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Abstract. Aberrant expression of numerous microRNAs 
(miRNAs/miRs) in colorectal cancer (CRC) significantly 
affects disease progression. Recently, miR‑629‑5p (miR‑629) 
was identified as a tumor‑promoting miRNA in the malignant 
processes of a number of human cancers. However, few studies 
have been conducted regarding expression profiles and detailed 
roles of miR‑629 in CRC. In the present study, reverse tran-
scription‑quantitative polymerase chain reaction was used to 
assess miR‑629 expression in CRC tissues and cell lines. Cell 
Counting Kit‑8 assay, flow cytometry and Transwell assays 
were performed to determine the in vitro effects of miR‑629 on 
CRC cell proliferation, apoptosis, and metastasis, respectively. 
Xenograft models were employed to determine the in vivo 
effects of miR‑629 on tumor growth in nude mice. Molecular 
mechanisms underlying the activity of miR‑629 in CRC cells 
were explored. miR‑629 expression decreased in CRC tissues 
and cell lines. The decreased aberrant miR‑629 expression was 
significantly associated with tumor size, lymphatic metastasis 
and tumor‑node‑metastasis stage of CRC, and was a predictor of 
poor prognosis. Restoring miR‑629 expression attenuated CRC 
cell proliferation, migration and invasion; promoted cell apop-
tosis in vitro; and inhibited tumor growth in vivo. Low‑density 
lipoprotein receptor‑related protein 6 (LRP6) was a direct target 
gene of miR‑629 in CRC cells. Furthermore, the effect of LRP6 
knockdown was similar to that of miR‑629 overexpression in 
CRC cells. Restoration of LRP6 expression neutralized the 
effects of miR‑629 in CRC cells. miR‑629 suppressed the acti-
vation of the Wnt/β‑catenin pathway through LRP6 regulation 
both in vitro and in vivo. In conclusion, miR‑629 suppressed 
the development and progression of CRC by directly targeting 
LRP6 and inhibiting the Wnt/β‑catenin pathway both in vitro 
and in vivo. Therefore, miR‑629 may be a novel prognostic 
biomarker and therapeutic target in CRC.

Introduction

Colorectal cancer (CRC) is the third‑most common 
human malignancy and the fourth‑most common cause of 
cancer‑related death worldwide (1). A total of ~1.2 million new 
cases of CRC and 600,000 fatalities due to CRC have been 
estimated to occur annually throughout the world (2). Early 
diagnosis of CRC is challenging owing to the lack of effective 
diagnostic approaches; therefore, the majority of CRC cases 
are diagnosed at advanced stages (3). Although the current 
multimodal treatments for CRC have advanced rapidly (4), their 
therapeutic effects have been unsatisfactory and long‑term 
survival remains poor (5). Multiple risk factors, such as poor 
dietary habits, obesity, alcohol consumption and smoking, are 
implicated in the pathogenesis of CRC (6); however, detailed 
mechanisms underlying the genesis and development of CRC 
remain to be elucidated. Therefore, uncovering the molecular 
bases of crucial tumorigenic events is imperative to identify 
effective targets for the diagnosis and treatment of CRC.

In recent years, numerous studies have demonstrated 
that microRNAs (miRNAs/miRs) contribute to the genesis 
and development of tumors  (7‑9). miRNAs are a group of 
single‑stranded, noncoding RNAs ranging from 19 to 23 
nucleotides in length (10). miRNAs play important roles in 
the regulation of gene expression via direct interactions with 
the 3' untranslated (UTRs) regions of their target genes (11). 
Imperfect base pairing with specific sequences promotes 
mRNA degradation and/or translational suppression  (12). 
Over 1,500 mature miRNAs have been identified in the human 
genome, which are speculated to regulate ~30% of the human 
protein‑coding genes (13). Studies exploring miRNA expres-
sion profiles in CRC have indicated that a number of miRNAs 
are aberrantly expressed and that this aberrant expression 
is closely associated with the development and progression 
of CRC  (14‑16). Therefore, miRNAs might be potential 
biomarkers for the diagnosis, prognosis and therapy of CRC.

Recent studies have indicated that miR‑629‑5p (miR‑629) 
plays important roles in the malignant processes of a number 
of human cancers, such as breast cancer (17), hepatocellular 
carcinoma (18), nasopharyngeal carcinoma (19) and cervical 
cancer (20). However, few studies have examined expression 
profiles and specific roles of miR‑629 in CRC. The present 
study assessed miR‑629 expression in CRC and investigated 
its effects on the aggressive behavior of CRC cells in vitro 
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and in vivo. Furthermore, the molecular mechanisms under-
lying the activity of miR‑629 in CRC were comprehensively 
explored.

