
Introduction

Endometrial carcinoma (EC) is one of the three female re-

productive tract malignant tumors. Its incidence has been ac-

counted for gynecological malignant tumor first and the

second most common cause of gynecologic cancer death in

Europe and the United States. The incidence of EC is lower

in developing countries, but the ratio of mortality to inci-

dence is higher [1]. In recent years, economic developed rap-

idly of many developing countries, including China has led

to the increase of its incidence. People’s living habits and

diet structure has been westernized, hence the incidence of

obesity has also increased. Furthermore, the incidence of EC

has obviously risen by informal hormone replacement ther-

apy and other factors, including obesity, diabetes, hyperten-

sion, infertility, and menopause delay.

Obesity is associated with multiple diseases, such as

breast cancer, ovarian cancer, polycystic ovary syndrome

and EC [2]. Obesity plays important role in EC, but the

mechanisms of action remain unclear. Adipose tissue se-

cretes leptin and adiponectin that reportedly participates in

carcinogenic processes, such as cell proliferation, angio-

genesis, and insulin regulation. Metabolic syndrome, a com-

bination of medical disorders included obesity and diabetes

et al., and is associated with increased endometrial can-

cer risk [3]. 

As a nuclear transcription factor, transcription factor ac-

tivator protein-2 (TFAP-2) control target gene expression

through closing, opening, increasing or decreasing signal

transduction. It is also involved in vertebrate growth regu-

lation, apoptosis, the occurrence and development of tumor

in pathological conditions [4,5]. TFAP-2 was first purified

and cloned from HeLa cells in 1987 [6]. TFAP-2 effects

bidirectional regulation in tumor genesis and evolution

through the regulation of tumor associated gene expression.

TFAP-2 family members include TFAP-2α, TFAP-2β,

TFAP-2γ, TFAP-2δ, and TFAP-2ε. TFAP2α can improve the

patients with advanced bladder cancer sensitivity to cis-

platin [7]. TFAP-2γ has been  reported to have an effect on

different target genes from Her2 breast cancer phenotype to

regulate the hormone response breast cancer [8]. TFAP-2β

has been associated to metabolic syndrome through playing

an important role in the regulation of adipokines expression

in vivo [9]. TFAP-2β is also known as a molecular marker

to detect tumor and a therapeutic target for anticancer ther-

apy [10]. The purpose of current study was to assess the as-

sociation between TFAP-2β and endometrial carcinoma.
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The authors hypothesized that TFAP-2β may have a high

correlation with endometrial carcinoma.

Materials and Methods

Subjects
The present study including 60 patients (of the 60 patients, 30

were diagnosed and treated for EC and 30 were diagnosed and

treated for myoma of uterus) were randomly selected at the 2nd Af-

filiated Hospital of Harbin Medical University from November

2011 to June 2012. The patients fulfilled the following inclusion

criteria: (I) scheduled for surgical treatment, (II) all patients were

not receiving any chemotherapy, radiotherapy, and prior targeted

tumor treatment, and (III) free of severe acute illness. The en-

dometrial tissues of patients with myoma of uterus were tested

histopathologically as normal endometrium. 

Body mass index (BMI) and abdominal circumference were

measured in each subject. Venous blood samples were obtained

before abdominal surgery. Abdominal obesity was determined by

the definition criteria of the metabolic syndrome proposed by the

International Diabetes Federation [11]. 

Endometrial tissue
Endometrial tissue biopsies were obtained during panhysterec-

tomy, which was either laparoscopic or open-abdominal surgery.

Each specimen was divided into several sections and all were im-

mediately frozen and stored in liquid nitrogen.

