
Introduction

In Western countries, endometrial cancer (EC) is the most

common reproductive tract malignancy in women, with an

annual incidence of 10–20 per 10 million [1]. In China, the

incidence of EC continues to increase annually, and the age

at first diagnosis seems to be decreasing, especially in eco-

nomically developed areas [2, 3]. According to clinical char-

acteristics and the endocrine, epidemiologic, and molecular

biology, EC can be divided into two types. Type I EC is an

estrogen-dependent tumour with a higher pathologic grade

and better prognosis than type II EC, with a five-year sur-

vival rate of approximately 86% for type I. Type II EC is as-

sociated with endocrine and metabolic disorders, with a

five-year survival rate of approximately 59% [4-5]. Most pa-

tients with EC are diagnosed at an early stage, and the sur-

vival rate of these patients is about 75% [6]. However, in

South America, women seem to suffer from a worse prog-

nosis due to diagnosis of non-endometrioid EC, which is as-

sociated with a higher pathological grade and clinical stage

[7]. Patients with advanced stage EC frequently exhibit a

poor prognosis, even after radical resection combined with

radiotherapy or chemotherapy. EC currently has a significant

impact on women’s health, so it is necessary to investigate

the emerging and developing mechanisms of this disease.

Breast cancer susceptibility gene 1 (BRCA1) is a tumour

suppressor gene which was first cloned and named in 1994.

BRCA1 is located on chromosome 17 q21; it is 100 kb long

and contains 24 exons. BRCA1 protein maintains genome

stability, regulates the cell cycle, and repairs double-

stranded DNA breaks [8-10]. 

Microsatellite instability (MSI) or single nucleotide poly-

morphisms (SNPs) may affect the normal function of tu-

mour suppressor genes, and this may lead to the

development of cancer. Birkbak et al. [11] demonstrated

that non-synonymous mutations in BRCA1 or BRCA2

could increase chemotherapy drug resistance in patients

with ovarian cancer, resulting in poor progression-free sur-

vival and overall survival. Nilsson et al. [12] reported that

breast cancer patients with BRCA 1/2 mutations are

younger than the patients without BRCA 1/2 mutations and

that tumours with BRCA1/2 mutations have greater likeli-

hood of exhibiting malignant behaviour.

It is now commonly accepted that breast cancer, ovarian

cancer, and EC are hormone-dependent tumours; therefore,

the relationship between BRCA1 and EC is of particular in-

terest. Segev et al. [13] conducted a 5.7-year follow-up of

4,456 women who carried BRCA1/2 mutations and found

that 17 women suffered from EC (13 with BRCA1 muta-
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tion  and four with BRCA2 mutation); they considered that

the risk of EC was higher in people with BRCA1 mutations

than in those without BRCA1 mutations. Niederacher et al.
[14] found that loss of heterozygosity of BRCA1 might be

associated with a higher pathology grade, estrogen receptor

positivity, family history of cancer, and reduced overall sur-

vival. 

In China, there have been no recent reports of BRCA1

SNPs or MSI in EC. This study aimed to investigate the

presence of BRCA1 SNPs or MSI EC and to evaluate fac-

tors affecting the prognosis of Chinese EC patients. 

Materials and Methods

Fresh endometrial tissue was obtained from 97 cases and col-

lected from the Department of Gynecology of Guangxi Medical

University First Affiliated Hospital. All patients underwent sur-

gery from 2008 to 2013 and did not receive any preoperative anti-

tumour treatment or endocrine treatment. Specimens were

obtained after patients provided informed consent, and all speci-

mens were evaluated by two pathologists for diagnostic review.

Forty-nine of the 97 cases were type I EC, and 20 were endome-

trial atypical hyperplasia. The remaining 28 cases had normal en-

dometrial tissue in the proliferation period, as confirmed by the

pathologists; these specimens were obtained from patients with

uterine fibroids who had undergone hysterectomies. All tissue

samples were collected during surgery, immediately put into an

icebox, and then moved into a -80°C freezer. More than 49 paraf-

fin specimens of primary EC tissues were obtained from the de-

partment of pathology in the present hospital from 2008 to 2013,

which were used for immunohistochemical detection.

