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SERPINA3 promotes endometrial cancer cells growth by 
regulating G2/M cell cycle checkpoint and apoptosis
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Abstract: Endometrial carcinoma (EC) is the most common gynecologic cancer worldwide and is one of the leading 
causes of death in women. Therefore, it is urgent to elucidate the pathological mechanisms of EC. SERPINA3 is 
a member of the serpin super-family of protease inhibitors. Its aberrant expression has been observed in various 
tumor cells. However, its clinical significance and biological function in endometrial cancer remains unknown. In the 
present study, we demonstrated that SERPINA3 expression was significantly up-regulated in EC samples and was 
closely correlated with lower differentiation, higher stage, positive lymph node or vascular thrombosis and nega-
tive estrogen receptor (ER), indicating a poor prognosis. We then demonstrated that SERPINA3 promoted EC cells 
proliferation by regulating G2/M checkpoint in cell cycle and inhibited cells apoptosis, and we further uncovered 
that the pro-proliferative effect of SERPINA3 on EC was likely ascribed to the activation of MAPK/ERK1/2 and PI3K/
AKT signaling. The results of our study may provide insight into the application of SERPINA3 as a novel predictor of 
clinical outcomes and a potential therapeutic target of EC.
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Introduction

Endometrial cancer (EC) is the sixth most com-
mon malignancy among females worldwide 
with an estimated incidence of about 288,000 
new cases in the year 2008 [1]. And it is the 
most common gynecologic malignancy of the 
female genital tract and the fourth most com-
mon neoplasia in women [2]. The most impor-
tant prognostic factors at diagnosis are: stage, 
grade, depth of invasive disease, lymphovascu-
lar space invasion (LVSI) and histological sub-
type [1, 3]. Traditionally, endometrial cancer 
has been classified into two types [4]. Type I 
endometrial carcinoma comprises the endome-
trioid adenocarcinomas that express the estro-
gen receptor (ER) and progesterone receptor 
(PR) and usually low grade and rarely metasta-
size [5]. The prognosis of type I cancers is favor-
able if diagnosed at an early stage, with a 5 
year survival rate higher than 80% [3, 5]. Type II 

endometrial carcinomas are those of non-endo-
metrioid histology, in particular serous or clear-
cell morphology. These tumors are considered 
to be of high histological grade, arise in the 
background of atrophic endometrium and do 
not seem to be related to the ER pathway [6]. 
Despite the higher prevalence of type I cancers, 
type II tumors account for a high proportion of 
endometrial cancer-related deaths [7]. In spite 
of advances in radiotherapy, surgery and che-
motherapeutic strategies, the prognosis of 
women with recurrent or advanced endometrial 
cancer is still poor with a median overall sur-
vival (OS) of approximately 7-10 months [8-10]. 

Aggressive phenotypes characterized by lym-
phovascular invasion, high histological grade, 
and myometrial invasion, led to the poor prog-
nosis of EC. The mechanisms involved in this 
aggressive transformation are largely unknown, 
however, interactions between the primary tu- 
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mor mass and the surrounding stroma and 
molecular events likely play a role in this trans-
formation [11, 12].

SERPINA3 is a member of the serpin super-
family of protease inhibitors also known as 
α1-Antichymotrypsin (α1-ACT) in human beings 
and SERPINA3n in mice [13]. SERPINA3 expres-
sion has been observed in various tumor cells, 
such as in breast carcinoma [14], hepatocellu-
lar carcinoma [15], prostate carcinoma [16] 
and adenocarcinoma of the lung [17]. The exis-
tence of intracellular SERPINA3 in carcinoma 
and non-carcinoma cells has been known for a 
long time [18-20]. However, while the serine 
protease inhibitors with functions in the extra-
cellular space are well studied [21, 22], remark-
ably limited information is available on exact 
intracellular mechanism of action. Recent 
reports showed that high SERPINA3 is a marker 
of poor prognosis in some types of cancer. For 
example, as one of the inflammatory response 
pathways protein, SERPINA3 expression is up-
regulated in recurrent ovarian cancer, which 
may play an important role in the progression 
and chemo-resistance [23]. In human placental 
diseases SERPINA3 up-regulation related with 
hypomethylation of promoter region and over-
expression of SERPINA3 would protect human 
choriocarcinoma JEG-3 cells from apoptosis 
[24].

