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INTRODUCTION 
 

Colon cancer is one of the most prevalent common 

cancers affecting humans worldwide. Unhealthy 

lifestyle, such as high-fat and low-fiber diet, lack of 

exercise, smoking and obesity, dysbiosis of the gut 

microbiota, and family genetics are etiological factors 
that contribute to the development of colon cancer  

[1]. According to the 2020 Global Cancer Statistics 

2020 Statistical Assessment of Cancer [2] assessment, 

colorectal cancer ranks third in terms of incidence and 

second in terms of mortality in the distribution of 

cancer cases and deaths., in the distribution of cancer 

cases and deaths, colorectal cancer ranks third in 

incidence and second in mortality. It is estimated that 

106,180 people will be diagnosed with colon cancer 

and 52,580 people will die from colon cancer in the 
United States in 2022 [3]. Compared to developed 

countries, the incidence of colon cancer in China is 

low, but there is a clear trend of increasing incidence 
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ABSTRACT 
 

Objective: Colon cancer is a common malignant tumor of the gastrointestinal system, which is characterized by 
high morbidity and mortality. The purpose of this study was to analyze the expression and biological role of 
miR-181a-2-3p in colon cancer and to investigate the molecular mechanism of its regulatory effect on colon 
cancer through stimulator of interferon genes (STING). 
Methods: Real-time reverse transcription polymerase chain reaction (qRT-PCR) assay was used to detect the 
expression of miR-181a-2-3p in colon cancer cell lines and normal intestinal epithelial cells. After 
overexpression of miR-181a-2-3p in colon cancer cell lines SW480 and HT29, cells were examined by CCK8, 
Transwell, and flow cytometry assays for alterations in proliferation, migration, apoptosis, and cell cycle. Target 
genes of miR-181a-2-3p were predicted by bioinformatics and validated by dual luciferase assays. Rescue 
experiments were performed to explore the role of STING in the effect of miR-181a-2-3p. The effect of miR-
181a-2-3p on colon cancer proliferation in vivo was validated by nude mouse tumorigenicity assay. 
Results: miR-181a-2-3p was lowly expressed in both colon cancer tissues and cell lines. Overexpression of miR-
181a-2-3p led to reduced proliferation and migration, increased apoptosis, and altered cell cycle in colon cancer 
cell lines SW480 and HT29. STING was a target gene of miR-181a-2-3p. Increased STING expression partially 
counteracted the effect of overexpression of miR-181a-2-3p on colon cancer cell lines. miR-181a-2-3p also 
suppressed colon cancer proliferation in vivo. 
Conclusion: miR-181a-2-3p inhibits the proliferation and oncogenicity of colon cancer, and its molecular 
mechanism could be inhibited by STING. 
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and growing economic burden but its incidence is 

showing a significant upward trend, and the economic 

burden is increasing [4]. 

 

Colon cancer is characterized by low early diagnosis rate 

and insignificant symptoms. Early diagnosis depends on 

screening and patients’ active compliance to screening. 

Some patients exhibit poor treatment outcomes and high 

rates of recurrence and metastasis. The presence of 

micro-metastatic disease micrometastases at the time of 

surgery is responsible for the majority of main cause  

of deaths in patients with local and regional colon 

cancer [5]. Adjuvant chemotherapy and radiotherapy  

are required for patients at risk of recurrence; patients  

at risk of recurrence need adjuvant chemotherapy  

and radiotherapy, however, they can cause considerable 

side effects, such as peripheral neuropathy due to 

chemotherapeutic drug toxicity and radiation-induced 

skin inflammation due to radiotherapy. Therefore,  

we need to identify better biomarkers and therapeutic 

targets to diagnose and treat colon cancer. 

 

MicroRNAs (miRNAs) are small RNA polymers of 18 

to 24 nucleotides in length that regulate the translation 

and stability of specific target mRNAs [6]. miRNAs 

exist in and around cancer-related genomic hotspots  

of the cancer-related genome, and can function as 

oncogenes or tumor suppressor genes in the process  

of carcinogenesis [7]. The potential of miRNAs in 

cancer diagnosis, prognosis, and treatment is currently 

receiving increasing attention. Studies have shown  

the potential value of miR-181a-2-3p in the treatment 

and prognosis of some cancers. For example, miR-

181a-2-3p/let-7i-5p counteracted the EGF pathway  

by inhibiting SOX2; thereby reducing the number  

of cancer stem cells in cervical cancer [8]. miR-181a-2-

3p negatively regulates the stem cell-like properties  

of CD44+ ovarian cancer stem cells by targeting  

EGR1 [9]. miR-181a-2-3p is an oncogenic miRNA in 

pancreatic cancer and is located at the SNP site 

rs3802266 of the oncogene ZHX2 3′UTR creating a 

stronger binding site for miR-181a-2-3p, which has  

a stronger binding site with miR-181a-2-3p, thus 

increasing the risk of pancreatic cancer in the Chinese 

population [10]. miR-181a-2-3p inhibits the growth of 

gastric cancer and suppresses resistance to cisplatin 

[11]. Analysis of data from the Cancer Genome Atlas 

(TCGA) database revealed that two miRNA signatures 

(hsa-miR-181a-2-3p and hsa-miR-138-1-3p) may be 

potential indicators of the prognosis of papillary 

thyroid cancer (PTC) [12]. miR-181a-2-3p predicts 

recurrence-free survival of patients with follicular 

variant of papillary thyroid carcinoma (FVPTC) [13]. 

Serum levels of miR-181a-2-3p can predict the response 

to preoperative radiotherapy for locally advanced 

esophageal squamous cell carcinoma (ESCC) and help 

to personalize the treatment [14]. 

 

In the present study, we identified miR-181a-2-3p as an 

anti-oncogene involved in colon cancer. In addition, 

miR-181a-2-3p was lowly expressed in colon cancer. 

Overexpression of miR-181a-2-3p led to reduced 

proliferation and migration, increased apoptosis, and 

altered cell cycle in colon cancer cell lines SW480 and 

HT29. Our study revealed a novel mechanism involved 

in miR-181a-2-3p/STING-regulated colon cancer. 
 