For the 49 type I EC patients, age ranged from 31 to 67 years

(mean 50.43); 27 patients were ≥ 50 years of age, while 22 patients

were < 50 years of age. There were 31 patients with grade 1 or 2

disease, and 18 patients with grade 3 disease. Clinical stages were di-

agnosed according to the 2009 International Federation of Gyne-

cology and Obstetrics (FIGO) staging system. Twenty-two patients

had Stage I–II disease, and the remaining 27 patients had Stage III–

IV disease. There were 17 patients whose EC had a depth of my-

ometrial invasion ≤ 1/2 the thickness of the muscle, and there were

32 patients whose EC had a depth myometrial invasion > 1/2 the

thickness of the muscle. Five type I EC patients had lymph node

metastasis according to pelvic lymph node biopsy. Only four of these

cases were non-endometrioid adenocarcinoma (two adenosquamous

carcinomas, one adenoacanthoma, and one squamous-cell carci-

noma), while the other cases were all endometrioid adenocarcinoma.

Primers were designed by Primer Premier 5 software according

to the Genbank human BRCA1 mRNA (007294.3 NM) sequence.

The primers sequences are listed in Table 1.

A kit (centrifugal column method) was used to extract DNA from

endometrial tissue. TaKaRa Premix Taq Version 2.0 PCR reagent

was used. The reaction included 20 µL: one µL DNA template, 0.5

µL upstream or downstream primer, ten µL Premix Taq, and eight

µL sterilized distilled water. The reaction procedure was as follows:

initialization at 94°C for five minutes; denaturation at 94°C for 30

seconds, annealing for 30 seconds, and extension at 72°C for one

minute, for a total of 35 cycles, and then a final step at 72°C for ten

minutes. The annealing temperature is reported in Table 1.

Agarose gel (2%) electrophoresis was performed after PCR to iden-

tify PCR amplification products. The PCR products were run on a

12% non-denaturing polyacrylamide gel (250-V electrophoresis for

30 minutes, followed by 40-V electrophoresis, for a total of nine

hours). Silver nitrate (0.1%) was used for staining, followed by

1.5% sodium hydroxide for coloration. After silver staining, the

samples were examined, and photos were taken to document the

results. All the tissues were run through PCR-SSCP under the same

conditions. Finally, gene sequencing analysis of SSCP-positive

samples was performed. Compared with the normal endometrial

group, if the band number increased, position changed, or concen-

tration increased in the EC group or endometrial atypical hyper-

plasia group, these observations were considered to indicate

SNP-positivity/MSI-positivity. If the bands in the EC group or en-

dometrial atypical hyperplasia group were the same as the bands in

the normal endometrial group, these observations were considered

to indicate SNP-negativity/MSI-negativity. The results were judged

by two independent observers, and positive cases were confirmed

by a third observer.

All statistical analyses were performed with SPSS 16.0 soft-

ware. The chi-square test and Fisher’s exact test were used to

analyse the differences in MSI or SNPs outcomes among the EC

group, endometrial atypical hyperplasia group, and normal en-

dometrial group. The Kaplan-Meier method was used to estimate

survival rate, and the survival differences were analysed using the

log-rank test. For factors with p values < 0.2, the Cox proportional

hazards model was used for multivariate analysis to investigate

the independent risk factors influencing the development and pro-

gression of EC. Spearman correlation analysis was used to calcu-

late the relationship between SNPs and MSI outcomes.

Results

Agarose gel electrophoresis (Figure 1) presented target

gene fragments of D17S579, D17S1349, exon 2, exon 5,

exon 11, and exon 20, which were consistent with theoret-

ical product lengths. The length of each target gene is pre-

sented in Table 1.

