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Emerging evidence indicates that microRNAs (miRNAs) are often aberrantly expressed in human cancers. 
Meanwhile, the importance of miRNAs in regulating multiple cellular biological processes has been appreci-
ated. The aim of this study was to investigate the significance of miR-455 and identify its possible mechanism 
in regulating colorectal cancer (CRC) progression. We found that the expression of miR-455 was sharply 
reduced in CRC tissues and cell lines. Importantly, the low expression of miR-455 was associated with poor 
overall survival of CRC patients. Overexpression of miR-455 in CRC cell lines significantly inhibited cell 
proliferation and migration in vitro. Moreover, GATA-binding protein 6 (GATA6), whose expression can be 
inversely regulated by miR-455 in CRC cell lines, was validated as a direct target of miR-455. Overall, our 
results revealed that miR-455 functions as a tumor suppressor, and its downregulation may contribute to CRC 
progression. Our study may provide a novel therapeutic target for CRC in the future.
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INTRODUCTION

Colorectal cancer (CRC) ranks as the third most com-
monly diagnosed cancer in the US1. In the US, the esti-
mated number of diagnosed CRC cases was 150,250 with 
50,630 deaths in 2018, which was similar to the estimated 
numbers in 20171,2. The overall survival rate of CRC 
patients remains poor mainly due to late diagnosis or metas-
tasis2–4. Therefore, understanding and investigating the 
mechanism underlying CRC progression or metastasis 
will be helpful in identifying novel biomarkers for new 
antitumor strategy development.

MicroRNAs (miRNAs) are small noncoding RNAs 
that regulate the expression of many protein-coding genes 
or noncoding genes by complementary binding5. Intensive 
studies have revealed that miRNAs play important roles in 
cellular biological processes including cell proliferation, 
migration, invasion, or apoptosis6–9. Several miRNAs were 
revealed to be associated with the progression of CRC  
including miR-495, miR-411, miR-215-5p, miR-19a,  
and miR-45510–14. Among these miRNAs, miR-455 was 

widely recognized as a tumor suppressor as it was down-
regulated in multiple tumors including prostate cancer, 
esophageal squamous cell carcinoma, gastric cancer, and 
non-small cell lung cancer15–18. However, the exact role of 
miR-455 in the progression of CRC remains to be fully 
elucidated.

GATA-binding protein 6 (GATA6), a member of the 
C2-type zinc finger protein, was previously reported to 
be highly expressed in CRC and predicts the poor prog-
nosis and lung metastasis of CRC19. Importantly, studies 
revealed that REG4 and BMP were the downstream tar-
gets of GATA6 and were key players in the CRC tumori-
genesis process mediated by GATA620,21. Unfortunately, 
the upstream molecules that can regulate the expression 
of GATA6 in CRC are poorly understood.

In this study, we explored the expression of miR-455 in 
CRC tissues to stratify the enrolled patients into a high or 
low miR-455 expression group. Following this, we inves-
tigated the effect of miR-455 expression on the 5-year 
overall survival rate and found that low expression of 
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miR-455 predicts poor overall survival of CRC patients. 
In vitro functional assays revealed that CRC cell pro-
liferation and migration were repressed when miR-455 
was overexpressed. Also, we identified that GATA6 was 
a direct target of miR-455 in CRC and was negatively 
related to the miR-455 level.

MATERIALS AND METHODS

Ethics Statement

This study was approved by the Ethics Committee at 
Baotou Tumor Hospital (Inner Mongolia, P.R. China). 
Written informed consent was obtained from all of the 
enrolled patients.

Human Tissue Samples

A total of 82 CRC tissues and adjacent noncancer-
ous tissues were obtained from patients at Baotou Tumor 
Hospital, from 2010 to 2012. The fresh tissues were snap 
frozen in liquid nitrogen and then stored at −80°C for fur-
ther usage. None of these patients received any antitumor 
treatments before surgery.

Cell Lines and Cell Culture

Human CRC cell lines (HCT116 and HT29) and a nor-
mal human colon cell line (NCM460) were obtained from 
the American Type Culture Collection (Manassas, VA, 
USA). These cells were cultured in complete Dulbecco’s 
modified Eagle’s medium (DMEM; Gibco, Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 
10% fetal bovine serum (FBS; Gibco, Thermo Fisher 
Scientific, Inc.). Cells were incubated in a humidified 
incubator with 5% CO2 at 37°C.

The miR-455 mimic, miR-455 inhibitor, negative 
control (NC) miRNA, siRNA of GATA6, and NC siRNA  
were purchased from GenePharma (Shanghai, P.R. China).  
Lipofectamine 2000 (Invitrogen, Thermo Fisher Scien-
tific, Inc.) was used to transfer the aforementioned 
miRNAs or siRNAs into the cell lines according to the 
supplier’s instructions.

