
20

Abstract. – OBJECTIVE: To analyze the ex-
pressions and significances of TTF-1 (Thy-
roid transcription factor-1) and PTEN (Phos-
phatase and tensin homolog) in early endo-
metrial cancer.

PATIENTS AND METHODS: 41 patients with 
endometrial cancer, 38 patients with prolifera-
tive endometrium and 13 patients with normal 
endometrium, were selected. The fluorescence 
quantitative PCR (polymerase chain reaction) 
was used to detect the expression levels of TFF-
1 and PTEN mRNAs (Messenger ribonucleic ac-
ids) in the above three endometria, and their re-
lations with clinical pathological characteristics 
were analyzed. The RT-PCR (reverse transcrip-
tion-polymerase chain reaction) was employed 
to detect the expression levels of miR-135b, 
miR-125b and Snail mRNAs in the three endome-
tria, and their correlations with the expressions 
of TTF-1 and PTEN mRNAs, were analyzed.

RESULTS: The expression levels of TFF-1 and 
PTEN mRNAs in endometrial cancer tissues 
were significantly lower than those in the oth-
er two groups, while those in normal endometri-
um tissues were the highest, and the differenc-
es were statistically significant (p < 0.05). There 
were no significant differences in the menstru-
ation status and the expression levels of TFF-
1 and PTEN mRNAs between adenocarcinoma 
and squamous carcinoma (p > 0.05). With the in-
crease of FIGO (International Federation of Gy-
necology and Obstetrics) stage and depth of in-
vasion, as well as the metastasis of pelvic lymph 
nodes, the expression levels of TFF-1 and PTEN 
mRNAs were significantly decreased, and the 
differences were statistically significant (p < 
0.05). The expression level of miR-135b mRNA 
in endometrial cancer was significantly high-
er than that in the other two groups, while that 
in normal endometrium was the lowest. The ex-
pression levels of miR-125b and Snail mRNAs 
were significantly lower than those in the oth-

er two groups, while those in normal endometri-
um were the highest; the differences were sta-
tistically significant (p < 0.05). Expression lev-
els of TTF-1 and PTEN mRNAs were negatively 
correlated with the expression level of miR-135b 
mRNA, and positively associated with the ex-
pression levels of miR-125b and Snail mRNAs (p 
< 0.05). The results from the ROC (Receiver Op-
erating Characteristic) model showed that, for 
the diagnosis of endometrial cancer with TTF-1 
mRNA, the sensitivity was 86.5%, the specifici-
ty was 84.2%, the accuracy (area under curve - 
AUC) was 0.823, 95% CI (confidence intervals) = 
0.762-0.921, p = 0.012. For the diagnosis of endo-
metrial cancer with PTEN mRNA, the sensitivity 
was 85.3%, the specificity was 83.6%, the accu-
racy was 0.842, 95% CI = 0.785-0.936, p = 0.010.

CONCLUSIONS: TTF-1 and PTEN can be used 
as molecular markers for the early diagnosis of 
endometrial cancer, which are closely related to 
clinical features and may affect tumor progres-
sion by regulating the proliferation activity of tu-
mor cells.
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Introduction

