
Molecular Medicine REPORTS  24:  700,  2021

Abstract. N‑methyl D‑aspartate receptors (NMDARs) are 
closely associated with the development, growth and metas‑
tasis of cancer. Glutamate receptor, ionotropic, N‑methyl 
D‑aspartate‑associated protein 1 (GRINA) is a member of 
the of the NMDAR family, and its aberrant expression is 
associated with gastric cancer. However, the role of GRINA 
in colorectal cancer (CRC) is not completely understood. In 
the present study, expression profiles of GRINA in several 
CRC databases were obtained and further verified using 
clinical CRC samples. The effects of GRINA overexpression 
on CRC progression both in vivo and in vitro were assessed. 
Briefly, cell proliferation was detected using MTT assay, and 
cell migration and invasion ability were evaluated by wound 
healing and Transwell assay. In addition, the molecular 
mechanism underlying the upregulated expression of GRINA 
in CRC was investigated. The regulatory association between 
GRINA and miR‑296‑3p was detected by luciferase assay, 
reverse transcription‑quantitative PCR and western blotting. 
The results demonstrated that GRINA expression levels were 
significantly increased in tumor samples compared with those 
in healthy samples, and upregulated expression of GRINA was 
associated with a less favorable prognostic outcome in patients 
with CRC. GRINA overexpression significantly increased 

CRC cell proliferation, invasion and migration. Additionally, 
it was determined that GRINA was post‑transcriptionally 
regulated by microRNA (miR)‑296‑3p. Together, the results 
of the present study suggested the potential importance of 
the miR‑296‑3p/GRINA axis and highlighted potential novel 
targets for the management of CRC.

Introduction

Colorectal cancer (CRC) is common type of cancer worldwide. 
Over the last few decades, there have been notable advances in 
the diagnosis and treatment of CRC (1,2); however, In China, 
the incidence and mortality rates of CRC were 376 and 191 
per 10,000, respectively, in 2015 and have been increasing 
gradually over the past decade  (3). Therefore, there is an 
urgent need to discover new and effective molecular targets 
for improving the prognostic outcomes of patients with CRC.

GRINA is a member of the N‑methyl D‑aspartate receptor 
(NMDAR) family and is located on chromosome 8q24.3 (4). 
An increasing number of studies have reported the association 
between NMDAR expression and cancer development (5‑7). 
NMDAR inhibition in small cell lung and breast cancer 
promotes cancer cell apoptosis (5,6). In addition, NMDARs 
have been suggested as candidate therapeutic targets for the 
management of ovarian cancer (6). In gastric cancer (GC), 
GRINA expression is upregulated, which enhances GC 
progression and suppresses apoptosis (7). However, the role of 
GRINA in CRC is not completely understood.

The present study aimed to examine the expression levels 
of GRINA in CRC tissues and cells, and to determine its prog‑
nostic value in patients with CRC. Additionally, the effects of 
GRINA on CRC cell proliferation, invasion and migration, as 
well as the mechanism underlying GRINA upregulation in 
CRC were assessed.

Materials and methods

Patients and tissue samples. Between September 2008 and 
December 2009, CRC tissues and corresponding non‑carci‑
noma samples (distance from tumor margin, ≥5 cm) were 
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collected from 167  patients with CRC receiving surgical 
resection at The Affiliated Hospital of North Sichuan Medical 
College (Nanchong, China). The age and sex distribution 
of patients with CRC are shown in Table  SI. Among the 
167 patients, six patients developed distant metastases and 
were excluded from the study, as such a small sample size 
was not significant. All enrolled patients had not received any 
adjuvant therapies prior to surgery. The tissues were immersed 
in liquid nitrogen immediately after resection and then stored 
at ‑80˚C until subsequent analysis. The present study was 
approved by the Medical Ethics Committee of North Sichuan 
Medical College [approval no. 2021ER(A)006]. All patients 
provided written informed consent for participation in the 
present study. To evaluate postoperative survival, all CRC 
cases were periodically followed up for 11‑132 months. The 
detailed clinical characteristics of the enrolled patients are 
presented in Table SI.

Bioinformatic analysis. GRINA expression profiles in solid 
tumors were compared with matched non‑carcinoma samples 
based on data obtained from The Cancer Genome Atlas 
(TCGA). In addition, the FireBrowse (firebrowse.org) portal 
in TCGA was used for selecting and analyzing data  (8). 
The University of California Santa Cruz Xena browser 
(xenabrowser.net) was used to analyze GRINA mRNA expres‑
sion and copy number alterations (CNAs) in the TCGA‑derived 
primary CRC cases (9). For improved validation of the GRINA 
mRNA expression levels within CRC samples, GRINA was 
analyzed in Oncomine (oncomine.org), an online database 
that contains previously published and publicly available 
microarray data (10). To validate the survival analysis results, 
Kaplan‑Meier curves of overall survival (OS) were obtained 
from The Human Protein Atlas database (THPA; proteinatlas.
org)  (11). TargetScan (targetscan.org/vert_71/), starBase 
(starbase.info/) and Pictar (pictar.mdc‑berlin.de/) were used 
to predict the miRNA most likely to bind to the mRNA of 
GRINA.