RESULTS 
 

miR-181a-2-3p is lowly expressed in colon cancer 

 

We analyzed miR-181a-2-3p expression in colon cancer 

tissues based on the TCGA database, and the results 

showed that miR-181a-2-3p was lowly expressed in 

colon cancer tissues (Figure 1A) and miR-181a-2-3p 

showed low expression in colon cancer tissues at 

different stages (Figure 1B). Further, we detected miR-

181a-2-3p expression in colon cancer cells by qRT-PCR 

 

 
 

Figure 1. miR-181a-2-3p is lowly expressed in colon cancer. (A) Expression of miR-181a-2-3p in colon cancer compared with normal. 

(B) Expression levels of miR-181a-2-3p in different stages of colon cancer tissues. (C) The relative expression level of miR-181a-2-3p in 
different cells was detected by q-PCR. The expression level of normal colon cells (FHC) was set as 1. Note: Figure A and B are based on 
analysis of TCGA database (http://ualcan.path.uab.edu/index.html). Figure 1A: red is the colon cancer group, and blue is the normal control 
group. Figure 1B: blue is the normal control group, and the rest are colon cancer tissues at different stages. 
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assay, and the results showed that miR-181a-2-3p 

expression was differentially low in colon cancer cell 

lines (HCT116, HT29, SW480, and SW620) relative to 

colon epithelial cells FHC (Figure 1C). 

 

miR-181a-2-3p affects the biological function of  

colon cancer cells and miR-181a-2-3p inhibits the 

oncogenicity of colon cancer 

 

We constructed a model of miR-181a-2-3p over-

expression by transfecting miRNA mimics in colon 

cancer cells SW480 and HT29, and verified the 

efficiency of miR-181a-2-3p overexpression by qRT-

PCR assay (Figure 2A). Next, overexpression of miR-

181a-2-3p resulted in a decrease in the proliferative 

capacity of cells on using the CCK-8 assayCCK-8 assay 

showed that overexpression of miR-181a-2-3p reduced 

cell proliferation (Figure 2B). Subsequently, the results 

of Transwell assay revealed that the number of  

invasive cells in the miR-181a-2-3p mimics group was 

significantly lower than that in the normal control (NC) 

group using the Transwell assay (Figure 2C), indicating 

that miR-181a-2-3p inhibited the migrative ability of 

colon cancer cells. We also investigated cell apoptosis 

 

 
 

Figure 2. miR-181a-2-3p affects the biological function of colon cancer cells and miR-181a-2-3p inhibits the oncogenicity of 
colon cancer. (A) Assessment of miR-181a-2-3p overexpression efficiency by the qRT-PCR method. (B) Examination of cell proliferation by 

CCK-8 assay. (C) Assessment of cell migration ability by Transwell assay. (D) Measurement of cell apoptosis by flow cytometry. (E) Detection 
of cell cycle by flow cytometry. 
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and cell cycle by flow cytometry. The results revealed 

that cell apoptosis (Figure 2D) and G1 phase (Figure 

2E) were increased in both SW480 and HT29 cells 

overexpressing miR-181a-2-3p. However, in the G2 

phase (Figure 2E), overexpression of miR-181a-2-3p 

inhibited cell apoptosis. This may be related to the time 

process of small RNA overexpression, and we focus on 

the G1 phase. 

 

miR-181a-2-3p inhibits colon cancer in vivo and 

targets stimulator of interferon genes (STING) 

 

We investigated the effect of miR-181a-2-3p on  

colon cancer growth in vivo by the tumorigenesis  

assay in nude mice. The results showed that isolated 

tumors from the miR-181a-2-3p overexpression group 

were smaller than those from the Ctrl group (Figure 

3A–3C). Also, we found that STING might be a  

target gene of miR-181a-2-3p (http://mirdb.org/cgi-

bin/target_detail.cgi? Target ID = 2267397). Then, we 

verified the binding effect of miR-181a-2-3p and 

STING 3′-UTR regions by a dual luciferase assay 

(Figure 3C, 3D). Meanwhile, we analyzed STING 

expression in colon cancer tissues based on the TCGA 

database, and the results showed that STING was 

overexpressed in colon cancer tissues (Figure 3D, 3E). 

Moreover, we also performed Western blot analysis 

examined the expression level of STING expression  

in colon cancer cell lines overexpressing miR-181a- 

2-3p by Western blot assay and found that STING  

protein expression the expression of STING protein was 

decreased in SW480 and HT29 cell lines overexpressing 

miR-181a-2-3p (Figure 3E, 3F). 

 

STING reverses the biological role of miR-181a-2-3p 

in colon cancer cells 

 

To investigate the role of STING in colon cancer,  

we simultaneously overexpressed miR-181a-2-3p along  

with and STING and then detected cell proliferation, 

migration, apoptosis, and cycle events. The results 

revealed that STING overexpression significantly 

reversed the biological effects of miR-181a-2-3p over-

expression, including the inhibition of proliferation 

(Figure 4A) and migration (Figure 4B), the promotion of 

apoptosis (Figure 4C), and change in the alteration of cell 

cycle distribution (Figure 4D). These findings suggested 

that the miR-181a-2-3p/STING axis was involved in the 

development and progression of colon cancer. 
 

DISCUSSION 
 

Colon cancer is a serious public health issue, and its 

incidence and mortality rates have been increasing in 

 

 
 

Figure 3. miR-181a-2-3p inhibits colon cancer in vivo and targets STING. (A) A nude mouse tumorigenic assay was used to assess 

the in vivo tumorigenic ability of colon cancer. (B) Weight of isolated tumors. (C) The volume change of the tumor. (D) A dual luciferase 
assay to measure miR-181a-2-3p and STING 3′-UTR regions. Note: The Y-axis is relative luciferase activity or expression, the ratio of Firefly 
Luciferase (luc2) and Renilla Luciferase (hRluc) to values in Wells of the same sample represents the relative luciferase expression. (E) STING 
expression was analyzed in colon cancer tissues based on the TCGA database. (F) Western blot analysis of STING expression in colon cancer 
cell lines overexpressing miR-181a-2-3p. Note: OV-miR-181a-2-3p is miR-181a-2-3p overexpression group. Ctrl is the control. 
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recent years. Although cancer screening methods  

are rapidly evolving, the risk of developing colon 

cancer is increasing due to genetic risk factors, and 

environmental, dietary, and occupational exposures. 