Endometrial cancer is the most common ma-
lignant tumor of the female genital tract. The 
tumor stage is closely related to the outcome 
of the final treatment, the patients with early 
stage endometrial cancer have good prognosis, 
while the patients with middle/advanced stage 
endometrial cancer only have a 5-year survival 
rate of about 10% to 30%1. About 70% of the 
patients with endometrial cancer get medical 
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attention due to irregular vaginal bleeding and 
other symptoms, more than 50% of the patients 
with endometrial cancer are in the middle and 
advanced stages at the time of clinical diag-
nosis and have no operative treatment chanc-
es2. Although early clinical symptoms are not 
typical, and logical image examinations, such 
as transabdominal sonography, transvaginal ul-
trasonography, CT (Computed Tomography) or 
MRI (Magnetic Resonance Imaging) are sensi-
tive, the changes of form and structure often lag 
behind the dysfunction of tumors3. Therefore, an 
important means to improve the early diagnosis 
and the outcome of clinical treatment is to seek 
molecular markers that are closely related to the 
biological behaviors of tumors and have good 
sensitivity and specificity4. The expressions of 
proliferation-related genes such as miR-135b, 
miR-125b and Snail play important roles in 
the development and progression of multiple 
tumors5,6, but lack the specificity for the early 
diagnosis of endometrial cancer. Phosphatase 
and tensin homolog (PTEN) is considered as a 
specific molecule of endometrial cancer, and the 
loss of its expression is an important mechanism 
leading to tumorigenesis7. There are many stud-
ies of TTF-1 (thyroid transcription factor-1) in 
non-small cell lung cancer. Specific expression 
of TTF-1 is found in adenocarcinoma, and the 
expression level is closely related to tumor prog-
nosis8. The study has confirmed that the positive 
expression of TTF-1 is found in endometrial can-
cer9. This study aims to determine whether TTF-
1 and PTEN can be used as sensitive molecules 
for the early diagnosis of endometrial cancer.

 

Patients and Methods

Patients
A total of 92 patients who were admitted to our 

hospital from January 2013 to January 2016 and 
underwent gynecological operations for the first 
time, were continuously selected. This study was 
approved by the Ethics Committee of Affiliated 
Hospital of Jining Medical University (Jining, 
Shandong Province, China). Signed written in-
formed consents were obtained from all partici-
pants before the study. Including 41 patients with 
endometrial cancer (33 patients with adenocarci-
noma, 8 patients with squamous carcinoma), 38 
patients with proliferative endometrium and 13 
patients with normal endometrium. Patients with 
endometrial cancer aged 39 to 76 years, with a 

mean age of (52.6 ± 13.3) years; 12 patients were 
menopausal. Patients with proliferative endome-
trium aged 35 to 73 years, with a mean age of 
(51.5 ± 14.6) years; 10 patients were menopausal. 
Patients with normal endometrium aged 37 to 77 
years, with a mean age of (53.7 ± 15.5) years; 5 
patients were menopausal. These patients did not 
undergo systematic chemotherapy and radiother-
apy before the operation.

Fluorescence Quantitative PCR 
(Polymerase Chain Reaction)

The obtained endometrial cancer, proliferative 
endometrium and normal endometrium tissue 
specimens were mixed and homogenized with 
RNAios; then the homogenates were centrifuged 
at high speed (for 25 min at 12,000 g) and su-
pernatants were taken. Then, supernatans were 
added with chloroform and isopropyl alcohol 
in sequence and were centrifuged for 30 min at 
1,000 g to get RNA plaques. After that, reverse 
transcription kits (Promega Corporation, Madi-
son, WI, USA) were used to synthesize cDNA; 
fluorescent quantitative PCR kits and primer de-
sign (Tiangen Biotech Co., Ltd, Beijing, China) 
were employed to amplify target genes such as 
TTF-1, PTEN, miR-135b, miR-125b and Snail. 
The reaction system: 2 μl of cDNA, 10 μl of Mas-
termix containing fluorescent dyes, 0.8 μl of 5 
μmol/L upstream primers and 0.8 μl of 5 μmol/L 
downstream primers, 6.4 μl of deionized water; 
the reaction procedure: 95°C for 15 s, specific an-
nealing temperature for 20 s, 72°C for 25 s, with 
a total of 40 cycles. The data were normalized by 
using internal reference genes (β-action was set 
to 100).