Table 1. — Primer sequences.
Primer

Exon 2 (257 bp, Tm 49.0°C)

Sense GAAGTTGTCATTTTATAAACCTTT

Anti-sense TGTCTTTTCTTCCCTAGTATGT

Exon 5 (207 bp, Tm 54.0°C)

Sense GTTGTGAGATTATCTTTTCATGGC

Anti-sense CTTCCAACCTAGCATCATTACCA

Exon 11A (288 bp, Tm 64.0°C)

Sense GAGTCCTAGCCCTTTCACCCATAC

Anti-sense GTGATGTTCCTGAGATGCCTTTG

Exon 11B (482 bp, Tm 49.0°C)

Sense AGGGGCCAAGAAATTAGAGTC

Anti-sense AAGTTTGAATCCATGCTTTGCTCT 

Exon 20 (400 bp, Tm 53.0°C)

Sense ATATGACGTGTCTGCTCCAC

Anti-sense GGGAATCCAAATTACACAGC 

D17S579 (111-125 bp, Tm 53.4°C)

Sense AGTCCTGTAGACAAAACCTG

Anti-sense CAGTTTCATACCAAGTTCCT 

D17S1349 (150 bp, Tm 53.4°C)

Sense TGCAAGTGCACAGTGTCAGC

Anti-sense GGATGTGTGGACCCTTCTC

bp: base pairs; Tm: melting temperature.
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Figure 2. — PCR-SSCP results of D17S579 and D17S1349 mi-

crosatellite instability in BRCA1. 1) Positive result of D17S579 in

PCR-SSCP. 2) Positive result of D17S1349 in PCR-SSCP. 3) Ne-

gative result in PCR-SSCP. N: normal; PCR-SSCP: polymerase

chain reaction-single-strand conformation polymorphism.

Figure 1. — . PCR

products of seven tar-

get segments in

BRCA1. M: PCR

marker; bp: base pair.

Figure 4. — DNA

sequencing results of

SNP and MSI in

BRCA1. A) Single

nucleotide polymor-

phism (SNP)

group.B) Microsatel-

lite instability (MSI)

group. 

Figure 3. — PCR-SSCP results of five exons in BRCA1. 1) Posi-

tive PCR-SSCP result in exon 2. 2) Positive PCR-SSCP result in

exon 5. 3) Positive PCR-SSCP result in exon 11A. 4) Positive

PCR-SSCP result in exon 11B. 5) Positive PCR-SSCP result in

exon 20. 6) Negative result in PCR-SSCP. N: normal; PCR-SSCP:

polymerase chain reaction-single-strand conformation polymor-

phism.
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The results of the BRCA1 MSI and SNPs analysis are

presented in Table 2. When the samples of the D17S579

and D17S1349 groups were studied in combination, there

were significant differences among the three groups (χ

2

=11.208, p = 0.004): 34.69% (17/49) in the EC group, 10%

(2/20) in the atypical endometrial hyperplasia group, and

7.14% (2/28) in the normal endometrium group. PCR-

SSCP results are presented in Figure 2.

In the detection of SNPs at five sites (exons 2, 5, 11A,

11B, and 20), there were significant differences among the

three groups (χ

2

= 6.450, p = 0.040): 20.40% (10/49) in the

EC group, 15% (3/20) in the atypical endometrial hyper-

plasia group, and 0.00% (0/28) in the normal endometrium

group. PCR-SSCP results are presented in Figure 3.

DNA sequencing analysis of PCR products that were

MSI-positive or SNP-positive after SSCP detection is

shown in Figure 4.

Forty-nine samples were selected from the 49 EC patients

for the detection of concurrent BRCA1 SNPs/MSI and

BRCA1 protein expression; outcomes of protein expres-

sion were reported in the previous study. Spearman corre-

lation analysis showed that the BRCA1 SNP-positive rate

and BRCA1 protein expression were negatively corre-

lated (r = -0.482, p < 0.001) and that the BRCA1 MSI-pos-

itive rate and BRCA1 protein expression were also

negatively correlated (r = -0.779, p < 0.001).

