning of treatment to the date of relapse, 
as evaluated and recorded by the patient’s physician. OS 
and DFS were estimated by the Kaplan–Meier method. 
The impact of the selected SNPs on survival was evalu-
ated by a log-rank test. These associations were also ana-
lyzed by a multivariable Cox proportional hazards model 
with adjustment for potential confounders. Confound-
ers considered in the model were age, stage, operation, 
recurrence, adjuvant chemotherapy, adjuvant hormonal 
therapy, ER, PgR, and HER2. Age and stage were treated 
as continuous variables, and the others were categorized 
into 2 values. Chemotherapy and hormonal therapy were 
considered whether they were done or not regardless of 
type or duration. ER and PgR positivity were defined as 
more than 3 points using the Allred score. HER2 status 
was determined using immunohistochemistry (IHC) and/or 
fluorescence in-situ hybridization (FISH); positive HER2 
was defined as 3+ by IHC or gene amplification by FISH. 
HER2 gene amplification was considered when the ratio 
of HER2 gene copy number relative to CEP17 was greater 
than 2.0. Hazard ratio (HR) and 95% CI were used as the 
measures of association. We also evaluated the impact 
of the SNPs on clinical outcome (OS and DFS) stratified 
by characteristic breast cancer variables (ER, PgR, Her2, 
and nodal status). In addition, we used a multiplicative 
assumption to assess the heterogeneity of the impact of 
genotype across breast cancer characteristic variables (ER, 
PgR, Her2, and node positivity) using an interaction term 
to represent the interaction between each genotype and 
variable. For example, the product of the scores for each 
genotype (0, homozygous for risk allele; 1, heterozygous 
for risk allele; 2, homozygous for non-risk allele) and vari-
ant status (0, ER negative; 1, ER positive) was used as an 
interaction term in the Cox’s proportional hazard model 
for the heterogeneity of HRs across the variants.

Concordance of the two SNPs with the Hardy–Wein-
berg law was evaluated using the Chi-squared test with one 
degree of freedom.

All statistical analyses were carried out using STATA 
ver.12 (StataCorp, College Station, TX). All tests were two-
sided and P values of < 0.05 were considered statistically 
significant.

Results

Characteristics of patients and controls

A total of 697 breast cancer cases and 1394 control sub-
jects were included in the analysis. Table 1 summarizes the 
characteristics of the subjects. Age and menopausal status 
were similar between the groups. Breast cancer patients were 
more likely to have a family history of the disease (P = 0.03) 
and a later first live birth among parous women (mean age 
26.2 ± 3.4 vs 25.6 ± 3.6, P = 0.02) compared to control sub-
jects. Similarly, case subjects were more likely to have been 
referred through a family recommendation or by another 
clinic, and less likely to have attended at patient discretion 
and by secondary screening after a primary screening. The 
other factors did not significantly differ between the two 
groups.

Association between GANP SNPs and breast cancer 
risk

The genotype frequencies of the two SNPs at the GANP 
locus among controls were in accordance with the 
Hardy–Weinberg law (rs2839178: P = 0.51; rs11702450: 
P = 0.36). Table 2 shows the association between the two 
GANP SNPs and breast cancer risk. The minor allele (G) of 
rs2839178 showed a statistically significant inverse associa-
tion with breast cancer risk. The OR for the GG genotype 
was 0.48 (95% CI 0.30–0.76, P = 0.002), and the OR in the 
per-allele model was 0.84 (95% CI 0.72–0.99, P = 0.038). 
The rs11702450 SNP was not statistically significantly asso-
ciated with breast cancer risk.

Stratified analysis by menopausal status showed a simi-
lar association between the GG genotype of rs2839178 and 
reduced breast cancer risk for premenopausal (OR 0.43, 95% 
CI 0.22–0.85, P = 0.015) and postmenopausal cases (OR 
0.47, 95%CI 0.24–0.93, P = 0.029).

