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Abstract. Increasing evidence highlights the multiple roles 
of microRNAs (miRs) in the tumorigenesis of colorectal 
cancer (CRC); however, the molecular mechanism, particu‑
larly the target of miR‑146b‑5p in CRC has not been fully 
elucidated. The present study aimed to elucidate the influ‑
ence of miR‑146b‑5p via regulating tumor necrosis factor 
receptor‑associated factor 6 (TRAF6) in CRC. The expression 
levels of miR‑146b‑5p and TRAF6 in CRC tissue and cells 
were determined by reverse transcription quantitative PCR 
and western blotting. Binding between miR‑146b‑5p and 
TRAF6 was examined using a dual luciferase reporter gene 
assay. The impact of miR‑146b‑5p and TRAF6 on prolifera‑
tion and migration of CRC cells was determined using Cell 
Counting Kit‑8 and Transwell assays, respectively. An animal 
model of CRC was established to determine the carcinogenic 
effect of the miR‑146b‑5p‑TRAF6 axis. The results demon‑
strated that miR‑146b‑5p was highly expressed in CRC tissue 
samples compared with in normal adjacent tissue samples and 
in CRC cells compared with in the normal NCM460 cell line, 
whereas TRAF6 was expressed at low levels. Overexpression 
of miR‑146b‑5p decreased TRAF6 expression in CRC HT29 
and SW620 cells. miR‑146b‑5p targeted and inhibited TRAF6 
expression in CRC cells. Furthermore, transfection with a 
miR‑146b‑5p mimic promoted the proliferation, migration 
and invasion of CRC cells and tumor growth; however, these 
effects were abolished by TRAF6 overexpression. Transfection 
with a miR‑146b‑5p inhibitor suppressed the proliferation of 
CRC cells. Taken together, the results from the present study 
demonstrated that miR‑146b‑5p could enhance the initiation 

and tumorigenesis of CRC by targeting TRAF6. These results 
will help elucidate the mechanisms underlying CRC develop‑
ment and will facilitate the development of targeted therapy 
for CRC.

Introduction

Colorectal cancer (CRC) is one of the most common malig‑
nancies and is characterized by high morbidity and mortality 
rates worldwide (1). In recent years, the number of patients 
with CRC has risen globally due to improvements in people's 
livelihoods and changes in the diet, and the number of new 
cases per year has increased to ~1.4 million worldwide (2,3). 
Surgery and chemotherapy are currently the main treatment 
options for CRC. Although surgical resection achieves great 
efficacy in patients with early CRC, surgery fails to completely 
remove lesions in patients with advanced CRC, especially 
cases of T4‑stage CRC, and the recurrence rate is therefore 
high (>25%) (4,5). Chemotherapy following surgery consists 
usually of an adjuvant treatment for advanced CRC; however, 
the emergence of drug resistance has limited its efficacy (6). 
Great attention has therefore been paid to explore novel and 
effective targeted therapies for CRC; however, the underlying 
mechanisms of CRC development and metastasis remain 
unclear.

MicroRNA (miRNA/miR) is a type of small RNA 
containing 18‑25 nucleotides  (7). miRNA molecules bind 
to the 3'‑UTR of an mRNA transcript, thereby regulating 
gene expression (8). In recent years, increasing evidence has 
highlighted the role of miRNAs in cancer, including cervical 
cancer (9) and hepatocellular carcinoma (10). Furthermore, 
miRNA has been reported to serve a pivotal role in CRC 
development  (11,12) and certain peripheral blood miRNA 
molecules are considered as promising markers for early 
screening of CRC  (13,14). For example, miR‑4711‑5p can 
downregulate the expression of Kruppel‑like factor 5 to 
inhibit CRC development (15). Furthermore, miR‑146b‑5p, 
which is located on the chromosome 10 and belongs to the 
miRNA‑146b family, is abnormally expressed in several 
types of cancer, including lung cancer  (16), gallbladder 
carcinoma  (17) and breast cancer  (18). miR‑146b‑5p was 
recently reported to regulate the malignant characteristics of 
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CRC cells by targeting pyruvate dehydrogenase E1 subunit β 
(PDHB) (19); however, its role in CRC remains unknown. As 
a downstream target of miR‑146b‑5p, tumor necrosis factor 
receptor‑associated factor 6 (TRAF6) has been reported to 
be a prognostic biomarker in several types of cancer, such as 
glioma (20), renal cell carcinoma (21), osteosarcoma (22) and 
hepatocellular carcinoma (23). However, the mechanism by 
which TRAF6 may function downstream of miR‑146b‑5p in 
CRC remains unclear. The present study aimed to determine 
the effect of the miR‑146b‑5p/TRAF6 axis on the development 
of CRC.