Many patients are diagnosed with colon cancer during 

advanced screening, and survival largely depends on  

the stage at period of diagnosis [15]. Colon cancer  

has a high recurrence rate after surgical treatment, as 

evidenced by local recurrence, distant metastases, or 

heterochronic colorectal lesions. Other treatments, such 

as chemotherapy and radiotherapy, are associated with 

risks, such as complications have associated risks of 

complications. 

 

Studies have shown that miRNA or miRNA expression 

profiles may be useful biomarkers for the diagnosis  

of colon cancer [16]. For example, miR-31 is highly 

expressed in the early stage of colon cancer, and 

transfection with miRNA-31 inhibitor was found to 

have anti-tumor effects with diagnostic and therapeutic 

value for colon cancer [17]. Therefore, miRNA has 

certain diagnostic and therapeutic value. Twenty-one 

miRNA profiles in the serum of stage IV colon cancer 

patients could distinguish between stage I or II [18]. 

Nine miRNAs were overexpressed in the plasma of 

colon cancer patients and were able to distinguish 

between colon cancer patients and controls [19]. In  

our study, we found that miR-181a-2-3p was lowly 

expressed in both colon cancer tissues and cell lines; 

thus, suggesting a potential role for miR-181a-2-3p in 

colon cancer. 

 

In addition, miRNA therapy may be a powerful tool  

for colon cancer prevention and treatment. miRNA

 

 
 

Figure 4. STING reverses the biological role of miR-181a-2-3p in colon cancer cells. (A) Examination of cell proliferation by CCK-8 

assay. (B) Assessment of cell migration ability by Transwell assay. (C) Measurement of cell apoptosis by flow cytometry. (D) Detection of cell 
cycle by flow cytometry. Note: Group I was Ctrl+Ctrl, which meant that NC overexpressing miR-181a-2-3p and NC overexpressing STING 
were co-transfected at the same time. Group II was miR-181a-2-3p+ Ctrl, which means that overexpression of miR-181a-2-3p and NC 
overexpressing STING were simultaneously co-transfected. Group III was miR-181a-2-3p+STING, which means that overexpression of miR-
181a-2-3p and overexpression of STING plasmid were simultaneously transfected. 
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therapeutic strategies include inhibition of oncogenic 

miRNAs and restoration of tumor suppressor miRNAs. 

Several studies have shown that altered expression  

of oncogenic miRNAs is a causative factor in colon 

carcinogenesis. For example, overexpression of miR-

494 inhibits the expression of APC, an inhibitor of the 

β-catenin signaling pathway, promoting cell proliferation 

and tumorigenesis in colon cancer [20]. Upregulation  

of miR-937 was significantly associated with lymph 

node metastasis and TNM staging. High expression of 

miR-937, lymph node metastasis and TNM stage were 

significantly correlated [21]. Serum miR-200c can be 

used as a predictive marker for lymph node metastasis 

in colon cancer and is more accurate than serum CEA 

levels or pathological staging, and it can be used to 

predict patient prognosis and early recurrence [22]. 

 
In addition, research has demonstrated that miRNAs 

have the potential to serve as therapeutic targets in 

colon cancer. In colon cancer, miR-212 functions as it 

exerts a tumor suppressor effect by directly targeting 

PIK3R3 and modulating regulating the AKT/mTOR 

signaling pathway [23]. In colon cancer tissues and  

cell lines, the expression of miR-138 is down-regulated 

in colon cancer tissues and cell lines, whereas over-

expression of miR-138 suppresses colony formation, 

migration, and invasion of colon cancer cells in vitro 

[24]. In addition, these miRNAs play a regulatory role 

in radiation resistance in colon cancer. The expression 

of miR-375-3p was downregulated in colon cancer 

tissue cells, and the transplanted tumor experiment 

xenograft tests demonstrated that the therapeutic impact 

effect of combined miR-375+5-FU/NPs was much 

higher than that of therapy alone [25]. In colon cancer 

cell lines SW480 and HT29, overexpression of miR-

181a-2-3p decreased cell proliferation and migration, 

enhanced cell apoptosis, and disrupted the cell cycle. 

Additionally, miR-181a-2-3p reduced the proliferation 

of colon cancer in vivo. In colon cancer, miR-181a-2-3p 

may act as a tumor suppressor. 

 
Dual luciferase assay showed that miR-181a-2-3p had 

a targeting relationship with STING. STING (also 

known as TMEM173, ERIS, MITA, or MPYS) is 

located in the endoplasmic reticulum and initiates 

phosphorylation and activation of the transcription 

factor IRF3, which can enter the nucleus to  

promote transcription of inflammatory genes [26].  

Our study found that increased STING expression  

partially counteracted the effects of miR-181a-2-3p 

overexpression on colon cancer cell lines, including 

inhibition of proliferation and migration, promotion  

of apoptosis, and altered cell cycle distribution.  

This suggests that the miR-181a-2-3p/STING axis is 

involved in the process of colon carcinogenesis and 

progression. STING enhances the antitumor effects of 

radiation and chemotherapy on cancer cells. Many 

antitumor chemotherapeutic agents and chemotherapy 

drugs induce cytotoxicity by damaging chromosomal 

DNA, which can be perceived by STING; thus, 

triggering type I interferon responses [27]. STING 

expression is usually suppressed or absent in most 

cancers, but its expression shows cancer type-specific 

differences. Individual studies have shown that 

activation of STING promotes cancer metastasis [28]. 

 

CONCLUSION 
 

To sum up, our study identified miR-181a-2-3p as  

an effector of colon cancer development. Moreover, 

we revealed that overexpression of miR-181a-2-3p 

promotes progression of colon cancer through STING. 

Importantly, our findings offered novel insights into 

the underlying molecular mechanisms that provide a 

potential molecular mechanism of miR-181a-2-3p 

which participates in colon cancer progression and lay 

the foundation for further miR-181a-2-3p-targeting 

therapeutical approaches for colon cancer. Further 

treatment of colon cancer can be done by targeting 

miR-181a-2-3p. 

