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Abstract. MicroRNA (miR)‑370 functions as a tumor 
suppressor or promoter in several cancers. However, the expres-
sion and biological role of miR‑370 in colon cancer remains 
undefined. In the present study, miR‑370 expression in both 
normal and malignant colon tissues was quantified by quanti-
tative polymerase chain reaction. An in vitro cell viability and 
apoptosis assay and an in vitro xenograft tumor model were 
employed to investigate the role of miR‑370 on colon cancer 
growth. Furthermore, the potential direct target of miR‑370 
was identified using a luciferase assay. Our results demonstrate 
that down‑regulation of miR‑370 expression occurs in malig-
nant tissues and miR‑370 expression is inversely correlated 
with tumor grade. Moreover, we determined that miR‑370 
functions as a tumor suppressor in colon cancer by inhibiting 
cell proliferation and promoting cell apoptosis. In addition, 
overexpression of miR‑370 impairs xenograft tumor growth in 
nude mice. Mechanistically, mouse double minute 4 (MDM4) 
was demonstrated to be a potential direct target of miR‑370, 
inducing apoptosis in colon cancer. Collectively, these findings 
suggest that upregulation of miR‑370 may impair colon tumor 
growth by directly targeting MDM4. These findings provide a 
new direction for the diagnosis and treatment of colon cancer.

Introduction

Colon cancer is the third most commonly diagnosed malig-
nancy and the fourth leading cause of cancer mortality 
worldwide (1). Its late tumor presentation and rapid progres-
sion contribute to the high mortality rate  (1). Colorectal 
neoplasia appears to be influenced by environmental factors 
and an accumulation of mutations that result in uncontrolled 

proliferation and angiogenesis, inhibition of apoptosis, and 
immune escape (2‑4). Therefore, an improved understanding 
of the molecular mechanisms of colon tumorigenesis and 
progression may provide more options for treatment and 
improved prognosis of colorectal cancer patients.

It is known that less than 2% of the mammalian genome 
represents protein‑coding genes and over 90% represents 
noncoding RNAs (ncRNA), which are transcribed but not trans-
lated into proteins (5,6). MicroRNAs (miRNAs/miRs) belong 
to a class of small (typically 18‑25 nucleotides), single‑stranded 
ncRNAs that regulate post‑transcriptional gene expression by 
base‑pairing with complementary sequences on mRNA and 
inhibiting protein translation (5,6). Recently, growing evidence 
has shown that miRNAs may be involved in the pathogenesis 
of several cancers, providing new insight into the biology of 
cancer (7‑10). A previous study has indicated that miR‑370 
functions as a tumor suppressor in laryngeal squamous cell 
carcinoma (LSCC) through downregulation of FoxM1 (11). In 
ovarian cancer, miR‑370 was down‑regulated by hypermeth-
ylation and overexpression of miR‑370 suppressed ovarian 
cancer cell viability, reduced colony formation, and enhanced 
ovarian cancer cell chemosensitivity to cisplatin (cDDP) by 
directly targeting Endoglin (ENG) (12). However, results by 
Wu et al demonstrated that miR‑370 plays an important role 
in the proliferation of human prostate cancer cells, by directly 
suppressing the tumor suppressor FOXO1, which has been 
associated with key cellular functions including cell growth, 
differentiation, apoptosis, and angiogenesis (13).

The biological role of miR‑370 in colon cancer and the 
underlying molecular mechanism remains undefined. In the 
present study, we studied the expression pattern of miR‑370 
and investigated its function in human colon cancer. Moreover, 
the regulation of colon cancer apoptosis by miR‑370 was also 
examined in order to clarify the underlying mechanism of 
action. Our findings will provide a novel target in the diagnosis 
and treatment of colon cancer.

Materials and methods

Clinical sample. Human normal colon tissues and colonic tissues 
were obtained with informed consent under a general waiver by 
the Academic Medical Center Institutional Review Board for 
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the proper secondary use of human material and were obtained 
from the People's Hospital of Sichuan from October 2016 to 
December 2016. Experiments described were approved by the 
Ethics Committee of Sichuan Academy of Medical Sciences 
and Sichuan Provincial People's Hospital (Chengdu, China). The 
tumor grade were identified according to clinical diagnosis.

