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Abstract 

Background: Better understanding the molecular mechanisms responsible for the genesis and 
progression of colorectal cancer would help advance the novel therapeutics. miR-224 has been 
identified to be elevated in colorectal cancer and promote human colorectal cancer cell line 
SW480 proliferation and invasion. However, the effect of miRNAs on cancer cell proliferation 
could be significantly changeable among different cell lines. HCT116 is a commonly used cell line 
for colorectal cancer study and the target gene responsible for the function of miR-224 in its 
proliferation is unclear.  
Methods: miR-224 expression was determined by quantitative reverse transcription polymerase 
chain reactions (PCRs) in human colorectal cancer tissues compared with their corresponding 
matched peritumoral tissues. HCT116 cell viability and cell proliferation were determined by 
CCK-8, EdU incorporation assays and flow cytometry for cell cycle. Target gene of miR-224 was 
confirmed by Western blots and siRNA for Smad4.  
Results: miR-224 was significantly increased by 29.49 fold in colorectal cancer tissues compared 
with their corresponding matched peritumoral tissues based on 12 colorectal cancer patients. 
miR-224 mimic significantly increased HCT116 cell viability, EdU positive cells rate, and decreased 
G1 phase cell population and increased S phase cell population. miR-224 inhibitor had opposite 
effects. Smad4 could be negatively regulated by miR-224 in HCT116 cells and was responsible for 
its effects in proliferation. 
Conclusion: miR-224 mediates HCT116 cell proliferation by targeting Smad4. 
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Introduction 
Colorectal cancer represents the third most 

common malignancy in men and the second one in 
women worldwide [1]. The incidence of colorectal 
cancer is steadily on the rise due to the lifestyle 
change and increasing aging population. Although 
several therapeutics for colorectal cancer have been 
developed, treatments for metastatic late-stage 
colorectal cancer are still limited. Palliative operation 
has always been considered as a main method [2]. 

Better understanding the molecular mechanisms 
responsible for the genesis and progression of 
colorectal cancer would help advance novel 
therapeutics [2].  

MicroRNAs (miRNAs, miRs), 19-22 nucleotides 
non-coding single-stranded small molecule-RNA, can 
post-transcriptional regulate gene expression via 
control of translation or mRNA degradation followed 
by repression of protein synthesis [3-5]. Being the 
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central regulators of gene expression, miRNAs have 
been found to play roles in regulating many essential 
biological processes including cell proliferation, 
apoptosis and migration [6-8]. Deregulated miRNAs 
have been linked to many diseases including cancer 
[9, 10]. Several miRNAs have been found to 
participate in the pathogenesis of colorectal cancer 
including miR-21, miR-451, miR-499-5p, miR-375, and 
miR-142-5p [9]. Besides that, miR-224 has also been 
identified to be elevated in colorectal cancer and 
promote human colorectal cancer cell line SW480 
proliferation and invasion [11]. However, the effect of 
miRNAs on cancer cell proliferation could be 
significantly changeable among different cell lines 
[12]. HCT116 is a commonly used cell line for 
colorectal cancer study and the target gene 
responsible for the function of miR-224 in its 
proliferation is unclear. 

Thus, in this study, we aim at determining the 
role of miR-224 in controlling the proliferation of a 
human colorectal cancer cell line HCT116. Our data 
demonstrate that miR-224 is significantly increased in 
colorectal cancer tissues as compared to the matched 
peritumoral tissues. miR-224 is able to control 
HCT116 cells proliferation and Smad4 is a target gene 
mediate the pro-proliferation effects of miR-224 in 
HCT116 cells.  

Materials and Methods 
Patient samples  

Ethical approval for tissue collection protocol 
was obtained from the research ethics committee of 
Shanghai Tongji Hospital. All patients’ written 
approval consent forms were required to sign before 
surgery. Colorectal cancer tissues and the matched 
peritumoral tissues were collected, at surgery and 
freshly frozen in liquid nitrogen, and stored at −80°C 
until future use. 