 

MATERIALS AND METHODS 
 

Culture and passaging of colon cancer cell lines 

 

Cell recovery 

Firstly, the cell laboratory was routinely sterilized by 

UV light sterilization for 30 min and the ultra-clean 

table was ventilated for about 10 min. Then, fresh 

complete culture medium was placed in a constant 

temperature water bath and kept at 37°C. About 10 ml 

of fresh complete medium was taken and placed in a 

sterile cell culture flask. Freeze tubes (HCT116, HT29, 

SW480, SW620, and FHC) were removed from the 

liquid nitrogen storage tank and quickly placed into a 

37°C thermostatic water bath while shaking them 

continuously, and then they were transferred to the 

sterile operation table after they were thawed rapidly. 

Subsequently, the cell suspension was transferred into 

the prepared fresh complete medium and incubated in  

a CO2 cell incubator at 37°C. After 24 h of cell 

apposition, the medium was changed and the culture 

was continued while cell growth and apposition status 

were observed. Cell recovery: UV sterilization for 

30 mins, cryotubes (HCT116, HT29, SW280, SW620, 

FHC) were removed from the liquid nitrogen tank, 

thawed rapidly in a 37°C constant temperature water 

bath, and the cell suspension was transferred to the 

prepared fresh complete medium and incubated in a 

37°C 5% CO2 cell incubator. After 24 hours of cell 

adherence, the culture medium was replaced and the cell 

growth and adherence were observed. 
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Cell passaging 

Colorectal cancer cells were observed under a 

microscope and the passaging culture was started  

when the cell density was 80–90%. After wiping hands 

with 75% ethanol, the original culture medium was 

discarded, 1 ml of PBS was added to the pipette and 

shaken gently, PBS was discarded, and the number of 

times of washing the cells (about 1–2 times) was chosen 

according to the turbidity of the cell culture medium. 

Further, 0.5 ml of 0.25% trypsin was added to the 

culture dish (trypsin just spread over the cell surface) 

and the cells were digested at room temperature for 

about 3 min; meanwhile, digestion of cells was 

observed under the microscope. In order to prevent 

excessive digestion of colon cancer cells, which may 

lead to poor cell activity or even lysis and death, the  

cell digestion time was strictly controlled. After the 

digestion level was appropriate, the same volume of 

medium as trypsin was added and blown until all  

cells fell off from the bottom of the culture dish. 

Harvested suspension was transferred to a centrifuge 

tube, centrifuged at 1000 rpm for 5 min, and the 

supernatant was discarded. About 7 ml of fresh medium 

was added to the culture dish beforehand. After the cells 

were centrifuged, 1 ml of DMEM medium containing 

10% FBS was added to resuspend the cells. An 

appropriate amount of cell resuspension was added to 

the culture dish, shaken well, observed under the 

microscope, and placed in the incubator. Cell passage: 

Passage began when the cells adhered to 80–90% of the 

wall. After disinfection for 30 minutes by ultraviolet 

irradiation, the original culture medium was discarded 

in the ultra-clean work table, and 5 ml PBS buffer  

was added to the Petri dish and then discarded. Trypsin 

was added and digested for 3 minutes. The harvested 

suspension was transferred to a centrifuge tube, 

centrifuged at 1000 rpm for 5 min, the supernatant  

was discarded, resuspended by adding fresh medium, 

dispensed into two or more Petri dishes, and cultured 

for 2–3 passages before subsequent experiments. 

 

Cell transfection 

 

One day before transfection, SW480 and HT29 colon 

cancer cells were obtained in a positive growth state and 

logarithmic growth phase. The cells were inoculated  

in a 24-well plate and continuously cultured without  

the addition of antibiotics. (1) On the second day, 

transfection was started when the cell wall density 

reached about 50%. Then, RNA enzyme-free EP tubes 

were prepared, 50 pmol of miRNA mimics and 50 μl  

of serum-free and antibiotic-free Opti-MEM culture 

medium were added to the EP tubes and mixed gently 
(so that the final concentration of miRNA inhibitor was 

100 nM), and they were allowed to stand for 5 min  

at room temperature. (2) Further, 1 μl of Lipofectamine 

2000 and 50 μl of serum-free and antibiotic-free Opti-

MEM culture solution were placed into a new EP tube, 

mixed gently, and allowed to stand at room temperature 

for 5 min. (1) and (2) were mixed gently (care was 

taken not to shake the mixture vigorously), and it was 

incubated for 20 min at room temperature. After 20 

min, the liposome and miRNA mixture were added into 

the 24-well plate with a micromanipulator, and at least 3 

wells were tested for each experimental group. Finally, 

DMEM culture medium was added to a final volume of 

500 μl and incubated in the incubator for 6 h; the culture 

medium was discarded, fresh DMEM culture medium 

was added and the cells were continuously incubated for 

24 h, and then subsequent experiments were performed. 

SW480 and HT29 colon cancer cells in the logarithmic 

growth phase were used for transfection, and a 24- 

well plate was used as an example. Transfection began 

when the cell adhesion density reached about 50%.  

Two sterilized centrifuge tubes were labeled, and  

50 μl miRNA mimics and 50 μl Opti-MEM medium 

were gently mixed (the final concentration of miRNA 

inhibitor was 100 nM), and left at room temperature for 

5 minutes. 1 μl Lipofectamine 2000 and 50 μl Opti-

MEM culture medium were placed in another centrifuge 

tube, mixed gently, and left at room temperature for 

5 min. The reagents in the two centrifuge tubes were 

gently mixed (taking care not to shake the mixture 

vigorously) and after 20 min incubation at room 

temperature the mixture was added to a 24-well plate 

and at least 3 wells per experimental group were tested. 

Finally, DMEM medium with a final volume of 500 μl 

was added and incubated in the incubator for 6 h.  

Fresh DMEM medium was replaced, and subsequent 

experiments were performed after continued incubation 

for 24 h. 

 

Real-time reverse transcription polymerase chain 

reaction (qRT-PCR) assay 

 

Extraction of total RNA 

Briefly, 1 ml of Trizol was added per six-well plate 

cells and mixed well by repeatedly blowing several 

times to perform sufficient lysis of the adherent  

cells. The lysate was transferred to an EP tube without 

RNA enzyme and centrifuged for 10 min (4°C and 

12000 rpm), and the supernatant was obtained after 

centrifugation. Then, 200 μl of chloroform was added to 

the supernatant after centrifugation, shaken vigorously 

for 30 s to mix well, and then left for 10 min at room 

temperature. The mixture was centrifuged for 15 min 

(4°C and 12000 rpm), and the supernatant was obtained 

after centrifugation. Afterwards, 300 μl of isopropanol 

was added to the supernatant and placed at −20°C for  
1 hour. Then, it was centrifuged at 4°C for 10 min 

(12,000 rpm/min) and the supernatant was discarded 

after centrifugation. Further, 1 ml of pre-cooled 75% 
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ethanol was slowly added along the EP tube, the  

RNA was washed and then centrifuged again at 4°C  

for 10 min (7500 rpm/min). After centrifugation, the 

supernatant was discarded and the EP tubes were 

naturally inverted and dried, and finally the RNA was 

fully dissolved in RNase-free water. The specimens 

with OD260/OD280 values of 1.8-2.2 were considered 

as ideal specimens. 

