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MicroRNA-124 regulates TRAF6 expression and functions
as an independent prognostic factor in colorectal cancer
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Abstract. An increasing number of studies have confirmed that
miR-124 exhibits a suppressive role in glioblastoma, cervical
cancer and breast cancer; however, the function of miR-124 in
colorectal cancer (CRC) has not been completely elucidated.
In the present study, miR-124 expression was confirmed by
reverse transcription-quantitative PCR in 80 colorectal tissues
and para-cancerous tissues. The influence of altered miR-124
expression was analyzed by statistical approaches including
Cox multivariate regression analysis and the Kaplan-Meier
method, and the target genes of miR-124 were confirmed by
luciferase reporter assays. Immunohistochemical techniques
were also performed in order to measure the expression levels
of target proteins. miR-124 expression was observed to be
decreased in colorectal tissue samples, and this phenomenon
was correlated with adverse clinical indicators and poor
patient survival time. Luciferase reporter assays indicated
that miR-124 directly regulated TNF receptor associated
factor 6 (TRAF6) 3'-untranslated region (UTR). Hence, it was
proposed that miR-124 dysregulation may negatively influence
the expression of TRAF6 and therefore serve as a biomarker
of epithelial-mesenchymal transition in CRC tissues. In
summary, the present study demonstrated that miR-124 regu-
lates the expression of TRAF6, and may potentially function
as an independent prognostic factor and therapeutic target in
patients with CRC.
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Introduction

Colorectal cancer (CRC) is a common malignant disease
which is a profound public health burden (1). The risk of CRC
incidence and mortality in China is enhanced by tobacco
smoking, alcohol consumption, obesity, physical inactivity,
low fruit and vegetable consumption and the high intake of
red and processed meat (2). A recent epidemiological study
reported that the incidence of CRC has increased over the
past few decades (3). Despite improvements in the available
treatments, the 5-year survival rate in China remains low,
which is attributed to the majority of patients being diag-
nosed at a late disease stage (4). Numerous cases of CRC
present with metastasis of the peripheral lymph nodes and
organs (5).

Epithelial-mesenchymal transition (EMT) is characterized
by the loss of epithelial cell characteristics through the transi-
tion to a more malignant, mesenchymal cell phenotype (6).
The loss of cell polarity combined with the breakdown of tight
intercellular junctions results in a high risk of tumor metas-
tasis (7). Recent evidence has demonstrated that aberrant EMT
activation in CRC is closely associated with carcinogenesis
and tumor progression (8,9). Following the onset of EMT,
E-cadherin is translated into N-cadherin, which is expressed
in interstitial cells. Consequently the deletion and downregula-
tion of E-cadherin is considered to be an important marker
of EMT (10). Vimentin is also an important mesenchymal
cell marker of EMT, which serves an important role in main-
taining interstitial cell characteristics. Studies have confirmed
that the increased expression of Vimentin is also associated
with tumor invasion and metastasis (10).

In a previous study, tumor necrosis factor receptor-asso-
ciated factor 6 (TRAF6) was identified as a prognostic factor
in CRC (11). The prominent expression of TRAF6 has also
been observed in other human malignancies, such as lung
and gastric cancer, nasopharyngeal carcinoma and breast
cancer (12-15). TRAF6 belongs to the TRAF family, and
acts as an adaptor in the signaling of channels induced by
the TNFR. An increasing number of studies have indicated
that TRAF6 promotes oncogenesis by attenuating cell apop-
tosis and accelerating proliferation and invasion in tumor
lesions (14,16). Notably, TRAF6 is a target gene of miR-124
and the latter was reported to be involved in EMT in multiple
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malignant diseases (17,18). However, the role and relationship
between miR-124 and TRAF6 in CRC remains unclear.

In the present study miR-124 was downregulated in CRC
tissues, and a decrease in the level of miR-124 was associ-
ated with the specific adverse features of CRC, indicating
an increased risk of poor overall survival. The data also
demonstrated that TRAF6 was a target gene for miR-124 and
is potentially involved in EMT. Taken together these results
suggest that miR-124 may exhibit a tumor-suppressive role by
regulating TRAF6 expression in CRC.