We evaluated the potential heterogeneous impact of the 
SNPs on breast cancer risk according to ER, PgR, Her2, and 
nodal status using a per-allele model (Table 3). No signifi-
cant heterogeneous impact was observed between either of 
the SNPs and breast cancer risk for any of the characteristic 
variables.

Impact of SNPs on clinical outcomes (Fig. 2; 
Table 4 and supplementary table 1)

Breast cancer patients with the G allele of rs2839178 had 
longer DFS (HR 0.62, 95% CI 0.42–0.92, P = 0.02) and 
a tendency for longer OS, although this was not statisti-
cally significant (HR 0.65, 95% CI 0.40–1.09, P = 0.11). 
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Table 1   Characteristics of 
breast cancer cases and cancer-
free controls

Case Control P

(n = 697) (%) (n = 1394) (%)

Age (years)
 ≤ 29 10 (1.4) 27 (1.9)
 30–39 95 (13.6) 177 (12.7)
 40–49 197 (28.3) 416 (29.8)
 50–59 222 (31.9) 429 (30.8)
 60–69 132 (18.9) 271 (19.4)
 70–79 41 (5.9) 74 (5.3)
 Mean age ± SD 51.6 ± 11.0 51.4 ± 11.0 0.65

Menopausal status
 Premenopausal 354 (50.8) 708 (50.8)
 Postmenopausal 343 (49.2) 686 (49.2) 1.00

Family history of breast cancer
 No 643 (92.3) 1320 (94.7)
 Yes 54 (7.8) 74 (5.3) 0.03

Parity
 0 108 (15.5) 206 (14.8)
 1–2 452 (64.9) 870 (62.4)
 ≥ 3 137 (19.7) 316 (22.7) 0.28
 Unknown 0 (0.0) 2 (0.1)

Age at first live birth (years)
 ≤ 24 201 (28.8) 494 (35.4)
 25–29 301 (43.2) 532 (38.2)
 ≥ 30 84 (12.1) 149 (10.7)
 Nonparous 108 (15.5) 206 (14.8) 0.02
 Unknown 3 (0.4) 13 (0.9)
 Mean age ± SD 26.2 ± 3.4 25.6 ± 3.6 0.02

Age at menarche (years)
 ≤ 12 216 (31.0) 439 (31.5)
 13–14 340 (48.8) 648 (46.5)
 ≥ 15 133 (19.1) 277 (19.9) 0.72
 Unknown 8 (1.2) 30 (2.2)
 Mean age ± SD 13.3 ± 1.5 13.4 ± 1.6 0.44

Age at menopause (postmenopausal women only) (years)
 < 50 118 (34.4) 261 (38.1)
 ≥ 50 223 (65.0) 417 (60.8) 0.23
 Unknown 2 (0.6) 8 (1.2)
 Mean age ± SD 49.7 ± 4.9 49.4 ± 4.7 0.32

Lactation
 No 131 (18.8) 260 (18.7)
 Yes 558 (80.1) 1117 (80.1) 0.94
 Unknown 8 (1.2) 17 (1.2)

BMI
 < 18.5 56 (8.0) 116 (8.3)
 18.5–21.9 274 (39.3) 598 (42.9)
 22–24.9 224 (32.1) 423 (30.3)
 ≥ 25 143 (20.5) 245 (17.6) 0.25
 Unknown 0 (0.0) 12 (0.9)

Drinking habit
 Never 416 (59.7) 779 (55.9)
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Similar to the results of our risk evaluation, the genotypes 
of rs11702450 showed no association with the clinical out-
comes of breast cancer patients. No significant interaction 
was observed between genotype and clinical outcome on the 
stratified analysis by breast cancer characteristic variables 
for either rs2839178 or rs11702450 (data not shown).