Cell culture. The normal colonic epithelial cell line FHC, 
293T cells and five human CRC cell lines (SW480, SW620, 
HT29, LoVo and HCT116) were purchased from American 
Type Culture Collection. The 293T and CRC cell lines were 
cultured in DMEM (Invitrogen; Thermo Fisher Scientific, 
Inc.) supplemented with 10% FBS (Invitrogen; Thermo Fisher 
Scientific, Inc.). The FHC cell line was cultured in DMEM:F12 
(Sigma‑Aldrich; Merck KGaA; cat. no. D8437) supplemented 
with 10% FBS. All cells were maintained in a humidified 
incubator at 37˚C with 5% CO2. The vendors stated the iden‑
tity of the cells had been confirmed using STR profiling and 
were free of mycoplasma contamination. The HT‑29 cell line 
was also identified by STR profiling in our laboratory. STR 
markers were analyzed (Amelogenin, CSF1P0, D2S1338, 
D3S1358, D5S818, D7S820, D8S1179, D13S317, D16S539, 
D18S51, D19S433, D21S11, FGA, Penta D, Penta E, TH01, 
TPOX and vWA).

Immunohistochemical staining and evaluation. CRC tissue 
was collected from patients with CRC, fixed with 4% para‑
formaldehyde for 12 h at room temperature and embedded 
in paraffin. Paraffin‑embedded CRC tissues were sectioned 

into 4‑µm thick slices. After baking at 60˚C for 2 h, the tissue 
sections were deparaffinized using dimethylbenzene and rehy‑
drated using a descending alcohol gradient. The sections were 
incubated with 0.3% hydrogen peroxide at room temperature for 
30 min and then blocked using 10% BSA (Sangon Biotech Co., 
Ltd.) for 1 h at room temperature. Subsequently, the sections 
were incubated overnight at 4˚C with a rabbit anti‑GRINA 
antibody (1:50; cat. no. ab216953; Abcam), followed by incuba‑
tion with an HRP‑conjugated secondary antibody (1:100; goat 
Anti‑Rabbit IgG H&L; cat. no. ab205718; Abcam) at 37˚C for 
2 h. To develop signals, the tissues were stained with DAB 
(OriGene Technologies, Inc.) at room temperature for 1 h. For 
counterstaining, tissues were stained with hematoxylin for 
1 min at room temperature. All sections were dehydrated and 
sealed. Stained tissues were observed and imaged using a light 
microscope (Carl Zeiss AG). Sections labeled with rabbit IgG 
(cat. no. #A7016; Beyotime Institute of Biotechnology) as the 
primary antibody were used as negative controls and known 
GRINA positive slides were used as positive controls. Scoring 
was performed based on the ratio of positively stained cells 
(0, 0‑5%; 1, 6‑35%; 2, 36‑70%; and 3, >70%) and the staining 
intensity (0, no staining; 1, weakly stained; 2, moderately 
stained; and 3, strongly stained), as previously described (12). 
The final score was determined by multiplying the score of 
the percentage of the positive cells by the score of the staining 
intensity, and final scores were defined as follows: ‑,0‑1; +, 2‑3; 
++, 4‑6; and +++, >6. Low expression was defined as a total 
score <4, whereas high expression was defined as a total score 
≥4. The tissues were scored by two experienced pathologists 
independently.

Oligonucleotides and plasmid transfection. MicroRNA 
(miR/miRNA)‑296‑3p mimics (5'‑GAG​GGU​UGG​GUG​GAG​
GCU​CUC​C‑3'), miR‑296‑3p inhibitor (anti‑miR‑296‑3p; 
5'‑GGA​GAG​CCU​CCA​CCC​AAC​CCU​C‑3'), miR‑negative 
control (NC) mimics (5'‑UUC​UCC​GAA​CGU​GUC​ACG​U‑3') 
and anti‑miR‑NC (5'‑UUU​GUA​CUA​CAC​AAA​AGU​ACU​G‑3') 
were provided by Guangzhou RiboBio Co., Ltd. The open 
reading frame of GRINA was amplified by PCR using primers 
containing KpnI and EcoRI restriction sites and subcloned into 
vector pcDNA 3.1(+) (BioVector NTCC, Inc.) to generate the 
construct pcDNA‑GRINA with no 3'‑UTR. The empty vector 
(NC plasmid) served as a negative control. The primers used 
were as follows: Forward, 5'‑GGA​TCC​GCC​ACC​ATG​TCC​
CAT​GAA​AAG​AGT​TTT​TTG ‑3' and reverse, 5'‑CAC​AAC​
TCG​AGC​TAC​TCC​TTG​GCG​CGG​CCA​ATG​AT‑3'. Cell trans‑
fections were performed using Lipofectamine® 2000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. In brief, 2x105 LoVo cells were cultured 
in 6‑well plates at 37˚C until they reached 60‑70% confluence. 
Then ~5 µg corresponding transfectant (miR‑296‑3p or miR‑NC 
mimics, pcDNA3.1‑GRINA or pcDNA3.1‑NC plasmid) 
was added. Cells were collected for subsequent experiments 
following 24 h co‑culture at 37˚C.

