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Abstract. MicroRNAs (miRs) serve an important role in 
cell differentiation, proliferation and apoptosis by nega‑
tively regulating gene expression at the transcriptional or 
post‑transcriptional level. EI24 autophagy associated trans‑
membrane protein (EI24) is a tumor suppressor gene that 
serves an important role in the occurrence and development 
of digestive system tumors. However, little is known regarding 
the relationship between EI24 and the prognosis of patients 
with colorectal cancer (CRC). Our previous study confirmed 
EI24 as the target molecule of miR‑483, using reporter gene 
detection. Thus, the aim of the present study was to elucidate 
the effect of the abnormal expression of miR‑483 on the 
malignant phenotype of CRC through a series of cell func‑
tion experiments and nude mice tumorigenicity experiments, 
and to determine the expression level of EI24, a downstream 
target gene of miR‑483, in CRC and its relationship with 
patient prognosis. In CRC tissues and cells, the expression 
level of miR‑483 was upregulated, while the expression level 
of EI24 was downregulated. Cell function tests such as MTT 
assay, cell cycle assay, colony formation assay, Migration and 
invasion assays and nude mice tumorigenicity experiments 
demonstrated that the overexpression of miR‑483 promoted 
the proliferation, invasion and metastasis of CRC. Moreover, 
the reverse transcription‑quantitative PCR results indicated 

that overexpression of miR‑483 inhibited the expression 
level of EI24. The relationship between the clinical data and 
immunohistochemical results from 183 patients with CRC 
and survival was examined. It was found that the expression 
level of EI24 was positively associated with the prognosis of 
patients. As a cancer‑promoting factor, miR‑483 enhances the 
proliferation, migration and invasion of CRC cells by reducing 
the expression level of EI24.

Introduction

Colorectal cancer (CRC) is the fourth most deadly cancer in 
the world with nearly 900,000 deaths annually, accounting for 
about 10% of all annually diagnosed cancers and cancer‑related 
deaths (1). The occurrence of CRC is a multi‑step process. 
Invasion and metastasis are the main causes of morbidity and 
mortality, and ~1/3 of patients with CRC eventually develop 
metastatic disease (2). Therefore, early diagnosis can directly 
affect or even determine the survival time of patients with CRC. 
The pathogenesis of CRC is complex, involving the regulation 
of numerous molecular pathways including Wnt/β‑catenin, p53, 
TGF‑β/SMAD, NF‑κB and Notch signaling pathways (3). Thus, 
studies into the molecular mechanisms of CRC will aid in the 
development of novel molecular diagnostic tools and targeted 
treatment methods, and thus improve the survival of patients.

MicroRNAs (miRNAs/miRs) are a large class of highly 
conserved endogenous non‑coding single‑stranded small RNAs, 
18‑25 nucleotides in length (4). At present, >28,600 miRNAs 
have been identified, of which >2,600 mature miRNAs have 
been found in humans (5). miRNAs bind to the 3'untrans‑
lated region of target gene mRNA through incomplete base 
pairing and form an RNA‑induced silencing complex, which 
promotes the degradation of RNA or inhibits the translation of 
proteins, thereby regulating the expression of the downstream 
target genes (6). Furthermore, miRNAs have been found to 
regulate gene expression in numerous biological processes in 
cells, including proliferation, differentiation, metabolism and 
apoptosis (7).

The gene of miR‑483 is located in the second intron region 
of insulin‑like growth factor receptor 2 on chromosome 11 (8). 
Since it was first cloned in the human embryonic liver in 2005, 
researchers have identified that the expression pattern of 
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miR‑483 is inconsistent among different types of tumors. For 
instance, large number of studies have reported that miR‑483 
was not only involved in the occurrence of relatively benign 
diseases, such as type 2 diabetes, osteoarthritis, ischemic heart 
disease and polycystic ovary syndrome, but was also involved 
in the occurrence of malignant tumors, including nephroblas‑
toma, lung cancer, adrenocortical carcinoma and numerous 
digestive system tumors (9‑16). Moreover, miR‑483 serves a 
role in multiple biological functions of tumor cells, acting on 
target mRNAs that are closely associated with the occurrence 
and development of tumors (17).

EI24 autophagy associated transmembrane protein (EI24) 
is an early, rapidly induced gene involved in p53‑mediated 
apoptosis (18). Furthermore, it serves an important role in 
inhibiting cell proliferation and activating autophagy, as well 
as exerts tumor‑suppressive activity (19). The human EI24 gene 
is located on chromosome 11q23, where heterozygote defi‑
ciency occurs in a variety of malignant tumors, leading to 
the decrease or disappearance of its anti‑cancer function (20). 
Abnormalities in EI24 expression are closely associated with 
the occurrence and progression of tumors (21‑23). In addition, 
our previous study confirmed EI24 as the target molecule of 
miR‑483, using reporter gene detection (24).