Materials and methods

Patients and tumor specimens. Human CRC tissues and 
paired adjacent normal colorectal tissues were obtained from 
51 patients (17 males and 34 females; age range, 47‑71 years; 
mean age, 58 years) with CRC who presented to the Department 
of Colorectal and Anal Surgery in The First Hospital of Jilin 
University (Changchun, China) between January 2012 and 
March 2018. Patients who were treated with preoperative 
radiotherapy or chemotherapy were excluded from the study. 
After tissue excision, all specimens were quickly frozen in 
liquid nitrogen and stored at ‑80˚C. The study was approved by 
the Ethics Committee of The First Hospital of Jilin University 
and all patients provided written informed consent.

Cell lines. A total of four human CRC cell lines, namely HT29, 
HCT116, SW480 and SW620, as well as a normal human colon 
epithelium cell line (FHC) were purchased from the American 
Type Culture Collection. Dulbecco's modified Eagle's medium 
(DMEM; Gibco; Thermo Fisher Scientific Inc.) supplemented 
with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher 
Scientific Inc.), 100 U/ml penicillin and 100 mg/ml strepto-
mycin (Gibco; Thermo Fisher Scientific Inc.) were used for 
cell culture. The cultures were incubated at 37˚C in a humidi-
fied incubator at 5% CO2.

Transfection experiment. The agomir‑629 and agomir‑nega-
tive control (NC) were purchased from Shanghai GenePharma 
Co., Ltd. The agomir‑629 sequence was 5'‑UGG​GUU​UAC​
GUU​GGG​AGA​ACU‑3' and the agomir‑NC sequence was 
5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3'. The low‑density 
lipoprotein receptor‑related protein 6 (LRP6) small inter-
fering (si)RNA that silences endogenous LRP6 expression 
and the NC siRNA were synthesized by and purchased from 
Guangzhou RiboBio Co. Ltd. The LRP6 siRNA sequence was 
5'‑CCA​CAA​AUC​CAU​GUG​GAA​UTT‑3' and the NC siRNA 
sequence was 5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3'. The 
LRP6 overexpression plasmid pcDNA3.1‑LRP6 and the 
empty pcDNA3.1 plasmid were obtained from Wanleibio 
Co., Ltd. Cells in the logarithmic phase were harvested 
and resuspended in culture medium. Cell suspension (2 ml) 
containing 6x105 cells was inoculated into each well of the 
6‑well plates. After overnight incubation, cells were trans-
fected with agomir‑629 (50 nM), agomir‑NC (50 nM), LRP6 
siRNA (100 pmol), NC siRNA (100 pmol), pcDNA3.1‑LRP6 
(4  µg), or pcDNA3.1 (4  µg) using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). Reverse tran-
scription‑quantitative polymerase chain reaction (RT‑qPCR), 
flow cytometry and Transwell assay were performed 48 h 
post‑transfection. Cell Counting Kit‑8 assay and animal 
studies were conducted 24 h post‑transfection.

RT‑qPCR. Total RNA was isolated from the tissue samples 
and cells using the TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.). To determine miR‑629 expression, 
single‑stranded complementary DNA was synthesized from 

total RNA using the miScript Reverse Transcription kit (Qiagen 
GmbH). The temperature protocol for RT was as follows: 37˚C 
for 60 min, 95˚C for 5 min and storage at 4˚C. Thereafter, 
qPCR was performed using the miScript SYBR‑Green PCR 
kit (Qiagen GmbH) on ABI 7900 Real‑Time PCR System 
(Applied Biosystems; Thermo Fisher Scientific Inc.). For LRP6 
mRNA quantification, cDNA was synthesized was using the 
PrimeScript RT‑Reagent kit (Takara Bio, Inc.) and subjected 
to qPCR using the SYBR Premix Ex Taq™ kit (Takara Bio, 
Inc.). The temperature protocol for qPCR was as follows: 
5 min at 95˚C, followed by 40 cycles of 95˚C for 30 sec and 
65˚C for 45 sec, and a final extension step at 72˚C for 35 sec. 
Relative miR‑629 and LRP6 expression were analyzed using 
the 2‑ΔΔCq method (21) and normalized to U6 small nuclear 
RNA and GAPDH expression.

Sequences of designed primers were as follows: miR‑629, 
5'‑CGT​GGG​TTT​ACG​TTG​GG‑3' (forward) and 5'‑CTC​
GCT​TCG​GCA​GCA​CA‑3' (reverse); U6, 5'‑CTC​GCT​TCG​
GCA​GCA​CA‑3' (forward) and 5'‑AAC​GCT​TCA​CGA​ATT​
TGC​GT‑3' (reverse); LRP6, 5'‑ACG​ATT​GTA​GTT​GGA​GGC​
TTG‑3' (forward) and 5‑ATG​GCTT​CTT​CGC​TGA​CAT​CA‑3' 
(reverse); and GAPDH, 5'‑GGA​GTC​AAC​GGA​TTT​GGT‑3' 
(forward) and 5'‑GTG​ATGG​GAT​TTC​CAT​TGA​T‑3' (reverse).

