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NR3C2 suppresses the proliferation, migration,
invasion and angiogenesis of colon cancer cells by
inhibiting the AKT/ERK signaling pathway
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Abstract. Nuclear receptor subfamily 3, group C, member 2
(NR3C2) serves an antitumorigenic role in several types of
cancer; however, its role and mechanisms of action in colon
cancer remains to be elucidated. The aim of the present study
was to explore the effects of NR3C2 on the proliferation,
migration, invasion and angiogenesis of colon cancer cells. The
expression levels of NR3C2 in human colon epithelial NCM460
cells (spontaneously immortalized cell line) and colon cancer
cell lines was detected using reverse transcription-quantitative
PCR and western blotting. Cell Counting Kit-8 (CCK-8) and
colony formation assays were used to assess cell viability and
wound healing and Transwell assays were used to detect cell
invasion and migration. ELISA was used to detect the expres-
sion levels of VEGF and tube formation assays were used
to assess angiogenesis. The expression levels of angiogen-
esis-related proteins and AKT/ERK signaling pathway-related
proteins were detected by western blotting. NR3C2 expression
was downregulated in colon cancer cells and overexpression
of NR3C2 inhibited proliferation, colony formation, migration
and invasion of colon cancer cells. Overexpression of NR3C2
inhibited angiogenesis and activity of the AKT/ERK signaling
pathway in colon cancer cells. Thus, it was demonstrated that
NR3C?2 inhibited the proliferation, colony formation, migra-
tion, invasion and angiogenesis of colon cancer cells through
the AKT/ERK signaling pathway. These results may highlight
novel targets for the treatment of colon cancer.
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Introduction

Colon cancer is a common malignant tumor of the digestive
system (1,2). Colon cancer has high morbidity and mortality
rates in developed western countries and is the third commonest
tumor in the world (3-5). However, due to the rapid development
of China's economy and improvements to the living standard
of its citizens, the increases in life pressures and irregular work
and rest patterns of the evolving population, the incidence and
mortality of colon cancer in China are increasing. According
to the latest data released by the National Cancer Center, there
were 387,600 new colorectal cancer (CRC) cases in China in
2015, accounting for 9.87% of all malignant tumor cases (6,7)
and the mortality rate of colon cancer in 2015 was ~8% (8).
At present, the primary treatment for colon cancer is surgery,
supplemented by chemoradiotherapy, gene therapy, targeted
therapy and other modalities; however, the strong invasive and
migratory ability of colon cancer lead to a poor prognosis and
low survival rates (9). Therefore, it is of great significance to
explore the factors and signaling pathways associated with
colon cancer cell proliferation and invasion in order to improve
the clinical treatment of colon cancer and patient prognosis.
Nuclear receptor subfamily 3, group C, member 2 (NR3C2)
is a nuclear transcription factor that encodes the MR protein
(also known as the halocorticoid receptor) (10). NR3C2 is down-
regulated in several types of cancer and has been demonstrated
to serve a tumor suppressor role. In colon cancer, microRNA
(miR)-4709 can promote the proliferation, migration and
invasion of colon adenocarcinoma cells and can target the down-
regulation of NR3C2 (11), indirectly indicating that NR3C2 may
exert a tumor suppressive effect. However, the mechanism of its
role in colon cancer remains to be elucidated. NR3C2 encodes
a corticosteroid receptor, which has been reported to promote
angiogenesis in colon cancer (12). In addition, the AKT/ERK
signaling pathway is an important signaling pathway affecting
angiogenesis (13). Research by Yang et al (14) demonstrated that
NR3C2 can negatively regulate the AKT signaling pathway in
pancreatic cancer. Therefore, the aim of the present study was
to investigate whether NR3C2 can inhibit the proliferation,
migration, invasion and angiogenesis of colon cancer cells
through inhibiting the AKT/ERK signaling pathway, although
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the present study is not the first to detect NR3C2 expression in
colon cancer, it will provide a reference for understanding the
mechanism of NR3C2 in colon cancer.