Quantitative real-time reverse transcription polymerase chain re-
action (RT-PCR)

Total cellular RNA was extracted from the frozen endometrial tis-

sues using Trizol reagent and 1,000 ng of total RNA was reverse

transcribed with a reagent kit. The primers for TFAP-2β were com-

mercially designed and synthesized. The specific primers used of

TFAP-2β were: 5’-TAAAGCGGGGAGATGGGATG-3’ and 5’-

GGAGAAGTGAG- GGAGGGAGAA-3’. The β-Actin mRNA was

quantified for sample normalization. The thermal profile of reverse

transcription consisted of 15 minutes at 37°C, five seconds at 85°C.

The thermal profile of RT-PCR consisted of 30 seconds at 95°C, fol-

lowed by 40 cycles of five seconds at 95°C, 30 seconds at 58°C, and

30  seconds at 72°C for human TFAP-2β. 2-ΔΔCT method to compare

the relative expression of TFAP-2β mRNA was used. All PCRs were

performed in duplicate and repeated twice.

Statistical analysis
Data were expressed as mean ± standard deviation. The Mann-

Whitney Rank Sum Test was used for comparison of mean val-

ues. Pearson’s correlation coefficient was used to determine the

relationship between TFAP-2β gene expression and other quan-

titative variables. A p value of < 0.05 was considered statistically

significant. Analyses were conducted using the SigmaPlot 11.0

system.

Results

Previous studies have documented that certain adipokines

have been involved in tumor growth, apoptosis, and

cachexia [12, 13]. In order to minimize these influences, the

patients with EC who were free of acute illness or cachexia

were chosen. The subject characteristics are summarized in

Tables 1 and 2.

The metabolic syndrome group had a statistically higher

mean age (p = 0.042), BMI (p = 0.003), waist circumfer-

ence (p < 0.001), triglycerides (p = 0.001), and fasting

plasma glucose (p < 0.001) level than the lean group. How-

ever, there were no statistically significant differences be-

tween the mean values of the lean cases and metabolism

syndrome cases in terms of the total cholesterol and low-

density lipoprotein (LDL).

There were no statistically significant differences be-

tween the mean values of the normal endometrium cases

and EC cases in terms of the age, BMI, waist circumfer-

ence, triglycerides, total cholesterol, LDL, and high-den-

sity lipoprotein (HDL). However, the EC group had a

statistically higher mean of fasting plasma glucose (p =
0.015) and CA125 (p = 0.003) level than the normal en-

dometrium group.

Expression of TFAP-2β mRNA in endometrial tissue 
To date, many studies had examined the expression of

AP-2 in human different tumors such as breast cancer, ma-

lignant melanoma, cervical cancer, and ovarian cancer [14,

Table 1. — Clinical data of the patients with lean or meta-
bolic syndrome.

Lean Metabolic p
syndrome

Number of subjects 35 25

Age (years) 50.49±7.78 55.84±7.14 0.042*

BMI (kg/m2) 23.77±2.55 27.03±3.85 0.003*

Waist circumference (cm) 84.84±8.68 95.12±8.71 <0.001*

Triglycerides (mmol/L) 1.38±0.61 2.05±0.58 0.001*

Total cholesterol (mmol/L) 4.90±0.85 5.32±1.00 0.180

Fasting plasma glucose

(mmol/L)
5.02±0.43 6.79±1.90 <0.001*

LDL (mmol/L) 2.89±0.62 3.09±0.79 0.399

HDL (mmol/L) 1.50±0.26 1.37±0.41 0.021*

Ages 32–82 years. Data are mean ± s.d. Metabolism syndrome was defined

according to the  proposal by the International Diabetes Federation. *p < 0.05.

Table 2. — Clinical data of the patients with normal en-
dometrium or endometrial carcinoma.