The present study aimed to investigate the effects of 
miR‑483 and EI24 on the malignant phenotype of CRC, the 
regulation of EI24 expression by miR‑483 and its significance 
in CRC.

Materials and methods

Cell culture and clinical samples. The normal colorectal 
epithelial cell line, NCM460, and the CRC cell lines, Caco‑2, 
RKO, LoVo and HCT 116, were cultured in RPMI‑1640 
medium (Gibco; Thermo Fisher Scientific, Inc.) supplemented 
with 1%  penicillin‑streptomycin (HyClone; Cytiva) and 
10% FBS (HyClone; Cytiva) in a cell incubator at 37˚C under 
a humidified atmosphere of 5% CO2.

A total of 183 cases of CRC and adjacent normal mucosa 
tissue specimens were collected from Xijing Hospital of The 
Fourth Military Medical University (age range, 24‑91 years) 
between January 1, 2014 and December 31, 2015; the date of 
last complete follow‑up was December 31, 2019. All specimens 
were diagnosed as CRC by postoperative pathological exami‑
nation, and the clinical features of the specimens are presented 
in the Table SI. All tissue samples used in this study were 
immediately frozen in liquid nitrogen and stored at ‑80˚C. The 
use of patient data was approved by the patient and his/her 
family members, and the study was approved by the Ethics 
Committee of Xijing Hospital, The Fourth Military Medical 
University (approval no. KY20203211‑1). All operations were 
performed in accordance with the Helsinki Declaration and 
good clinical practice guidelines (25).

Reverse transcription‑quantitative (RT‑q)PCR. PCR primers 
and RT primers were designed and synthesized by Guangzhou 
RiboBio Co., Ltd., and RNA was extracted using TRIzol 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocols. The quality of RNA was detected 
via the ultraviolet absorption method. The purity of RNA was 
determined using 10% denaturing agarose gel electrophoresis. 

Isolated RNAs were reverse transcription using the Promega 
M‑MLV kit (cat. no. M1705; Promega Corporation) according 
to the manufacturer's protocols. The cDNA was used to perform 
RT‑qPCR on LightCycler 480 Real‑time PCR system(Roche, 
USA) using the SYBR Master Mix (cat. no. DRR041B; Takara 
Bio). Amplification was performed at 95˚C for 30 sec, followed 
by 40 cycles of 95˚C for 5 sec and 60˚C for 30 sec. U6 was used 
as an endogenous control for miRNA detection, and GAPDH 
was used as the RT‑qPCR control of EI24. The following 
primers were used in the study: U6 forward, 5'‑CGC​TTC​
GGC​AGC​ACA​TAT​ACT​A‑3' and reverse, 5'‑CGC​TTC​ACG​
AAT​TTG​CGT​GTC​A‑3'; GAPDH forward, 5'‑TGA​CTT​CAA​
CAG​CGA​CAC​CCA‑3' and reverse, 5'‑CAC​CCT​GTT​GCT​
GTA​GCC​AAA‑3'; and EI24 forward, 5'‑AAT​GCA​CCA​GCG​
GTT​GTC​TAA‑3' and reverse, 5'‑GAT​AGA​GAA​AAG​GCA​
GCC​ACT​GA‑3'; miR‑483 5'‑AAG​ACG​GGA​GGA​AAG​AAG​
GGA‑3'. The relative RNA expression level was calculated 
using the 2‑∆∆Cq method (26).

