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INTRODUCTION

Breast cancer is the most commonly occurring cancer and 
the leading cause of cancer death among women worldwide, 
accounting for 23% of all cancers and 400,000 deaths annually 
[1]. Although numerous genetic association studies on Breast 
cancer have been published, few candidate genes for this dis-

ease have been identified, such as HER2, CyclinD1, BRCA1/2, 
etc. Two genome-wide association (GWA) studies reported 
that five single nucleotide polymorphisms (SNPs) (rs11200014, 
rs2981579, rs1219648, rs2420946, and rs2981582) within fi-
broblast growth factor receptor 2 (FGFR2) were associated 
with breast cancer risk [2,3]. However, this association was re-
stricted to SNPs in the linkage disequilibrium (LD) block of 
intron 2. Both studies had similar findings, demonstrating that 
all five SNPs were in high LD. However, efforts to identify the 
causal allele by resequencing the FGFR2 intron 2 region and 
fine-mapping this region with haplotype-tagging SNPs have 
not yet revealed the causal sequence variant in European and 
Asian populations [4].

FGFR2 is a member of the receptor tyrosine kinase family, 
which includes distinct fibroblast growth factor receptors in-
volved in tumorigenesis. The association of FGFR2 polymor-
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Purpose: Genetic variation in fibroblast growth factor receptor 2 
(FGFR2) is a newly described risk factor for breast cancer. This 
study aimed to evaluate the association of four single nucleotide 
polymorphisms (SNPs) in FGFR2 with breast cancer in Han Chi-
nese women. Methods: Two hundred three women with breast 
cancer and 200 breast cancer-free age-matched controls were 
selected. Four SNPs (rs2981579, rs1219648, rs2420946, and 
rs2981582) and their haplotypes were analyzed to test for their 
association with breast cancer susceptibility. The presence of 
the four FGFR2 SNPs was determined by polymerase chain re-
action-restriction fragment length polymorphism analysis. Re-
sults: A statistically significant difference was observed in the 
frequency of rs2981582 in the FGFR2 gene (p<0.05) between 
case and control groups. In subjects stratified by menopausal 
status, rs2981582 TT, rs2420946 AA, and rs1219648 CC were 
significantly associated with the risk of breast cancer in post-

menopausal subjects, but no significant associations between 
these four SNPs and the risk of breast cancer were identified in 
premenopausal subjects. Further, there was no significant asso-
ciation between hormone receptor status (estrogen receptor and 
progesterone receptor) and breast cancer risk. Six common (>  
3%) haplotypes were identified. Three of these haplotypes, 
CGTC (odds ratio [OR], 0.613; 95% confidence interval [CI], 
0.457-0.82; p=0.001), TGTC (OR, 6.561; 95% CI, 2.064-20.854; 
p<0.001), and CATC (OR, 12.645; 95% CI, 1.742-91.799; p= 
0.001) were significantly associated with breast cancer risk. Con-
clusion: Our findings indicated that the SNP rs2981582 and hap-
lotypes CGTC, TGTC, and CATC in FGFR2 may be associated 
with an increased risk of breast cancer in Han Chinese women.
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phisms with breast cancer has also been reported in Jewish 
and Arab Israeli [5], Taiwanese [6], European-American, and 
African-American populations [7,8]. The mechanism under-
lying how these intronic SNPs increase the risk of breast can-
cer remains unknown, although an association between these 
SNPs and reproductive hormones has been suggested in an 
epidemiological study that described a significant association 
between FGFR2 intronic polymorphisms and the efficacy of 
combined hormone replacement therapy in European-Amer-
ican women [7].

FGFR2 is often overexpressed in breast cancer [9-11], and 
data suggest that FGFR2 acts as a tumor suppressor in prostate 
and urothelial cancers [12]. The aberrant expression of alter-
natively spliced isoforms of FGFR2 transforms breast cancer 
cells through sustained signal transduction, thoes results sug-
gest that different splice variants have differing transforming 
activities [9-13]. The present case-control study investigated 
these loci using a large number of samples of the same ethnic 
origin to verify the putative association between FGFR2 poly-
morphisms and breast cancer.