Materials and methods

Patients and follow up. A total of 80 patients with a median
age of 64.5 years (range, 40-72) who underwent surgery at the
first presentation of CRC at the Central Hospital of Wuhan
between January 2008 and December 2012 were selected for
inclusion in the present study. None of the patients had received
additional treatment prior to surgical intervention. Patients'
clinical data are presented in Table I. CRC was classified
according to the American Joint Committee on Cancer (19)
staging system. The endpoint of this research was described
as overall survival. All patients provided written informed
consent to participate prior to surgery. Ethical approval was
given by the medical ethics committee of the Central Hospital
of Wuhan Tongji Medical College, Huazhong University of
Science and Technology. All procedures performed in this
study involving human participants were conducted in accor-
dance with Chinese ethical standards and the 2008 Declaration
of Helsinki.

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). Total RNA was extracted from cells and tissues
using TRIzol® reagent (Wuhan Guge Biotechnology Co., Ltd.),
according to the manufacturer's protocol. The Thermo Nano
Drop 2000 (Nano Drop Technologies; Thermo Fisher Scientific,
Inc.) was used to determine the concentration and purity of the
RNA. The primer sequences were as follows: Hsa-miR-124-3p
forward, 5'-~ACACTCCAGCTGGGTAAGGCACGCGGTG-3,
and reverse, 5-CTCAACTGGTGTCGTGGAGTCGGCAAT
TCAGTTGAGGGCATTCA-3". U6 forward, 5'-CTCGCT
TCGGCAGCACA-3', and reverse, 5" AAACGCTTCACG
AATTTGCGT-3". RT-qPCR was performed using the iTaq
Universal SYBR® Green Supermix and CFX96 real-time
PCR system (Bio-Rad Laboratories, Inc.). The primers are
listed in Table II. RT-qPCR was performed in line with a
commonly used method described previously (20). Primers for
U6 and miR-124 were synthesized and purified by Guangzhou
Ribo Bio Co. Ltd. U6 was used as the endogenous control.
Relative fold expressions were calculated with the compara-
tive quantification cycle (2"22°9) method (21). The expression
levels of miR-124 were compared between cancerous and
para-cancerous tissues, with the cancer/para-cancerous ratio
as the ordinate; a ratio >1 indicated a high miR-124 expression
level, and a ratio <1 indicated that miRNA-124 expression was
downregulated.

Immunohistochemistry (IHC). The pathological examination
of samples was performed at the Central Hospital of Wuhan,
Tongji Medical College, Huazhong University of Science and
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Technology using a two-step method (22). Tissues were fixed
using 4% paraformaldehyde at room temperature for 24 h.
Paraffin-embedded tissue sections were cut into 5 ym-thick
sections and deparaffinized and rehydrated with xylene and a
graded alcohol series (100, 95, 85 and 75%) at room tempera-
ture. Sections were washed with PBS three times (3 min each
time). Antigen retrieval was performed with 0.01 M citrate
buffer at 98°C for 10 min and cooled to 37°C. The sections were
washed three times with PBS for 3 min. Subsequently, 50 ul of
3% hydrogen dioxide solution was added to each section and
incubated at room temperature for 10 min, followed by washing
with PBS. For heat-induced antigen retrieval, the sections were
treated with EDTA buffer, autoclaved and returned to room
temperature. Antibodies against the target proteins were as
follows: TRAF6 (1:50; cat no. ab58369; Abcam), E-cadherin
(1:100; cat. no. MA106302; Thermo Fisher Scientific, Inc.) and
Vimentin (1:100; cat. no. MA106908; Thermo Fisher Scientific,
Inc.). IHC staining was performed according to the following
standard procedure (23) to evaluate TRAF6, E-cadherin and
Vimentin protein expression in CRC tissues.

Cell cultures and transfection. The human colorectal cancer
cell line SW480 was obtained from the China Center for
Type Culture Collection. Cells were cultured in DMEM
supplemented with 10% FBS (Sigma-Aldrich, Merck KGaA),
100 U/ml penicillin (HyClone; GE Health care Life Sciences),
and 100 pg/ml streptomycin (HyClone; GE Health care Life
Sciences). miR-124 mimics and inhibitor were purchased from
Gene Copoeia, Inc. and transfected with a concentration of
50 nM/well into cells with Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. The cells were harvested 2 days after transfection for
further experimentation.

