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Abstract. Activin A receptor type  1C  (ALK7) and its 
ligand nodal growth differentiation factor (NODAL) serve 
numerous roles in cancer cells, including regulating cancer 
invasion, migration and apoptosis. NODAL promotes breast 
cancer cell apoptosis by activating ALK7; however, ALK7 
and NODAL expression in endometrial cancer (EC), as well 
as their effects and underlying mechanisms in EC cells, 
are not completely understood. The present study aimed to 
characterize the expression of NODAL and ALK7 in EC, as 
well as the underlying mechanisms. The expression levels 
of ALK7 and NODAL were detected via reverse transcrip‑
tion‑quantitative PCR and western blotting. Cell transfection 
was performed to overexpress NODAL or interfere ALK7. 
Cell proliferation, invasion and migration were detected via 
Cell Counting Kit‑8, Transwell and wound healing assays, 
respectively. Flow cytometry was performed to detect cell 
apoptosis and western blotting was conducted to detect the 
expression levels of apoptosis‑related proteins. NODAL and 
ALK7 expression levels were significantly decreased in EC 
cell lines compared with normal endometrial cells. NODAL 
overexpression inhibited EC cell proliferation, invasion and 
migration, and promoted EC cell apoptosis compared with the 
overexpression‑negative control (Ov‑NC) group. Moreover, 

NODAL overexpression significantly increased ALK7 expres‑
sion levels in EC cells compared with the Ov‑NC group. ALK7 
reversed NODAL overexpression‑mediated inhibition of EC 
cell proliferation, invasion and migration, and promotion of 
EC cell apoptosis. The present study indicated that NODAL 
inhibited EC cell proliferation, invasion and migration, and 
promoted EC cell apoptosis by activating ALK7.

Introduction

Endometrial cancers (ECs) are a group of epithelial malignant 
tumors that occur in the endometrium, accounting for 20‑30% 
of all malignancies of the female genital tract (1). The average 
age of onset of EC is 60 years and 75% of EC cases occur 
in women aged >50 years  (2). At present, EC treatment is 
primarily based on surgery supplemented with radiotherapy, 
chemotherapy and hormone therapy (3). However, due to the 
side effects of radiotherapy and chemotherapy, patients suffer 
greatly (3). Therefore, the aim of the present study was to 
identify novel therapeutic targets to provide potential new 
treatment strategies for EC.

Nodal growth differentiation factor (NODAL) is an 
important member of the TGF‑β family and an important 
morphogenetic molecule in embryonic development  (4). 
Previously, it was thought that NODAL was only expressed in 
embryonic tissues (5); however, in 2006, Topczewska et al (6) 
reported that NODAL is highly expressed in melanoma and is 
closely associated with occurrence and metastasis, serving a 
protumor effect. Since then, abnormal expression of NODAL 
has been identified in breast, prostate, pancreatic, liver and 
other types of cancer  (7‑10). Additionally, studies have 
reported that NODAL promotes tumor development (11,12); 
however, other studies have indicated that NODAL inhibits 
tumor cell proliferation and promotes apoptosis, as evidenced 
by dose‑dependent studies on prostate and pancreatic 
cancer  (13,14). To the best of our knowledge, the role of 
NODAL in EC has not been previously reported.

Activin receptor‑like kinase 7  (ALK7) is one of seven 
type I receptors in the TGF‑β family (15). A previous study 
demonstrated that the TGF‑β family members NODAL, 
Activin A/B and growth differentiation factor 3 are all ligands 
of ALK7  (16). Compared with NODAL, few studies have 
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investigated ALK7 and the studies on its function primarily 
focused on two aspects. Firstly, ALK7 has been reported to 
inhibit cell proliferation and promote cell apoptosis following 
activation (17). Secondly, ALK7 is involved in sugar and lipid 
metabolism (18). Furthermore, a recent study has demonstrated 
that ALK7, as a tumor suppressor gene, is a barrier to tumor 
occurrence and metastasis (19). However, to the best of our 
knowledge, the expression, effect and underlying mechanisms 
of ALK7 in EC are not completely understood.