Further to the important role of FGFR2 in breast carcino-
genesis and the previously published association of FGFR2 
polymorphisms with various malignant diseases, we sought to 
estimate the contribution of FGFR2 polymorphisms to breast 
cancer risk in Han Chinese women.

METHODS

Study population
Breast cancer was histopathologically confirmed in 203 

women with an average age was 48.6± 10.1 years at the Gen-
eral Hospital of Ningxia Medical University. This study was 
approved by the Ethics Committee of the hospital (No. 2013-
172, Ningxia Medical University Medical Ethical Committee, 
China), and all participants provided their written informed 
consent for blood sampling and genetic testing. Clinicopatho-
logical data, including estrogen receptor (ER) and progester-
one receptor (PR) status, were collected, and patients with a 
previous history of cancer and treatment with chemotherapy 
or radiotherapy were excluded from the study. 

To determine the menopausal status of study subjects at 
each visit, we used the menopausal status algorithm developed 
by the Women’s Ischemia Syndrome Evaluation study [14]. 
This algorithm uses self-reported reproductive history and 
menstrual cycle pattern and dates in combination with serum 
reproductive hormone levels to evaluate menopausal status in 
cases where a one-time serum sample is drawn without con-
sideration of the specific day of the menstrual cycle. Impor-
tantly, in addition to using this algorithm, for women who 

were not clearly postmenopausal, we also analyzed all repro-
ductive and relevant biometric information and classified both 
cases and controls according to their menopausal status.

The 200 cancer-free controls were randomly selected from 
a pool of healthy volunteers who visited the health check-up 
center at the General Hospital during the same period, and 
were age-matched with the cancer cases (± 5 years). Female 
controls who responded to questionnaire, without a history of 
breast cancer and with no indication of breast cancer on a 
baseline mammogram and a clinical breast examination at 
the time of blood collection, were included in the study. De-
mographic and breast cancer-related information was ob-
tained by personal interviews. All cases and controls were 
from the Ningxia region and had lived there for more than 10 
years. The clinical information collected included age at men-
arche, age at menopause, age at the first live birth and the total 
months of breastfeeding among parous women, oral contra-
ceptive use, hormone replacement therapy use, family history 
of breast cancer, and prior diagnosis of benign breast disease. 
For all patients and controls who had fasted overnight, two 
5-mL blood samples were collected in ethylenediaminetet-
raacetic acid-coated tubes and stored at -80°C until DNA was 
extracted. All samples were coded in order to insure their an-
onymity.

DNA extraction and genotyping
Genomic DNA was extracted from peripheral blood sam-

ples using a Genomic DNA extraction Kit (SBS Genetech Ltd., 
Corp., Beijing, China). FGFR2 was amplified by polymerase 
chain reaction (PCR); the primer sequences, designed using 
Primer Premier 5 software (Songon Biotechnology Ltd., Corp., 
Shanghai, China), are described in detail in Table 1. PCR was 
performed in a 50-µL reaction mixture containing 50 ng DNA, 

Table 1. The PCR-RFLP conditions of FGFR2 SNPs (rs2981582, 
rs2420946, rs1219648, and rs2981579)

SNPs Primers
Restriction 

enzyme

rs2981582 CCCTTTGGAGACAACGTGAGCC (forward) Hinp1I

CAGGCACCAGGTGGACTCTGC (reverse)

rs2420946 GTGGAAAGGGACGAAGTT (forward) Hinp1I

TTGGTGGAAGAGTCAGAAGA (reverse)

rs1219648 ACGCCTATTTTACTTGACACGC (forward) Hinp1I

GCTGGACAGGTCATTGTGGTG (reverse)

rs2981579 GTGACTCCCTTCATCGTG (forward) PstI

GGCTCCTGGTCTATTTCTC (reverse)