In this study, we found that SERPINA3 was high-
ly expressed in EC. In an immunohistochemical 
tissue microarray analysis (TMA), we observed 
that SERPINA3 protein expression was up-regu-
lated in EC tissues and was closely associated 
with adverse clinicopathological behaviors. By 

from Cell Bank of the Chinese Academy of 
Sciences. AN3CA, KLE, Ishikawa Cells were cul-
tured in Dulbecco’s modified Eagle medium 
(DMEM)/F12; HEC-1A Cells were cultured in 
McCoy’5A; ECC-1 Cells were cultured in RPMI-
1640; and all of these cells were supplemented 
with 10% (v/v) fetal bovine serum (FBS), 100 U/
ml penicillin and 100 ug/ml streptomycin, and 
incubated at 37°C in a humidified incubator 
under 5% CO2 condition.

Clinical tissue samples

We recruited consecutive patients with endo-
metrial carcinomas to a discovery cohort, from 
October 2004 to May 2013. The fresh endome-
trial specimens were immediately frozen at 
-80°C until RNA extraction. 217 human endo-
metrial tissue samples in tissue microarrays as 
well as the fresh specimens were obtained 
from Department of Gynecology, Changzhou 
Maternal and Child Care Hospital and Depart- 
ment of Gynecology and Fengxian Hospital, 
Southern Medical University. The cases of 
endometrial carcinomas were selected in this 
study only if follow up was obtained and clinical 
data were available. All patients with endome-
trial carcinomas underwent a modified radical 
hysterectomy or complete hysterectomy, bilat-
eral salpingo-oophorectomy and pelvic lymph-
adenectomy with or without para-aortic lymph 
node sampling. None of them had received 
radiotherapy, chemotherapy, hormone therapy 
or other related anti-tumor therapies before 
surgery. 30 cases of normal proliferative endo-
metria and 30 cases of secretory endometria 
were selected as the control group. The diagno-
sis and histologic classification of the endome-

Table 1. Clinical characteristics of patients with endome-
trial carcinoma

Variable
Tissue Group

Cancer (157) Normal (60)
Age Mean (Std) 58.98 (10.46) 42.33 (7.95)

Min, Max 34.00, 88.00 20.00, 55.00
Median 58.00 44.00

Stage I 94 (59.87%)
II 27 (17.20%)
III-IV 36 (22.93%)

Histology Type* G1 46 (29.49%)
G2 62 (39.74%)
G3+UPSC+CC 49 (30.77%)

*UPSC: Uterine serous papillary carcinoma; CC: Clear cell carcinoma.

in vitro cells experiments, we found that 
silencing of SERPINA3 significantly inhi- 
bited EC cells proliferation with cells 
cycle arrested in G2/M phase and led 
to apoptosis. Further investigations in- 
dicated that the growth-promoting and 
apoptosis-inhibition effects of SERPIN- 
A3 might be ascribed to the activation 
of MAPK/ERK1/2 and PI3K/AKT signal-
ing pathways.

Materials and methods

Cell culture

Human EC cell lines AN3CA, KLE, HEC-
1A ECC-1, and Ishikawa were purchased 
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trial carcinomas was made using the criteria 
proposed by World Health Organization. The 
patients’ clinical characteristics are shown in 
Table 1. All tissue samples were obtained with 
informed consent and all procedures were per-
formed in accordance with the Human Inves- 
tigation Ethical Committee of the Fengxian 
Hospital, Southern Medical University.