Materials and methods

Patient samples. A total of 19  patients diagnosed with 
CRC between March 2015 and November 2019 at the First 
Affiliated Hospital of Jinan University (Guangzhou, China) 
were included in the present study. Patient age ranged from 
49 to 86 years (mean age, 63.25 years; nine male patients 
and 10 female patients). Patients did not receive preoperative 
radiotherapy or chemotherapy and provided signed informed 
consent. Cancer and adjacent normal tissue samples (>10 cm 
away from the tumor) were stored in liquid nitrogen. This 
study was approved by the Ethics Committee of the First 
Affiliated Hospital of Jinan University (approval no. 2018038) 
and performed in accordance with the Declaration of Helsinki.

Cell culture, lentiviral vector construction and cell 
transfection. The immortalized cell line NCM460 that was 
used as the normal control and the human CRC cell lines 
HT29, SW620, LoVo and HCT116 were purchased from the 
American Type Culture Collection (STR profiling authenti‑
cated). Cells were cultured in RPMI 1640 (Beijing Solarbio 
Science & Technology Co., Ltd.) supplemented with 10% FBS 
(Gibco; Thermo Fisher Scientific, Inc.), 1% penicillin (Gibco; 
Thermo Fisher Scientific, Inc.), and 1% streptomycin (Gibco; 
Thermo Fisher Scientific, Inc.) and placed at 37˚C in a humidi‑
fied incubator containing 5% CO2. HT29 and SW620 cells 
were transfected with the miR‑146b‑5p mimic (double strand, 
5'‑UGA​GAA​CUG​AAU​UCC​AUA​GGC​U‑3', 200 nM; Thermo 
Fisher Scientific, Inc.) or miR‑146b‑5p inhibitor (5'‑GCC​UAU​
GGA​AUU​CAG​UUC​UC‑3', 200 nM; Thermo Fisher Scientific, 
Inc.) using Lipofectamine™ 3000 (Invitrogen; Thermo Fisher 
Scientific, Inc.). For miR negative control (NC), scramble 
NC (5'‑GUG​UAA​CAC​GUC​UAU​ACG​CCC​A‑3'; 200  nM), 
mimic NC (double strand, 5'‑UUC​UCC​GAA​CGU​GUC​ACG​
UTT​‑3'; 200 nM; Thermo Fisher Scientific, Inc.) and inhibitor 
NC (CAG​UAC​UUU​UGU​GUA​GUA​CAA​; 200 nM; Thermo 
Fisher Scientific, Inc.) were used. Transfection was performed 
at 37˚C, after which the cells were harvested after 24 h.

To generate the TRAF6 overexpression stable cell line, a 
2nd‑generation lentiviral system was used. Briefly, TRAF6 
was amplified by PCR with the following primers: Forward, 
with XhoI + kozak sequence, 5'‑GGA​CTC​TCG​AGG​CCA​
TGG​AGT​CTG​CTA​AAC​TGT​‑3' and reverse, with Xbal 
sequence‑ 5'CTT​GTC​TAG​ATG​CAG​TCG​TCG​AGG​AAT​
TGC​TAT​‑3'). Subsequently, TRAF6 cDNA was inserted into 
a pEGFP‑C1 vector (Takara Bio USA, Inc.) to generate a 
GFP‑TRAF6 overexpression plasmid; the pEGFP‑C1 vector 
was used as a control. The product was then inserted into the 

lentivirus pLVX‑puro vector (Takara Bio, Inc.). This construct, 
together with pHelper 1.0 vector (Shanghai GeneChem Co., 
Ltd.) encoding the gag, pol and rev genes, and with pHelper 
2.0 (Shanghai GeneChem Co., Ltd.) encoding the VSV‑G gene 
were transfected into 293T cells (Shanghai GeneChem Co., 
Ltd.) for packaging for 72 h, 37˚C. Then, the lentiviruses were 
harvested by ultracentrifugation (Beckman SW32ti; Beckman 
Coulter) at 120,000 x g for 2 h at 4˚C. HT29 cells were infected 
with a multiplicity of infection of 10 for 48 h, then cultured in 
the presence of puromycin (Sangon Biotech Co., Ltd.; 2 µg/ml) 
for 2 weeks to screen cells stably overexpressing TRAF6. The 
overexpression was verified by western blotting.