PCR-RFLP=polymerase chain reaction-restriction fragment length polymor-
phism; FGFR2=fibroblast growth factor receptor 2; SNP=single nucleotide 
polymorphism.
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0.1 µM of each primer, 0.5 units Taq DNA polymerase, and 25 
µL 2X SuperMix. Standard PCR cycling conditions were em-
ployed: predenaturation at 94°C for 5 minutes, followed by 35 
cycles of denaturation at 94°C for 30 seconds, annealing at 
55°C to 65°C for 30 seconds, and extension at 72°C for 30 sec-
onds, with a final extra extension at 72°C for 10 minutes. PCR 
amplicons were digested with restriction enzymes (Table 1). 
The digestion products were then electrophoresed on a 3% 
agarose gel and observed using the Gel Doc 2000 system (Bio-
Rad, Hercules, USA). Pictures of agarose gels for PCR and re-
striction fragment length polymorphism are shown in Figure 1.

Statistical analysis
Where appropriate, chi-square analysis was performed. 

Odds ratios (ORs) and 95% confidence intervals (CIs) were 
calculated accordingly. A p-value of < 0.05 was considered 
statistically significant. For statistical analysis, the SPSS statis-
tical software system version 13.0 (SPSS Inc., Chicago, USA) 
was used.

RESULTS

The Hardy-Weinberg equilibrium was tested for the FGFR2 
SNP genotypes in patients with breast cancer and in controls. 
SHEsis online software (http://analysis.bio-x.cn/myAnalysis.
php, The Bio-X Research Institute of Shanghai Jiao Tong Uni-
versity, Shanghai, China) was used to construct the haplotypes 
for the identified polymorphisms. Unadjusted ORs (95% CI) 
and the respective p-values are shown in Table 2. Significant 
associations were found between rs2981582 TT and the risk 
of breast cancer, but no significant associations were ascer-
tained between the risk of breast cancer and the other three 
SNPs in FGFR2.

Table 2 shows the genotype distributions of the four SNPs 
in subjects stratified by menopausal status. In postmenopausal 
subjects, rs2981582 TT, rs2420946 AA, and rs1219648 CC 
were significantly associated with the risk of breast cancer, but 
no significant associations were found between the four SNPs 
and risk of breast cancer in premenopausal subjects.

Clinicopathological characteristics (ER and PR status) were 
not associated with breast cancer risk (Table 3). Haplotype 
analysis identified six common haplotypes with frequencies 
greater than 0.03 (Table 4). Of these haplotypes, three, CGCT 
(OR, 0.61; 95% CI, 0.46-0.81; p= 0.001), TGTC (OR, 6.56; 
95% CI, 2.06-20.85; p< 0.001), and CATC (OR, 12.65; 95% CI, 
1.74-91.80; p= 0.001), were significantly associated with breast 
cancer risk.

Figure 1. Results of polymerase chain reaction (PCR)-restriction frag-
ment length Polymorphism (RFLP) and sequence analysis carried out 
for resolution of FGFR2 rs2981582, rs2420946, rs1219648 and 
rs2981579. (A) The amplification of PCR products for four FGFR2 
SNPs. Lanes 1-2 (176 bp), lanes 3-5 (429 bp), lanes 6-8 (230 bp) and 
lanes 9-11 (437 bp), Lane M: 100-bp ladder marker. (B) The genotyping 
for rs2981582, rs2420946, rs1219648, and rs2981579 of FGFR2. 
Lanes 1-3 of rs2981582 genotype patterns, TT[176 base pairs (bp)], 
TC (176+154+22bp), CC (154+22 bp); Lanes 4-6 of rs2420946 geno-
type patterns, GG (321+108bp), AG (429+321+108 bp), AA (429bp); 
Lanes 7-10 of rs1219648 genotype patterns,TT (230 bp) (7-8), CC 
(211+19 bp), TC (230+211+19 bp); Lanes 11-17 of rs rs2981579 gen-
otype patterns, TT (437 bp) (lanes 11, 15, 16), CC (350+87 bp) (lanes 
12, 13, 14), TC (437+350+87 bp) (lane 17), and Lane M:100-bp ladder 
marker. (C) Results of DNA sequence analysis, Wild and Mutant allele of 
four SNPs are indicated with arrows, respectively.
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Table 2. The genotypic frequencies of FGFR2 SNPs between breast cancer and female controls and stratified analysis by menopausal status