 

Reverse transcription to cDNA 

The reverse transcription reaction was performed 

according to the instructions of the GEMA qPCR 

Quantitation Kit. The reaction system was prepared on 

ice to a final total volume of 20 μl, added to an eight-

linked tube, and amplified in a PCR instrument. The 

conditions were 16°C for 30 min, 42°C for 30 min, and 

85°C for 10 min; and the final product was placed in ice 

water immediately after the reaction. 

 

qRT-PCR assay 

The amplification conditions were as follows: 95°C for 

3 min, 40 cycles; 95°C for 12 s, and 58°C for 35 s. The 

relative expression levels of target miRNAs or genes 

were calculated using the 2−ΔΔCt method with U6 or 

GAPDH as the internal reference. 

 

After collection of cells, RNA was extracted using  

a total RNA extraction kit and reverse transcribed  

into complementary DNA (cDNA) using a reverse 

transcription kit. The fluorescence quantitative system 

of SYBR Green qPCR Master Mix was configured as 

follows: 2× SYBR Green Master Mix (10 μl), ROX 

(0.4 μl), primer (0.4 μl), cDNA (2 μl), and DEPC-H2O 

(6.8 μl). Amplification conditions were as follows: 

40 cycles at 95°C for 3 min; the cells were incubated at 

95°C for 12 s and 58°C for 35 s. The relative expression 

of target miRNA or gene was calculated using the 2−ΔΔCt 

method using U6 or GAPDH as an internal reference. 

 

Has-miR-181a-2-3p: RT primer: GTCGTATCCAGT 

GCAGGGTCCGAGGTATTCGCACTGGATACGAC 

GGTACA; Quantitative F primer: GCGACCACTGAC 

CGTTGAC; Quantitative R primer: AGTGCAGGG 

TCCGAGGTATT; The housekeeping gene U6: F 

primer: GCTCGCTTCGGCAGCACA; R primer: 

GAACGCTTCACGAATTTGCGTG. 

 

Transwell assay for cell migration 

 

Firstly, cells were inoculated. Colon cancer cells in the 

logarithmic growth phase were digested by 0.25% 

trypsin (containing EDTA), inoculated in 12-well cell 

culture plates at a density of 5 × 105/well, and cultured 
for 24 h. Cell transfection was performed, and 3 

replicate wells were set for each group of treatment.  

The medium was discarded, the cells were washed 

twice using PBS solution and replaced with serum-free 

medium, and the cells were starved for 24 h. Serum-free 

medium was discarded, cells were washed twice with 

PBS solution, digested with 0.25% trypsin (containing 

EDTA), and digestion was terminated by adding a 

complete medium. Then, 12,000 rpm centrifugation  

was performed for 30 s. Subsequently, the supernatant 

containing trypsin was discarded. The cell precipitate 

was resuspended by adding serum-free medium and 

cells were counted using a hemocytometer plate; the 

cell density of each treatment group was adjusted to the 

same level (10,000–20,000 cells/well). The Transwell 

plates were taken out, and 10% FBS concentration 

medium was added to the lower chamber of the culture 

plate 600 uL/well, and 100 uL/well of cell suspension 

that had been adjusted to the same density was added  

to the upper chamber of the plate. Three replicate  

wells were set up at the same time for each treatment 

group and incubated for 24 h. A new 24-well cell 

culture plate was prepared by adding 600 uL of 4% 

paraformaldehyde to each well. The chambers were 

carefully removed from the previous step using forceps, 

carefully washed twice with PBS solution, and placed  

in 4% paraformaldehyde for 30 min. Subsequently,  

the chambers were carefully washed twice with PBS 

solution. Depending on the number of chambers used, 

0.1% crystal violet staining solution (600 uL/well) was 

added to the remaining wells of the 24-well plate in 

advance. The lower chamber of the vial was dried  

face up, photographed in a bright field mode under an 

inverted microscope, and five representative fields of 

view per well were selected for counting. 

 

Inoculated cells and cell transfection. Colon cancer cells 

in logarithmic growth phase were seeded in 12-well cell 

culture plates at a density of 5 × 105 cells/well. After 

24 hours of culture, cell transfection was performed. 

The cells were collected and resuspended in serum- 

free medium, and the cell density of each treatment 

group was adjusted to the same level (10,000–20,000 

cells/well). The Transwell plate was removed and the 

culture plate was adjusted to the same density of cell 

suspension by adding 10% FBS concentration medium 

600 uL/well to the lower chamber of the culture plate 

and 100 uL/well to the upper chamber of the plate. 

Three duplicate wells were set up simultaneously for 

each treatment group and incubated for 24 h. A new 24-

well cell culture plate was prepared by adding 600 uL of 

4% paraformaldehyde to each well. The chambers were 

carefully removed from the previous step with forceps, 

carefully washed twice with PBS solution, and placed  

in 4% paraformaldehyde for 30 min. Subsequently,  

the chambers were carefully cleaned twice with PBS 
solution. According to the number of chambers used, 

0.1% crystal violet staining solution (600 uL/well) was 

added to the remaining wells of the 24-well plate in 
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advance. The vials were dried face up in the lower 

chamber and photographed in bright-field mode under 

an inverted microscope, and five representative fields 

per well were selected for counting. 