NODAL is the ligand of ALK7 and promotes breast 
cancer cell apoptosis via ALK7 (20). Bioinformatics analysis 
(ualcan.path.uab.edu) indicated that the expression levels 
of NODAL and ALK7 in EC cell lines were decreased. 
However, the expression of NODAL and ALK7 in EC and 
their effects on tumor cell proliferation, invasion and migra‑
tion are not completely understood. Therefore, the present 
study investigated the effects of NODAL and ALK7 on EC 
cell proliferation, invasion, migration and apoptosis, as well 
as the underlying mechanisms, to identify novel therapeutic 
targets for EC.

Materials and methods

Cell culture and treatment. EC cell lines (Ishikawa, KLE, 
RL95‑2 and AN3 CA) and a novel immortalized human endo‑
metrial stromal cell line (THESCs; referred to as ESC in the 
present study; RRID: CVCL_C464; NCBI Taxonomy: 9606) 
were purchased from The Cell Bank of Type Culture Collection 
of the Chinese Academy of Sciences. Cells were cultured in 
DMEM (Gibco; Thermo Fisher Scientific, Inc.) supplemented 
with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) at 37˚C 
with 5% CO2. Solid SB431542 (cat. no. HY‑10431) was obtained 
from MedChemExpress and was dissolved in 1 ml DMEM 
(Gibco; Thermo Fisher Scientific, Inc.) at a final concentration 
of 10 mmol/l. The induction time of SB431542 is 24 h at 37˚C 
with 5% CO2.

Reverse transcription‑quantitative PCR (RT‑qPCR). 
Total RNA was extracted from cells using RNAzol RT 
(Sigma‑Aldrich; Merck KGaA), according to the manufac‑
turer's protocol. RNA concentration and quantification were 
assessed using a NanoDrop spectrophotometer (Thermo 
Fisher Scientific, Inc.). Following DNase I digestion, total 
RNA was reverse transcribed into cDNA using a QuantiTect 
Reverse Transcription kit (Qiagen GmbH), according to the 
manufacturer's protocol. Subsequently, qPCR was performed 
using a QuantiTect SYBR Green PCR kit (Qiagen GmbH), 
according to the manufacturer's protocol. The following 
thermocycling conditions were used for qPCR: 95˚C for 
10 min; followed by 40 cycles of 95˚C for 10 sec and 60˚C 
for 60 sec. The following primers (GenScript) were used 
for qPCR: ALK7 forward, 5'‑ATG​ACC​CCA​GCG​CGC​GGC​
TCC​GCA​CT‑3' and reverse, 5'‑CTT​CCT​GTA​TGT​GCA​
CTG​GCG​GTC​CT‑3'; NODAL forward, 5'‑ACC​GAG​TCC​
CTT​CCA​CTT​GT‑3' and reverse, 5'‑CAG​AGG​CAC​CCA​
CAT​TCT​TC‑3'; and GAPDH forward, 5'‑AGC​CAC​ATC​
GCT​CAG​ACA​C‑3' and reverse, 5'‑GCC​CAA​TAC​GAC​CAA​
ATC​C‑3'. mRNA expression levels were quantified using the 
2‑ΔΔCq method (21) and normalized to the internal reference 
gene GAPDH.

Bioinformatics website. The expression levels of NODAL and 
ALK7 in EC were predicted using a bioinformatics website 
(ualcan.path.uab.edu; release date, 03/13/2019).

