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Overexpression of microRNA‑29b 
inhibits epithelial‑mesenchymal transition 
and angiogenesis of colorectal cancer 
through the ETV4/ERK/EGFR axis
Yin Leng1, Zhixian Chen2, Hui Ding1, Xiaoxu Zhao3, Li Qin4 and Yunlong Pan1* 

Abstract 

Background:  Recent studies have reported the involvement of microRNA-29 (miR-29) family members in human 
cancers through their ability to regulate cellular functions. The present study investigated biological function of miR-
29b in colorectal cancer (CRC).

Methods:  CRC tissues and adjacent normal tissues were collected and the expression of ETV4 and miR-29b in the 
tissues were identified. The relationship between ETV4 and miR-29b or ETV4 expression and the EGFR promoter was 
identified using dual-luciferase reporter gene and CHIP assays. The proliferation, invasion, migration, and apoptosis of 
CRC HCT116 cells were assayed using MTT assay, Scratch test, Transwell assay, and flow cytometry, respectively. Also, 
expression of epithelial-mesenchymal transition (EMT) markers, angiogenic factors, and vasculogenic mimicry forma-
tion were evaluated using RT-qPCR and Western blot.

Results:  ETV4 was upregulated, while miR-29b expression was decreased in CRC tissues. ETV4 was identified as a 
target gene of miR-29b, which in turn inactivated the ERK signaling pathway by targeting ETV4 and inhibiting EGFR 
transcription. Transfection with miR-29b mimic, siRNA-ETV4, or ERK signaling pathway inhibitor U0126 increased 
expression of E-cadherin and TSP-1, and CRC cell apoptosis, yet reduced expression of ERK1/2, MMP-2, MMP-9, Vimen-
tin, and VEGF, as well as inhibiting EMT, angiogenesis, and CRC cell migration and invasion. The EMT, angiogenesis and 
cancer progression induced by miR-29b inhibitor were reversed by siRNA-mediated ETV4 silencing.

Conclusions:  miR-29b suppresses angiogenesis and EMT in CRC via the ETV4/ERK/EGFR axis.
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Background
Colorectal cancer (CRC) is the most frequently occur-
ring malignant tumor in the gastrointestinal tract and 
the third leading cause of cancer-related deaths glob-
ally [1]. Over 1.2  million people worldwide suffer from 

this condition, which claims approximately 600,000 lives 
annually. Statistics have highlighted that males are more 
susceptible to CRC than females [2]. Although CRC 
can occur at any age, the occurrence of the disease rises 
greatly with increasing age, and most commonly occurs 
in individuals over the age of 50 years [3]. Other risk fac-
tors related to lifestyle and dietary factors include high 
consumption of red or processed meat, obesity, low lev-
els of physical activity, and smoking, all of which are sig-
nificant risk factors for the occurrence and development 
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of CRC [4]. Moreover, CRC generally has an unfavorable 
prognosis, with 5-year relative survival of less than 65% 
in high-income countries, such as Australia, Canada, 
the USA, and several European countries, while remain-
ing less than 50% in low-income countries [2]. Taken 
together, these deficiencies call for novel biomarkers ena-
bling better diagnoses and prognoses for patients with 
CRC.

MicroRNAs (miRNAs or miRs) are small non-coding 
RNA molecules that have been widely demonstrated to 
play an important role, not only in human cancers but 
also in other health disorders [5]. Compelling evidence 
has extensively reported the functional role of several 
miRNAs such as miR-29b and miR-21 in the patho-
genesis of CRC [6, 7]. Particularly, miR-29b, which is a 
member of the miR-29 family, is critically involved as a 
tumor suppressor in CRC [7], and has been highlighted 
as a novel prognostic marker for the disease [8]. A pre-
vious study has revealed that the transcription factor 
E26 transformation-specific-1 (ETS1) could affect dis-
ease progression in patients with non-small-cell lung 
cancer by up-regulating expression of miR-29b in the 
immune-evasion disease subtype [9]. Moreover, miR-
29b and ETS1 play fundamental roles in human adipo-
cyte metabolism and differentiation induced by adipose 
tissue-derived stromal cells [10]. ETS variant 4 (ETV4), 
a well-known member of the PEA3 subfamily of ETS-
domain transcription factors, has also been reported to 
be involved in tumor metastasis in multiple types of can-
cers [11]. On the other hand, phosphorylation of ETV4 at 
Ser73 could suppress the ETV4 ubiquitination degrada-
tion through extracellular signal-regulated kinase (ERK) 
in CRC [12]. However, the inhibition of ERK provoked 
a reduction in the mRNA expression of ETV4 in mela-
noma cells occurs [13]. Despite these conflicting findings, 
the activation of the ERK signaling pathway can result in 
epithelial-mesenchymal transition (EMT) in CRC [14].

Therefore, we hypothesized that the miR-29b/ETV4/
ERK network could be involved in development of CRC.

Materials and methods
Ethics statement
This study was conducted under the approval of the 
Ethics Committee of the First Affiliated Hospital of 
Jinan University in strict accordance with the Decla-
ration of Helsinki. All patients and/or legal guardians 
were informed prior to experiments and signed written 
informed consents.

Microarray‑based gene expression profiling
The Gene Expression Omnibus (GEO) database (https​
://www.ncbi.nlm.nih.gov/geo/) was used to retrieve the 
datasets of differentially expressed genes (DEGs) related 

to CRC, and the datasets GSE89076 and GSE41328 were 
selected for DEG screening. Search results consisted of 
13 CRC tissue samples and 12 normal colon tissue sam-
ples in the GSE89076 dataset, and 10 CRC tissue samples 
and 10 normal colon tissue samples in the GSE41328 
dataset. The gene annotation platforms for GSE89076 
and GSE41328 were GPL16699-Agilent-039494 Sure-
Print G3 Human GE v2 8 × 60K Microarray 039381 (Fea-
ture Number version) and GPL570-[HG-U133_Plus_2] 
Affymetrix Human Genome U133 Plus 2.0 Array, respec-
tively. The Affy package of R language [15] was used to 
conduct standardized pretreatment for genes while the 
Limma package [16] was used to screen the DEGs in CRC 
tissues and adjacent normal tissues with screening cri-
teria of |log2FC| > 2.0 and adj.P.Val < 0.05, after which a 
heatmap of DEGs was drawn. The Jvenn database (http://
jvenn​.toulo​use.inra.fr/app/examp​le.html) was used to 
analyze the intersected DEGs of the two datasets due to 
its ability to compare and analyze the datasets of differ-
ent elements using Venn diagram [17]. The two gene-dis-
ease relational databases Digsee (http://210.107.182.61/
geneS​earch​/) and DisGeNET (http://www.disge​net.org/
web/DisGe​NET/menu/searc​h?4) were used for search-
ing the CRC-related genes with “Colorectal Carcinoma” 
as the keyword. Results were compared with those in 
Jvenn, whereas the protein association information 
was provided by the String database (https: //string-db.
org/). Cytoscape 3.6.0 software [18] was used to identify 
the gene interaction information of the DEGs related to 
CRC, the disease genes, and to establish a protein-pro-
tein interaction (PPI) network. The TargetScan (http://
www.targe​tscan​.org/vert_71/), DIP (http://ophid​.utoro​
nto.ca/mirDI​P/), miRWalk (http://mirwa​lk.umm.uni-
heide​lberg​.de/), microRNA (http://34.236.212.39/micro​
rna/getGe​neFor​m.do), and miRpath (http://lgmb.fmrp.
usp.br/mirna​path/tools​.php) were the five tools used for 
predicting the miRNA-mRNA relationship, which was 
used to predict the potential miRNAs that regulated 
ETV4, whereupon the predicted results were compared 
by Jvenn. The target genes of miR-29b were predicted by 
a bioinformatics website (http://www.micro​RNA.org).