Western blotting. RIPA lysis buffer (Wuhan Sanying
Biotechnology) was used to extract total cell protein. Proteins
(40 pg) were then separated by 10% SDS-PAGE (Wuhan Guge
Biotechnology Co., Ltd.) and transferred to PVDF membranes.
After blocking with 5% non-fat milk for 1 h at room tempera-
ture, the membranes were incubated with the indicated
antibodies overnight at 4°C. The membranes were incubated
with anti-TRAF6 (1:1,000; cat. no. 66498-1-Ig; Protein Tech
Group, Inc.) or GAPDH (1:1,000; cat. no. 10494-1-AP; Protein
Tech Group, Inc.) antibodies overnight at 4°C and subsequently
incubated with matched secondary antibodies (Wuhan Guge
Biotechnology Co., Ltd.). An enhanced chemiluminescence
detection system (Wuhan Guge Biotechnology Co., Ltd.) was
used to detect the bands. ImageJ software (National Institutes
of Health Bethesda, MD, USA) was used to measure the band
density. GAPDH was used as a loading control.

Luciferase reporter assays. The relationship between the
expression level of miR-124 and TRAF6 in SW480 cells
was determined by luciferase reporter assay according to
the protocol of a previous study (21). After analyzing the
biochemical information database, miR-124 was revealed to
act on the 3'-untranslated region (UTR) of TRAF6 and influ-
ence its biological activity. Briefly, the wild-type (WT) or
mutant (Mt) segments of the TRAF6 3 egment were amplified
and cloned into luciferase reporter plasmids (Sino Geno Max
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Table 1. Association between miR-124 expression level and
the clinicopathological parameters of patients with colorectal
cancer.

miR-124
expression
Characteristics Patients,n=80 Low High P-value
Age, years 0.794
>65 40 30 10
<65 40 31 9
Sex 0.657
Male 47 35 12
Female 33 26 7
Size, cm 0.273
>5 34 28 6
<5 46 33 13
Tumor grade 0.046"
Well + moderate 57 40 17
Poor 23 21 2
Lymph node status 0.017*
<1 52 44
>1 28 17 11
Distant metastasis 0.529
Yes 7 6 1
No 73 55 18
TNM 0.597
I+10 55 41 14
I+ IV 25 20 5

“Statistically significant. TNM, tumor-node-metastasis.

Co., Ltd, Beijing, China) for subsequent experiments. Cells
were seeded in 6-well culture plates at a density of 1x10°/ml.
Following a 24-h incubation, when the cell confluence had
reached 70%, cells were co-transfected with the reporter
plasmids and miR-124 mimics or inhibitors at a concentra-
tion of 4 ug per/well using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). At 48 h post-transfection, the
Dual-Luciferase® Reporter Assay kit (Promega Corporation)
with a Renilla luciferase normalization control was used to
detect the fluorescence intensity of the cells, according to the
manufacturers' protocol. All the procedures were repeated
=3 times.

Statistical analyses. Non-parametric analysis between
groups was performed using the Mann-Whitney U test, and
the Spearman's rank correlation coefficient was employed to
examine the relationship between miR-124 expression level
and clinicopathological parameters. Categorical variables
were analyzed using ¥’ tests for univariate analysis. A paired
Student's t-test was performed to analyze the paired data.
ANOVA and the Bonferroni correction post-hoc test were
applied in multiple comparison analysis. The Kaplan-Meier
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method was used to draw survival curves, and the differences
were verified using the log-rank test. Whether a factor was an
independent predictor of CRC prognosis was determined by
Cox-multivariate analyses. Statistical analyses were performed
using SPSS software (version 19.0; IBM Corp.). P<0.05 was
considered to indicate a statistically significant difference.

Results

miR-124 expression level is significantly lower in tumor
tissues than in adjacent para-cancerous tissues. To examine
the expression level of miR-124 in colorectal cancer tissues,
RT-qPCR was performed to compare expression levels in
80 pairs of CRC and adjacent non-cancerous tissues. As illus-
trated in Fig. 1A, miR-124 expression level was significantly
down regulated in cancer tissues compared with neighboring
para-cancerous tissues (P<0.05).