SNPs Genotype
Cases

(frequency)
Controls

(frequency)

Crude Adjusted Premenopausal Postmenopausal

OR 
(95%CI) 

p-
value

OR 
(95% CI)

p-
value

Case/
Control

OR
(95% CI)

p-
value

Case/
Control

OR
(95% CI)

p-
value

rs2981582 CC 78 (0.384) 79 (0.395) 1 - 1 - 45/40 1 - 33/39 1 -
CT 78 (0.384) 95 (0.475) 0.832 

(0.539-1.282)
0.440 0.830 

(0.536-1.279
0.439 42/56 03667 

(0.372-1.196)
0.173 36/39 1.091 

(0.571-2.086)
0.792

TT 47 (0.232) 26 (0.130) 1.831 
(1.033-3.244)

0.037* 1.901 
(1.110-3.789)

0.045* 20/14 1.270 
(0.568-2.840)

0.560 27/12 2.659 
(1.168-6.056)

0.018*

rs2420946 GG 61 (0.300) 61 (0.305) 1 - 1 - 36/30 1 - 25/31 1 -
AG 92 (0.453) 105 (0.525) 0.876 

(0.558-1.377)
0.566 0.799 

(0.510-1.332)
0.512 52/59 0.734

(0.399-1.354)
0.322 40/46 1.078 

(0.548-2.120)
0.827

AA 50 (0.246) 34 (0.170) 1.471 
(0.838-2.579)

0.178 1.289 
(0.743-2.482)

0.117 19 /21 0.754 
(0.343-1.657)

0.482 31/13 2.957 
(1.283-6.814)

0.010*

rs1219648 TT 69 (0.340) 69 (0.345) 1 - 1 - 43/34 1 - 26/35 1 -
CT 81 (0.399) 95 (0.475) 0.853 

(0.546-1.332)
0.484 0.851 

(0.543-1.330)
0.478 45/55 0.647 

(0.356-1.176)
0.153 36/40 1.212 

(0.615-2.388)
0.608

CC 53 (0.261) 36 (0.180) 1.472 
(0.859-2.524)

0.159 1.654 
(1.012-2.862)

0.187 19/21 0.715 
(0.332-1.540)

0.391 34/15 3.051 
(1.383-6.734)

0.005*

rs2981579 CC 54 (0.266) 48 (0.240) 1 - 1 - 34/23 1 - 20/25 1 -
CT 97 (0.478) 109 (0.545) 0.791 

(0.492-1.273)
0.333 0.834 

(0.569-1.457)
0.450 49/62 0.535 

(0.280-1.022)
0.057 48/47 1.277 

(0.626-2.603)
0.501

TT 52 (0.256) 43 (0.215) 1.075 
(0.614-1.883)

0.801 1.147 
(0.842-2.024)

1.100 24/25 0.649 
(0.301-1.403)

0.271 28/18 1.944 
(0.844-4.479)

0.117

FGFR2=fibroblast growth factor receptor 2; SNP=single nucleotide polymorphism; OR=odds ratio; CI=confidence interval.
*Significant association between risk of breast cancers and controls (p<0.05). Adjusted for reference age and menopausal status. There was no difference be-
tween the crude ORs and adjusted ORs.

Table 3. Stratified analyses between combined effects of FGFR2 and breast cancer risk by age, condition of lymphatic metastasis, and ER/PR status