Study subjects
A total of 76 cancer tissue samples and 76 adjacent normal 
tissue samples (no cancer tissues following pathological 
examination) were collected from patients (aged between 
37 and 71 years, with a mean age of 59.11 ± 6.60 years), 
who were initially diagnosed with CRC at the First Affili-
ated Hospital of Jinan University between September 
2018 and September 2019. CRC tissue samples served as 
the CRC group and for pathological examination, and the 
adjacent normal tissue samples were used as the normal 
control group. Based on the American Joint Committee 
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on Cancer (AJCC) tumor node metastasis (TNM) staging 
system (2019) [19], the CRC tissues from the 76 patients 
were classified as follows: 10 cases at stage I, 23 cases at 
stage II, 26 cases at stage III, and 17 cases at stage IV. The 
inclusion criteria: patients were confirmed with CRC 
according to clinical and imaging manifestations and 
pathological examinations [20]; patients had received the 
standard diagnosis and treatment procedures; patients 
had no history of treatment with radiotherapy or chemo-
therapy before operation. The exclusion criteria: patients 
with a non-standard diagnosis or treatment procedures; 
patients having a history of other malignancies. The 
tumor and adjacent normal tissue samples were cut into 
small pieces and quickly cryopreserved at − 80 °C.

Hematoxylin‑eosin (HE) staining
All specimens were fixed in formaldehyde, dehydrated, 
embedded with paraffin, cut into 4  µm serial sections, 
and stained with HE. In brief, the sections were dewaxed 
twice with xylene (15 min/time), rehydrated twice with 
absolute ethyl alcohol (5 min/time), 90% ethanol for 
5 min, and 80% ethanol for 5 min. Then, the tissue sec-
tions were stained with hematoxylin for 5 min, washed 
with water, rapidly differentiated with 1% hydrochloric 
acid ethanol, and washed with water again. The sections 
were then dehydrated with 80% ethanol for 5 min, 90% 
ethanol for 5 min, twice with absolute ethyl alcohol (5 
min each time), cleared twice with xylene (15 min/time), 
and mounted with neutral gum. The sections were then 
observed and photographed under a light microscope. 
Visual fields were randomly selected and analyzed using 
the morphological image analysis system (JD-801, Nan-
jing Jetta Technology, Nanjing, China). The experiment 
was repeated three times independently. According to the 
tumor regression grade (TRG) scoring systems, the scor-
ing of the degree of pathological changes was as follows: 
0 points indicated complete regression, with no tumor 
cells visible under the microscope; 1 point indicated a 
nearly complete regression, with only single or small 
clusters tumor cells; 2 points indicated partial regression, 
with significant regression, but more abundant residual 
tumors than single or small clusters of tumor cells; 3 
points indicated poor or no regression, with a wide range 
of residual tumors and no obvious regression.

Immunohistochemistry
Immunohistochemistry was employed to detect expres-
sion of ETV4 in epithelial cells in the cancer and adja-
cent normal tissue samples. Tissue samples were fixed 
with 10% formaldehyde, embedded in paraffin, and cut 
into 4 µm serial sections. The sections were subsequently 
heated at 60  °C for 1 h, dewaxed in xylene, dehydrated 
with gradient ethanol, boiled in 0.1  M sodium citrate 

for 20 min, cooled on the lab bench, and washed 3 times 
with 0.2 M phosphate-buffered saline (PBS) (5 min/time). 
Following inactivation with 3% catalase and washing with 
0.2 M PBS for 3 times (five min each time), the sections 
were rinsed 3 times with 0.2 M PBS (pH 7.4, 5 min/time), 
dried, and further blocked with 5% bovine serum albu-
min (BSA) at 37  °C for 30 min. Next, the sections were 
incubated with mouse monoclonal antibody to ETV4 (1: 
500, ab70425, Abcam, Cambridge, UK) [21] at 4 °C over-
night, followed by 3 washes with 0.2  M PBS (pH 7.4, 5 
min/time) on the following day. After the sections were 
dried, they were incubated with the biotinylated second-
ary goat anti-mouse immunoglobulin G (IgG) (1: 1000, 
ab6789, Abcam) for 30 min at 37 °C. A color developing 
reagent was prepared by fully mixing one drop of A, B, 
and C reagents of a diaminobenzidine (DAB) staining 
kit (DA1010, Beijing Solarbio Science & Technology Co., 
Ltd., Beijing, China) and l mL distilled water respectively, 
mixed well, and then stored in a 4 °C freezer. Afterwards, 
the sections were washed 3 times with 0.2 M PBS (pH 7.4, 
5 min/time), visualized by incubation with the DAB solu-
tion for 8 min in the dark, and rewashed with running 
water. The sections were then subjected to hematoxylin 
staining, dehydration, clearing, sealing, and observation 
with a light microscope. The cells with nucleus stained 
blue or light blue were identified as negative cells and 
those with a nucleus presenting with brownish-yellow or 
strongly brownish-yellow particles were regarded as pos-
itive cells. The number of positive cells was then counted 
using the Nikon image analysis software (Nikon Instru-
ments Inc., Tokyo, Japan). Five high-magnification visual 
fields were randomly selected from each section and 200 
cells were counted in each field. The percentage of ETV4-
positive cells relative to the total cells in each individual 
field was calculated using the double-blind method and 
the average values were obtained. The experiment was 
conducted three times independently.

Weidner counting
Conventional streptavidin-peroxidase (SP) staining was 
conducted with CD34 to label the vascular endothelial 
cells. CD34 was localized in the cytoplasm of vascu-
lar endothelial cells presenting a brownish-yellow color. 
Based on the Weidner counting method, three regions 
with the highest vessel density were identified at low mag-
nification, and two pathologists independently counted 
the number of micro-vessels under high magnification. 
Single isolated or multiple closely spaced endothelial 
cell clusters with or without the presence of lumen and 
with clear boundaries with adjacent tumor cells and sur-
rounding connective tissue components were counted 
as 1 microvessel, with the exception of the vessels with a 
lumen diameter exceeding that of eight red blood cells, or 
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with smooth muscle in the tube wall. The mean number 
of micro-vessels in three fields was taken as the micro-
vessel density (MVD). In the event of counting difference 
between two pathologists exceeding 10%, the number of 
micro-vessels was re-counted by consensus. The experi-
ment was conducted three times independently.