Immunohistochemical staining

All tissue samples were fixed in phosphate-
buffered neutral formalin and routinely embed-
ded in paraffin, and then cut into 5-μm-thick 
sections. Tissue sections were incubated with 
0.3% hydrogen peroxide/phosphate-buffered 
saline for 30 minutes and blocked with 10% 
BSA (Sangon, Shanghai, China), then were 
detected with primary polyclonal antibody for 
SERPINA3 (Abcam, Cambridge, UK), Estrogen 
Receptor α (ERα, Epitomics, Burlingame, US) or 
Progesterone Receptor (PR, Epitomics, Burlin- 
game, US) overnight at 4°C in a moist chamber. 
After incubated with the second antibody 
(Thermo Scientific, US) labeled by HRP (rabbit) 
for 1 hour at room temperature, the sections 
were treated with diaminobenzidine and coun-
terstained with hematoxylin. All the sections 
were observed and photographed with a micro-
scope (Carl Zeiss) and scored was conducted 
according to the ratio and intensity of positive-
staining cells as followed: strongly stained 
(score 1) designated as high expression and 
weakly stained (score 0) designated as low 
expression. All the SERPINA3, ERα or PR 
expression level was quantified two-blindly by 
two independent pathologists.

Quantitative real-time PCR

Total RNA was extracted from cells and tissues 
using Trizol reagent (Takara, Dalian, China) and 
reverse transcribed by PrimeScript RT reagent 
kit (Takara, Dalian, China) according to the 
manufacturer’s instruction. The quantitative 
real-time polymerase chain reaction (qRT-PCR) 
was subsequently performed with SYBR Premix 
Ex Taq (Takara, Dalian, China) using an ABI7300 
instrument (Applied Biosystems). And the prim-
ers for SERPINA3 were as follows, forward: 
5’-TGCCAGCGCACTCTTCATC-3’; reverse: 5’-TGT- 
CGTTCAGGTTATAGTCCCTC-3’. The relative expr- 
ession of SERPINA3 was analyzed by the com-
parative cycle threshold method (ΔΔCt method) 
which was normalized to 18s RNA (forward: 

5’-TGCGAGTACTCAACACCAACA-3’, reverse: 5’-G- 
CATATCTTCGGCCCACA-3’). 

Western blotting

Whole cell lysates were prepared by lysis buffer 
(50 mM Tris-HCl, 150 mM NaCl, 1% Triton-X 
100, 1 mM each MgCl2, MnCl2 and CaCl2, 1 mM 
PMSF and 10 mM sodium fluoride). Proteins 
were separated by SDS-PAGE and were trans-
ferred to nitrocellulose membranes (Bio-Rad, 
Hercules, CA). Then the electroblotted mem-
branes were blocked in phosphate-buffered 
saline/Tween-20 containing 1% BSA. The pri-
mary antibodies for SERPINA3 (Abcam Cambri- 
dge, UK), Focal adhesion kinase (FAK, Abcam, 
Cambridge, UK), p-FAK397 (Abcam, Cambridge, 
UK), proto-oncogene tyrosine-protein kinase 
(Src, Cell Signaling Technology, Beverly, MA), 
p-Src416 (Cell Signaling Technology, Beverly, 
MA), Extracellular signal-regulated kinase 1/2 
(ERK1/2), Phospho-ERK1/2, V-Akt Murine Thy- 
moma Viral Oncogene Homolog 1 (AKT), Phos- 
pho-AKT (Cell Signaling Technology, Beverly, 
MA) EGFR, Phospho-EGFR (Epitomics, Califor- 
nia, US) and GAPDH (Proteintech, US) were 
used. After incubating with the IRDye 680 anti-
mouse (LI-COR, Lincoln, NE) or IRDye 800 anti-
rabbit (LI-COR, Lincoln, NE) secondary antibod-
ies for 1 hour at room temperature, the bands 
were detected by an Odyssey infrared imaging 
system (LI-COR, Lincoln, NE). 