Cell Counting Kit‑8 assay. Transfected cells were collected 
and suspended in culture medium. Cell suspension (100 µl) 
containing 3x103 cells was seeded into 96‑well plates. Cellular 
proliferation was detected after incubation for 0, 24, 48 and 72 h. 
Briefly, 20 µl Cell Counting Kit (CCK)‑8 solution (Beyotime 
Institute of Biotechnology) was added to each well prior to 
being incubated at 37˚C for another 2 h. Following incubation, 
absorbance was detected at a wavelength of 450 nm using the 
iMark microplate absorbance reader (Bio‑Rad Laboratories, 
Inc.).

Flow cytometry. Transfected cells (1.0x106/well) in 6‑well 
plates were collected after 48 h of incubation and the rate 
of apoptosis was measured using the Annexin V‑fluorescein 
isothiocyanate (FITC) apoptosis detection kit (Biolegend, 
Inc.). Briefly, cells were washed with ice‑cold phosphate‑buff-
ered solution (Gibco; Thermo Fisher Scientific Inc.) and 
resuspended in 100 µl binding buffer. Thereafter, cells were 
double‑labeled with 5 µl Annexin V‑FITC and 5 µl propidium 
iodide by incubating at room temperature for 30 min in the dark 
prior to quantification using a flow cytometer (FACScan™; 
BD Biosciences; Becton, Dickinson and Company). Data 
was analyzed with CellQuest™ software version 5.1 (BD 
Biosciences; Becton, Dickinson and Company).

Transwell assay. Transwell chambers (BD Biosciences; 
Becton, Dickinson and Company) precoated with Matrigel (BD 
Biosciences; Becton, Dickinson and Company) were employed 
to determine the invasive ability of cells. The migratory 
capacity of cells was determined using non‑Matrigel‑coated 
Transwell chambers. Transfected cells were collected at 48 h 
post‑transfection and resuspended in FBS‑free DMEM. A 
cell suspension (200 µl) containing 1x105 cells was inoculated 
in the upper compartment and 500 µl DMEM medium with 
20% FBS was seeded in the lower compartment. After 24 h 
of incubation at 37˚C, the non‑migrated and non‑invaded 
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cells were removed with a cotton swab. Cells on the lower 
chamber membrane were fixed with 70% ethanol at room 
temperature for 30 min and stained with 0.5% crystal violet 
at room temperature for 30 min. Their migratory and invasive 
abilities were quantified by counting the number of migrated 
and invaded cells in five randomly selected visual fields per 
chamber under an Olympus BX50 light microscope (magnifi-
cation, x200; Olympus Corporation).

Xenograft model in nude mice. A total of eight female 
4‑week‑old BALB/c nude mice (20 g) were purchased from the 
Animal Center of Southern Medical University. The animals 
were maintained under specific pathogen‑free conditions 
(25˚C; 50% humidity; 10‑h light/14‑h dark cycle) and access 
to food/water ad libitum. For the tumorigenesis assays, 1x107 
HCT116 cells transfected with agomir‑629 or agomir‑NC were 
subcutaneously injected into the flanks of each mice (n=4, 
each group). The tumor xenograft size was measured using 
a Vernier caliper and tumor volume was calculated using the 
following formula: 1/2x (tumor length x tumor width2). All 
animals were euthanized at 4 weeks after inoculation. Tumor 
xenografts were excised, weighed and stored for further use. 
During the assay, the nude mice were subjected to euthanasia 
when the tumor size reached 2  cm. The maximum tumor 
diameter and volume observed during the xenograft study was 
1.3 cm and 2,460 mm3, respectively. All protocols involving 
animals were approved by the Ethics Committee of The First 
Hospital of Jilin University (201706‑12).

Bioinformatics target prediction. A total of three miRNA 
target prediction tools, including miRDB (http://www.mirdb.
org/), Target Scan (http://www.targetscan.org/) and miRanda 
(http://www.microrna.org), were used for predicting miR‑629 
targets.

Luciferase reporter assay. The wild‑type (wt) LRP6 3'‑UTR 
sequence carrying the miR‑629‑binding site and the mutant 
(mut) LRP6 3'‑UTR were amplified by Shanghai GenePharma 
Co., Ltd. The 3'‑UTR wt and mut fragments were then inserted 
into the pMIR‑REPORT vector (Promega Corporation) to 
obtain pMIR‑LRP6‑3'‑UTR wt and pMIR‑LRP6‑3'‑UTR mut, 
respectively. For the reporter assay, cells were plated onto 
24‑well plates and incubated overnight prior to transfection. 
The recombinant luciferase reporter plasmids (0.8 µg) were 
co‑transfected with agomir‑629 (20  pmol) or agomir‑NC 
(20 pmol) into cells using Lipofectamine® 2000. After 48 h 
of culture, the transfected cells were harvested and luciferase 
activity was measured using a dual‑luciferase reporter assay 
system (Promega Corporation). Luciferase activity was 
normalized to firefly luciferase activity.