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA 
(including miRNA) was isolated from cells (SW480 or 
LoVo) and tissues using TRIzol® (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. To 
reverse transcribe miRNA to cDNA, the TaqMan miRNA 
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Reverse Transcription kit (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) with miR‑296‑3p specific primers 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) was used 
according to the manufacturer's protocol. To determine the 
expression levels of mature miR‑296‑3p, qPCR was performed 
using TaqMan miRNA assays (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). To reverse transcribe mRNAs to 
cDNA, the PrimeScript RT Reagent kit (Takara Bio, Inc.) was 
used according to the manufacturer's protocol. To determine 
GRINA mRNA expression levels, qPCR was performed using 
SYBR Premix Ex Taq II (Takara Bio, Inc.) and an ABI 7500 
Real‑Time PCR system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). The following thermocycling conditions were 
used for qPCR: 95˚C for 10 min; followed by 40 cycles of 95˚C 
for 30 sec, 60˚C for 30 sec and 72˚C for 30 sec and final exten‑
sion at 72˚C for 2 min. Samples without cDNA template were 
used as the NCs. The sequences of the primers used for qPCR 
were as follows: miR‑296‑3p forward, 5'‑ACT​TTG​GGT​GGA​
GGC​TCT​CC‑3' and reverse, 5'‑CTG​GTG​TCG​TGG​AGT​CGG​
CAA​TT‑3'; U6 forward, 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' 
and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'; GRINA 
forward, 5'‑GGA​TGA​TCG​CCA​GCT​TCT​AC‑3' and reverse, 
5'‑GCG​AAG​ATG​AAG​AGC​ACC​AC‑3'; β‑actin forward, 
5'‑CCA​AGG​CCA​ACC​GCG​AGA​AGA​TGA​C‑3' and reverse, 
5'‑AGG​GTA​CAT​GGT​GGT​GCC​GCC​AGA​C‑3'. miRNA and 
mRNA relative expression levels were calculated using the 
2‑ΔΔCq method (13) and normalized to the internal reference 
genes U6 and GAPDH, respectively.

Lentivirus constructs. The plasmid (pLX304‑Blast‑V5) 
containing GRINA‑HA and the NC plasmid were provided 
by Asia‑Vector Biotechnology (Shanghai) Co., Ltd. The 
shRNA‑containing plasmids (pGIZP‑gfp‑puro) and NC plasmid 
were purchased from Shanghai GenePharma Co., Ltd. The 
sequences of the short hairpin RNAs (shRNAs) are presented 
in Table SII. To generate stable cell lines, the pPACKH1 HIV 
Lentivector Packaging kit (System Biosciences, LLC) was used 
according to the manufacturer's instructions. Briefly, 1.0 µg 
GRINA‑HA‑ or shRNA‑containing plasmids (corresponding 
control plasmid) and 5.0 µg pPACKH1 (3rd generation pack‑
aging system) packaging plasmid mix (pPACKH1‑GAG, 
pPACKH1‑REV and pVSV‑G plasmids) were transfected 
into 293T cells. After 24 h, the collected culture media was 
mixed with PEG‑it Reagent (System Biosciences) and incu‑
bated overnight at 4˚C to concentrate the viruses. The culture 
medium containing virions was centrifuged at 72,000 x g for 
120 min at 4˚C. The centrifuged pellet was resuspended in 1X 
phosphate‑buffered saline and aliquots were stored at ‑80˚C. 
The viruses were transduced into SW480 or LoVo cells using 
polybrene (8 mg/ml; Sigma‑Aldrich; Merck KGaA) at MOI=20. 
After 24 h, the medium containing virus were replaced with 
fresh complete medium. Stably transfected SW480 or LoVo 
cells were selected by adding puromycin (6 µg/ml) in medium 
and the maintenance concentration of puromycin in transfected 
cells was 3 µg/ml. Successful transfection was confirmed using 
RT‑qPCR and western blotting.

Cell proliferation analysis. MTT cell proliferation assays were 
performed to assess cell proliferation. Briefly, 100 µl trans‑
fected cells (SW480 or LoVo; 5x103 cells/well) were plated 

in 96‑well plates. After incubation for 24, 48, 72 or 96 h, 
5 mg/ml MTT solution (20 µl) was added to each well and 
incubated for a further 4 h. Subsequently, the MTT solution 
was removed and 150 µl DMSO was added. Absorbance was 
measured at a wavelength of 490 nm using a SpectraMax M5 
microplate reader (Molecular Devices LLC). The experiment 
was performed in quintuplicate and repeated twice.

Wound healing assay. Transfected cells (SW480 or LoVo) 
were plated into 6‑well plates and cultured at  37˚C in 
DMEM containing 1% FBS until they reached 100% conflu‑
ency. Subsequently, a pipette tip was used to scrape the cell 
monolayer to generate a linear cell wound, and floating cells 
were gently washed twice with DMEM. Cells were cultured 
at 37˚C in DMEM (1% FBS) for 24 h. The cells migrating into 
the wounded areas were observed using a light microscope 
(magnification, x20) at 0 and 24 h. Wound healing was assessed 
using MShot Image Analysis system  1.3.10 (Guangzhou 
Mingmei PhotoelectricTechnology Co, Ltd.). Each experiment 
was repeated three times.