siRNA transfection

SiRNA duplexes targeted at SERPINA3 and 
scramble control siRNA duplex were obtained 
from GenePharma (Shanghai, China). Small 
interfering RNAs duplexes for SERPINA3 were 
as follows: siRNA1 sense, 5’-CCUGACAGAGAU- 
UCUCAAATT-3’, anti-sense, 5’-UUUGAGAAUCU- 
CUGUCAGGTT-3’; siRNA2 sense, 5’-GCAGCUGA- 
GUAUGGGAAAUTT-3’, anti-sense, 5’-AUUUCCC- 
AUACUCAGCUGCTT-3’; siRNA3 sense, 5’-GCCC- 
AUGAGUUUGCAUTT-3’, anti-sense, 5’-AUGCAA- 
ACUCAUCAUGGGCTT-3’. The scramble control 
siRNA duplex were as sence, 5’-UUCUCCGAA- 
CGUGUCACGUTT-3’, anti-sense, 5’-ACGUGACA- 
CGUUCGGAGAATT-3’. Transfection was per-
formed by using the Lipofectamine RNAiMAX 
Reagent (Invitrogen, Carlsbad, CA) according to 
the manufacturer’s instruction.

Cell viability assay

Cells were seeded into a 96-well plate at 3×103 
cells per well with 100 μl culture medium sup-
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plemented with 10% FBS and cultured at 37°C. 
10 µl Cell Counting Kit-8 (CCK-8, WST-8, 
Dojindo, Japan) was added to each well after 
24 h, 48 h and 72 h, respectively. In viable 
cells, WST-8 was metabolized to produce a col-
orimetric dye that can be detected at 450 nm 
using a microplate reader (SpectraMax M5, 
Molecular device). The experiment was per-
formed in triplicate and repeated twice.

Cell cycle assay

For cell cycle analysis, 2×105 cells were plated 
in a 6-well culture plate and grown for 24 h. 
Cells were then incubated with 1 mM thymidine 
(Sigma-Aldrich) for 24 h to synchronize cells at 
the G1/S boundary. The cells were then treated 
with serum-deprived culture medium for anoth-
er 24 h. Next, the cells were trypsinized, washed 
twice with cold PBS and fixed with cold 70% 
ethanol at -20°C overnight. The cells were then 
washed twice with PBS and incubated with 10 
mg/ml RNase A and 400 mg/ml propidium 
iodide (PI) in PBS at room temperature for 30 
mins. Cells were subsequently analyzed by flow 
cytometry (Becton, Dickinson and Company).

Fluorescence activated cell sorter (FACS) 
apoptosis assay

5×105 cells per well were cultured in 12-well 
plates for 48 hours at 37°C in a 5% CO2 atmo-
sphere. Adherent cells were detached with 

0.25% trypsin in 1×PBS. Detached and sus-
pended cells were harvested in culture medium 
supplemented with 10% FBS and centrifuged 
at 1000 rpm for 5 minutes. Each of the cells 
were washed with 1×PBS and stained with 100 
μl binding buffer containing 3.5 μl Annexin V 
and 3.5 μl propidium iodide (PI). Cells were 
incubated at room temperature for 15 minutes 
and analyzed by flow cytometry.

Statistical analysis

Data were presented as the means ± standard 
error of the mean (SEM). Statistical analyses 
were done using SPSS 16.0 for windows (IBM). 
The chi-square test, or student’s t-test were 
used for comparison between groups. Values 
of P<0.05 were considered statistically signi- 
ficant.

Results

SERPINA3 expression is elevated in endome-
trial cancer tissues 

By analyzing two independent datasets from 
the GEO database, we found that the mRNA lev-
els of SERPINA3 were upregulated in the EC tis-
sues compared to endometrium tissues 
(P=0.0386 in GSE3013 and P=0.164 in 
GSE17025). In order to reveal the relevance of 
SERPINA3 with endometrial cancer, we first 
detected SERPINA3 expression in 20 cases of 