Expression quantitative trait locus (eQTL) analysis

We found that rs2839173, which is tightly linked with 
rs2839178 (D′=1.00 and R2 = 0.825), was significantly 
associated with the gene expression of GAMP/MCM3AP 
(P = 1.9 × 10− 7) in normal breast tissue (Supplementary 

BMI body mass index, ER estrogen receptor, PR progesterone receptor, Her2 human epidermal growth fac-
tor receptor 2, Node lymph-node metastasis
a Former drinkers and smokers were defined as those who had quit drinking or smoking at least 1 year ago
b Light drinker refers to those consuming < 5 g ethanol/day
c Moderate drinker refers to those consuming between 5 and 23 g ethanol/day
d Heavy drinker refers to those consuming > 23 g/day

Table 1   (continued) Case Control P

(n = 697) (%) (n = 1394) (%)

 Formera 12 (1.7) 37 (2.7)
 Current-lightb 131 (18.8) 309 (22.2)
 Current-moderatec 81 (11.6) 173 (12.4)
 Current-heavyd 49 (7.0) 77 (5.5) 0.12
 Unknown 8 (1.2) 19 (1.4)

Smoking habit
 Never 585 (83.9) 1113 (79.8)
 Formera 33 (4.7) 79 (5.7)
 Current: 0–19 (pack-years) 49 (7.0) 136 (9.8)
 Current: ≥ 20 (pack-years) 28 (4.0) 63 (4.5) 0.12
 Unknown 2 (0.3) 3 (0.2)

Regular exercise
 No 351 (50.4) 699 (50.1)
 Yes 338 (48.5) 685 (49.1) 0.59
 Unknown 8 (1.2) 10 (0.7)

Referral pattern to our hospital
 Patient’s discretion 186 (26.7) 432 (31.0)
 Family recommendation 159 (23.0) 214 (15.4)
 Referral from another clinic 205 (29.4) 286 (20.5)
 Secondary screening after primary 

screening
138 (19.8) 445 (31.9)

 Other 6 (0.9) 11 (0.8) < 0.01
 Unknown 3 (0.4) 6 (0.4)

Breast cancer characters
 ER positive 391 (56.1)
 ER negative 142 (20.4)
 Unknown 164 (23.5)
 PgR positive 327 (46.9)
 PgR negative 202 (29.0)
 Unknown 168 (24.1)
 Her2 positive 98 (14.1)
 Her2 negative 331 (47.5)
 Unknown 268 (38.5)
 Node positive 190 (27.3)
 Node negative 359 (51.5)
 Unknown 148 (21.2)
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Fig. 1). In addition, all the other SNPs which belong to the 
same LD block with rs2839178 were significantly associated 
with the gene expression of GANP/MCM3AP (rs12482209, 
rs2839984, rs2839171, rs2250213, rs2839174, rs2839186, 
rs2839188, and rs2839194; P = 9.7 × 10− 7, 1.0 × 10− 5, 
1.1 × 10− 5, 4.4 × 10− 7, 1.9 × 10− 7, 1.9 × 10− 7, 2.5 × 10− 7, 
2.1 × 10− 5, and 9.2 × 10− 8, respectively). Rs11702450 
were also found to be eQTL (P = 1.3 × 10− 8) for the 
GANP/MCM3AP expression in breast tissue.

Discussion

In this analysis of the association between GANP geno-
type and breast cancer risk, we found that the G allele of 
rs2839178 at the GANP locus was significantly associated 
with reduced breast cancer risk. In addition, the G allele of 
rs2839178 also increased breast cancer DFS and decreased 
breast cancer susceptibility in the same direction, albeit that 
the statistical significance of the latter was attenuated after 
Bonferroni correction. To our knowledge, this is the first 
study to report an association between polymorphisms at the 
GANP locus and breast cancer risk and prognosis. In addi-
tion, eQTL analysis indicated that the associations which we 
found in this study might be due to functional significance 
of the locus on expression of GANP/MCM3AP.

DNA recombination and RNA export, in which GANP 
plays a role [7], are important for the maintenance of genome 
integrity [8, 20]. GANP is a member of the Transcription-
Export-2 (TREX-2) complex [21], which is involved in 
mRNA export and prevents genome instability [20]. Inter-
estingly, TREX-2 binds to BRCA2 repair factor and affects 
genome integrity by preventing R-loop accumulation [22], 
which may be a chief source of replication stress and cancer-
associated instability.