Cell transfection. The human CRC cell line Caco‑2 was 
cultured in RPMI‑1640 complete medium containing 1% peni‑
cillin‑streptomycin (10,000 U/ml; cat. no. 15140122; Gibco; 
Thermo Fisher Scientific, Inc.) and 10% FBS at 37˚C with 
100% humidity and 5% CO2. To generate the hsa‑miR‑483 
lentiviral expression plasmid, the pre hsa‑miR‑483 
sequence (GGA​AAG​GAC​GAA​ACA​CCG​GCT​GAT​GGC​
ACC​TGC​CCT​TTG​G) was synthesized and cloned into lenti‑
viral expression vector GV309 (Shanghai GeneChem Co., Ltd.). 
A scrambled sequence (TTC​TCC​GAA​CGT​GTC​ACG​T) was 
created as a negative control construct. The miR‑483 lentivirus 
(LV‑miR‑483) and negative control (LV‑NC) virus were GFP 
(Green fluorescent protein)‑tagged. After being confirmed by 
DNA sequencing, 293 cells (Cell Resource Center, Institute 
of Basic Medicine, Chinese Academy of Medical Sciences) 
were co‑transfected with the vector plasmid and the packing 
plasmids of pHelper 1.0 and pHelper 2.0 (Shanghai GeneChem 
Co., Ltd.). To obtain stable lentivirus infected cell lines, 
Caco‑2 cells were plated at 30% confluence and lentivirus 
vector (1x109 TU/ml) containing 2 mg/ml polybrene (Shanghai 
GeneChem Co., Ltd.) was transfected into serum‑free medium 
under the conditions of 37˚C, 100% humidity and 5% CO2. 
After 16 h, fresh complete medium was used instead of culture 
medium. The transfection efficiency was observed via fluo‑
rescence microscope (magnification, x100) 72 h later. After 
transfection with 48 h, RT‑qPCR was used to verify whether 
the transfection was successful. miR‑483 inhibitor was used 
to construct miR‑483 low expression CRC cells. 100 pmol 
miR‑483 inhibitor (cat. no. miR20002173‑1‑5; Guangzhou 
RiboBio Co., Ltd.) or inhibitor NC (cat. no. miR20002173‑1‑5; 
Guangzhou RiboBio Co., Ltd.) was added into 250  µl 
Opti‑MEM (Gibco; Thermo  Fisher Scientific, Inc.), 5  µl 
Lipofectamine 2000® (Invitrogen; Thermo Fisher Scientific, 
Inc.) reagent was diluted and mixed with 250 µl Opti‑MEM 
at room temperature for 5 min. Lipofectamine® was mixed 
with miR‑483 inhibitor or inhibitor NC at room temperature 
for 20 min. The complexes of inhibitor or inhibitor NC were 
added into Caco‑2 cells respectively. The cells were incubated 
at 37˚C, 100% humidity and 5% CO2. After transfection for 
48 h, RT‑qPCR was used to verify whether the transfection 
was successful.
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MTT assay. Logarithmic growth stage cells were inoculated 
into 96‑well plates with 3,000 cells per well, using a micro‑
sample gun, and then cultured in a cell culture box under the 
conditions of 37˚C, 100% humidity and 5% CO2. The following 
day, 20 µl sterile MTT solution (5 mg/ml; Beijing Dingguo 
Changsheng Biotechnology, Co., Ltd.) was added to the wells. 
After 4 h, the culture solution in each well was absorbed and 
removed. DMSO (100 µl; Sigma‑Aldrich; Merck KGaA) was 
added to each well to dissolve the formazan particles. An oscil‑
lator was used for oscillation at 37˚C for 5 min at a frequency 
of 20  rpm, and the optical density value was measured at 
490/570 nm using an enzyme labeling instrument.

Cell cycle assay. Cells in the logarithmic growth stage 
(1x106 cells/well) were resuspended in a cell suspension, centri‑
fuged several times (room temperature, 200 x g, 5 min) and 
immobilized with 75% ethanol. Cells were suspended in cell 
staining solution containing 0.01% RNase and 0.5% propidium 
iodide (Shanghai Ruji Biological Technology Development 
Co., Ltd.) and stained at 4˚C for 20 min. The cellular DNA 
content was measured via EPICS  XL flow cytometer 
(Beckman Coulter, Inc.) at 488 nm excitation wavelength, and 
the proliferation index (PI) was calculated by FlowJo software 
(v. 7.6.1; FlowJo LLC), PI=(S + G2)/(S + G2 + G1).

Colony formation assay. Logarithmic growth stage cells 
(70%) were inoculated into 6‑well plates with a microsample 
gun and cultured in a cell incubator for 10 days. The cell 
culture fluid was changed every 3 days, and the cell state was 
closely monitored. Cell colonies were imaged (fluorescence 
microscope; magnification, x100) before the experiment was 
terminated. Cells were fixed with 4%  paraformaldehyde 
(Sinopharm Chemical Reagent Co., Ltd.) at room temperature 
for 30 min and stained with Giemsa solution (Beijing Dingguo 
Changsheng Biotechnology, Co., Ltd.). The cells were washed 
and dried repeatedly with ddH2O. Imaged were captured, and 
the number of colonies >1 mm were counted.

Migration and invasion assays. Cell invasion and migration 
assays were performed using Transwell chambers. In the cell 
migration assay, 1.0x105 transfected cells were inoculated into 
the upper chamber, and 600 µl 30% FBS‑containing medium 
was added to the lower chamber. The cells were cultured 
in a 37˚C incubator for 48 h. The non‑migrated cells in the 
chamber were carefully removed with a cotton swab, fixed 
with 4% paraformaldehyde (Sinopharm Chemical Co., Ltd.) 
at 37˚C for 15 min and stained with crystal violet (Beyotime 
Institute of Biotechnology) after drying, following which they 
were observed and counted under a microscope (light micro‑
scope; magnification, x100). For the cell invasion assay, a 
Matrigel‑coated membrane (Becton, Dickinson and Company) 
was used (pre‑coated at 4˚C for 10 min).