Normal Endometrial p
endometrium carcinoma

Number of subjects 30 30

Age (years) 50.83±7.71 54.60±7.39 0.151

BMI (kg/m2) 24.87±2.41 25.38±3.95 0.807 

Waist circumference (cm) 88.85±8.46 89.40±9.29 0.861 

Triglycerides (mmol/L) 1.55±0.71 1.76±0.64 0.274 

Total cholesterol (mmol/L) 5.11±0.96 5.05±0.93 0.850 

Fasting plasma glucose

(mmol/L) 5.14±0.53 6.37±1.72 0.015*

LDL (mmol/L) 2.99±0.67 2.94±0.75 0.834 

HDL (mmol/L) 1.47±0.31 1.43±0.35 0.261

CA125(mmol/L) 17.39±10.32 22.54±13.30 0.003*

Ages 32–82 years. Data are mean ± s.d. Metabolism syndrome was defined

according to the  proposal by the International Diabetes Federation. *p < 0.05.
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15]. but their opinions are conflicting; it seems AP-2 plays

a two-way regulatory role in tumorigenesis. The present

study examined the role of TFAP-2β mRNA expression in

EC for the first time. To test the role of TFAP-2β in EC and

metabolic syndrome, the expression of TFAP-2β mRNA in

endometrial tissue was examined by relative quantitative

real-time PCR technology. The expression of TFAP-2β

mRNA in endometrial tissue of patients with EC was

higher than that of patients with normal endometrium (p <
0.05, Figure 1). This result demonstrates that TFAP-2β con-

stituted promoter activity in EC. The expression of TFAP-

2β mRNA in endometrial tissue of patients with metabolic

syndrome is higher than that of lean ones (p < 0.05, Figure

2). There was no significant difference in the expression of

TFAP-2β mRNA in endometrial tissue between patients

with both EC and metabolic syndrome and that with EC

only (Figure 3).

Figure 1. — Expression of TFAP-2β mRNA in endometrial tissue

between EC and normal endometrium (p < 0.05).

Figure 2. — Expression of TFAP-2β mRNA in endometrial tissue

between metabolic syndrome and lean patients (p < 0.05).

Figure 3. — Expression of TFAP-2β mRNA in endometrial tissue

between the patients with both EC and metabolic syndrome and

those with only EC (p = 0.155).

Figure 4. — Relationship between TFAP-2β mRNA expression levels in endometrial tissues and triglyceride levels and HDL levels.



P. Cui, K. Shi, H.X. Cui, L.Y. Hao, Y. Su, P.L. Li 271

Correlation between the TFAP-2β mRNA levels and clini-
cal data

The authors next investigated the correlation between ex-

pression of TFAP-2β mRNA in endometrial tissue and other

clinical datas. TFAP-2β mRNA levels in endometrial tissue

correlated positively with triglycerides (r = 0.271, p < 0.05,

Figure 4a) and HDL (r = 0.314, p < 0.05, Figure 4b). CA125

had been recognized as a tumor maker and it has been asso-

ciated with poor prognosis of EC [16]. It has also been ver-

ified that the EC group had a statistically higher mean

CA125 (p = 0.003) level than the normal endometrium group

in this study. Nevertheless, no significant correlation was ob-

served between the expression of TFAP-2β mRNA and

CA125 (Figure 5), fasting plasma glucose, LDL, waist cir-

cumference, total cholesterol, and BMI (Figure 6) in this ex-

periment.

Discussion

EC is a hormone-dependent neoplasm and obesity is a

well-known risk factor for it. Metabolism syndrome is used

to evaluate risk factors of EC. TFAP-2β has been reported

to be associated with several obesity related phenotypes

[17]. The present results showed that the expression of

TFAP-2β mRNA in endometrial tissue of patients with EC

was higher than that of patients with normal endometrium.