Cell grouping and transfection
CRC cell line HCT116 (iCell Bioscience Inc., Shang-
hai, China) was cultured in DMEM (190,040, Gibco, 
Grand Island, NY, USA) and seeded into a 6-well plate at 
1 × 105 cells/well. The cells were then incubated with 5% 
CO2 with saturated humidity at 37 °C. When cell density 
reached about 80–90%, they were passaged.

Cells were grouped into the following groups: blank 
(HCT116, without any transfection), negative control 
(NC) (HCT116 cells transfected with NC sequence), 
miR-29b mimic (HCT116 cells transfected with miR-
29b mimic sequence), miR-29b inhibitor (HCT116 cells 
transfected with miR-29b inhibitor sequence), small 
interfering RNA (siRNA)-ETV4 (HCT116 cells trans-
fected with siRNA-ETV4 sequence), miR-29b inhibi-
tor + siRNA-ETV4 (HCT116 cells co-transfected with 
miR-29b inhibitor sequence and siRNA-ETV4 sequence), 
DMSO (solvent), and U0126 (ERK signaling pathway 
inhibitor) groups [22]. 24 h before transfection, the 
cells had been seeded into a 6-well plate. After achiev-
ing about 30–50% cell confluence, cell transfection was 
conducted using Lipofectamine® 2000). The serum-free 
Opti-minimum essential medium (Opti-MEM) (250 µL, 
51,985,042, Gibco, Gaithersburg, MD, USA) was used to 
dilute the plasmids (100 pmol each) in the NC, miR-29b 
mimic, miR-29b inhibitor, miR-29b inhibitor + siRNA-
ETV4, and siRNA-ETV4 groups (50  nM final concen-
tration). Diluted plasmids were incubated for 5 min. An 
additional 250  µL serum-free Opti-MEM medium was 
used to dilute 5 µL portions of Lipofectamine® 2000, fol-
lowed by incubation for 5 min. The two diluted mixtures 
were then mixed and incubated with cells for 20 min. 
After transfection, the cells were further cultured in a 5% 
CO2 incubator at 37 °C, with change to complete medium 
after 6 to 8 h. Next, after 24 to 28 h of further incubation, 
the subsequent experiments were conducted.

Dual‑luciferase reporter gene assay
Dual-luciferase reporter gene assay was carried out 
to verify whether ETV4 was a target gene of miR-29b. 
The synthetic ETV4-3’untranslated region (UTR) gene 
fragment was introduced into pMIR-reporter (Pro-
mega, Madison, WI, USA) through the endonuclease 
sites SalI and bglII. The mutation sites of complemen-
tary sequences were designed on ETV4 wild-type (WT) 
sequence. After cleavage with a restriction endonuclease, 

the target fragment was inserted into the pMIR-reporter 
plasmid using T4 DNA ligase. Followed by identification 
of positive clones, the recombinant plasmids were iden-
tified by DNA sequencing, sub-cloned into psiCHECK-2 
vector, and transformed into Escherichia coli DH5α 
cells to amplify the plasmids. The plasmids were then 
extracted according to the instructions of the Omega kit 
(Promega, Madison, WI, USA), and the cells were seeded 
into a 6-well plate at a density of 1 × 104 cells/well. NC 
and miR-29b mimic were co-transfected with the lucif-
erase-reporter vectors into the HCT116 CRC cell line. 
The cells were then transfected and cultured for 48 h, and 
collected afterwards. The effect of miR-29b treatment on 
the luciferase activity of ETV4 3′-UTR in cells was exam-
ined according to the instructions of the dual-luciferase 
activity detection kit (Genecopoeia Inc., Rockville, MD), 
using a Glomax 20/20 luminometer (Promega, Madison, 
WI, USA) for detection.

To verify whether ETV4 bound to EGFR promoter 
region, the synthetic EGFR promoter region fragment 
was introduced into the pMIR-reporter (Promega, Madi-
son, WI, USA) using the endonuclease sites SalI and 
bglII. The mutation sites of complementary sequences 
were designed based on EGFR wild-type (WT) sequence. 
After cleavage with restriction endonucleases, the target 
fragment was inserted into the pMIR-reporter plasmid 
using T4 DNA ligase. Then the cells were seeded into a 
6-well plate at 1 × 104 cells/well. Luciferase reporter vec-
tors were cotransfected with HEK293 cells and CRC cell 
line HCT116 and cultured for 48 h and collected after-
wards. The changes of luciferase activity in EGFR pro-
moter region in cells were detected using dual-luciferase 
activity detection kit (Genecopoeia Inc., Rockville, MD) 
as above.

CHIP
The HCT116 cells were fixed in 4% formaldehyde (final 
concentration 1%), ultrasonicated, added with Rabbit 
anti human ETV4 antibody to bind to EGFR promoter, 
and added with protein A Agarose/Salmon Sperm DNA 
to bind to ETV4 antibody/ETV4/EGFR promoter com-
plex. Next, the complex was precipitated and cleaned to 
remove nonspecific binding. The enriched ETV4/EGFR 
promoter complex was obtained after elution, and then 
decrosslinked, purified, and analyzed by qPCR. The 
sequence of EGFR promoter: F (5′-ccaggtacggccgctgct-
gtg-3′) and R (5′-cgcgagachadacgcctctcttcttt-3′).

RT‑qPCR
Total RNA was extracted using a RNA extraction kit 
(10,296,010, Invitrogen). RNA was reversely transcribed 
into complementary DNA (cDNA) using Primescript™ 
RT reagent kit (RR014A, Takara Bio Inc., Beijing, China). 
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The primers were designed and then synthesized by 
Takara Bio Inc. (Table 1). RT-qPCR was performed using 
PCR Kit (KR011A1, Tiangen Biotech Co., Ltd., Beijing, 
China). U6 was used as the internal reference for miR-
29b whereas glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was taken as an internal reference for evalua-
tion of ETV4, ERK1/2, matrix metalloproteinase (MMP)-
2, MMP-9, E-cadherin, Vimentin, vascular endothelial 
growth factor (VEGF), and tumor suppressor region 1 
(TSP-1). Expression of each gene in each group was cal-
culated by the 2−ΔΔCt method.

Western blot analysis
Total protein was extracted using radioimmunoprecipi-
tation assay (RIPA) lysis buffer (R0010; Beijing Solarbio 
Science & Technology Co., Ltd., Beijing, China). The 
protein was separated by polyacrylamide gel electropho-
resis (PAGE) and transferred onto nitrocellulose mem-
brane using the wet method. The membrane was blocked 
with 5% BSA for 1 h and then probed at 4  °C overnight 

with mouse anti-human monoclonal primary antibod-
ies to ETV4 (1:500, ab70425, 55 KD [21]), EGFR (1:1000, 
ab52894, 175 KD), MMP-2 (1:1000, ab97779, 75 KD 
[23]), E-cadherin (1:50, ab76055, 97 KD [24]), MMP-9 
(1:1000, ab58803, 92 KD [25]), Vimentin (1:1000, ab8978, 
57 KD [26]), VEGF (1:1000, ab9540, 34 KD [27]), TSP-1 
(1:1000, ab1823, 150 KD [28]), and p-ERK1/2 (1: 1000, 
ab54230, 44/42 KD [29]), with GAPDH (1: 2000, ab8245, 
36 KD) serving as the internal reference. After three PBS 
washes (10 min each), the membrane was incubated 
with horseradish peroxidase (HRP)-labeled goat anti-
mouse IgG (Abcam, 1:10,000, ab6785), re-washed with 
the Tris-buffered saline Tween-20 (TBST) three times 
(10 min each), developed with enhanced chemilumines-
cence (ECL) solution (WBKLS0500, Pierce, Rockford, 
IL, USA), and photographed for analysis. All antibodies 
were obtained from Abcam. The gray value was analyzed 
using the Alpha Digi-Doc system (Alpha Innotech), and 
the ratio of the gray value of the target band to that of 
GAPDH depicted the relative protein expression.