Western blotting. Cells were washed twice with cold PBS, lysed 
with RIPA lysis buffer (Beyotime Institute of Biotechnology) 
and incubated for 30 min on ice. Cell lysates were centrifuged 
at 300 x g at 4˚C for 20 min and the protein supernatant was 
transferred into Eppendorf tubes. Total protein was quantified 
using a BCA protein assay kit (Bio‑Rad Laboratories, Inc.). 
Proteins (40 µg) were separated via 10% SDS‑PAGE and 
transferred to PVDF membranes (GE Healthcare), which were 
blocked with 10% skimmed milk for 1 h at room temperature. 
Subsequently, the membranes were incubated overnight at 4˚C 
with the following primary antibodies (all purchased from 
Abcam): Anti‑NODAL (1:1,000; cat. no. ab55676), anti‑ALK7 
(1:1,000; cat.  no.  ab111121), anti‑matrix metallopeptidase 
(MMP)2 (1:1,000; cat. no. ab215986), anti‑MMP7 (1:1,000; 
cat. no. ab205525), anti‑MMP9 (1:1,000; cat. no. ab219372), 
anti‑caspase‑3 (1:1,000; cat.  no.  ab13847), anti‑caspase‑9 
(1:1,000; cat.  no.  ab65608), anti‑cleaved‑caspase‑3 
(1:1,000; cat.  no.  9953S), anti‑cleaved‑caspase‑9 (1:1,000; 
cat.  no.  ab2324), anti‑Bcl2 (1:1,000; cat.  no.  ab32124), 
anti‑Bax (1:1,000; cat.  no.  ab32503) and anti‑GAPDH 
(1:1,000; cat. no. ab181602). Following primary incubation, the 
membranes were incubated with a goat anti‑rabbit horseradish 
peroxidase‑conjugated IgG secondary antibodies (1:5,000; 
cat.  no.  AA24142; Abcam) at room temperature for 1  h. 
Protein bands were visualized using enhanced chemilumines‑
cence reagent (GE Healthcare). Protein expression levels were 
semi‑quantified using ImageJ software (version 1.46; National 
Institutes of Health) with GAPDH as the loading control.

Cell transfection. Cells (1x105 cells/well) were seeded into 6‑well 
plates and cultured for 24 h at 37˚C with 5% CO2. Subsequently, 
cells were transfected with NODAL overexpression vector 
(Ov‑NODAL), empty vector (NC; Ov‑NC), two different 
ALK7‑targeting short hairpin (sh)RNA (shRNA‑ALK7‑1 and 
shRNA‑ALK7‑2) or shRNA‑NC at a concentration of 20 nM. 
All plasmids were obtained from Shanghai GenePharma Co., 
Ltd. and transfected using Lipofectamine® 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc.), according to the manufac‑
turer's protocol. Cells in the blank control group (Control) were 
untreated. At 48 h post‑transfection, transfection efficiency was 
assessed via RT‑qPCR.

Cell Counting Kit‑8 (CCK‑8) assay. Cells (1x103 cells/well) 
were seeded into 96‑well plates and incubated at 37˚C with 
5%  CO2. Cell proliferation was determined using CCK‑8 
reagent (Dojindo Molecular Technologies, Inc.), according 
to the manufacturer's protocol. Following transfection for 
24, 48 or 72 h, 10 µl CCK‑8 solution was added to each well 
for 4 h at 37˚C. Absorbance was measured at a wavelength of 
450 nm using a microplate reader. SB431542 was added and 
induced for 24 h, followed by cell transfection. CCK‑8 experi‑
ment was performed again 72 h later.

Wound healing assay. Cells were seeded (1x105 cells/well) 
into 12‑well plates. At 80% confluence, the medium was 
replaced with serum‑free DMEM and cells were incubated 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  21:  402,  2021 3

at  37˚C overnight. Subsequently, a 200‑µl pipette tip was 
used to scratch the cell monolayer. Following washing with 
PBS to remove free‑floating cells and debris, the plates were 
maintained at  37˚C with 5%  CO2. Following incubation 
for 48 h, the wounds were observed using a BX51 inverted 
microscope (Olympus Corporation; magnification, x100). Cell 
migration was quantified as follows: (0 h scratch width‑scratch 
width following culturing)/0 h scratch width.