It indicated that TFAP-2β might be involved in the devel-

opment of EC. The expression of TFAP-2β mRNA in en-

dometrial tissue of the patients with metabolic syndrome is

higher than that of lean ones was also observed in the pres-

ent experiment. TFAP-2β had a high correlation with meta-

bolic syndrome as well. In order to eliminate the effect

of metabolic syndrome that may lead to high-expression of

TFAP-2β mRNA of the patients with EC, the expression of

TFAP-2β mRNA in endometrial tissue was contrasted be-

tween the patients with both EC and metabolic syndrome

and those with EC only. The results showed no significant

difference between them. It clarified that high-expression

of TFAP-2β mRNA of the patients with EC was not simply

Figure 6. — Relationship between TFAP-

2β mRNA expression levels in endome-

trial tissues and fasting plasma glucose

levels, LDL levels, waist circumference,

total cholesterol level, and BMI.

Figure 5. — Relationship between TFAP-2β mRNA expression

levels in endometrial tissues and CA125 levels.
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due to a metabolic syndrome. It demonstrated that TFAP-2β

may not only play an advanced role in EC but may also con-

tribute to the development of the metabolic syndrome.

Systemic metabolic derangement is closely related to fat

distribution [17]. Numerous studies have shown the

adipokines level in endometrial carcinoma, especially lep-

tin and adiponectin. Leptin was involved in proliferative

processes of the endometrium and positively associated

with EC [18, 19]. Low serum levels of adiponectin were

independently associated with EC [20, 21]. Ugi et al. com-

prised 81 individuals and then suggested that TFAP-2β

played a major role in the regulation of various adipokines

and TFAP-2β correlated negatively with adiponectin and

leptin [9]. Therefore, low serum levels of adiponectin

should accompany high-expression of TFAP-2β. It corre-

sponded to the present results that high-expression of

TFAP-2β promoted tumorigenesis of EC. It can be reason-

ably inferred that TFAP-2β may effect the development of

EC through regulating the expression of various adipokines

such as leptin and adiponectin.

Detailed analysis of lipid components showed that there

is a consistent relation between TG levels and EC risk [22].

Meanwhile, the metabolic pathway and its relation to EC

risk are still unclear. The present study showed that the

TFAP-2β mRNA levels in endometrial tissue correlated

positively with serum triglycerides. This result indicated

that TFAP-2β might lead to elevated triglycerides. The

present results also showed that TFAP-2β mRNA levels in

endometrial tissue correlated positively with HDL, which

no study has yet reported. It indicates that TFAP-2β may

regulate the lipoprotein metabolism, such as triglycerides

and HDL. Therefore, TFAP-2β may influence the tumori-

genesis of EC through regulating the expression of triglyc-

erides and HDL. 

No reliable tumor marker has been approved for EC.

Serum CA125 was introduced as a circulating antigen in

epithelial ovarian cancer first and it has been clinically

widely used in EC [23]. The key tumor markers of EC are

remaining debatable. The value of CA125 in EC has been

investigated in many studies; however, results have been

conflicting. Sood et al. [16] have shown that preoperatively

elevated CA125 would contribute to poor survival and sev-

eral authors have also found that higher serum CA-125 lev-

els correlated with stage, histopathology, and LN metastasis

factors [24, 25]. Other reports have shown that CA125 lev-

els and development of disease are not correlated [26].

Therefore, CA125 has been considered as a predictor of

worse prognosis but not a reliable tumor marker for en-

dometrial carcinoma. Our study has found that the en-

dometrial carcinoma group had a statistically higher mean

CA125 (p=0.003) level than the normal endometrium

group as Sood et al showed. Meanwhile, our result also

showed that CA125 was not related to TFAP-2β mRNA ex-

pression in EC. TFAP-2β may predict the occurrence of en-

dometrial carcinoma.

In conclusion, this study demonstrated that TFAP-2β

constituted promoter activity in EC and also contributed

to the development of the metabolic syndrome. TFAP-2β

may influence the occurrence and development of EC

through regulating the expression of various adipokines

and lipoprotein metabolism. Most likely TFAP-2β can be

a candidate tumor marker for EC. Future research work

will focus on upstream regulation gene of induced HDL

and triglycerides to study biologic effect of TFAP-2β on

endometrial carcinogenesis.
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