Cell culture and treatment. Human colon cancer cell HT29, 
DLD‑1, SW480, LoVo, HCT116 and SW620 were obtained from 
the American Type Culture Collection (Manassas, VA, USA). 
The human colon epithelial cell HCoEpiC was purchased from 
Shanghai Guandao Biotechnology. The cells were cultured 
in DMEM medium containing 10% fetal bovine serum (both 
from Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) and 1% penicillin and streptomycin at 37˚C in 5% CO2 
incubator. The plasmid‑based miR‑370 expression system and 
miR‑NC were transfected into cells using FuGENE HP® (Roche 
Diagnostics, Basel, Switzerland). The mouse double minute 4 
(MDM4) specific inhibitor NSC207895 was purchased from 
Selleck Bio (MA, USA) and used to treat LoVo cells that trans-
fected with miR‑NC or miR‑370.

Cell Counting kit‑8 (CCK‑8) kit. For cell viability detection, 
cells were seeded at 800 cells per well in 96‑well plates. Then, a 
CCK‑8 assay (Beyotime Institute of Biotechnology, Shanghai, 
China) was used and absorbance was measured at 450 nm for 
each well at different time points using a micro‑plate reader 
(Thermo Fisher Scientific, Inc.). The same experiments were 
performed four times.

Quantitative real‑time polymerase chain reaction (qPCR). 
Total RNA was extracted from each experimental group using 
TRIzol® reagent (Thermo Fisher Scientific, Inc.), according 
to the manufacturer's protocol. qPCR for miR‑370 was 
performed using miRNA primers obtained from Guangzhou 
RiboBio Co., Ltd. (Guangzhou, China). U6 was used as the 
internal control. The sequences were not supplied due to the 
rules of the company. The qPCR conditions were as follows: 
Denaturation at 94˚C for 2 min, amplifcation for 30 cycles at 
94˚C for 0.5 min, annealing at 58˚C for 0.5 min and extension 
at 72˚C for 1 min, followed by a terminal elongation step at 
72˚C for 10 min. The RT‑qPCR analysis was performed on a 
Bio‑Rad CFX96 thermal cycler (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA). Data was analyzed with the 2‑ΔΔCt method. 
The same experiments were performed three times. GAPDH 
was used as the internal control.

Apoptosis analysis. Cells transfected with miR‑NC or 
miR‑370 were harvested at 48 h after transfection and stained 
with Annexin V‑FITC/PI Apoptosis Detection kit (Keygentec, 
Nanjing, China) as the the manufacturer's protocol indicated. 
Apoptotic cells were assessed by flow cytometry (FACS 
Calibur; Becton Dickinson, Franklin Lakes, NJ, USA). The 
same experiments were performed three times.

The generation of stable clones. The SW620 cells were plated 
in 6‑well plate (2x105 cells/well). Then, the plasmid‑based 
miR‑370 expression system and miR‑NC were transfected into 
cells using FuGENE HP® (Roche Diagnostics). After transfec-
tion for 48 h, 2 mg/ml G418 (Sigma-Aldrich, St. Louis, MO, 

USA) was added into the medium and lasted for 10 days. The 
miR‑370 expression in miR‑370 and miR‑NC cells were deter-
mined by qPCR. The survived cells was named as miR‑370 
cells (stable expression miR‑370) and miR‑NC cells.

Xenograft tumors in nude mice. Procedures involving animals 
conformed to the guidelines of the Institutional Animal 
Care and Use Committee of Sichuan Academy of Medical 
Sciences and Sichuan Provincial People's Hospital (Chengdu, 
China). SW620 cells stable expression miR‑NC or miR‑370 
(5x106 cells in 100 µl of DMEM) were injected subcutane-
ously into the flanks of nude mice (5 weeks old, male; Vital 
River Laboratories, Beijing China). Tumor volumes were 
measured at 10 days post cell injection and every five days. 
Tumor weights were measured immediately after sacrificing 
and tumor samples were harvested for RNA extraction and 
embedding in paraffin for TUNEL assay analysis.