Statistical Analysis
SPSS23.0 software (Version X; IBM, Armonk, 

NY, USA) was used to enter and analyze data. 
Normal data were expressed as mean ± standard 
deviation, the single-factor ANOVA (Analysis of 
Variance) was utilized to compare the differences 
among groups, and the LSD (least-significant dif-
ference) test was used for pairwise comparisons. 
Qualitative data were indicated as ratio and the 
χ2-test was employed to compare the differenc-
es among groups; the univariate linear Pearson 
method was applied to analyze the correlations 
among the expression levels of gene mRNAs; the 
receiver operating characteristic (ROC) curve 
was utilized to analyze the sensitivity and accu-
racy of the diagnosis. p < 0.05 indicated that the 
differences were statistically significant.
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Results

Comparisons of Expression Levels of 
TFF-1 and PTEN mRNAs Among Groups

The expression levels of TFF-1 and PTEN mR-
NAs in endometrial cancer tissues were signifi-
cantly lower than those in the other two groups, 
while those in normal endometrium tissues were 
the highest, and the differences were statistically 
significant (p < 0.05) (Figure 1).

The Relationship Between the
Expressions of TTF-1 and PTEN mRNAs 
in Endometrial Cancer and the Clinical 
Pathological Features

There were no statistically significant differ-
ences in the menstruation status and the expres-
sion levels of TFF-1 and PTEN mRNAs between 
the adenocarcinoma tissue and the squamous 
carcinoma tissue (p > 0.05). With the increase of 
FIGO (International Federation of Gynecology 
and Obstetrics) stage and depth of invasion as 
well as the metastasis of pelvic lymph nodes, the 

expression levels of TFF-1 and PTEN mRNAs 
were significantly decreased, and the differences 
were statistically significant (p < 0.05) (Table I).

Comparison of Expression Levels of 
Proliferation-Associated Molecule 
mRNAs Among Groups

The expression level of miR-125b mRNA in 
endometrial cancer was significantly higher than 
that in the other two groups, while that in normal 
endometrium was the lowest; the expression lev-
els of miR-125b and Snail mRNAs in endometrial 
cancer were significantly lower than those in the 
other two groups, while those in normal endo-
metrium were the highest; the differences were 
statistically significant (p < 0.05) (Figure 2).

Correlations of TTF-1 and PTEN 
mRNAs with the Proliferation-Associated 
Molecule mRNAs

The expression levels of TTF-1 and PTEN 
mRNAs were negatively correlated with the 
expression level of miR-135b mRNA, and 

Figure 1. Comparison of expression levels of TFF-1 and PTEN mRNAs among groups (*: compared with normal endometrium 
tissues, p < 0.05; #: compared with proliferative endometrium tissues, p < 0.5)
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positively associated with the expression lev-
els of miR-125b and Snail mRNAs (p < 0.05) 
(Table II).

Analysis of the Sensitivity and Accuracy 
of TTF-1 and PTEN mRNAs in the 
Diagnosis of Endometrial Cancer

The expression levels of TTF-1 and PTEN 
mRNAs were utilized as the reference indexes 
for the diagnosis of endometrial cancer and were 

included in the ROC model. The results showed 
that, for the diagnosis of endometrial cancer 
with TTF-1 mRNA, the sensitivity was 86.5%, 
the specificity was 84.2%, and the accuracy 
(area under curve – AUC) was 0.823, 95% CI 
(confidence interval) = 0.762-0.921, p = 0.012. 
For the diagnosis of endometrial cancer with 
PTEN mRNA, the sensitivity was 85.3%, the 
specificity was 83.6%, the accuracy was 0.842, 
95% CI = 0.785-0.936, p = 0.010 (Figure 3).

Table I. The relationship between the expressions of TTF-1 and PTEN mRNAs in endometrial cancer and the clinical 
pathological features.