Matrigel invasion assays. Transwell inserts (pore size, 8 µm; 
Corning, Inc.) were coated with Matrigel (BD Biosciences) 
for 30 min at 37˚C. Subsequently, transfected cells (SW480 
or LoVo) (1x105 cells/well) in serum‑free medium were plated 
into the upper chamber of the Transwell inserts in a 24‑well 
plate. The lower chamber was filled with medium supple‑
mented with 10% FBS. Following incubation for 24 h at 37˚C, 
cells in the lower chamber were fixed in 10% formalin at 25˚C 
for 10 min and stained with 0.1% crystal violet at 25˚C for 
5 min and counted using an inverted light microscope (magni‑
fication, x20; Olympus Corporation). All experiments were 
repeated three times.

In vivo xenograft experiments. A total of 18 female BALB/C 
nude mice (age, 4 weeks; weight, ~20 g) were provided by 
Shanghai SLAC Laboratory Animal Co., Ltd. Animals 
maintained under standard animal housing conditions (24˚C, 
60% humidity, 12‑h light/dark cycle, free access to food and 
purified water) and were randomly assigned to one of two 
groups (n=4 per group; shGRINA and sh‑NC group). The 
animal experiments were approved by the Experimental 
Animal Ethics Committee of North Sichuan Medical College 
(approval no. 20190907). The nude mice were subcutaneously 
injected with shGRINA or shNC‑transfected LoVo cell suspen‑
sion (1x106 cells/ml) in 200 µl serum‑free medium through the 
lower back. After 4 weeks, all animals were sacrificed, the 
tumors were resected and tumor weight was measured. Mice 
were euthanized by the intraperitoneal injection of sodium 
pentobarbital (200 mg/kg). Tumor volume was determined 
as follows: Volume (cm3)=length x width2/2, where both 
length and width were measured in cm. The maximum tumor 
diameter was 1.3 cm and the maximum tumor volume was 
1.2 cm3. For tail vein metastasis, nude mice (n=5 per group) 
were injected with sh‑GRINA‑ or sh‑Ctrl‑transfected LoVo 
cells (2x106) through the tail vein. After 8 weeks, the animals 
were sacrificed and the lung tissues were removed. Following 
paraffin embedding, pathological examination was performed. 
A dissection microscope was used to count the tumor metas‑
tases in the lungs (magnification, x20).
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Luciferase reporter assay. In the luciferase reporter assays, 
the mutant‑type (MUT) or wild‑type (WT) 3'‑untranslated 
region (3'‑UTR) of GRINA was subcloned into the empty 
psicheck‑2 vector (Promega Corporation) at the XhoI‑NotI 
restriction sites to produce the psicheck‑2‑GRINA‑3'‑UTR 
MUT and WT plasmids, respectively. Specific fragments 
were amplified from human genomic DNA extracted 
from nucleated cells using a genomic DNA extraction kit 
(ab156900; Abcam). The primers used were GRINA‑WT 
forward, 5'‑CAC​AAC​TCA​GCT​CGC​TGT​GCC​CGC​TCA​
GGT‑3' and reverse, 5'‑CAC​AAC​ACA​ATC​ACT​GAC​AAC​
AAC​CCC​ATT‑3'; GRINA‑MUT forward, 5'‑AGG​ATC​GGA​
CTC​TCG​TTG​GGA​CCT​GTA​TGT​ACA​CTG​CAG​A‑3' and 
reverse, 5'‑ ACA​GGT​CCC​AAC​GAG​AGT​CCG​ATC​CTT​TTC​
CCT​AGG​CTGT‑3'. PCR was performed using Takara LA Taq 
polymerase and PCR system (Takara Biotechnology Co., Ltd.). 
The thermocycling conditions were as follows: Initial dena‑
turation at 94˚C for 5 min; followed by 35 cycles of 94˚C for 
30 sec, 60˚C for 30 sec and 72˚C for 40 sec and final extension 
at 72˚C for 5 min. To perform the luciferase reporter assays, 
293T cells (1x105 cells/well) were plated into a 24‑well plate. 
Subsequently, 293T cells were co‑transfected with 2 ng pRL‑TK 
(Promega Corporation), 200 ng psicheck‑2‑GRINA‑WT or 
psicheck‑2‑GRINA‑MUT and 40 nM miR‑NC/miR‑296‑3p 
or anti‑miR‑NC/anti‑miR‑296‑3p using Lipofectamine® 
2000. Then, cells were transfected at 37˚C for 48 h. At 48 h 
post‑transfection, cells were collected and luciferase activities 
were measured using the Dual‑Luciferase Reporter assay 
system (Promega Corporation) according to the manufacturer's 
protocol. Firefly luciferase activities were normalized to 
Renilla luciferase activities.

Western blotting. Total protein was extracted from cells 
(transfected SW480 or LoVo) using RIPA lysis buffer 
(Beijing Solarbio Science & Technology Co., Ltd.) containing 
proteinase inhibitors. Protein concentrations were deter‑
mined using the BCA method. Proteins (50 µg/lane) were 
separated via 10% SDS‑PAGE and transferred onto PVDF 
membranes. Following blocking with 5% skimmed milk for 
1.5 h at room temperature, the membranes were incubated 
overnight at 4˚C with primary antibodies targeted against: 
GRINA (rabbit; 1:1,000; cat. no. AP13558c; Abgent, Inc.) or 
GAPDH (mouse; 1:1,000; cat. no. AM1020b; Abgent, Inc.). 
Subsequently, the membranes were incubated with horseradish 
peroxidase‑conjugated anti‑rabbit (1:5,000; cat. no. sc‑2357; 
Santa Cruz Biotechnology, Inc.) and anti‑mouse (1:10,000; 
cat. no. Sc‑2005; Santa Cruz Biotechnology, Inc.) secondary 
antibodies for 1 h at 37˚C. Protein bands were visualized using 
ECL (EMD Millipore). Protein expression was semi‑quantified 
using ImageJ software (version 1.8.0; National Institutes of 
Health) with GAPDH as the loading control.

