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Summary

Purpose of Investigation: To investigate the mechanism of apoptosis of AN3CN cells, an endometrial cancer (EC) cell line, induced
by human umbilical cord mesenchymal stem cells (hUCMSCs). Materials and Methods: UC-MSCs and AN3CN cells were co-cultured
and CCK-8 cell proliferation assay was used to assess cell proliferation. Results: By co-culture with hUCMSCs, the proliferation of
AN3CN cells was significantly inhibited (p < 0.001) and the cell cycle of AN3CN cells was arrested in the G2 phase. Furthermore, this
study indicated that changes in the PI3K/Erk/JNK/Bcl-2/DR5 signal pathway-related genes promoted apoptosis of AN3CN cells. Con-
clusion: This finding not only helps us understand the molecular mechanism of hUCMSCs inhibiting tumor growth and promoting
apoptosis, but also provides us a strong rationale to further investigate hUCMSC s as a potential treatment of EC.
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Introduction

Endometrial cancer (EC) is the most common female gy-
necological malignancy cancer, the occurrence of which
has risen rapidly in Asian countries [1, 2]. The increasing
incidence of EC may be related to the improvement of so-
cioeconomic level, the incidence of obesity and metabolic
syndrome, population aging, and other related factors [3].
However, there is still a lack of effective prediction, screen-
ing and early diagnosis methods for this disease. Although
clinical surgery, radiotherapy, and chemotherapy have some
effects, many patients suffered relapses and drug resistance.

In recent years, mesenchymal stem cells (MSCs) have
demonstrated a tropism for tumors including fibrosarcoma,
melanoma, renal carcinomas, hepatocellular carcinoma,
breast cancer, and ovarian cancer [4, 5]. MSCs suppress
tumor growth in a myriad of ways and could infiltrate the
tumor stroma [6, 7]. Human umbilical cord mesenchymal
stem cells (WUCMSCs) is one type of MSCs, which express
genes specific to embryonic stem cells, such as SOX2,
OCT4, and NANOG [8]. Compared with bone marrow
mesenchymal stem cells, one of the most studied stem cells,
hUCMSCs have more extensive application prospects be-
cause of the advantage of simple access, rapid self-renewal,
low immunogenicity, and the absence of tumorigenicity [9].
The promising effects of hUCMSCs have been widely used
in stem cells therapy [10]. In addition, hUCMSCs exhibit
tumor suppressor activity on glioblastoma cancer stem cells
[5], multiple myeloma [11], and other tumors. However,
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the antitumor mechanism of hUCMSCs in endometrial can-
cer cells remains unclear.

In the present study, the authors determined whether
hUCMSC:s can inhibit the proliferation of ECs and promote
the apoptosis of ECs by paracrine pathway. The signal path-
way involved in apoptosis of AN3CN cells induced by
hUCMSCs was primarily investigated.

Materials and Methods

AN3CN EC cells were obtained from the American Type Cul-
ture Collection (ATCC) and maintained in DMEM containing
10% fetal bovine serum and 1% penicillin-streptomycin. AN3CN
cells were cultured at 37°C with 5% CO,. Human umbilical cords
(UCs) were collected from pregnant women planning to undergo
cesarean sections. All donors signed the informed consent in ac-
cordance with the ethics committee of the Xijing Hospital.

Fresh UC tissues were stored in HBSS complemented with 100
U penicillin/10.000 U streptomycin and isolated under sterile con-
ditions. The fresh UC tissues were washed three times with HBSS
to remove residual blood. The remaining tissues were diced into
small fragments (1~2 mm?), which were washed by PBS and cen-
trifuged for ten minutes three times at 450 g at 4°C. The precipi-
tate was digested with a mixture of 0.2 mg/ml collagenase type 11
and 0.25% trypsin, then the cells were collected and centrifuged
at 500 g for ten minutes. The cell pellets were suspended in
DMEM-F12 supplemented with 10% fetal bovine serum (FBS),
100 U/ml penicillin, and 100 U /ml streptomycin and cultured for
ten days at 37°C with saturated humidity and 5% CO, and fed by
replacing the culture medium twice weekly until confluence was
observed [12].

