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Abstract: Background: Endometrial cancer (ECa) is one of the serious healthy burden for female worldwide. The
treatments of ECa focus on the application of endocrine therapy and aberrant signaling proteins expression recently
years. Medroxyprogesterone acrtate (MPA) plays crucial role in the endocrine therapy for ECa patients. However,
the outcomes are still not ideal in the advanced stage tumor, especially in the progesterone-resistant ECa. Thio-
ridazine (THIO) is an anti-psychotic agent, which has been reported to suppress the development of several human
cancers. In this study, we aimed at to explore the clinical significant of THIO in the treatment of ECa. Methods: Two
ECa cell lines (ISK and KLE) were enrolled in this study, and were grouped into fore groups based on the treatment
with different agents. Methylthiazolyldiphenyl-tetrazolium bromide (MTT) assay was used to analyze the viability of
ECa cell lines. The apoptosis of ECa cells was examined by using the flow cytometer. To investigate the expression
of important proteins, we applied the quantitative real-time RT-PCR (qRT-PCR) method and western blot analysis.
Results: The viability of ECa cells was downregulated, and the apoptosis of ECa cells was upregulated after treat-
ing with the THIO plus MPA. The expression of progesterone receptor B (PRB) and dopamine receptor D2 (DRD2)
were increased, and epidermal growth factor receptor (EGFR) and p-AKT were decreased in the THIO+MPA group.
All these results suggested that the THIO could promote MPA to inhibit the growth of cells in ECa, especially in the
progesterone-resistant ECa. Conclusion: Taken together, all the data in the present study suggested that the THIO
plus MPA might act as the suppressor of tumor growth in ECa by inhibiting the PI3K/AKT signal transduction path-
way, which was mediated by PRB, DRD2 and EGFR.
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Introduction terone and estrogen receptors (PR and ER).
While type Il ECa is poorly differentiated and
contributing the aggressive lesions [7, 8]. The
decreased expression of ER and PR leading to
the resistance to the hormonal growth regula-
tion in the type Il ECa. To data, the advances in
the treatments of ECa, but the survival rates of
patients with this disease are still not ideal [9,

10]. Thus, the mechanisms of the ECa develop-

Endometrial cancer (ECa) is one of the most
serious healthy problem among women around
the world [1]. It is rank the most common gyne-
cologic malignancy in female in USA [2, 3].
Based on the statistics, there were 52630 new
diagnosed ECa cases and 8590 deaths due to
this disease in the United States in 2014 [4].

Evidences suggested that the risk factors for
endometrial cancer include obesity, late meno-
pause, hormonal imbalances, increases in
postmenopausal bleeding, low fertility rate and
anovulation [5, 6]. Different characteristics are
performed in different grades of ECa: type | ECa
is usually well differentiated, express proges-

ment should be highlight to improve the thera-
peutic strategies for patients with ECa.

Recently years, endocrine therapy is one the
most effective methods for ECa, and the agents
correlated with PR are the important compo-
nent of endocrine methods. Medroxyprogest-
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erone acrtate (MPA) is the most common agent
mediated by progesterone receptor B (PRB)
used in the treatment of ECa [11]. However, the
outcomes are not ideal in the ECa patients with
progestin resistance. Studies suggest that the
epidermal growth factor receptor (EGFR) is
overexpressed in the ECa with progestin resis-
tance, and plays an important role in reducing
the sensitivity of progestin treatment in patients
with ECa [12]. Thus, the expression of PRB and
EGFR are essential for the improvements in
treatment of ECa. Thioridazine (THIO) is a
potent anti-anxiety and anti-psychotic agent
belongs to the family of phenothiazine drug
[13]. Recently years, several studies found that
the THIO might correlate with the progression
of human cancers. Sachlos et al. suggested
that THIO suppresses the development in the
stem cells of leucocythemia [14]. Kang and his
colleagues demonstrated that THIO can inhibit
the tumor growth in ECa patients [15]. Thus, we
aim at exploring the clinical significant of THIO
in ECa to improve the treatment of this
disease.

