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Abstract: We conducted a case-control study in a Chinese population, and investigated the role of STAT3 rs4796793
and STAT5b rs6503691 polymorphisms in the risk and clinical outcome of breast cancer. STAT5b rs6503691 polymorphisms and STAT3 rs4796793 polymorphisms were genotyped by TaqMan SNP Genotyping Assays on the ABI
7500 fast real-time PCR platform. Unconditional logistic regression analyses showed that subjects carrying the GG
genotype of STAT3 rs4796793 had a significantly increased risk of breast cancer, with an adjusted OR (95% CI) of
0.35 (0.12-0.95). In the Cox proportional hazards model, we observed that individuals carrying CG+GG genotype of
STAT3 rs4796793 was associated with reduced risk of death from breast cancer when compared with CC genotype
(HR = 0.43, 95% CI = 0.20-0.93). Our study found that STAT3 rs4796793 polymorphism plays an important role in
influence the development and overall survival of breast cancer patients.
Keywords: STAT3, STAT5b, polymorphism, breast cancer

Introduction
Currently, breast cancer is the leading cause of
cancer-related deaths in women worldwide,
and the incidence is still increasing in China [1,
2]. Multiple environmental and hereditary factors play an important role in the pathogenesis
of breast cancer. Signal transducer and activator of transcription (STAT) proteins are a member family of cytoplasmic transcription factors,
which play an important role in the signal transduction through cytokines, hormones and growth factors [3].
Recent studies established that STAT3 and
STAT5 play important roles in the development
of a wide variety of human malignancies, including breast cancer [3-5]. STAT3 and STAT5 are
two important factors, and they have a role in
mediating multiple oncogenic signaling pathways and regulating tumor cell survival, such as
EGFR and JAK/STAT signaling pathways [6].
Recent genetic studies have shown that genetic variations in the STAT3 and STAT5 genes contribute to susceptibility, development, and therapeutic outcome of many human malignancies
[7-11].

It is estimated that there were more than 100
single nucleotide polymorphisms (SNPs) in the
STAT3 and STAT5 genes. However, few studies
have investigated the association of STATs genotypes with the susceptibility and survival of
malignancies [7-11], and few studies investigated the association between STAT3 rs4796793
and STAT5b rs6503691 polymorphisms and
risk of breast cancer in Chinese population.
In the present study, we conducted a case-control study in a Chinese population, and investigated the role of STAT3 rs4796793 and STAT5b
rs6503691 polymorphisms in the risk and clinical outcome of breast cancer.
Materials and methods
Patients and clinical characteristics
A total of 182 patients with breast cancer were
consecutively recruited from the Tumor Hospital
of Harbin Medical University. All the 182 patients had newly diagnosed, histopathologically
confirmed, and untreated breast cancer. A total
of 182 control subjects were randomly selected
from individuals who came to seek a routine
health examination in the outpatients depart-
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Table 1. Clinical characteristics of 182 breast cancer patients and 182 control subjects
Characteristics
Mean age, years
< 50
≥ 50
Menopausal status
Pre-menopausal
Post-menopausal
Tumor size
< 2.0 cm
≥ 2.0 cm
Clinical stage
I-II
III-IV
Lymph node metastasis
Negative
Positive
Estrogen receptor (ER) status
Negative
Positive
Progesterone receptor (PR) status
Negative
Positive

%

χ2 test

P value

46.70
53.30

Controls
50.5 ± 10.7
88
94

48.35
51.65

0.10

0.75

93
89

51.10
48.90

99
83

54.40
45.60

0.40

0.53

62
119

34.07
65.38

130
52

71.43
28.57

82
100

45.05
54.95

68
114

37.36
62.64

81
101

44.51
55.49

Cases
51.3 ± 11.3
85
97

ment during the same period in the Tumor
Hospital of Harbin Medical University. All the
control subjects were found to be free of cancers. One control was matched with one case
by sex and age at enrollment (within ± 5 years).
The study was approved by the Tumor Hospital
of Harbin Medical University, and all subjects
gave their informed consent prior to inclusion in
the study.
Clinical data were collected from the predesigned questionnaires and medical records,
including age at diagnosis, sex, menopausal
status, tumor size, clinical stage, lymph mode
metastasis, ER status and PR status. Tumor
type and disease stage were evaluated according to the World Health Organization criteria
and the TNM classification system, respectively. Cancer stage was divided into two groups,
including early stage (stages I and II) and late
stage (stages III and IV).
A clinical oncologist retrospectively collected
clinical and pathological data and chemotherapeutic responses from medical records. Of the
182 patients, 146 patients received anthracycline-based chemotherapy for at least 4~6
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%