SNP Genotype, No. (%) p-value SNP Genotype, No. (%) p-value

rs2981582 CC CT TT rs1219648 CC CT TT

   Age of onset (yr)    Age of onset (yr)
      <50 46 (41.4) 43 (38.7) 22 (19.8)       <50 44 (39.6) 49 (44.1) 18 (16.2)
      ≥50 32 (34.8) 35 (38.0) 25 (27.2) 0.414       ≥50 35 (38.0) 32 (34.8) 25 (27.2) 0.136
   Lymphatic metastasis    Lymphatic metastasis
      No 33 (32.4) 46 (45.1) 23 (22.5)       No 27 (26.5) 42 (41.2) 33 (32.4)
      Yes 45 (45.0) 32 (32.0) 23 (23.0) 0.114       Yes 25 (25.0) 39 (39.0) 36 (36.0) 0.861
   ER    ER
      Negative 24 (42.1) 20 (35.1) 13 (22.8)       Negative 15 (26.3) 24 (42.1) 18 (31.6)
      Positive 47 (39.8) 45 (38.1) 26 (22.0) 0.925       Positive 31 (26.3) 45 (38.1) 42 (35.6) 0.846
   PR    PR
      Negative 22 (40.0) 19 (34.5) 14 (25.5)       Negative 18 (32.7) 21 (38.2) 16 (29.1)
      Positive 49 (40.8) 46 (38.3) 25 (20.8) 0.774       Positive 28 (23.3) 48 (40.0) 44 (36.7) 0.381
rs2420946 AA AG GG rs2981579 CC CT TT
   Age of onset (yr)    Age of onset (yr)
      <50 22 (19.8) 52 (46.8) 37 (33.3)       <50 35 (31.5) 53 )47.7) 23 (20.7)
      ≥50 28 (30.4) 40 (43.5) 24 (26.1) 0.191       ≥50 19 (20.7) 44 (47.8) 29 (31.5) 0.104
   Lymphatic metastasis    Lymphatic metastasis
      No 23 (22.5) 53 (52.0) 26 (25.5)       No 27 (26.5) 47 (46.1) 28 (27.5)
      Yes 27 (27.0) 38 (38.0) 35 (35.0) 0.129       Yes 27 (27.0) 49 (49.0) 24 (24.0) 0.848
   ER    ER
      Negative 10 (17.5) 31 (54.4) 16 (28.1)       Negative 13 (22.8) 33 (57.9) 11 (19.3)
      Positive 32 (27.1) 50 (42.4) 36 (30.5) 0.254       Positive 33 (28.0) 48 (40.7) 37 (31.4) 0.087
   PR    PR
      Negative 15 (27.3) 28 (50.9) 12 (21.8)       Negative 11 (20.0) 28 (50.9) 16 (29.1)
      Positive 27 (22.5) 53 (44.2) 40 (33.3) 0.299       Positive 35 (29.2) 53 (44.2) 32 (26.7) 0.437

There was no significant association of clinicopathologic characteristics (ER, PR status) with breast cancer risk (p>0.05).
FGFR2=fibroblast growth factor receptor 2; ER=estrogen receptor; PR=progesterone receptor; SNP=single nucleotide polymorphism.
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Table 4. The association of FGFR2 intron 2 haplotypes with breast can-
cer risk

Haplotype*
Breast cancer 

No. (%)
Control
No. (%)

p-value OR (95% CI)

CGTC† 147 (36.2) 193 (48.2) 0.001 0.613 (0.457-0.821)
TACT 130 (32.0) 124 (30.9) 0.555 1.096 (0.808-1.486)
CACT 32 (8.0) 30 (7.4) 0.746 1.090 (0.647-1.836)
CGTT 22 (5.4) 17 (4.3) 0.436 1.294 (0.676-2.476)
TGTC† 21 (5.2) 3 (0.8) 0.000 6.561 (2.064-20.854)
CATC† 13 (3.2) 1 (0.3) 0.001 12.645 (1.742-91.799)

FGFR2 =fibroblast growth factor receptor 2; OR =odds ratio; CI =  
confidence interval.
*Haplotypes are shown in the physical order: rs2981582, rs2420946, 
rs1219648, and rs2981579; †Haplotype was significantly associated 
with breast cancer (p<0.05).