TUNEL assay. For apoptotic cell detection in tumor tissues, 
serial 4‑µm‑thick tissue sections were prepared and dewaxed to 
water. Then DeadEnd™ Fluorometric TUNEL system (Promega 
Corporation, Madison, WI, USA) was performed according to 
the manufacturer's and the apoptotic cells is end‑labeled with 
fluorophore. DAPI (Beyotime, Beijing, China) was purchased 
to stain cell nuclei. Fluorescence images were captured using a 
fluorescence microscopy (Olympus Corporation, Tokyo, Japan). 
The apoptotic index (apoptotic cells of total cell were analyzed. 
The same experiments were performed three times.

Luciferase assay. The precursor to miR‑370 was synthesized 
and cloned in pMiRluc (Ambion Life Technologies, Carlsbad, 
CA, USA) to generate pMiRluc‑370. Firefly luciferase reporter 
vectors with the intact putative miR‑370 recognition sequence 
from the 3'‑UTR of MDM4 or with random mutations cloned 
downstream of the firefly luciferase gene were constructed. For 
the 3'UTR‑luciferase assays, 293T cells were co‑transfected 
with MDM4‑WT or mut‑3'‑UTR construct, pMiRluc or 
pMiRluc‑miR‑370 luciferase expression construct using 
FuGENE HP® (Roche Diagnostics). Luciferase assays were 
performed 24 h after transfection using the Dual Luciferase 
Reporter Assay system (Promega Corporation). Values were 
normalized to the activity of β‑galactosidase.

Western blotting. The proteins were extracted in ice‑cold 
RIPA lysis buffer (Beyotime) containing 1% protease inhibitor 
cocktail (Pierce, Rockford, IL, USA), then centrifuged at 
12,000 rpm for 20 min at 4˚C. After protein concentration 
measurement by BCA assay kit (Beyotime), equivalent amounts 
of proteins were loaded on SDS‑PAGE and transferred to PVDF 
membranes (Millipore, Bedford, MA, USA). After blocking by 
5% non‑fat milk in TBS/T buffer, antibodies against MDM4 
(cat. no. 04‑1555, 1:2,000; Millipore), p53 (cat. no. 2527, 1:1,000; 
Cell Signaling Technology, Inc., Danvers, MA, USA), γH2AX 
(cat. no. 9718, 1:1,000; Cell Signaling Technology, Inc.) and 
caspase 3 (cat. no. 9662, 1:1,000; Cell Signaling Technology, 
Inc.) were added for detection and all blots were probed with 
antibodies against β‑actin (cat. no. 04‑116, 1:3,000; Millipore) as 
loading control. ECL kit from Millipore was purchased for band 
exposure. The density of each band were measured by Image 
J software (National Institute of Health, Bethesda, MD, USA).
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Immunohistochemical staining. SW620 xenograft tumors 
were instilled with 4% formalin and immersed in the same 
solution before tissue processing into paraffin‑embedded 
blocks; 4 µm sections were then cut for immunohistochemical 
staining. After antigen retrieval for 3 mins in citrate under 
high pressure, tumor tissue sections were incubated with 
primary antibody against MDM4 (cat. no. 04‑1555, 1:300; 
Millipore) for immunohistochemical staining following the 
instructions of IHC kit (SP9001; ZsBio, Beijing, China) and 
DAB kit (Fuzhou Maixin Biotech Co., Ltd., Fuzhou, China). 
The stained tumors were visualized by a light microscope 
(DTX500; Nikon Corporation, Tokyo, Japan) The MDM4 
positive cells were scored by counting the number of tumor 
cells expressing the proteins as determined by MDM4 
staining in 5 random selected fields.

Statistical analysis. Statistical comparisons of all results were 
analyzed using analysis of variance (ANOVA) or t‑test and 
represented graphically as mean ± standard deviation (SD). All 
statistical analyses were carried out using SPSS 20.0 statistical 
software (SPSS, Inc., Chicago, IL, USA). P<0.05 was regarded 
as statistically significant.