Relationship between miR-124 expression and clinical patho-
logical parameters. Recent studies have suggested that clinical
features such as tumor size, pathological grade, TNM stage
and lymphatic metastasis are closely associated with patient
prognosis (24,25). On the basis of the data displayed in Table I,
patients that presented with a low miR-124 expression level
exhibited poor pathological differentiation (P=0.046) and an
increased risk of lymph node metastasis (P=0.017). No signifi-
cant associations were identified between miR-124 expression
and sex (P=0657), age (P=0.794), tumor size (P=0.273), distant
metastasis (P=0.597) or advanced TNM stage (P=0.529).

Correlation between miR-124 expression level and CRC
patient prognosis. The time between the date of surgical resec-
tion and mortality or last patient contact was defined as overall
survival. Among the 80 patients with CRC, 47 (58.8%) died
during follow-up as a result of their malignancy. CRC patients
with an elevated expression level of miR-124 had a significantly
longer survival period. Additionally, the prognosis of patients
with a low miR-124 expression level was poor compared with
patients expressing high levels of miR-124 (P<0.05; Fig. 1B).
Cox regression multivariate analysis revealed that lymph
node status (HR, 0.240; 95% CI, 0.094-0.614; P=0.003),
tumor metastasis (HR, 0.269; 95% CI, 0.093-0.780; P=0.016),
histological grade (HR, 0.474; 95% CI, 0.243-0.927; P=0.029)
and miR-124 expression (HR, 6.961; 95% CI, 2.174-22.294;
P=0.001) were independent predictive factors for the overall
survival of patients with CRC (Table III). Furthermore,
survival analyses revealed that patients with a low miR-124
expression level had a significantly poorer 5-year survival
(P<0.05; Fig. 1B). Taken together, these data suggested that
miR-124 may exhibit a suppressive role in the development of
CRC.

Aberrant expression levels of miR-124 and TRAF6 in CRC.
TRAFG6 expression confers poor prognosis for patients with
CRC (11), and has been highlighted as a potential target
protein of miR124 in TargetScan (version 7.1; www.targetscan.
org) following bioinformatics analysis. To determine whether
miR-124 functionally modulates TRAF6 expression in CRC,
miR-124 and TRAFG6 expression levels we measured in SW480
cells. Cells transfected with an miR-124 inhibitor displayed
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Table II. Primers for gene expression using reverse transcription-quantitative PCR.

Gene

Primer sequence (5'-3")

hsa-miR-124-3p-RT
hsa-miR-124-3p-S
U6-S

U6-A

CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGGCATTCA
ACACTCCAGCTGGGTAAGGCACGCGGTG
CTCGCTTCGGCAGCACA

AACGCTTCACGAATTTGCGT

Hsa, Homo sapiens; miR, microRNA; RT, reverse-transcription.
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Figure 1. Status and prognostic value of miR-124 expression in CRC.
(A) Expression levels of miR-124 between CRC tissues and normal adjacent
tissues (n=80). "P<0.05, as indicated. (B) Kaplan-Meier analysis for overall
survival of patients with CLC according to miR-124 expression. Compared
with those with high miR-124 levels (n=19), miR-124 low-expressing patients
(n=61) had significantly reduced overall survival times. CRC, colorectal
cancer; miR, microRNA.

lower miR-124 expression levels compared with the inhibitor
control group, whereas the expression level of miR-124 was
markedly upregulated in the miR124 mimic group (Fig. 2).
The results revealed that the transfection of SW480 cells
with miR-124 constructs was successful. Further evaluation
of TRAF6 expression in SW480 cells revealed that TRAF6
expression levels were markedly increased in cells transfected
with the miR-124 inhibitor, but downregulated in the miR124
mimic group (Fig. 3). These findings demonstrated a negative
association between the expression levels of miR-124 and
TRAF6.

miR-124 post-transcriptionally regulates TRAF6 expression.
In our previous study, TRAF6 was highly expressed in CRC

tissues, which significantly correlated with Dukes' staging,
degree of cell differentiation and lymphatic metastasis (11).
The present study further investigated whether TRAF6 was
a downstream target of miR-124. As illustrated in Fig. 4A,
a putative binding site for miR-124 was identified in the
3-UTR of TRAF6. Subsequently, a luciferase reporter assay
was performed to investigate whether miR-124 bound to
this specific site. Upregulating the expression of miR-124
significantly reduced the luciferase activity of the WT TRAF6
3'-UTR (P<0.05) whereas downregulating miR124 expres-
sion increased the luciferase activity of the WT 3'-UTR
(P<0.05). However, the altered miR-124 expression level
did not substantially impact the luciferase activity of the
MutTRAF63-UTR (P>0.05; Fig. 4B).

