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Recent genome-wide association studies (GWAS) 
demonstrated that genetic variation in intron 2 of fibroblast 
growth factor receptor 2 (FGFR2) was a novel risk for 
breast cancer. We investigated whether two SNPs rs1219648 
and rs2981582 in intron 2 of FGFR2 were associated with 
the risk of breast cancer in Chinese women. A total of 
340 female breast cancer patients and 400 normal age-
matched controls were recruited. Two SNPs were genotyped 
using matrix-assisted laser desorption/ionization mass 
spectrometry. The two SNPs rs1219648 and rs2981582 
showed no association with the risk of breast cancer. A 
subgroup analysis by menopausal status demonstrated that 
the distribution of rs2981582 T alleles, including CT and 
TT genotypes, was significantly higher in premenopausal 
patients compared with postmenopausal patients. The TT 
genotype in rs2981582 was more strongly associated with 
ER-positive than with ER-negative tumors by ER status 
analysis. Analysis by haplotypes showed that no haplotypes 
associated with breast cancer. The results showed no 
association between two SNPs, rs1219648 and rs2981582 
and breast cancer risk, although in a stratified analysis 
rs2981582 strongly associated with premenopausal and ER-
positive breast cancer patients in Chinese women. 

Key words: breast cancer, FGFR2 gene, single nucleotide 
polymorphism, association analysis.

Introduction. Breast cancer is one of the most 
common malignancies in women worldwide. It 
was estimated that in the United States approxi-
mately 192,000 female patients would be diag-
nosed with breast cancer and 40,000 would die 
from it in 2009 [1]. In China, breast cancer has 
become one of the most common cancers among 
women. Environment, genetics and immunologi-
cal defects are major factors in the etiology of 
breast cancer [2].

Apart from rare high-penetrance mutations in a 
small number of susceptibility genes such as breast 
cancer 1, early onset (BRCA1) and BRCA2, more 
common but lower risk genetic variants also account 
for the increased risk of breast cancer. FGFR2 is 
a member of the fibroblast growth factor receptor 

family and plays pro-oncogenic and anti-oncogenic 
roles in a context-dependent manner [3]. Mutation, 
amplification or over-expression of FGFR2 occurs 
in breast, lung and gastric cancers [4, 5]. Addition-
ally, genetic variation of FGFR2 is a risk factor 
for breast cancer. Genome-wide association studies 
have revealed that SNPs in intron 2 of FGFR2 were 
highly associated with breast cancer, and identified 
as susceptibility loci. Fine-scale genetic mapping 
and resequencing of intron 2 of FGFR2 identified 
up to eight variants in a linkage disequilibrium (LD) 
block that was strongly related to increased breast 
cancer risk [6]. Other GWAS identified a set of 
four SNPs (including rs1219648 and rs2981582) 
in intron 2 of FGFR2 that were highly associated 
with breast cancer and confirmed this association 
in other studies [7, 8]. It was reported that the SNP 
rs2981582 in the second intron of FGFR2 was sig-
nificantly associated with an increased risk of breast 
cancer in a dose-dependent manner, with a higher 
risk of breast cancer in homozygous compared with 
heterozygous carriers. For rs2981582, the estimated 
odds ratios were greater for a diagnosis of breast 
cancer before 40 years of age [9].

Two different meta-analyses suggested that 
FGFR2 polymorphisms are important markers for 
breast cancer susceptibility among Caucasian, Asian 
and mixed ethnicities [10, 11]. However, associa-
tion analyses between rs1219648 and rs2981582 and 
breast cancer risk in Chinese women have shown 
varying results. Chen et al. [12] reported that the 
genotype frequencies of rs1219648 were not signifi-
cantly different between breast cancer patients and 
healthy controls. Liu et al. [13] investigated four 
SNPs and found a statistically significant difference 
only in the frequency of rs2981582 between case 
and control groups. However, when subjects were 
stratified by menopausal status the SNP rs1219648 
CC was significantly associated with the risk of 
breast cancer in postmenopausal patients.

