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Abstract. Recently, a number of microRNAs (miRNAs) 
have been reported to play different roles in human cancers, 
including colorectal cancer (CRC). However, the specific role 
of miR‑758 has not been clarified in CRC. Therefore, the aim 
of the present study was to explore the role of miR‑758 in CRC. 
RT‑qPCR and western blot analysis were used to quantify the 
expression of miR‑758 and genes. The function of miR‑758 in 
CRC was investigated using Transwell, CCK‑8 and luciferase 
reporter assays. According to the results, the downregulation 
of miR‑758 expression was associated with aggressive behavior 
and poor prognosis in CRC patients. miR‑758 was shown to 
restrain the cell viability and metastasis in CRC. In addition, it 
was confirmed that miR‑758 directly targets PAX6 and inhibits 
CRC progression through targeting PAX6. The results also 
revealed that miR‑758 blocked EMT and PI3K/AKT pathway 
in CRC. In conclusion, miR‑758 acts as a tumor suppressor in 
CRC by downregulating PAX6.

Introduction

Colorectal cancer (CRC) is a common malignant tumor of 
the gastrointestinal tract. The incidence and mortality of the 
digestive system malignancies rank second only to gastric, 
esophageal and primary liver cancers (1). Moreover, CRC is 
prone to invade and metastasize, which is the main cause of 
death. Surgical treatment is still the first choice for the radical 
treatment of CRC. However, despite the rapid development 
of surgical techniques, the surgical cure rate and the 5‑year 
survival rate of CRC patients have been hovering around 
50% (2). The recurrence of cancer in liver, lung or peritoneal 

is one of the causes of CRC treatment failure (3). Therefore, 
early diagnosis and timely treatment is the key to improving 
the prognosis of CRC patients.

MicroRNAs (miRNAs) are small, non‑coding RNAs that 
regulate gene expression. It has been reported that miRNAs 
have important functions in cell‑cell communication and have 
the potential to detect and monitor diseases, such as cancer (4). 
A number of miRNAs have been found to act as tumor 
suppressors or promoters in a number of cancers, including 
CRC. For example, miR‑141‑3p has been shown to restrain the 
cell growth and metastasis by targeting TRAF5 in CRC (5). 
Furthermore, miR‑182 has been reported to promote cell 
proliferation, invasion and tumor growth in CRC via regulating 
DAB2IP (6). Recently, the abnormal expression of miR‑758 
was found in human cancers, except CRC. In particular, the 
overexpression of miR‑758 was demonstrated to inhibit cell 
proliferation, migration, invasion and promote apoptosis in 
non‑small cell lung cancer by negatively regulating HMGB (7). 
Meng et al also showed that miR‑758 was downregulated in 
cervical cancer, and miR‑758 overexpression promoted cell 
invasion by regulating the expression of MEPE (8). These 
results suggest that miR‑758 can be stably expressed in human 
tissues. However, the specific role of miR‑758 in CRC has not 
been clarified yet.

TargetScan database (http://www.targetscan.org) predicts 
that paired box 6 (PAX6) is a target of miR‑758. PAX6 has 
been found to be a highly conserved transcription factor that 
plays a crucial role in the development of human cancers (9). 
For example, PAX6 overexpression has been shown to 
promote tumor growth and inhibit apoptosis in human retino-
blastoma (10). PAX‑6 has also been shown to promote breast 
cancer cell proliferation and tumorigenesis (11). In addition, 
Needhamsen et al have demonstrated that PAX6 expression 
was regulated by miR‑7 (12). However, the interaction between 
miR‑758 and PAX6 has not been reported in CRC. Furthermore, 
the PI3K/AKT pathway is well known to be an important 
regulator in human cancers. The PI3K/AKT pathway has 
been demonstrated to be involved in tumor growth including 
CRC. The PI3K/AKT signaling pathway is associated with 
dysregulation of miRNA and gene expression in CRC (13). For 
example, miR‑532 has been shown to inhibit CRC progression 
by directly targeting IGF‑1R and suppressing the PI3K/AKT 
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signaling pathway (14). However, the way miR‑758 regulates 
the PI3K/AKT signaling pathway in CRC is unclear.