Cell line culture  
Human colorectal cancer cell line HCT116 cells 

were purchased from Keygen biotech Co., Ltd. and 
cultured in Dulbecco’s modified eagle’s medium 
(DMEM, Corning, USA) supplemented with 10% fetal 
bovine serum (Biolnd, Israel) and 1% penicillin 
streptomycin (Invitrogen), and were incubated at 
37°C with 5% CO2. 

miRNA and siRNA transfection 
miR-224 mimic, inhibitor, and their 

corresponding negative controls, as well as Smad4 
siRNA were all purchased from RiboBio (Guangzhou, 
China), Smad4-siRNA sense, 5′-GAGAAGTTCTCA 
AAGTTAA(dTdT)-3′; Smad4-siRNA antisense, 
5′-TTAACTTTGAGAACTTCTC(dTdT) -3′. Before 

transfection, HCT116 cells were starved for 8 h. 
According to the manufacturer’s instruction, 
Lipofectamine 2000 (Invitrogen, USA) was used to 
transfected miR-224 mimic (50 nM), inhibitor (100 
nM), their respective negative controls and 
Smad4-siRNA (100 nM) into HCT116 cells for 48 h. 

Cell counting kit-8 assay 
Cell counting kit-8 assay (CCK-8; Dojindo, 

Japan) was used to determine the effects of miR-224 
mimic and inhibitor on HCT116 cells viability. 
HCT116 cells were seeded in 96-well plates at a 
density of 0.2 million cells/mL and cultured in 
DMEM containing 10% FBS for 24 h. After starvation 
for 6 h with serum-free medium, cells were 
transfected with miR-224 mimic or inhibitor for 48h 
(co-incubation with CCK-8 solution 1h before the end 
of the transfection) in a cell culture incubator at 37 °C. 
The absorbance at a wavelength of 450 nm was 
measured using a spectrophotometer (Bio-Rad, USA). 

EdU staining 
Cellular proliferation rate was measured by 

5-ethynyl-2’-deoxyuridine (EdU) assays. HCT116 cells 
were plated at 0.2 million cells/mL per well into 
96-well plates, and adhered overnight. After 
transfection, the cells were incubated with 100 μl per 
well EdU for 2 hours, fixed with 4% 
paraformaldehyde for 30 minutes, and stained with 
Cell-Light™ EdU Apollo®488 In Vitro Imaging Kit 
(RioBio, China) according to the manufacturer’s 
instructions.  

Flow Cytometry detection of cell cycle  
Cell cycle was measured using flow cytometric 

measurement. HCT116 cells were plated onto 12-well 
plates for adhere. After starvation overnight and 
transfected with miR-224 mimic or inhibitor for 48h, 
cells were harvested and fixed with pre-cooling 
absolute ethanol overnight at −20°C. Subsequently 
cells were washed with PBS, treated with RNAse 
(KeyGEN BioTECH) and stained with propidium 
iodide (PI, Sigma) solution (50µg/mL). Cell cycle was 
analyzed using flow cytometry (Beckman, USA). 

RNA extraction and quantitative reverse 
transcription polymerase chain reactions  

Total RNA was extracted from the collected 
tissues or HCT116 cells using Trizol Reagent 
(Invitrogen, USA) according to the manufacturer’s 
instructions. cDNA synthesis was performed using 
the iScriptTM cDNA synthesis kit (Bio-Rad, USA). 
Then cDNA was subjected into 40 cycles of 
quantitative reverse transcription polymerase chain 
reactions (PCRs) with Takara SYBR Premix Ex TaqTM 
(Takara, Japan) in a CFX96TM RealTime PCR 
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Detection System (Bio-Rad, USA). The 5S and 
GAPDH were used as the internal control for miR-224 
and Smad4, respectively. The primer sequences were 
as follows. Smad4: Forward, CTCATGTGATCT 
ATGCCCGTC; Reverse, AGGTGATACAACTCGTTC 
GTAGT. GAPDH: Forward, ATGACATCAAGAAG 
GTGGTG; Reverse, CATACCAGGAAATGAGCTTG.  