Our case-control study investigated these two 
SNPs (rs1219648 and rs2981582) in 340 cases and 
400 controls of the same ethnic group to investigate 
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the association between FGFR2 polymorphisms and 
the risk of breast cancer. 

Materials and methods. Study population. This 
study was approved by the Ethics Committee of 
Zhejiang Cancer Hospital. A total of 340 breast 
cancer patients (aged 27–84 years; mean age 46 
years) were recruited for this study from May 2011 
to September 2013. All diagnoses were confirmed 
based on pathological examination. Detailed clin-
icopathological information including tumor size, 
histological grade, lymph node involvement, as well 
as ER, progesterone receptor (PR), and human epi-
dermal growth factor receptor 2 (HER2) status were 
obtained from patients’ medical records (Table 1). 
Approximately 400 cancer-free women, matched to 
the cases by age (± 5 years) and residential area, 
were randomly selected for controls.

DNA extraction and genotyping. Genomic DNA 
was extracted from peripheral blood samples us-
ing a blood Genomic DNA extraction kit (Xinjin 
Genetech Ltd., Corp., Hangzhou, China) accord-
ing to the manufacturer’s protocol. Genotyping 
for the two selected FGFR2 SNPs (rs1219648 and 
rs2981582) was performed on these DNA samples 
with Sequenom’s MassARRAY Iplex platform (San 
Diego, CA 92121, USA) using an allele-specific 
MALDI-TOF mass spectrometry assay [14]. Prim-

ers for amplification and extension reactions were 
designed according to the guidelines of Sequenom 
and performed using MassARRAY Assay Design 
software. All procedures were performed accord-
ing to Sequenom standard protocols. The average 
genotype call rate for these SNPs was >99 % and 
concordance rate for all the SNPs was 100 %.

Statistical analysis. Deviation from Hardy-
Weinberg equilibrium (HWE) was examined in 
the controls by the chi-squared test. The following 
statistical analyses were performed using SNPStats 
software (http://bioinfo.iconcologia.net/SNPstats) 
[15]. Using the logistic regression method, the 
case-control association of genotypes tested, and 
the odds ratio (OR) and 95 % confidence inter-
val (CI) were obtained. The association analysis 
of haplotypes was similar to that of genotypes with 
logistic regression, and results are shown as OR 
and 95 % CI. The most frequent haplotype was 
automatically selected as the reference category. 
The significance level of these tests was 0.05. Het-
erogeneity between the associations of SNPs with 
ER-positive and ER-negative diseases was assessed 
using logistic regression analysis restricted to cases 
(cases-only analysis).

Results. The genotype frequencies of rs1219648 
were 36 % AA, 47 % AG, and 17 % GG, and for 

Table 1. Clinicopathological characteristics of breast cancer patients and controls

Note. Missing the number (%) of cases for which the corresponding information was not available.

Characteristics Cases (%)

Age (years)
 50

controls
> 50
controls

Menopausal status
premenopausal
postmenopausal

Tumor size (cm)
 2 

> 2

Missing

Histological grade
I+II
III

Missing

200 (59.5)
246 (63.1)
136 (40.5)
144 (36.9)

203 (60.4)
133 (39.6)

59 (17.6)
238 (70.8)

39 (11.6)

137 (40.8)
82 (24.4)

117 (34.8)

Characteristics Cases (%)

Lymph node status
negative 
positive
missing

ER status
negative 
positive
missing

PR status
negative 
positive
missing

HER2 status
negative
positive
missing

116 (34.5)
213 (63.4)

7 (2.1)

114 (33.9)
211 (62.8)
11 (3.3)

135 (40.2)
190 (56.5)
11 (3.3)

201 (59.8)
114 (33.9)
21 (6.3)
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rs2981582 were 44 % CC, 47 % CT, 9 % TT in 
controls. The Hardy-Weinberg equilibrium analysis 
of these two SNPs showed no significant deviations 
from the control group (P > 0.05).

