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Background: miR-125a-5p regulated biological processes in various types of cancer,

including colorectal cancer (CRC). TAZ, a vital transcriptional coactivators of the Hippo

pathway, was found to be overexpressed in various cancers.

Objectives: This study aims to study the effect of miR-125a-5p on the progression of CRC

by regulating TAZ expression.

Methods: In this study, miR-125a-5p and TAZ expression in CRC tissue and cell lines were

detected by real-time polymerase chain reaction (RT-PCR). Luciferase reporter assay was

applied to detect whether TAZ was a target of miR-125a-5p. Cell migration and invasion

were detected in vitro by wound-healing assay and cell invasion assay. Western blot was used

to detect the expression of epithelial-mesenchymal transition (EMT)-related proteins.

Findings: The results revealed downregulation of miR-125a-5p, as well as upregulation of

TAZ in CRC tissue and cell lines. TAZ was identified as a direct target of miR-125a-5p, and

its expression was negatively regulated by miR-125a-5p in CRC cell lines. The functional

studies revealed that overexpression of miR-125a-5p inhibited the migration, invasion and

EMT of CRC cells, while upregulation of TAZ reversed the inhibitory effect caused by miR-

125a-5p.

Conclusion: Our data suggest that miR-125a-5p inhibits CRC cell migration, invasion and

EMT by targeting TAZ. These results suggest that miR-125a-5p serves as a potential

therapeutic biomarker for CRC patients.

Keywords: miR-125a-5p, TAZ, colorectal cancer, epithelial–mesenchymal transition,

migration, invasion

Introduction
Colorectal cancer (CRC) is one of the most commonly diagnosed neoplastic

diseases worldwide.1 Metastasis is the major cause of death for CRC

patients.2,3 Tumor metastasis begins with epithelial-mesenchymal transition

(EMT). EMT has been shown to play a key role in tumor migration and

invasion and is associated with tumor recurrence.4 However, the potential

molecular mechanism underlying CRC remains not fully elucidated. It is

therefore important to understand that the molecular mechanisms of CRC

progression may provide a potential target for the effective therapeutic

approaches of CRC patients.

MicroRNAs are endogenous small non-coding RNAs, consisting of 18–25 nucleo-

tides that regulate the target genes expression by binding to the 3ʹ-untranslated regions
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(3ʹUTRs) of their specific mRNA targets.5 It has been reported

that miRNA could promote or inhibit the progression of

tumors.6 For example, miRNAs are important mediators in

the progression of CRC. miR-125a-5p has been shown to act

as a tumor suppressor in several tumors including hepatocel-

lular carcinoma,7 breast cancer8 and lung cancer.9 Previous

study demonstrated that miR-125a-5p inhibited colon cancer

cell proliferation and induced cell apoptosis via targeting

BCL2, BCL2L12 and MCL1.10

TAZ is a key transducer of the Hippo tumor-suppressor

pathway and regulates many biological processes, including

cell EMT.11 It has been reported that TAZ is overexpressed in

multiple human cancers such as breast cancer,12 non-small

cell lung cancer13 and glioblastoma.14 TAZ overexpression

promoted EMT and supported pancreatic cancer

progression.15 TAZ has been reported as a prognostic indi-

cator in CRC.16 However, whether miR-125a-5p regulates

CRC progression via targeting TAZ has not been elucidated.

In this study, we demonstrate that miR-125a-5p is

significantly downregulated in CRC tissue and CRC

cell lines. Overexpression of miR-125a-5p inhibits

EMT, invasion and migration of CRC cell line by

directly targeting TAZ. Our results reveal that miR-

125a-5p may represent a tumor suppressor in CRC

progression.