miR-124 regulates TRAF6 expression and EMT in CRC
tissues. To further confirm the association between miR-124
and TRAF®6, and to determine whether these molecules are
involved in EMT and tumor invasion, the association between
the EMT-related biomarkers E-cadherin and Vimentin and
TRAF6 in CRC tissues was analyzed via IHC. As illustrated
in Fig. 5, the degree of TRAF6 (Fig. 5A) and Vimentin
staining (Fig. SE) was strong in tumors with low miR-124
expression; however, E-cadherin staining was weak (Fig. 5C).
In addition, weak TRAF6 (Fig. 5B) and Vimentin (Fig. 5F)
staining was observed in tumors with a high miR-124 expres-
sion, whereas E-cadherin staining was strong (Fig. 5D).
Spearman's correlation analysis demonstrated that miR-124
expression was significantly negatively correlated with that
of TRAF6 (r=-0.402; P<0.001) and Vimentin (r=-0.514;
P<0.001), yet positively correlated with E-cadherin expres-
sion (r=0.721; P<0.001) in CRC tissues. These data indicated
that miR-124 affects the metastasis of CRC by modulating
EMT.

Discussion

An increasing number of studies have confirmed that miRNAs
are active participants in the development of CRC (26,27). In
addition, these small non-coding RNAs are regarded as key
regulators of metastasis and EMT in human cancers (28,29).
Thus, determining the expression levels of different miRNAs
during CRC initiation and progression may provide novel
insights into the molecular mechanism of carcinogenesis.
Fang et al (30) demonstrated that miRNA 449b inhibits
SWI1116 colon cancer stem cell proliferation by downregu-
lating G,/S-specific cyclin-D1 and transcription factor E2F3
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Table III. Cox multivariate regression analysis of miR-124 expression, age, sex, depth of invasion, grade of differentiation,
lymph node status and stage in relation to overall survival in patients with colon cancer.

Variable Comparison § SE HR 95%CI P-value
miR 124 expression High vs. Low 1.940 0.594 6.961 2.174-22.294 0.001
Age <65 vs.>65 0.298 0.360 1.347 0.665-2.731 0.408
Sex Male vs. Female 0.366 0919 1.422 0.238-8.743 0.690
Size, cm <5vs.>5 0.281 0.908 0.755 0.127-4.477 0.757
Tumor metastasis Positive vs. Negative 1.312 0.542 0.269 0.093-0.780 0.016
Histologic grade Poor vs. Well, Moderate 0.746 0.342 0474 0.243-0.927 0.029
Lymph node status Positive vs. Negative 1.425 0478 0.240 0.094-0.614 0.003
TNM stage I+I1 vs. IIT4+IV 0.784 0432 0457 0.196-1.064 0.069

B, p coefficient; SE, standard error; HR, hazard ratio; CI, confidence interval; TNM, tumor-node-metastasis.
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Figure 2. miR-124 expression levels in SW480 cells transfected with miR-124 mimics and inhibitor. “P<0.05, as indicated. miR, microRNA; NC, negative
control.
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Figure 3. miR-124 suppresses TRAF6 expression in colorectal cancer cells. Cells overexpressing miR-124 showed reduced TR AF6 expression levels. Inhibition
of miR-124 in SW480 cells enhanced TRAF6 expression levels. “P<0.05 and “P<0.01, as indicated. miR, microRNA; NC, negative control; TRAF6, tumor
necrosis factor receptor-associated factor 6.

expression. Liu et al (31) indicated that miR139-3p was an by targeting SI00A4. Therefore, miRNAs may function as
independent prognostic factor of colon cancer,and He e al (21)  prognostic indicators and potential target biomarkers in the
revealed that miR-296 attenuated CRC metastasis and EMT  development of novel therapeutics for different types of cancer.
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Figure 4. miR-124 binds to the complementary sequence of TRAF6 3'-UTR.
(A) The binding sites for miR-124 in the wt and mt 3'-UTR of TRAF6.
(B) Over expression of miR-124 decreased, while inhibition of miR-124
increased the luciferase activity of wt 3'-UTR of TRAF6. Alteration of
miR-124 had no effect on the luciferase activity of mt 3'-UTR of TRAF®6.
"P<0.05, as indicated. miR, microRNA; TRAF6, tumor necrosis factor
receptor associated factor 6; wt, wild type; mt, mutant; UTR, untranslated
region.

