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Abstract. – OBJECTIVE: This study aims to 
illustrate the role of microRNA-548 (miR-548) in 
regulating the development of colorectal cancer 
(CRC) and the involvement of WNT2. 

PATIENTS AND METHODS: MiR-548b lev-
els in CRC species and paracancerous ones 
were detected. The relationship between miR-
548b level and clinical parameters of CRC pa-
tients was analyzed. After overexpression of 
miR-548b, the changes in the proliferative and 
apoptotic capacities of Sw620 and HT29 cells 
were assessed by Cell Counting Kit-8 (CCK-8), 
colony formation assay, and flow cytometry, re-
spectively. At last, the involvement of WNT2, the 
downstream gene of miR-548b, was detected by 
Luciferase assay and rescue experiments. 

RESULTS: Results manifested that miR-548b 
was lowly expressed in CRC species than paracan-
cerous ones, and in vitro level of miR-548b was 
downregulated in CRC cell lines as well. Com-
pared with CRC patients in T1-T2, miR-548b lev-
el was lower in T3-T4 CRC. Moreover, CRC pa-
tients with lymphatic metastasis had lower lev-
el of miR-548b than those without. Overexpres-
sion of miR-548b suppressed proliferative capac-
ity and induced apoptosis in CRC cells. Besides, 
it was found that WNT2 was the downstream gene 
of miR-548b, and its level was negatively regulat-
ed by miR-548b in CRC. Furthermore, rescue ex-
periments showed that WNT2 was responsible for 
CRC development regulated by miR-548b. 

CONCLUSIONS: MiR-548b is closely linked to 
tumor stage and lymphatic metastasis of CRC, 
and it alleviates the malignant development of 
CRC by targeting WNT2.
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Introduction

Under the stimuli of carcinogenic factors, 
uncontrolled proliferation of tumor cells and 
tissue infiltration eventually result in tumori-

genesis1-3. Tumor incidence and mortality have 
been sharply elevated during the past decades 
because of lifestyle changes and environmental 
factors4,5. Colorectal cancer (CRC) is a popular 
malignancy in the gastrointestinal system6,7. Its 
symptoms in the early phase are similar to other 
gastrointestinal inflammation diseases, leading 
to a low detective rate in the early stage. The 
occurrence of CRC involves various factors, in-
cluding colon polyps, chronic inflammation of 
the intestinal mucosa, parasites, eating habits, 
and genetics8,9. CRC mainly affects the rectum 
and sigmoid colon, and adenocarcinoma is the 
major subtype. Through lymphatic metastasis, 
blood circulation spread or direct spread, CRC 
easily metastasizes to distant organs10,11. With 
the enlargement of tumor mass, clinical man-
ifestations of CRC become evident, including 
changes in bowel habits, bloody stools, consti-
pation, diarrhea, and even alternating diarrhea 
and constipation. Systemic symptoms, such as 
anemia and weight loss, appear in the advanced 
stage of CRC12,13. Early detection, timely diag-
nosis, and radical surgery are the key events to 
CRC treatment13.

Clinical studies14,15 have demonstrated the in-
volvement of microRNAs (miRNAs) in tumor-
igenesis, so miRNAs may be promising tumor 
biomarkers. MiRNAs are endogenous non-cod-
ing RNAs with 18-25 nucleotides16,17. Although 
the number of miRNAs only accounts for 1% of 
human genomes, they are capable of regulating 
more than one third of genes17,18. Because of sta-
ble distribution and differential expressions in 
tumors, miRNAs may provide a novel direction 
in diagnosis and evaluation of tumor diseases18,19. 
Besides, they have been found to be differentially 
expressed in tumor species, and they are able to 
regulate tumor-associated genes19,20. MiR-548b is 
a tumor biomarker in hepatocellular carcino-
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ma21,22. In this paper, potential influences of miR-
548b on CRC cell phenotypes and its underlying 
mechanism were mainly discussed. 

Patients and Methods

CRC Patients and Species
A total of 43 CRC patients undergoing surgery 

in Linyi Central Hospital were included and they 
were not preoperatively treated. The median age 
of included CRC patients was 64 years old (52-84 
years old). Tumor node metastasis (TNM) staging 
in each CRC patient was determined according to 
the American Joint Committee on Cancer. CRC 
species and paracancerous ones (normal intesti-
nal mucosa collected at least 5 cm away from the 
tumor edge) were stored in liquid nitrogen within 
10 min ex vivo. Preoperative and postoperative 
blood samples were collected. This study was 
approved by the Ethics Committee of Linyi Cen-
tral Hospital and was conducted after informed 
consent was obtained from each subject.