cycles. 12 patients received paclitaxel-based
chemotherapy consisting of T or TC (docetaxel
or paclitaxel and/or capecitabine) regimen. 10
patients received both anthracycline and paclitaxel-based chemotherapy (n=109). The
remaining 14 patients received other chemotherapies such as CP/GP regimens (cyclophosphamide and platinum/gemcitabine and cisplatin) and NP (navelbine and platinum) regimens
or without chemotherapies such as surgery
and/or radiation therapy.
DNA extraction and genotyping analysis
Each patient was asked to provide a 5-ml
peripheral venous blood sample after participating into our study. Genomic DNA was extracted from peripheral blood lymphocytes
using TIANamp Blood DNA kit (Tiangen Biotech
Co., Ltd., Beijing, China) according to the manufacturer’s protocol. STAT5b rs6503691 polymorphisms and STAT3 rs4796793 polymorphisms were genotyped by TaqMan SNP
Genotyping Assays on the ABI 7500 fast realtime PCR platform (Applied Biosystems, ABI
Technologies, USA). PCR was conducted in a
mixture containing 2 μL DNA, 12.5 μL Taqman
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Table 2. Distribution of STAT3 rs4796793 and STAT5b rs6503691 polymorphisms and association of risk of breast cancer
Genotypes
STAT3 rs4796793
CC
CG
GG
GC+GG
STAT5b rs6503691
CC
CT
TT
CT+TT
1

%

Adjusted OR
(95% CI)1

P value

Cases

%

Controls

98
77
7
84

53.85
42.31
3.85
46.15

84
81
17
98

46.15
1.0 (Ref.)
44.51 0.81 (0.52-1.28)
9.34 0.35 (0.12-0.95)
53.85 0.73 (0.48-1.13)

0.35
0.02
0.14

104
66
12
78

57.14
36.26
6.59
42.86

97
70
16
86

53.30
1.0 (Ref.)
38.46 0.88 (0.56-1.39)
8.79 0.70 (0.29-1.67)
47.25 0.85 (0.55-1.31)

0.56
0.38
0.43

Adjusted for age and menopausal status.

Table 3. Cox regression analysis of the association between STAT3
rs4796793 and STAT5b rs6503691 polymorphisms and OS of breast
cancer
Genotypes
STAT3 rs4796793
CC
CG
GG
GC+GG
STAT5b rs6503691
CC
CT
TT
CT+TT
1

%

Adjusted HR
(95% CI)1

P value

Event

%

Alive

31
12
2
14

68.89
26.67
4.44
31.11

67
65
5
70

48.91
1.0 (Ref.)
47.45 0.40 (0.17-0.89)
3.65 0.86 (0.08-5.65)
51.09 0.43 (0.20-0.93)

0.01
0.87
0.02

26
15
4
19

57.78
33.50
8.72
42.22

78
51
8
59

52.56
1.0 (Ref.)
35.56 0.88 (0.39-1.93)
11.88 1.5 (0.30-6.15)
47.44 0.97 (0.46-2.01)

0.74
0.53
0.92

Ajusted for age, tumor size, clinical stage, lymph mode metastasis and ER and PR status.

STAT5b rs6503691 and
STAT3 rs4796793 polymorphisms and risk of
breast cancer were described as odds ratio
(ORs) and 95% confidence interval (CI) using
conditional logistic regression analysis. The
prognostic value of STAT5b rs6503691 and
STAT3 rs4796793 polymorphisms for the OS
was estimated by multivariate analysis using
the Cox proportional hazards models, describing as the hazard ratio
(HR) and 95% CI. Overall
survival (OS) was calculated as the time between the first day of
treatment and death or
last known follow-up. Survival probabilities were
estimated by using the
Kaplan-Meier method.
Two-tailed P values <
0.05 with were considered statistical difference. All statistical analyses were conducted
using the STATA version
9.0 statistical software.
Results

Master Mix, 1.25 μL Applied Biosystems SNP
assay, and 9.25 μL DNase-free H2O. The PCR
conditions were as follows: an initial denaturation at 95°C for 5 min, 35 cycles of amplification with denaturation at 95°C for 30 sec,
annealing at 56°C for 30 sec, and extension at
72°C for 30 sec, followed by a final extension
step of 7 min at 72°C. For quality control,
approximately 10% of the patients were randomly selected to repeatedly the genotyping
procedure with different researchers. The
reproducibility was 100%.

The demographic and clinical characteristics of
all the breast cancer cases and controls were
shown in Table 1. There were age-related differences were observed between the groups (P >
0.05). The mean age of breast cancer patients
and controls were 51.3 ± 11.3 and 50.5 ± 10.7
years, respectively. Of the 182 breast cancer
patients, 119 (65.38%) had tumor size ≥ 2.0
cm, 130 (71.43%) had clinical stage of I-II, 100
(54.95%) had positive lymph node metastasis,
114 (62.64%) had positive ER status, and 101
(55.49%) had positive PR status.