RNA Extraction and Quantitative Real-Time 
PCR (RT-qPCR)

Total miRNA and RNA were extracted from the tissues 
and cultured cell lines using TRIzol reagent (Beyotime, 
Jiangsu, P.R. China) per the manufacturer’s recommen-
dations. miRNA expression level determination was per-
formed using SYBR PrimeScript miRNA RT PCR Kit 
(TaKaRa, Dalian, P.R. China). To determine the expres-
sion level of mRNA, the PrimeScript RT Reagent Kit 
(TaKaRa) was first used to reverse transcribe the mRNA 
into cDNA. The SYBR Green Master Mix (Applied 
Biosystems, Thermo Fisher Scientific, Inc.) was used to 

quantify the expression level of mRNA. RT-qPCR was 
performed at the ABI 7500 Sequence Detection System 
(Applied Biosystems, Thermo Fisher Scientific, Inc.). The 
primers used in this study were as follows: miR-455-F 
5¢-ACACTCCAGCTGGGTATGTGCCTT-3¢ and miR- 
455-R 5¢-GTGCAGGGTCCGAGGT-3¢; U6 snRNA-F 
5¢-CTCGCTTCGGCAGCACA-3¢ and U6 snRNA-R 5¢- 
AACGCTTCACGAATTTGCGT-3¢; GATA6-F 5¢-CAC 
ACGCTGACAGTGCTGG-3¢ and GATA6-R 5¢-TACA 
GGGCGATACAAAGCAGGAGAA-3¢; GAPDH-F 5¢-AC 
GGGAAGCTCACTGGCATGG-3¢ and GAPDH-R 5¢-G 
GTCCACCACCCTGTTGCTGTA-3¢.

Western Blot

Total protein was extracted from the tissues, and cell 
lines were cultured using RIPA lysis buffer (Beyotime). 
The protein concentration was measured by BCA Assay 
Kit (Beyotime). The same quantity of protein sample was 
separated by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred to polyvi-
nylidene difluoride membranes. The membranes were 
blocked at room temperature for 1 h with 5% skim milk. 
The membranes were then incubated with primary anti-
bodies against GATA6 (ab106066) or GAPDH (ab8245) 
(both from Abcam, Cambridge, MA, USA) at 4°C over-
night. Then the membranes were incubated with horse-
radish peroxidase-conjugated rabbit anti-mouse IgG anti-
body (ab6728) at room temperature for 1 h. Proteins were 
detected by ECL Plus Western Blotting Detection Kit  
(Beyotime). The bands were analyzed with ImageJ soft-
ware (National Institutes of Health, Bethesda, MD, USA).

Luciferase Reporter Assay

According to the prediction results of TargetScan 
(www.targetscan.org), we found that the 3¢-UTR of 
GATA6 contains a putative binding site for miR-455. 
Then the wild-type (WT) and mutant (Mut) 3¢-UTR of 
GATA6 were cloned and inserted into a pmirGLO vec-
tor (Promega, Madison, WI, USA). The vector containing 
WT or Mut 3¢-UTR of GATA6 was cotransfected with 
miR-455 inhibitor or NC miRNA. The luciferase activ-
ity was assayed at 48 h posttransfection using the Dual-
Luciferase Reporter Assay System (Promega).

Cell Proliferation Assay

For cell proliferation analysis, the cell counting kit-8 
(CCK-8) was employed in line with the manufacturer’s 
instructions. The cells were seeded in 96-well plates at a 
density of 2 ́  103 cells/well. Then 10 μl of CCK-8 reagent 
(Beyotime) was added into each well at 0, 24, and 48 h. 
After further cultivation for 2 h, the optical density value 
was measured at 450 nm using Multiskan EX spectro-
photometer (LabSystem, Helsinki, Finland).
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Cell Migration Assay

For cell migration analysis, the wound healing assay 
was conducted. Briefly, a wound in the cell surface was 
created using a plastic pipette tip. The cells were washed 
with PBS to remove the nonadherent cells. After cultiva-
tion for 0 and 24 h, the cells were visualized using an 
inverted microscope (Olympus, Tokyo, Japan). The cell 
migration distance was measured using ImageJ software 
(National Institutes of Health).

Statistical Analysis

Data were presented as mean ± SD of three indepen-
dent experiments. Data analysis was performed using 
GraphPad Prism 5 software (GraphPad, La Jolla, CA, 
USA). The Student’s t-test was performed for statisti-
cal analysis of data from two groups. The ANOVA test 
was conducted to compare the statistic difference among 
three or more groups. Correlation analysis was performed 
using Pearson’s correlation analysis. Kaplan–Meier curve 
and log-rank test were conducted to evaluate the effect 
of miR-455 expression on the overall survival of CRC 
patients. A value of p < 0.05 was considered to be statisti-
cally significant.