Cell Culture
CRC cell lines (Caco2, Sw620, HT29, HCT-

8, and HCT-116) and intestinal epithelial cell 
line (FHC) were purchased from American Type 
Culture Collection (ATCC; Manassas, VA, USA). 
Cells were cultured in Dulbecco’s Modified Ea-
gle’s Medium (DMEM) [except for HCT-116 cells 
that were cultured in Roswell Park Memorial In-
stitute-1640 (RPMI-1640; Gibco, Rockville, MD, 
USA)] containing 10% fetal bovine serum (FBS; 
Gibco, Rockville, MD, USA), 100 U/mL peni-
cillin and 100 μg/mL streptomycin in a 5% CO2 
incubator at 37°C. Cell passage was conducted 
using trypsin at 80-90% confluence.  

Transfection
Cells inoculated in 6-well plates were cultured 

to 30-40% confluence. Then, they were trans-
fected with plasmids constructed by GenePhar-
ma (Shanghai, China), using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA). 48 hours later, 
the cells were collected for the following use. 

Cell Proliferation Assay
Cells were inoculated in a 96-well plate with 

2×103 cells per well. At the appointed time points, 
absorbance value at 490 nm of each sample was 
recorded using the CCK-8 kit (Dojindo Molecular 
Technologies, Kumamoto, Japan) for plotting the 
viability curves.

Colony Formation Assay
Cells were inoculated in a 6-well plate with 

200 cells per well and cultured for 2 weeks. Cul-
ture medium was replaced once in the first week 
and twice in the second week. Next, visible col-
onies were washed in PBS, fixed in methanol for 
20 min and dyed in 0.1% crystal violet for 20 min, 
which were captured and calculated.

 
Flow Cytometry 

Cells were prepared to suspension at 1×106 
cells/mL, suspended in 0.5 mL pre-cold binding 
buffer and induced with 1.25 μL of Annexin 
V-fluorescein isothiocyanate (FITC) in the dark 
for 15 min. After centrifugation at 1000×g for 5 
min, the precipitant was again suspended in bind-
ing buffer and treated with 10 μL of Propidium 
Iodide (PI) in the dark, followed by apoptosis de-
termination using flow cytometry (FACSCalibur, 
BD Biosciences, Detroit, MI, USA). 

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR)

RNAs extracted by TRIzol reagent (Invit-
rogen, Carlsbad, CA, USA) were purified by 
DNase I treatment, and reversely transcribed 
into complementary deoxyribose nucleic acids 
(cDNAs) using PrimeScript RT Reagent (TaKa-
Ra, Otsu, Shiga, Japan). The obtained cDNAs 
underwent qRT-PCR using SYBR® Premix Ex 
Taq™ (TaKaRa, Otsu, Shiga, Japan). Glycer-
aldehyde 3-phosphate dehydrogenase (GAP-
DH) and U6 were the internal references. Each 
sample was performed in triplicate, and relative 
level was calculated by 2-ΔΔCt. miR-548b: for-
ward: 5’-ACACTCCAGCTGGGCAAAAATCT-
CAAT-3’, reverse: 5’-CTCAACTGGTGTCGT-
GGAAACTGGTGTC-3’, U6: forward: 5’-CTC-
GCTTCGGCAGCACAGCTTCGGCAGCA-
CA-3’, reverse: 5’-AACGCTTCACGAATTTG-
CGTCGCTTCACGAATT-3’, WNT2: forward: 
5’-CCAGCCTTTTGGCAGGGTC-3’, reverse: 
5’-GCATGTCCTGAGAGTCCATG-3’, and GAP-
DH: forward: 5’-GGGCAGTATGTTGT-3’, re-
verse: 5’-GCTATTGGCATTGGTGAA-3’.

Western Blotting
Cells were lysed for isolating cellular pro-

tein and electrophoresed. The protein samples 
were loaded on polyvinylidene difluoride (PVDF) 
membranes (Millipore, Billerica, MA, USA). 
Subsequently, non-specific antigens were blocked 
in 5% skim milk for 2 hours. The membranes 
were reacted with primary and secondary an-
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tibodies for indicated time. Band exposure and 
analyses were finally conducted.