Reverse transcription quantitative (RT‑q)PCR. Total RNA 
was extracted from cells or tissue samples using a TaqMan™ 
MicroRNA Cells‑to‑CT™ Kit (Thermo Fisher Scientific, Inc.) 
and was reverse‑transcribed into cDNA also using this kit. The 
cDNA was mixed with primers and TaqMan Master Mix (2x; 
Thermo Fisher Scientific, Inc.) provided the kit. The sequences 
of the primers were as follows: TRAF6 forward, 5'‑CTA​TTC​
ACC​AGT​TAG​AGG​G‑3', reverse, 5'‑GCT​CAC​TTA​CAT​ACA​
TAC​T‑3' and miR‑146b‑5p forward, 5'‑CCT​GGC​ACT​GAG​
AAC​TGA​AT‑3' and reverse, 5'‑GCA​CCA​GAA​CTG​AGT​
CCA​CA‑3'. U6 (forward, 5'‑CGC​TTC​GGC​AGC​ACA​TAT​
ACT​A‑3'; reverse, 5'‑GCG​AGC​ACA​GAA​TTA​ATA​CGA​C‑3') 
and GAPDH (forward, 5'‑GAG​TCC​ACT​GGC​GTC​TTC​‑3'; 
reverse, 5'‑GGG​GTG​CTA​AGC​AGT​TGG​T‑3') were used as 
controls. RT‑qPCR reactions were performed as follows: 95˚C 
for 5 min, followed by 40 cycles at 95˚C for 5 sec and 60˚C for 
1 min using the ABI 7500 Real‑Time PCR System (Applied 
Biosystems). The relative expression levels were normalized 
to endogenous control and were expressed as 2‑ΔΔCq  (24). 
RT‑qPCR for miR‑146b‑5p was performed using the miRNA 
Detection Kit (Qiagen, Inc.). Experiments were performed in 
triplicate.

Cell Counting Kit‑8 (CCK‑8) assay. HT29 and SW620 cells 
were seeded on a 6‑well plate at the density of 1x105 cells/well. 
After 24 h of transfection, the cells were transferred to a 96‑well 
plate and incubated for 24, 48, 72 and 96 h. Subsequently, CCK‑8 
solution (Beyotime Institute of Biotechnology; 10% v/v) was 
added to the cells for 4 h at 37˚C. Absorbance was measured at 
450 nm using a microplate reader (Benchmark Plus; Bio‑Rad 
Laboratories, Inc.). The cell viability was analyzed after 24, 
48, 72 and 96 h.

Transwell assay. A total of 1x105 HT29 and SW620 CRC cells 
were digested and suspended in serum‑free medium. Cells 
were seeded into the upper chamber of a 24‑well plate, either 
precoated with Matrigel (for 2 h at 37˚C) or uncoated, and 
medium containing 10% FBS was added to the lower chamber. 
After 24 h at 37˚C, cells in the lower chamber were fixed with 
4% paraformaldehyde for 40 min at 4˚C and stained with 
0.1% crystal violet at room temperature for 30 min. Cells were 
observed under a light microscope and the number of cells that 
have invaded or migrated the lower chamber were counted.

Colony formation assay. For the colony formation assay, 
transfected or control HT29 and SW620 CRC cells were 
suspended in culture medium and were seeded on a 0.5% soft 
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agar layer at the density of 2x104 cells per well in 6‑well plates. 
After 2‑3 weeks, the supernatant was harvested and cells 
were stained with 4 mg/ml crystal violet (Beyotime Institute 
of Biotechnology) for 30  min at room temperature. The 
number of colonies was counted using a light microscope 
(magnification, x5).

Immunohistochemistry. CRC and adjacent non‑tumor tissue 
samples were fixed with 4% formaldehyde (Beyotime Institute 
of Biotechnology) at room temperature for 12 h, embedded 
in paraffin and sliced into 5‑7‑µm sections. Sections were 
dewaxed with xylene and hydrated in a descending gradient 
of alcohol solutions from 100 to 75%. Antigen retrieval was 
performed by heating samples in citrate buffer (pH 6.0) for 
5 min in a microwave. Sections were treated with 3% hydrogen 
peroxide for 10 min at room temperature to remove endogenous 
peroxidase and were incubated with primary antibody against 
TRAF6 (Abcam; cat. no. ab33915; 1:500) at 4˚C overnight 
and with a secondary antibody (Jackson ImmunoResearch 
Laboratories, Inc.; cat. no.  111‑035‑003; 1:1,000) at room 
temperature for 1 h. The images were analyzed using ImageJ 
version 1.8 (National Institutes of Health). For scoring TRAF6, 
the frequency of staining was determined using the following 
scale: 0, no or hardly any cells positive; 1, small fraction of 
cells positive; 2, approximately half of the cells positive, 
3=more than half of the cells positive; 4, all or the majority of 
cells positive.