When hUCMSCs at passage 3 reached 80% confluence, the
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media were replaced with serum-free DMEM, and UC-MSC-CM
was collected after a 24- or 48-hour incubation. The supernatants
were collected and centrifuged at 1000 g for three minutes to re-
move cell debris.

HUCMSCs were plated at a density of 1x10* cells/well in 24-
well plates and induced to differentiate into adipocytes with cul-
ture medium DMEM supplemented with 0.5 mM IBMX, 1uM
dexamethasone and 10 pg/mL insulin. After ten days induction of
differentiation, the lipids were analyzed by oil red O staining.

To investigate the osteogenic differentiation capacity of hUCM-
SCs, cells were cultured in 24-well plates until reaching conflu-
ence. Then the medium were replaced with osteogenic induction
medium o-MEM supplemented with 10% FBS containing 10
nmol/L. dexamethason, 10 mmol/L B-glycerol phosphate, 50
ug/mL ascorbic acid. After seven days, the cells were authenti-
cated with the alkaline phosphatase staining kit. For neurogenic
differentiation, h(UCMSCs were cultured in DMEM/F12 supple-
mented with 5 umol/L retinoic acids (RA) for 6-10 days and an-
alyzed by anti-betalll Tubulin staining.

To observe the effect of endogenous factors and exogenous fac-
tors secreted by hUCMSCs on AN3CN cells, the third generation
of hUCMSCs and AN3CN cells were co-cultured in a Transwell
system (24 mm Transwell with a 0.4-um pore polycarbonate
membrane insert). In brief, AN3CN cells were cultured in the bot-
tom of a six-well plate at a density of 6x10° cells/well and hUCM-
SCs were seeded on the Transwell membrane at a density of 6x10*
cells/well to separate the cells but allow soluble factors to pass
freely between them.

Cell counting kit (CCK-8) was used to assess cell proliferation
[13]. AN3CN cells were seeded with a concentration of 3000 per
well in 96-well plates with DMEM containing 5% FBS and incu-
bated for 24 hours. The confluent cells were cultured with DMEM
containing 0.5% FBS for 12 hours for synchronization, then the
medium was replaced with 0.5% FBS UC-CM-24 h or UC-CM-
48 h using 0.5% FBS DMEM as control. After 24 hours, CCK-8
(10 pL/well) was added and incubated for four hours, the ab-
sorbance values of which at 450 nm were measured for five con-
secutive days by enzyme immunoassay analyzer.

The cells were wash twice with cold PBS then resuspended
with 500 uL PBS and slowly dribbled with 5 ml cold ethanol and
fixed overnight at 4°C. After centrifugation with 1,000 g for five
minutes, the cells were diluted with PBS and recentrifuged twice.
Cells were resuspended in 500 uL of cold PBS, added 20 uL of
Ranse A and incubate in a 37°C water bath for 30 minutes. The
cells were centrifuged at 1,000 g for ten minutes and then incu-
bated with 400 pL of PI staining buffer at 4°C for 30 minutes in
the dark. For co-cultured cells, AN3CN cells were digested with
0.25% trypsin without EDTA for three minutes at 37°C. Dissoci-
ated cells were washed with precooling PBS twice and 1x10° cells
were resuspended in 400 pL1x Annexin V binding buffer. After
incubation for 15 minutes at 2~8°C in the presence of 5 pL An-
nexin V-FITC, cells were added with 10 pL propidium iodide in
binding buffer. The cell cycles were analyzed with a flow cytome-
ter at 488 nm.

AN3CN cells were plated in six-well plates and grown until
confluency. AN3CN cells were co-cultured with hUCMSCs by
Transwell for 24 and 48 hours. AN3CN cells were digested with
0.25% trypsin without EDTA for three minutes at 37 °C. Dissoci-
ated cells were washed with precooling PBS twice, 4°C centrifu-
gal 300 g, five minutes each time and collected 1x10° cells.
Resuspended in 400 uL1x Annexin V binding buffer, and then in-
cubated for 15 minutes at 2~8 °C in the presence of 5 pL Annexin
V-FITC and then 10 pL propidium iodide for five minutes in bind-
ing buffer as described by the manufacturer, the above incubation
experiment in dark conditions. After incubation, the cells were

analyzed by flow cytometry.