Results

miR‑370 expression is low in malignant colon tissue. To deter-
mine the expression of miR‑370 in normal and malignant colon 
tissue, 30 pairs of colon tissues from patients were collected 
for qPCR testing (Table I). Interestingly, miR‑370 expression 
levels were significantly lower in malignant colon tissues than 
in normal colon tissues (relative miR‑370 expression in normal 
colon tissues, 2.772±0.3749; relative miR‑370 expression in 
colon malignant tissues, 1.199±0.1948; P=0.0004; Fig. 1A). 
Further analysis indicated miR‑370 expression in grade I tumors 
was higher than in grade II‑III or grade IV tumors (Fig. 1B). 
These results suggest that miR‑370 is downregulated in malig-
nant colon tissues and is inversely correlated with tumor grade.

Overexpression of miR‑370 promotes apoptosis in colon 
cancer cells in vitro. Since miR‑370 expression was reduced 
in malignant colon tissues, we were interested in its expression 
and role in colon cancer cells. We determined the expression 
level of miR‑370 in several colon cancer cell lines and in 
normal human colon epithelial cells (HCoEpiC) and found 
miR‑370 expression is significantly downregulated in colon 

Figure 1. Expression of miR‑370 in colonic malignant tissues. (A) Relative expression of miR‑370 in 30 pairs of normal colon tissues and colonic malignant 
tissues, n=30, P=0.0004. GAPDH was used as the internal control. (B) Percentage of patients with high and low expression of miR‑370 according to tumor 
grade, *P<0.05; **P<0.01. miR, microRNA.

Table I. Analysis of the correlation between miR‑370 expression and clinicopathological characteristics.

	 miR‑370 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 Number of patients	 Low	 High	 P‑value

Sex (%)				    >0.05
  Male	 13 (43.3)	 5 (38.5)	 8 (61.5)
  Female	 17 (56.7)	 9 (52.9)	 8 (47.1)
Age (%)				    >0.05
  ≤60	 10 (33.3)	 4 (40)	 6 (60)
  >60	 20 (66.7)	 6 (50)	 6 (50)
TNM stage (%)				    <0.05
  I	 8 (26.7)	 3 (37.5)	 5 (62.5)
  II‑III	 12 (40)	 4 (33.3)	 8 (66.7)
  IV	 10 (33.3)	 2 (20)	 8 (80)

TNM, tumor node metastasis; miR, microRNA.

https://www.spandidos-publications.com/10.3892/ol.2017.7524
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cancer cells (Fig. 2A). LoVo and SW620, which get lowest 
miR‑370 expression among the investigated colon cancer cell 
lines, were selected for further research. Next, we introduced 
a plasmid‑based miR‑370 expression system and demonstrated 
that the plasmid effectively enhanced miR‑370 levels in colon 
cancer cell lines (LoVo and SW620) (Fig. 2B). Overexpression 
of miR‑370 in LoVo and SW620 cells resulted in significantly 
reduced viability compared to the miR‑NC (negative control) 
transfected group. Viability was reduced by 52.5% in LoVo cells 
and 56.6% in SW620 cells (Fig. 2C). Furthermore, an improved 
rate of apoptosis in LoVo and SW620 cells was observed upon 
treatment with miR‑370 (LoVo, 5.2±0.5% for miR‑NC vs. 
13.1±1.1% for miR‑370, P<0.01; SW620, 2.7±0.7%for miR‑NC 
vs. 12.7±1.6% for miR‑370, P<0.01; Fig. 2D). These results 
indicate that overexpression of miR‑370 inhibits colon cell 
proliferation through apoptotic pathways, in vitro.

Overexpression of miR‑370 reduces colon tumor growth in vivo. 
To validate the observed phenomenon in vivo, SW620 cells that 
stably express either miR‑NC or miR‑370 were used to establish 
xenograft tumor models in nude mice. qPCR results showed that 
the expression of miR‑370 in miR‑370 stably transfected SW620 
cells was higher than in miR‑NC stable transfected SW620 cells 
(Fig. 3A). We found that overexpression of miR‑370 in colon 
cancer cells markedly reduced xenograft tumor growth (Fig. 3B). 
Tumor volume decreased by 63.6% (1,872.3±283.8 mm3 for 

miR‑NC vs. 682.3±83.4 mm3 for miR‑370; P<0.01; Fig. 3C) and 
tumor weight decreased by 64.9% (1.69±0.13 g for miR‑NC 
vs. 0.61±0.15 g for miR‑370; P<0.01; Fig. 3D). Furthermore, 
TUNEL staining suggested a significantly increased apoptotic 
index upon transfection of SW620 xenograft tumors with 
miR‑370 (Fig. 3E). These results indicate that overexpression of 
miR‑370 retards colon tumor growth in vivo.