3‑(4,5‑dimethylthiazol‑2‑yl)‑2, 5‑diphenyltetrazolium 
bromide (MTT) assay
After 48 h of transfection, the HCT116 cells in a loga-
rithmic growth phase were seeded into a 96-well plate 
at 1 × 104 cells/well, with 200 µL medium each well. 
After 24 h of cell adherence, the cells were incubated in 
a 5% CO2 incubator at 37  °C for 24, 48, or 72 h. There-
after, each well was added with 20 µL MTT (5  mg/mL) 
and incubated for 4 h at 37  °C, followed by aspiration 
of the supernatant. Afterward, 150 µL dimethyl sulfox-
ide (DMSO) was added to each well and the plates were 
shaken for 10 min. The optical density (OD) value of each 
well at 450  nm was then evaluated using a microplate 
reader (Multiskan FC, Thermo Fisher Scientific Co., Ltd., 
New York, USA).

Three‑dimensional cell culture and vasculogenic mimicry 
(VM) formation assay
The mixture of culture medium, NaOH (0.1  M), and 
type-I collagen (Shengyou Biotechnology Co. Ltd., Hang-
zhou, China) was added into a 6-well plate with 200 µL 
per well and the plate was allowed to stand for 15 min 
for subsequent experiments. The cell lines were cultured 
in different culture medium containing 10% FBS at 37 °C 
with 5% CO2. After cell confluence reached 80%, the cell 
density was adjusted to 8 × 105 cells/mL, and the cells 
were seeded into a 6-well plate with 1  mL portions per 
well. The VM formation was observed using an inverted 
microscope every day of the subsequent indication. 
Additionally, Periodic acid-Schiff’s (PAS) staining was 
performed for the observation of VM formation on the 
6th day. Cells were then fixed with 10% formaldehyde for 

Table 1  Primer sequences for RT-qPCR

miR-29b, microRNA-29b; RT-qPCR, reverse transcription quantitative polymerase 
chain reaction; ETV4, ETS variant 4; ERK, extracellular regulated protein kinases; 
MMP, matrix metalloproteinase; VEGF, vascular endothelial growth factor; TSP-1, 
thrombospondin 1; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; F, 
forward; R, reverse

Gene Primer sequence

miR-29b F: 5′-TGA​ACC​TTT​GTC​TGG​GCA​ACT-3’

R: 5′-TGG​TAT​CCT​TGA​GGG​ATT​GGTTC-3′

ETV4 F: 5′-CAC​TCC​CCT​ACC​ACC​ATG​GA-3′

R:5′-GGA​CTT​GAT​GGC​GAT​TTG​TC-3′

ERK1 F: 5′-CAG​GAG​ACA​GCA​CGC​TTC​CAG-3′

R: 5′-TCT​AAC​AGT​CTG​GCG​GGA​GAGG-3′

ERK2 F: 5′-GCT​GTT​CCC​AAA​TGC​TGA​CT-3′

R: 5′-CTC​GTC​ACT​CGG​GTC​GTA​AT-3′

MMP-2 F: 5′-AGT​TTC​CAT​TCC​GCT​TCC​AG-3′

R: 5′-CGG​TCG​TAG​TCC​TCA​GTG​GT-3′

MMP-9 F: 5′-GAA​GAT​GCT​GCT​GTT​CAG​-3′

R: 5′-AAA​TAG​GCT​TTC​TCT​CGG​TA-3′

E-cadherin F: 5′-GAC​CAA​GTG​ACC​ACC​TTA​-3′

R: 5′-AGA​GCA​GCA​GAA​TCA​GAA​T-3′

Vimentin F: 5′-CAT​TGA​GAT​TGC​CAC​CTA​C-3′

R: 5′-TCG​TTG​ATA​ACC​TGT​CCA​T-3′

VEGF F: 5′-CCA​TGA​ACT​TTC​TGC​TCT​CTTG-3′

R: 5′-GGT​GAG​AGG​TCT​AGT​TCC​CGAA-3′

TSP-1 F: 5′-GTG​TTT​GAC​ATC​TTT​GAA​CTC-3′

R: 5′-CCA​AAG​ACA​AAC​CTC​ACA​TTC-3′

GAPDH F: 5′-GGT​ATC​GTG​GAA​GGA​CTC​-3′

R: 5′-GGG​ATG​ATG​TTC​TGG​AGA​G-3′

U6 F: 5′-GTG​CTC​GCT​TCG​GCA​GCA​CAT​ATA​C-3′

R: 5′-AAA​AAT​ATG​GAA​CGC​TTC​ACG​AAT​TTG-3′
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5 min, oxidized in aqueous periodic acid solution for 5 
min, and rinsed 3 times with distilled water. Thereafter, 
the cells were stained in Schiff’s reagent for 20 min and 
washed with tap water for 10 min until the cells turned 
red. Five fields were randomly selected under an inverted 
microscope and the average number of VM observed 
per field was regarded as the VM density [30]. The tube-
like VM structures were viewed using phase-contrast 
microscopy and photographed. In formalin-fixed paraf-
fin-embedded (FFPE) tissues, immunohistochemical and 
PAS staining was used to detect the VMs [31].

Scratch test
At 24 h post-transfection, the cells were seeded into 
a 6-well plate with 1 × 106 cells/well. Upon achieving 
approximately 95% confluence, the cells were vertically 
and linearly scratched with a 20 µL micropipette in the 
6-well plate. Cells were then washed with D-Hanks 
solution to remove floating cells, cultured with serum-
free culture medium, and photographed at hours 0 and 
48. The cell migration distance was measured using the 
Image-Pro Plus Analysis software (Media Cybernetics, 
Silver Spring, MD, USA).

Transwell assay
At 72 h of post-transfection, the cells were starved in 
serum-free medium for 12 h to remove the influence of 
serum constituents, and re-suspended with serum-free 
medium Opti-MEMI (31985-070, Invitrogen) containing 
10 g/L BSA. Cell density was adjusted to 2 × 106 cells/mL. 
First, 50 µL Matrigel (40111ES08, Sigma, St Louis, MO, 
USA) was evenly distributed in the chamber. After 48 h, 
200 µL of single cell suspension (4 × 104 cells) was added 
into the apical chamber in each group, followed by the 
addition of 650 µL Opti-MEMI (31985-070, Invitrogen) 
containing 10% FBS into the basolateral chamber. The 
chamber was then incubated with 5% CO2 at 37 °C for 12 
h. Cells in the chamber were removed with a cotton bud 
and washed with PBS, followed by fixation in methanol 
for 30 min. The cells were then stained with 0.1% crys-
tal violet solution for 20 min and the cells in the upper 
layer of the microporous membrane were carefully wiped 
off by cotton swabs. Finally, the invaded cells in four 
randomly selected visual fields were counted under an 
inverted microscope.