Tumorigenicity assays in nude mice. A total of 12 4‑week‑old 
male BALB/C nude mice weighing ~20 g were randomly 
divided into two groups with six mice in each group. 
Lentiviral‑transduced Caco‑2 cells (the concentration of cell 
suspension was 2x107/ml) were subcutaneously injected in 
nude mice, and the number of cells used per injection was 
5x105 cells/mouse. The nude mice were reared at 21±2˚C, 

relative humidity 30‑70%, 12‑h light/dark cycle and normal 
diet. The tumor diameter was measured every 3  days to 
monitor the growth rate of tumor. The maximum (L) and 
minimum length  (W) of tumor were measured with slide 
caliper. The tumor volume was calculated using the following 
formula: Volume = 1/2  (LxW2) formula. At 28 days after 
injection, the nude mice were anesthetized with sodium pento‑
barbital (40 mg/kg) and euthanized via cervical dislocation. 
The tumors were collected and then weighed. All animal 
experiments were approved and supervised by the Animal 
Care Committee of The Fourth Military Medical University 
(approval no.  IACUC‑20200402), and were conducted 
according to international standards for animal welfare (27).

Western blot analysis. Cells were lysed in lysis buffer 
(Beyotime Institute of Biotechnology). Following centrifuga‑
tion (4˚C, 13,000 x g, 15 min), the supernatant was collected, 
and the protein concentration determined using the BCA 
method (Thermo Fisher Scientific, Inc.). The mass of protein 
loaded per lane was 20 µg. The protein was separated using 
10%  SDS‑PAGE and transferred to a PVDF membrane 
(EMD Millipore). After protein transfer and blocking (blocking 
reagent was TBST solution containing 5% skimmed milk and 
0.1% Tween‑20), the membrane was incubated with primary 
antibody (rabbit monoclonal antibody; cat.  no.  ab130957; 
Abcam) overnight at  4˚C, and horseradish peroxidase 
(HRP)‑conjugated secondary antibody (1:5,000  dilution, 
cat. no. 31466; Invitrogen; Thermo Fisher Scientific, Inc.) for 
1 h at room temperature and visualized using the ECL reagent 
(EMD  Millipore). GAPDH (mouse monoclonal antibody; 
cat. no. ab8245; Abcam) and β‑actin (rabbit monoclonal anti‑
body; cat. no. SAB5500001; Sigma‑Aldrich; Merck KGaA) 
were used as controls. The bands were measured using an X‑ray 
film and were quantified using ImageJ software (v 1.6.0, NIH).

Immunohistochemistry. The 3 µm thick frozen tissue slices 
were prepared and rewarmed at room temperature, blocked 
with 5% goat serum at room temperature for 30 min (Beyotime 
Institute of Biotechnology) and anti‑EI24 antibody (1:200 
dilution, cat. no. ab130957; Abcam) was added. The samples 
were incubated overnight at 4˚C. Sections were then washed 
with PBS (Gibco; Thermo Fisher Scientific, Inc.), following 
which the secondary antibody (1:200 dilution; cat. no. 31466; 
Invitrogen; Thermo Fisher Scientific, Inc.) was added and 
incubated in a 37˚C incubator for 30 min. Following rinsing 
with PBS, the tissue microarray was placed in a chromogenic 
substrate solution (Tiangen Biotech Co., Ltd.) for 10 min and 
then tap water was used to fully rinse the samples in order 
to stop the chromogenic process. After 1 min of re‑dyeing 
with hematoxylin at room temperature (Beyotime Institute 
of Biotechnology), the steps of dehydration, transparency and 
sealing were conducted, and the results were determined using 
a microscope (light microscope; magnification, x100).

Tissue microarray immunohistochemical staining. After 
the aforementioned staining, two pathologists independently 
interpreted the tissue microarray, including the staining inten‑
sity and size of the stained area. The coloring intensity score 
was as follows: Colorless was scored 0; light yellow scored 1; 
brown‑yellow scored 2; and brown scored 3. The staining 
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area score was 0 for <5%, 1 for 5‑25%, 2 for 26‑50%, 3 for 
51‑75% and 4 for 76‑100%. If the scores of the two patholo‑
gists were different, the average of the two was taken. In this 
study, the final score of staining intensity was the product of 
two parts: 0 was negative (‑), 1‑4 was weak positive (+), 5‑8 was 
positive (++) and 9‑12 was strong positive (+++).

Statistical analysis. In the cell experiment, Tukey's post hoc 
tests and one‑way ANOVA were used to compare the differ‑
ences between the groups. EI24 and miR‑483 expression was 
analyzed using the Wilcoxon signed rank test in CRC tissues 
and adjacent normal tissues. χ2 tests were used to analyze the 
association between the expression level of EI24 and clinical 
parameters. Kaplan‑Meier and logarithmic rank tests were 
used to compare survival rates, and the Bonferroni correction 
was applied for pairwise adjustment. Data are presented as 
mean ± standard deviation. P<0.05 was considered to indicate 
a statistically significant difference. Triplicate repeats were 
performed for each experiment. All statistical analyses were 
performed using SPSS 19.0 software (IBM Corp.).