		  Case	 TTF-1	 PTEN

Menopausal	 Yes	 12	 35.62 ± 6.20	 42.18 ± 4.52
	 No	 29	 32.14 ± 5.13	 40.36 ± 4.49
Tissue type	 Adenocarcinoma 	 33	 32.82 ± 4.19	 43.39 ± 5.11
	 Squamous carcinoma	 8	 29.74 ± 3.32	 41.68 ± 4.12
FIGO stage	 Stage I	 14	 69.37 ± 7.12	 63.12 ± 8.58
	 Stage II	 20	 53.29 ± 5.84	 52.67± 9.97
	 Stage III	 7	 21.27 ± 2.7	 26.91 ± 8.63
Depth of invasion	 < 1/2	 24	 45.38 ± 5.12	 49.83 ± 5.26
	 ≥ 1/2	 17	 27.64 ± 3.06	 23.46 ± 2.85
Pelvic lymph node metastasis	 Yes	 16	 20.37 ± 2.41	 32.17 ± 3.46
	 No	 25	 63.28 ± 7.03	 58.34 ± 6.03

Figure 2. Comparison of expression 
levels of proliferation-associated 
molecule mRNAs among groups (*: 
compared with normal endometrium 
tissues, p < 0.05; #: compared with 
proliferative endometrium tissues, p 
< 0.5).
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Discussion

The mutation rate of PTEN gene is high in 
endometria, about 30-45%10. The loss of PTEN 
expression is associated with endometrial hyper-
plasia and malignant transformation11. The loss of 
PTEN expression is found both in atypical endo-
metrial hyperplasia and endometrial cancer, but 
is relatively rare in the normal endometrium. It is, 
therefore, speculated that the loss of PTEN gene 
expression is one of the important mechanisms 
of endometrial cancer development. It has been 
shown that the expression of thyroid transcription 
factor-1 (TTF-1) can be detected in thyroid can-
cer, lung adenocarcinoma, ovarian cancer, endo-
metrial cancer and other tumors12. It is found that, 
the median survival time of the small cell lung 
cancer patient who has positive TTF-1 expression 
is extended13. Endometrial cancer is mostly the 
adenocarcinoma, and Fujiwara et al14 suggest that 
TTF-1 is also involved in the development and 

progression of endometrial cancer. Results of this 
study showed that the expression levels of TFF-1 
and PTEN mRNAs in endometrial cancer tissues 
were significantly lower than those in the other 
two groups, while the expression levels of TFF-1 
and PTEN mRNAs in normal endometrium tis-
sues were the highest. It is suggested that, TTF-1 
and PTEN can act as tumor suppressors, and the 
reduction or loss of their expressions may be the 
important control factors in the development of 
endometrial cancer. The low expressions of TTF-
1 and PTEN were closely related to the increase 
of FIGO stage and depth of invasion as well as the 
pelvic lymph node metastasis, but were irrelevant 
to the menstruation status and the pathological 
type of tumors. This work concluded that the 
expression levels of TTF-1 and PTEN were not 
associated with the pathologic type of tumors, 
which was in contradiction with the result of the 
previous study15. Causes of the above contradic-
tion may be the race and sample size. The low 
expressions of TTF-1 and PTEN were closely 
associated with the biological behaviors of endo-
metrial cancer, such as tumor proliferation, dif-
ferentiation and invasion. The expression levels 
of TTF-1 and PTEN can be used as the important 
indicators for the diagnosis of endometrial cancer 
and the determination of disease progression16. 
MiR-135b, miR-125b and Snail have proved to 
be clearly associated with the cell proliferation 
in endometrial cancer17. MiR-135b can target to 
promote the cell proliferation in endometrial can-
cer18; the overexpression of miR-125b can inhibit 
the proliferation of tumor cells and the cell cycle 
progression and promote the apoptosis of tumor 
cells19. Snail can inhibit the cell proliferation in 
endometrial cancer and its expression in endome-
trial cancer is low20,21. This study concluded that, 
the expression level of miR-135b mRNA in en-
dometrial cancer tissues was significantly higher 
than that in the other two groups, while that in 
normal endometrium tissues was the lowest. The 
expression levels of miR-125b and Snail mRNAs 

Table II. Correlation of TTF-1and PTEN mRNAs with the proliferation-associated molecule mRNAs.