Western blotting. The tissue specimens, cultured cells and 
tumor xenografts were lysed in radioimmunoprecipitation 
assay buffer (Sigma‑Aldrich; Merck KGaA). The bicin-
choninic acid assay (Beyotime Institute of Biotechnology) 
was used to quantify total protein concentration. Equal 
amounts of protein (30 µg) were loaded, electrotransferred 
to polyvinylidene fluoride membranes (Beyotime Institute 
of Biotechnology) and blocked with 5% fat‑free milk 
diluted in TBS containing 0.05% Tween‑20 (TBST). Then, 

the membranes were incubated overnight at 4˚C with the 
following primary antibodies: Mouse anti‑human mono-
clonal LRP6 antibody (cat. no.  sc‑25317; 1:1,000; Santa 
Cruz Biotechnology, Inc.), mouse anti‑human monoclonal 
β‑catenin antibody (cat. no. sc‑59737; 1:1,000; Santa Cruz 
Biotechnology, Inc.), mouse anti‑human monoclonal phos-
phorylated (p)‑β‑catenin (Tyr 86 phosphorylated) antibody 
(cat. no.  sc‑57534; 1:1,000; Santa Cruz Biotechnology, 
Inc.), rabbit anti‑human monoclonal cyclin D1 antibody 
(cat. no. ab134175; 1:1,000; Abcam) and rabbit anti‑human 
GAPDH antibody (cat. no.  ab128915; 1:1,000; Abcam). 
GAPDH was used as a loading control. After washing with 
TBST three times, the membranes were incubated with 
goat anti‑rabbit (cat. no. ab97051; 1:5,000; Abcam) or goat 
anti‑mouse (cat. no. ab6789; 1:5,000; Abcam) horseradish 
peroxidase‑conjugated IgG secondary antibodies. Finally, 
protein signals were visualized using Pierce™ ECL Western 
Blotting Substrate (Pierce; Thermo Fisher Scientific, Inc.). 
Quantity One software version 4.62 (Bio‑Rad Laboratories, 
Inc.) was used to analyze protein signals.

Statistical analysis. All results are presented as the 
mean and standard deviation from at least three indepen-
dent experiments, and were analyzed using SPSS software 
(version 17; SPSS, Inc., Chicago, IL, USA). The association 
between miR‑629 and clinicopathological characteristics of 
patients with CRC was examined using a chi‑squared test. 
Kaplan‑Meier survival curves were plotted to explore the 
prognostic value of miR‑629. Differences between two groups 
were analyzed using a Student's t‑test. One‑way analysis of 
variance, followed by Bonferroni's post hoc test, was used to 
compare differences between multiple groups. Correlation 
between miR‑629 and LRP6 expression in CRC tissues was 
investigated using Pearson's correlation analysis. P<0.05 was 
considered to indicate a statistically significant difference.

Results

miR‑629 expression decreases in CRC. Whether miR‑629 was 
aberrantly expressed in 51 CRC tissues and paired adjacent 
normal colorectal tissues was examined using RT‑qPCR. miR‑629 
expression in CRC tissues was significantly downregulated 
compared with in adjacent normal colorectal tissues (P<0.05; 
Fig. 1A). miR‑629 expression in all four tested CRC cell lines, 
including HT29, HCT116, SW480 and SW620, was significantly 
decreased compared with the FHC line (P<0.05; Fig. 1B).

To explore the prognostic significance of miR‑629 in 
patients with CRC, all patients were divided into miR‑629 
high expression (n=25) or miR‑629 low expression (n=26) 
using the median value of miR‑629 expression in CRC 
tissues as a cutoff. Decreased miR‑629 expression was 
significantly associated with tumor size (P=0.012), lymphatic 
metastasis (P=0.009) and tumor‑node‑metastasis (TNM) 
stage (P=0.040); however, there was no clear association with 
sex, age, or tumor location (Table I). In addition, patients in 
the low miR‑629 expression group showed poorer overall 
survival compared with those in the high miR‑629 expres-
sion group (P=0.0339; Fig. 1C). These results demonstrated 
that miR‑629 downregulation may be closely associated with 
poor prognosis in patients with CRC.
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miR‑629 inhibits CRC cell proliferation and metastasis 
and increases cell apoptosis in vitro. Of the four CRC cell 
lines tested, miR‑629 expression was low in the HCT116 and 
SW620 cell lines; thus, these two cell lines were selected 
for the following experiments. To investigate the specific 
roles of miR‑629 in the development of CRC, agomir‑629 or 
agomir‑NC was transfected into HCT116 and SW620 cells 
and miR‑629 significant overexpression was confirmed via 
RT‑qPCR (P<0.05; Fig.  2A). Exogenous miR‑629 expres-
sion significantly suppressed proliferation (P<0.05; Fig. 2B) 
and significantly induced apoptosis (P<0.05; Fig. 2C) in the 
HCT116 and SW620 cell lines, as was evident from the CCK‑8 

assay and flow cytometry. Furthermore, a Transwell assay was 
used to determine the migratory and invasive capacities of 
HCT116 and SW620 cells upon miR‑629 overexpression. The 
migration (P<0.05; Fig. 2D) and invasion (P<0.05; Fig. 2E) 
of HCT116 and SW620 cells was significantly suppressed 
after transfection with agomir‑629 compared to that after 
transfection with agomir‑NC. These results strongly suggest 
that miR‑629 exerts suppressive effects on CRC growth and 
metastasis in vitro.