Western blotting. Proteins were extracted from CRC tissues 
and cells using RIPA lysis buffer (Beyotime Institute of 
Biotechnology) at room temperature, and the protein concen‑
tration was measured using a BCA kit (Beyotime Institute 
of Biotechnology). Proteins (30  µg protein/lane) were 
separated by SDS‑PAGE on 8% gels and transferred onto a 
PVDF membrane as previously described (25). Membranes 
were blocked with 5% skimmed milk powder at room temper‑
ature for 1 h and incubated with primary antibodies against 
TRAF6 (monoclonal antibody; cat. no.  ab33915; 1:1,000), 
cleaved PARP (cat. no. ab32064; 1:1,000), cleaved caspase‑3 
(cat. no. ab32042; 1:500), GFP (cat. no. ab290; 1:1,000) and 
GAPDH (cat. no. ab8245; 1:2,000) (all from Abcam), at 4˚C 
overnight. Membranes were then incubated with anti‑mouse 
and anti‑rabbit secondary antibodies (cat. nos. 115‑035‑003 and 
111‑035‑003; 1:2,000; Jackson ImmunoResearch Laboratories, 
Inc.). Subsequently, the blots were visualized using an ECL kit 
(cat. no. P0018M; Beyotime Institute of Biotechnology) and 
the densitometry data were analyzed by ImageJ version 1.8.

Bioinformatics analysis. To predict the potential binding inter‑
action between miR‑146b‑5p and TRAF6, TargetScan (26) and 
starBase (27) tools were applied. In starBase (http://starbase.
sysu.edu.cn/index.php), we used ‘miRNA‑mRNA’ analysis 
with the input of miRNA (has‑miR‑146b‑5p) and the target of 
TRAF6. The results showed significant interactions between 
miR‑146b‑5p and TRAF6 in multiple databases, such as 
RNA22 (28), miRmap (29), PicTar (https://pictar.mdc‑berlin.
de/) and TargetScan. Subsequently, the results were verified 
in Targetscan (http://www.targetscan.org/vert_72/) with the 
input of human gene symbol ‘TRAF6’ and the matching 
sequence was shown. For the mRNA expression of TRAF6 

in different types of cancer, the GEPIA tool (30) was used, 
with the search term of ‘TRAF6’ for expression profile, the 
parameters selected were: ‘ANOVA analysis of log‑scale’ and 
‘match TCGA normal and GTEx data’.

Dual‑luciferase reporter gene assay. A potential binding site 
between miR‑146b‑5p and TRAF6 was predicted by starBase 
v2.0 (27). The 3' UTR sequence of TRAF6 mRNA containing 
the wild‑type or mutant miR‑146b‑5p‑binding site (TRAF6 
3'‑UTR‑wt and TRAF6 3'‑UTR‑mut, respectively; ~300 nucle‑
otide long both) was synthesized by Shanghai GenePharma 
Co., Ltd. and was cloned into the pmirGLO vector (Promega 
Corporation). Cells were co‑transfected with the negative 
control and miR‑146b‑5p mimic with Lipofectamine 3000. 
The dual luciferase reporter gene assay was conducted to 
detect luciferase activity (firefly and Renilla luciferase activi‑
ties) after 48 h in a BioTek Synergy 2 luminometer (BioTek 
Instruments Inc.) according to the manufacturer's instruc‑
tions. Firefly luciferase activities were normalized against 
Renilla luciferase activities to determine relative fluorescence 
intensity.