Results

miR‑483 is upregulated in CRC tissues and cells. The current 
study designed and synthesized specific miRNA primers, and 
then used RT‑qPCR to detect the expression level of miR‑483 
in CRC cells and corresponding normal colorectal cells. The 
expression level of miR‑483 in the CRC cell lines Caco‑2, RKO 
and HCT 116 was significantly higher compared with that in 
normal colorectal cells; however, there was no significant 
difference in its expression in LoVo cells (Fig. 1A). Moreover, 
the expression level of miR‑483 in CRC tissues was signifi‑
cantly higher compared with in the adjacent normal tissues 

(Fig. 1B). Thus, it was suggested that miR‑483 may serve a 
regulatory role in the occurrence and development of CRC.

Overexpression of miR‑483 promotes the proliferation, 
invasion and migration of CRC cells. Caco‑2 cell lines with 
a relatively low expression of miR‑483 were selected, and 
lentivirus expression vectors were used to establish a stable 
overexpression cell model. The proliferative level of Caco‑2 
cells in the groups transfected with LV‑miR‑483 or LV‑NC 
were positive for green immunofluorescence (Fig. 2A). The 
expression level of miR‑483 in these two groups was also 
detected via RT‑PCR. The PCR amplification curves and 
results revealed that the expression level of miR‑483 in the 
LV‑miR‑483 transfected Caco‑2 cells was significantly higher 
compared with that in the NC group (Fig. 2A). This observa‑
tion indicated that LV‑miR‑483 and LV‑NC stable Caco‑2 cell 
lines were successfully established, providing credibility to 
the subsequent functional experiments.

MTT assay showed that the proliferation of CRC cells was 
accelerated, leading to greater malignancy (Fig. 2B). Compared 
with the LV‑NC group, the LV‑miR‑483 group was associated 
with a lower probability of G1 arrest (Fig. 2C). These results 
demonstrated that overexpression of miR‑483 promoted the 
proliferation of CRC cells, and participated in the regulation 
of the cell cycle. Overexpression of miR‑483 also increased 
the proliferation and invasiveness of CRC cells, as shown 
by colony formation and Transwell assays (Fig. 2D and E). 
Further experiments revealed that overexpression of miR‑483 
increased the migration of Caco‑2 cells (Fig. 2F), suggesting 
that miR‑483 increased the possibility of distant metastasis of 
CRC.

In order to further clarify the effect of miR‑483 overex‑
pression on CRC cells, tumorigenicity assays were conducted 

Figure 1. miR‑483 is upregulated in CRC tissues and cells. (A) miR‑483 expression in CRC cell lines, Caco‑2, RKO and HCT 116, was higher than that in 
normal colorectal gland epithelial cells NCM460, as detected via RT‑qPCR. *P<0.05. (B) RT‑qPCR results of the relative expression level of miR‑483 in CRC 
paired tissues (T) and adjacent N tissues. *P<0.05 vs. N. CRC, colorectal cancer; RT‑qPCR, reverse transcription‑quantitative PCR; T, tumor; N, normal; miR, 
microRNA.
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in nude mice. After subcutaneous implantation of Caco‑2 
cells in nude mice, tumor volume and weight in the miR‑483 
overexpression group were significantly higher compared with 
those in the NC group (Fig. 2G).

EI24 is downregulated in CRC tissues. The RT‑qPCR results 
demonstrated that the expression levels of EI24 in CRC tissues 
were significantly lower compared with those in adjacent 
normal tissues (Fig. 3A). The expression intensity of EI24 in 
cancer and adjacent normal tissues was analyzed using immu‑
nohistochemistry, and the results indicated that the expression 
level of EI24 in adjacent normal tissues was significantly 
upregulated compared with CRC tissues (Fig.  3B). These 
experiments suggested that EI24 was weakly expressed in 
CRC tissues, suggesting that EI24 serves a role as a tumor 
suppressor gene in CRC and may be a prognostic molecule 
for CRC.

EI24 expression is associated with patient prognosis. In order 
to clarify the relationship between the expression level of 
EI24 and the prognosis of CRC, 183 patients with CRC were 
recruited. Based on the expression level of EI24 in the immu‑
nohistochemical staining of pathological sections, the patients 
were divided into a high‑expression group and a low‑expression 
group. The general data pertaining to the patients are shown in 
Table SI. Kaplan‑Meier and logarithmic rank tests were used 
for survival analysis. The result demonstrated that there was 
significant difference between strong positive group (+++) 
and weak positive group (+; P=0.005), and there was also 
significant difference between strong positive group (+++) and 
positive group (++; P=0.03), but there was no significant differ‑
ence between + and ++ groups (P=0.296). After Bonferroni 
correction, only +++ and + groups had a significant difference 
(P<0.05; Fig. 4). The results of the survival analysis indicated 
that the prognosis of patients with high expression of EI24 was 