Materials and methods
Patients
A total of 30 CRC tissue samples and the correspond-

ingly matched adjacent noncancerous tissues obtained

from the patients with CRC at Hebei general hospital

between 2014 and 2017 were enrolled in the study. The

colorectal samples were pathologically confirmed post-

operatively as colorectal adenocarcinoma. Samples

were taken within 10 mins of tumor excision, immedi-

ately immersed in RNAlater™ Stabilization Solution

(Thermo Fisher Scientific, Waltham, MA, USA) and

stored at −80°C until use. The patients include 14

males and 16 females and the age range is 34–74

years old. Written informed consent was obtained

from all patients and that this was conducted in accor-

dance with the Declaration of Helsinki. This study was

approved by the Hebei general hospital ethics commit-

tee. Patient charts were reviewed to obtain clinical data

regarding age, gender, TNM stage (according to the

American Joint Committee on Cancer) and tumor dif-

ferentiation and death or time of the last follow-up.

Cell lines and cell culture
The human colon cancer cell lines LoVo, SW480, SW620,

HCT116, HT29 and human normal colonic epithelium cell

lines (NCM460) and human embryonic kidney cell line

(HEK293) were obtained from the American Type Culture

Collection (ATCC, Manassas, VA, USA). LoVo, SW480,

SW620, HCT116, HT29 and NCM460 cells were incubated

in RPMI-1640 medium (Gibco, USA) containing 10% fetal

bovine serum (FBS) (Gibco, USA), 100 U/ml penicillin and

100 mg/ml streptomycin at 37°C with 5% CO2 incubator.

HEK293 cells were cultured in Dulbecco’s modified Eagle’s

medium (DMEM, Gibco, USA) supplemented with 10%

FBS, Gibco, USA, 100 U/ml penicillin and 100 mg/ml

streptomycin at 37°C with 5% CO2 incubator.

Transfections
The miR-125a-5p mimic, mimic control and pcDNA3-

TAZ plasmid (for overexpression of TAZ) were obtained

from Ribobio Co., Ltd. (Guangzhou, Guangdong,

China). The human CRC cell lines LoVo and SW480

cells were seeded in 6-well plates for 48 hrs. Then, cells

were transiently transfected with miR-125a-5p mimic

(50 nM), mimic control (100 nM) or pcDNA3-TAZ

plasmid using Lipofectamine 2000 reagent (Invitrogen,

Carlsbad, CA, USA) following the manufacturer’s

instructions.

Plasmid construction and dual-luciferase

reporter assay

The 3ʹ-UTR regions of human TAZ mRNA containing

the predicted miR-125a-5p binding site were amplified

by PCR and then cloned into the pMIR-REPORT vec-

tor (Ambion, Austin, TX, USA) to generate TAZ

3ʹUTR wild type (WT) reporter plasmids. Then, mutant

(MUT) plasmids were also constructed and cloned as

above. For the luciferase reporter assay, HEK293 cells

were seeded in 24-well plates and incubated overnight.

Then, HEK293 cells were transfected with 3ʹ-UTR WT

or MUT plasmid along with miR-125a-5p mimic and

mimic control at a final concentration of 50 or 100 nM

using Lipofectamine 2000 (Invitrogen, Carlsbad, CA,

USA). 24 hrs after transfection, cells were harvested.

The luciferase activity was measured by dual-luciferase

reporter assay system (Promega) following the manu-

facturer’s structure and Renilla luciferase activity was

used as a control.
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Reverse transcription-quantitative

polymerase chain reaction (RT-qPCR)
Total RNAwas extracted from LoVo and SW480 cells using

Trizol reagent (Invitrogen, USA) and miRNeasy extraction kit

(Qiagen; Germantown, MD) according to the manufacturer’s

instructions. Single-stranded cDNA was synthesized with

QuantiTect Reverse Transcription Kit (Qiagen, Valencia,

CA, USA). Quantitative RT-PCR (qRT-PCR) was performed

in 35 cycles using SYBRGreen PCRMaster mix (Takara Bio,

Inc., Shiga, Japan). Each cycle consisted of 30 seconds at 94°

C, 30 seconds at 60°C and 30 seconds at 72°C. TaqMan

Universal PCR Master mix (all from Applied Biosystems;