Cell invasion assay. To assess cell invasion, 24‑well Transwell 
plates (Corning, Inc.) with 8‑µm pore inserts were coated 
with Matrigel (BD Biosciences) at 37˚C for 30 min. Cells 
(5x104 cells/ml) in 200 µl serum‑free medi plated into the 
upper chamber and 600 µl DMEM supplemented with 10% 
FBS was added to the lower chamber. Following incuba‑
tion for 24 h at 37˚C with 5% CO2, non‑invading cells were 
removed using a cotton‑tipped swab. Invading cells were fixed 
with 4% formaldehyde for 15 min at 25˚C and stained with 
0.1% crystal violet solution for 30 min at room temperature. 
Invading cells in five randomly selected fields of view were 
observed using an inverted microscope (Olympus Corporation; 
magnification, x100).

TUNEL assay. Cells were collected and washed three times 
with PBS. Following fixing with 4% paraformaldehyde at 
room temperature for 20 min, the cells were washed twice with 
PBS. Then, 0.2% Triton X‑100 was added to the cells at room 
temperature for 5 min. Subsequently, 50 µl TUNEL assay 
solution (Boehringer Mannheim) was added to the cells and 
incubated at 37˚C in the dark for 60 min. The detection solution 
was discarded and cells were washed three times with PBS. 
Subsequently, three fields of view were selected at random, 
each with about 300‑500 cells and then 300‑500 cells were 
sealed with anti‑fluorescence quenched sealing solution for 
observation under a fluorescence microscope (Zeiss GmbH). 
The available excitation wavelength range was 450‑500 nm 
and the emission wavelength range was 515‑565 nm (green 
fluorescence).

Statistical analysis. Data are expressed as the mean ± standard  
deviation from ≥3  independent experiments. Statistical 
analyses were performed using SPSS statistical software 
(version  22.0; IBM  Corp.). Comparisons among multiple 
groups were analyzed using one‑way ANOVA followed by 
Tukey's post hoc test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

NODAL and ALK7 expression levels are lower in EC cell 
lines. The expression levels of NODAL and ALK7 in EC 
were predicted using a bioinformatics website (ualcan.path.
uab.edu). Compared with normal tissues, NODAL and ALK7 
expression levels were significantly decreased in EC (Fig. 1A). 
Subsequently, the expression levels of NODAL and ALK7 
in EC cell lines were detected via RT‑qPCR (Fig. 1B) and 
western blotting (Fig. 1C). Compared with normal endometrial 
cells, the expression levels of NODAL and ALK7 in EC cell 
lines were significantly decreased. RL95‑2 cells displayed 
the lowest expression levels of NODAL and ALK7 among 

the EC cell lines. Therefore, RL95‑2 cells were selected for 
subsequent experiments.

NODAL overexpression inhibits EC cell proliferation, invasion 
and migration. To evaluate the specific role of NODAL in EC 
cells, NODAL overexpression was performed and confirmed via 
RT‑qPCR (Fig. 2A) and western blotting (Fig. 2B). Compared 
with the Ov‑NC group, NODAL expression levels were signifi‑
cantly increased in the Ov‑NODAL group. Following NODAL 
overexpression, CCK‑8, wound healing and Transwell assays 
were performed to assess cell proliferation, migration and 
invasion, respectively. Compared with the Ov‑NC group, cell 
proliferation (Fig. 2C), migration (Fig. 2D and E) and invasion 
(Fig. 2F and G) were significantly decreased in the Ov‑NODAL 
group. Furthermore, the expression levels of invasion and 
migration‑related proteins (MMP2, MMP7 and MMP9) 
were detected. The results indicated that MMP2, MMP7 
and MMP9 expression levels were significantly decreased 
in the Ov‑NODAL group compared with the Ov‑NC group 
(Fig. 2H). The results indicated that NODAL inhibited EC cell 
proliferation, invasion and migration.

NODAL overexpression promotes EC cell apoptosis. 
Following NODAL overexpression, apoptosis was detected by 
performing a TUNEL assay. Compared with the Ov‑NC group, 
cell apoptosis was markedly increased in the Ov‑NODAL 
group (Fig.  3A). Subsequently, the expression levels of 
apoptosis‑related proteins were detected via western blotting. 
Compared with the Ov‑NC group, the expression levels of 
the antiapoptotic protein Bcl‑2 were significantly decreased, 
whereas the expression levels of the proapoptotic proteins Bax, 
cleaved‑caspase‑3 and cleaved‑caspase‑9 were significantly 
increased in the Ov‑NODAL group. The results indicated that 
NODAL promoted EC cell apoptosis (Fig. 3B).