In the present study, the molecular mechanism of 
miR‑758/PAX6/PI3K/AKT pathway was explored and the 
function of miR‑758 was investigated in CRC, aiming to open 
up a new avenue for the diagnosis and treatment of CRC.

Materials and methods

Clinical tissues. The study was performed on 84 fresh CRC 
tissues (colon and rectal cancers) confirmed by histopathology 
at the Qingdao West Coast New Area Central Hospital 
(Qingdao, China) from May 2017 to January 2019. All patients 
with CRC did not receive any treatment before surgery. The 
study was approved by the Institutional Ethics Committee of 
the Qingdao West Coast New Area Central Hospital. Patients 
who participated in this research had complete clinical data. 
Signed written informed consents were obtained from the 
patients and/or guardians.

Cell culture. Normal human intestinal epithelial cells HIEC‑6 
and CRC cell lines HCT‑116 and SW620 were purchased 
from ATCC. The cells were incubated in DMEM (10% FBS, 
5% CO2, 37˚C) for subsequent experimentation.

Cell transfection. miR‑758 mimics, miR‑758 inhibitor, and 
PAX6 overexpression plasmid were purchased from Shanghai 
GenePharma Co., Ltd. HCT‑116 cells were transfected using 
Lipofectamine® 2000 (Invitrogen, Thermo Fisher Scientifc, 
Inc.), respectively. HCT‑116 cells with human homologous 
sequences were used as control (miR‑NC). According to the 
manufacturer's protocol, the cells were plated in 6‑well plates 
(at 70‑90% confluence) and were transfected with 100 pmol 
miR‑758 mimics, inhibitor and their control or 2.5 µg PAX6 
overexpression plasmid. After 6  h of incubation at 37˚C 
with 5% CO2, the transfection efficiency was detected and 
subsequent assays were performed.

RNA isolation and RT‑qPCR. Total RNA isolation was 
performed using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). The cDNA solution was then obtained using 
a PrimeScript Reverse Transcription kit (Qiagen China Co., 
Ltd). The temperature conditions for reverse transcription 
were as follows: 37˚C for 15 min and 85˚C for 5 sec. RT‑qPCR 
was performed using SYBR Green I (Takara Biotechnology 
Co., Ltd.) following the manufacturer's instructions. The ther-
mocycling conditions for PCR amplification were as follows: 
5 min at 95˚C, followed by 40 cycles of 95˚C for 30 sec and 
60˚C for 45 sec. U6 and GAPDH were used as the controls for 
miR‑758 and PAX6, respectively. The expression of miR‑758 
and PAX6 was quantified using the 2‑ΔΔCq method  (15). 
Primers were designed as follows: miR‑758 forward, 5'‑ACA​
CTC​CAG​CTG​GGT​TTG​TGA​CCT​GGT​CCA‑3' and reverse, 
5'‑TGG​TGT​CGT​GGA​GTC​G‑3'; U6 forward, 5'‑CGC​TTC​
GGC​AGC​ACA​TAT​ACT​A‑3' and reverse, 5'‑GCG​AGC​ACA​
GAA​TTA​ATA​CGA​C‑3'; PAX6 forward, 5'‑TCT​TTG​CTT​
GGG​AAA​TCC​G‑3' and reverse, 5'‑CTG​CCC​GTT​CAA​CAT​
CCT​TAG‑3'; and GAPDH forward, 5'‑GGC​ACT​GAG​AAG​
CGG​GGC​CG‑3' and reverse, 5'‑GAA​GAT​GGT​GAT​GGG​
ATT​TC‑3'.

