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Purpose: Colon cancer is one of the common malignancies worldwide, and many genes,

including microRNAs (miRNAs), have been demonstrated that associated with progression

of various diseases, including cancers. The aim of this study is to investigate the potential

role of miR-671-5p in colon cancer.

Patients and methods: Reverse transcription-quantitative polymerase chain reaction

(qRT-PCR) was performed to detect the expression levels of miR-671-5p in 115 paired

colon cancer tissues and adjacent normal tissues, as well as in colon cancer cells. Kaplan-

Meier curve and Cox regression analyses were used to estimate the prognostic significance of

miR-671-5p in colon cancer. CCK-8 assay, colony-formation assay, Transwell migration and

invasion assays were used to evaluate the effects of miR-671-5p on cell proliferation,

migration, and invasion in colon cancer.

Results: We found that miR-671-5p expression was increased in colon cancer tissues and

cell lines. Overexpression of miR-671-5p was found associated with lymph node metastasis,

TNM stage, and poor overall survival of patients with colon cancer. By exploiting miR-671-

5p mimics and inhibitors, miR-671-5p overexpression significantly increased cell prolifera-

tion, migration, and invasion, while downregulation of miR-671-5p inhibited proliferation,

migration, and invasion of colon cancer cells.

Conclusion: Taken together, miR-671-5p may act as an oncogene in colon cancer and

promote proliferation, migration, and invasion of colon cancer cells by targeting TRIM67.

And it may be a promising prognostic biomarker and therapeutic application for colon cancer

treatment.
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Introduction
Colon cancer is one of the most common gastrointestinal malignancies worldwide,

with a high morbidity and mortality rate.1 Although the incidence and mortality

rates of colon cancer have been declining in the United States, the incidence and

mortality are still increasing in China, and colon cancer is a major public health

problem.2,3 Metastasis is the leading cause of high mortality of colon cancer,

especially the liver metastasis.4 At present, colon cancer patients at early stages

have great opportunities to be cured by curative surgery treatment, however, the

colon cancer patients with the advanced stages usually have a poor prognosis with
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the 5-year overall survival rate less than 60%.3,5,6 Thus, it

is crucial to establish more effective biomarkers for colon

cancer.

MicroRNAs (miRNAs) are a group of single-stranded,

small, non-coding RNAs that post-transcriptional regulate

mRNA. They usually negatively regulate target genes by

direct interaction with the 3ʹ-untranslated region (3ʹ-

UTR).7,8 Accumulating evidence has demonstrated numer-

ous miRNAs are aberrantly expressed in various diseases,

including cancers.9–11 The aberrant expression of miRNAs

is involved in multiple biological processes, such as cell

proliferation, differentiation, and migration, and associate

with tumorigenesis and progression of cancers.12–14 A

number of miRNAs have been reported to be upregulated

or downregulated in colon cancer, such as miR-183,15

miR-137,16 and miR-302a.17 miR-671-5p has been found

abnormal expressed in many cancers, such as pediatric

chordomas,18 glioma,19 breast cancer,20 and advanced rec-

tal cancer.21 However, the role of miR-671-5p in colon

cancer is still elusive.

In the present study, the expression of miR-671-5p was

detected in colon cancer tissues and cell lines. We also

investigated whether miR-671-5p has clinical prognostic

value in colon cancer. What’s more, we explored the effect

of miR-671-5p on cell proliferation, migration, and inva-

sion of colon cancer by upregulation or downregulation of

miR-671-5p.

Materials and methods
Patient and tissue specimens
Between January 2010 and February 2013, a total of 115

paired colon cancer tissue specimens and adjacent nor-

mal tissue specimens (>5 cm from colon cancer tissues)

were collected from 115 colon cancer patients during

surgical resection in Yidu Central Hospital of Weifang.

The tissue specimens were confirmed by two patholo-

gists. These tissue specimens were immediately put into

liquid nitrogen until use. None of the patients received

radiotherapy or chemotherapy prior to surgical resection.