Logistic regression analysis showed that com-
pared with the AA genotype of rs1219648, those 
with AG and GG genotype had a hazard ratio of 
1.22 (95 % CI: 0.88–1.68) and 0.79 (95 % CI: 
0.5–1.25) respectively, suggesting that the SNP 
rs1219648 did not correlate with the risk of breast 
cancer (P > 0.05). Similarly, the genotype distri-
butions of SNP rs2981582 were not significantly 
different between cases and controls (P > 0.05) 
(Table 2).

To further characterize the significance of 
rs1219648 and rs2981582 in breast cancer, we ana-
lyzed their association with various clinicopatho-
logical characteristics including ER, PR, HER2 
and patient menopausal status. For rs2981582, 
the CT and TT genotype presented a significantly 
higher distribution in premenopausal patients com-
pared with postmenopausal patients with OR 1.65 
(95 % CI: 1.05–2.61, P < 0.05). In the ER status 
analysis, the TT genotype in rs2981582 was more 
strongly associated with ER-positive tumors than 
with ER-negative tumors, although the statistical 
significance of this association was marginal (P = 
0.05). No further significant associations were ob-
served between these two SNPs and other clinico-
pathological features (Table 3).

We also evaluated the association between the 
haplotype of the two SNPs and breast cancer. As-
sociation analysis showed that no haplotypes was 

associated with breast cancer in Chinese (data not 
shown). 

Discussion. In this study, we genotyped two 
SNPs, rs1219648 and rs2981582, in intron 2 of 
FGFR2 that was associated with breast cancer in 
previous GWAS study. Two previous GWAS stud-
ies showed that SNPs in intron 2 of FGFR2 were 
significantly associated with breast cancer risk in 
European women [7, 9]. These results were ex-
tended to include Ashkenazi and Sephardi Jews, 
which appeared to have a modest risk of breast 
cancer associated with these SNPs in Middle East-
ern populations [8]. 

A number of studies have focused on the risk 
of breast cancer associated with SNPs in Chinese 
women. Chen et al. [12] showed that rs1219648 
was not associated with breast cancer risk in women 
of the Chinese Han ethnic group. Liu et al. study 
found that rs2981582 but not rs1219648 was sig-
nificantly associated with the risk of breast can-
cer. However, Long et al. [16] reported that both 
rs2981582 and rs1219648 showed significant associ-
ations with breast cancer risk in Chinese women in 
a large sample size study. Our results demonstrated 
that these two SNPs rs1219648 and rs2981582 have 
no association with breast cancer risk. This find-
ing was in agreement with Chen et al. [12], which 
found no association between rs1219648 and the 
risk of breast cancer. 

A previous analysis by menopausal status, showed 
that the two SNPs studied here were strongly associ-
ated with the risk of breast cancer in postmenopau-
sal patients, but there was no significant association 

Table 2. Genotype frequencies of FGFR2 rs1219648 and rs2981582 in breast cancer patients and control groups

Genotype Controls (%) Cases (%) OR (95% CI) P value

rs1219648
A/A
A/G
G/G
A/G+G/G

rs2981582
C/C
C/T
T/T
C/T+T/T

142 (36.2)
184 (46.9)
66 (16.8)
250 (63.8)

169 (44)
180 (46.9)
35 (9.1)

215 (56.2)

114 (33.9)
180 (53.6)
42 (12.5)
222 (66.1)

148 (47.3)
143 (45.7)

22 (7)
165 (52.7)

1.00
1.22 (0.88–1.68)
0.79 (0.5–1.25)
1.11 (0.81–1.50)

1.00
0.91 (0.66–1.24)
0.72 (0.40–1.28)
0.88 (0.65–1.18)

–
142 (36.2)

0.32
0.52

–
0.54
0.29
0.39

Note. Here and Table 3 OR: odds ratio; 95%CI: 95 % confidence interval.
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in premenopausal subjects [13]. However, another 
report indicated that the association between three 
SNPs (including the two studied here) and the risk 
of breast cancer appeared to be strongest in pre-
menopausal Chinese women [17]. In our study, 

rs2981582 TT and CT genotypes were more sig-
nificantly associated with premenopausal patients 
than the CC genotype. Although we found no sig-
nificant difference for the TT genotype between 
premenopausal and postmenopausal patients, this 