Figure 1. SERPINA3 was significantly up-regulated in endometrial cancers. (A) SERPINA3 expression was analyzed 
in 20 matched pairs of EC tissues and normal endometrial tissues by quantitative RT-PCR. Relative expression was 
shown by means ± SD of SERPINA3/18S ratio [2-ΔCt(SERPINA3-18S)] from triplicate experiments. (B) Representative im-
ages of SERPINA3 immunohistochemical staining in a tissue microarray that contains 60 normal endometrial tissue 
samples (30 each in the secretory and proliferative phases) and 157 EC tissue samples, Scale bar: 50 μm.
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ECs and proliferative phase of endometria by 
quantitative qRT-PCR. The results showed that 
the expression of SERPINA3 increased 5.3 
times in EC samples compared with normal 
endometrial tissues (Figure 1A). We further 
detected SERPINA3 expression in a tissue 
microarray (TMA) containing 157 EC samples 
and 60 normal endometrial samples by immu-
nohistochemical staining. The clinicopathologi-
cal characteristics of EC patients are summa-
rized in Table 1. Analysis showed that SERPINA3 
was significantly upregulated in EC samples 
compared with normal endometrial samples 
(Figure 1B), with high expression in 49.04% 
(77/157) of EC samples and only in 20% 
(12/60) of normal endometrial samples (Table 
2). Notably, SERPINA3 was localized predomi-
nantly in the cytoplasm of EC cells as well as in 
extra-cellular space (Figure 1B).

SERPINA3 is associated with adverse clinical 
characteristics by immunohistochemical analy-
sis in tissue microarray

In order to investigate the relevance of 
SERPINA3 with EC development and progres-
sion, we analyzed SERPINA3 expression status 

with respect to various pathological parame-
ters of EC samples in the TMA. We found that 
highly positive of SERPINA3 was significantly 
associated with adverse clinicopathological 
parameters of EC, including low differentiation, 
high stage, and positive lymph node and vascu-
lar thrombosis status of endometrial carcino-
mas (Table 2). Moreover, immunohistochemi-
cal observation indicated that the high 
SERPINA3 expression was significantly related 
with negative ER expression (Table 2), a proven 
independent risk factor of EC, indicating a poor 
prognosis.

Knockdown of SERPINA3 inhibited EC cells 
viability in vitro 

SERPINA3 expression was detected in six endo-
metrial cancer cell lines as KLE, Ishikawa, HEC-
1-A, AN3CA, RL95-2 and ECC-1 by qRT-PCR 
(Figure 2A). SERPINA3 highly expressed cell 
lines HEC-1A and KLE were transfected with 
small interfering RNA (siRNA) to knockdown 
SERPINA3 expression. The change in the 
SERPINA3 expression level was analyzed 48 
hours after transfection. As shown in Figure 2B 
and 2C, both mRNA and protein levels of 

Table 2. Association of SERPINA3 expression level with clinical parameters

Variable
Expression Level of SERPINA3

Cases Χ2-value P-value
High Low

Tissue Group Normal 12 48 60 15.137 <.0001
Cancer 77 80 157

Stage I 30 64 94 37.291 <.0001
II 14 13 27
III-IV 33 3 36

Histology Type G1 13 33 46 22.434 <.0001
G2 27 35 62
G3+UPSC+CC 37 12 49

Menopause Y 60 57 117 0.920 0.337
N 17 23 40

Estrogen Receptor α (ERα) (+) 38 61 99 12.187 <.0001
(-) 39 19 58

Progesterone Receptor (PR) (+) 57 67 124 2.235 0.135
(-) 20 13 33

Depth of Myometrial Invasion ≤50% 38 48 86 1.796 0.180
>50% 39 32 71

Lymph node status (+) 16 0 16 <.0001#

(-) 61 80 141
Vascular thrombosis (+) 55 77 126 7.429 0.006

(-) 22 9 31
#Fisher’s exact test; χ2 tests were applied for all other analysis.
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SERPINA3 were successfully decreased after 
siRNA transfection. We chose siRNA1 and 
siRNA2 that exhibited better interference effi-
cacy to perform further experiments. By a 
CCK-8 assay, we found that cells viabilities 
were inhibited by SERPINA3 silencing both in 
HEC-1A and KLE cells (Figure 3).

To investigate the intracellular signaling path-
ways that mediated SERPINA3 function on EC 
cells, we examined the activation of several sig-
naling pathways known to play important roles 
in regulating cell cycle and apoptosis after 
SERPINA3 knockdown, including AKT, ERK1/2, 
EGFR, SRC, and FAK [25, 26]. As shown in 

Figure 2. The expression level of SERPINA3 in different EC cells 
lines and validation of siRNA interference efficiency. (A) The 
expression level of SERPINA3 was detected by real-time PCR 
in different EC cell lines. (B and C) The expression level of SER-
PINA3 was detected by real-time PCR and western-bolting in 
SERPINA3 knockdown HEC-1A (B) and KLE (C) cells.