miR‑370 directly targets MDM4 to promote apoptosis in colon 
cancer cells. To investigate the possible mechanisms by which 
miR‑370 promotes apoptosis in colon cancer cells, TargetScan 
and miRDB were used to identify miR‑370's predicted biological 
target, MDM4. To verify this analysis, the MDM4 3'UTR, 
containing the miR‑370 binding site, was cloned downstream 
of the luciferase open reading frame. Additionally, a MDM4 
3'UTR mutant, which contains a mutated miR‑370 binding site, 
was also introduced into the luciferase construct (Fig. 4A). Next, 
293T cells, which were widely used as a tool cell in luciferase 
assay  (14), were performed to investigate whether miR‑370 
directly targets MDM4. qPCR results showed that the expres-
sion of miR‑370 in miR‑370 transfected 293T cells was higher 
than in miR‑NC transfected 293T cells (Fig. 4B). After the 
luciferase‑MDM4‑3'UTR transfection, luciferase expression 
in miR‑370 transfected 293T cells was significantly affected 
(Fig. 4C). Results showed consistent reduction of luciferase 
expression in miR‑NC and miR‑370 transfected 293T cells 

Figure 2. Overexpression of miR‑370 promotes apoptosis in colon cancer cells in vitro. (A) qPCR analysis of miR‑370 expression in HCoEpiCs and several 
colon cancer cells, n=3; **P<0.01, compared with HCoEpiCs. GAPDH was used as the internal control. (B) qPCR analysis of miR‑370 expression in miR‑NC and 
miR‑370 transfected LoVo and SW620 cells, n=3; **P<0.01, compared with miR‑NC transfected cells. GAPDH was used as the internal control. (C) Analysis 
of cell viability by CCK‑8 in miR‑NC and miR‑370 transfected LoVo and SW620 cells, n=3; *P<0.05; **P<0.01, compared with miR‑NC transfected cells. 
(D) Analysis of cell apoptosis by Annexin V and PI in miR‑NC and miR‑370 transfected LoVo and SW620 cells, n=3; **P<0.01, compared with miR‑NC 
transfected cells. miR, microRNA; qPCR, quantitative real‑time polymerase chain reaction; CCK-8, Cell Counting kit‑8.
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Figure 3. Overexpression of miR‑370 reduces colon tumor growth in vivo. (A) qPCR analysis of miR‑370 expression in SW620 cells that stably transfected 
with miR‑370 and miR‑NC, n=3; **P<0.01, compared with miR‑NC cells. (B) Representative macroscopic findings of colon tumors. (C) Tumor volume after 
injection of 5x106 miR‑NC or miR‑370 SW620 cells into nude mice. n=5; *P<0.05; **P<0.01, compared with miR‑NC group. (D) End‑stage weight after injection 
of 5x106 miR‑NC or miR‑370 SW620 cells into nude mice. n=5; **P<0.01, compared with miR‑NC group. (E) TUNEL analysis of apoptosis cells in miR‑NC 
and miR‑370 xenograft tumors, n=3; **P<0.01, compared with miR‑NC group. miR, microRNA; qPCR, quantitative real‑time polymerase chain reaction.

Figure 4. miR‑370 directly targets MDM4. (A) MDM4‑3'UTR contains one predicted miR‑370 binding site. The figure shows predicted duplex formations between 
MDM4‑3'UTR and miR‑370. The sites of target mutagenesis are indicated in blue. (B) qPCR of miR‑370 in 293T cells after enforced expression of miR‑370 in 
293T cells. **P<0.01, compared to miR-NC group. (C) Relative repression of luciferase expression was standardized to a transfection control. **P<0.01 compared to 
miR‑NC control. (D) Western blot analysis of MDM4, p53, caspase 3 and γH2AX expression in miR‑NC and miR‑370 transfected LoVo and SW620 cells. β‑actin 
was used as loading control. Relative expression analysis of MDM4, p53, caspase 3 and γH2AX expression. n=3, **P<0.01, compared with miR‑NC transfected 
group. (E) IHC staining of MDM4 in miR‑NC and miR‑370 xenograft tumor tissues. Scale bar, 50 µm. The percentage of MDM4 positive cells were counted and 
analyzed. n=5, **P<0.01, compared with miR‑NC group. miR, microRNA; MDM4, mouse double minute 4; qPCR, quantitative real‑time polymerase chain reaction.