Materials and methods
Cell cultures

In this study, we applied two human ECa cell
line: type | ECa cell line ISK and type Il ECa cell
line KLE (ECa cell with progestin resistance),
which are obtained from the American Type
Culture Collection (ATCC). All these cells were
cultured in the DMED-F12 medium (Hyclone,
Logan, Calif) with 100 pg/mL streptomycin,
10% fetal bovine serum (FBS), 2 mM L-glu-
tamine and 100 U/mL penicillin. These cells
were cultured in the incubator at 37°C with the
5% CO,,.

Chemicals, antibodies and grouping design

THIO, MPA and other chemical agents were pur-
chased from Sigma (St. Louis, MO). The anti-
bodies, including anti-PRB, anti-dopamine
receptor D2 (DRD2), anti-AKT and anti-p-AKT,
were obtained from CST and used in our study.
All the ECa cells were randomized into 4 group:
black control group (no agent adding), MPA
group, THIO group and MPA+THIO group. In
these groups, cells were treated with 20 uM
MPA in MPA group and 20 yM MPA plus 10 uM
THIO in MPA+THIO group.
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Cell viability assays

In the current study, we applied the methylthia-
zolyldiphenyl-tetrazolium bromide (MTT) analy-
sis to calculate the viability of cell growth.
Briefly, the cell lines were cultured in the DMEM
medium with 10% FBS. Then the cells were dis-
tributed into the 96-well plates with the density
of 3.4x10% cell/well. 24 hours later, the fresh
medium, which contained 20 ul MTT (5 mg/ml)
and 10% FBS, was added into all the wells.
Then the 96-well plates were incubated at 37°C
for 4 h. The score of viability assays was calcu-
lated with the absorbance at 540 nm by using
the microculture plate reader. All the measure-
ments were repeated three times.

Cell apoptosis assays

Flow cytometry was used in this study to mea-
sure the cell apoptosis. The cell lines were
grown in the fresh medium for 24 h, then were
incubated with the medium without FBS for 18
h. After treatments with the agents, the cells
were processed with pancreatin, harvested by
centrifugation, and rinsed with PBS buffer
twice. All the cells were treated with the fluores-
cein isothiocyanate-labeled Annexin V (V-FITC)
and propidium iodide (PI) for 15 min as per the
supplier’s protocols. These products were ana-
lyzed by using the flow cytometer (FACScalibur,
Becton-Dickinson, Franklin Lakes, NJ).

Quantitative real-time RT-PCR (qRT-PCR)

The expression of mRNAs of PRB, DRD2 and
EGFR was examined by using the gRT-PCR.
After treatments with the agents, the total RNA
was extracted from the cell lines by using the
TRIzol reagent (Incitrogen, Carlsbad, CA, USA).
These RNAs were then reverstranscribed into
cDNAs with the AMV reverse transcription sys-
tem (Promega, USA). The gRT-PCR reaction was
carried out by using the SYBR Green PCR mas-
ter mix (Applied Biosystems, USA) with 7300
Real-Time PCR System (Applied Biosystems,
USA). GAPDH gene was selected to act as the
endogenous control gene. All the expression
levels were calculated with the 2722°t method.

Western blot analysis

72 hours after treatments with different agents,
the cells were washed with PBS buffer twice.
The total protein were extracted with SDS, and
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Figure 1. The cell viability in two ECa cell lines in different groups. The cell viability was downregulated in the
MPA+THIO group compared with the black control group. A. ISK cell line; B. KLE cell line.

separated by SDS-PAGE, then electrotrans-
ferred to the polyvinylidene fluoride (PVDF)
membrane. The membranes were bloched for 1
h at rome temperature. The membranes were
incubated with the antibodies, including anti-
PRB, anti-DRD2, anti-AKT and anti-p-AKT, at
4°C overnight, then incubated with the second
antibodies for 1 h. The bands of protein were
developed using chemiluminescence (ECL)
reagents. The B-actin protein was used as the
control protein.