Thermo Fisher Scientific, Inc., Waltham, MA, USA) was

used for the quantification of the miR-125a-5p. RT-qPCR

was performed with the Bio-Rad CFX96 real-time PCR sys-

tem (Bio-Rad, Hercules, CA, USA). GAPDH and U6 were

used as the internal control. The primer sequences used were

as follows: miR-125a-5p forward, 5ʹ-GGTCA

TTCCCTGAGACCCTTTAAC-3ʹ; reverse, 5ʹ-GTGCAGG

GTCCGAGGT-3ʹ. TAZ forward, 5ʹ-ACCCACCCACGA

TGACCCCA-3ʹ; revere, 5ʹ-GCACCCTAACCCCAGGCCA

C-3ʹ; GAPDH, forward, 5ʹ-GGAGCCAAAAGGGTCATC
AT-3ʹ; revere, 5ʹ-GTGATGGCATGGACTGTGGT-3ʹ. U6,

forward, 5ʹ-CTCGCTTCGGCAGCACA-3ʹ; 5ʹ-AACGCT

TCACGAATTTGCGT-3ʹ. The qRT-PCR experiments were

performed in 3 independent experiments, each of which used

3 independent samples. 2−ΔΔCt method was used to calculate

the relative expression of each gene.

Wound-healing assay
LoVo and SW480 cells (3×105 per well) were seeded in

6-well plates and transfected with miR-125a-5p mimics

or co-transfected with miR-125a-5p mimic and

pcDNA3-TAZ plasmid. After 48 hrs of transfection,

monolayer cells were scraped using a 10 µl sterile pip-

ette tip. Next, the migration of cells was observed at 0

hrs and 24 hrs after wounding using a phase contrast

microscope (IX711; Olympus, Tokyo, Japan).

Quantitative analysis of the wound-healing area was

done using Image J software (National Institutes of

Health, MA, USA).

Cell invasion assay
Cell invasion assay was performed in 24-well invasion

chambers containing a transwell membrane filter

(Corning, NY, USA). After 48 hrs transfection, LoVo

and SW480 cells (3×104 cells/well) were added in the

upper chamber of the Transwells, in which the porous

membrane was either coated with Matrigel (BD

Bioscience). 500 µL of 10% FBS medium was placed

in the lower chamber. Incubation was carried out for 24

hrs at 37°C; no migrated cells on the upper membrane

were removed using cotton swabs. The number of

invading cells was used to assess invasive ability.

Cells' invasion number was quantitated from five ran-

dom fields for each chamber under an Olympus micro-

scope (Olympus).

Western blot analysis
Total protein from transfected LoVo and SW480 cells

was extracted using protein lysis buffer (Beyotime

Institute of Biotechnology, Haimen, China).

Bicinchoninic acid assay kit (Beyotime Institute of

Biotechnology) was used to measure the protein concen-

tration (Beyotime Institute of Biotechnology). Tissue

lysate (30 µg) was subjected to Sodium dodecyl sul-

fate–polyacrylamide gel electrophoresis (SDS–PAGE)

gels (Sigma-Aldrich) and transferred to polyvinylidene

difluoride membranes (PVDF) (EMD Millipore,

Billerica, MA, USA). Blots were blocked with 5% (w/

v) skimmed milk in TBST for 1 hr at room temperature

and then incubated with primary antibodies anti-TAZ

(cat no. ab110239, 1:1,000, Abcam, Cambridge, UK),

anti-E-cadherin (cat no. 14472, 1:1,000, Cell Signaling

Technology, Danvers, MA, USA), anti-N-cadherin (cat

no. 14215, 1:1,000, Cell Signaling Technology), anti-β-
catenin (cat no. 8480, 1:1,000, Cell Signaling

Technology) and anti-vimentin (cat no. 5741, 1:1,000,

Cell Signaling Technology), anti-GAPDH (14C10) (cat

no. #2118, 1:1,000, Cell Signaling Technology) over-

night at 4°C. Next, the membranes were incubated

with the secondary antibody HRP-linked anti-rabbit

IgG antibody (cat no. #7074, 1:2,000, Cell Signaling

Technology) for 1 hr at room temperature. Proteins

bands were detected using enhanced chemiluminescence

detection system (GE Healthcare Life Sciences,

Chalfont, UK) following the manufacturer’s instructions.