Materials and methods

Cell culture. Normal colonic mucosa cells (NCM460),
colon cancer cell lines (LoVo, CaCo2, SW1116, SW480 and
HCT-116) and immortalized cell line human umbilical vein
endothelial cells (HUVECs) were obtained from The Cell
Bank of Type Culture Collection of The Chinese Academy of
Sciences. All cells were cultured in the DMEM supplemented
with 10% FBS (both from Gibco; Thermo Fisher Scientific,
Inc.) in a humidified incubator at 37°C with 5% CO,.

Cell viability assay. LoVo cells were plated in a 96-well
plate (5x10° cells/well) and then pre-incubated for 24 h in a
humidified incubator at 37°C with 5% CO,. A total of 10 ul
Cell Counting Kit-8 (CCK-8) solution (Beyotime Institute of
Biotechnology; cat. no. C0037) was added to each well of
the plate. Light absorbance at 450-nm was measured using a
microplate reader (BioTek Instruments, Inc.).

Cell transfection. The NR3C2 overexpression vector,
pcDNA3.1-NR3C2 (Oe-NR3C2), and empty control vector,
pcDNA3.1-NC (Oe-NC), were synthesized by Shanghai
GeneChem Co., Ltd. The cells were inoculated on 12-well
plates at a density of 3x10° cells/well and cultured in a 5% CO,
incubator at 37°C for 24 h. Following incubation, cells were
transfected with the aforementioned plasmids (50 ng/ml) using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocols. Following
transfection for 48 h at 37°C in a 5% CO, humid incubator,
the protein expression level was evaluated by reverse
transcription-quantitative (RT-q) PCR.

Wound healing and Transwell assays. For the wound healing
assays, transfected LoVo cells were cultured in 6-well plates to
70-80% confluency, after which the monolayer was scratched
with a 200-u1 sterile pipette tip. After washing with PBS,
the cells were cultured in serum-free medium and images
were captured at O and 24 h under an optical microscope
(magnification, x100).

For the Transwell assays, the invasive ability of cells was
evaluated using Transwell chambers coated with Matrigel
(BD Biosciences) as previously described (15). Briefly, LoVo
cells (3x10* cells) were plated in the plasma-free medium.
The upper chamber was pre-coated with Matrigel at 37°C
for 30 min (Sigma-Aldrich; Merck KGaA). A total of 0.1 ml
cell suspension was added to the upper chamber and the
lower chamber was filled with medium supplemented with
20% FBS. Cells were cultured for 24 h. Subsequently, the
upper chamber was collected and cleaned and the cells
that had invaded were stained with 0.5% crystal violet
(Sigma-Aldrich; Merck KGaA) at room temperature for
10 min. The stained cells were counted under an optical
microscope (magnification, x200).

Colony formation assay. The cells were inoculated in
6-well plates at the density of 4x10* cells/well for 14 days.

Subsequently, the cells were fixed with 70% ethanol and then
stained with 0.05% crystal violet for 20 min at 37°C. The
number of colonies formed (>50 cells/colony) were counted by
an Olympus BX40 light microscope (Olympus Corporation).

ELISA. An ELISA kit (Nanjing Jiancheng Bioengineering
Institute; cat. no. HO44-1) was used to analyze the levels
of VEGF according to the manufacturer's protocol. Each
group was quantified using an Automatic Microplate Reader
(Syngene).

HUVEC tube formation assay. Matrigel matrix glue, 24-well
culture plates and pipette tips were placed at 4°C overnight.
The culture medium of HUVECsS in each group was changed
to serum-free culture medium for 24 h. Next, the cells were
digested with 0.25% trypsin EDTA solution and were aspi-
rated into a single-cell suspension following termination of
digestion. After counting the number of cells, the cell density
was adjusted to 7.5x10° ml. A total of 250 ul Matrigel was
added to each well of the 24-well plate and the plate was
placed in the incubator at 37°C with 5% CO, with satu-
rated humidity and allowed to cure for 30 min. The culture
medium containing 300 gl serum was mixed with 10 ul
single-cell suspension and then added to the 24-well plates.
After culturing for 10 h, five fields were randomly selected
for observation under an inverted microscope (Olympus
Corporation; magnification, x40).