Flow cytometry
At 72 h post-transfection, the cells were detached to 
adjust cell density to 1 × 106 cell/mL. Next, the cell sus-
pensions (1  mL) were centrifuged for 10 min at 403g, 
and re-centrifuged. After removing the supernatant, the 
cell pellet was fixed in 70% precooled ethanol overnight 
at 4 °C. The fixed cell suspensions (100 µL) were treated 

with 50 µg propidium iodide (PI) containing RNAase for 
30 min in a dark room and then filtered with a 100 mesh 
nylon net. Flow cytometry (BD, FL, NJ, USA) was used to 
detect the cell cycle at 488 nm.

Annexin and V-fluorescein isothiocyanate (FITC)/PI 
double staining was used to detect cell apoptosis. The 
treated cells were then cultured for 48 h in an incuba-
tor containing 5% CO2 at 37  °C, centrifuged, and then 
suspended in 200 µL binding buffer. Afterward, the 
cells were added with 10 µL Annexin V-FITC (ab14085, 
Abcam) and 5 µL PI for 15 min of incubation in the dark 
followed by the addition of 300 µL binding buffer. A flow 
cytometer was used to detect cell apoptosis at 488 nm.

Statistical analysis
Statistical analysis was performed using the SPSS 21.0 
software. The measurement data were summarized as the 
mean ± standard deviation. Data between the two groups 
were compared by paired t-test, while data among mul-
tiple groups were compared using a one-way analysis of 
variance (ANOVA) followed by a Tukey’s multiple com-
parisons post-test. A comparison of data at different time 
points was performed using two-way ANOVA. A value of 
p < 0.05 was statistically significant.

Results
The functional significance of miR‑29b, ETV4, and the ERK 
signaling pathway in CRC​
R language was used to screen DEGs from CRC-related 
gene expression datasets (GSE89076 and GSE41328) 
with the screening criteria of |log2FC| > 2.0 and 
adj.P.Val < 0.05. The top 100 DEGs with the largest fold 
change in each dataset were selected, and those from two 
datasets were subsequently intersected, which revealed 
15 intersection genes in the Venn diagram (Fig.  1a) 
selected for the subsequent study. The Digsee and Dis-
GeNET databases were applied to search the CRC-
related genes, and the top 30 genes with high correlations 
between database were selected. Genes obtained from 
two databases were intersected, which yielded 17 inter-
section genes in the Venn diagram (Fig. 1b), which were 
designated as disease-related genes. According to the 
protein interaction information provided in the String 
database, the PPI network of DEG candidates and dis-
ease gene candidates was established. The PPI network 
(Fig. 1c) showed that the disease genes interacted closely 
with each other in the regulatory network and that ETV4 
was the candidate presenting the highest correlation with 
diseased genes or other DEGs. According to the top 100 
DEGs in GSE89076, the heatmap of DEGs was drawn 
(Fig. 1d), which showed that ETV4 was expressed higher 
in CRC tissues than in adjacent normal tissues. Addition-
ally, the expression level of ETV4 in CRC and matched 
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normal colonic tissues in GSE41328 are shown in Fig. 1e, 
likewise revealing that ETV4 was highly expressed in 
CRC tissues. Accordingly, previous studies have shown 
that the ERK signaling pathway was abnormally acti-
vated in CRC [32–34] and that ETV4 can activate the 
ERK signaling pathway [35, 36]. However, in the present 
study, we focused on whether the differentially expressed 
ETV4 affected CRC through the ERK signaling pathway. 
TargetScan, DIP, miRWalk, microRNA, and miRpath 
databases were used to predict the miRNAs that regu-
lated ETV4. The predicted miRNAs obtained from all five 
databases were compared and a Venn diagram was plot-
ted (Fig. 1f ), which showed that hsa-miR-29b-3p was the 
only intersecting miRNA having the possibility to regu-
late ETV4. miR-29b is consistently indicated to negatively 
regulate the ERK signaling pathway [37]. According to in 
silico analysis, we inferred that miR-29b targets the ETV4 
to regulate the ERK signaling pathway, thus affecting the 
development of CRC.

Pathological changes in CRC tissues
Initially, HE staining was performed to compare the mor-
phological changes between CRC tissues and adjacent 
normal tissues (Fig.  2a, b). We observed that secretory 
glands in the adjacent normal tissues had a neat and uni-
form arrangement. On contrary, in the CRC tissues, there 
was abundant inflammatory cell infiltration in the colonic 
mucosa and submucosa, invasion of cancer tissues into 
the mucosal layer, and disorganized as well as destroyed 
glandular tissues with ductal-like structure.

High positive expression of ETV4 protein in CRC tissues
To compare the positive expression of ETV4 protein in 
CRC and adjacent normal tissues, we conducted immu-
nohistochemistry. Results showed that ETV4 posi-
tive expression presented with a brown color, while the 
ETV4-positive signals were mainly localized in the 
nucleus, with only a few in the cytoplasm (Fig.  3a). 
The positive rate of ETV4 protein in CRC tissues was 
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69.74 ± 5.23%, which was higher than that in adjacent 
normal tissues (32.50 ± 2.35%) (Fig.  3b). These results 
indicated that ETV4 protein expression was higher in 
CRC tissues than that in adjacent normal tissues.

Decreased miR‑29b expression and increased ETV4 
expression are detected in CRC tissues
RT-qPCR and Western blot analyses were performed 
to determine expression of miR-29b and ETV4 in CRC 
and adjacent normal tissues. RT-qPCR results (Fig. 4a) 

illustrated that, compared with adjacent normal tis-
sues, CRC tissues exhibited decreased expression of 
miR-29b, mRNA expression of E-cadherin and TSP-
1, but increased mRNA expression of ETV4, MMP-
2, MMP-9, Vimentin, and VEGF, with no significant 
change in ERK expression. Western blot analyses 
results (Fig. 4b) showed that, compared with adjacent 
normal tissues, protein expression of E-cadherin and 
TSP-1 was reduced, but that of ETV4, ERK1/2, MMP-
2, MMP-9, Vimentin, and VEGF was increased in CRC 
tissues.
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Fig. 2  Representative images of CRC and adjacent normal tissues after HE staining. A, HE staining analysis of cancer and adjacent normal tissues 
(×200). B, The number of inflammatory cells. *p < 0.05 compared with adjacent normal tissues. Arrows indicate inflammatory cells. Data between 
the two groups were compared by paired t-test

Normal tissue CRC tissuea b

P
os

iti
ve

ra
te

of
ET

V4
(%

)