https://www.spandidos-publications.com/10.3892/ol.2017.7524
https://www.spandidos-publications.com/10.3892/ol.2017.7524
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following transfection with miRNA binding site mutant plasmids 
(luciferase‑MDM4‑3'UTR mutant) (Fig. 4C). Further western 
blot analysis demonstrated that miR‑370 reduced MDM4 expres-
sion in LoVo and SW620 cells, accompanied by increased p53, 
caspase 3 and γH2AX expression, both of which are downstream 
targets of MDM4 (Fig. 4D). IHC staining also demonstrated less 
MDM4 positive cells were found upon transfection of SW620 
xenograft tumors with miR‑370, compared with miR‑NC group 
(Fig. 4E). These results suggest that miR‑370 directly targets 
MDM4 to promote apoptosis in colon cancer cells.

MDM4 plays a necessary role during miR‑370‑mediated 
cancer cell growth inhibition. Next, to investigate whether 
MDM4 plays a necessary role during miR‑370‑mediated 
cancer cell growth inhibition, MDM4 specific inhibitor 
NSC207895 was purchased and used to treat miR‑370 or 
miR‑NC transfected LoVo cells. As shown in Fig. 5A and B, 
NSC207895 efficiently inhibited the expression of MDM4 
in miR‑NC transfected LoVo cells. Meanwhile, there was no 
significant difference on MDM4 expression in miR‑NC and 
miR‑370 transfected cells that after NSC207895 treatment 
(Fig. 5A and B). Furthermore, CCK‑8 assay demonstrated that 
miR‑370 transfected resulted in significantly reduced viability 
compared to the miR‑NC transfected LoVo cells (Fig. 5C). 
But NSC207895 efficiently blocked the miR‑370‑mediated 
Loco cell growth inhibition (Fig.  5C). Collectively, these 
results indicated that MDM4 plays a necessary role during 
miR‑370‑mediated cancer cell growth inhibition.

Discussion

In the present study, we investigated the expression patterns 
and role of miR‑370 in colon cancer cells. We discovered 
downregulation of miR‑370 expression in malignant colon 
tissue and miR‑370 expression was inversely correlated with 
tumor grade. Moreover, we determined that miR‑370 functions 
as a tumor suppressor in colon cancer by inhibiting tumor 
growth and promoting cell apoptosis. Mechanistically, MDM4 
was demonstrated to be a potential direct target of miR‑370 
during colon cancer cell apoptosis. Collectively, these findings 
suggest that upregulation of miR‑370 may impair colon tumor 
growth by targeting MDM4.

Recently, case series studies demonstrated the expression 
and function of miR‑370 in cancer. Previous studies showed 
that miR‑370 is decreased in the tissues and cell lines of gastric 
cancer and overexpression of miR‑370 promotes cell apoptosis 
and inhibits proliferation (15,16). In non‑small cell lung cancer 
tissues and cell lines, miR‑370 expression was also downregu-
lated, and upregulation of miR‑370 impaired tumor growth by 
inhibiting cell proliferation (17). Meng et al have investigated 
the mechanism of miR‑370 downregulation; overexpression of 
IL‑6 induced epigenetic‑mediated miR‑370 downregulation in 
malignant human cholangiocytes (18). However, the expression 
and function of miR‑370 in colon cancer remains unclear. In 
the present study, we reported that miR‑370 was downregulated 
in colon cancer tissues compared to the adjacent tissues of the 
tumor, and confirmed miR‑370 downregulation in colon cancer 
cell lines. Furthermore, miR‑370 expression inversely corre-
lated with tumor grade. Importantly, we identified the tumor 
suppressor role of miR‑370 in colon cancer. Overexpression 
of miR‑370 impairs the xenograft tumor growth and cell 
proliferation in vivo and in vitro by promoting colon cancer 
cell apoptosis. These results provide solid evidence for under-
standing the role of miR‑370 in colon cancer. Regrettably, we 
didn't examine the expression of miR‑370 in clinic samples 
after effective treatment. And further research is required to 
investigate the expression of miR‑370 following treatment.

