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[ Abstract] Background and purpose: The mutation of BRCA1 gene is widely acknowledged to be related to
the incidence of triple-negative breast cancer (TNBC). The aim of this study was to investigate the association between
TNBC and single nucleotide polymorphisms (SNPs) of BRCA1-associated genes. Methods: This study investigated the
associations between the BRCA1-A complex genes and risk of developing TNBC in a case-control study of Chinese
Han Women population including 414 patients with TNBC and 354 cancer-free controls diagnosed in the Fudan
University Shanghai Cancer Center during 2008-2011. This study also detected 37 common variants in Abraxas, BRE,
Rap80, NBA1 and BRCC36 genes encoding the BRCA1-A complex and evaluated their genetic susceptibility to the risk
of TNBC. An additional cohort with 652 other types of breast cancer (non-TNBC) cases and 890 controls were used to
investigate the associations between TNBC-specific SNPs genotype and non-TNBCs susceptibility. Results: This study
found that rs7250266 in the promoter region of NBA1 confers a decreased risk to TNBC (P<0.01). Compared with CC
genotype, women with the GC genotype (OR=0.70, 95%CI: 0.51-0.97) and GG genotype (OR=0.48, 95% CI: 0.21-1.07)
had a lower risk of developing TNBC (P=0.03). In addition, the haplotypes containing two polymorphisms rs7250266
and rs2278256 were associated with a lower chance of TNBC development. In the second part of the study, the result
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showed that there was no difference in rs7250266 expression between non-TNBC and normal people (0.19 vs 0.18,

P=0.85).Conclusion: Genetic variants in NBA1 may be an important genetic determinant of TNBC susceptibility in

Chinese women.
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Tab.1 Allele frequencies of each SNPs in patients and controls

Item Gene MAF P value
Patient (n=414) Control (n=354)
1s2278256 NBA1 0.32 0.36 0.06
rs3745185 NBAI 0.13 0.11 0.21
rs10406920 NBA1 <0.01 0.00 NA
rs8170 NBAl 0.00 0.00 NA
1$7250266 NBAl 0.14 0.19 <0.01
rs144376330 NBAI 0.01 0.01 0.88
rs10403581 NBA1 0.27 0.28 0.49
1s895745 Brec36 0.19 0.22 0.28
rs4898413 Brec36 0.19 0.22 0.29
1s5945286 Brece36 0.06 0.06 0.96
rs5945300 Brec36 0.18 0.21 0.17
rs12422 Rap80 0.00 0.00 NA
rs3733876 Rap80 0.17 0.15 0.28
rs11739147 Rap80 0.36 0.35 0.82
rs365132 Rap80 0.47 0.49 0.82
rs13360277 Rap80 0.02 0.01 0.30
rs353465 Rap80 0.36 0.35 0.80
rs17078658 Rap80 0.11 0.10 0.45
rs17078630 Rap80 0.00 0.00 NA
rs13167812 Rap80 0.00 0.00 NA
1s6547829 BRE 0.17 0.16 0.72
rs12464240 BRE 0.44 0.45 0.94
rs17709034 BRE 0.00 0.00 NA
1s6721349 BRE <0.01 <0.01 0.94
rs58720304 BRE 0.38 0.36 0.58
rs12478271 BRE 0.01 0.01 0.58
rs10173507 BRE 0.30 0.30 0.96
rs6737313 BRE 0.44 0.45 0.74
rs6710214 BRE 0.27 0.29 0.54
rs10209126 BRE 0.36 0.34 0.62
rs11891642 BRE <0.01 <0.01 0.86
rs10189899 BRE 0.35 0.33 0.25
rs77519137 Abraxas 0.00 <0.01 NA
rs13125836 Abraxas 0.00 0.00 NA
1s72931487 Abraxas 0.00 0.00 NA
rs12642536 Abraxas 0.32 0.33 0.45
rs17352824 Abraxas 0.32 0.34 0.35

MAF: Minor allele frequency
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Tab. 2 Associations between each SNPs genotypes and TNBC risk

SNP Genotype Patient/% Control/% OR (95%CI) P value

rs2278256 AA 47.8 41.1 Reference 0.16
AG 41.3 45.4 0.78 (0.58-1.06)
GG 10.9 13.4 0.70 (0.44-1.11)

rs3745185 GG 75.4 79.6 Reference 0.36
AG 229 18.7 1.29 (0.91-1.84)
AA 1.7 1.7 1.06 (0.35-3.18)