Luciferase Assay 
HEK293T cells inoculated in a 24-well plate 

were co-transfected with miR-548b mimic/NC 
mimic and WNT2-WT/WNT2-MUT using Lipo-
fectamine 2000 and then lysed for determining 
relative Luciferase activity 48 h later.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 22.0 (IBM Corp., Armonk, NY, USA) 
was used for data analyses. Data were expressed 
as mean ± standard deviation. Differences be-
tween groups were analyzed by the t-test. Chi-
square test was used for analyzing the relation-
ship between miR-548b level and clinical data 
of CRC. Pearson correlation test was applied for 
evaluating the relationship between two genes in 
CRC species. p<0.05 suggested that the differ-
ence was statistically significant.

Results

Downregulated MiR-548b Was 
Linked to TNM Staging and 
Lymphatic Metastasis of CRC

QRT-PCR data showed a lower level of miR-
548b in CRC tissues than paracancerous ones 
(Figure 1A). Compared with FHC cells, miR-548 
was downregulated in CRC cell lines (Figure 1B). 
Included CRC patients were assigned into two 
groups, according to the median level of miR-

548b. By analyzing their clinical data, miR-548b 
level was detected to be lower in T3-T4 CRC than 
those in T1-T2. Moreover, CRC patients with 
lymphatic metastasis had a lower level of miR-
548b than those without (Table I).

Overexpression of MiR-548b 
Suppressed Proliferative Rate and 
Induced Apoptosis In CRC

MiR-548b mimic was constructed and its 
transfection efficacy was tested in Sw620 and 
HT29 cells (Figure 2A). Overexpression of miR-
548b markedly decreased viability (Figure 2B) 
and colony number (Figure 2C), suggesting the 
suppressed proliferative capacity. In addition, 
apoptotic rate increased in Sw620 and HT29 cells 
overexpressing miR-548b (Figure 2D). 

Overexpression of MiR-548b 
Downregulated Genes in the 
WNT2/β-Catenin Pathway

Notably, protein levels of WNT2, β-catenin were 
downregulated in CRC cells overexpressing miR-
548b (Figure 3A). According to the predicted bind-
ing sites in the promoter regions of miR-548b and 
WNT2, luciferase assay verified their binding rela-
tionship as overexpression of miR-548b reduced lu-
ciferase activity in wild-type WNT2 vector (Figure 
3F). Subsequently, pcDNA-WNT2 was constructed 
and its transfection efficacy was tested by Western 
blotting (Figure 3B). Besides, overexpression of 
WNT2 remarkably downregulated miR-548b level 
in CRC cells (Figure 3C). A negative correlation 
was identified between expression levels of miR-
548b and WNT2 (Figure 3E). As expected, WNT2 
was upregulated in CRC species (Figure 3D). 

Figure 1. Downregulated miR-548b was linked to TNM staging and lymphatic metastasis of CRC. A, MiR-548b levels 
in CRC species and paracancerous ones. B, MiR-548b levels in CRC cell lines. Data are expressed as mean ± SD. *p<0.05, 
**p<0.01, ***p<0.001. 
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MiR-548b Regulated CRC Cell 
Phenotypes by Targeting WNT2

Notably, upregulated miR-548b in CRC cells 
overexpressing miR-548b was reversed by over-
expression of WNT2 (Figure 4A). Inhibited vi-
ability (Figure 4B) and clonality (Figure 4C) 
by overexpression of miR-548b in CRC cells 
were partially reversed after co-overexpression 
of WNT2. In addition, increased apoptotic rate in 

CRC cells overexpressing miR-548b was reduced 
following WNT2 overexpression (Figure 4D). 

Discussion

CRC is classified into carcinoma of colon and 
rectum3-5. In China, the incidence of CRC ranks 
the third, which is only second to lung cancer and 

Table I. Association of miR-548b expression with clinicopathologic characteristics of colorectal cancer.