 
Cell cycle detection by flow cytometry 

 
When colon cancer cells grew to 60–70% confluence, 

transfection was performed. The cells were placed in 

the incubator for 6 h, removed, and replaced with 

complete medium, and then continuously cultured for 

48 h. Cell fixation was performed as follows: 70% 

ethanol was chilled in advance, and it was added to the 

cells, gently mixed, and placed in a refrigerator at 

−20°C overnight. Centrifugation was performed at 1500 

rpm for 2 min, the supernatant was discarded, and cells 

were washed twice with pre-chilled PBS. The bottom  

of the centrifuge tube was gently bounced to avoid 

formation of clumps of cells. Then, 0.5 mL of C iodide 

staining solution was added to each group of cell 

samples, pipetted slowly to aspirate the cell precipitate, 

and placed in a warm bath for 30 min at 37°C protected 

from light. The flow cytometer was tuned to 488 nm to 

detect red fluorescence, as well as light scattering. 

 
First, cells were fixed: 70% ethanol was pre-frozen, 

added to the cells, mixed gently, and placed in a −20°C 

refrigerator overnight. The cells were centrifuged at 

1500 rpm for 2 min, the supernatant was discarded, and 

the cells were washed twice with precooled PBS. Then, 

0.5 mL of C iodide staining solution was added to each 

group of cell samples, and the cell precipitate was slowly 

aspirated out and placed in a dark 37°C warm bath for 

30 min. Finally, the flow cytometer was adjusted to 488 

nm to detect red fluorescence and light scattering. 

 
Detection of apoptosis by flow cytometry 

 
The cells were collected from each group after 

transfection, washed twice with PBS, suspended in 1× 

Binding Buffer, and adjusted to 1 × 106 cells/ml. Then, 

5 μl of Annexin V-FITC and 5 μl of PI were added to 

the cell suspension, the cells were protected from light 

for 15 min, 1× Binding Buffer was added, and apoptosis 

was detected by flow cytometry within 1 h. 

 
Dual luciferase assay 

 
Plasmid used in this experiment: pmirGLO dual 

luciferase plasmid. 

 

Cell lysis 

The cell medium was aspirated, washed twice with 

PBS, and 20 μl of 1× Cell Lysis Buffer was added to 

each well. The cells were left to dissolve at room 

temperature for 5 min. The cell lysate was blown and 

aspirated into a 1.5 ml centrifuge tube, centrifuged at 

12000 g for 2 min at room temperature, and the 

supernatant was used for subsequent detection. 
 

Firefly luciferase reaction detection 

100 μl of Luciferase Substrate equilibrated to room 

temperature was added to the microplate, and 20 μl  

of cell lysis supernatant was carefully sucked into  

the microplate wells. After rapid mixing, the Firefly 

luciferase reporter gene activity was detected in a 

multifunctional microplate reader immediately. 
 

Renilla luciferase reaction detection 

100 μl of freshly prepared Renilla substrate working 

solution was added to the above reaction solution, and 

the reporter gene activity of Renilla luciferase was 

detected in the microplate reader immediately after 

rapid mixing. The sequence of pmirGLO was shown in 

Supplementary File 1. 
 

Bioinformatics analysis 
 

After login to the TCGA database (http://ualcan.path. 

uab.edu/index.html), click on the TCGA analysis TCGA 

miRNA, after entering miR-181a-2-3p in the search box, 

select the tumor type as colon adenocarcinoma, and then 

click explore to appear the expression and survival map. 

The clinical information of colon cancer patients was 

shown in Supplementary Table 1. 
 

Statistical analysis 
 

Statistical analysis was performed using GraphPad Prism 

8. All experiments were repeated at least three times, and 

the results were expressed as mean + standard deviation 

(Mean ± SD). Two groups of continuous variables were 

compared using the independent samples t-test. Multiple 

groups of continuous variables were compared using one-

way ANOVA analysis, and two-by-two comparisons 

were made using the Tukey’s method. A P-value < 0.05 

indicated that the difference was statistically significant. 

GraphPad Prism 8 software was used for statistical 

analysis. All experiments were repeated at least three 

times, and the results were expressed as mean + standard 

deviation (mean ± SD). Independent sample t-test was 

used to compare continuous variables between the two 

groups. One-way ANOVA was used to compare multiple 

groups of continuous variables, and Tukey’s method was 

used for pairwise comparison. P < 0.05 was considered 

statistically significant. The processed data of miR-181a-

2-3p from TCGA datasets were shown in Supplementary 

Table 2. 
 

Data availability 
 

The data of this study are available from the 

corresponding author upon request. 
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SUPPLEMENTARY MATERIALS 
 

Supplementary File 
 

Supplementary File 1. The sequence of pmirGLO plasmid. 