Normal tissue CRC tissue
0

10

20

30

40

50 *

Fig. 3  Increased positive expression of ETV4 protein in CRC tissues. a Immunohistochemistry analysis of adjacent normal tissues and CRC tissues 
(×200). b Positive rate of ETV4 protein in CRC tissues and adjacent normal tissues. *p < 0.05 compared with adjacent normal tissues. Data between 
the two groups were compared by paired t-test
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Low miR‑29b expression and high ETV4 expression are 
associated with clinicopathological progression of CRC​
After identifying expression of miR-29b and ETV4 in 
CRC tissues, we set out to examine their relationship 
with the clinicopathological features of CRC patients. 
Expression of miR-29b and ETV4 was measured in 
CRC patients with or without lymph node metastasis 
(LNM), with different differentiation grade and TNM 
stages. The results showed that miR-29b and ETV4 
expressions were unrelated to age, gender, tumor size, 
and tumor location. Expression of ETV4 in CRC tissues 

with and without LNM was 2.63 ± 0.13 and 2.23 ± 0.16, 
respectively, indicating that its expression was some-
what increased in CRC patients with LNM. Expres-
sion of miR-29b in CRC tissues with and without LNM 
was 0.44 ± 0.06 and 0.65 ± 0.07, respectively, indicat-
ing that its expression was diminished in CRC patients 
with LNM. ETV4 expression in patients with stage 
I–II and III–IV CRC was 2.19 ± 0.14 and 2.60 ± 0.14, 
respectively, suggesting that increased ETV4 expres-
sion in CRC tissues was correlated with more advanced 
TNM stage. The miR-29b expression at stage I–II and 
III–IV were 0.67 ± 0.06 and 0.46 ± 0.07, respectively, 

a b

Fig. 4  RT-qPCR and Western blot analysis results show decreased miR-29b expression and increased ETV4 expression in CRC tissues. A, miR-29b 
expression (normalized to U6) and mRNA expression of E-cadherin, TSP-1, ETV4, ERK1/2, MMP-2, MMP-9, Vimentin, and VEGF (normalized to GAPDH) 
in CRC and adjacent normal tissues determined using RT-qPCR. B, Western blot analysis of E-cadherin, TSP-1, ETV4, ERK1/2, MMP-2, MMP-9, Vimentin, 
and VEGF proteins (normalized to GAPDH) in CRC and adjacent normal tissues. *p < 0.05 compared with adjacent normal tissues. Each experiment 
was repeated 3 times independently. Data between the two groups were compared by paired t-test
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suggesting that reduced miR-29b expression in CRC 
tissues was correlated with increased TNM staging 
(Table 2).

ETV4 is a target gene of miR‑29b
The bioinformatics website (http://www.micro​rna.org) 
predicted binding sites between miR-29b and the 3′UTR 
of ETV4, suggesting that ETV4 was a potential target 
gene of miR-29b (Fig. 5a). Subsequently, we verified the 
predicted results by determining the luciferase activity. 
As shown in Fig. 5b, the luciferase activity of cells trans-
fected with ETV4-WT and miR-29b mimic was lower 
than that in cells transfected with ETV4-WT and in NC, 
while no significant difference was detected in the lucif-
erase activity of ETV4-mutant (MUT) cells. These results 
indicated that miR-29b was able to specifically bind to 
the ETV4 and down-regulate its expression.

High MVD is detected in CRC tissues
MVD in the CRC and adjacent normal tissues was 
detected using the Weidner counting method. As shown 
in Fig.  6a, b, CD34 was mainly expressed in vascular 
endothelial cells. The MVD of CRC tissues (43.62 ± 5.23) 
was higher than that of the adjacent normal tissues 
(6.88 ± 1.09). These results suggested that MVD was ele-
vated in CRC tissues.

Up‑regulation of miR‑29b reduces ETV4 expression 
and inhibits activation of the ERK signaling pathway
To study the mechanisms and the role of miR-29b and 
ETV4 in CRC, miR-29b mimic, miR-29b inhibitor or 
siRNA-ETV4 was transfected into HCT116 cells. RT-
qPCR and Western blot analysis were used to measure 
their expression along with the ERK signaling path-
way downstream gene expression in the transfected 
cells. Rescue experiments were also conducted by co-
transfecting miR-29b inhibitor and siRNA-ETV4 into 
HCT116 cells. The results in Fig. 7a, b illustrated that 
ERK and ERK1/2 expression showed no significant 
difference between groups. Compared with the blank 
and NC groups, the miR-29b mimic group showed 
elevated miR-29b expression. The miR-29b mimic and 
siRNA-ETV4 groups showed elevated mRNA and pro-
tein expression of E-cadherin and TSP-1, and down-
regulated mRNA and protein expression of ETV4, 
p-ERK1/2, MMP-2, MMP-9, Vimentin, and VEGF, 
along with reduced extent of ERK1/2 phosphorylation, 
but opposite changes in the aforementioned mRNAs 
and proteins were observed in the miR-29b inhibitor 
group. In the miR-29b inhibitor + siRNA-ETV4 group, 
there were no significant differences in expression of 
the aforementioned mRNAs and proteins in contrast 
to findings in the blank and NC groups. The changes 

Table 2  Relationships between miR-29b expression and clinicopathological features of CRC patients

CRC, colorectal cancer; miR-29b, microRNA-29b; ETV4, ETS variant 4; LNM, lymph node metastasis; TNM, tumor node metastasis

Clinicopathological feature Case miR-29b expression p EVT4 expression p

Age (years)

 < 60 35 0.56 ± 0.15 0.476 2.40 ± 0.31 0.493

 ≥ 60 41 0.54 ± 0.09 2.44 ± 0.19

Gender

 Male 54 0.55 ± 0.12 0.999 2.42 ± 0.26 0.877

 Female 22 0.55 ± 0.11 2.43 ± 0.24

Tumor location

Colon 29 0.57 ± 0.10 0.310 2.39 ± 0.22 0.404

 Rectum 47 0.54 ± 0.13 2.44 ± 0.27

Tumor size (cm)

 < 5 41 0.53 ± 0.09 0.137 2.45 ± 0.20 0.302

 ≥ 5 35 0.57 ± 0.14 2.39 ± 0.30

Differentiation grade

 Well/moderate 49 0.62 ± 0.09 < 0.001 2.28 ± 0.17 < 0.001

 Poor 27 0.42 ± 0.05 2.68 ± 0.12

LNM

 No 40 0.65 ± 0.07 < 0.001 2.23 ± 0.16 < 0.001

 Yes 36 0.44 ± 0.06 2.63 ± 0.13

TNM staging

 I/II 33 0.67 ± 0.06 < 0.001 2.19 ± 0.14 < 0.001

 III/IV 43 0.46 ± 0.07 2.60 ± 0.14

http://www.microrna.org
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in the aforementioned mRNAs and proteins induced 
by miR-29b inhibitor were reversed by siRNA-ETV4. 
Compared with the DMSO group, the U0126 group 
exhibited elevated mRNA and protein expression of 
E-cadherin and TSP-1, and reduced RNA and protein 

expression of p-ERK1/2, MMP-2, MMP-9, Vimentin, 
and VEGF. Collectively, overexpressed miR-29b was 
able to lead to a reduction in expression of ETV4 and 
consequently inhibited the activation of the ERK sign-
aling pathway.
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Up‑regulated miR‑29b expression decreases the CRC cell 
growth through down‑regulation of ETV4
The MTT assay was performed to detect cell viability, 
where proliferating cells gave higher absorbance signals. 
We compared the OD values of each group to analyze 
the changes in cell viability. The results of MTT assay 
(Fig. 8) indicated that with increase of time (24, 48, and 