Transwell assay. An 8.0‑µm pore polycarbonate membrane 
insert (Corning, Inc.) was used to determine the invasion 
and migration of CRC cells. The upper chamber was coated 
with Matrigel (BD Biosciences) for invasion assay. Next, the 
transfected HCT‑116 cells (3x103 cells/well) were placed in 
the upper chamber. DMEM with 10% FBS was added to the 
lower chamber. After 24 h, the cells were fixed and stained 
with 0.5% crystal violet at room temperature for 30 min. 
For cell migration assay, Matrigel was not required and the 
procedure followed was identical to that of the cell invasion 
assay. Observation and image capturing were performed using 
a light microscope (magnification, x200).

CCK‑8 assay. The prepared HCT‑116 cells were incubated 
in a 96‑well plate for 24 h (at 37˚C, 5% CO2). HCT‑116 cells 
(4x103/well) were then incubated for 24, 48, 72 and 96 h. Next, 
the cells were incubated for 4 h with 10 ml of CCK‑8 (Dojindo 
Molecular Technologies, Inc.) solution. The absorbance at 
450 nm was observed with a microplate reader (Molecular 
Devices, LLC).

Western blot analysis. Protein samples were obtained using 
RIPA lysis buffer (Beyotime Institute of Biotechnology). Total 
protein was quantified using a bicinchoninic acid protein 
assay kit (Pierce; Thermo Fisher Scientific, Inc.) and 40 µg 
protein/lane were separated via SDS‑PAGE on a 10% gel. 
The separated proteins were transferred onto polyvinylidene 
fluoride membranes (Thermo Fisher Scientific, Inc.) and 
blocked for 3 h at room temperature with 5% non‑fat milk in 
PBS (Thermo Fisher Scientific, Inc.) containing 0.1% Tween‑20 
(Sigma‑Aldrich; Merck KGaA). The membranes were then 
incubated with E‑cadherin (rabbit monoclonal; dilution, 1:1,000; 
cat. no. ab1416; Abcam), N‑cadherin (rabbit polyclonal; dilution, 
1:1,000; cat. no. ab18203; Abcam), Bcl‑2 (rabbit monoclonal; 
dilution, 1:1,000; cat.  no.  ab185002; Abcam), Bax (mouse 
monoclonal; dilution, 1:1,000; cat. no. ab77566; Abcam), PI3K 
(rabbit monoclonal; dilution, 1:1,000; cat. no. ab32089; Abcam), 
p‑PI3K (rabbit monoclonal; dilution, 1:1,000; cat. no. ab154598; 
Abcam), AKT (rabbit polyclonal; dilution, 1:1,000; 
cat. no. ab8805; Abcam), p‑AKT (rabbit monoclonal; dilution, 
1:1,000; cat. no. ab81283; Abcam) and GAPDH (rabbit mono-
clonal; dilution, 1:1,000; cat. no. ab181602; Abcam) primary 
antibodies overnight at 4˚C. After washing, the membranes were 
incubated with horseradish peroxidase‑conjugated secondary 
antibodies (dilution, 1:5,000; cat. no. ab7090; Abcam) for 1 h at 
room temperature. Protein bands were visualized using ECL kit 
(Beyotime Institute of Biotechnology).

Dual‑luciferase reporter assay. WT‑PAX6‑3'UTR or 
MUT‑PAX6‑3'UTR was inserted into the pmirGLO luciferase 
reporter vector (Promega Corporation). HCT‑116 cells were 
transfected with the luciferase vector and miR‑758 mimics using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientifc, Inc.) 
according to the manufacturer's protocol. After 24 h, the Renilla 
and firefly luciferase activity were detected using a dual‑luciferase 
reporter assay system (Promega Corporation). Firefly luciferase 
activity was normalized to Renilla luciferase activity.