Inhibiting ALK7 reverses the inhibitory effect of NODAL 
overexpression on EC cell proliferation, invasion and 
migration. NODAL overexpression significantly increased 
ALK7 expression levels compared with Ov‑NC (Fig. 4A), 
indicating that ALK7 was activated. An ALK7‑targeting 
shRNA was constructed and transfected into EC cells and 
western blotting was performed to detect ALK7 expres‑
sion levels (Fig. 4A). Compared with the shRNA‑NC group, 
the expression of ALK7 was significantly decreased in the 
shRNA‑ALK7‑1 and shRNA‑ALK7‑2 groups. Moreover, cells 
were co‑transfected with shRNA‑ALK7 and Ov‑NODAL. 
RT‑qPCR and western blotting were performed to measure 
ALK7 expression levels  (Fig.  4B  and  C). Compared with 
the Ov‑NODAL‑NC group, the expression of ALK7 was 
significantly lower in the Ov‑NODAL‑shRNA‑ALK7‑1 
and Ov‑NODAL‑shRNA‑ALK7‑2 groups. shRNA‑ALK7‑1 
plasmid was selected for subsequent experiments since the 
inhibition of ALK7 with shRNA‑ALK7‑1 was markedly 
increased compared with shRNA‑ALK7‑2. Subsequently, 
an ALK7 inhibitor (SB431542) was used and the cells 
were divided into the following six groups: i)  Control; 
i i)   Ov‑NC; i i i)   Ov‑NODAL; iv)  Ov‑NODAL‑NC; 
v)  Ov‑NODAL + shRNA‑ALK7; and vi)  Ov‑NODAL + 
SB431542. Following this, cell proliferation (Fig. 4D), migra‑
tion (Fig.  4E  and  F) and invasion (Fig.  4G  and  H) were 
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assessed. Compared with the Ov‑NODAL‑NC group, the 
Ov‑NODAL + shRNA‑ALK7 displayed significantly increased 
cell proliferation, migration and invasion, and significantly 

upregulated expression levels of MMP2, MMP7 and MMP9 
(Fig. 4I). Furthermore, compared with the Ov‑NODAL group, 
the Ov‑NODAL + SB431542 groups displayed significantly 

Figure 1. NODAL and ALK7 expression levels are decreased in EC cell lines. (A) Bioinformatics analysis was performed to predict the expression of NODAL 
and ALK7 in EC cells. ALK7 and NODAL (B) mRNA and (C) protein expression levels in EC cells. *P<0.05, **P<0.01 and ***P<0.001 vs. ESC. NODAL, nodal 
growth differentiation factor; ALK7, activin A receptor type 1C; EC, endometrial cancer. 
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increased cell proliferation, migration and invasion, and 
significantly upregulated expression levels of MMP2, MMP7 
and MMP9. The results suggested that NODAL overexpression 

activated ALK7 and inhibited EC cell proliferation, migration 
and invasion. Moreover, ALK7 inhibition reversed NODAL 
overexpression‑mediated inhibition of EC cell proliferation, 

Figure 2. NODAL overexpression inhibits EC cell proliferation, invasion and migration. NODAL (A) mRNA and (B) protein expression levels following NODAL 
overexpression in EC cells. (C) Cell proliferation was assessed by performing a Cell Counting Kit‑8 assay. (D) Representative images of the wound healing 
assay (magnification, x100). (E) Quantification of cell migration. (F) Representative images of the Transwell assay (magnification, x100). (G) Quantification of 
cell invasion. (H) MMP2, MMP7 and MMP9 protein expression levels were assessed via western blotting. ***P<0.001 vs. Ov‑NC. NODAL, nodal growth 
differentiation factor; EC, endometrial cancer; MMP, matrix metallopeptidase; Ov, overexpression; NC, negative control; OD, optical density. 