	                                    TTF-1		                                    PTEN

	 Coefficient of 		  Coefficient of
	 determination r	 p	 determination r	 p

miR-135b	﹣ 0.323	 0.021	﹣ 0.438	 0.025
miR-125b	 0.492	 0.023	 0.372	 0.018
Snail	 0.512	 0.012	 0.502	 0.015

Figure 3. ROC analysis of the sensitivity and accuracy of 
TTF-1 and PTEN mRNAs in the diagnosis of endometrial 
cancer.
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in endometrial cancer tissues were significantly 
lower than those in the other two groups, while 
those in normal endometrium tissues were the 
highest. The expression levels of TTF-1 and 
PTEN mRNAs were negatively correlated with 
the expression level of miR-135b mRNA, and 
positively associated with the expression levels of 
miR-125b and Snail mRNAs. It is suggested that 
TTF-1 and PTEN may affect the development and 
progression of tumors by controlling the expres-
sions of miR-135b, miR-125b and Snail genes. 
Further analysis showed that, as the reference in-
dexes for the diagnosis of endometrial cancer, the 
expression levels of TTF-1 and PTEN mRNAs 
had good sensitivity, specificity and accuracy. 

Conclusions

TTF-1 and PTEN can be used as molecular 
markers for the early diagnosis of endometrial 
cancer, and they are closely related to clinical 
features and may influence tumor progression 
by controlling the proliferation activity of tumor 
cells.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1)	 Brierley J, Gospodarowicz M, O’Sullivan B. The prin-
ciples of cancer staging. Ecancermedicalscience 
2016; 10: d61.

  2)	 Cady B. Basic principles in surgical oncology. 
Arch Surg 1997; 132: 338-346.

  3)	 Petrelli NJ. Randomized clinical trials in surgical 
oncology. Foreword. Surg Oncol Clin N Am 2010; 
19: xiii-xiv.

  4)	 Cai Y, He T, Liang L, Zhang X, Yuan H. Upregula-
tion of microRNA337 promotes the proliferation of 
endometrial carcinoma cells via targeting PTEN. 
Mol Med Rep 2016; 13: 4827-4834.

  5)	 Yue Z, Shen JJ, Huang QT, Qin YF, Li XN, Liu GB. 
[MiR-135b promotes proliferation of endometrial 
carcinoma cells by targeting FOXO1]. Nan Fang 
Yi Ke Da Xue Xue Bao 2016; 36: 675-680.

  6)	 Jiang F, Liu T, He Y, Yan Q, Chen X, Wang H, Wan 
X. MiR-125b promotes proliferation and migration 
of type II endometrial carcinoma cells through tar-
geting TP53INP1 tumor suppressor in vitro and in 
vivo. BMC Cancer 2011; 11: 425.

  7)	 Yoneyama K, Ishibashi O, Kawase R, Kurose K, Takeshi-
ta T. MiR-200a, miR-200b and miR-429 are on-
co-miRs that target the PTEN gene in endometri-
oid endometrial carcinoma. Anticancer Res 2015; 
35: 1401-1410.

  8)	 Ao MH, Zhang H, Sakowski L, Sharma R, Illei PB, Ga-
brielson E, Askin F, Li QK. The utility of a novel tri-
ple marker (combination of TTF1, napsin a, and 
p40) in the subclassification of non-small cell lung 
cancer. Hum Pathol 2014; 45: 926-934.

  9)	 Sullivan PS, Maresh EL, Seligson DB, Habeeb O, Wa-
dehra M, Goodglick L, Dorigo O. Expression of 
thyroid transcription factor-1 in normal endome-
trium is associated with risk of endometrial can-
cer development. Mod Pathol 2012; 25: 1140-
1148.