All the patients signed written informed consent. The

protocol was approved by the Ethics Committee of the

Yidu Central Hospital of Weifang and conducted in

accordance with the Declaration of Helsinki. Detailed

clinicopathological characteristics and 5-year survival

information of patients with colon cancer are collected

and recorded.

Cell lines culture and transfection
The colon cancer cell lines SW480, SW620, LOVO,

HCT116, and normal colon epithelial FHC cells were

purchased from the American Type Culture Collection

(ATCC, Manassas, VA, USA). SW480 and SW620 were

cultured in L15 medium (Gibco; Thermo Fisher Scientific,

Inc., Waltham, MA, USA) with 10% fetal bovine serum

(FBS; Gibco; Thermo Fisher Scientific, Inc.). HT29,

HCT116, and FHC were cultured in Dulbecco’s modified

Eagle’s medium (DMEM, Nacalai Tesque, Japan) with

10% FBS. All cells were cultured at 37 °C in a humidified

5% CO2 atmosphere.

The miR-671-5p mimics (5ʹ-AGGAAGCCCUGGAGG

GGCUGGAG-3ʹ), mimic negative control (mimic NC; 5ʹ-

UUCUCCGAACGUGUCACGUTT-3ʹ), miR-671-5p inhi-

bitor (5ʹ-CUCCAGCCCCUCCAGGGCUUCCU-3ʹ), and

inhibitor NC (5ʹ-CAGUACUUUUGUGUAGUACAA-3ʹ)

were synthesized and purchased from the RiboBio

(Guangzhou, China). Cells were seeded into 6-well plates

with 50 nM of miR-671-5p mimic, mimic NC, miR-671-

5p inhibitor, or inhibitor NC for transient transfection

using the Lipofectamine 3000 reagent (Invitrogen) accord-

ing to the manufacturer’s instructions.

Quantitative real-time PCR (qRT-PCR)

analysis
Total RNA was extracted from all tissue specimens and

cells by using TRIzol reagent extract (Thermo Fisher

Scientific, Inc.) following the manufacturer’s protocol. A

NanoDrop 2000 spectrophotometer was used to measure

the extraction concentration. Then RNA was transcribed

into cDNA using a TaqMan MicroRNA Reverse

Transcription kit (Applied Biosystems; Thermo Fisher

Scientific, Inc.). The qRT-PCR analysis was carried out

to detect the expression levels of miR-671-5p using SYBR

Green Real-Time PCR Master Mix (Thermo Fisher

Scientific, Inc.). The relative expression of miR-671-5p

was calculated using 2−ΔΔCt method with U6 used as an

internal control.

CCK-8 assay
The proliferation of colon cancer cells was measured using

the Cell Counting Kit-8 (CCK-8, Beyotime Institute).

After transfection, colon cancer cells (3×103 cells/well)

were seeded in 96-well plates and cell proliferation capa-

cities were measured at 0, 24, 48, and 72 h. 10 μl CCK-8
reagent was added into culture medium per well at each
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time point and the optical density of solution was mea-

sured after 1 h using a microplate reader at 450 nm.

Colony-formation ability assay
The colony-forming ability of colon cancer cells was

evaluated by colony-formation ability assays. For the

colony formation assay, transfected cells (400 cells/

well) were seeded into 6-well culture dishes and cultured

in complete medium at 37 °C in 5% CO2 for 14 days. The

cells were washed with PBS and stained with crystal

violet for 15 min. Visible colonies were counted and

imaged.