Statistical analysis. Continuous variables are presented as the 
mean ± SD. The χ2 test was used to examine the association 
between GRINA expression levels and the clinicopathological 
features of patients with CRC. Comparisons between two groups 
were analyzed using the Student's t‑test or Mann‑Whitney 
U test. Comparisons among multiple groups were analyzed 
using one‑way ANOVA followed by Dunnett's or Tukey's 
post hoc test. The Kaplan‑Meier method was used to analyze 

survival following surgery and a log‑rank test was used for 
comparison of survival. Spearman's correlation analysis was 
used to determine the correlation between miR‑296‑3p and 
GRINA expression in CRC samples. Statistical analyses were 
performed using SPSS software (version 19; IBM Corp.). R 
(version 3.5.2: r‑project.org/) and GraphPad Prism (version 6; 
GraphPad Software, Inc.) were used to prepare the graphs. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

GRIN expression is significantly upregulated in CRC tissues 
compared with healthy tissues. The differential expression of 
GRINA at the mRNA level was detected by comparing cancer 
samples with healthy samples in FireBrowse. GRINA expres‑
sion was upregulated by ~3x in CRC samples compared with 
the corresponding healthy samples (Fig. 1).

In samples obtained from TCGA and Oncomine, GRINA 
mRNA expression was significantly increased in CRC samples 
compared with healthy samples (Fig. 2A and B). Additionally, 
it was shown that the amplification was associated with higher 
mRNA expression levels of GRINA (Fig. 2A).

To validate the results of the bioinformatics analysis, 
161 pairs of freshly resected CRC and healthy samples were 
obtained to assess the GRINA mRNA and protein expression 
levels. GRINA expression levels in the tumor samples were 
higher compared with the healthy samples (Fig. 2C and D), 
which was consistent with the bioinformatics analysis.

The correlation between the OS of patients and GRINA 
expression was examined using the Kaplan‑Meier method. A 
total of 161 patients with CRC were categorized into high or low 
groups based on the median mRNA expression level of GRINA. 
The median GRINA mRNA expression level was 14.352 
(4.256‑23.364). Kaplan‑Meier survival analysis demonstrated 
that GRINA mRNA expression was significantly associated 
with the OS of patients with CRC. Specifically, upregulated 
expression of GRINA was associated with a worse OS (Fig. 2F). 
This result was confirmed using the Kaplan‑Meier survival 
analysis on the data obtained from THPA (Fig. 2E).

Association between GRINA expression and the clinico‑
pathological factors of patients with CRC. To determine 
the value of GRINA in clinical and pathological diagnosis, 
immunohistochemical staining of the 161 CRC samples was 
performed. The association between GRINA expression 
and the clinicopathological characteristics of the patients is 
presented in Table I . GRINA expression was significantly 
associated with age (P=0.045), American Joint Committee on 
Cancer stage (P=0.011) and lymphatic invasion (P=0.0001), 
but not sex, T stage, differentiation or tumor location.

GRINA promotes CRC cell proliferation, migration and 
invasion in vitro. RT‑qPCR was performed to examine the 
mRNA expression levels of GRINA in the normal colonic 
FHC cell line and the five CRC cell lines (HT29, HCT116, 
LoVo, SW480 and SW620). GRINA expression was signifi‑
cantly higher in the five CRC cell lines compared with that 
in FHC cells (Fig.  3A). Among the five CRC cell lines, 
GRINA expression was notably higher in LoVo and SW620 
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cells compared with that in HT29, HCT116 and SW480 cells 
(Fig. 3A). Therefore, SW480 and LoVo cells were used for 
subsequent in vitro experiments. Lentiviral transfection was 
performed to overexpress GRINA expression in SW480 cells 
and knock down GRINA expression in LoVo cells. RT‑qPCR 
and western blotting were performed to verify successful 
GRINA overexpression and knockdown (Fig. 3B and C).

MTT, wound healing and Matrigel invasion assays were 
performed to assess the effect of GRINA on CRC cell prolif‑
eration, migration and invasion, respectively. The results 
suggested that GRINA overexpression significantly increased 
SW480 cell proliferation, migration and invasion compared 
with the NC group (Fig. 3D, F and H). Conversely, GRINA 
knockdown significantly suppressed LoVo cell growth, 
migration and invasion compared with the shNC group 
(Fig. 3E, G and I). Thus, the results indicated that GRINA 
served a tumor‑promoting effect on CRC cells.