MDM4, a master regulator of p53, binds its homologue 
MDM2 and this results in p53 activity repression through 
MDM2‑driven ubiquitination  (19). As a cytoplasmic 
protein, MDM4 negatively controls p53 transcriptional 
activity (20). Therefore, MDM4 and the MDM2‑MDM4 complex 
are the key regulators of p53 protein stability and are involved 
in p53 activation (21). In colon cancer, MDM4 was detected in 
approximately 50% of human colon tumors and showed strong 
correlation with increased extracellular signal‑regulated kinase 
phosphorylation (22). MDM4 expression in colon cancer was 
regulated by several factors. FL118 promotes degradation of 
MDM4, leading to p53‑dependent apoptosis (23). Furthermore, 
DNA damage‑induced miR‑34a overexpression decreases 
MDM4 protein levels in colon cancer, based on the presence 
of a miR‑34a binding site  (24). MDM4 expression is also 
regulated by mitogenic signaling pathways (22) and genotoxic 
stress (25). In the present study, luciferase assays and western 

Figure 5. MDM4 plays a necessary role during miR‑370‑mediated cancer cell growth inhibition. (A) Western blotting determination of MDM4 expression 
in miR‑NC and miR‑370 transfected LoVo cells treated with or without NSC207895. β‑actin was used as loading control. (B) Relative expression analysis of 
MDM4 expression. n=3, **P<0.01, compared with miR‑NC transfected group; ns, no significant difference, compared with miR‑NC transfected group with 
NSC207895 treatment. (C) Analysis of cell viability by CCK‑8 kit in miR‑NC and miR‑370 transfected LoVo cells that treated with or without NSC207895. 
**P<0.01, compared with miR‑NC group. MDM4, mouse double minute 4; miR, microRNA; CCK-8, Cell Counting kit‑8.
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blot analysis revealed that MDM4 expression was downregu-
lated by miR‑370. Through an 11 mer binding site, the MDM4 
3'‑UTR is a target of miR‑370. Overexpression of miR‑370 
in colon cancer cells inhibits MDM4 protein expression and 
promotes p53, caspase 3 and γH2AX expression, resulting in 
cell apoptosis. Notably, as shown in Fig. 2C and D, only 15% 
apoptotic cells resulted in a 50‑60% reduction in viability/death. 
It may contributed to that the reduction in cell viability was 
a accumulated effect of apoptosis, that was persistent after 
miR‑370 transfection. Furthermore, MDM4 expression in 
SW620 xenograft tumor tissues was also inhibited by over-
expression of miR‑370. Previous studies by Li et al (26) and 
Pan et al (27) have demonstrated that miR‑370 can activated 
p21 expression in lung cancer cells and bladder cells and inhibit 
PIM1 expression in hepatocellular carcinoma. But in our 
study, inhibition of MDM4 by specific inhibitor NSC207895 
efficiently blocked miR‑370‑mediated cell growth inhibition 
(Fig. 5). It's demonstrated that MDM4 plays a necessary role 
during miR‑370 inhibiting colon cancer cell growth. The diver-
sity of mechanism under miR‑370 inhibiting cancer cell growth 
would contributed to the different cancer cells we investigated. 
But whether the miR‑370‑mediated induction of apoptotic 
cell death in colon cancer cells is p53 dependent should be 
investigated in the further study. We also need determine the 
expression of MDM4 in clinic colon tumors and analyze the 
correlation between miR‑370 and MDM4 expression in clinic 
samples. It may provide solid evidence for understanding the 
regulation role of miR‑370 on MDM4 expression.

In conclusion, our research demonstrated that there is 
downregulation of miR‑370 in malignant colon tissue and 
its level is inversely correlated with tumor grade. Functional 
studies found that miR‑370 directly targets the oncogene 
MDM4 and inhibits the growth of colon cancer in vitro and 
in vivo. Taken together, our data provide clear evidence that 
miR‑370 functions as a tumor suppressor and may serve as an 
effective target for the treatment of colon cancer.
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