Cells were fixed in 4% paraformaldehyde for 15 minutes and
permeabilized for ten minutes with 0.5% Triton X100. Cells were
then blocked with 10% normal goat serum in PBS for two hours
at room temperature. Anti-human BIII-tubulin were 1:200 diluted
and the secondary antibodies anti-rabbit IgG were 1:1000 diluted.
Nuclei were counterstained with DAPI (1:5000) in PBS for five
minutes at room temperature. The images were acquired by fluo-
rescence microscope.

Total RNAs of AN3CN cells co-cultured with hUCMSCs for
48h were isolated using TRIzol reagent. Then, the RNA-Seq ex-
periments were performed.

Cells were lysed in RIPA buffer containing the complete pro-
tease inhibitor mixture for ten minutes at 4°C. Nuclei were re-
moved by centrifugation (5,000 rpm at 4°C, for ten minutes), and
total protein content measured using Bradford assay. Proteins (20
mg) were resuspended in Laemmli buffer (2% SDS, 62.5 mM
Tris, pH 6.8, 0.01% bromophenol blue, 1.43 mM 2-mercap-
toethanol, and 0.1% glycerol), size-fractionated by SDS/PAGE,
transferred to PVDF. Antibodies against PI3K (AF5112), Tubulin
o (AF0524), antibody Bcl-2, antibodies ERK, JNK, DRS5 (bs-
1696R) antibody, antibody against B-actin (CST, 1:5,000), and
horseradish peroxidase-conjugated antibodies against rabbit or
mouse [gG were obtained. The protein bands were visualized
using a Super Signal West Pico Kit, according to the manufac-
turer’s instructions.

Data were expressed as the mean+ SD. Statistical analyses were
performed using GraphPad Prism 6 software. Western blot and
flow cytometry data were evaluated by independent-sample #-test
comparing the means between two groups, and one-way analysis
of variance (ANOVA), creating multiple comparison among three
or more groups. Statistical significant was considered when p
value was less than 0.05.

Results

Human MSCs from umbilical cord preserved the spin-
dle-like shape typical for MSCs (Figure 1A). To further
characterize the isolated hUCMSCs, they were cultured in
the adipogenic, osteogenic, and neuronal complete media.
Ten days after induction, intracytoplasmic lipid droplets
from the hUCMSC:s as the indicator of adipogenic differ-
entiation of MSCs were detected as bright red color by Oil-
red staining (Figure 1B). In addition, osteogenic differ-
entiation of hUCMSCs was verified as brownish orange red
for extracellular calcium deposits by ALP staining (Figure
1C). Neuron differentiation was confirmed by anti-betalll
Tubulin (Figure 1D), implying that the isolated hUCMSCs
in this study had stem cell potential. As shown in Figure
1E, the growth curve indicated that hUCMSCs had a strong
proliferative potential. Taken together, growth curves of
early passages of hUCMSCs were appropriate to use in this
study.

AN3CN cells were cultured with hUCMSCs-conditioned
medium (UC-CM) and the proliferation was measured by
CCK-8 assay for five consecutive days. UC-CM obvious
inhibited the proliferation of AN3CN cells (Figures 2A, B).
The effect of inhibiting proliferation was enhanced with the
increase of the induction time of the UC-CM.

Since disruption of cell cycle progression may lead to in-
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Figure 1. — Phenotypic and pluripotency of hUCMSCs. A) The isolated hUCMSCs exhibit a star-like shape with a flat morphology
(magnification: x100). B) Oil Red O staining of hUCMSC:s. Intracellular lipid accumulation stained bright red in adipocytes after ten
days of induction. C) Osteogenic differentiation of hUCMSCs was demonstrated by calcium deposition is detected by Gomori Alkaline
Phosphatase Activity Detection Kit (HEAT). D) Neuron differentiation is determined by expressions of anti-betalll Tubulin. E)

Growth kinetics of different passages of hUCMSCs.
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Figure 2. — The proliferation of AN3CN cells after cultured with UC-CMfor 24, 48, 72, 96, and 120 hours.

hibition of cell proliferation, the effects of MSCs-co-culture
on cell cycle of AN3CN cells were investigated by flow cy-
tometry to detect the percentage of GO/G1, S and G2/M.
The fraction of G2/M phases was increased from 14.36 to
22.01% after treatment (Figure 3B), indicating that hUCM-
SCs conditioned medium triggered cell cycle arrest at the
G2 phase.