Transwell migration and invasion assays
The migration and invasion capacities of colon cancer

cells were measured using Transwell plates (Corning Life

Sciences, NY, USA) with 8 μm pore size membranes. For

cell migration assay, the membranes are without

Matrigel, but for cell invasion assay, membranes are

pre-coated with Matrigel (Corning, USA). 3×104 trans-

fected cells in FBS-free culture medium were seeded in

the upper chambers while the culture medium containing

10% FBS was placed in the lower chambers as the

attractant. After 24 h of incubation at 37 °C with 5%

CO2, the cells on the upper chamber membranes were

removed, whereas migrated or invasive cells on the lower

chamber membranes were fixed and stained. The number

of the cells was counted with a light microscope

(Olympus Corporation, Tokyo, Japan).

Bioinformatics analysis and dual-luciferase

reporter assay
Targetscan (http://www.targetscan.org/) and miRDB

(http://www.mirdb.org/) were used to predict the target

sites of miR-671-5p through bioinformatics analysis.

The TRIM67 3ʹ-UTR was identified at miR-671-5p

binding sites, and wild-type and mutant TRIM67 3ʹ-

UTR luciferase reporter gene plasmids were inserted

into the pGL3 luciferase reporter vector (Promega,

USA) to generate TRIM67 3ʹ-UTR wide-type (WT) or

TRIM67 3ʹ-UTR mutant (MUT). Then the reporter vec-

tors (TRIM67 3ʹ-UTR WT or TRIM67 3ʹ-UTR MUT)

and miR-671-5p mimic, mimic NC, miR-671-5p inhibi-

tor, or inhibitor NC were cotransfected into LOVO cells

using Lipofectamine 3000 reagent (Invitrogen) and cul-

tivated for 48 h for luciferase reporter assay. The

relative luciferase activities were normalized to Renilla

luciferase activities.

Statistical analysis
All statistical analyses were analyzed using the SPSS 20.0

statistical software (SPSS Inc., Chicago, IL, USA) and

GraphPad 5.0 software (GraphPad Software, Inc., USA).

Data are presented as the mean ± SD. Differences were

compared by using the χ2 test, paired Student’s t-test, or

one-way ANOVA. The Kaplan-Meier curve and Cox

regression analyses were used to assess the prognostic

value of miR-671-5p in colon cancer. All the experiments

in this study were performed at least three times. It is

considered to be statistically significant when P<0.05.

Results
Expression of miR-671-5p in colon cancer

tissues and cells
First, we detected the expression levels of miR-671-5p

in a total of 115 pairs of colon cancer tissue specimens

and adjacent normal tissue specimens by qRT-PCR. As

shown in Figure 1A, miR-671-5p levels in colon cancer

tissues were significantly higher compared with the

expression in adjacent normal tissues (P<0.001). Next,

we examined the expression levels of miR-671-5p in

colon cancer cell lines. Compared to the expression

levels in the normal colon epithelial cell line FHC,

miR-671-5p has higher expression levels in colon cancer

cell lines, including SW480, SW620, LOVO, and

HCT116 (P<0.001, Figure 1B).

miR-671-5p has relatively higher expression levels in

SW620 and LOVO cell lines compared with the other two

colon cancer cell lines (SW480 and HCT116) as indicated

in Figure 1B. SW620 and LOVO cell lines were therefore

selected for subsequent study.

Figure 1 miR-671-5p expression levels in colon cancer tissue specimens and cells. (A)

miR-671-5p expression levels in colon cancer tissues were significantly increased

compared with that in adjacent normal tissues. (B) Expression of miR-671-5p in

colon cancer cell lines (SW480, SW620, LOVO, and HCT116) had higher expression

levels than that in normal colon epithelial FHC cells. *P<0.05, **P<0.01, ***P<0.001.
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Association between miR-671-5p

expression and clinical characteristics of

colon cancer patients
We further analyzed the association between miR-671-5p

expression and clinical characteristics of patients with colon

cancer. In order to facilitate the analysis, colon cancer patients

were stratified by the relative mean expression level (3.838)

of miR-671-5p in colon cancer tissue specimens. The results

in Table 1 showed thatmiR-671-5p expression is significantly

associated with lymph node metastasis (P=0.013) and TNM

stage (P=0.005). However, no significant difference is

observed relating to other clinical parameters, such as gender,

age, tumor size, and differentiation (P>0.05, Table 1).