RT-gPCR. Total RNA from LoVo cells (1x10° cells/well) was
extracted using TRIzol® reagent (Thermo Fisher Scientific,
Inc.). Subsequently, according to the manufacturer's protocol.
RNA concentration and quantification were assessed using a
NanoDrop spectrophotometer (Thermo Fisher Scientific, Inc.).
Following DNase I digestion, total RNA was reverse tran-
scribed into cDNA using a QuantiTect Reverse Transcription
kit (Applied Biosystems; Thermo Fisher Scientific, Inc.),
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: NR3C2 forward, 5'-GATTGACAGTTGGTC
GGC-3' and reverse, 5"“TTAGTCAGCTCAGGCTTGC-3'
and GAPDH forward, 5~AGCCACATCGCTCAGACAC-3'
and reverse, 5'-GCCCAATACGACCAAATCC-3". mRNA
expression levels were quantified using the 2-24°4 method (16)
and normalized to the internal reference gene GAPDH. The
experiments were performed in triplicate.

Total protein extraction and western blotting. Total protein
was extracted from LoVo cells using radioimmunopre-
cipitation assay (RIPA) lysis buffer (Beyotime Institute of
Biotechnology; cat. no. PO013C) and quantified using a
Pierce BCA Protein assay kit (Thermo Fisher Scientific, Inc.).
Following denaturing, electrophoresis was performed using
SDS-PAGE with 12% SDS gels. Following protein transfer to
PVDF membranes, the membranes were blocked in 5% fat-free
milk for 2 h at room temperature. The membranes were incu-
bated with primary antibodies (all purchased from Abcam)
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Figure 1. Overexpression of NR3C2 inhibited the proliferation of LoVo cells. (A) The expressions of NR3C2 in normal intestinal mucosa cells and colon
cancer cell lines (CaCo2, SW1116, SW480, HCT-116 and LoVo) were detected by western blot and RT-qPCR. (B) Expression levels of NR3C2 in the LoVo were
detected by western blot and RT-qPCR. (C) CCK-8 and (D) clone formation assays were performed to determine cell proliferation. ““P<0.01, ““P<0.001 vs.
NCM460 or control; #P<0.01, #"P<0.001 vs. Oe -NC. NR3C2, nuclear receptor subfamily 3, group C, member 2; RT-qPCR, reverse transcription-quantitative

PCR; Oe, overexpression; NC, negative control.

against, NR3C2 (1:5,000; cat. no. ab64457), MMP2 (1:1,000;
cat. no. ab92536), MMP9 (1:1,000; cat. no. ab76003), AKT
(1,000; cat. no. ab18785), phosphorylated (p)-AKT (1:1,000;
cat. no. ab38449), VEGFR2 (1:5,000; cat. no. ab134191),
p-VEGFR2 (1:1,000; cat. no. ab5473), ERK (1:1,000;
cat. no. ab32537), p-ERK (1,000; cat. no. ab194776) and
GAPDH (1:10,000; cat. no. ab181602) overnight at 4°C.
This was followed by incubation with IgG-horseradish
peroxidase-conjugated goat anti-rabbit secondary antibody
(1:3,000; cat. no. ab6721) for 1 h at room temperature. Signals
were visualized using ECL reagent (MilliporeSigma).
Densitometry analysis was performed using ImageJ software
(version 1.46; National Institutes of Health) with GAPDH as
the loading control.

Statistical analysis. All experiments were repeated at least
three times independently and results are expressed as
the mean + standard deviation. Statistical analyses were
performed using SPSS version 19.0 (IBM Corp.). One-way
ANOVA followed by Tukey's post hoc test was used to
compare differences between groups. P<0.05 was considered
to indicate a statistically significant difference.