A previous study showed that the expression of GANP 
was significantly decreased in human breast cancer tissue, 
and that lower expression of GANP was an independent 
risk factor for poor prognosis of the disease [12]. Together 
with our finding of a consistent direction of association for 
low-risk susceptibility and prognosis with rs2839178 in 
this study, one might hypothesize that GANP/MCM3AP 
rs2839178 is associated with GANP/MCM3AP expression 
via truly functional variants around rs2839178. Interestingly, 
rs2839173 belongs to the same LD block with rs2839178 
and is a variant in exon, the A allele of this locus which 
correspond to G allele of rs2839178 was significantly asso-
ciated with the expression of GANP/MCM3AP in breast 
tissue in the eQTL analysis (Supplementary Fig. 1). These 
might indicate that G allele of rs2839178 may indirectly 
enhance GANP/MCM3AP expression in breast tissue, lead-
ing to modify susceptibility and prognosis. Moreover, a 
recent whole-exome association study conducted in Chinese Ta
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women provided supporting evidence for above our specu-
lation [23]. In the study, rs13047478 on C21or58 which is 
a nearby gene of GANP/MCM3AP was identified as one of 
the novel missense variants for breast cancer risk. They con-
firmed that G allele of rs13047478 decreased the mRNA 
levels of MCM3AP in MCF7 cells by luciferase reporter 
assay. According to HapMap JPT data, rs13047478 and 
rs2839178 are in strong LD (D′ = 1 and R2 = 0.8573). This 
also supports our idea that rs2839178 affects expression 
of GANP/MCM3AP and leads to risk of breast cancer as 
well as prognosis as a consequence. Further studies evalu-
ating functional significance of loci which were related to 
the GANP/MCM3AP expression on breast cancer risk and 
prognosis are warranted.

This study has several methodological strengths. First, 
the size of our study was sufficient to assess the associa-
tion between GANP polymorphisms and risk/prognosis of 
breast cancer. Second, controls were selected from the same 
hospital and almost all the participants lived in the same 
area, making it likely that all patients would be referred to 
Aichi Cancer Center Hospital for cancer diagnosis and treat-
ment. Therefore, case and control subjects were assumed to 
be from the same population base, indicating the internal 
validity of this case-control study. Third, we previously con-
firmed that the questionnaire-based lifestyle characteristics 
in this population were consistent with those of the gen-
eral population in Nagoya City [14], indicating the external 

generalizability of our findings to the Japanese population. 
Fourth, potential confounding, including age and meno-
pausal status, was considered by individual matching when 
selecting subjects and by statistical adjustment in the analy-
ses. Fifth, allele frequencies were comparable to those previ-
ously reported as Japanese population in public databases, 
such as 1000 Genome project [24], indicating that bias in 
the distribution of selected polymorphisms was negligible.

Potential limitations of our study also warrant mention. 
First, we collected information about confounders via a self-
reported questionnaire, making it difficult to rule out the 
potential for some information bias. If present, however, 
the effect of any misclassification due to potential under-
adjustment is expected to be negligible. Second, control 
participants were selected among non-cancer patients at 
our hospital. To dilute any bias that might have resulted 
from the inclusion of a specific diagnostic group associ-
ated with the exposure, we did not set eligibility criteria 
for control diseases. Third, the retroactive nature of this 
study raises the possibility of recall bias. However, as the 
GANP genotype does not change throughout life, this bias 
is unlikely. Fourth, we may need to consider about multiple 
comparisons in our analysis. For rs2839178, although the 
statistical significance in the per-allele model is attenuated 
(P = 0.038 > 0.025) after Bonferroni correction, the genotype 
model kept statistical significance (P = 0.002 < 0.025), war-
ranting replication in the other studies. Finally, although we 

Table 3   Stratified analysis 
assessing the heterogeneous 
impact of SNPs on breast cancer 
risk according to ER, PgR, 
Her2, and nodal status

ER estrogen receptor, PR progesterone receptor, Her2 human epidermal growth factor receptor 2, Node 
lymph-node metastasis
a Odds ratios (ORs) were adjusted for age, family history of breast cancer, age at first live birth, body mass 
index, drinking habit, smoking habit, regular exercise, and referral pattern to our hospital