1 catgcaagct gatccggctg ctaacaaagc ccgaaaggaa gctgagttgg ctgctgccac 
61 cgctgagcaa taactagcat aaccccttgg ggcggccgct tcgagcagac atgataagat 
121 acattgatga gtttggacaa accacaacta gaatgcagtg aaaaaaatgc tttatttgtg 
181 aaatttgtga tgctattgct ttatttgtaa ccattataag ctgcaataaa caagttaaca 
241 acaacaattg cattcatttt atgtttcagg ttcaggggga gatgtgggag gtttttttaa 
301 gcaagtaaaa cctctacaaa tgtggtaaaa tcgaatttta acaaaatatt aacgcttaca 
361 atttcctgat gcggtatttt ctccttacgc atctgtgcgg tatttcacac cgcatacgcg 
421 gatctgcgca gcaccatggc ctgaaataac ctctgaaaga ggaacttggt taggtacctt 
481 ctgaggcgga aagaaccagc tgtggaatgt gtgtcagtta gggtgtggaa agtccccagg 
541 ctccccagca ggcagaagta tgcaaagcat gcatctcaat tagtcagcaa ccaggtgtgg 
601 aaagtcccca ggctccccag caggcagaag tatgcaaagc atgcatctca attagtcagc 
661 aaccatagtc ccgcccctaa ctccgcccat cccgccccta actccgccca gttccgccca 
721 ttctccgccc catggctgac taattttttt tatttatgca gaggccgagg ccgcctcggc 
781 ctctgagcta ttccagaagt agtgaggagg cttttttgga ggcctaggct tttgcaaaaa 
841 gcttgattct tctgacacaa cagtctcgaa ccaaaggctg gagccaccat ggcttccaag 
901 gtgtacgacc ccgagcaacg caaacgcatg atcactgggc ctcagtggtg ggctcgctgc 
961 aagcaaatga acgtgctgga ctccttcatc aactactatg attccgagaa gcacgccgag 
1021 aacgccgtga tttttctgca tggtaacgct gcctccagct acctgtggag gcacgtcgtg 
1081 cctcacatcg agcccgtggc tagatgcatc atccctgatc tgatcggaat gggtaagtcc 
1141 ggcaagagcg ggaatggctc atatcgcctc ctggatcact acaagtacct caccgcttgg 
1201 ttcgagctgc tgaaccttcc aaagaaaatc atctttgtgg gccacgactg gggggcttgt 
1261 ctggcctttc actactccta cgagcaccaa gacaagatca aggccatcgt ccatgctgag 
1321 agtgtcgtgg acgtgatcga gtcctgggac gagtggcctg acatcgagga ggatatcgcc 
1381 ctgatcaaga gcgaagaggg cgagaaaatg gtgcttgaga ataacttctt cgtcgagacc 
1441 atgctcccaa gcaagatcat gcggaaactg gagcctgagg agttcgctgc ctacctggag 
1501 ccattcaagg agaagggcga ggttagacgg cctaccctct cctggcctcg cgagatccct 
1561 ctcgttaagg gaggcaagcc cgacgtcgtc cagattgtcc gcaactacaa cgcctacctt 
1621 cgggccagcg acgatctgcc taagatgttc atcgagtccg accctgggtt cttttccaac 
1681 gctattgtcg agggagctaa gaagttccct aacaccgagt tcgtgaaggt gaagggcctc 
1741 cacttcagcc aggaggacgc tccagatgaa atgggtaagt acatcaagag cttcgtggag 
1801 cgcgtgctga agaacgagca gaccggtggt gggagcggag gtggcggatc aggtggcgga 
1861 ggctccggag ggattgaaca agatggattg cacgcaggtt ctccggccgc ttgggtggag 
1921 aggctattcg gctatgactg ggcacaacag acaatcggct gctctgatgc cgccgtgttc 
1981 cggctgtcag cgcaggggcg cccggttctt tttgtcaaga ccgacctgtc cggtgccctg 
2041 aatgaactgc aggacgaggc agcgcggcta tcgtggctgg ccacgacggg cgttccttgc 
2101 gcagctgtgc tcgacgttgt cactgaagcg ggaagggact ggctgctatt gggcgaagtg 
2161 ccggggcagg atctcctgtc atctcacctt gctcctgccg agaaagtatc catcatggct 
2221 gatgcaatgc ggcggctgca tacgcttgat ccggctacct gcccattcga ccaccaagcg 
2281 aaacatcgca tcgagcgagc acgtactcgg atggaagccg gtcttgtcga tcaggatgat 
2341 ctggacgaag agcatcaggg gctcgcgcca gccgaactgt tcgccaggct caaggcgcgc 
2401 atgcccgacg gcgaggatct cgtcgtgacc catggcgatg cctgcttgcc gaatatcatg 
2461 gtggaaaatg gccgcttttc tggattcatc gactgtggcc ggctgggtgt ggcggaccgc 
2521 tatcaggaca tagcgttggc tacccgtgat attgctgaag agcttggcgg cgaatgggct 
2581 gaccgcttcc tcgtgcttta cggtatcgcc gctcccgatt cgcagcgcat cgccttctat 
2641 cgccttcttg acgagttctt ctgagcggga ctctggggtt cgaaatgacc gaccaagcga 
2701 cgcccaacct gccatcacga tggccgcaat aaaatatctt tattttcatt acatctgtgt 
2761 gttggttttt tgtgtgaatc gatagcgata aggatcctct ttgcgcttgc gttttccctt 
2821 gtccagatag cccagtagct gacattcatc cggggtcagc accgtttctg cggactggct 
2881 ttctacgtaa tggtttctta gacgtcaggt ggcacttttc ggggaaatgt gcgcggaacc 
2941 cctatttgtt tatttttcta aatacattca aatatgtatc cgctcatgag acaataaccc 
3001 tgataaatgc ttcaataata ttgaaaaagg aagagtatga gtattcaaca tttccgtgtc 
3061 gcccttattc ccttttttgc ggcattttgc cttcctgttt ttgctcaccc agaaacgctg 
3121 gtgaaagtaa aagatgctga agatcagttg ggtgcacgag tgggttacat cgaactggat 
3181 ctcaacagcg gtaagatcct tgagagtttt cgccccgaag aacgttttcc aatgatgagc 
3241 actttcaaag ttctgctatg tggcgcggta ttatcccgta ttgacgccgg gcaagagcaa 
3301 ctcggtcgcc gcatacacta ttctcagaat gacttggttg agtactcacc agtcacagaa 
3361 aagcatctta cggatggcat gacagtaaga gaattatgca gtgctgccat aaccatgagt 
3421 gataacactg cggccaactt acttctgaca actatcggag gaccgaagga gctaaccgct 
3481 tttttgcaca acatggggga tcatgtaact cgccttgatc gttgggaacc ggagctgaat 
3541 gaagccatac caaacgacga gcgtgacacc acgatgcctg tagcaatggc aacaacgttg 
3601 cgcaaactat taactggcga actacttact ctagcttccc ggcaacaatt aatagactgg 
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3661 atggaggcgg ataaagttgc aggaccactt ctgcgctcgg cccttccggc tggctggttt 
3721 attgctgata aatctggagc cggtgagcgt gggtctcgcg gtatcattgc agcactgggg 
3781 ccagatggta agccctcccg tatcgtagtt atctacacga cggggagtca ggcaactatg 