10)	 Stelloo E, Nout RA, Osse EM, Jurgenliemk-Schulz IJ, 
Jobsen JJ, Lutgens LC, van der Steen-Banasik EM, Ni-
jman HW, Putter H, Bosse T, Creutzberg CL, Smit VT. 
Improved risk assessment by integrating molecu-
lar and clinicopathological factors in early-stage 
endometrial Cancer-Combined analysis of the 
PORTEC cohorts. Clin Cancer Res 2016; 22: 
4215-4224.

11)	 Espinosa I, D’Angelo E, Palacios J, Prat J. Mixed and 
ambiguous endometrial carcinomas: a heteroge-
nous group of tumors with different clinicopatho-
logic and molecular genetic features. Am J Surg 
Pathol 2016; 40: 972-981.

12)	 El-Maqsoud NM, Tawfiek ER, Abdelmeged A, Rah-
man MF, Moustafa AA. The diagnostic utility of 
the triple markers Napsin a, TTF-1, and PAX8 
in differentiating between primary and metastat-
ic lung carcinomas. Tumour Biol 2016; 37: 3123-
3134.

13)	 Jiang H, Bai X, Meng F, Zhang X. Comparison of 
immunohistochemistry and mRNA in situ hybrid-
ization in detecting thyroid transcription factor-1 
expression in non-small cell lung carcinomas tis-
sue. Oncol Lett 2015; 10: 3581-3584.

14)	 Fujiwara S, Nawa A, Nakanishi T, Shimoyama Y, Kaji-
yama H, Shibata K, Ino K, Nakamura S, Kikkawa F, Ya-
tabe Y. Thyroid transcription factor 1 expression in 
ovarian carcinomas is an independent prognostic 
factor. Hum Pathol 2010; 41: 560-565.

15)	 Shen J, Yao L, Lin YG, DeMayo FJ, Lydon JP, 
Dubeau L, Lee AS. Glucose-regulated protein 94 
deficiency induces squamous cell metaplasia 
and suppresses PTEN-null driven endometrial 
epithelial tumor development. Oncotarget 2016; 
7: 14885-14897.

16)	 Zhang PJ, Gao HG, Pasha TL, Litzky L, Livolsi VA. 
TTF-1 expression in ovarian and uterine epithelial 
neoplasia and its potential significance, an immu-
nohistochemical assessment with multiple mono-
clonal antibodies and different secondary detec-
tion systems. Int J Gynecol Pathol 2009; 28: 10-
18.

17)	 Tsukamoto O, Miura K, Mishima H, Abe S, Kaneuchi 
M, Higashijima A, Miura S, Kinoshita A, Yoshiura K, 
Masuzaki H. Identification of endometrioid endo-
metrial carcinoma-associated microRNAs in tis-



H.-M. Zhang, T.-T. Fan, W. Li, X.-X. Li

26

sue and plasma. Gynecol Oncol 2014; 132: 715-
721.

18)	 Widodo, Djati MS, Rifa’I M. Role of MicroRNAs in 
carcinogenesis that potential for biomarker of endo-
metrial cancer. Ann Med Surg (Lond) 2016; 7: 9-13.

19)	 Kaur S, Lotsari JE, Al-Sohaily S, Warusavitarne J, Ko-
honen-Corish MR, Peltomaki P. Identification of sub-
group-specific miRNA patterns by epigenetic pro-
filing of sporadic and Lynch syndrome-associated 
colorectal and endometrial carcinoma. Clin Epi-
genetics 2015; 7: 20.

20)	 Abouhashem NS, Ibrahim DA, Mohamed AM. Prog-
nostic implications of epithelial to mesenchymal 
transition related proteins (E-cadherin, Snail) and 
hypoxia inducible factor 1alpha in endometrioid 
endometrial carcinoma. Ann Diagn Pathol 2016; 
22: 1-11.

21)	 Wagih HM, El-Ageery SM, Alghaithy AA. A study 
of RUNX3, E-cadherin and beta-catenin in Ca-
gA-positive Helicobacter pylori associated chron-
ic gastritis in Saudi patients. Eur Rev Med Phar-
macol Sci 2015; 19: 1416-1429.