Knockdown of SERPINA3 expression ar-
rested cell cycle at G2/M phase 

To further elucidate the effect of SERPINA3 
on EC cells viability, we analyzed the cell 
cycle distributions of SERPINA3 knock-
down cells by flow cytometry analysis 
(Figure 4). Following treatment with 1 mM 
thymidine for 24 h to synchronize cells at 
the G1/S border, the cells were cultured in 
serum-free medium for 24 h. As shown in 
Figure 4, HEC-1A and KLE cells infected 
with SERPINA3 siRNA contained more 
cells ratio at the G2 or M (G2/M) phase 
compared with control cells (P<0.05). 
These data indicated that knockdown of 
SERPINA3 expression inhibited the prolif-
eration of EC cells by blocking cell cycle 
progression at the G2/M phase.

Knockdown of SERPINA3 induced endo-
metrial cancer cells apoptosis

Previous studies have found that SERP- 
INA3 overexpression protect human cho-
riocarcinoma JEG-3 cells from apoptosis 
[24]. So we further used the Annexin V/PI 
double staining method and flow cytome-
try analysis to assess whether interfer-
ence of SERPINA3 expression induces 
apoptosis. Our results revealed that SER- 
PINA3 knockdown significantly increased 
the percentage of apoptotic cells from 
(4.28±0.47)% in control groups to (12.45 
±1.35)% in siRNA-1 groups and (13.81± 
2.42)% in siRNA-2 groups of KLE cells cul-
tured in serum-free medium for 48 h. And 
the apoptotic rates of HEC-1A cells were 
similarly increased by SERPINA3 knock-
down (Figure 5). Taken together, these 
results above indicated that SERPINA3 
promoted EC cell growth both by regulat-
ing G2/M cell cycle checkpoint and 
apoptosis.

AKT and ERK1/2 were inactivated by 
SERPINA3 knockdown in EC cells
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Figure 3. Knockdown of SERPINA3 significantly inhibited endometrial carcinoma cells proliferation. Effect of SER-
PINA3 knock-down on proliferation of HEC-1A and KLE cells, analyzed by the CCK-8 assay. Data are representative 
of three independent experiments. *, P<0.05.

Figure 4. Knockdown of SERPINA3 arrested endometrial carcinoma cells at G2/M. The cell cycle distribution of HEC-
1A (A) and KLE (B) cells detected by flow cytometric analysis. A statistical graph of the cell cycle distribution was 
shown left. The columns indicate mean of cell percentage from triplicate samples. Data are representative of three 
independent experiments. *, P<0.05.
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Matricellular proteins are often dysregulated in 
various tumors including ECs, where they 
actively contribute to tumor progression and 
metastasis [28]. For example, The ubiquitous 
expression of placenta-specific protein 1 (PLA- 
C1) in endometrial tumors is significantly relat-
ed to the higher stage, more aggressive carci-
noma [29]. The Epidermal growth factor–con- 
taining fibulin-like extracellular matrix protein 1 
(EFEMP1) is silenced by promoter hypermethyl-
ation, which could inhibit EC growth and inva-
sion both in vitro and in vivo [30].

In previous studies, matricellular protein SER- 
PINA3 was identified as one of acute phase 
response genes, which were upregulated dur-
ing inflammatory processes [31]. SERPINA3 
was also found to be upregulated in different 
types of carcinoma and correlated with poor 
prognosis [15-18]. SERPINA3 was upregulated 
in recurrent ovarian cancer and possibly relat-
ed with ovarian cancer progression and chemo-

Figure 6, SERPINA3 knockdown significantly 
reduced phosphorylation-dependent activation 
of signaling components such as AKT, ERK1/2, 
whereas the phosphorylation levels of EGFR, 
and SRC, FAK were not changed. Our results 
indicated that SERPINA3 probably promote EC 
cell viability through activating AKT and ERK1/2 
pathways.