LRP6 is a direct target of miR‑629 in CRC. To clarify the 
molecular mechanism through which miR‑629 exerts its 

Table I. Association between miR‑629 expression and clinicopathological features in patients with CRC.

Clinicopathological	 miR‑629 low expression	 miR‑629 high expression
features	 group (n=26)	 group (n=25)	 P‑value

Sex			   0.237
  Male	 11	   6	
  Female	 15	 19	
Age, years			   0.267
  <60	 16	 11	
  ≥60	 10	 14	
Tumor location			   0.565
  Rectum	   8	 10	
  Colon	 18	 15	
Tumor size, cm			   0.012a

  <5	   9	 18	
  ≥5	 17	   7	
Lymphatic metastasis			   0.009a

  Absence	 11	 20	
  Presence	 15	   5	
TNM stage			   0.040a

  I‑II	 13	 20	
  III‑IV	 13	   5	

aP<0.05 vs. miR‑629 high expression group. TNM, tumor‑node‑metastasis; miR, microRNA.

Figure 1. miR‑629 is downregulated in CRC tissues and cell lines. (A) Relative miR‑629 expression in 51 CRC tissues and paired adjacent normal colorectal 
tissues was determined using RT‑qPCR. *P<0.05 vs. normal colorectal tissues. (B) RT‑qPCR was performed to examine miR‑629 expression in four CRC cell 
lines (HT29, HCT116, SW480 and SW620) and a normal human colon epithelium cell line (FHC). *P<0.05 vs. FHC. (C) Kaplan‑Meier analysis was performed 
to determine the overall survival of CRC patients with low or high miR‑629 expression. *P<0.05 vs. high miR‑629 expression. NC, negative control; miR, 
microRNA; CRC, colorectal cancer; RT‑q, reverse transcription‑quantitative.
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tumor‑suppressing role in CRC, bioinformatics analysis was 
performed to determine the putative target of miR‑629. A 
total of three miRNA target prediction tools identified a 
potential binding site of miR‑629 in the 3'‑UTR of the LRP6 
gene (Fig. 3A). To confirm this prediction, RT‑qPCR was 
performed to measure LRP6 expression in CRC tissues and 
paired adjacent normal colorectal tissues. LRP6 expression in 
CRC tissues was significantly upregulated compared with that 

in adjacent normal colorectal tissues (P<0.05; Fig. 3B). LRP6 
mRNA level was inversely correlated with miR‑629 level in 
CRC tissues (P<0.0001; Fig. 3C; R2=0.3873). Furthermore, 
mRNA (P<0.05; Fig. 3D) and protein (P<0.05; Fig. 3E) expres-
sion levels of LRP6 in the miR‑629 high expression group 
were decreased compared with in the miR‑629 low expression 
group. Moreover, RT‑qPCR and western blotting revealed that 
ectopic miR‑629 expression significantly decreased LRP6 

Figure 2. Exogenous miR‑629 expression suppresses the growth and metastasis of HCT116 and SW620 cells in vitro. (A) HCT116 and SW620 cells were 
transfected with agomir‑629 or agomir‑NC and reverse transcription‑quantitative PCR was used to measure miR‑629 expression. *P<0.05 vs. agomir‑NC. Cell 
Counting Kit‑8 assay and flow cytometry were applied to detect (B) proliferation and (C) apoptosis of HCT116 and SW620 cells upon miR‑629 overexpression. 
*P<0.05 vs. agomir‑NC. The (D) migratory and (E) invasive capacities of HCT116 and SW620 cells after agomir‑629 or agomir‑NC transfection were evaluated 
using Transwell assay (magnification, x200). *P<0.05 vs. agomir‑NC. NC, negative control; miR, microRNA.
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expression in HCT116 and SW620 cells at the mRNA (P<0.05; 
Fig. 3F) and protein (P<0.05; Fig. 3G) levels. These results 
indicated that miR‑629 negatively regulated LRP6 expression 
in both CRC tissues and cell lines.

Additionally, a luciferase reporter assay was performed 
to ascertain whether LRP6 was modulated by miR‑629 
in CRC via direct binding to its 3'‑UTR region. miR‑629 
upregulation significantly decreased the luciferase activity of 
the reporter plasmid harboring the wt miR‑629 binding site 
(P<0.05; Fig. 3H); however, mutations in the miR‑629‑binding 
sequences in the 3'‑UTR of LRP6 reversed the suppressive 
effects of miR‑629 overexpression in HCT116 and SW620 
cells. Overall, these results suggest that LRP6 is a direct target 
gene of miR‑629 in CRC cells.