Statistical analysis. Data were analyzed using SPSS 17.0 
(IBM Corp.) or GraphPad Prism 6 (GraphPad Software, Inc.) 
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software and were expressed as the mean ± SD. The differ-
ences were analyzed using Student's t‑test or one‑way ANOVA 
followed by Tukey's post hoc test. The univariate Kaplan‑Meier 

method with log‑rank test and the Chi‑square test were used to 
analyze the association between miR‑758 and patient survival 
or clinical features. Spearman's rank correlation analysis was 

Table I. Relationship between miR‑758 expression and clinicopathological characteristics of CRC patients.

	 miR‑758
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ---------------------------------‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 Cases	 High	 Low	 P‑value

Age (years)				    0.71
  ≥60	 34	 13	 21	
  <60	 50	 14	 36	
Sex				    0.53
  Male	 32	 14	 18	
  Female	 52	 13	 39	
Differentiation				    0.01a

  Well	 58	 16	 42	
  Moderate‑poor	 26	 11	 15	
TNM stage				    0.012a

  I‑II	 64	 18	 46	
  III‑IV	 20	   9	 11	
Lymph node metastasis				    0.02a

  No	 65	 17	 48	
  Yes	 19	 10	   9	

Statistical analyses were performed using χ2 test. aP<0.05 was considered to indicate a statistically significant difference. CRC, colorectal 
cancer.

Figure 1. Downregulation of miR‑758 is associated with aggressive behavior and poor prognosis in CRC. (A) miR‑758 expression in normal and CRC tissues. 
(B) miR‑758 expression levels in HCT‑116, SW620 and HIEC‑6 cells. (C) Low miR‑758 expression was related to shorter overall survival in CRC patients. 
*P<0.05, **P<0.01. CRC, colorectal cancer.
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performed to analyze the correlation between miR‑758 and 
PAX6 expression levels. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Downregulation of miR‑758 is associated with aggressive 
behavior and poor prognosis in CRC. RT‑qPCR was 
performed to assess the expression of miR‑758 in CRC. 
miR‑758 expression was decreased in CRC tissues 
compared with that in normal tissues (P<0.01, Fig. 1A). The 
downregulation of miR‑758 was also detected in HCT‑116 
and SW620 cells in comparison with miR‑758 expression 
in HIEC‑6 cells (P<0.01, Fig. 1B). Additionally, the low 

expression of miR‑758 was found to be associated with 
differentiation, TNM stage and lymph‑node metastasis in 
CRC patients (P<0.05, Table I). Moreover, the poor prog-
nosis in CRC patients was found to be associated with the 
downregulation of miR‑758 (P<0.05, Fig. 1C). These results 
suggest that miR‑758 may be involved in CRC progression. 
Since the difference of miR‑758 expression between the 
HCT‑116 and HIEC‑6 cells was more significant than that 
between SW620 and HIEC‑6 cells, HCT‑116 cells were 
selected for the following experiments.

miR‑758 restrains cell viability and metastasis in CRC. 
To investigate the function of miR‑758 in CRC, a gain‑loss 
function experiment was performed in HCT‑116 cells with 

Figure 2. miR‑758 restrains cell viability and metastasis in CRC. (A) miR‑758 expression in HCT‑116 cells with miR‑758 mimics or inhibitor. (B‑D) Cell 
proliferation, migration and invasion in HCT‑116 cells with miR‑758 mimics or inhibitor. *P<0.05, **P<0.01. CRC, colorectal cancer.
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miR‑758 mimics or inhibitor. The expression of miR‑758 
was increased by its mimics and decreased by its inhibitor 
(P<0.01, Fig. 2A). Functionally, the overexpression of miR‑758 
restrained cell proliferation (P<0.01), whereas the downregula-
tion of miR‑758 accelerated the proliferation of HCT‑116 cells 
(P<0.05) (Fig. 2B). In addition, miR‑758 mimics inhibited cell 
migration, whereas miR‑758 inhibitor promoted cell migration 
in HCT‑116 cells (P<0.01, Fig. 2C). Consistently, miR‑758 
mimics also inhibited cell invasion, whereas miR‑758 inhibitor 
promoted HCT‑116 cell invasion (P<0.01, Fig. 2D). Based on 
these results, miR‑758 restrained CRC progression by inhib-
iting cell viability and metastasis.