The BRCA1 SNP-positive rate was associated with

muscular infiltration depth, with higher rates in the mus-

cular infiltration depth > 1/2 group than in the muscular

infiltration depth ≤ 1/2 group (p = 0.038); however, no re-

lationship was found with pathology grade, clinical stage,

lymph node metastasis, and histopathology (p > 0.05). al-

though the BRCA1 SNP-positive rate tended to increase

along with an increase in pathology grade and clinical

stage, no statistical difference was found (p > 0.05, Table

3).

BRCA1 MSI positivity was related to pathology grade

and clinical stage, but no relationship was found with mus-

cular infiltration depth, lymph node metastasis, and

histopathology (p > 0.05). The MSI-positive rate was

higher in the pathologic grade 3 group than in the grade 1

or 2 group (χ

2

= 4.337, p = 0.037). The MSI-positive rate

was higher in patients with clinical Stage III–IV disease

than in those with clinical Stage I–II disease (χ

2

= 4.553, p
= 0.033). With the occurrence of lymph node metastasis,

the BRCA1 MSI-positive rate tended to be higher in cases

with lymph node metastasis, but this difference was not sta-

tistically significant (p = 0.742, Table 4).

The median overall survival time was 35 months (95%

confidence interval [CI]: 21.072–48.928) in the MSI-posi-

tive group and 57 months (95% CI: 50.659–63.341) in the

MSI-negative group (log-rank = 4.101, p = 0.043).

The median overall survival time was 14.5 months (95%

CI: 10.117–18.883) in the SNP-positive group and 56

months (95% CI: 51.48–60.52) in the SNP-negative group

(log-rank = 5.319, p = 0.021).

The Kaplan-Meier univariate analysis suggested that

pathology grade (p = 0.020), muscular infiltration depth

(p = 0.152), MSI positivity (p = 0.016), and SNP posi-

tivity (p = 0.009) were important factors affecting the

prognosis of EC patients (p < 0.2). However, age,

menopause status, FIGO Stage, lymph node metastasis,

and histopathology type showed no significant relation-

Table 2. — PCR-SSCP outcomes for BRCA1 MSI or SNPs.
Group MSI SNP

n/N % χ

2 p n/N % χ

2 p
Normal endometrium group 2/28 7.14 0/28 0.00

Atypical endometrial hyperplasia group 2/20 10.00 11.208 0.004 3/20 15.00 6.450 0.040

EC group 18/49 36.74 10/49 20.40

Total 22/97 22.68 11/97 13.40

N: total number; n: positive number; MSI: microsatellite instability; SNP: single nucleotide polymorphism;

PCR-SSCP: polymerase chain reaction-single-strand conformation polymorphism; EC: endometrial carcinoma.

Table 3. — Association between BRCA1 SNPs and clini-
copathologic features.

SNP

Cases, N Positive % p value

Pathology grade

G1–G2 31 4 13.33 0.129

G3 18 6 37.5

Clinical stage

I–II 22 3 13.04 0.284

III–IV 27 7 30.43

Muscular infiltration depth

≤ 1/2 17 3 10.34 0.038

> 1/2 32 7 41.18

Lymph node metastasis

Positive 5 4 50 0.742 

Negative 44 6 15.79

Histopathology types

Endometrioid

adenocarcinoma

45 9 20.93

1

Non-endometrioid

adenocarcinoma

4 1 33.33

Clinical stages were diagnosed according to the 2009 International Federation

of Gynecology and Obstetrics staging system; SNP: single nucleotide

polymorphism; G: grade.
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ship with prognosis (p ≥ 0.2).

For factors with p < 0.2, such as pathology grade, mus-

cular infiltration depth, MSI-positivity, and SNP-positiv-

ity, the Cox proportional hazards model was used for

multivariate analysis. The results showed that pathol-

ogy grade (p = 0.014) and SNP-positivity (p = 0.011) were

independent risk factors affecting the prognosis of EC pa-

tients (Table 5). In addition, the risk coefficient was 3.611

for pathology grade and 0.276 for SNP-positivity, indicat-

ing that pathology grade has greater influence on progno-

sis in EC patients than SNP-positivity.