72 h), OD values grew significantly in each group. Com-
pared with the blank and NC groups, the cell growth in 
the miR-29b inhibitor + si-ETV4 group did not show any 
significant differences at any time point compared with 
the blank and NC groups; while the OD values at 24, 48, 
and 72 h were remarkably lower in the miR-29b mimic 
and siRNA-ETV4 groups, suggesting that cell growth was 
inhibited. However, an increase was observed in the OD 
values of the miR-29b inhibitor group in contrast to that 
in the blank and NC groups, indicating enhanced cell 
growth. Compared with the DMSO group, the U0126 
group had reduced cell growth, with decreased OD val-
ues at 24, 48, and 72 h, suggesting that cell growth was 
inhibited. These results suggested that overexpressed 
miR-29b could retard the cell growth in CRC by targeting 
the ETV4.

Up‑regulated miR‑29b expression inhibits VM formation 
of CRC cells through down‑regulation of ETV4
In the following experiments, we mainly investigated 
the ability of miR-29b to influence the VM formation of 
CRC cells. The blank, NC, and miR-29b inhibitor + si-
ETV4 groups exhibited the ability of cells to form a circu-
lar structure after culture, even though the tube-shaped 
VM was not completely formed. In the miR-29b mimic 
and siRNA-ETV4 groups, cell proliferation, migration, 
and deformability were significantly attenuated, and less 
VM was formed. We also discovered a significant tubular 
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VM formation in the miR-29b inhibitor group (Fig. 9a, b). 
When compared with the blank (11.67 ± 1.53) and NC 
(10.67 ± 1.53) groups, VM density was significantly lower 
in the miR-29b mimic (7.00 ± 1.00) and siRNA-ETV4 
(6.33 ± 0.58) groups. Furthermore, the VM density in the 
miR-29b inhibitor group (16.00 ± 1.00) was significantly 
increased, whereas no significant changes were observed 
in the miR-29b inhibitor + si-ETV4 group (12.33 ± 1.15). 
Compared with the DMSO group (12.00 ± 1.00), the 
U0126 group showed reduced VM density (7.33 ± 0.58). 
These above-reported findings suggested that up-regu-
lated miR-29b expression suppressed the VM formation 
of CRC cells.

Up‑regulated miR‑29b impedes CRC cell migration 
and invasion through down‑regulation of ETV4
To study the effect of miR-29b on cell migration of 
CRC, we conducted a scratch test. As depicted in 
Fig.  10a, there was no significant difference in the 

migration distance between the blank and NC groups. 
Compared with the blank and NC groups, the migra-
tion distance was notably shorter both in the miR-29b 
mimic and siRNA-ETV4 groups, respectively, however, 
it was significantly increased in the miR-29b inhibi-
tor group. There was no significant difference in cell 
migration between the miR-29b inhibitor + siRNA-
ETV4 group and the NC group. However, in rela-
tion to the DMSO group, the migration distance was 
lower in the U0126 group. Additionally, Transwell 
assay results exhibited no significant difference in cell 
invasion between the blank and NC groups (Fig. 10b). 
Compared with the blank and NC groups, cell inva-
sion was markedly decreased in the miR-29b mimic and 
siRNA-ETV4 groups, but was greatly increased in the 
miR-29b inhibitor group, with no changes observed in 
the miR-29b inhibitor + siRNA-ETV4 group. In rela-
tion to the DMSO group, cell invasion was reduced in 
the U0126 group. These results strongly suggested that 
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up-regulated miR-29b inhibited the CRC cell migration 
and invasion by targeting the ETV4.

Up‑regulated miR‑29b expression arrests cells 
in the G0/G1 phase and promotes cell apoptosis 
through down‑regulation of ETV4
Finally, we evaluated the effect of miR-29b on the CRC 
cell cycle and apoptosis using flow cytometry, with 
PI staining to evaluate the cell cycle distribution. As 
illustrated in Fig.  11a, there was no significant differ-
ence regarding cell proportions in different phases in 
the blank, NC, and miR-29b inhibitor + siRNA-ETV4 
groups. However, we observed that increased number 
of cells was arrested at the G0/G1 phase but fewer cells 
were arrested at the S phase in the miR-29b mimic and 
siRNA-ETV4 groups. Moreover, there were fewer G0/G1 
phase-arrested cells and more S G2 phase-arrested cells 
in the miR-29b inhibitor group in comparison with the 
blank and NC groups (all p < 0.05). Compared with the 
DMSO group, the U0126 group showed more G0/G1 
phase-arrested cells and fewer S G2 phase-arrested cells.

Annexin V-FITC/PI double staining method was used 
to determine the apoptosis of CRC cells (Fig. 11b). How-
ever, there was no significant difference in apoptosis 
rate between the blank and NC groups. Compared with 
the blank and NC groups, miR-29b mimic and siRNA-
ETV4 groups manifested increased apoptosis rate, while 
the miR-29b inhibitor group showed reduced apoptosis 
rate. There was no notable difference in apoptosis rate 
between the miR-29b inhibitor + siRNA-ETV4 groups 
and the NC group. Compared with the DMSO group, 
there was an increased apoptosis rate in the U0126 group.

Moreover, we found that the promoted cell cycle 
progression but inhibited cell apoptosis caused 
by inhibition of miR-29b was counteracted by the 
siRNA-mediated silencing of ETV4. These results col-
lectively suggested that overexpression of miR-29b 

down-regulated expression of ETV4 to restrain cell cycle 
progression and to promote the CRC cell apoptosis.

ETV4 mediated activation of ERK signaling pathway 
via regulating EGFR expression
After ETV4 was silenced in HCT116 cells, expression of 
EGFR mRNA and protein was detected by RT-qPCR and 
Western blot. The results showed that, compared with 
the NC group, expression of EGFR mRNA and protein 
in the siRNA-ETV4 group was significantly decreased 
(Fig. 12a). Luciferase assay was used to detect luciferase 
activity in HEK293 and CRC HCT116 cells. The results 
(Fig.  12b) showed that luciferase activity of EGFR-WT 
decreased significantly after ETV4 interference. CHIP 
results showed that ETV4 protein could enrich the pro-
moter of EGFR in HCT116 cells (Fig. 12c). In conclusion, 
the results showed that the transcription factor ETV4 
could bind to the promoter region of EGFR to promote 
its transcription and positively regulate expression of 
EGFR. We speculated that ETV4 promoted EGFR tran-
scription to activate ERK signaling pathway.

Discussion
Recent studies have highlighted that the differential 
expression of miRNAs could activate and regulate sev-
eral signaling pathways, such as the activation of the ERK 
signaling pathway by miR-29b [37, 38]. Intriguingly, the 
results in the present study suggested that up-regulated 
miR-29b could potentially reduce expression of ETV4 
and EGFR transcription and block the activation of the 
ERK signaling pathway, thereby preventing EMT and 
angiogenesis of CRC (Fig. 13).