The miR-671-5p expression is associated

with the overall survival time of colon

cancer patients
Considering that miR-671-5p expression is significantly

associated with lymph node metastasis and TNM stage,

we used Kaplan-Meier curve and Cox regression ana-

lyses to assess whether the miR-671-5p expression was

associated with prognosis of colon cancer patients. The

Kaplan-Meier survival analysis results showed that

colon cancer patients with high levels of miR-671-5p

had significantly shorter overall survival time than those

with low levels of miR-671-5p (log-rank P=0.001,

Figure 2). The multivariate Cox analysis results sug-

gested that high levels of miR-671-5p (HR =2.572,

95% CI: 1.247–5.304, P=0.011, Table 2) and TNM

stage (HR =2.317, 95% CI: 1.184–4.534, P=0.014,

Table 2) were independent prognostic risk factors for

colon cancer patients.

Table 1 Relation between miR-671-5p expression levels and

clinical characteristics in patients with colon cancer

Parameters Cases

No.

(n=115)

miR-671-5p

expression

P

Low

(n=52)

High

(n=63)

Gender 0.334

Male 72 35 37

Female 43 17 26

Age 0.506

<55 57 24 33

≥55 58 28 30

Tumor size (cm) 0.595

<5 61 29 32

≥5 54 23 31

Differentiation 0.124

Well - Moderate 75 30 45

Poor 40 22 18

Lymph node

metastasis

0.013*

Negative 54 31 23

Positive 61 21 40

TNM stage 0.005*

I–II 61 35 26

III–IV 54 17 37

Note: *P<0.05.

Figure 2 Kaplan-Meier curve showed that overexpression of miR-671-5p is asso-

ciated with shorter overall survival time of colon cancer patients.

Table 2 Multivariate Cox analysis for the association between

clinical characteristics and overall survival of colon cancer

patients

Characteristics Multivariate analysis

HR 95% CI P

miR-671-5p 2.572 1.247–5.304 0.011*

Gender 1.365 0.732–2.544 0.327

Age 1.109 0.599–2.054 0.742

Tumor size (cm) 0.935 0.513–1.705 0.826

Differentiation 0.866 0.447–1.677 0.670

Lymph node metastasis 0.666 0.350–1.266 0.215

TNM stage 2.317 1.184–4.534 0.014*

Note: *P<0.05.
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miR-671-5p promotes colon cancer cell

proliferation, migration, invasion in vitro
To further explore the role of miR-671-5p in colon cancer,

SW620 and LOVO cells were transfected with miR-671-5p

mimic, miR-671-5p inhibitor, or respective negative con-

trols. After transfection, qRT-PCR was used to verify the

efficiency of transfection. The results showed that following

transfection of miR-671-5p mimic in SW620 and LOVO

cancer cells, the expression of miR-671-5p was significantly

increased, while in those cells transfected with miR-671-5p

inhibitor, the expression of miR-671-5p was dramatically

decreased (P<0.01. Figure 3A). The CCK-8 assay was per-

formed to evaluate the proliferation capacity of miR-671-5p

in SW620 and LOVO cancer cells. Results revealed that

overexpression or downregulation of miR-671-5p promoted

or inhibited colon cancer cell proliferation, respectively,

compared with that in untreated cells (P<0.05, Figure 3B).

Colony formation assays showed that overexpression of

Figure 3 miR-671-5p promoted the proliferation of colon cancer cells (SW620 and LOVO) in vitro. (A) SW620 and LOVO cells were transiently transfected with miR-671-

5p mimic, miR-671-5p inhibitor, or respective negative controls (NCs). (B) CCK-8 assays revealed the effect of up- or down-regulation of miR-671-5p on SW620 and LOVO

cells proliferation. (C) Colony-formation assay showed the effect of miR-671-5p on the proliferation of SW620 and LOVO cells. *P<0.05, **P<0.01, ***P<0.001.
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miR-671-5p promoted colony formation, while downregula-

tion of miR-671-5p inhibited colony formation, compared

with that in untreated cells (P<0.05, Figure 3C).