Western blot analysis 
Tissue or HCT116 cellular proteins were 

extracted used Radio-Immunoprecipitation Assay 
(RIPA) buffer (KeyGen, China) containing 1% 
phenylmethanesulfonyl fluoride (PMSF). Protein of 30 
µg was added to standard 10% SDS-PAGE gel and 
transferred onto polyvinylidene difluoride (PVDF) 
membranes. After blocking, membranes were 
incubated with anti-Smad4 antibody (Bioworld, USA) 
overnight at 4°C and incubated with HRP-linked 
secondary antibody for 2 hour at room temperature. 
The ChemiDocTM XRS Plus luminescent image 
analyzer (Bio-Rad, USA) was used to quantify the 
protein bands. GAPDH was used as a loading control. 

Statistical analysis 
The Statistical Package for the Social Sciences 

version 18.0 software (SPSS, Chicago, IL) was used to 
analyze all the data. All data were shown as mean ± 
standard error mean (SEM). A paired T-test, an 
independent-sample T-test or one-way ANOVA test 
followed by Bonferroni’s tests were used for statistical 
analysis. P < 0.05 was considered as statistical 
significance. 

Results 
miR-224 is increased in colorectal cancer 
tissues 

miR-224 expression levels have been frequently 
reported to be elevated in colorectal cancer as 
compared to normal colorectal tissues [13-15]. Here 
used qRT-PCRs, we found that that miR-224 was 
significantly increased by 29.49 fold in colorectal 
cancer tissues compared with their corresponding 
matched peritumoral tissues based on 12 colorectal 
cancer patients (Fig.1).  

miR-224 controls HCT116 cell viability and cell 
proliferation 

CCK-8 was used to measure cell viability of 
HCT116 cells transfected with miR-224 mimic and 
inhibitor. It was found that miR-224 mimic could 
significantly increase HCT116 cell viability while 
miR-224 inhibitor decreased that (Fig. 2A). 

To further investigate if the effect of miR-224 in 
controlling cell viability was because of its effect in 
cell proliferation, EdU incorporation assays were used 

to determine the effects of miR-224 in DNA synthesis, 
which is an important hallmark of cancer cell growth. 
As indicated in Fig. 2B, miR-224 overexpression 
increased EdU-positive cell population while miR-224 
suppression significantly decreased that, suggesting 
that miR-224 was able to control DNA synthesis of 
HCT116 cells.  

 

 
Figure 1. miR-224 is overexpressed in tissues of human colorectal 
cancer. qRT-PCR for miR-224 expression in the tumor versus the 
peri-tumortissues of colorectal cancer from a total of 12 patients (n=12 per 
group). *, p<0.05. 

 
Besides EdU incorporation assays, we also used 

flow cytometry to determine HCT116 cell cycle 
distribution. We found that miR-224 overexpression 
decreased G1 phase cell population and increased S 
phase cell population while miR-224 inhibition 
increased G1 phase cell population and decreased S 
phase cell population (Fig.2C), further supporting that 
miR-224 was able to promote HCT116 cell 
proliferation.  

Smad4 is a target gene of miR-224  
Smad4 is a reported target gene of miR-224 [11], 

however, due to the cell specific effects of miRNAs 
[12], it is unclear if Smad4 is a target gene of miR-224 
and responsible for its effects in HCT116 cells. Based 
on Western blot, we determined the effects of miR-224 
in endogenous expressions of Smad4 in HCT116 cells 
first. We found that the protein level of Smad4 could 
be endogenously negatively regulated by miR-224 in 
HCT116 cells (Fig.3). To further determine if Smad4 
mediates the effects of miR-224 in HCT116 cells, 
siRNA to Smad4 was transfected into HCT116 cells, 
and qRT-PCR was used to confirm the effects of 
Smad4 siRNA in knock-downing Smad4 (Fig.4A). 
miR-224 inhibitor and Smad4 were co-transfected, 
and EdU assays indicated that Smad4 siRNA could 
reverse the proliferation suppression effects of 
miR-224 in HCT116 cells (Fig.4B). Thus, Smad4 is a 
target gene of miR-224, mediating its effects in 
proliferation.  
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Figure 2. miR-224 promotes human colorectal cancer cell line HCT116 proliferation. (A) CCK-8 assay showed that miR-224 mimic increased the 
viability of HCT116 cells, while miR-224 inhibitor decreased that (n=6). (B) The EdU positive rate was increased by miR-224 mimic, while miR-224 inhibitor 
decreased that (n=4). Scale bar=50μm. (C)Flow cytometry for cell cycle showed that miR-224 mimic decreased G1-phase cells rate and increased S-phase cells rate, 
while miR-224 inhibitor increased G1-phase cells rate and decreased S-phase cells rate (n=6). *, p<0.05. 