Xenograft mouse model. HT29 cells stably overexpressing 
TRAF6 or transfected with an empty vector were subcutane‑
ously injected into 15 immunodeficient BALB/c nude mice 
(Laboratory Animal Center of Jinan University; male; age, 
4‑6 weeks; weighing, 18‑22 g); five mice per group; 2 mice were 
found dead in the miR‑146b‑5p group because of tumor burden; 
thus, 3 mice are shown for each group. The mice were housed 
in specific pathogen free facilities under a 12 h light/dark cycle, 
and temperature‑(25˚C) and humidity‑controlled (50‑60%) 
conditions. The miR‑146b‑5p mimic or negative control was 
injected into the tumor four times with 1‑week interval. When 
tumor volume reached 50 mm3, the volume was measured 
every 5 days. After ~25 days, when tumors reached 15x15 mm 
in size in the control group, the mice were euthanized by 
intraperitoneal injection of 4% pentobarbital (180 mg/kg) 
and subcutaneous tumors were collected and weighed. Death 
was confirmed by cervical dislocation. The related experi‑
ment was performed at the Laboratory Animal Center. The 
animal experiments were approved by the Laboratory Animal 
Ethics Committee of Jinan University (approval no. 2019231). 
All animal procedures followed the guidelines issued by the 
China Animal Protection Association.

Statistical analysis. The data are presented as the mean ± stan‑
dard deviation and analyzed using SPSS 21.0 statistical software 
(IBM Corp.). Cancer and adjacent normal tissue samples were 
compared using paired t‑tests. Differences between two groups 
were compared using unpaired t‑tests, and differences between 
multiple groups were determined using one‑way ANOVA 
followed by Tukey's post hoc test. To assess correlation, the 
Pearson correlation analysis was performed. P<0.05 was consid‑
ered to indicate a statistically significant difference.

Results

miR‑146b‑5p is upregulated in CRC tissue and cell lines. We 
evaluated the miR‑146b‑5p expression level in tissue sample 
from patients with CRC by RT‑qPCR analysis (Fig.  1A). 
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Expression of miR‑146b‑5p was significantly upregulated in 
CRC compared with normal tissue. Furthermore, RT‑qPCR 
analysis revealed that miR‑146b‑5p was overexpressed in 
CRC cells (Fig.  1B) compared with the normal cell line. 
miR‑146b‑5p may therefore be involved in CRC progression.

miR‑146b‑5p increases the proliferation and migration of 
CRC cells in vitro. To investigate the function of miR‑146b‑5p 
in CRC cells, two CRC cell lines (HT29 and SW620) were 

transfected with an miR‑146b‑5p mimics and inhibitor. All 
the controls (scramble NC, inhibitor NC and mimic NC) 
showed no effect on the expression of miR‑146b‑5p in both cell 
lines (Fig. S1), thus scramble NC was used for the following 
experiments. The results from RT‑qPCR confirmed the effi‑
ciency of transfection with miR‑146b‑5p mimic and inhibitor 
(Fig. 1C and D). The inhibitory efficiency was 60% in the 
inhibitor‑transfected group compared with the control group 
(Fig. 1D). Furthermore, the results from colony formation 

Figure 1. miR‑146b‑5p is highly expressed in CRC. (A and B) RT‑qPCR analysis of miR‑146b‑5p expression in CRC and normal adjacent tissue samples 
(n=19 pairs) and in CRC cell lines (n=3). (C and D) RT‑qPCR analysis of miR‑146‑5p expression in HT29 and SW620 cells. (E and F) Colony formation assay 
in HT29 and SW620 cells. *P<0.05 and ***P<0.001. NC, negative control; miR, microRNA; RT‑qPCR, reverse transcription quantitative PCR; CRC, colorectal 
cancer. 
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assay demonstrated that miR‑146b‑5p mimics significantly 
promoted whereas miR‑146b‑5p inhibitor significantly inhib‑
ited the colony growth of HT29 (Fig. 1E) and SW620 cells 
(Fig.  1F). To confirm the impact of miR‑146b‑5p on the 
expression of protein related to the cell apoptotic pathway, 
cell lysates were subjected to western blotting. As presented in 

Fig. 2A and B, the miR‑146b‑5p inhibitor markedly increased 
the expression of cleaved PARP and cleaved caspase‑3 proteins, 
which are markers of apoptosis. Furthermore, the results from 
CCK‑8 assays demonstrated that proliferation of HT29 and 
SW620 cells was significantly increased by the miR‑146b‑5p 
mimics, but significantly decreased by the miR‑146b‑5p 