HONG et al:  ROLE OF NODAL/ALK7 IN ENDOMETRIAL CANCER6

migration and invasion, indicating that NODAL inhibited EC 
cell proliferation, invasion and migration by activating ALK7.

ALK7 inhibition reverses the effect of NODAL overexpression 
on EC cell apoptosis. The effect of ALK7 inhibition on cell 
apoptosis was assessed. Compared with the Ov‑NC group, 
the rates of apoptosis in the Ov‑NODAL + shRNA‑ALK7 
and Ov‑NODAL + SB431542 groups were notably 
increased  (Fig.  5A). Additionally, the expression levels 
of the apoptosis‑related proteins Bax, cleaved‑caspase‑3 
and cleaved‑caspase‑9 were significantly decreased in 
the Ov‑NODAL‑shRNA‑ALK7 group compared with the 
Ov‑NODAL‑NC group (Fig. 5B). The results suggested that 
NODAL promoted EC cell apoptosis by activating ALK7.

Discussion

The role of NODAL in cancer has received increasing 
attention (22). NODAL is abnormally expressed in melanoma, 
participating in occurrence and metastasis (6). Later, it was 
reported that NODAL is abnormally expressed in glioma (23), 
pancreatic cancer  (11), breast cancer  (24) and other tumor 
cells, where it participates in the occurrence and development 

of tumors. Quail et al (25) demonstrated that the expression 
of NODAL is positively correlated with high vascular densi‑
ties in breast lesions. Additionally, an in vitro study identified 
that NODAL promoted the migration of endothelial cells 
and vascular formation in breast cancer (25). The expression 
of NODAL in liver cancer tissues is increased and NODAL 
promotes migration, invasion and vascular formation in liver 
cancer cells (26). However, the expression and specific roles 
of NODAL in EC are not completely understood. Therefore, 
the present study predicted the expression of NODAL in EC 
using bioinformatics software, which indicated that NODAL 
was expressed at low levels in EC. Additionally, the in vitro 
cell experiments indicated that the expression of NODAL 
in EC cell lines was significantly decreased compared with 
normal endometrial cells. The present study demonstrated 
that NODAL overexpression inhibited EC cell proliferation, 
migration and invasion compared with Ov‑NC, demonstrating 
that NODAL may inhibit tumorigenesis and development in 
EC.

NODAL inhibits cell proliferation and induces apoptosis 
in human trophoblast cells, which can be blocked by a lack 
of the kinase ALK7. In other words, NODAL inhibits cell 
proliferation and induces apoptosis by activating ALK7 (27). 