Statistical analysis

The genotype distributions of STAT3 rs4796793 and STAT5b rs6503691 were found to be
in Hardy-Weinberg equilibrium in the control
group (Table 2). Unconditional logistic regression analyses showed that subjects carrying

Continuous variables were shown by mean ±
SD, and categorical variables were shown by n
of subjects (%). The association between
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Figure 1. Kaplan-Meier analysis of STAT3 rs4796793 polymorphism on the
overall survival of breast cancer patients.

the GG genotype of STAT3 rs4796793 had a
significantly increased risk of breast cancer,
with an adjusted OR (95% CI) of 0.35 (0.120.95). However, we did not found significant
association between STAT5b rs6503691 polymorphism and risk of breast cancer.
In the Cox proportional hazards model, after
adjusting for potential confounding factors, we
observed that individuals carrying CG+GG genotype of STAT3 rs4796793 was associated with
reduced risk of death from breast cancer when
compared with CC genotype (HR = 0.43, 95% CI
= 0.20-0.93) (Table 3). However, we observed
no association between STAT5b rs6503691
polymorphism and OS in breast cancer patients.
By Kaplan-Meier method, we found that individuals carrying CG+GG genotype of STAT3
rs4796793 had a longer OS of breast cancer
when compared with CC genotype (Figure 1).
Discussion
STATs are ligand-induced transcriptional factors that are activated in response to a wide
range of cytokines, growth factors, and hormones [12, 13]. STAT3 and STAT5 are constitutively activated in various cancers including
2036

breast cancer, and are associated with progression, metastasis, and poor prognosis of
breast cancer [14-20]. However,
few studies investigated the
role of STAT3 rs4796793 and
STAT5b rs6503691 polymorphisms in the development of
breast cancer. In our study, we
conducted a case-control study
to investigate the role of the
two gene polymorphisms on
the risk and prognosis of breast
cancer. We found that GG genotype of STAT3 rs4796793 was
associated with decreased risk
of breast cancer, and individuals carrying CG+GG genotype
of STAT3 rs4796793 had a longer OS of breast cancer. Our
findings suggest that STAT3 rs4796793 can be a predictive
factor for the development and
prognosis in breast cancer
patients.

In the present study, we found
that genetic variation of STAT3
rs4796793 was associated with development
and overall survival of breast cancer. Several
previous studies reported the STAT3 rs4796793
polymorphism and cancer risk [21-23]. Xie et al.
conducted a case-control study in a Chinese
population, and found that STAT3 rs4796793
polymorphism significantly increased HCC risk
after adjusting for covariates including HBV
mutations in the preS region [21]. Jiang et al.
conducted a case-control study to investigate
the association between STAT3 rs4796793
polymorphism and NSCLC risk, and found that
STAT3 rs4796793 polymorphism decreased the risk of NSCLC, and was associated with
tumor stage of NSCLC [22]. Moreover, Ito et al.
conducted a case-control study in a Japanese
population, and suggested that STAT3 polymorphism was a useful diagnostic marker to predict the response to IFN-alpha therapy in
patients with metastatic renal cell carcinoma
[23]. For the association between STAT3 rs4796793 and breast cancer risk, only one previous study reported the association between
them [24]. However, STAT3 rs4796793 did not
influence the risk of breast cancer [24].
We further analyzed the association between
STAT3 rs4796793 and overall survival of breast
Int J Clin Exp Pathol 2015;8(2):2033-2038
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cancer patients, and we found that CG+GG
genotype of STAT3 rs4796793 had a longer OS
of breast cancer. STAT3 rs4796793 polymorphisms may be used as a potential marker for
identification of the malignant and invasive
TNBC and BRCA1-associated breast cancer.
STAT3 rs4796793 polymorphism is more frequently occurred in BRCA1-positive breast cancer, which suggests that STAT3 rs4796793
polymorphism may play a role in the development of BRCA1–related breast cancer patients
[12, 14-20]. Two previous studies reported the
association between STAT3 rs4796793 polymorphism and response to chemotherapy in
cancers [23, 25]. Eto et al. conducted a prospective study in a Japanese population, and
found that STAT3 polymorphism can be a predictive marker for treatment with IFN-α for
patients with metastatic renal cell carcinoma
[25]. Ito et al. also suggested that STAT3
rs4796793 is a useful diagnostic marker to
predict the response to IFN-alpha therapy in
patients with metastatic renal cell carcinoma
[23]. Further studies with large sample size are
greatly needed to confirm the association
between STAT3 rs4796793 and prognosis of
breast cancer.
Several limitations should be considered in our
study. First, cases and controls were selected
from one hospital, which may not be representative of other populations. Selection bias may
exist in this study. Second, the number of cases
analyzed in the present study was relatively
small, which may reduce the statistical power
to detect the association between STAT3 and
STAT5 polymorphisms and development and
prognosis of breast cancer. Therefore, further
studies with more subjects are needed to confirm the results in our study.
In conclusion, our study found that STAT3
rs4796793 polymorphism plays an important
role in influence the development and overall
survival of breast cancer patients. Further multicenter studies involving various populations
are required to confirm our results.
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