Figure 2. miR‑146b‑5p regulates the proliferation, migration, and invasion of HT29 and SW620 cells. HT29 and SW620 cells were transfected with the 
miR‑146b‑5p mimics or inhibitor. (A and B) Western blotting was used to determine the expression of cleaved‑PARP and cleaved‑caspase‑3 in HT29 and 
SW620 cells. (C and D) Cell Counting Kit‑8 assay was used to determine cell proliferation. (E and F) Transwell assay was used to evaluate the cell migration 
and invasion. Scale bar, 20 µm. (G and H) Quantification of Transwell assay from E and F. n=3. *P<0.05 vs. NC. NC, negative control; miR, microRNA; 
PARP, poly (ADP‑ribose) polymerase. 
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inhibitor (Fig.  2C  and  D). The Transwell assays revealed 
that miR‑146b‑5p mimics significantly increased cell migra‑
tion and invasion, whereas miR‑146b‑5p inhibitor decreased 
them (Fig. 2E‑H). Taken together, these results indicated that 
miR‑146b‑5p may promote the development of CRC.

miR‑146b‑5p targets TRAF6 in CRC cells. According to 
TCGA and GTEx databases, TRAF6 was downregulated 
in CRC tissue samples; compared with in the normal tissue 
group, the TPM value of TRAF6 was significantly decreased 
in the colon adenocarcinoma tumor group (Fig.  3A). 

Immunohistochemistry was then performed to evaluate the 
expression of TRAF6 in CRC and normal tissue samples 
(Fig. 3B) and western blotting was used to determine TRAF6 
expression in CRC cell lines (Fig. 3C). The results demon‑
strated that TRAF6 expression was significantly decreased in 
CRC tissue and CRC cell lines compared with normal tissue 
and cell lines, respectively (Fig. 3B and C).

Correlation analysis revealed a negative correlation 
between TRAF6 expression and miR‑146b‑5p expression in the 
collected CRC tissues (Fig. 4A). Furthermore, bioinformatics 
analysis was performed using Targetscan (26) and starBase (27) 

Figure 3. TRAF6 is lowly expressed in CRC tissue and cell lines. (A) Analysis of The Cancer Genome Atlas and Genotype‑Tissue Expression databases 
showed that TRAF6 was expressed at low levels in most tumor tissue samples, including CRC. (B and C) Immunohistochemical and western blotting analyses 
of TRAF6 expression in CRC and normal adjacent tissue samples (n=19 pairs) and in CRC cell lines (n=3). Scale bar, 20 µm. *P<0.05 and **P<0.01. TRAF6, 
tumor necrosis factor receptor‑associated factor 6; CRC, colorectal cancer.
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and found that a sequence of 3' UTR of TRAF6 matched 
miR‑146b‑5p (Fig. 4B), indicating that TRAF6 may be a target of 
miR‑146b‑5p. To investigate whether miR‑146b‑5p would bind 
to TRAF6 in CRC cells, the sequence of TRAF6 containing 
the potential binding site was cloned into the pmirGLO vector. 
The results demonstrated that luciferase activity was decreased 
upon transfection of TRAF6 3'‑UTR‑wt and miR‑146b‑5p 

but was unaffected upon transfection of TRAF6 3'‑UTR‑mut 
and miR‑146b‑5p (Fig. 4B‑D) in both HT19 and SW620 cells. 
Furthermore, TRAF6 expression was significantly decreased 
following transfection with miR‑146b‑5p mimics and signifi‑
cantly increased after transfection with miR‑146b‑5p inhibitor 
(Fig. 4E and F). These findings demonstrated that TRAF6 may 
be a target of miR‑146b‑5p.

Figure 4. TRAF6 is the target of miR‑146b‑5p in CRC. (A) Correlation analysis between TRAF6 and miR‑146b‑5p expression in CRC tissue. (B) Schematic 
diagram showing the potential binding site between TRAF6 and miR‑146b‑5p. (C and D) Luciferase reporter assay of luciferase activities of TRAF6 
3'‑UTR‑wt and TRAF6 3'‑UTR‑mut in HT29 and SW620 cells (n=3). (E and F) Western blot analysis of TRAF6 expression following transfection with 
miR‑146b‑5p mimics or inhibitor (n=3). *P<0.05 and **P<0.01. NC, negative control; miR, microRNA; TRAF6, tumor necrosis factor receptor‑associated 
factor 6; CRC, colorectal cancer; UTR, untranslated region; WT, wild‑type; Mut, mutant. 
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miR‑146b‑5p promotes CRC development by inhibiting the 
expression of TRAF6. To further elucidate the role of the 
miR‑146b‑5p‑TRAF6 axis in CRC, CRC cells were transfected 
with a TRAF6‑expressing vector and with miR‑146b‑5p. The 
expression of GFP‑TRAF6 in both cell lines was determined 
by western blotting with GFP antibody and the overexpres‑
sion was confirmed (Fig. S2). As presented in Fig. 5A and B, 
TRAF6 overexpression significantly inhibited the effect of 
miR‑146b‑5p on colony formation. Western blotting demon‑
strated that TRAF6 overexpression induced the cleavage of 
PARP and caspase‑3 (Fig. 5C and D). In addition, CCK‑8 
(Fig. 5E and F) and Transwell (Fig. 5G and H) assays demon‑
strated that overexpression of miR‑146b‑5p potentiated the 
malignant characteristics of CRC cells, and that these effects 
were abrogated following TRAF6 overexpression.