3841 gatgaacgaa atagacagat cgctgagata ggtgcctcac tgattaagca ttggtaattc 
3901 gaaatgaccg accaagcgac gcccaaccgg tatcagctca ctcaaaggcg gtaatacggt 
3961 tatccacaga atcaggggat aacgcaggaa agaacatgtg agcaaaaggc cagcaaaagg 
4021 ccaggaaccg taaaaaggcc gcgttgctgg cgtttttcca taggctccgc ccccctgacg 
4081 agcatcacaa aaatcgacgc tcaagtcaga ggtggcgaaa cccgacagga ctataaagat 
4141 accaggcgtt tccccctgga agctccctcg tgcgctctcc tgttccgacc ctgccgctta 
4201 ccggatacct gtccgccttt ctcccttcgg gaagcgtggc gctttctcat agctcacgct 
4261 gtaggtatct cagttcggtg taggtcgttc gctccaagct gggctgtgtg cacgaacccc 
4321 ccgttcagcc cgaccgctgc gccttatccg gtaactatcg tcttgagtcc aacccggtaa 
4381 gacacgactt atcgccactg gcagcagcca ctggtaacag gattagcaga gcgaggtatg 
4441 taggcggtgc tacagagttc ttgaagtggt ggcctaacta cggctacact agaaggacag 
4501 tatttggtat ctgcgctctg ctgaagccag ttaccttcgg aaaaagagtt ggtagctctt 
4561 gatccggcaa acaaaccacc gctggtagcg gtggtttttt tgtttgcaag cagcagatta 
4621 cgcgcagaaa aaaaggattt caagaagatc ctttgatctt ttctacgggg tctgacgctc 
4681 agtggaacga aaactcacgt taagggattt tggtcatgag attatcaaaa aggatcttca 
4741 cctagatcct tttatagtcc ggaaatacag gaacgcacgc tggatggccc ttcgctggga 
4801 tggtgaaacc atgaaaaatg gcagcttcag tggattaagt gggggtaatg tggcctgtac 
4861 cctctggttg cataggtatt catacggtta aaatttatca ggcgcgattg cggcagtttt 
4921 tcgggtggtt tgttgccatt tttacctgtc tgctgccgtg atcgcgctga acgcgtttta 
4981 gcggtgcgta caattaaggg attatggtaa atccacttac tgtctgccct cgtagccatc 
5041 gagataaacc gcagtactcc ggccacgatg cgtccggcgt agaggatcga gatctaccgg 
5101 gtaggggagg cgcttttccc aaggcagtct ggagcatgcg ctttagcagc cccgctgggc 
5161 acttggcgct acacaagtgg cctctggcct cgcacacatt ccacatccac cggtaggcgc 
5221 caaccggctc cgttctttgg tggccccttc gcgccacctt ctactcctcc cctagtcagg 
5281 aagttccccc ccgccccgca gctcgcgtcg tgcaggacgt gacaaatgga agtagcacgt 
5341 ctcactagtc tcgtgcagat ggacagcacc gctgagcaat ggaagcgggt aggcctttgg 
5401 ggcagcggcc aatagcagct ttgctccttc gctttctggg ctcagaggct gggaaggggt 
5461 gggtccgggg gcgggctcag gggcgggctc aggggcgggg cgggcgcccg aaggtcctcc 
5521 ggaggcccgg cattctgcac gcttcaaaag cgcacgtctg ccgcgctgtt ctcctcttcc 
5581 tcatctccgg gcctttcgac ctgcagccca agcttggcaa tccggtactg ttggtaaagc 
5641 caccatggaa gatgccaaaa acattaagaa gggcccagcg ccattctacc cactcgaaga 
5701 cgggaccgcc ggcgagcagc tgcacaaagc catgaagcgc tacgccctgg tgcccggcac 
5761 catcgccttt accgacgcac atatcgaggt ggacattacc tacgccgagt acttcgagat 
5821 gagcgttcgg ctggcagaag ctatgaagcg ctatgggctg aatacaaacc atcggatcgt 
5881 ggtgtgcagc gagaatagct tgcagttctt catgcccgtg ttgggtgccc tgttcatcgg 
5941 tgtggctgtg gccccagcta acgacatcta caacgagcgc gagctgctga acagcatggg 
6001 catcagccag cccaccgtcg tattcgtgag caagaaaggg ctgcaaaaga tcctcaacgt 
6061 gcaaaagaag ctaccgatca tacaaaagat catcatcatg gatagcaaga ccgactacca 
6121 gggcttccaa agcatgtaca ccttcgtgac ttcccatttg ccacccggct tcaacgagta 
6181 cgacttcgtg cccgagagct tcgaccggga caaaaccatc gccctgatca tgaacagtag 
6241 tggcagtacc ggattgccca agggcgtagc cctaccgcac cgcaccgctt gtgtccgatt 
6301 cagtcatgcc cgcgacccca tcttcggcaa ccagatcatc cccgacaccg ctatcctcag 
6361 cgtggtgcca tttcaccacg gcttcggcat gttcaccacg ctgggctact tgatctgcgg 
6421 ctttcgggtc gtgctcatgt accgcttcga ggaggagcta ttcttgcgca gcttgcaaga 
6481 ctataagatt caatctgccc tgctggtgcc cacactattt agcttcttcg ctaagagcac 
6541 tctcatcgac aagtacgacc taagcaactt gcacgagatc gccagcggcg gggcgccgct 
6601 cagcaaggag gtaggtgagg ccgtggccaa acgcttccac ctaccaggca tccgccaggg 
6661 ctacggcctg acagaaacaa ccagcgccat tctgatcacc cccgaagggg acgacaagcc 
6721 tggcgcagta ggcaaggtgg tgcccttctt cgaggctaag gtggtggact tggacaccgg 
6781 taagacactg ggtgtgaacc agcgcggcga gctgtgcgtc cgtggcccca tgatcatgag 
6841 cggctacgtt aacaaccccg aggctacaaa cgctctcatc gacaaggacg gctggctgca 
6901 cagcggcgac atcgcctact gggacgagga cgagcacttc ttcatcgtgg accggctgaa 
6961 gagcctgatc aaatacaagg gctaccaggt agccccagcc gaactggaga gcatcctgct 
7021 gcaacacccc aacatcttcg acgccggggt cgccggcctg cccgacgacg atgccggcga 
7081 gctgcccgcc gcagtcgtcg tgctggaaca cggtaaaacc atgaccgaga aggagatcgt 
7141 ggactatgtg gccagccagg ttacaaccgc caagaagctg cgcggtggtg ttgtgttcgt 
7201 ggacgaggtg cctaaaggac tgaccggcaa gttggacgcc cgcaagatcc gcgagattct 
7261 cattaaggcc aagaagggcg gcaagatcgc cgtgtaattc tagttgttta aacgagctcg 
7321 ctagcctcga gtctagagtc gacctgcagg 
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Supplementary Tables 
 

Please browse Full Text version to see the data of Supplementary Tables 1 and 2. 

 

Supplementary Table 1. The clinical information of colon cancer patients from TCGA datasets. 

 

Supplementary Table 2. The processed data of miR-181a-2-3p from TCGA datasets. 
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