Discussion

Endometrial cancer is the most common gyne-
cological malignancy in the western world [27] 
and the sixth most common cancer worldwide 
among females [3]. An increased incidence and 
a younger age of patients are also predicted to 
occur, therefore elucidation of the pathological 
mechanisms is very important. The identifica-
tion of proteins differentially expressed in endo-
metrial carcinoma versus normal endometrium 
seems crucial for understanding of the progres-
sion of this pathology.

Figure 5. Silencing of SERPINA3 promotes endometrial carcinoma cells apoptosis induced by serum deprivation. 
Apoptosis of SERPINA3 knockdown HEC-1A (A) and KLE (B) cells and control cells were analyzed by Annexin V and 
PI staining and flow cytometric analysis. Statistic data shown right are means ± SD of apoptotic cell rates from trip-
licate samples. Data are representative of three independent experiments. *, P<0.05.
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mined the cell cycle distributions of two EC cell 
lines (HEC-1A and KLE), and found that 
SERPINA3 silenced cells were arrested in G2/M 
phase. The G2/M checkpoint allows the cell to 
repair DNA damage before entering mitosis 
[34] and is the most conspicuous target for 
many anticancer drugs [35, 36], which would 
cause cell death through the induction of apop-
tosis. Our data implies that high SERPINA3 
expression can facilitate EC cells proliferate 
continuously and evade from apoptosis which 
may be associated with chemotherapy resis-
tance. However, more in-depth study will be 
required to reveal the clinical value of SERPINA3 
to predict EC patient survival and the effects of 
SERPINA3 on in vivo progression of EC deserve 
further study.

The MAPK/ERK1/2 and PI3K/AKT signaling 
pathways are known to play crucial roles in the 
promotion of cell survival and the inhibition of 
apoptosis [25, 26, 37]. The cross-talk between 
the MAPK/ERK1/2 and the PI3K/AKT path-
ways has also been demonstrated in cancer 
cells [38, 39]. Our investigations revealed that 
AKT and ERK1/2 activation were inhibited by 
SERPINA3 knockdown in EC cells. However, 
whether the functions of SERPINA3 on EC cell 
proliferation and apoptosis are mediated by 
MAPK/ERK1/2 or PI3K/AKT pathways remains 
unconfirmed and need future verification.

In conclusion, this study provides a clear 
expression pattern of one matricellular protein 
SERPINA3 in EC clinical samples and its close 
correlation with EC malignancy. We also dem-
onstrate SERPINA3a promotes EC cell growth 
by facilitating cell cycle and preventing apopto-
sis, which is probably mediated by AKT and 
ERK1/2 pathway. These findings above sug-
gest that SERPINA3 plays an important role in 
endometrial carcinoma growth and metastasis, 
indicating a potential therapeutic strategy for 
personalized medicine by targeting SEEERPINA3 
straightly towards cancer cells in type II EC 
patients.
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resistance [23]. In the cervical carcinoma, 
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with tumor size and HPV status and with poor 
overall survival of HLA-positive cervical carci-
noma [31]. However, comprehensive investiga-
tions on detailed function and mechanism of 
SERPINA3 on tumorigenesis are lacking.

In our study, we found that SERPINA3 was high-
ly expressed in ECs and closely associated with 
adverse clinicopathological parameters includ-
ing low differentiation, high stage, and positive 
lymph node and vascular thrombosis status of 
endometrial carcinomas, suggesting that 
SERPINA3 might be a potential indicator of 
poor prognosis. Silence of SERPINA3 expres-
sion significantly inhibited EC cell growth. 
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effect of SERPINA3 on EC cells growth we deter-

Figure 6. Knockdown of SERPINA3 inhibits acti-
vation of ERK1/2 and AKT. Analysis of activation 
of ERK1/2, AKT, Src, EGFR and FAK in SERPINA3 
knockdown HEC-1A and KLE cells, using GAPDH as 
a loading control.
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