SNP ORa (95% CI) P ORa (95% CI) P P for interaction

rs2839178
ER positive ER negative
 0.82 (0.67–0.99) 0.039  0.79 (0.59–1.08) 0.138 0.887

PgR positive PgR negative
 0.84 (0.69–1.04) 0.127  0.77 (0.60–1.00) 0.051 0.604

Her2 positive Her2 negative
 0.80 (0.56–1.13) 0.207  0.76 (0.62–0.94) 0.013 0.837

Node positive Node negative
 0.67 (0.51–0.88) 0.004  0.88 (0.72–1.07) 0.174 0.122

rs11702450
ER positive ER negative
 0.94 (0.72–1.22) 0.636  0.80 (0.52–1.24) 0.322 0.547

PgR positive PgR negative
 0.94 (0.71–1.24) 0.641  0.88 (0.61–1.25) 0.470 0.777

Her2 positive Her2 negative
 0.96 (0.59–1.54) 0.86  0.92 (0.69–1.22) 0.551 0.881

Node positive Node negative
 0.82 (0.57–1.19) 0.299  0.97 (0.74–1.27) 0.83 0.476
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minimized confounding by individual matching and statisti-
cal adjustment, we cannot completely rule out the effect of 
residual confounding from unevaluated factors. For example, 
in survival analysis, we could not evaluate the performance 
status because of the lack of information on this variable.

In conclusion, we evaluated the association between 
GANP/MCM3AP SNPs and breast cancer risk and progno-
sis in a Japanese population. We found that the G allele of 
rs2839178 at the GANP/MCM3AP locus was significantly 
associated with the reduced breast cancer risk. Furthermore, 

Fig. 2   Kaplan–Meier estimates of disease-free survival and overall 
survival according to the genotypes of each SNP. a, b Overall sur-
vival according to the genotypes of rs2839178 and rs11702450, 

respectively. c, d Disease-free survival according to the genotypes 
of rs2839178 and rs11702450, respectively. Values are based on the 
Kaplan–Meier method. Median observation period was 10.1 years

Table 4   Cox hazard models for 
the association between SNPs 
and overall survival (OS) and 
disease-free survival (DFS)

MedianF/U median follow-up period (years)
a Hazard ratios (HRs) were adjusted for age, stage, operation, adjuvant chemotherapy, adjuvant hormonal 
therapy, ER, PgR, and Her2
b Hazard ratios (HRs) were adjusted for age, stage, operation, adjuvant chemotherapy, adjuvant hormonal 
therapy, ER, PgR, Her2, and recurrence

DFS OS

HRa 95% CI P Median F/U HRb 95% CI P Median F/U

rs2839178 0.62 (0.42–0.92) 0.02 0.66 (0.40–1.09) 0.11
 AA 1.00 (Reference) 10.00 1.00 (Reference) 10.03
 AG 0.60 (0.39–0.93) 0.02 10.00 0.64 (0.37–1.09) 0.10 10.14
 GG 0.42 (0.12–1.66) 0.23 10.02 0.63 (0.08–4.93) 0.66 10.32

rs11702450 1.25 (0.79–1.98) 0.34 1.48 (0.85–2.59) 0.17
 GG 1.00 (Reference) 10.01 1.00 (Reference) 10.08
 AG 1.11 (0.65–1.90) 0.60 9.97 1.33 (0.72–2.44) 0.36 10.00
 AA 2.88 (0.64–12.89) 0.17 7.95 6.06 (0.72–51.18) 0.10 11.59
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it was associated with increased DFS in breast cancer 
patients, showing consistency in the direction of associa-
tion with susceptibility and clinical outcome. eQTL analysis 
suggested that an impact of rs2839178 on risk and prognosis 
of sporadic breast cancer is via the expression of GANP/
MCM3AP on breast tissue. Our results prompt the need for 
further basic studies to clarify the biological mechanism of 
GANP/MCM3AP in breast cancer.
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