Results

NR3C?2 expression is downregulated in colon cancer cells.
The expression levels of NR3C2 in normal intestinal mucosa
cells and colon cancer cell lines (CaCo2, SW1116, SW480,
HCT-116 and LoVo) was detected by western blotting and
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Figure 2. Overexpression of NR3C2 inhibitions migration, invasion and angiogenesis of LoVo cells. (A) Wound-healing and Transwell assays were used to
detect cell migration and invasion. (B) Western blotting was used to detect the expression of invasion-related proteins MMP2 and MMP9. (C) Western blotting
was used to detect the expression of invasion-related proteins p-VEGFR2 and VEGFR2. (D) VEGF levels were assessed using ELISA. (E) Tubule formation
experiment was used to detect the angiogenesis of LoVo cells (magnification, x40). “P<0.05,"P<0.01, ““P<0.001 vs. control; “P<0.05,"P<0.01, *#P<0.001 vs.
Oe-NC. NR3C2, nuclear receptor subfamily 3, group C, member 2; p-, phosphorylated; Oe, overexpression; NC, negative control.

RT-qPCR. As demonstrated in Fig. 1A, NR3C2 expression
was downregulated in a variety of colon cancer cells (CaCo2,
SW1116, SW480, HCT-116 and LoVo) and the expression of
NR3C2 was lowest in LoVo cells. Therefore, it was hypoth-
esized that LoVo cells are representative to study the role of
NR3C2 in colon cancer and the LoVo cell line was selected

for all subsequent experiments, which will be conducive to the
significance of experimental results (11,14).

Overexpression of NR3C2 inhibits the proliferation of LoVo
cells. Next, the expression of NR3C2 was increased by transfec-
tion of an Oe-NR3C2 vector into LoVo cells. Compared with the
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Figure 3. NR3C2 inhibits the proliferation and cloning of colon cancer cells through the AKT/ERK signaling pathway. (A) The expressions of p-AKT, AKT,
ERK and p-ERK in LoVo cells were detected by western blotting. (B) The expressions of p-AKT, AKT, ERK and p-ERK in LoVo cells were detected by
western blotting. (C) CCK-8 and assays (D) clone formation were performed to determine the cell proliferation. “P<0.05, “P<0.01, “*P<0.001 vs. Oe-NR3C2
or control; #P<0.001 vs. Oe-NC. NR3C2, nuclear receptor subfamily 3, group C, member 2; p-, phosphorylated; Oe, overexpression; NC, negative control;

IGF, insulin growth factor-1.

Oe-NC group, the expression of NR3C2 in the Oe-NR3C2
group was significantly higher (Fig. 1B). CCK-8 and colony
formation assays were performed to assess cell prolifera-
tion. As demonstrated in Fig. 1C and D, overexpression of
NR3C2 significantly reduced cell viability compared with
the Oe-NC group.

Overexpression of NR3C?2 inhibits migration and invasion
of LoVo cells. Wound healing and Transwell assays were
used to assess cell migration and invasion. As demonstrated
in Fig. 2A, overexpression of NR3C2 significantly reduced
the migration and invasion of LoVo cells. Western blotting

was used to detect the expression of the invasion-related
proteins, MMP2 and MMP9. As demonstrated in Fig. 2B,
overexpression of NR3C2 significantly decreased the expres-
sion of MMP2 and MMP9 compared with the Oe-NC group.