Discussion

BRCA1, a tumour suppressor gene, regulates the cell

cycle, centrosome amplification, DNA damage repair, tran-

scription, and cell apoptosis [15]. SNPs are single nu-

cleotide mutations in DNA, with a population prevalence of

>1%. Normally, to maintain genomic stability, mismatch

repair genes repair errors in DNA bases. However, mis-

match repair function deficiency may lead to accumulation

of DNA mutations, either by mutation or methylation.

When such DNA mutations result in shortening or extend-

ing normal microsatellite sequences, it is termed MSI [16].

If SNPs or MSI are detected in the BRCA1 coding region,

this may lead to the development and progression of tu-

mour caused by loss of normal function.

Some researchers found that BRCA1 mutations might

lead to increased incidence of endometrial cancer. For in-

stance, Segev et al. [13] found that patients who carried

BRCA1 mutations might be more susceptible to EC than

those without BRCA1 mutations. Another study [17]

showed that patients who carried both BRCA1 and MSH6

mutations were more likely to have hereditary breast-ovar-

ian cancer syndrome with EC. Pennington et al. [18] re-

ported that the frequency of BRCA1 mutations in uterine

papillary serous carcinoma patients was about 2%, which

was higher than that in non-uterine papillary serous carci-

noma patients. Duffy et al. [19] studied the association of

EC with BRCA1/2 mutation status in 1,203 individuals

from Australasian families with breast-ovarian cancer. They

found a seven-fold increase in EC risk with tamoxifen ex-

posure for women from BRCA1/2 families. The present

study found significant differences between the two groups

(p = 0.011) at five SNP sites. Thus, SNPs might be related

to the occurrence and development of EC in the Chinese

population. The findings of the present study were thus

similar to studies from other countries [13, 17-19]. 

The MSI-positive rate found in the EC group was

36.74%, which was similar to rates reported in studies from

other countries (25–30%) [20]. The possible reasons for the

difference of MSI-positive rate are that (1) selection of dif-

ferent MSI location and thus MSI frequency varies in each

MSI site, (2) the experimental conditions are different, and

PCR-SSCP is sensitive to the temperature, electrophoresis

time, and voltage, and (3) the populations are different, and

this is the first report in a Chinese population.

Most EC develops from the atypical endometrial hyper-

plasia stage. Endometrial atypical hyperplasia has a 30%

chance of changing to EC. The current research included

an endometrial atypical hyperplasia group and found that

BRCA1 gene MSI might play a role in the transformation

from normal endometrium to EC. However, the present au-

thors were unable to clarify the specific molecular mecha-

nism.

Table 5. — Endometrial cancer risk factors.
Factors B SE Wald df p ExP(β) 95% CI

Lower Upper

Histopathological grade 1.284 0.524 6.000 1 0.014 3.611 1.293 10.087

SNP-positivity -1.287 0.509 6.402 1 0.011 0.276 0.102 0.784

SNP: single nucleotide polymorphism; CI: confidence interval; SE: standard error.

Table 4. — The association between BRCA1 MSI and clin-
icopathologic features.

MSI

Cases, N Positive % p value

Pathology grade

G1–G2 31 8 25.81 0.037

G3 18 10 55.56

Clinical Stage 

I–II 22 4 22.73 0.033

III–IV 27 14 55.56

Muscular infiltration depth

≤ 1/2 17 8 47.06 0.275

> 1/2 32 10 31.25

Lymph node metastasis

Positive 5 1 20 0.742 

Negative 44 17 38.64

Histopathology types

Endometrioid

adenocarcinoma

45 18 40

0.282

a

Non-endometrioid

adenocarcinoma

4 0 0

Clinical stages were diagnosed according to the 2009 International Federation

of Gynecology and Obstetrics staging system; 

a

Fisher’s exact test;

MSI: microsatellite instability; G: grade.
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This experiment showed that the BRCA1 SNP-positive

rate and BRCA1 protein expression were correlated nega-

tively, which is similar to the results of Hecht et al. [21].