miR‑758 directly targets PAX6. For the prediction of the 
downstream target of miR‑758, the TargetScan database 
was used (http://www.targetscan.org). It was predicted that 
miR‑758 has a site that binds to the 3'‑UTR of PAX6 (Fig. 3A). 
A luciferase reporter assay was then designed to confirm this 
prediction. miR‑758 mimics were identified to reduce the 
luciferase activity of WT‑PAX6 (P<0.01, Fig. 3B). However, 
miR‑758 mimics had no effect on MUT‑PAX6 luciferase 
activity. To further confirm the relationship between miR‑758 

and PAX6, the PAX6 expression was observed in HCT‑116 
cells with miR‑758 mimics or inhibitor. RT‑qPCR showed 
that the overexpression of miR‑758 reduced the expression 
of PAX6, whereas the downregulation of miR‑758 promoted 
the expression of PAX6 (P<0.01, Fig. 3C). In addition, PAX6 
was shown to be upregulated in CRC tissues compared with 
normal tissues (P<0.01, Fig. 3D). Moreover, miR‑758 was 
negatively correlated with PAX6 expression in CRC tissues 
(P<0.01, R2=0.7269; Fig. 3E). The results suggest that miR‑758 
directly targets PAX6 and negatively regulates PAX6 expres-
sion in CRC.

miR‑758 inhibits CRC progression through targeting PAX6. 
To explore the interaction between PAX6 and miR‑758, PAX6 
overexpression vectors were transfected into HCT‑116 cells 
with miR‑758 mimics. The results showed that the decreased 
expression of PAX6 induced by miR‑758 mimics was restored 
by PAX6 overexpression vector in HCT‑116 cells (Fig. 4A). 
Functionally, the overexpression of PAX6 attenuated the inhib-
itory effect of miR‑758 on the cell proliferation of HCT‑116 
cells (P<0.01, Fig. 4B). Consistently, miR‑758‑mediated inhi-
bition of cell migration and invasion was also weakened by 

Figure 3. miR‑758 directly targets PAX6. (A) Binding sites between miR‑758 and PAX6. (B) Luciferase reporter assay. (C) PAX6 expression in HCT‑116 cells 
with miR‑758 mimics or inhibitor. (D) PAX6 expression in normal and CRC tissues. (E) Negative correlation of miR‑758 expression with PAX6 expression. 
**P<0.01. PAX6, paired box 6; CRC, colorectal cancer.
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PAX6 overexpression (P<0.01, Fig. 4C and D). These results 
suggest that the upregulation of PAX6 impairs the inhibitory 
effect of miR‑758 on CRC.

miR‑758 blocks EMT and regulates PI3K/AKT pathway 
in CRC. To further illustrate the molecular mechanism of 
miR‑758 in CRC, the way miR‑758 regulates EMT (E‑cadherin, 
N‑cadherin), apoptosis (Bcl‑2, Bax) and PI3K/AKT pathway 
(PI3K, p‑PI3K, AKT, p‑AKT) in HCT‑116 cells was investi-
gated. Fig. 5 shows that the overexpression of miR‑758 promoted 
E‑cadherin and Bax expression levels, whereas miR‑758 over-
expression inhibited N‑cadherin and Bcl‑2 expression levels 
in HCT‑116 cells. In addition, miR‑758 mimics inhibited the 
expression of p‑PI3K and p‑AKT, whereas miR‑758 inhibitor 
promoted their expression in HCT‑116 cells (Fig. 5). However, 
miR‑758 mimics did not affect the expression of PI3K and 
AKT (Fig. 5). Moreover, downregulation of miR‑758 showed 

opposite effect on the expression of these genes (Fig.  5). 
Taken together, miR‑758 overexpression blocked EMT and the 
PI3K/AKT pathway in CRC.