Table 3. Stratified analysis between FGFR2 rs121964, rs2981582 
and clinicopathological features of breast cancer patients

Characteristics
rs1219648

A/A A/G G/G A/G+G/G

Menopause
post/premenopausal
OR(95%CI)
P value

ER status
Neg/pos
OR(95%CI)
P value

PR status
Neg/pos
OR(95%CI)
P value

HER2 status
Neg/pos
OR(95%CI)
P value

49/65
1.00

44/66
1.00

48/62
1.00

67/40
1.00

71/109
1.16(0.72–1.86)

0.54

59/115
1.30(0.79–2.13)

0.29

73/101
1.07(0.66–1.74)

0.78

107/62
0.97(0.59–1.60)

0.91

13/29
1.68(0.79–3.57)

0.17

11/30
1.82(0.83–4.00)

0.13

14/27
1.49(0.71–3.15)

0.29

27/12
0.74(0.34–1.63)

0.46

84/138
1.24(0.78–1.96)

0.36

70/145
1.38(0.86–2.22)

0.18

87/128
1.14(0.72–1.81)

0.58

134/74
0.93(0.57–1.50)

0.75

Characteristics
rs2981582

C/C C/T T/T C/T+T/T

Menopause
post/premenopausal
OR(95%CI)
P value

ER status
Neg/pos
OR(95%CI)
P value

PR status
Neg/pos
OR(95%CI)
P value

HER2 status
Neg/pos
OR(95%CI)
P value

68/80
1.00

56/85
1.00

61/80
1.00

85/54
1.00

48/95
1.68(1.05–2.70)

0.03

44/95
1.42(0.87–2.33)

0.16

55/84
1.16(0.72–1.87)

0.53

87/46
0.83(0.51–1.36)

0.47

8/14
1.49(0.59–3.76)

0.39

4/18
2.96(0.95–9.22)

0.05

5/17
2.59(0.91–7.42)

0.06

15/6
0.63(0.23–1.72)

0.36

56/109
1.65(1.05–2.61)

0.03

48/113
1.55(0.96–2.50)

0.07

60/101
1.28(0.81–2.04)

0.29

102/52
0.80(0.50–1.29)

0.37
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study included only a few cases of premenopausal 
status and we cannot exclude the possibility that 
this masked any effect. Our results were similar 
to Liang et al. [17], which showed a stronger as-
sociation in premenopausal women compared with 
postmenopausal women.

Additional analysis by ER status has shown that 
FGFR2 variants (rs1200014, rs1219648, rs2420946, 
and rs2981582) were significantly associated with 
risk of ER-positive early-onset breast cancer but not 
with ER-negative breast cancer [18]. Other studies 
have demonstrated that rs1219648 and rs2981582 
were strongly associated with ER-/PR-positive tu-
mors and that rs2981582 appeared to have a much 
stronger association with ER-positive than ER-
negative breast cancer [19]. A number of reports 
on SNPs and clinicopathological features have 
also confirmed that the two SNPs rs1219648 and 
rs2981582 were associated with breast cancer risk 
predominantly among ER-positive tumors [20–24]. 
In this study, rs2981582 was more strongly asso-
ciated with ER-positive breast cancer than with 
ER-negative breast cancer, although the statistical 
significance of this association is marginal. 

A haplotype block is a distinct section of a chro-
mosome containing SNPs proven to be statistically 
linked or inherited together. The SNP rs2981582 
lies within a 25-kb LD block in intron2 of FGFR2 
and has an r2 of 1.0 with rs1219648 based on the 
HapMap Central European-like Utahns sam-
ples [25]. We also confirmed that rs2981582 and 
rs1219648 are in an LD block, which had an r2 of 
0.9 (data not shown). By haplotype analysis, we 
did not identified haplotype associated with breast 
cancer risk in Chinese. 