GRINA promotes LoVo cell growth and metastasis in vivo. 
To determine the effect of GRINA on tumor growth in vivo, 
a BALB/C xenograft nude mouse model was used, in which 
mice were transplanted with shGRINA‑ or shNC‑transfected 
LoVo cells. After 4 weeks, the shGRINA group presented 
with significantly smaller and lighter tumors compared with 
those obtained from mice in the shNC group (Fig. 4A‑C). To 
assess metastasis, the shNC‑ and shGRINA‑transfected LoVo 
cells were injected into nude mice via the tail vein. At 8 weeks 
post‑injection, the number of metastatic lesions in the lungs 
was counted. As shown in Fig. 4D, the shNC group displayed 
a larger metastatic lesions in the lung compared with the 
small lesions observed in the shGRINA group. In addition, 
the shGRINA group displayed significantly fewer metastatic 
lesions compared with the shNC group (Fig. 4E). These results 
were consistent with the in vitro results, further confirming the 
role of GRINA in the development of CRC.

miR‑296‑3p directly targets GRINA in CRC cells. The 
roles of various miRNAs as vital regulatory factors in the 

development and progression of CRC have previously been 
identified (14). However, their specific roles in the regula‑
tion of CRC invasion and metastasis are not completely 
understood. Previous studies have demonstrated that 
miR‑296 inhibits CRC progression by targeting different 
genes (15,16). Several online tools, including TargetScan, 
starBase and Pictar, were used in the present study to predict 
the miRNA most likely to bind to the mRNA of GRINA. The 
results suggested the direct binding of miR‑296‑3p to the 
133‑139 position in the 3'‑UTR of GRINA mRNA (Fig. 5A). 
Interestingly, GRINA mRNA expression was negatively 
correlated with miR‑296‑3p expression (Fig. 5B). The binding 
between GRINA and miR‑296‑3p was confirmed using a dual 
luciferase reporter assay. The WT or MUT 3'‑UTR GRINA 
luciferase reporter gene was co‑transfected into 293T cells 
with miR‑296‑3p mimics, miR‑NC, anti‑miR‑296‑3p or 
anti‑miR‑NC. Compared with the miR‑NC and anti‑miR‑NC 
groups, respectively, miR‑296‑3p overexpression signifi‑
cantly reduced luciferase activity, whereas miR‑296‑3p 
knockdown significantly increased the luciferase activity 
of the WT 3'UTR (Fig. 5C and D). Moreover, the functions 
of miR‑296‑3p mimics and anti‑miR‑296‑3p were abolished 
by co‑transfection with the MUT 3'‑UTR (Fig. 5C and D), 
further confirming binding between miR‑296‑3p and 
GRINA mRNA. miR‑296‑3p inhibitor or mimics were 
transiently transfected into cells to regulate miR‑296‑3p 
expression levels. RT‑qPCR was performed to confirm 
successful transfection (Fig. 5E and F). Compared with the 
anti‑miR‑NC and miR‑NC groups, respectively, miR‑296‑3p 
knockdown upregulated GRINA mRNA and protein expres‑
sion in SW480 cells, whereas miR‑296‑3p overexpression 
decreased GRINA expression in LoVo cells (Fig. 5G and H). 
Collectively, these results suggested that miR‑296‑3p regu‑
lated GRINA expression through direct interaction with the 
3'‑UTR in CRC.

miR‑296‑3p suppresses CRC cell proliferation and invasion 
via GRINA. To further investigate the roles of GRINA and 

Figure 1. GRINA mRNA expression levels in a range of solid tumor samples and matched non‑carcinoma samples based on bioinformatics analysis. GRINA, 
glutamate receptor, ionotropic, N‑methyl D‑aspartate‑associated protein 1; RSEM, RNA‑Seq by Expectation‑Maximization; BRCA, breast invasive carci‑
noma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; COADREAD, colon adenocarcinoma/rectum adenocarcinoma; HNSC, head and neck 
squamous cell carcinoma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; PAAD, pancreatic 
adenocarcinoma; READ, rectum adenocarcinoma; STAD, stomach adenocarcinoma.
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miR‑296‑3p in CRC cell proliferation, migration and inva‑
sion, a pcDNA3.1‑GRINA overexpression plasmid with 
no 3'‑UTR or an empty vector was transfected into LoVo 
cells with or without ectopic expression of miR‑296‑3p in 
a rescue assay. GRINA relative mRNA and protein expres‑
sion levels were increased by transfecting LoVo cells with 
pcDNA3.1‑GRINA plasmid compared with its expression in 

the NC plasmid group (Fig. S1). As shown in Fig. 6A, the 
western blotting results verified that GRINA expression was 
increased following co‑transfection with miR‑296‑3p mimics 
and pcDNA3.1‑GRINA plasmid. Conforming to target 
protein expression, miR‑296‑3p mimics also significantly 
suppressed LoVo cell proliferation, migration and invasion 
compared with the miR‑NC+NC plasmid group (Fig. 6B‑D). 