Figure 2. Overexpression of miR‑483 promotes the proliferation, invasion and migration of CRC cells. (A) The proliferative level of Caco‑2 cells in the 
two groups transfected with LV‑miR‑483 and LV‑NC was observed by immunofluorescence. The PCR amplification curves and results demonstrated that the 
expression level of miR‑483 in the OE group was significantly higher compared with that in the NC group. (B) MTT assay results revealed that the prolifera‑
tion rate of the OE group was significantly higher than that of the NC group. (C) Flow cytometry was used to analyze cell cycle and detect the percentage of 
OE group and NC group cells in G0/G1, S and G2/M phases, suggesting that upregulated miR‑483 may be involved in the regulation of the CRC cell cycle. 
(D) Colony formation assay indicated that the number of cell clones in OE‑Caco‑2 cells was significantly higher than that in NC group. Transwell (E) invasion 
and (F) migration assays were used to elucidate the invasion and migration of cells. All error bars represent the SEM of ≥3 independent experiments. The 
results showed that the mobility and invasive rate of the OE‑Caco‑2 group were significantly higher than those of NC group. (G) Nude mice tumorigenicity 
assays detected the effect of miR‑483 OE on tumor formation in vivo, and the results demonstrated that the tumor volume and tumor weight in the OE group 
were significantly larger compared with the NC group. *P<0.05 vs. NC‑Caco‑2. LV‑miR‑483, miR‑483 lentivirus; LV‑NC, negative control virus; CRC, 
colorectal cancer; miR, microRNA; OE, overexpression; OD, optical density.
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improved compared with that of patients with a low expression 
of EI24.

miR‑483 expression is negatively associated with EI24 levels in 
CRC tissues. Our previous studies reported that the expression 
level of miR‑483 was increased in esophageal squamous cell 

carcinoma, and that upregulation of miR‑483 could promote 
the development of esophageal cancer (24,28). Furthermore, a 
reporter gene test confirmed that EI24 was the target molecule 
of miR‑483 (21). In the current experiment, the expression level 
of EI24 in miR‑483 overexpressing stable Caco‑2 cells and 
in the NC group was detected using RT‑qPCR. It was found 

Figure 3. EI24 is downregulated in CRC tissues. (A) Reverse transcription‑quantitative PCR results identified that the expression level of EI24 in CRC 
tissues (T) was significantly lower than that in adjacent N tissues. *P<0.05 vs. N. (B) The expression level of EI24 in CRC and adjacent N tissues was 
detected via immunohistochemistry, and the results demonstrated that EI24 expression in adjacent N tissues was significantly higher than that in T tissues. 
Magnification, x100 and x200. *P<0.05. CRC, colorectal cancer; EI24, EI24 autophagy associated transmembrane protein; T, tumor; N, normal.

Figure 4. EI24 expression is associated with the prognosis of patients. The clinical and pathological data of 183 patients with CRC were collected. According 
to the expression of EI24 in immunohistochemical staining, the patients were divided into weak positive group (+), positive group (++) and strong positive 
group (+++). Survival curves were drawn according to the follow‑up results of the groups. Survival analysis showed that strong positive group (+++) was 
significantly different from the weak positive group (+) (P=0.005), and there was also significant difference between strong positive group (+++) and positive 
group (++) (P=0.03), but there was no significant difference between + and ++ groups (P=0.296). After Bonferroni correction, only +++ and + groups had a 
significant difference (P<0.05). Survival analysis showed that the survival time of patients with high expression of EI24 was significantly increased compared 
with that of patients with low expression of EI24. EI24, EI24 autophagy associated transmembrane protein.
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that the expression level of EI24 in the overexpression group 
was 0.766 times higher compared with that in the NC group 
(P<0.05; Fig. 5A). Western blotting was also used to detect the 
expression level of EI24 in the miR‑483 overexpressing CRC 
cell line (Fig. 5B), and it was identified that EI24 expression 
in the overexpression group was notably lower compared with 
that in the NC group, suggesting that upregulation of miR‑483 
may inhibit the expression of EI24 protein. These results are 
consistent with our previous studies  (24,28), suggesting a 
targeting relationship between miR‑483 and EI24.

Endogenous miR‑483 modulates EI24 expression and 
CRC cell proliferation. To investigate whether endogenous 
miR‑483 regulates EI24 expression, the effect of an miR‑483 
inhibitor in Caco‑2 cells, which relatively expresses high 
levels of miR‑483, was determined. miR‑483 inhibitor 
(cat. no. miR20002173‑1‑5; Guangzhou RiboBio Co., Ltd.) 
and the NC (cat. no. miR20002173‑1‑5; Guangzhou RiboBio 
Co., Ltd.) were used for this experiment. Compared with the 
NC group, the expression level of miR‑483 was significantly 
decreased in the cells transfected with inhibitor (Fig. 6A). 
Furthermore, the transfection of the miR‑483 inhibitor mark‑
edly enhanced EI24 expression both at the mRNA and protein 
levels (Fig. 6B and C). Moreover, CRC cell proliferation was 
significantly increased after miR‑483 inhibitor transfection 
(Fig. 6D). These findings may suggest that miR‑483 endoge‑
nously modulates EI24 expression and CRC cell proliferation.