Subsequently, Transwell migration and invasion assays

showed that overexpression or knockdown of miR-671-5p

significantly promoted or inhibited the migration or invasion

abilities of colon cancer cells, respectively (P<0.01,

Figure 4A and B). The above results indicate that

miR-671-5p could promote colon cancer progression in vitro.

TRIM67 was a direct target gene for

miR-671-5p
We searched the potential targets of miR-671-5p using

bioinformatics analysis. Among these candidate target

genes, the TRIM67 3ʹ-UTR was identified containing a

putative miR-671-5p binding sites (Figure 5A) and

TRIM67 was subsequently selected for further examina-

tion, as it functioned as a tumor suppressor in colorectal

cancer to suppress colorectal cancer initiation and

progression.22 Then we used luciferase reporter assay to

confirm this prediction, as presented in Figure 5B, the

luciferase activity of the reporter containing WT

TRIM67 3ʹ-UTR was significantly suppressed in the cells

overexpression miR-671-5p (P<0.05), while there was no

change in luciferase activity of the reporter containing the

mutant binding site, compared with untreated cells. These

findings indicated that TRIM67 may be a direct target of

miR-671-5p in colon cancer.

Discussion
In this study, we found that high miR-671-5p was asso-

ciated with some clinical characteristics of colon cancer

patients, as well as poor prognosis of colon cancer

patients. This study further revealed that high expression

of miR-671-5p may promote the progression of colon

cancer by targeting TRIM67.

Despite advances in treatment for colon cancer and liver

metastasis, and the survival rate for patients has largely

improved in the United States, however, the prognosis of

patients with colon cancer is still unsatisfactory in China.2,23

In recent decades, increasing evidence has shown that

miRNAs are aberrantly expressed and function as diagnostic

and/or prognostic biomarkers in various cancers, as well as

play crucial roles in tumor progression.9,24,25 For instance,

miR-17 is found upregulated in breast cancer and can be used

as a prognostic biomarker and promote cell proliferation in

Figure 4 miR-671-5p promoted migration and invasion of colon cancer cell (SW620 and LOVO) in vitro. (A) Transwell migration assays were used to estimate the effects of

overexpressing or knocking down miR-671-5p on colon cancer cell migration abilities. (B) Transwell invasion assays were used to evaluate the effects of miR-671-5p on

colon cancer invasive abilities. **P<0.01, ***P<0.001.
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breast cancer.26 In a systematic review study, low miR-375

expression was associated with significantly poorer out-

comes and it could act as a valuable prognostic marker in

various cancers.27 These studies underscore the importance

of finding more effective biomarkers associated with the

progression of cancers.

Previous studies have indicated that some miRNAs are

associated with the tumorigenesis, development of colon

cancer by affecting cancer cell behaviors, such as miR-21,

miR-138, miR-155, and miR-873-5p.28–30 miR-21 and

miR-138 are found aberrantly expressed in colon cancer

tissues and high miR-21 expression is associated with the

degree of malignancy of patients while low miR-138

expression is positively associated with survival, both of

which may be involved in the regulation of colon cancer

cell proliferation.28 The expression of miR-155 is upregu-

lated in colonic cancer tissues and it may act as proto-

oncogenes related to carcinogenesis and development of

colon cancer.29 miR-873-5p is found downregulated in

colon cancer and functions as a tumor suppressor to inhibit

the progression of colon cancer via repression of TUSC3/

AKT signaling.30

Dysregulated miR-671-5p is reported in several types

of human cancers.18–20 In the present study, we investi-

gated the expression levels of miR-671-5p in colon cancer

tissues and cell lines by using qRT-PCR. The results

demonstrated that miR-671-5p was upregulated in both

colon cancer tissues and cell lines. Overexpression of

miR-671-5p was strongly associated with lymph node

metastasis and TNM stage of patients with colon cancer.