Overexpression of NR3C2 inhibits angiogenesis in LoVo
cells. The expression levels of angiogenesis-related proteins
were detected by western blotting and the results demon-
strated that the expression of phosphorylated- (p-)VEGF
receptor 2 was significantly decreased in the Oe-NR3C2
group (Fig. 2C). VEGF levels detected by ELISA kit
demonstrated that overexpression of NR3C2 inhibited the
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Figure 4. NR3C2 inhibits the migration, invasion and of colon cancer cells through the AKT/ERK signaling pathway. (A) Wound-healing and Transwell
assays were used to detect cell migration and invasion. (B) Western blotting was used to detect the expression of invasion-related proteins MMP2 and MMPO.
(C) Western blotting was used to detect the expression of invasion-related proteins p-VEGFR2 and VEGFR2. (D) VEGEF levels were assessed using ELISA.
(E) Tubule formation experiment was used to detect the angiogenesis of LoVo cells. “P<0.01, “*P<0.001 vs. Oe-NR3C2. NR3C2, nuclear receptor subfamily 3,
group C, member 2; p-, phosphorylated; Oe, overexpression; NC, negative control; IGF, insulin growth factor-1.

expression of VEGF (Fig. 2D). The results of the tube forma-
tion assays further demonstrated that NR3C2 overexpression
inhibited angiogenesis in colon cancer cells (Fig. 2E).

Overexpression of NR3C2 inhibits the AKT/ERK signaling
pathway in colon cancer cells. Yang et al (14) demonstrated
that NR3C2 can negatively regulate the AKT signaling
pathway; thus, western blotting was used to detect the
expression levels of proteins associated with the AKT/ERK
signaling pathway. Compared with the Oe-NC group, the over-
expression of NR3C2 significantly reduced the expression of
p-AKT and p-ERK (Fig. 3A).

NR3C2 inhibits the proliferation and colony formation of
colon cancer cells through the AKT/ERK signaling pathway.
To further investigate the role of NR3C2 in colon cancer, AKT

agonist insulin growth factor-1 (IGF-1; 10 nM) was added to
the medium. Western blotting demonstrated that overexpres-
sion of NR3C2 inhibited the expression of p-AKT and p-ERK
and this was reversed by IGF-1 (Fig. 3B). CCK-8 and colony
formation assays were used to assess cell proliferation and
the results demonstrated that both were reduced by NR3C2
overexpression and increased by IGF-1 treatment (Fig. 3C-D).

NR3C?2 inhibits the migration and invasion of colon cancer
cells via the AKT/ERK signaling pathway. Transwell and
wound healing assays were used to detect cell invasion and
migration and it was found that NR3C2 overexpression could
inhibit the metastasis of LoVo cells, whereas IGF-1 treatment
enhanced invasion and migration (Fig. 4A). AKT is located
upstream of ERK, so AKT/ERK can act as a cascade reac-
tion to regulate the expression of MMPs (17), as demonstrated
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in Fig. 4B, NR3C2 overexpression inhibited the expression of
metastasis-related proteins MMP2 and MMP9 in LoVo cells
and IGF-1 treatment increased the expression of MMP2 and
MMP9 (Fig. 4B). As demonstrated in Fig. 4C, IGF-1 markedly
increased the expressions of p-VEGFR2 compared with the
0Oe-NR3C2 group by western blot. in addition, VEGF levels
detected by ELISA kit demonstrated that overexpression of
NR3C2 inhibited the expression of VEGF, which reversed
by IGF-1 (Fig. 4D). Tubule formation test was used to detect
angiogenesis. Compared with the control group, tubule
formation rate of HUVEC in Oe-NR3C2 group was signifi-
cantly decreased and tubule formation rate was significantly
increased after IGF-1 was added (Fig. 4E). Taken together,
NR3C?2 inhibits the migration, invasion and of colon cancer
cells through the AKT/ERK signaling pathway.