Discussion

Invasion and metastasis are important characteristics of 
CRC and are one of the main causes of mortality in patients 
with CRC (1). The invasion and proliferation of cancer cells 
are continuous and dynamic biological processes involving 
multiple steps and factors  (29). The process consists of 
several relatively independent steps, including separation and 

exfoliation of cancer cells, adhesion between cancer cells 
and the cell matrix, invasion and movement of cancer cells, 
invasion and penetration of vascular walls, the presence and 
survival of cancer cells in the circulatory system, penetration 
of the hemorrhagic wall by cancer cells, implantation of cancer 
cells in distal organs, and the proliferation and metastasis of 
cancer cells after neovascularization (30). Although a variety 
of CRC‑related molecules have been identified, the signal 
regulatory networks involved in the invasion and metastasis 
of CRC are complex, and the specific mechanisms, molecular 
markers and targets of action remain to be fully determined. 
Therefore, it is important to investigate the key molecules and 
molecular mechanisms of CRC metastasis, and to identify 
effective intervention targets. Current studies have shown 
that the mechanisms of CRC metastasis involve the epithe‑
lial‑mesenchymal transformation (EMT)‑related signaling 
pathway, Wnt/β‑catenin signaling pathway, Notch signaling 
pathway, TGF‑β signaling pathway, tumor‑related genes, 
including p53, and numerous miRNA molecules (31‑36).

Invasive and metastatic behaviors are important biological 
features of malignant tumors and are also important factors 
leading to the progression of tumors and the outcome of 
treatment (37). The invasion and metastasis of tumors are a 
dynamic process, involving the interaction of multiple factors 
associated with the tumor cells themselves, and are also closely 
related to their microenvironment, forming complex signaling 
pathways (38). A large number of studies have reported that 
miR‑483 was involved in the invasion and metastasis of 
tumors. For instance, a study on esophageal cancer showed 
that miR‑483‑5p was positively correlated with lymph node 
metastasis of esophageal cancer (39). In addition to the diges‑
tive system, a study of lung cancer suggested that miR‑483‑5p 
was activated by the Wnt/β‑catenin signaling pathway, and 
promoted metastasis by directly acting on two metastasis 
inhibitors, GDP dissociation inhibitor  1 (RhoGDI1) and 
activated leukocyte adhesion molecule (ALCAM). The 

Figure 5. Negative correlation of miR‑483 and EI24 expression in CRC cell lines. (A) Reverse transcription‑quantitative PCR results of the expression level 
of EI24 in Caco‑2 cells overexpressing miR‑483. The results demonstrated that the expression abundance of EI24 gene in CRC cells was 76.6% of that in the 
NC group. *P<0.05 vs. NC. (B) Western blotting was used to detect the expression level of EI24 in Caco‑2 cells overexpressing miR‑483. The results indicated 
that the expression level of EI24 was significantly lower compared with that of the NC, suggesting that overexpression of miR‑483 may inhibit EI24 protein 
expression. EI24, EI24 autophagy associated transmembrane protein; NC, negative control; miR, microRNA; OE, overexpression.
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downregulation of RhoGDI1 can enhance snail family tran‑
scriptional repressor 1 gene expression, thereby promoting the 
EMT (14,40). Moreover, the expression level of miR‑483‑5p 
was positively correlated with the expression level of the 
β‑catenin protein but was negatively correlated with the expres‑
sion levels of RhoGDI1 and ALCAM. Therefore, miR‑483‑5p 
was not only the key factor involved in activating β‑catenin 
to promote metastasis but was also a negative regulator of the 
metastasis inhibitors RhoGDI1 and ALCAM (14). The present 
results demonstrated that miR‑483 was highly expressed 
in CRC cells. In vivo and in vitro experiments revealed that 
miR‑483 served a regulatory role in the proliferation of CRC 
cells, and overexpression of miR‑483 promoted the invasion 
and migration of CRC cells. After completing the current 
study, additional MTT assay, plate colony formation assay, 
Transwell invasion experiment, cell cycle assay and nude 
mouse tumorigenesis tests were performed in an RKO cell 
line, and the results were consistent with those of Caco‑2 cell 
line (data not shown).