Conclusion. In summary, the study showed that 
two SNPs, rs1219648 and rs2981582, in intron 2 of 
FGFR2 had no association with breast cancer risk 
in Chinese women. A stratified analysis by clin-
icopathological characteristics demonstrated that 
the distribution of rs2981582 T alleles (including 
CT and TT genotypes) was significantly higher 
in premenopausal patients compared with post-
menopausal patients. This analysis also showed 
that the TT genotype was also strongly associated 
with ER-positive tumors. The limitation in this 
study is its relatively small sample size. A study 
with a larger sample size is needed to confirm the 
associations between these SNPs in FGFR2 and 
breast cancer risk.

ÇÀÂÈÑÈÌÎÑÒÜ ÏÎËÈÌÎÐÔÈÇÌÀ 
ÈÍÒÐÎÍÀ 2 ÈÇ FGFR2 È ÐÈÑÊÀ ÐÀÊÀ ÃÐÓÄÈ 
Ó ÊÈÒÀÉÑÊÈÕ ÆÅÍÙÈÍ

Z. Pan, Y. Bao, X. Zheng, W. Cao, W. Cheng, X. Xu

Íåäàâíèå èññëåäîâàíèÿ ñ ïîìîùüþ GWAS ïîêà-
çàëè, ÷òî ãåíåòè÷åñêàÿ èçìåí÷èâîñòü èíòðîíà 2 ðå-
öåïòîðà ôàêòîðà ðîñòà ôèáðîáëàñòîâ FGFR2 ÿâ-
ëÿåòñÿ åùå îäíèì ðèñêîì âîçíèêíîâåíèÿ ðàêà 
ãðóäè. Ìû èññëåäîâàëè, àññîöèèðîâàíû ëè SNPs 
rs1219648 è rs2981582 â èíòðîíå 2 èç FGFR2 ñ 
ðèñêîì ðàêà ãðóäè ó êèòàéñêèõ æåíùèí. Âñåãî èñ-
ñëåäîâàëè 340 ïàöèåíòîê è 400 çäîðîâûõ æåíùèí 
òàêîãî æå âîçðàñòà. Äâà SNPs áûëè ãåíîòèïèðîâàíû 
ñ èñïîëüçîâàíèåì matrix-assisted laser desorption/
ionization ìàññ-ñïåêòðîìåòðèè. Îáà SNPs, rs1219648 
è rs2981582, íå ïîêàçàëè ñâÿçè ñ ðèñêîì ðàêà ãðóäè. 
Àíàëèç ïîäãðóïï ïî ñòàòóñó ìåíîïàóçû ïîêàçàë, ÷òî 
ðàñïðåäåëåíèå àëëåëåé rs2981582 T, âêëþ÷àÿ CT è 
TT ãåíîòèïû, áûëî ñóùåñòâåííî âûøå ó ïàöèåíòîê 
ñ ïðåäìåíîïàóçîé ïî ñðàâíåíèþ ñ ïàöèåíòêàìè ñ 
ïîñòìåíîïàóçîé. Ãåíîòèï ÒÒ ó rs2981582 áûë áîëü-
øå àññîöèèðîâàí ñ ER-ïîçèòèâíûìè, ÷åì ñ ER-íå-
ãàòèâíûìè îïóõîëÿìè ñîãëàñíî àíàëèçó ñòàòóñà ER. 
Àíàëèç ãàïëîòèïîâ ïîêàçàë, ÷òî îíè íå ñâÿçàíû ñ 
ðàêîì ãðóäè. Ðåçóëüòàòû íå âûÿâèëè ñâÿçè ìåæäó äâó-
ìÿ SNPs, rs1219648 è rs2981582, è ðèñêîì ðàêà 
ãðóäè, õîòÿ ïî äàííûì ñòðàòèôèöèðîâàííîãî àíà-
ëèçà rs2981582 òî÷íî ñâÿçàí ñ ER-ïîçèòèâíûìè ïà-
öèåíòêàìè ñ ðàêîì ãðóäè è ïðåìåíîïàóçîé ó êè-
òàéñêèõ æåíùèí.
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