DISCUSSION

The present study estimates the contribution of FGFR2 poly-
morphisms to breast cancer risk in Han Chinese women. For 
this purpose, we genotyped four SNPs (rs2981579, rs1219648, 
rs2420946, and rs2981582) in intron 2 of FGFR2 that were 
found to be most significantly associated with breast cancer in 
a previous GWA study. The study by Easton et al. [2] showed 
that four SNPs in intron 2 of the FGFR2 gene (rs11200014, 
rs2981579, rs1219648, and rs2420946) are strongly associated 
with postmenopausal breast cancer in 1,145 cases and 1,142 
age-matched controls. The most frequent risk haplotype 
(AAGT) was found to be significantly associated with breast 
cancer risk in all populations. Another large three-stage GWA 
study of 4,398 breast cancer cases and 4,316 controls identified 
six SNPs in five novel independent loci that were associated 
with breast cancer, and this finding was confirmed in an addi-
tional 21,860 cases and 22,578 controls in 22 studies [5]. The 
most significantly associated SNP, rs2981582, lies within a 25-
kb LD block in intron 2 of FGFR2 and had an r2 of 1.0 with 
rs1219648 and rs2420946, 0.97 with rs2981579, and 0.96 with 
rs11200014 based on the HapMap Central European-like 
Utahns samples. The high degree of LD indicates a close cor-
respondence between the results of both studies, both of which 
genotyped white non-Hispanic women of European descent. 
Four of 22 validation studies in the larger GWA study included 
women of Asian descent. The association of SNPs in intron 2 
of FGFR2 with breast cancer risk was essentially confirmed in 
all populations participating in these GWA studies, but with 
different degrees of risk for European and Asian populations. 
The study by Raskin et al. [5] confirms this strong and consis-
tent association, extends these results to Ashkenazi and Sep-
hardi Jews, and appears to suggest a modest risk in Arab pop-
ulations as well. Genetic variation in FGFR2 appears to be im-

plicated in a considerable proportion of breast cancer cases in 
Israel and throughout the world.

Our results suggest that the rs2981582 TT genotype is sig-
nificantly associated with breast cancer in Chinese women (p<  
0.05), but no associations were detected between the risk of 
breast cancer and the other three SNPs (rs2420946, rs1219648, 
and rs2981579) in FGFR2. In subjects stratified by menopausal 
status, rs2981582 TT, rs2420946 AA, and rs1219648 CC geno-
types were significantly associated with the risk of breast can-
cer in postmenopausal subjects, but no evidence of significant 
associations were found in premenopausal subjects. Although 
the LD pattern observed in our sample is similar to that ob-
served in HapMap and other studies, the magnitude of LD in 
intron 2 of FGFR2 generally seems to be lower in our popula-
tion when compared with that in the HapMap.

A study by Liang et al. [15] showed that the associations 
between the risk of breast cancer and SNP rs2981582C/T, 
rs1219648A/G, and rs2420946C/T appeared to be strongest 
in premenopausal women and those with ER/PR-positive tu-
mors, indicating that these variant genotypes may be involved 
in the etiology of breast cancer through pathways related to 
estrogen and/or progesterone. However, clinicopathological 
characteristics (ER and PR status) were not significantly asso-
ciated with breast cancer risk in the Han Ningxia population 
in this study. Many study indicated that genes expressed dif-
ferentially between the samples from different ethnic popula-
tion, therefore, there may be a variety of racial and ethnic 
populations in different studies, depending on the population 
structure. Besides, some limitations should be considered 
when interpreting the results of this study such as, small sam-
ple sizes largely impact on the accuracy and precision of re-
sults, so the importance of studying very large sample sizes to 
achieve sufficient statistical power in order to confidently 
evaluate the possible effect interactions should be considered 
in future studies.

By haplotype analysis, we identified six common haplotypes 
with frequencies greater than 0.03. Three common risk haplo-
types, CGCT, TGTC, and CATC, were significantly associated 
with breast cancer risk. The causal allele associated with these 
risk haplotypes may reveal the functional variant underlying 
changes in FGFR2 function. Meyer et al. [16] have recently 
shown that the haplotype marked by the minor allele of 
rs2981582 is associated with a higher level of FGFR2 tran-
scription both in cell lines and in tumors. The authors hypoth-
esized that this could lead to an alteration in the transcription 
level of the corresponding allele. Further functional studies 
are required to elucidate the actual causative variant located 
within intron 2 of the FGFR2 gene.

In summary, we have shown that rs2981582 and the haplo-
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types of four SNPs within the LD block in intron 2 of FGFR2 
are associated with breast cancer risk in Han Chinese women.
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