In order to detect whether the growth inhibition of
AN3CN cells by hUCMSCs was due to growth retardation
or apoptosis, Annexin V-FITC/PI apoptosis assay kit was
used. It showed that co-culture with hUCMSCs for 24 and
48 hours induced apoptosis of AN3CN cells with percent-
ages of apoptosis cells increasing from 5.95% t07.83%, and
46.22%, respectively (Figure 3C).

RNA-seq technology was used to determine the changes
in genes expression in AN3CN cells and AN3CN cells co-
cultured with hUCMSCs (HUMIA cells). A total of 18 Gb
of raw sequence data was generated from the two groups,
and 2,804 genes with significantly different expression lev-
els were identified. The transcriptome profiles of both
AN3CN and HUMIA cells were compared to identify gene
expression changes relating to Cell proliferation and apop-
tosis (Figures 4A-D).

In order to verify the transcriptome sequencing results,
the expressions of specific genes were detected by Western
blotting of AN3CN cells co-cultured with hUCMSCs for
24 and 48 hours. As shown in Figure 4, the expression of
PI3K, Bcl-2, and a-tubulin were attenuated in co-cultured
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Figure 3. — Co-culture with hUCMSCs leads to cell cycle arrest and apoptosis of AN3CN. A) Morphology of AN3CN cells and cells
co-cultured with hUCMSCs for 24 and 48 hours, respectively. B) Cell percentages in the G1, S, and G2/M phases of AN3CN cells co-

cultured with hUCMSCs for 24 and 48 hours. C) Cell apoptosis is detected by Annexin V-FITC/PI double staining.*p < 0.05, ***p <
0.001.
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AN3CN cells. Furthermore, Erk, p-Erk, JNK, p-JNK, and
apoptotic receptor protein DRS were activated in AN3CN
cells (Figure 5). The changes of protein levels were greater
when co-culture induction time increased.

Discussion

EC is one of the most common gynecological malignan-
cies, and its incidence is rising [14]. Recently, more atten-
tion has been paid to the interaction between hUCMSCs
and tumor cells. The present authors used the hUCMSCs-
conditioned medium to investigate the effect of the soluble
factors from hUCMSCs on AN3CN cells. HUCMSCs treat-
ment exhibited anti-proliferative effect on AN3CN cells,
indicating that hUCMSC:s targeted the growth of AN3CN
cells. According to Annexin V FITC/PI staining results, co-
culture with hUCMSCs induced apoptosis of AN3CN cells.
The present results suggested that hUCMSCs can be a po-
tential therapeutic approach for the treatment of cancer.
This study provides the transcriptome of AN3CN cells in-
duced by co-culture with hUCMSC:s for 48 hours. Sequenc-
ing results showed that thousands of genes were
differentially expressed, including ribosome-associated, en-
doplasmic reticulum-dependent, phagocytosis-related, and
pS3-related genes. In the present current research, the au-
thors focused on the differences in gene expressions asso-
ciated with apoptosis and the signaling pathways involved.

Endometrial tumors has been connected with alteration
of several genes in several gene pathways. The PI3K/AKT
signaling pathway is a major survival pathway in mammal
cells [15]. It has critical functions in the transduction of ex-

Figure 5. — The
AN3CN cells are
treated with hUCSCs
for 24 or 48 hours, and
then Western blotting
is performed for analy-
sis of protein expres-
sions.