GAPDH was used as a positive control.

Statistical analysis
Statistical analysis was performed using SPSS 15.0 soft-

ware (SPSS, Inc., Chicago, IL, USA). One-way analysis

of variance (ANOVA) was used to assess the statistical

differences between the groups. Correlations between

clinicopathological characteristics and miR-125a-5p
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expression in patients with retinoblastoma were ana-

lyzed using the Pearson’s Chi-square test. The data

were determined as the mean ± standard deviation.

P<0.05 was considered statistically significant.

Results
miR-125a-5p expression is down-regulated

in CRC tissues and cell lines
In order to investigate the role of miR-125a-5p in CRC

development, the levels of miR-125a-5p in CRC tissues

and CRC cell lines were detected by qRT-PCR. qRT-PCR

results showed that the miR-125a-5p expression was

significantly downregulated in CRC tissues compared with

adjacent tissues (Figure 1A). Moreover, we selected five

commonly used CRC cell lines (LoVo, SW620, SW480,

HCT116 and HT29) to detect the levels of miR-125a-5p in

CRC cell lines. The results showed that the mRNA levels of

miR-125a-5p were significantly downregulated in all five

CRC cell lines compared with normal colonic mucosa

epithelial cells (NCM460) (Figure 1B). These results indicate

that miR-125a-5p could involve in the development of CRC.

In addition, we evaluated the correlation between expression

levels of miR-125a-5p with clinical parameters (Table 1) and

found that miR-125a-5p downregulation was significantly

associated with TNM stage and invasion and migration.
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Figure 1 miR-125a-5p was downregulated in CRC tissues and cell lines. (A) The expression of miR-125a-5p in colorectal cancer and adjacent tissues was determined by

qRT-PCR. (B) The expression of miR-125a-5pin five CRC cell lines LoVo, SW480, SW620, HCT116, HT29 and NCM460 was detected by qRT-PCR. Dates are expressed by

mean ± standard deviation. (A) ***P<0.001 vs colorectal cancer adjacent tissues; (B) **P<0.01, ***P<0.001 vs NCM460.

Abbreviations: CRC, colorectal cancer; NCM460, normal colonic mucosa epithelial cells; miR-125a-5p, microRNA-125a-5p.

Table 1 Correlation between clinicopathological characteristics and miR-125a-5p expression in patients with colorectal cancer

Colorectal cancer patients n=30 (%) miR-125a-5p expression P-value

Localization Colon 16 (53.33) Low 0.056

Rectum 14 (46.67) Low 0.082

Gender Male 18 (60.00) Low 0.567

Female 12 (40.00) Low 0.467

Age (y) <60 10 (33.33) Low 0.362

≥60 20 (66.67) Low 0.476

Differentiation Poorly 15 (50.00) Low 0.172

Well and moderate 15 (50.00) Low 0.212

TNM stage I 3 (10.00) Low 0.089

II 4 (13.33) Low 0.000*

III 4 (13.33) Low 0.040*

IV 19 (63.33) Low 0.123

Lymph node Positive 13 (43.33) Low 0.031*

Negative 17 (56.67) Low 0.256

OS (month) ≤10 15 (50.00) Low 0.329

>10 15 (50.00) Low 0.437

Note: *P<0.05.
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TAZ is a direct target gene of miR-125a-5p
In order to identify the potential targets of miR-125a-5p,

the prediction programs PicTar (http://pictar.mdc-berlin.