To determine the interaction between miR‑146b‑5p and 
TRAF6 in vivo, HT‑29 cells stably overexpressing TRAF6 
were generated via lentivirus infection. The western blot‑
ting results demonstrated that the transfection was efficient 
(Fig.  6A). A murine xenograft tumor model was then 
established to evaluate the role of the miR‑146b‑5p‑TRAF6 
axis in tumor growth. Tumor samples were harvested 
25 days after tumor cell injection. As presented in Fig. 6B, 
miR‑146b‑5p overexpression significantly promoted tumor 
growth. Furthermore, miR‑146b‑5p expression in each group 
was determined by RT‑qPCR (Fig. 6C) and tumor weight 
(Fig. 6D) and volume (Fig. 6E) were evaluated. The data 
showed that miR‑146b‑5p significantly promoted tumor 
growth in vivo, whereas overexpression of TRAF6 signifi‑
cantly abolished the tumor growth induced by miR‑146b‑5p 
(Fig. 6C‑E). The results demonstrated that the effects of 
miR‑146b‑5p were reversed in cells stably overexpressing 
TRAF6 (Fig. 6). Taken together, these findings demonstrated 
that miR‑146b‑5p may target the tumor suppressor TRAF6 
to promote CRC.

Discussion

In recent years, numerous studies have focused on biomarkers 
of CRC due to challenges in the treatment of this cancer. 
miRNAs have been frequently reported to serve some roles 
in numerous cancers. For example, miR‑144 was reported 
to target KLF4 to increase the proliferation and invasion of 
CRC stem cells (31). Marques et al (32) analyzed the differ‑
entially expressed genes in tissue samples of patients with 
CRC from the TCGA database and identified several potential 
novel biomarkers, such as hsa‑miR‑125b‑2‑3p, hsa‑miR‑1248 
and hsa‑miR‑190a‑5p. The present study demonstrated that 
miR‑146b‑5p expression was significantly increased in CRC 
tissue and cells compared with normal tissue and cells, 
respectively. Furthermore, overexpression of miR‑146b‑5p 
promoted the proliferation, migration, and invasion of HT29 
and SW620 cells, while its inhibition suppressed the prolifera‑
tion, migration, and invasion of CRC cells.

miR‑146b‑5p is expressed in most human organs and 
serves important roles in numerous diseases, including 
neurodegenerative diseases (33,34), inflammation (35‑37) and 
tumors (38,39). Wu et al (34) identified differentially expressed 
miRNAs in peripheral blood of patients with Alzheimer's 
disease using small RNA sequencing and reported that 