                                  MiR-548b expression

 Parameters  No. of cases High (%) Low (%) p-value

Age (years)     0.834
  < 60 17 11  6 
  ≥ 60 26 16 10 
Gender    0.607
  Male 21 14  7 
  Female 22 13  9 
T stage    0.011
  T1-T2 29 22  7 
  T3-T4 14  5  9 
Lymph node metastasis    0.008
  No 27 21  6 
  Yes 16  6 10 
Distance metastasis    0.405
  No 25 17  8 
  Yes 18 10  8 

Figure 2. Overexpression of miR-548b suppresses proliferative rate and induces apoptosis in CRC. A, Transfection efficacy of 
miR-548b mimic in Sw620 and HT29 cells. B, Viability in Sw620 and HT29 cells transfected with NC mimic or miR-548b mimic. 
C, Colony formation in Sw620 and HT29 cells transfected with NC mimic or miR-548b mimic (magnification: 10×). D, Apoptosis 
in Sw620 and HT29 cells transfected with NC mimic or miR-548b mimic. Data are expressed as mean ± SD. *p<0.05, **p<0.01. 
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Figure 3. Overexpression of miR-548b downregulates genes in the WNT2/β-catenin pathway. A, Protein levels of WNT2, β-catenin 
in Sw620 and HT29 cells transfected with NC mimic or miR-548b mimic. B, Transfection efficacy of pcDNA-WNT2 in Sw620 and 
HT29 cells. C, MiR-548b level in Sw620 and HT29 cells transfected with NC or pcDNA-WNT2. D, WNT2 levels in CRC species 
and paracancerous ones. E, A negative correlation between expression levels of miR-548b and WNT2 in CRC species. F, Binding 
sites in the promoter regions of miR-548b and WNT2 (upper). Luciferase activity in cells co-transfected with NC mimic/miR-548b 
mimic and WNT2-WT/WNT2-MUT (bottom). Data are expressed as mean ± SD. *p<0.05, **p<0.01, ***p<0.001. 

Figure 4. MiR-548b regulates CRC cell phenotypes by targeting WNT2. A, MiR-548b level in Sw620 and HT29 cells 
transfected with NC mimic+NC, miR-548b mimic+NC or miR-548b mimic+pcDNA-WNT2. B, Viability in Sw620 and 
HT29 cells transfected with NC mimic+NC, miR-548b mimic+NC or miR-548b mimic+pcDNA-WNT2. C, Colony formation 
in Sw620 and HT29 cells transfected with NC mimic+NC, miR-548b mimic+NC or miR-548b mimic+pcDNA-WNT2 
(magnification: 10×). D, Apoptosis in Sw620 and HT29 cells transfected with NC mimic+NC, miR-548b mimic+NC or miR-
548b mimic+pcDNA-WNT2. Data are expressed as mean ± SD. *p<0.05.
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gastric cancer. Seriously, the mortality of CRC 
ranks the fifth in cancer death rate3,6,7. Most of 
CRC cases are sporadic, which are aggravated 
from adenoma to tumor6,8. At present, surgery 
is the preferred strategy for CRC patients7. The 
5-year survival of CRC in the early phase is up to 
90%, which sharply decreases to less than 10% 
in advanced CRC patients9-11. The pathogenesis of 
CRC is complicated, involving several signaling 
pathways (i.e., the Wnt pathway)23. 

MiRNAs, extensively expressed in animals and 
plants, are vital regulators in life activities14,16. So 
far, there are 28,645 discovered miRNAs. A single 
miRNA has several corresponding target genes 
and a single gene can be targeted by several miR-
NAs, and thus a complex regulatory network is 
formed15-18. MiR-548b is downregulated in hepato-
cellular carcinoma, and it is closely linked to clini-
cal prognosis21,22. In this paper, miR-548b was low-
ly expressed in CRC species than paracancerous 
ones. By analyzing clinical data of included CRC 
patients, it was found that miR-548b level was 
negatively linked to TNM staging and lymphatic 
metastasis rate. Experimental results uncovered 
that the overexpression of miR-548b suppressed 
proliferative capacity and induced apoptosis in 
CRC cells.

WNT2 was predicted to be the downstream 
gene binding miR-548b, which was verified by 
Luciferase assay. Converse to miR-584b, WNT2 
was upregulated in CRC species and cell lines. 
Moreover, WNT2 level was negatively correlated 
with that of miR-584b. Rescue experiment results 
showed that the overexpression of WNT2 abol-
ished the regulatory effects of miR-584b on pro-
liferative and apoptotic capacities of CRC cells. 

Collectively, the novelty of this study was that 
a negative feedback loop miR-584b/WNT2 was 
identified to alleviate the malignant development 
of CRC in this study, which will provide a new 
support to explore the target drug for the treat-
ment of CRC.

Conclusions

In sumary, miR-548b is closely linked to tumor 
stage and lymphatic metastasis of CRC, and it 
alleviates the malignant development of CRC by 
targeting WNT2. 
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