de/), TargetScan (http://www.targetscan.org/vert_71/) and

miRBase (http://www.mirbase.org/search.shtml) were

used. TAZ was identified as a theoretical target gene of

miR-125a-5p. The expression of TAZ was significantly

increased in CRC tissues compared to the adjacent tissues

(Figure 2A). In addition, the expression of TAZ was sig-

nificantly higher in CRC cell lines (LoVo, SW620,

SW480, HCT116 and HT29) than in NCM460 cells

(Figure 2B and C).To further determine whether TAZ is

the direct target gene of miR-125a-5p, WT and mutated

(Mut) 3ʹ UTR of TAZ were co-transfected into HEK-293T

cell with Renilla plasmid and miR-125a-5p mimic or

mimic control. As shown in Figure 2D, miR-125a-5p

mimic significantly repressed the relative luciferase activ-

ity of WT TAZ 3ʹ-UTR but not in the mutant 3ʹUTR.

Furthermore, in both LoVo and SW480 cells, transfection

of miR-125a-5p mimics led to a significant decrease in

TAZ mRNA and protein levels (Figure 2E–H).

miR-125a-5p inhibits migration and

invasion of CRC cells via directly

targeting TAZ
To evaluate the effects of miR-125a-5p on CRC and

whether this effect is mediated by its targets TAZ gene,

LoVo and SW480 cells were transfected with miR-125a-5p

mimic, mimic control or co-transfected with miR-125a-5p

mimic and TAZ overexpression plasmids. Our results

showed that TAZ overexpression plasmids significantly

increased the expression of TAZ (Figure 3A and B). In

addition, wound healing (Figure 3C) and cell invasion

assays (Figure 3D) showed that miR-125a-5p mimic trans-

fection significantly suppressed the migration and invasion

of LoVo and SW480 cells; restoration of TAZ was able to

partly overcome the inhibitory effects of miR-125a-5p on

cell migration and invasion. Together, these results indi-

cated that miR-125a-5p inhibits migration and invasion of

CRC cells by directly targeting TAZ.

miR-125a-5p inhibits epithelial–
mesenchymal transition of CRC cells

via directly targeting TAZ
To detect the effect of miR-125a-5p on EMT of CRC cells

and whether this effect is mediated by its targets TAZ

gene, the expression of several well-characterized EMT

molecules was performed by Western blot. As shown in

Figure 4A and B, transfection of miR-125a-5p signifi-

cantly increased the levels of E-cadherin while decreased

the levels of N-cadherin, vimentin and β-catenin in LoVo

and SW480 cells. Over-expression of TAZ could reverse

the effects of miR-125a-5p on EMT of CRC cells.

Together, these results indicated that miR-125a-5p inhibits

CRC cells EMT by directly targeting TAZ.

Discussion
CRC is one of the most common cancers, posing a serious

demographic and economic burden worldwide.1 Recent

study has shown that miRNA participates in CRC

process.17 The findings of our study demonstrated that

miR-125a-5p expression was down-regulated in CRC tis-

sues and cell lines. We also determined that miR-125a-5p

inhibited cell epithelial–mesenchymal transition, invasion

and migration in CRC by directly suppressing TAZ

expression.

Previous studies have reported that miR-125a-5p func-

tions as a tumor suppressor in a variety of cancers, includ-

ing CRC10,18 For example, miR-125a-5p functions as

a tumor suppressor in breast cancer by downregulating

BAP1.19 miR-125a-5p has been reported to inhibit inva-

sion and metastasis of gastric cancer cells by targeting

BRMS1 expression.18 In addition, miR-125a-5p sup-

pressed CRC progression by targeting VEGFA.20 miR-

125a-5p inhibited colon cancer cell proliferation and

induced apoptosis via targeting BCL2, BCL2L12 and

MCL1.10 In the present study, we found that miR-125a-

5p was downregulated in CRC tissue and cells.