First, our RT-qPCR results showed poorer expression 
of miR-29b in CRC tissues than in adjacent normal tis-
sues. Similarly, the serum levels of miR-29b were lower 
in CRC patients than in control subjects. We also found 
that miR-29b expression was inversely correlated with 
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the degree of TNM staging, as previously reported [39]. 
Importantly, our investigation further determined that 
low expression of miR-29b was associated with LNM, 
poor differentiation grade, and advanced TNM stage in 
patients with CRC. This is consistent with the previous 
observations that miR-29b could inhibit tumor growth 
and metastasis in CRC by suppressing EMT [7]. Our 
study further verifies that miR-29b could suppress the 
angiogenesis and EMT in CRC. Moreover, our study 
highlighted miR-29b as a tumor-suppressive miRNA 
via its ability to suppress cell proliferation, migration, 
and invasion, while promoting cell apoptosis in CRC. 
Additionally, these findings were further verified at the 
molecular level by up-regulated E-cadherin and TSP-1 
levels, and reduced levels of MMP-2, MMP-9, Vimen-
tin, and VEGF. Nevertheless, MMP-2 and MMP-9 are 
MMPs, which are involved in the VEGF-mediated 
angiogenesis and MMP-mediated endoglin (a neo-
vascularization marker), and which have elsewhere 

been reported to promote the angiogenic features of 
endothelial cells in CRC [40]. Indeed, stromal Vimentin 
expression has the potential to be a promising indica-
tor for survival prediction and adjuvant chemotherapy 
response in high-risk stage II CRC patients [41]. A 
previous study has reported that miR-29b suppresses 
angiogenesis by targeting of MMP-2 and VEGFA [42], 
although restoration of miR-29b could inhibit the 
metastasis and reverse the EMT in bladder cancer [43]. 
However, ectopic expression of miR-29b has been indi-
cated to induce this reversal of EMT and aid in tube 
formation in  vitro by CRC cell lines, i.e., SW480 [44]. 
Moreover, miR-29b has been illustrated to impede CRC 
cell proliferation but facilitate cell apoptosis [8]. Hence, 
these above-described findings are in some respects 
consistent with our data. Thus, we are confident in pro-
posing that miR-29b could inhibit CRC development 
and progression by inhibiting cell growth, metastasis, 
and angiogenesis, as well as promoting cell apoptosis.
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consequently disrupted activation of the ERK signaling pathway, thus suppressing EMT and angiogenesis in CRC​
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ETV4 protein is documented to be significantly up-
regulated in CRC patients as well as in CRC cell lines 
[12], which we recapitulated in the present immuno-
histochemistry, RT-qPCR, and Western blot analy-
sis. Generally speaking, miRNAs can regulate gene 
expression post-transcriptionally by interacting with 
the 3’UTR of specific target mRNAs [45]. Emerging 
evidence demonstrates that miRNAs play an impor-
tant role in regulating cancer cell growth, invasion, 
and metastasis by inhibiting expression of their tar-
gets [46]. Our present study ascertained that ETV4 was 
a target gene of miR-29b, such that elevated miR-29b 
could down-regulate ETV4 expression, which might 
be the potential mechanism responsible for the anti-
oncogenic role of miR-29b. ETS genes may also serve 
as potential markers of cancer invasiveness and metas-
tasis. ETV4, which is a member of ETS family, is ele-
vated in CRC, and to an especially great extent in the 
event of lymph node involvement [47]. Other research 
implicates ETV4 expression in lymphatic and venous 
invasion, LNM and distant metastasis, advanced patho-
logical TNM stage and even tumor relapse [48], which 
was in consistent with our findings that high expression 
of ETV4 was associated with LNM, poor differentiation 
grade and advanced TNM stage in patients with CRC. 
ETS1, another ETS member, affects disease in patients 
with non-small-cell lung cancer via up-regulation of 
miR-29b expression in the immune-evasion subtype 
[9]. Additionally, ETV4 can act as an oncogenic protein 
to promote the development and progression of CRC 
[49], as seen in other research revealing that ETV4 is 
associated with overexpressed MMPs in CRC [50]. Pre-
vious work shows that siRNA-mediated knockdown of 
ETV4 results in reduced colon cancer cell proliferation 
and invasion [51]. Similarly, in our study, CRC cells 
transfected with siRNA-ETV4 exhibited diminished 
cell viability, migration and invasion abilities, as well 
as inhibited EMT and angiogenesis. Our rescue experi-
ments further demonstrated that the promotion of 
cancer progression induced by miR-29b inhibitor was 
neutralized by siRNA-ETV4, suggesting that inhibition 
of ETV4 conferred the suppressive role of miR-29b in 
CRC progression.

Other research documents that siRNA-mediated 
knockdown of ETV4 results in reduced cancer cell 
proliferation and invasion [51]. Consistently, our study 
indicated that CRC cells transfected with siRNA-
ETV4 exhibited diminished cell viability, migration, 
and invasion abilities as well as inhibited the EMT and 
angiogenesis. Our present rescue experiments further 
confirmed that siRNA-ETV4 neutralized the promotion 
of cancer progression induced by miR-29b inhibitor, 

suggesting that inhibition of ETV4 conferred a suppres-
sive role of miR-29b in CRC progression.

Furthermore, our results exhibited that miR-29b could 
suppress the activation of the ERK signaling pathway 
via ETV4 and EGFR down-regulation in CRC, consist-
ent with earlier findings showing that the ERK signal-
ing pathway can repress tumor angiogenesis and tumor 
growth [52] and attributing inactivation of the ERK sign-
aling pathway to ETV4 gene silencing [35]. Moreover, 
based on other previous literature reports [53, 54], EGFR 
is located upstream of the ERK signaling pathway, which 
activates ERK signaling pathway in tumor to promote 
tumor development. Yuan et al.. have reported that miR-
29b suppressed CRC cell growth and invasion by inhibit-
ing insulin-like growth factor 1 (IGF1), an activator of the 
phosphatidylinositol 3-kinase/protein kinase B (PI3K/
Akt) signaling pathway [55]. However, the authors of that 
study proposed a positive feedback loop between IRF1 
and miR-29b, which we did not test in the present study. 
Taken together, our results showed that increased expres-
sion of miR-29b resulted in down-regulation of ETV4, 
which led to the suppression of EMT and angiogenesis in 
CRC cells via blocking the ERK signaling pathway.

Conclusions
In summary, we demonstrated that overexpression of 
miR-29b could suppress the EMT and angiogenesis in 
CRC via disrupting the ETV4-dependent activation of 
the ERK signaling pathway (Fig. 13). These findings may 
provide further insights into the clinical application of 
miRNA-targeted therapies for CRC. Although the com-
plex factors and signaling pathways involving EMT and 
angiogenesis remain poorly understood, however, we 
give some new insight into the specific molecular mecha-
nisms mediating the anti-tumor effect of miR-29b-tar-
geted inhibition of ETV4 in CRC.
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