Figure 2. GRINA expression is upregulated in CRC samples. (A) Heatmap of GRINA mRNA expression and CNAs in CRC cases obtained from TCGA. 
(B) Box plots based on the Oncomine‑derived gene expression profiles. GRINA expression levels in the healthy (left plot) and CRC (right plot) samples were 
compared. (C) GRINA mRNA expression in 161 paired freshly obtained CRC samples. (D) Immunohistochemistry analysis of GRINA protein expression 
levels in 161 CRC samples. (E) Survival curve of patients with CRC based on GRINA expression obtained from THPA. (F) Kaplan‑Meier survival curves of 
the recruited cohort of patients with CRC based on GRINA mRNA expression levels. **P<0.01 vs. healthy. GRINA, glutamate receptor, ionotropic, N‑methyl 
D‑aspartate‑associated protein 1; CRC, colorectal cancer; CNA, copy number alterations; TCGA, The Cancer Genome Atlas; THPA, The Human Protein Atlas.
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Compared with the control cells, GRINA‑overexpression 
LoVo cells displayed significantly increased proliferation, 
migration and invasion (Fig. 6B‑D). Moreover, simultaneous 
GRINA and miR‑296‑3p overexpression partially decreased 
miR‑296‑3p‑mediated inhibition in LoVo cells (Fig. 6B‑D). 
Therefore, the results confirmed that GRINA was a target of 
miR‑296‑3p.

Discussion

Aberrant NMDAR expression has been detected in several 
types of cancer, including oral squamous cell carcinoma 
(OSCC), cutaneous squamous cell carcinoma, prostate cancer 
and GC (17). NMDAR1 (a glutamate receptor) expression in 
cutaneous squamous cell carcinoma is significantly associ‑
ated with cancer metastasis and differentiation (18). In OSCC, 
NMDAR1 upregulation is significantly associated with cancer 
stage, lymph node metastasis and tumor size (19). GRINA 
is a member of the NMDAR family that is also known as 
NMDARA1 (4). Xu et al (7) verified the upregulation GRINA 

in GC, where its expression was positively associated with 
T stage, N stage, distant metastasis, histological differentiation, 
blood vessel invasion and perineuronal invasion.

In the present study, data from several databases were 
used to analyze GRINA expression. GRINA expression 
was increased in CRC tissues compared with that in healthy 
tissues. In the recruited cohort, primary CRC samples 
displayed significantly upregulated expression of GRINA at 
both the mRNA and protein levels compared with the corre‑
sponding healthy samples. Furthermore, GRINA expression 
levels were associated with age, TNM stage and lymphatic 
invasion. Survival analysis demonstrated that upregulated 
GRINA expression was associated with worse OS in patients 
with CRC. These results were consistent with previous 
studies (7,18,19). Collectively, these results highlighted the 
potential role of GRINA in the development and progression 
of CRC.

Subsequently, the biological effects of GRINA on CRC 
development were determined. GRINA expression levels were 
significantly increased in CRC cells compared with those in 
normal colonic cells. Additionally, GRINA overexpression 
increased CRC cell proliferation, migration and invasion. 
GRINA also promoted the growth and metastasis of xenograft 
tumors in nude mice. Similar results have been observed with 
other NMDARs in previous studies  (20,21). For example, 
an NMDAR antagonist suppressed cancer development by 
inhibiting the extracellular signal‑mediated kinase signaling 
pathway (20). Moreover, NMDAR NR2A subunit enhanced 
human GC cell (MKN45) proliferation (21). These findings 
demonstrate that GRINA may serve as an important oncogene 
in the development of CRC. SW480 tumorigenesis might be 
attributed to the APC and p53 signaling pathway, whereas LoVo 
cells possess wild‑type p53 and their tumorigenesis might be 
attributed to the microsatellite instability phenomenon (22,23). 
CRC cell lines were selected for the overexpression (SW480) 
and knock down (LoVo) experiments based on the endog‑
enous expression of GRINA in these cells. The experiments 
performed using these cells provided consistent results that 
supported the hypothesis that GRINA promoted CRC develop‑
ment and progression. However, whether the characteristics of 
these two cells lines affects the specific mechanism of action 
of GRINA requires further investigation.

Subsequently, the molecular mechanisms underlying 
the effects of GRINA on mediating CRC progression were 
examined. First, the mechanism underlying the upregulated 
expression of GRINA in CRC was examined. GRINA is 
located on chromosome 8q24.3  (4), where the CNA is the 
leading cause of tumorigenesis in GC (24). By examining the 
CNAs in TCGA‑CRC, the results demonstrated that primary 
CRC samples displayed GRINA amplification. Furthermore, 
upregulated GRINA mRNA expression was associated with 
amplification. Additionally, it was shown that GRINA was 
regulated by miR‑296‑3p. miR‑296 is located on chromosome 
20q13.32 and serves a tumor suppressive role in pancreatic 
and cervical cancer via regulating certain targets  (25,26). 
miR‑296‑5p targets S100 calcium binding protein A4 to 
suppress CRC metastasis and epithelial‑mesenchymal tran‑
sition  (15). Additionally, it was reported that miR‑296‑5p 
suppresses cell growth and promotes apoptosis in CRC cells 
via targeting arrestin b1‑regulated activation of AKT (16). 

Table I . Association between GRINA expression and 
clinicopathological parameters in 161 patients with colorectal 
cancer.