RESULTS

miR-455 Was Downregulated in CRC Tissues  
and Cell Lines

RT-qPCR was used to analyze the expression of miR-
455 in CRC tissues and cell lines. As shown in Figure 1A, 
the expression of miR-455 was sharply reduced in CRC 
tissues compared with the adjacent noncancerous tissues. 
We also measured miR-455 expression in CRC cell lines 
and found that miR-455 expression was also reduced 
in CRC cell lines in comparison with the normal colon 

cell line (Fig. 1B). These data imply that miR-455 might 
contribute to CRC progression.

miR-455 Correlates With Poor Overall Survival  
of CRC Patients

According to the expression level of miR-455 deter-
mined in the CRC tissues, we stratified the enrolled CRC 
patients into high or low miR-455 group (cutoff value: 
0.52). We then investigated the effect of miR-455 expres-
sion on the overall survival of CRC patients. A shown in 
Figure 1C, the patients with a high expression of miR-
455 had a clearly better 5-year overall survival than those 
with a low expression of miR-455 (p = 0.039).

Overexpression of miR-455 Inhibits Cell  
Proliferation and Migration

To determine the functional role of miR-455 in CRC, 
we measured the effect of miR-455 on cell prolifera-
tion and migration. Since the expression of miR-455 in 
HCT116 was lower than that in HT29, we thus selected 
the HCT116 cell line for the in vitro functional assay. 
First, miR-455 expression was manipulated by transfec-
tion of the synthesized miRNAs into the HCT116 cell 
line. As shown in Figure 2A, the miR-455 mimic trans-
fection could elevate the expression level of miR-455, 
while the expression of miR-455 was further reduced by 
miR-455 inhibitor transfection. The CCK-8 assay showed 
that the cell proliferation rate was reduced by miR-455 
overexpression but enhanced by miR-455 downregula-
tion (Fig. 2B). The wound healing assay revealed that 
cell migration showed a similar trend, which was reduced 
by miR-455 overexpression but enhanced by miR-455 
downregulation (Fig. 2C). Collectively, these data dem-
onstrated that miR-455 plays a very important role in 
CRC cell proliferation and migration.

Figure 1. MicroRNA-455 (miR-455) was downregulated in colorectal cancer (CRC). (A) Expression of miR-455 in human CRC tis-
sues was lower than that in adjacent noncancerous tissues. (B) Expression of miR-455 in human CRC cell lines was lower than that in 
normal colon cell line. (C) Low expression of miR-455 was correlated with poor prognosis of CRC patients. **p < 0.01.
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GATA6 Is a Direct Target of miR-455 in CRC

To further elucidate the underlying mechanism of 
miR-455 in CRC progression, we predicted the potential 
targets of miR-455 using TargetScan. The results showed 
that GATA6 contains a possible binding sequence for 
miR-455 in its 3¢-UTR (Fig. 3A). To validate that, the 
Dual-Luciferase Reporter Assay was performed by 
cotransfection of the WT or Mut 3¢-UTR GATA6 construct 
and miR-455 mimic or NC miRNA into the HCT116 cell 
line. The results showed that luciferase activity can be 
reduced by miR-455 mimic in the WT 3¢-UTR GATA6 
construct-transfected group but did not have much impact 
on the Mut 3¢-UTR GATA6 construct-transfected group 

(Fig. 3B). Additionally, we analyzed the expression level 
of GATA6 and its correlation with miR-455 in CRC 
tissues. We found that the expression of GATA6 was 
enhanced in CRC tissues and negatively correlated with 
the expression of miR-455 (Fig. 3C and D).

Ectopic Expression of miR-455 Reduced  
the Expression of GATA6

We examined whether miR-455 can regulate the expres-
sion of GATA6 in the HCT116 cell line. We examined the 
protein expression level of GATA6 in the miR-455 mimic- 
or NC miRNA-transfected HCT116 cell line and found the 
protein expression level of GATA6 was obviously reduced 

Figure 2. miR-455 reduced CRC cell proliferation and migration. (A) Expression of miR-455, (B) cell proliferation rate, and (C) cell 
migration in the HCT116 cell line with miR-455 mimic, miR-455 inhibitor, or NC miRNA transfection. *p < 0.05, **p < 0.01.