157250266 CC 74.3 66.0 Reference 0.03
GC 23.3 29.5 0.70 (0.51-0.97)
GG 2.4 4.5 0.48 (0.21-1.07)

rs144376330 CC 97.6 97.7 Reference 0.88
CT 2.4 2.3 1.08 (0.42-2.76)
TT 0.0 0.0

rs10403581 AA 55.1 53.7 Reference 0.70
CA 36.6 36.3 0.98 (0.73-1.34)
CC 8.2 10.0 0.80 (0.48-1.34)

rs895745 GG 64.5 61.6 Reference 0.44
AG 324 33.5 0.92 (0.68-1.25)
AA 3.2 4.8 0.63 (0.30-1.32)

rs4898413 AA 64.5 61.8 Reference 0.45
AT 324 334 0.93 (0.68-1.26)
TT 32 4.8 0.63 (0.30-1.32)

155945286 CC 87.3 88.3 Reference 0.07
TC 12.7 10.8 1.18 (0.76-1.84)
TT 0.0 0.8 NA

1$5945300 AA 66.0 62.9 Reference 0.15
GA 32.0 32.9 0.93 (0.68-1.26)
GG 1.9 43 0.43 (0.18-1.04)

1s3733876 GG 69.4 73.2 Reference 0.52
AG 27.4 24.0 1.20 (0.87-1.67)
AA 3.2 2.8 1.18 (0.51-2.73)

rs11739147 TT 38.8 41.6 Reference 0.43
TC 51.0 46.5 1.18 (0.87-1.59)
CccC 10.2 11.9 0.92 (0.57-1.49)

rs365132 TT 26.2 26.4 Reference 0.19
GT 53.6 48.3 1.12 (0.80-1.58)
GG 20.1 25.3 0.80 (0.53-1.21)

1s353465 TT 38.5 41.5 Reference 0.42
TC 51.2 46.6 1.18 (0.87-1.60)
CcC 10.2 11.9 0.92 (0.57-1.50)

rs17078658 TT 78.5 81.0 Reference
GT 20.7 18.1 1.18 (0.82-1.69) 0.66
GG 0.7 0.8 0.89 (0.18-4.44)

16547829 CC 68.0 71.3 Reference
CT 30.8 25.6 1.26 (0.92-1.73) 0.07
TT 1.2 3.1 0.41 (0.14-1.18)

1512464240 CC 30.8 30.5 Reference
CT 49.6 49.7 0.99 (0.71-1.37) 1.00
TT 19.6 19.8 0.98 (0.65-1.48)

rs58720304 TT 38.6 38.6 Reference
CT 47.8 50.6 0.94 (0.70-1.28) 0.48
CcC 13.6 10.9 1.25 (0.78-2.00)

rs10173507 TT 49.0 47.4 Reference
CT 42.0 44.6 0.91 (0.68-1.23) 0.73
CC 9.0 8.0 1.09 (0.64-1.86)

1s6737313 AA 31.1 30.5 Reference
AG 50.1 49.6 0.99 (0.72-1.38) 0.93
GG 18.8 19.9 0.93 (0.61-1.40)

16710214 AA 53.3 49.6 Reference
AG 38.4 43.0 0.83 (0.62-1.12) 0.44
GG 8.3 7.4 1.04 (0.60-1.80)

rs10209126 CC 42.5 40.7 Reference
TC 43.7 49.6 0.85 (0.62-1.15) 0.12
TT 13.8 9.7 1.37 (0.85-2.21)

rs10189899 GG 41.0 43.8 Reference
GA 473 47.2 1.07 (0.79-1.45) 0.46
AA 11.7 9.1 1.37 (0.83-2.25)

rs12642536 TT 46.7 44.7 Reference
CT 435 43.9 0.95 (0.70-1.28) 0.72
CcC 9.7 11.4 0.82 (0.50-1.33)

rs17352824 AA 46.5 43.9 Reference
AG 43.8 44.4 0.93 (0.69-1.26) 0.61
GG 9.7 11.7 0.79 (0.48-1.28)

TNBC: Triple-negative breast cancer; SNP: Single nucleotide polymorphism; CI: Confidence interval
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Fig. 1 Linkage disequilibrium analysis of the BRCA1-A complex genes SNPs

A: Rap80; B: BRCC36; C: Abraxas; D: BRE; E: NBA
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Tab.3 Haplotype analysis of NBA1 gene
SNP1 SNP2 SNP3 SNP4 SNP5 Frequency OR 95%CI P value
C A C A G 0.528 1.00
C G C A G 0.172 0.99 0.75-1.32 0.97
G G C C G 0.149 0.75 0.56-0.99 0.04
C A C C A 0.122 1.14 0.83-1.57 0.41
G G C A G 0.015 0.34 0.14-0.85 0.02
C A T A G 0.012 1.00 0.38-2.58 0.99
G A C C G Rare
C G C C G Rare
C G C C A Rare

SNP1: rs7250266; SNP2: rs2278256; SNP3: rs144376330; SNP4: rs10403581; SNP5: rs3745185; OR: Odds ratio; CI: Confidence interval
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