LRP6 silencing mimics the tumor‑suppressing roles of 
miR‑629 in CRC cells. Since LRP6 was demonstrated to be a 
direct target gene of miR‑629 in CRC cells, whether miR‑629 
inhibited CRC progression via LRP6 regulation was further 
explored. A gene‑specific siRNA was employed to silence 

endogenous LRP6 expression in HCT116 and SW620 cells, 
and the transfection efficiency was confirmed by western 
blotting (P<0.05; Fig. 4A). Following LRP6 knockdown, cell 
proliferation was significantly inhibited (P<0.05; Fig. 4B) and 
cell apoptosis was significantly promoted (P<0.05; Fig. 4C) in 
both HCT116 and SW620 cells. Then, a Transwell assay was 
performed to determine effects of LRP6 knockdown in the 
regulation of CRC cell metastasis. LRP6 knockdown signifi-
cantly attenuated the migration (P<0.05; Fig. 4D) and invasion 
(P<0.05; Fig. 4E) of HCT116 and SW620 cells. These results 
indicated that LRP6 knockdown conferred effects similar to 
miR‑629 overexpression in CRC cells, suggesting that LRP6 
is a functional target of miR‑629 in CRC cells.

LRP6 restoration abrogates the inhibitory effects of miR‑629 
upregulation in CRC cells. Rescue experiments performed 
to confirm whether LRP6 downregulation was essential 
for the tumor‑suppressive roles of miR‑629 in CRC cells. 
First, RT‑qPCR was performed to detect LRP6 mRNA 
expression in HCT116 and SW620 cells following LRP6 

Figure 3. LRP6 is a direct target of miR‑629 in CRC cells. (A) The wt and mut binding sites of miR‑629 in the 3'‑UTR of LRP6. (B) Total RNA from CRC 
tissues and paired adjacent normal colorectal tissues was extracted and subjected to RT‑qPCR for the determination of miR‑629 expression. *P<0.05 vs. 
normal colorectal tissues. (C) Pearson's correlation analysis was used to analyze the correlation between miR‑629 and LRP6 mRNA expression in CRC 
tissues (R2=0.3873; P<0.0001). The (D) mRNA and (E) protein levels of LRP6 in the miR‑629 high expression group were decreased compared with in the 
miR‑629 low expression group. *P<0.05 vs. miR‑629 low expression group. (F) RT‑qPCR and (G) western blotting were employed to measure LRP6 mRNA 
and protein expression in HCT116 and SW620 cells overexpressing miR‑629, respectively. *P<0.05 vs. agomir‑NC. (H) Luciferase activities in HCT116 and 
SW620 cells were measured following co‑transfection with agomir‑629 or agomir‑NC and pMIR‑LRP6‑3'‑UTR wt or pMIR‑LRP6‑3'‑UTR mut. *P<0.05 
vs. agomir‑NC. NC, negative control; miR, microRNA; UTR, untranslated region; RT‑q, reverse transcription‑quantitative; CRC, colorectal cancer; mut, 
mutant; wt, wild‑type.
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overexpression plasmid pcDNA3.1‑LRP6 or empty pcDNA3.1 
plasmid transfection. The empty pcDNA3.1 plasmid was 
used as a control for pcDNA3.1‑LRP6 transfection. After 
transfection, LRP6 mRNA expression was significantly 
upregulated in pcDNA3.1‑LRP6‑transfected HCT116 and 
SW620 cells (P<0.05; Fig. 5A). Afterwards, LRP6 protein 
expression in agomir‑629‑trasnfected HCT116 and SW620 
cells was significantly restored through co‑transfection with 
the pcDNA3.1‑LRP6 (P<0.05; Fig.  5B). Induced miR‑629 
overexpression significantly restricted proliferation (P<0.05; 

Fig. 5C and D), promoted apoptosis (P<0.05; Fig. 5E), and 
decreased migration (P<0.05; Fig. 5F) and invasion (P<0.05; 
Fig. 5G) of HCT116 and SW620 cells, whereas restoration of 
LRP6 expression abrogated all these effects. These results 
further confirmed that LRP6 downregulation was essential for 
tumor‑suppressing roles of miR‑629 in CRC cells.

miR‑629 inhibits the Wnt/β‑catenin signaling pathway in 
CRC cells. To further explore the mechanism underlying the 
anticancer roles of miR‑629 in CRC cells, whether miR‑629 

Figure 4. LRP6 knockdown rescues effects of miR‑629 overexpression in HCT116 and SW620 cells. (A) LRP6 siRNA or NC siRNA was transfected into 
HCT116 and SW620 cells. Transfected cells were harvested after 72 h of incubation and used for the detection of LRP6 protein expression using western blot-
ting. *P<0.05 vs. NC siRNA. The (B) proliferation, (C) apoptosis, (D) invasion and (E) migration of HCT116 and SW620 cells transfected with LRP6 siRNA or 
NC siRNA were investigated using Cell Counting Kit‑8 assay, flow cytometry and transwell assay (magnification, x200), respectively. *P<0.05 vs. NC siRNA. 
NC, negative control; miR, microRNA; si, small interfering.
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was involved in the regulation of the Wnt/β‑catenin signaling 
pathway, which is regulated by LRP6 was assessed (22‑24). 
Western blotting revealed that miR‑629 overexpression 
significantly downregulated the expression of p‑β‑catenin 
and cyclin D1 proteins in HCT116 and SW620 cells. However, 

this inhibitory effect was rescued in agomir‑629‑trans-
fected HCT116 and SW620 cells via co‑transfection with 
pcDNA3.1‑LRP6 (P<0.05; Fig. 6). These results demonstrate 
that miR‑629 inhibits the Wnt/β‑catenin pathway in CRC cells 
via LRP6 regulation.