Normal BRCA1 gene encodes BRCA1 protein, which may

play a role in tumour inhibition. If congenital or acquired

factors lead to BRCA1 gene mutations, this might impact

the normal function of the tumour-suppressor gene that is

caused by the reduction of BRCA1 protein expression. This

study only speculated that BRCA1 SNPs might be associ-

ated with the reduction of protein expression, but did not

provide evidence of a cause-and-effect relationship, and the

specific molecular mechanism was also unclear.

The present authors found that in the EC group, the MSI-

positive rate was higher among patients with grade 3 dis-

ease than among those with grade 1–2 disease, similar to

the results reported by Matias-Guiu et al. [22], who showed

that the MSI-positive rate (30%) was higher in endometri-

oid adenocarcinoma patients than in non-endometrioid ade-

nocarcinoma patients. In this research, the MSI-positive

rate in the endometrioid adenocarcinoma group was higher

than that in the non-endometrioid adenocarcinoma group

(40% vs. 0%), similar to rates reported previously [22], but

no statistical difference was found between the two groups

(p = 0.282). In addition, the authors found that the MSI-

positive rate was higher in Stage III–IV disease than in

Stage I–II disease, but MSI positivity had no relationship

with muscular infiltration depth and lymph node metasta-

sis. BRCA1 MSI-positivity might play a role in the devel-

opment of EC and indicate endometrial malignant

progression and poor prognosis. However, further studies

with larger sample sizes and precancerous samples are

needed to validate these findings. 

The present authors also analysed overall survival in 49

cases of EC. Overall survival in SNP-positive patients was

shorter than that in SNP-negative patients (14.5 months vs.

56 months, respectively); MSI-positive patients also had a

shorter overall survival time than MSI-negative patients (35

months vs. 57 months, respectively), indicating that SNP-

positivity and MSI-positivity might be risk factors of prog-

nosis in patients with EC. 

Finally, the multivariate analysis showed that pathology

grade and SNP-positivity were independent risk factors in-

fluencing the prognosis of EC patients. The risk ratio re-

vealed that pathological grade had a higher impact than

SNP-positivity in the prognosis of EC (Table 5). This is

consistent with a large number of studies that have shown

that the degree of pathological grade is associated with EC

prognosis [23]. Furthermore, there have also been many

studies that investigated the relationship between SNPs and

prognosis. For example, Crawford et al. [24] showed that

SIPA1 gene mutations could increase the risk of lymph

node metastasis in breast cancer. Ratner et al. [25] reported

that KRAS mutations might indicate poor prognosis in pa-

tients with epithelial ovarian cancer and that these muta-

tions may also result in drug resistance to platinum

chemotherapy. Wang et al. [26] demonstrated that muta-

tions of key genes in the PI3K and RAS/RAF pathways

might be associated with poor outcomes in EC patients.

AKT2 or PIK3CA mutations could also increase the

chemotherapy dose in patients with recurrent EC. The pres-

ent research found that in the Chinese population, BRCA1

SNP-positive patients had a worse prognosis than SNP-

negative patients. However, more research is needed to ex-

plore the molecular mechanism.

The present study also has several limitations. First, the

authors did not investigate the molecular mechanism un-

derlying the association between disease prognosis and

MSI or SNP positivity. Furthermore, most of the patients

came from Guangxi province in China; therefore, this sam-

ple size was limited and composed primarily of a single

ethnic background.

In conclusion, changes in BRCA1 SNPs or MSI were as-

sociated with the occurrence and development of EC.

BRCA1 MSI-positivity was associated with pathology

grade and clinical stages in EC, while BRCA1 SNP-posi-

tivity was associated with muscular infiltration depth in EC.
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