EI24 is downregulated in malignant tumors of the diges‑
tive tract, including pancreatic ductal adenocarcinoma and 
esophageal cancer, as well as in breast, lung and skin cancer 
types (24). Zang et al (18) reported that the mRNA expression 
level of EI24 in pancreatic ductal adenocarcinoma tissue was 

downregulated compared with adjacent normal tissues, and 
the downregulation trend was associated with the degree of 
differentiation of cancer cells. Furthermore, overexpression 
of EI24 reduced the expression level of the oncogene c‑Myc 
by activating c‑Myc autophagic lysosomes, thereby inhibiting 
the proliferation of cancer cells and promoting cell cycle stag‑
nation. Thus, these authors proposed the hypothesis that the 
EI24/Beclin‑1/p62/c‑Myc pathway mediated the progression 
of pancreatic ductal adenocarcinoma, and it was suggested 
that EI24 served an important role in anti‑oncogenesis (18). 
Moreover, Li et al (19) revealed that the expression level of 
miR‑455‑3p was increased in triple negative breast cancer, 
which promoted the proliferation, invasion and migration of 
cancer cells. The authors further predicted, and verified, that 
EI24 was a target gene. In addition, it was found the knockdown 
of EI24 expression using small interfering RNA could enhance 
the invasion and migration of cancer cells, and miR‑455‑3p 
could enhance the invasion and migration of cancer cells. Thus, 
targeting the tumor suppressor gene EI24 promoted the inva‑
sion and migration of tumors (19). The aforementioned studies 
showed that EI24 expression was significantly decreased in 
tumor tissues, potentially inhibiting the occurrence and metas‑
tasis of tumors. In the present study, it was identified that the 
expression level of EI24 in CRC tissues was lower compared 

Figure 6. Endogenous miR‑483 modulates EI24 expression and CRC cell proliferation. (A) RT‑qPCR was used to detect the expression level of miR‑483 after 
transfection of miR‑483 inhibitor in Caco‑2 cells. The results showed that miR‑483 expression was significantly decreased in the inhibitor group. (B) RT‑qPCR 
was used to detect the expression level of EI24 in Caco‑2 cells transfected with miR‑483 inhibitor. The results demonstrated that EI24 gene expression in the 
miR‑483 inhibitor group was 2.584 times higher compared with that in the NC group. *P<0.05 vs. inhibitor NC. (C) Western blot analysis was used to detect 
the expression level of EI24 in Caco‑2 cells with miR‑483 knockdown. The results indicated that EI24 protein expression was markedly higher compared that 
of the NC group, further suggesting that miR‑483 may inhibit the expression of EI24 protein. (D) MTT assay results showed that the proliferative rate of the 
miR‑483 inhibitor group was significantly lower compared with that of the NC group. *P<0.05 vs. inhibitor NC. EI24, EI24 autophagy associated transmem‑
brane protein; NC, negative control; miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR; OD, optical density.
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with that in adjacent normal tissues. Moreover, the survival 
analysis of CRC patients revealed that patients with high EI24 
expression had a n improved prognosis.

Both miR‑483 and EI24 are involved in important 
biological processes, including tumor cell proliferation, 
invasion and migration, and they overlap in the process of 
tumor metastasis (28). Our previous study revealed that the 
expression level of miR‑483 was increased in esophageal 
cancer (24). Furthermore, upregulation of miR‑483 promotes 
cancer cell proliferation, migration and other malignant 
phenotypes, whereas downregulation of miR‑483 could 
inhibit malignant phenotypes (41). These results suggested 
that miR‑483 could serve a role in promoting esophageal 
cancer. Bioinformatics analyses and genome‑wide expres‑
sion profile chips were combined to predict that EI24 may be 
the downstream target gene of miR‑483, and that miR‑483 
may promote the metastasis and progression of cancer 
cells by inhibiting the expression of EI24 (24). Therefore, 
miR‑483 may promote the metastasis of CRC by regulating 
the expression level of EI24. The present study conducted 
experiments using RT‑qPCR and western blotting. These 
experiments demonstrated that miR‑483 could inhibit the 
expression level of EI24, which suggested the existence of 
a miR‑483/EI24 signaling pathway. miR‑483 appears to 
be co‑expressed with its host gene IGF2 and promote the 
proliferation of CRC cells by inhibiting its downstream 
target gene DLC‑1  (42). These results suggest that the 
miR‑483/EI24 signaling pathway may serve an important 
role in the metastasis of CRC, representing a possible alter‑
native for the future treatment of CRC.

There were several limitations to the current study. Recent 
studies have reported that the occurrence and progression 
of CRC are associated a series of oncogenes and tumor 
suppressor gene mutations, including RAS, BRAF, PIK3CA 
and TP53 gene, amongst others (40,43,44). However, such 
tests were not performed at this time. Therefore, future 
studies will detect and analyze the expression of related genes 
in CRC with abnormal expression of miR‑483. In addition, 
relevant experiments will be performed in other CRC cell 
lines, to obtain more complete results. Overexpression and 
gene knockout tests should also be performed to assess the 
intrinsic association between miR‑483 and EI24. The sample 
size of clinical data should be expanded, and patient‑related 
genetic testing results should be collected. Further studies 
should focus on the investigation of the upstream and down‑
stream pathways of miR‑483, and the mechanisms via which 
miR‑483 regulates the cellular proliferation and metastasis 
of CRC.

In conclusion, the present study demonstrated that miR‑483 
could regulate the expression level of EI24 by targeting EI24, 
as well as promoted the proliferation, migration and invasion 
of CRC cells.
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