Figure 3. NODAL overexpression promotes endometrial cancer cell apoptosis. (A)  Cell apoptosis was assessed by performing a TUNEL assay 
(magnification, x200). (B) Expression levels of apoptosis‑related proteins were assessed via western blotting. ***P<0.001 vs. Ov‑NC. NODAL, nodal growth 
differentiation factor; Ov, overexpression; NC, negative control. 
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Figure 4. ALK7 inhibition reverses NODAL overexpression‑mediated effects on endometrial cancer cell proliferation. (A and B) ALK7 protein expression 
levels in transfected cells were measured via western blotting. ***P<0.001 vs. Ov‑NC; ##P<0.01, ###P<0.001 vs. shRNA‑NC. (C) ALK7 expression levels in 
co‑transfected cells were measured via reverse transcription‑quantitative PCR. **P<0.01 and ***P<0.001 vs. Ov‑NODAL‑NC. (D) Cell proliferation was 
assessed by performing Cell Counting Kit‑8 assays. (E) Representative images of the wound healing assay (magnification, x100). (F) Quantification of 
cell migration. (G) Representative images of the Transwell assay (magnification, x100). (H) Quantification of cell invasion. (I) MMP2, MMP7 and MMP9 
protein expression levels were measured via western blotting. ***P<0.001 vs. Ov‑NC; ##P<0.01 and ###P<0.001 vs. Ov‑NODAL‑NC; ∆∆P<0.01 and ∆∆∆P<0.001 
vs. Ov‑NODAL. ALK7, activin A receptor type 1C; NODAL, nodal growth differentiation factor; Ov, overexpression; NC, negative control; MMP, matrix 
metallopeptidase; shRNA, short hairpin RNA; OD, optical density. 
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Li  et  al  (28) reported that in bladder cancer tissues and 
cell lines, NODAL knockdown blocked the expression of 
ALK7. Additionally, an ALK7 inhibitor reversed the effect 
of NODAL overexpression on bladder cancer cell prolifera‑
tion, invasion and migration. Furthermore, a previous study 
indicated that the overexpression of NODAL and its receptor 
ALK7 induced ovarian follicle cell apoptosis, indicating that 
the expression of NODAL and ALK7 is crucial in gyneco‑
logical diseases (29). However, to the best of our knowledge, 
the expression of NODAL and ALK7 in EC and whether 
NODAL affects EC cell proliferation, invasion, migration and 
apoptosis has not been previously reported. The results of the 
present study indicated that NODAL overexpression activated 
ALK7, inhibited cell proliferation, invasion and migration, 
and promoted apoptosis in EC cells compared with Ov‑NC. 
Additionally, ALK7 inhibition reversed NODAL overexpres‑
sion‑mediated inhibition of EC cell proliferation, invasion 
and migration, and promotion of EC cell apoptosis. Therefore, 
it was hypothesized that anticancer drugs targeting NODAL 
or ALK7 may inhibit tumor cell proliferation, invasion and 
migration, and induce apoptosis by activating NODAL and 
ALK7. The results of the present study were consistent 
with the results of a study conducted by Xu et al (21), which 

investigated NODAL and ALK7 in ovarian cancer. The 
aforementioned study indicated that NODAL inhibited cell 
proliferation and promoted cell apoptosis in ovarian cancer 
by activating ALK7. This finding provided a potential expla‑
nation for the occurrence of endometriosis near the ovaries 
of women with ovarian cancer, indicating an inextricable 
association between the two (30).

In the present study, ALK7 knockdown or inhibition did 
not completely reverse NODAL overexpression‑mediated 
effects on EC cells. It was hypothesized that a potential reason 
was that NODAL acted on EC cells not only via the ALK7 
signaling pathway, but also via other signaling pathways. 
For instance, NODAL promoted renal cell carcinoma cell 
proliferation by activating the Smad and ERK1/2 signaling 
pathways (31). Additionally, NODAL promotes non‑small cell 
lung cancer cell malignancy via activation of the NF‑κB/IL‑6 
signaling pathway (32). Therefore, whether NODAL acts via 
other signaling pathways in EC requires further investigation.

The present study only investigated the effect of the 
NODAL/ALK7 signaling pathway on EC cells. Therefore, 
other mechanisms underlying NODAL in EC cells should 
be explored in future studies. Furthermore, the present study 
only conducted in vitro experiments, but in vivo experiments. 

Figure 5. ALK7 inhibition reverses NODAL overexpression‑mediated promotion of endometrial cancer cell apoptosis. (A) Cell apoptosis was assessed by 
performing TUNEL assays (magnification, x200). (B) Expression levels of apoptosis‑related proteins were measured via western blotting. ***P<0.001 vs Ov‑NC; 
###P<0.001 vs. Ov‑NODAL‑NC; ∆∆P<0.01 and ∆∆∆P<0.001 vs. Ov‑NODAL. ALK7, activin A receptor type 1C; NODAL, nodal growth differentiation factor; 
Ov, overexpression; NC, negative control. 
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Therefore, future studies should investigate the effect of 
NODAL on EC with animal models.

In conclusion, the present study indicated that NODAL 
inhibited EC cell proliferation, invasion and migration, and 
promoted EC cell apoptosis, potentially via activating ALK7. 
Therefore, the present study identified potential novel thera‑
peutic targets for EC.
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