Statistical analysis

Total of the data in the present study were ana-
lyzed by using the SPSS 21.0 statistical soft-
ware. All the differences were performed by
using the Student’s t test. The results with P
value of <0.05 were considered significant.

Results
The proliferation and apoptosis of cell lines

In order to investigate the effect of THIO on the
proliferation and apoptosis of cell lines of ECa,
all the cells were treated with the THIO (10 pM)
in the THIO group. The cells were treated with
20 yM MPA in MPA group and 20 uM MPA plus
10 uM THIO in MPA+THIO group. The viability of
cell lines were significant reduced after treat-
ment with MPA+THIO compared with the black
group (P<0.05, Figure 1). The numbers of via-
ble ISK cells after 96 h treated with more than
one drug were cut down half. In LKE cells, the
single using of MPA was not effective as that in
ISK cell lines. The apoptosis of cells was mea-
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sured by using the flow cytometer, which mea-
sure by right bottom quadrant. The results of
flow cytometric shown that the apoptosis of cell
lines significantly increased in the MPA+THIO
group for both two cell lines, which were more
than two fold than that in the black group
(P<0.01, Figure 2). All these foundings suggest-
ed that MPA and THIO repress cell proliferation
by improving apoptosis in ECa cell lines.

The expression of mRNA of PRB, DRD2 and
EGFR in ECa cell lines

In the current study, we used gRT-PCR to exam-
ine the expression level of mMRNAs of PBR,
DRD2 and EGFR in the ECa cell lines. From the
results, QRT-PCR were used to examine the
expression level of mRNAs of PBR, DRD2 and
EGFR in the ECa cell lines. From the results, we
found that the PBR and DRD2 were significantly
increased 10-fold after the treatment with THIO
plus MPA in both two cells lines. PBR was sensi-
tive to MPA in ISK cell lines, while DRD2 was
sensitive to THIO in ISK cell line. Then, the
expression level of EGFR was cut down 40% in
the MPA+THIO group in both cell lines (P<0.01,
Figure 3). EGR was sensitive to THIO in ISK cell
lines, and MPA in KLE cell line.

The expression of PBR, DRD2, AKT and p-AKT
protein in the ECa cell lines

Western blot was used to investigate the
expression of PBR, DRD2, AKT and p-AKT pro-
tein. The results of this analysis suggested that
the PBR, DRD2 were increased in the MPA+THIO
group, while the p-AKT was decreased after
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Figure 2. The cell apoptosis in two ECa cell lines measured by flow cytometer. 1, black control group; 2, MPA group;
3, THIO group; 4, MPA+THIO group. *P<0.05 and **P<0.01. A. Flow cytometry; B. Apoptosis of ISK cells; C. Apop-
tosis of KLE cells.
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Figure 3. The expression of PRB, DRD2 and EGFR detected by qRT-PCR in two ECa cell lines in different groups. 1,

black control group; 2, MPA group; 3, THIO group; 4, MPA+THIO group. *P<0.05 and **P<0.01. A. PRB in ISK cells;
B. PRB in KLE cells; C. DRD2 in ISK cells; D. DRD2 in KLE cells; E. EGFR in ISK cells; F. EGFR in KLE cells.

treatment with THIO plus MPA (all P<0.05, AKT between the black group and the agents
Figure 4). There was no significant difference of treatment group. The EGFR was significantly

2771 Am J Transl Res 2016;8(6):2767-2775
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Figure 4. The expression of PRB, DRD2, AKT and p-AKT measured by western blot in two ECa cell lines in different
groups. 1, black control group; 2, MPA group; 3, THIO group; 4, MPA+THIO group. A. PRB and DRD2 in ISK cells; B.
PRB and DRD2 in KLE cells; C. AKT and p-AKT in ISK cells; D. AKT and p-AKT in KLE cells.
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Figure 5. The expression of EGFR measured by western blot in two ECa cell lines in different groups, 1, black control

group; 2, MPA group; 3, THIO group; 4, MPA+THIO group.

decreased after treatment with THIO plus MPA,
which is consistent with mRNA expression level
(Figure 5).