miR‑146b‑5p might contribute to this disease. In addition, 
miR‑146b‑5p is a regulator of NF‑κB in many diseases and 
thereby targets inflammation. In an acute lung injury model 
constructed by Zhu and Chen (40), forkhead box P3 overex‑
pression reduces lung damage and inhibits inflammation by 
targeting the miR‑146b‑5p/Robo1/NF‑κB axis. Furthermore, 
upregulation of miR‑146b‑5p may involve low‑grade chronic 
inflammation and oxidative stress in adipose tissue of patients 
with hyperglycemia (41). miR‑146b‑5p also affects NF‑κB in 
cancers. For example, in non‑small cell lung cancer (NSCLC), 
miR‑146b‑5p targets NF‑κB and thereby sensitizes cancer 
cells to epidermal growth factor receptor tyrosine kinase 
inhibitors (16). Moreover, miR‑146b‑5p acts as an oncogene 
by decreasing coiled‑coil domain containing 6 expression 
in papillary thyroid cancer (42). However, few studies have 
reported the role of miR‑146b‑5p in gastrointestinal diseases. 
Upregulation of miR‑146b‑5p inhibits the expression of KLF4 
in intestinal sepsis and therefore contributes to the develop‑
ment of intestinal injury (43). Ranjha et al (44) reported that 
miR‑146b‑5p reduces the rectosigmoid area in ulcerative 
colitis (UC), and that its aberrant expression might trigger 
the initiation of CRC in the rectosigmoid of patients with 
UC. Consistent with the finding from Zhu et al (19) showing 
that miR‑146b‑5p targets PDHB to restrain CRC tumorigen‑
esis, the present study demonstrated that miR‑146b‑5p may 
promote CRC progression by targeting TRAF6. TRAF6, 
which is a member of the TRAF family, was initially reported 
to participate in inflammatory signaling pathways and innate 
immunity (45,46). Previous studies reported that TRAF6 is 
also associated to cancer because it is highly expressed in 
various types of tumor, including lung and pancreatic cancers, 
in which it enhances tumorigenesis and neovascularization of 
cancer tissue (47‑49). The tumor‑promoting activity of TRAF6 
is also implicated in rectal cancer  (50). Mechanistically, 
miR‑124 regulates TRAF6 to promote the proliferation 
and differentiation of CRC cells (51). Controversially, some 
evidence indicates that TRAF6 is lowly expressed in human 
CRC specimens, and that it suppresses the malignant char‑
acteristics of CRC cells by regulating the β‑catenin and 
glycogen synthase kinase‑3β (52). Therefore, examining the 
role of TRAF6 in CRC is required. The present study analyzed 
data from public databases and demonstrated that TRAF6 
was lowly expressed in CRC compared with normal tissue. 
Furthermore, TRAF6 expression is decreased in CRC samples 
and cell lines compared with normal tissue samples and cell 
line, respectively. In addition, that miR‑146b‑5p may promote 
the development of CRC by targeting and inhibiting TRAF6.

The relationship between miR‑146b‑5p and TRAF6 in 
inflammation and cancers has been reported previously. 
miR‑146b‑5p was shown to target Interleukin 1 Receptor 
Associated Kinase 1 and TRAF6 to delay the inflamma‑
tory response in several diseases, such as lupus nephritis 
and neonatal hypoxic ischemic encephalopathy  (53‑55); 
however, the function of the miR‑146b‑5p‑TRAF6 axis in 
cancers is not consistent. In osteosarcoma, p16INK4a and 
miR‑146b‑5p function as tumor suppressors, and TRAF6 is 
the target of miR‑146b‑5p (22). In NSCLC, ectopic expression 
of miR‑146b‑5p inhibits cancer cell proliferation and induces 
cell cycle arrest, while the expression of miR‑146b‑5p is nega‑
tively correlated with the expression of TRAF6 (56). However, 
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in renal cell carcinoma, blocking miR‑146b‑5p inhibits 
tumor growth and potentiates the inflammatory response by 
increasing the expression of TRAF6  (21). These different 

results illustrate the complexity of cancer management and 
confirm the importance of clarifying the functional role of the 
miR‑146b‑5p‑TRAF6 axis in CRC.

Figure 5. Overexpression of TRAF6 abolishes the effects of miR‑146b‑5p in colorectal cancer cells. (A and B) Cells were transfected with scramble NC 
(Control), miR‑146b‑5p mimic, or miR‑146b‑5p mimic + TRAF6‑encoding plasmids. The cell proliferation was determined by colony formation assay. 
(C and D) Cells were treated as in (A) and were subjected to western blotting to determine cleaved PARP and cleaved caspase‑3 expression. (E and F) Cells 
were treated as in (A) and were subjected to the Cell Counting Kit‑8 assay to determine cell proliferation. (G and H) Cells were treated as in (A) and were 
subjected to Transwell assay for migration and invasion. *P<0.05 vs. Control. #P<0.05 vs. miR‑146p‑5p. n=3. miR, microRNA; TRAF6, tumor necrosis factor 
receptor‑associated factor 6.
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In summary, the present study determined the molecular 
mechanism by which miR‑146b‑5p may induce the initiation 
and tumorigenesis of CRC by targeting TRAF6. miR‑146b‑5p 
was shown to be highly expressed in CRC tissue and TRAF6 
was demonstrated to be the target of miR‑146b‑5p in CRC. 
In addition, this study showed that TRAF6 could abolish the 
effects of miR‑146b‑5p in CRC cells. These findings may 
provide novel insight into the development of targeted therapy 
for patients with CRC and lay a foundation for clinical treat‑
ment of cancers.
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