Figure 5. Restoring LRP6 expression reverses inhibitory effects of miR‑629 overexpression in HCT116 and SW620 cells. (A) Expression level of LRP6 mRNA 
in HCT116 and SW620 cells transfected with pcDNA3.1‑LRP6 or pcDNA3.1 was determined via reverse transcription‑quantitative PCR analysis. *P<0.05 
vs. pcDNA3.1. (B) Agomir‑629 was co‑transfected with pcDNA3.1‑LRP6 or pcDNA3.1 into HCT116 and SW620 cells. LRP6 protein level was measured by 
western blotting after 72 h of incubation. *P<0.05 vs. agomir‑NC. #P<0.05 vs. agomir‑629+pcDNA3.1. (C) Cell Counting Kit‑8 assay and flow cytometry were 
used to determine the (D) proliferation and (E) apoptosis of HCT116 and SW620 cells treated as above. (F) The migration and (G) invasion in HCT116 and 
SW620 cells were assessed by transwell assay (magnification, x200). *P<0.05 vs. agomir‑NC. #P<0.05 vs. agomir‑629+pcDNA3.1. NC, negative control; miR, 
microRNA; LRP6, low‑density lipoprotein receptor‑related protein 6.
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miR‑629 plays an inhibitory role in CRC tumor growth in vivo. 
Effects of miR‑629 on CRC tumor growth in vivo were explored 
using a xenograft model in nude mice. Time‑dependent 
analysis indicated that the volume of tumor xenografts was 
significantly decreased in the agomir‑629 group compared 
with in the agomir‑NC group (P<0.05; Fig. 7A). Representative 
images of the tumor xenograft derived from agomir‑NC‑ or 
agomir‑629‑transfected HCT116 cells are shown in Fig. 7B. 
In addition, the tumor xenografts from the agomir‑629 group 
were lighter compared with in the agomir‑NC group (P<0.05; 
Fig. 7C). Total RNA of the tumor xenografts was isolated 
and subjected to RT‑qPCR for the measurement of miR‑629 
expression. miR‑629 was significantly overexpressed in 
the tumor xenografts derived from agomir‑629‑transfected 
HCT116 cells (P<0.05; Fig. 7D) and this miR‑629 upregulation 
inhibited CRC tumor growth in vivo. Furthermore, western 
blotting revealed that LRP6, p‑β‑catenin and cyclin D1 expres-

sion was notably downregulated in the tumor xenografts from 
the agomir‑629 group (Fig. 7E). These results suggest that 
miR‑629 inhibits CRC tumor growth in vivo via regulation of 
the LRP6/Wnt/β‑catenin pathway.

Discussion

Emerging evidence in the past decades has demonstrated 
aberrant expression of numerous miRNAs in CRC (16,25,26). 
Moreover, miRNA dysregulation has been shown to play 
a significant role in the oncogenicity of CRC by regulating 
all aspects of aggressive cell behavior, such as proliferation, 
division, apoptosis, metastasis and angiogenesis (15,27,28). 
Therefore, in‑depth exploration of cancer‑associated miRNAs 
in CRC may provide novel insights into the mechanism under-
lying CRC development and progression and may facilitate the 
identification of promising diagnostic and therapeutic targets 

Figure 6. miR‑629 upregulation inhibits the Wnt/β‑catenin pathway via directly targeting LRP6 in HCT116 and SW620 cells. Agomir‑629 was co‑transfected 
with pcDNA3.1‑LRP6 or pcDNA3.1 into HCT116 and SW620 cells. After 72 h of culture, western blotting was used to detect the expression levels of 
p‑β‑catenin, β‑catenin and cyclin D1 protein. *P<0.05 vs. agomir‑NC. #P<0.05 vs. agomir‑629+pcDNA3.1. NC, negative control; miR, microRNA; p, phos-
phorylated. RETRACTED
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in CRC. The present study attempted to determine the expres-
sion profile of miR‑629 and assessed its clinical value in CRC. 
The relevance of miR‑629 expression to CRC cell behaviors 
such as proliferation, apoptosis, migration and invasion in vitro 
as well as tumor growth in vivo was examined. Furthermore, 
the molecular mechanisms underlying the role of miR‑629 in 
CRC cells in vitro and in vivo were studied. To the best of our 
knowledge, this is the first study to highlight the link between 
miR‑629 and malignant processes in CRC.