Figure 3. miR-455 directly targeted GATA-binding protein 6 (GATA6) in CRC. (A) Predicted binding region between wild-type (WT) 
GATA6 3¢-UTR or mutant (Mut) GATA6 3¢-UTR and miR-455. (B) Luciferase activity of WT GATA6 3¢-UTR or Mut GATA6 3¢-UTR 
in HCT116 cell line transfected with the miR-455 mimic or NC miRNA. (C) Expression of GATA6 in human CRC tissues was higher 
than that in adjacent noncancerous tissues. (D) Expression of GATA6 in human CRC tissues was negatively correlated with expression 
of miR-455. (E) Expression of GATA6 in the HCT116 cell line with miR-455 mimic or NC miRNA transfection. **p < 0.01.
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by miR-455 mimic when compared with those transfected 
with NC miRNA (Fig. 3E), which strengthens the conclu-
sion that GATA6 is a direct target of miR-455 in CRC.

Knockdown of GATA6 Inhibits Cell Proliferation 
and Migration

To explore the functional significance of GATA6  
expression, we studied the effect of GATA6 depletion 
using siRNA. As presented in Figure 4A, the siRNA of 
GATA6 transfection could effectively reduce the protein 
expression of GATA6 when compared with NC siRNA 
transfection. We found that the silencing of GATA6 could 
reverse the effect of miR-455 downregulation on CRC cell 
proliferation and migration when cotransfected with the  
miR-455 inhibitor and siRNA of GATA6 (Fig. 4B and C).

DISCUSSION

The progression of CRC is accompanied with accu-
mulation of aberrant expression of oncogenes or tumor 
suppressor genes22. Decades of research revealed that 
miRNAs represent a large proportion of the aberrant gene 
expressions in tumor progression23. In this present study, 
we showed that miR-455 was downregulated in CRC tis-
sues and the cell lines selected, which was in accordance 
with the previous studies24,25. One of the key findings in 
this study was that for the first time we investigated the 
effect of miR-455 expression on the 5-year overall sur-
vival of CRC patients. We showed that CRC patients with 
a low expression of miR-455 had a poorer 5-year overall 
survival than those with a high expression of miR-455.

Previous studies indicated that miR-455 could regu-
late CRC cell proliferation, apoptosis, and invasion24,25. 
In our study, we also found that the miR-455 overexpres-
sion could inhibit CRC cell proliferation and migration in 
vitro. Meanwhile, two oncogenes, histone deacetylase 2 
(HDAC2) and RAF proto-oncogene serine/threonine pro-
tein kinase (RAF1), were identified as the direct targets of 
miR-455 and could be regulated by miR-455 in CRC24,25. 
However, to date, the function and underlying mecha-
nism of miR-455 in CRC progression are still not fully 
understood. Therefore, studies are still needed to identify 
the miR-455 regulation networks in tumor progression.

GATA6 has been reported to be aberrantly expressed 
in diverse cancers and functions as an oncogene or tumor 
suppressor according to the tumor origin16,26,27. A previ-
ous study demonstrated that GATA6 expression was ele-
vated in CRC and therefore functions as an oncogene16. 
They also found that overexpression of GATA6 could 
regulate cell migration and invasion through two possible 
mechanisms: it can stimulate the expression of BMP4, 
and it can participate in the activation of BMP4-induced 
Smad pathway signaling16. However, the mechanism by 
which GATA6 expression was elevated in CRC remains 
unclear. By using the online target prediction algorithm, 
we found that the 3¢-UTR of GATA6 contains a putative 
binding site for miR-455. Therefore, it was attractive for 
us to investigate the association between miR-455 and 
GATA6. We found that GATA6 expression was inversely 
correlated with miR-455 in CRC tissues and could be 
negatively regulated by miR-455. Therefore, we deduced 

Figure 4. Knockdown of GATA6 inhibits CRC cell proliferation and migration. (A) Expression of GATA6 in the HCT116 cell line 
with siRNA-GATA6 or NC siRNA transfection. (B) Cell proliferation and (C) cell migration in the HCT116 cell line with siRNA-
GATA6 or miR-455 inhibitor transfection. ns, not significant, *p < 0.05, **p < 0.01, ***p < 0.001.
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that GATA6 was a direct target of miR-455. To address 
whether GATA6 participated in the cell proliferation 
and migration stimulation mediated by miR-455, we 
cotransfected siRNA of GATA6 and miR-455 inhibitor 
into the HCT116 cell line. We found that downregulation 
of GATA6 reversed the stimulatory effect of miR-455 
downregulation on CRC cell proliferation and migration.

In conclusion, we showed that the low expression of 
miR-455 predicts a poor overall survival of CRC patients. 
miR-455 regulates the proliferation and migration of CRC 
cell lines, at least in part, via regulating GATA6. These 
findings provide a theoretical basis for studying miR-455 
as an effective targeted therapy biomarker for CRC.
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