In the present study, miR-124 was markedly downregu-
lated in CRC tissues when compared with para-cancerous
tissues. In CRC tissues, the miR-124 expression level was
significantly correlated with histological grade and lymph node
status, which was in agreement with findings from previous
studies (32,33). Therefore, it was hypothesized that miR-124
was involved in the development and progression of CRC. In
addition, the present study indicated that overall survival time
was decreased in CRC patients with a low miR124 expres-
sion level, compared with those with a higher expression
level (P=0.005); this provides further evidence that reduced
miR-124 expression in CRC may enhance malignant inva-
sion and worsen the prognostic phenotype of this tumor. In a
previous in vitro study, miR-124 was proposed to inhibit DNA
synthesis and proliferation by reducing ribose-phosphate pyro-
phosphokinase 1levels in the pentose phosphate pathway (34).
Consistent with these data, low miR-124 expression level was
directly related to poor prognosis in the present study.

In cancer research, local and/or systemic metastasis repre-
sents poor prognosis in patients with CRC (35). A series of
reports (7,36,37) confirmed that EMT occurs during CRC
progression, which provides cancer cells with invasive and
metastatic properties. Therefore, EMT serves a crucial role
in cancer metastasis. In a previous study (11), TRAF6 was
confirmed to be a weak prognostic marker of CRC and to
act on EMT progression. Therefore, the potential association
between miR-124 and TRAF6 expression was investigated in
the context to EMT. After analyzing IHC-stained colorectal
tissue samples, it was discovered that miR-124 expression may
be possible negative regulator of EMT in CRC. Strong TRAF6
and Vimentin staining coupled with weak E-cadherin staining
was observed in tumors with low miR-124 expression levels.
Conversely, high miR-124-expressing tumors presented with

Figure 5. Expression of TRAF6, E-cadherin, and Vimentin in CRC tissues.
In representative immunohistochemical staining, miR-124 low-expression
tissues exhibited strong (A) TRAF6 and (E) Vimentin staining, and weak
(C) E-cadherin staining. However, miR-124 high-expression tissues
presented with weak (B) TRAF6 and (F) Vimentin staining, and bright
staining of (D) E-cadherin. Magnification, x400. miR, microRNA; TRAF6,
tumor necrosis factor receptor associated factor 6; CRC, colorectal cancer.

positive E-cadherin staining but weak Vimentin and TRAF6
staining.

TRAFG6 has been identified as an oncogene for its active
involvement in malignancy (38,39). Previous research has
confirmed that ectopic TRAF6 expression is observed in
gastrointestinal tumors (40,41). In the present study, a nega-
tive regulatory effect between miR-124 level and TRAF6
expression levels was hypothesized. Strong TR AF6 staining
more frequently appeared in CRC tissues with minimal
miR-124 expression than in those with high expression
levels, and vice versa. In addition, miR-124 directly influ-
enced luciferase reporter activity by interacting with the
TRAF6 3-UTR.

Recently, a study reported that miR-124 inhibited
cell invasion and suppressed gastric cancer invasion and
metastasis by targeting Snail2 (18). Coincidentally, it was
found that high TRAF6 expression levels in CRC tissues
were positively correlated with the expression levels of EMT
biomarkers. The above data illustrated that miR-124 may serve
an important role in EMT in CRC metastasis by regulating the
expression of TRAF6. Therefore, the present study suggests
that miR-124 and TRAF6 are high-risk indicators for poor
patient prognosis, and require further investigation in a larger
study cohort.

In summary, the present study demonstrated that miR-124
is poor a prognostic factor in patients with CRC; although
miR-124 was shown to influence TRAF6 expression, further
evidence is required to determine whether this is by direct or
indirect regulation.
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