A) Protein expression
are detected by West-
ern blotting. B) The ex-
pression levels of
protein are analyzed
with ANOVA forma-
tion. *p < 0.5, **p <
0.01, and ***p < 0.001
vs. control.

tracellular and intracellular signals that regulates cell
growth, proliferation, survival, and angiogenesis [16-18].
PI3K gene amplification was found to correlate with a
PI3K activation profile which segregated more frequently
to a group of aggressive and invasive tumors, notably in
some groups of endometrial cancer. In the present study,
the authors first detected the downregulation of PI3K gene
expression in AN3CN cells co-cultured with hUCMSCs.
At the same time, they also demonstrated that the expres-
sion of PI3K at the protein level was significantly reduced.
It implied that the low expression of PI3K can restrain the
malignant progression through inhibiting the proliferation
of tumor cells and promoting the apoptosis of tumor cells
of endometrial carcinoma. Inhibition of the PI3K/AKT sig-
naling pathway might promise a novel effective approach
for targeted therapy for EC in the future.

The signaling cascades associated with MAPK family in-
clude ERK and JNK, are involved in the regulation of gene
expression in response to the extracellular stimulation sig-
nals and activation of various cell responses, such as cell
proliferation, cell survival, cell cycle arrest, and apoptosis
[19, 20]. The stimulation of a cellular death signal has been
implicated with prolonged activation of phosphorylated
ERK kinase [20]. The present sequencing results showed
that the phosphorylation of JNK signal was upregulated in
AN3CN cells co-cultured with hUCMSCs. Next, the au-
thors verified that the phosphorylation of JNK and ERK in
induced AN3CN cells was increased by Western blotting.
It has been reported that JNK involved in inhibition of cell
proliferation [21]. In addition, the present finding was sup-
ported by reports showing that JNK were activated in
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human cervical cancer cells [22]. Although ERK is known
to function as a survival mediator in many cell types, the
induction of cell death can be mediated via the activation
of ERK [23, 24]. The duration of ERK activation is an im-
portant fact for determining cellular signaling, and also
seems to lead to cell death [25]. In this study, JNK and ERK
protein expression were significantly increased in AN3CN
cells after induced by hUCMSC:s.

The intrinsic pathway of cell death in cells is the mito-
chondria-initiated pathway. Mitochondria-dependent apop-
tosis is regulated by a group of proteins belonging to the
Bcl-2 family [26]. Studies have shown that the high expres-
sion of anti-apoptotic Bcl-2 proteins preserves the integrity
of the mitochondrial outer membrane [27]. In line with
a previous authors’ study, the results demonstrated a statis-
tically significant decrease in the expression of Bcl-2 in
AN3CN cells treated with hUCMSCs compared to the un-
treated cells. This indicated induction of AN3CN cell apop-
tosis through the mitochondria-mediated pathway by
downregulation the expression of Bcl-2.

The internal organization, shape, polarity, motility, cell
division, intracellular transport, cell differentiation, and life
cycle of eukaryotic cells are all controlled by the cytoskele-
ton [28]. Microtubules are the largest filamentous compo-
nents of the eukaryotic cytoskeleton, including actin
filaments, intermediate filaments, and microtubules [29].
The microtubule is an evolutional conservative cell skele-
ton composed of a-tubulin and B-tubulin [30]. The present
results showed that the expression of a-tubulin in AN3CN
cells was significantly downregulated after induction,
which could disrupt microtubule formation and conse-
quently result in apoptosis.

Apoptosis is a type of programmed cell death, which can
be induced by various stimuli either through the extrinsic
or intrinsic apoptotic pathway [31]. Tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL) binds to its
death receptor DRS5 via their intracellular death domain
[32]. The increased expression levels of DRS may have en-
hanced the apoptotic signals in response to the increased
TRAIL expression induced by the hUCMSCs. The data in-
dicated that hUCMSCs mainly induced AN3CN cells apop-
tosis through a TRAIL-mediated apoptotic signaling
pathway in a paracrine fashion.

In conclusion, the present results demonstrated that in-
teractions between endometrial carcinoma AN3CN cells
and hUCMSCs produced inhibitory effects on tumor cell
growth and promoted apoptosis. The possible mechanisms
of the apoptotic pathway are collated in Figure 6. The pre-
sent research provided the potential of hUCMSCs as a new
direction for the treatment of endometrial cancer. The de-
tailed molecular pathway involved in this mechanism
should be further investigated.
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