	 GRINA expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological	L ow	 High
parameter	 (n=64)	 (n=97)	 P‑value

Age			   0.045a

  <60	 27	 25	
  ≥60	 37	 72	
Sex			   0.675
  Male	 30	 50	
  Female	 34	 47	
T stage			   0.775
  T1 and T2	 22	 30	
  T3 and T4	 42	 67	
Lymphatic invasion			   <0.001b

  Absent	 43	 34	
  present	 21	 63	
TNM stage			   0.011a

  I 	 17	 10	
  II	 20	 27	
  III 	 27	 60	
Differentiation			   0.058
  Well	 20	 15	
  Moderate	 25	 45	
  Poor	 19	 37	
Tumor location			   0.632
  Colon	 31	 42	
  Rectum	 33	 55	

aP<0.05 and bP<0.01. GRINA, glutamate receptor, ionotropic, 
N‑methyl D‑aspartate‑associated protein 1.
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miR‑296‑3p may be derived the from the pre‑miR‑296 3' 
arm (27). Consistent with previous studies, the present study 
indicated that miR‑296‑3p may serve as a tumor suppressor 
gene in CRC. However, further investigations are required to 
verify the results of the present study

In the present study, luciferase reporter assays were 
used to validate GRINA as a direct target of miR‑296‑3p. 
miR‑296‑3p knockdown increased the expression levels 
of GRINA at the mRNA and protein levels in CRC cells, 
whereas miR‑296‑3p overexpression displayed the opposite 

Figure 3. GRINA enhances CRC cell growth, invasion and migration in vitro. (A) Relative GRINA mRNA expression levels in the normal colonic epithelial 
cell line (FHC) and the five CRC cell lines (HCT116, HT29, LoVo, SW480 and SW620). (B) Following GRINA overexpression, GRINA mRNA and protein 
expression levels in SW480 were detected by performing RT‑qPCR and western blotting. (C) Following GRINA knockdown, GRINA mRNA and protein 
expression levels in LoVo cells were detected by performing RT‑qPCR and western blotting. Cell proliferation of (D) GRINA‑overexpression SW480 and 
(E) GRINA‑knockdown LoVo cells was detected by performing MTT assays. Cell migration of (F) GRINA‑overexpression SW480 and (G) GRINA‑knockdown 
LoVo cells was detected by performing wound healing assays. Cell invasion of (H) GRINA‑overexpression SW480 and (I) GRINA‑knockdown LoVo cells was 
detected by performing Transwell invasion assays. *P<0.05 and **P<0.01. GRINA, glutamate receptor, ionotropic, N‑methyl D‑aspartate‑associated protein 1; 
CRC, colorectal cancer; RT‑qPCR, reverse transcription‑quantitative PCR; NC, negative control; OE, overexpression; sh, short hairpin RNA.
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Figure 4. GRINA knockdown reduces LoVo cell proliferation and metastasis in vivo. (A) Representative image of xenograft tumors. Xenograft tumor (B) volume 
and (C) weight. (D) Representative hematoxylin and eosin staining images showing lung metastases in mice injected with shNC‑ or shGRINA‑transfected 
LoVo cells via the tail vein. (E) Microscope determination of lung metastatic nodule numbers in each mouse. *P<0.05 and **P<0.01 vs. shNC. GRINA, gluta‑
mate receptor, ionotropic, N‑methyl D‑aspartate‑associated protein 1; NC, negative control; sh, short hairpin RNA.

Figure 5. GRINA is a direct target of miR‑296‑3p. (A) WT and MUT putative target sequences of miR‑296‑3p in the 3'UTR of GRINA. (B) miR‑296‑3p 
expression was negatively correlated with GRINA expression in colorectal cancer samples. Luciferase activities of psicheck‑2‑GRINA 3'UTR MUT and WT 
vectors in 293T cells co‑transfected with (C) miR‑296‑3p mimics, miR‑NC, (D) anti‑miR‑296‑3p or anti‑miR‑NC. miR‑296‑3p expression in (E) SW480 cells 
transfected with anti‑miR‑296‑3p or anti‑miR‑NC and (F) LoVo cells transfected with miR‑296‑3p mimics or miR‑NC. GRINA mRNA and protein expression 
levels in transfected (G) SW480 and (H) LoVo cell lines. *P<0.05 and **P<0.01 vs. miR‑NC or anti‑miR‑NC. GRINA, glutamate receptor, ionotropic, N‑methyl 
D‑aspartate‑associated protein 1; WT, wild‑type; MUT, mutant‑type; UTR, untranslated region; miR, microRNA; NC, negative control.
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effects. Additionally, miR‑296‑3p expression levels were 
negatively correlated with GRINA expression in the 
human CRC samples, and GRINA overexpression partially 
abrogated miR‑296‑3p‑mediated inhibitory effects on CRC 
cells. Ma et al  (28) reported that GRINA increases rectal 
cancer cell proliferation, invasion and migration, which may 
be regulated by miR‑296‑5p, which was consistent with the 
results of the present study.

In conclusion, the present study demonstrated that GRINA 
significantly increased CRC cell proliferation, invasion 
and migration via miR‑296‑3p. These results may improve 
the current understanding of the molecular mechanisms 
underlying the progression and metastasis of CRC and 
highlight potentially novel therapeutic targets for CRC. The 
miR‑296‑3p/GRINA axis should be further investigated as a 
candidate therapeutic target in anti‑metastasis treatments for 
CRC. To the best of our knowledge, there are currently no data 
on the use of NMDA/GRINA inhibitors for CRC therapy, thus 
future studies should investigate this further.
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