Overexpression of miR-125a-5p inhibited EMT, invasion

and migration of CRC cells.

TAZ is a key functional component of the Hippo

pathway and plays vital roles in tumor proliferation

and invasion.21 TAZ expression has been reported as

a prognostic indicator in CRC.16 TAZ has also been

reported to regulate mesenchymal stem cell

differentiation.22 TAZ promotes epithelial to mesenchy-

mal transition in neuroblastoma cells.23 In this study, we

found TAZ was a direct target of miR-125a-5p, which

was consistent with previous study.11 Moreover, miR-

125a-5p and TAZ expression were inversely correlated

in CRC tissue and cell lines. TAZ expression was down-

regulated in CRC tissue and cell lines in which miR-

125a-5p was overexpressed. Furthermore, CRC cell
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Figure 2 TAZ was upregulated in CRC cells and is a direct target gene of miR-125a-5p. (A) The mRNA expression of TAZ in CRC tissues was determined by qRT-

PCR. The mRNA and protein expression of TAZ in CRC cell lines LoVo, SW480, SW620, HCT116, HT29 was determined by qRT-PCR (B) and Western blot (C).

(D) Luciferase activity was detected in cells co-transfected with TAZ 3ʹUTR WT/MUT and miR-125a-5p mimic/mimic control by dual-luciferase reporter assay.

Protein expression levels of TAZ in LoVo (E) and SW480 (F) cells transfected with miR-125a-5p mimic or mimic control was detected by Western blot. mRNA

expression levels of TAZ in LoVo (G) and SW480 (H) cells transfected with miR-125a-5p mimic or mimic control was detected by qRT-PCR. Dates are expressed

by mean ± standard deviation. (A) ***P<0.001 vs colorectal cancer adjacent tissues. (B and C) *P<0.05, **P<0.01, ***P<0.001 vs NCM460. (D–H) **P<0.01,
***P<0.001 vs control.

Abbreviations: CRC, colorectal cancer; NCM460, normal colonic mucosa epithelial cells; miR-NC, microRNA mimic control; miR-125a-5p, microRNA-125a-5p.
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Figure 3 miR-125a-5p inhibits migration and invasion of CRC cells via directly targeting TAZ. Protein expression levels of TAZ in LoVo (A) and SW480 (B) cells
transfected with miR-125a-5p mimic or mimic control were detected by Western blot. (C) Wound-healing assays were used to examine cell migration of LoVo and

SW480 cells transfected with miR-NC, miR-125a-5p mimic or co-transfected with miR-125a-5p mimic and TAZ overexpression plasmids. (D) Transwell assays were

used to examine cell invasion of LoVo and SW480 cells transfected with miR-NC, miR-125a-5p mimic or co-transfected with miR-125a-5p mimic and TAZ

overexpression plasmids. Dates are expressed by mean ± standard deviation. **P<0.01, vs control. ##P<0.01, ###P<0.001 vs miR-125a-5p mimic.

Abbreviations: miR-NC, microRNA mimic control; PCDNA3-TAZ, TAZ overexpression plasmids.
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EMT, invasion and migration capacity in the miR-125a-

5p mimic group were restored by TAZ overexpression.

In summary, our study demonstrate that miR-125a-

5p represses CRC cell EMT, invasion and migration by

targeting TAZ. These evidence suggests that TAZ and

miR-125a-5p may serve as promising diagnostic and

therapeutic targets for patients with CRC.
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Figure 4 miR-125a-5p inhibits epithelial–mesenchymal transition of CRC cells via directly targeting TAZ. Western blot was used to examine the protein expression of EMT

markers E-cadherin, N-cadherin, vimentin and β-catenin in LoVo (A) and SW480 (B) cells transfected with miR-NC, miR-125a-5p mimic or co-transfected with miR-125a-5p
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