 
Discussion 

Colorectal cancer represents the third most 
common cancer and is widely detected in the world, 
causing 700,000 deaths yearly [9]. The first-line 
treatment and second-line chemotherapy for 
colorectal cancer patients have been well-established 

[9]. However, novel therapies are needed to increase 
treatment efficacy [9]. Here we provide data that 
miR-224 controls HCT116 cell proliferation by 
targeting Smad4, suggesting that suppression of 
miR-224 could be a novel therapy for colorectal 
cancer. 
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Figure 3. Smad4 is a target gene of miR-224 in HCT116 cells. (A) Smad4 protein level was decreased by miR-224 mimic in HCT116 cells (n=3). (B) Smad4 
protein level was increased by miR-224 inhibitor in HCT116 cells (n=3). *, p<0.05. 

 
Figure 4. Smad4 mediates the effects of miR-224 in HCT116 cells proliferation. (A) qRT-PCR showed that Smad4 siRNA significantly downregulated 
Smad4 in HCT116 cells (n=4). (B) Silencing Smad4 restored the inhibitory effect of miR-224 inhibitor on proliferation in HCT116 cells. (n=4). Scale bar=50 μm.*, 
p<0.05 vs NC. #, p<0.05 vs miR-224 inhibitor group. 

 
miRNAs have been reported to be related to a 

variety of cancers [16]. Recent evidences proved that 
miR-224 was obviously aberrant up-regulated in a 
number of cancers including hepatocellular 
carcinoma [17], breast cancer [18], lung cancer [19] and 
colorectal cancer [13-15]. miR-224 has been found to 
be able to promote aggressive phenotype of colorectal 
cancer [20], and was also related to the progression 
and response to chemotherapy of colorectal cancer 
[21]. The clinical and biological significance of 
miR-224 has been reported in colorectal cancer 
metastasis. However, miR-224 has also been found to 
suppress colorectal cancer cell migration [13]. miR-224 
could promote human colorectal cancer cell line 
proliferation [11]. However, due to the cell specific 
effects of miRNA [12], and HCT116 is a commonly 

used cell line for colorectal cancer study, it would be 
highly interested to explore the target gene 
responsible for the function of miR-224 in its 
proliferation. In this study, we found that miR-224 
was able to induce DNA synthesis and transition of 
G1-to-S phase in HCT116 cells.  

Smad family proteins play a key role in the 
process of transmitting TGF-β signal from cell surface 
receptors to the nucleus [22]. TGF-β signal plays a 
critical role in colorectal cancer and Smad4 is 
important in the function of TGF-β shift [22]. Smad4 
knockout mice have been found to develop cancers in 
the gastrointestinal tract [23]. Smad4 has been 
reported to be a target gene of miR-224 in human 
colorectal cancer cell line SW480 [11]. However, the 
effect of miRNAs on cancer cell proliferation could be 
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significantly changeable among different cell lines. As 
HCT116 is a widely used cell line for colorectal cancer 
study and the target gene responsible for the function 
of miR-224 in its proliferation is unclear. Here we 
provide direct evidence that Smad4 could be 
endogenous negatively regulated in HCT116 cells and 
as Smad4 siRNA could block the effects of miR-224 
inhibitor, suggesting that Smad4 is a target gene of 
miR-224, responsible for the effects of miR-224 in 
controlling proliferation.  

In summary, our study shows that miR-224 
promotes HCT116 cells proliferation by targeting 
Smad4. Inhibition of miR-224 might be a novel 
therapeutic strategy for colorectal cancer. 

Abbreviations 
miRNAs, microRNAs; CCK-8, cell counting kit-8 

assay; EdU, 5-ethynyl-2’-deoxyuridine; PCRs, 
quantitative reverse transcription polymerase chain 
reactions. 
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