miR‑629 expression is upregulated in breast cancer and 
high miR‑629 expression is closely related to decreased overall 
and disease‑free survival (17). miR‑629 has been identified 
as an independent risk factor for lung metastasis in patients 
with breast cancer (17). Moreover, miR‑629 is upregulated in 
multiple cancer types, including hepatocellular carcinoma (18), 
nasopharyngeal carcinoma (19), cervical cancer (20), ovarian 
cancer (29), clear cell renal cell carcinoma (30) and pancre-
atic cancer (31). However, the expression profile of miR‑629 
in CRC requires further investigation. In this study, the low 
expression of miR‑629 in CRC tissues and cell lines was first 
demonstrated. Decreased miR‑629 expression was associated 
with tumor size, lymphatic metastasis and TNM stage of 
CRC. Moreover, CRC patients with low miR‑629 expression 
exhibited decreased overall survival. These findings suggest 
that miR‑629 is can be a diagnostic and prognostic biomarker 
for CRC.

miR‑629 plays oncogenic roles in the genesis and progres-
sion of cancer. For instance, miR‑629 silencing inhibits breast 
cancer cell viability, reduces migratory ability in vitro and 
suppresses tumor growth in vivo (17). In contrast, miR‑629 
upregulation promotes cell proliferation, migration and 
invasion in nasopharyngeal carcinoma (19). Furthermore, 
miR‑629 knockdown suppresses the migratory and invasive 
capacities of clear cell renal cell carcinoma cells  (30). In 
addition, miR‑629 downregulation decreases cell prolifera-
tion, induces cell apoptosis and improves chemosensitivity 
to 1'S‑1'‑acetoxychavicol acetate in cervical cancer  (20). 
miR‑629 has also been identified as a tumor‑promoting 
miRNA in ovarian (29) and pancreatic cancers (31). However, 
to the best of our knowledge no studies have focused on 
detailed roles of miR‑629 in the oncogenicity of CRC 
in vitro and in vivo. In this study, a series of functional assays 
revealed that exogenous miR‑629 expression suppressed CRC 
cell proliferation, migration and invasion in vitro; promoted 
cell apoptosis in vitro; and suppressed tumor growth in vivo. 
These results suggest that miR‑629 can be a potential thera-
peutic target in CRC.

Multiple genes, including LIFR  (17), PDCD4  (19), 
RSU1 (20), TSPYL5 (29), RIM33 (30) and FOXO3 (31), have 
been validated as direct target genes of miR‑629. Detailed 
investigation of mechanisms underlying the action of 
miR‑629 in CRC may provide novel therapeutic approaches 

Figure 7. miR‑629 suppresses tumor growth in CRC in vivo. (A) The growth curve of tumor xenografts derived from agomir‑629‑ or agomir‑NC‑transfected 
HCT116 cells. *P<0.05 vs. agomir‑NC. (B) The representative images of the tumor xenografts obtained from the agomir‑629 group and the agomir‑NC group. 
(C) At the end of a 4‑week in vivo transplantation assay, tumor xenografts were extracted and weighed. *P<0.05 vs. agomir‑NC. (D) Total RNA of the tumor 
xenografts was extracted and used for the quantification of miR‑629 expression. *P<0.05 vs. agomir‑NC. (E) Expression levels of LRP6, p‑β‑catenin, β‑catenin 
and cyclin D1 protein in the tumor xenografts were measured using western blotting. CRC, colorectal cancer; NC, negative control; miR, microRNA; LRP6, 
low‑density lipoprotein receptor‑related protein 6.
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for patients with CRC. LRP6, a member of the Ras super-
family of Rho GTPases, was confirmed as a novel target of 
miR‑629 in CRC cells. LRP6 is upregulated in various human 
cancers, including breast cancer  (32), osteosarcoma  (24), 
oral squamous cell carcinoma (33), thyroid cancer (34) and 
hepatocellular carcinoma (35). Moreover, LRP6 activates the 
Wnt/β‑catenin pathway, promoting the genesis and develop-
ment of tumors (36,37). LRP6 is expressed at high levels in 
CRC (38) and is involved in the regulation of its malignant 
development in vitro and in vivo (23,39). In the present, it 
was demonstrated that miR‑629 directly targeted LRP6 and 
suppressed the Wnt/β‑catenin pathway, thereby controlling 
proliferation, apoptosis, migration, and invasion of CRC 
cells in vitro and tumor growth in vivo. As expected, resto-
ration of miR‑629 expression induced LRP6 silencing and 
Wnt/β‑catenin signaling inhibition, which may be a novel 
therapeutic approach to CRC.

Nonetheless, there is a limitation of this study. 
Transcriptional activity of catenin was not detected, which 
will be addressed in future investigations.

In conclusion, decreased miR‑629 expression and its 
inhibitory roles in the development of CRC was demonstrated. 
Notably, concrete evidence was provided that miR‑629 inhibits 
the oncogenicity of CRC by directly targeting LRP6 and 
thereby inhibiting the downstream Wnt/β‑catenin pathway. 
Finally, the results of the present study offer advanced under-
standing of the pathogenesis of CRC as well as shed light on 
novel prognostic indicators and therapeutic targets in CRC.
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