Discussion

ECa represents the seventh most common
malignancy in female around the world [16].
Based on the statistics, the incidence and mor-
tality of ECa have been on the rise recently
decades [17-19]. The treatment of ECa has
been improved continually, but the outcomes
for patients with ECa are not ideal, especially
for the ECa patients at the advanced stage [20,
21]. The characteristic of tumor at the advanced
stage is the serious drug resistance [22].
Therefore, the survival rates of patients with
ECa is still needed to improve. In the recently
studies, the endocrine therapy was act as an
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effective new therapeutic method for patients
with ECa [23]. MPA is one of the most common
endocrine agents, which can suppress the
growth of ECa tumor cells mediated by PRB
[24]. However, the outcomes are not improved
in the patients with progesterone-resistant ECa
[25, 26]. Evidences demonstrated that the
expression of PRB is downregulated in the pro-
gesterone-resistant ECa, but the upregulated
expression of EGFR is found in ECa with proges-
tin resistance [27]. EGFR is the important mem-
ber of ErbB/HER receptor tyrosine kinase fami-
ly, which has been reported to involved in the
development of human cancer [28]. The upreg-
ulated EGFR has been found in some human
cancers, including ECa. This increased EGFR
can promote the proliferation and metastasis
of tumors by activating the downstream phos-
phatidylinositol 3-kinase (PI3K)/AKT signal

Am J Transl Res 2016;8(6):2767-2775
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transduction [29]. In the previous studies, the
PIBK/AKT signal transdution is correlated with
the growth of human cancers by suppressing
the apoptosis of tumor cells [30-33]. Moreover,
the upregulated EGFR contributes the down-
regulated of PRB, leading the resistance to pro-
gestin [12, 34]. Thus, these upregulated or
downreuglated signaling proteins might play
crucial role in the progression of ECa, and could
be used to study the treatment of ECa.

THIO is a member of anti-psychotic drugs,
which has been used to treat the cancer relat-
ed sweating and depression [35, 36]. Recently
evidences demonstrated that the THIO can
inhibit the proliferation and induce the apopto-
sis of several human cancers mediated by
DRD2 [37]. In the clinical field of ECa, THIO has
also been found correlate with the apoptosis of
ECa cells by targeting the PI3SK/AKT/mTOR
pathway [15]. However, the understanding of
THIO in the treatment of ECa is not enough.
Therefore, we aimed at to explore the signifi-
cant of THIO in the treatment of ECa.

In the current study, two ECa cell line ISK and
KLE were treated with the THIO to perform the
function of this agent. Meanwhile, we applied
MPA to act as the control agent to examine the
role of THIO in the progesterone-resistant ECa.
Thus, four groups were carried out, including
black control, MPA, THIO and MPA+THIO group.
From the results of MTT analysis, we found that
the viability of two cell lines were decreased in
the THIO, MPA and MPA+THIO groups compared
with the black group, and the lowest one was in
the MPA+THIO groups. The results of flow cyto-
metric detection suggested that the apoptosis
of two cell lines were significantly higher in the
MPA+THIO groups than that in the black control

group.

The important proteins correlated with THIO
and MPA in ECa cells were analyzed by qRT-PCR
and western blot. The results shown that the
PRB and DRD2 were significantly increased in
the MPA+THIO group compared with the black
control group. While the EGFR and p-AKT were
downregulated after treating with the THIO plus
MPA. Thus, all the data suggested that the THIO
plus MPA might involved in the progression of
ECa by upregulating the PRB and DRD2 and
downregulating the EGFR. Moreover, the PI3K/
AKT signal transduction pathway was sup-
pressed after treating with the THIO, especially
with the MPA+THIO in the ECa cell lines.

2773

In conclusion, we considered that THIO could
promote MPA to suppress the growth of ECa
cells by inhibiting the PISBK/AKT signal trans-
duction pathway, which was mediated by PRB,
DRD2 and EGFR.
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