Discussion

It has been shown that the abnormal expression of miRNAs 
is associated with CRC progression. For example, miR‑769 
has been reported to be downregulated in CRC and restrain 
cancer progression by targeting CDK1 (16). In the present 
study, the expression of miR‑758 was also shown to be reduced 
in CRC. The downregulation of miR‑758 was associated with 
aggressive behavior and poor prognosis in CRC patients. 
Functionally, miR‑758 was presented to be able to inhibit cell 
viability and metastasis in CRC. Importantly, miR‑758 was 
shown to block EMT and PI3K/AKT pathway in CRC, and 
induce apoptosis by regulating Bcl‑2/Bax expression in CRC. 

Figure 4. miR‑758 inhibits CRC progression through targeting PAX6. (A) PAX6 expression in HCT‑116 cells with PAX6 vector and miR‑758 mimics. (B‑D) Cell 
proliferation, migration and invasion in HCT‑116 cells with PAX6 vector and miR‑758 mimics **P<0.01. CRC, colorectal cancer; PAX6, paired box 6.
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These results imply that miR‑758 serves as a tumor suppressor 
in CRC progression.

Previous studies have also reported the downregulation 
of miR‑758 in human cancers, such as ovarian and gastric 
cancer (17,18). Also, miR‑758 has been found to inhibit cell 
migration, invasion and proliferation in bladder cancer, 
hepatocellular carcinoma and glioblastoma  (19‑21). These 
results are consistent with the results of the present study. 
Downregulation of miR‑758 has also been shown to predict 
poor prognosis in patients with non‑small cell lung cancer (22) 
and the same result was also found in CRC patients. In addi-
tion, the present study showed that miR‑758 induced apoptosis 
by suppressing Bcl‑2 and enhancing Bax expression in CRC 
cells. Different from previous studies, EMT and PI3K/AKT 
pathway were also shown to be restrained by the overexpres-
sion of miR‑758 in CRC cells. Up to our knowledge, these 
findings have not been reported by previous studies.

As previous studies have shown, miR‑758 usually regu-
lates tumorigenesis by mediating some target genes, such as 
SUCNR1 and CD36 (23,24). In the present study, miR‑758 
was shown to directly target PAX6. Upregulation of PAX6 
was detected in CRC tissues. More importantly, upregulation 
of PAX6 attenuated the inhibitory effect of miR‑758 in CRC. 
In consistency with the results of the present study, PAX6 
has also been reported to be upregulated in retinoblastoma 
and breast cancer (25,26). In particular, as a target of miR‑7, 
PAX6 was found to promote proliferation and invasion of 
CRC cells (27). These findings indicate that PAX6 acts as an 
oncogene in CRC. As a target gene, PAX6 has been regulated 

by several miRNAs including miR‑335 and miR‑365 (28,29). 
In this research, a negative correlation between miR‑758 and 
PAX6 was also found in CRC tissues. The interaction between 
miRNAs and PAX6 has also been investigated in other 
cancers. For example, miR‑335 has been shown to attenuate 
the proliferation and invasion of breast cancer cells by regu-
lating PAX6 (30). Wang et al demonstrated that miR‑365b‑3p 
blocked the cell cycle progression and promoted apoptosis in 
human retinoblastoma cells by downregulating PAX6 (31). 
Similarly, miR‑758 restrained cell viability and metastasis in 
CRC by targeting PAX6, indicating that miR‑758 is an inhibi-
tory miRNA in CRC.

In conclusion, miR‑758 was downregulated in CRC, which 
was associated with aggressive behavior and poor prognosis 
in CRC patients. Moreover, miR‑758 restrained cell viability 
and metastasis in CRC via targeting PAX6 and was presented 
to block EMT and inactivate the PI3K/AKT pathway in CRC. 
The limitation of this study is that the role of miR‑758 was 
only investigated in colon cancer cells HCT‑116. The function 
of miR‑758 in other subtypes of CRC cells is unclear. Further 
investigation of the specific regulatory mechanism of miR‑758 
in CRC will be the aim of our future research.
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