Discussion

The present study demonstrated that NR3C2 expression was
downregulated in colon cancer cells. It has been demonstrated
that the expression of NR3C2 is higher in normal tissues
compared with cancerous tissues (14). Patients with CRC
with upregulated expression of NR3C2 have a longer 5-year
overall survival (OS) rate, earlier-stage disease and lower rate
of lymphatic and distant metastasis (11). Colon cancer is more
common than rectal cancer and, consistent with the findings of
the present study, the 5-year OS rate of colon cancer has been
found to be higher than that of rectal cancer (6,18). Several
studies have demonstrated that NR3C2 is a tumor suppressor
gene and NR3C2 expression of the MR protein can inhibit
angiogenesis and, thus, inhibit the progression of colorectal
tumors (12). In other tumors, such as pancreatic cancer,
NR3C2 also acts as a tumor suppressor gene, which can inhibit
the proliferation and EMT of pancreatic cancer cells and
increase sensitivity to certain chemotherapeutic agents (14,19).
In hepatocellular carcinoma, NR3C2 can regulate the
[-catenin signaling pathway to reduce the proliferation- and
invasion-promoting effects of miR-766 on hepatocellular
carcinoma cells (20). In renal cancer, the overexpression of
NR3C2 is demonstrated to inhibit the proliferation, migration
and other activities of renal cancer cells (21). Thus, it may be
hypothesized that NR3C2 may act as a tumor suppressor gene
in CRC and inhibit the occurrence and development of CRC
to some extent. The present study also confirmed that overex-
pression of NR3C2 inhibited proliferation, colony formation,
migration and invasion of colon cancer cells. Overexpression
of NR3C2 inhibited angiogenesis in colon cancer cells.
During tumor progression, pathological vascular growth is
in a state of activation, which promotes the distal metastasis of
tumor cells (22). VEGFA can effectively promote cell division
and proliferation of tumor cells during tumor growth, inva-
sion and metastasis (23). Clinical studies have demonstrated
that the expression levels of VEGFA in the serum of patients
with CRC is closely associated with the state of angiogen-
esis and is an independent predictor of prognosis (23,24).
The MAPK/ERK and PI3K/AKT signaling pathways serve
important roles in vascular endothelial cell growth and
angiogenesis of tumor cells (25). Studies have demonstrated
that decreased VEGFA expression can inhibit the activation
of the MAPK/ERK and PI3K/AKT signaling pathways,

thus serving an anti-angiogenic role (26,27). Angiogenesis
is important for tumor growth and metastasis. Studies have
demonstrated that the expression levels of VEGF in the tissues
of patients with cancer is significantly higher compared with
that in normal tissues (28). VEGF promotes angiogenesis by
activating proliferation and invasion of vascular endothelial
cells through AKT/PI3K/MAPK signaling (29). In the present
study, overexpression of NR3C2 significantly reduced the
expression levels of migration and invasion related proteins
MMP2 and MMP9, which might be due to the fact that AKT
was located upstream of ERK and AKT/ERK could regulate
the expression of MMPs as a cascade reaction (17). Therefore,
NR3C2 overexpression might inhibit the malignant process
of colon cancer cells through AKT/ERK signaling pathway,
which provided a reference for studying the mechanism of
NR3C2 in colon cancer.

Although the present study obtained some meaningful
results, there were some shortcomings, which could serve as
the direction of future research. First, the expression level of
NR3C2 was only detected in colon cancer cells, while the
expression level in colon cancer tissues needs further inves-
tigation. Second, another colon cancer cell with low NR3C2
expression should be selected to further confirm the results
of the present study. Third, it is necessary to fully discuss
the relationship between NR3C2 and AKT/ERK signaling
pathway through another agonist. Fourth, the results of the
present study demonstrated that NR3C2 was downregulated in
colon cancer cells, but the reason for its differential expression
in different types of colon cancer cells needs further investiga-
tion, Finally, it should be emphasized that in future research
it will be worthwhile to further detect cell activation and
proliferation under NR3C2 inhibition on the basis of NR3C2
overexpression colon cancer cell.

In conclusion, the present study demonstrated that NR3C2
expression was downregulated in colon cancer tissues and
that overexpression of NR3C2 inhibited the proliferation,
migration, invasion and angiogenesis of colon cancer cells.
In addition, NR3C2 affected the proliferation, migration,
invasion and angiogenesis of colon cancer cells through the
AKT/ERK signaling pathway. These findings may highlight
novel targets for the treatment of colon cancer.
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