These results implied that miR-671-5p may be involved in

the tumorigenesis and development of colon cancer.

Considering miR-671-5p expression was significantly

associated with lymph node metastasis and TNM stage,

we used Kaplan-Meier curve and Cox regression analyses

to investigate whether miR-671-5p expression has prog-

nostic significance in colon cancer. The results indicated

that high miR-671-5p was associated with a poor survival

rate of colon cancer patients and it might be an indepen-

dent prognostic factor for colon cancer patients in the

present study.

To further explore whether miR-671-5p act as an onco-

genic role in colon cancer, cell proliferation, migration,

and invasion abilities were investigated in colon cancer

cells by upregulating or downregulating miR-671-5p. It

was identified that miR-671-5p promoted cell prolifera-

tion, migration, and invasion. Hence, these results con-

firmed the oncogenic effects of miR-671-5p on

regulating colon cancer progression in the current study.

These results are consistent with the results of miR-671-5p

in several other cancers. For instance, miR-671-5p was

upregulated in prostate cancer and promoted prostate can-

cer cell proliferation by inhibiting SOX6.31 Malgulwar et

al suggested that upregulation of miR-671-5p and

miR-193-5p expressions mediated epigenetic mode of

SMARCB1/INI1 loss and downregulated TGF-β pathway

in childhood chordomas.18 In glioblastoma multiforme

(GBM), miR-671-5p was found overexpressed in both

biopsies and cell lines, and overexpression of

miR-671-5p significantly increased migration of GBM

cells through the axis miR-671-5p/CDR1-AS/CDR1/

VSNL1.19 These above studies have also validated few

genes as direct targets of miR-671-5p. In the present study,

bioinformatics analysis predicted TRIM67 as a potential

target of miR-671-5p. The luciferase reporter assays

further demonstrated that miR-671-5p directly targeted

the TRIM67 3ʹUTR. TRIM67 belongs to the class I-2 of

TRIM protein family that is a highly conserved super-

family of E3 ubiquitin ligases.32 In recent years, TRIM67

has demonstrated involved in a number of critical pro-

cesses and cancer.33–35 For instance, TRIM67 promotes

the processing of NF-κB2 into its active form and cell

apoptosis in GA-13315-treated lung cancer cells.36 In col-

orectal cancer, TRIM67 functions as a pivotal tumor sup-

pressor to suppress colorectal cancer initiation and

progression.22 Therefore, we speculate that miR-671-5p

may promote cell proliferation, migration, and invasion

by targeting TRIM67. In the current study, the results

Figure 5 TRIM67 is a direct target gene of miR-671-5p. (A) TRIM67 was predicted

as the target of miR-671-5p with bioinformatics analysis. (B) Overexpression of

miR-671-5p decreased the luciferase activity of WT 3ʹ-UTR of TRIM67 but not the

mutant one. *P<0.05.
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observed that miR-671-5p may be involved in the devel-

opment and progression of colon cancer by targeting

TRIM67. However, there are some limitations in our pre-

sent study. The sample size was small, which may affect

our conclusions. Further studies are needed to explore the

potential role and detailed mechanism of miR-671-5p in

colon cancer.

Taken together, miR-671-5p is upregulated in colon

cancer tissues and cell lines, as well as associated with

the survival rate of colon cancer patients. miR-671-5p may

serve a role as an oncogene in colon cancer by promoting

cell proliferation, migration, and invasion in vitro by tar-

geting TRIM67. Therefore, the present study suggested the

theoretical basis of miR-671-5p for the prognosis and

treatment of colon cancer.
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