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Abstract. Research has shown that long noncoding RNAs 
(lncRNAs) play significant roles in colorectal cancer (CRC). 
However, the role of lnc‑UCID (lncRNA upregulating CDK6 
by interacting with DHX9) in CRC remains largely unknown. 
In the present study, analyses revealed that lnc‑UCID 
was markedly upregulated in CRC compared with that in 
normal specimens. Functional experiments showed that 
the depletion of lnc‑UCID inhibited CRC cell invasion and 
migration significantly, while overexpression of lnc‑UCID 
had the opposite effect. A candidate target of lnc‑UCID, 
microRNA miR‑152‑3p, was identified using bioinformatic 
analysis. Moreover, in CRC tissue, we noted an inverse 
correlation between miR‑152‑3p and lnc‑UCID expression 
levels. Overexpression and knockdown experiments revealed 
opposing roles for miR‑152‑3p and lnc‑UCID, suggesting 
that lnc‑UCID negatively regulates miR‑152‑3p. Luciferase 
reporter assays demonstrated that miR‑152‑3p directly 
targets lnc‑UCID. The results suggest that lnc‑UCID acts as 
an endogenous miRNA sponge, competing for miR‑152‑3p 
binding and thereby regulating the miRNA's targets. Overall, 
we propose that the lnc‑UCID/miR‑152‑3p/Wnt/β‑catenin 
signaling axis represents a novel mechanism that explains the 
migration and invasion of CRC.

Introduction

Colorectal cancer (CRC) affects more than 1.2 million indi-
viduals per year, making it the world's fourth most deadly 
cancer  (1‑3). While scientific and clinical advances have 
uncovered promising new treatment options, the five‑year 

survival rate for metastatic CRC is still low, at approximately 
14% (4). The potential mechanisms of CRC have been studied 
in depth, as evidenced by research in genetic modification, diet, 
environmental impact, and lifestyle (5). However, to develop 
more effective CRC therapeutic targets, a more detailed under-
standing of the molecular mechanisms of CRC is required.

In recent years, accumulating studies have provided 
evidence to support a close relationship between dysregula-
tion of long noncoding RNAs (lncRNAs) and carcinogenesis, 
tumor metastasis, and therapeutic drug resistance (6). lncRNAs 
are more than 200 bp long, single‑stranded and have no or 
low protein coding capacity. lncRNAs are critical regulators 
of various human biological processes, including cancer (7). 
Abnormal expression and dysfunction of lncRNAs have been 
identified as key factors in the control of the development and 
progression of many types of cancer, including CRC (8,9). The 
development of high‑throughput sequencing and the elucida-
tion of their key biological roles in CRC progression have 
increased research into lncRNAs as novel CRC biomarkers for 
therapy, prognosis prediction, and early diagnosis.

lncRNAs frequently act as either oncogenes or tumor 
suppressors in human cancer; they are key regulators of 
cancer development and progression and can also be used 
as diagnostic and prognostic markers  (10). MicroRNAs 
(miRNAs) are ~22 nucleotides in length and regulate the 
expression of target genes by base pairing with the 3'‑untrans-
lated region (UTR), 5'‑UTR, and/or complementary sites in 
the coding region (11,12). Research has shown that lncRNAs 
and miRNAs are implicated in various pathophysiological 
mechanisms. In particular, lncRNAs can bind miRNAs by 
acting as competing endogenous RNAs (ceRNAs), thereby 
regulating the levels of the targeted mRNAs by sponging 
miRNAs (13). In the present study, we analyzed lncRNA 
expression in CRC tissues and identified lncRNA UCID 
(lncRNA upregulating CDK6 by interacting with DHX9), 
which was previously noted as a potential oncogene in 
hepatocellular carcinoma (14). However, few studies on the 
relationship between lnc‑UCID and CRC have been reported 
to date. The results of the present study demonstrated that 
lnc‑UCID was markedly upregulated in CRC tumor tissues. 
lnc‑UCID was found to promote the migration and invasion 
of CRC cells. These results showed that lnc‑UCID may be 
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an oncogenic lncRNA in CRC. In addition, lnc‑UCID binds 
miR‑152‑3p directly, which negatively regulates the miRNA's 
functions. Thus, we believe that lnc‑UCID functions as 
a ‘molecular sponge’ for miR‑152‑3p, further regulating 
the expression levels of its downstream target mRNAs. 
In summary, lnc‑UCID may promote the occurrence and 
development of CRC by regulating CRC cell migration and 
invasion.

Materials and methods

Patients and CRC tissue samples. The Affiliated Hospital of 
Qingdao University provided 75 samples of CRC tissues from 
38 female and 37 male patients and their corresponding adja-
cent non‑tumor tissues (sampled at more than 5 cm from the 
tumor) from May 2018 to May 2019. For each subject, the path-
ological stage of the postsurgical specimen was determined 
using the 7th edition of the International Union for Cancer 
Control (UICC) CRC Tumor Lymph Node Transfer (TNM) 
staging system (15,16). Written consent of all patients and 
approval by the Hospital Ethics Review Board were obtained 
before use of the clinical materials. The specimens were stored 
in liquid nitrogen until use.

Cell lines and their culture conditions. The Institute of 
Biochemistry and Cell Biology of the Chinese Academy 
of Sciences (Shanghai, China) provided five human CRC 
cell lines (HCT‑116, DLD1, RKO, LoVo and SW480) and a 
normal colon cell line (CCD841). The cells were grown in 
Roswell Park Memorial Institute (RPMI)‑1640 medium 
with 10% fetal bovine serum (FBS) (Gibco; Thermo Fisher 
Scientific, Inc.), 100 U/ml penicillin, and 100 mg/ml strep-
tomycin (Gibco; Thermo Fisher Scientific, Inc.) at 37̊C in a 
5% CO2 atmosphere.

RNA extraction and quantitative real‑time reverse tran‑
scription polymerase chain reaction (qRT‑PCR). Total RNA 
was extracted from cells and tissues using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). RNA was 
converted into cDNA using reverse transcriptase according 
to the manufacturer's instructions (Takara). Quantitative 
real‑time PCR was used to determine the relative expression 
level of lnc‑UCID using a SYBR Green PCR Master Mix Kit 
(Takara). The qPCR was carried out on a Bio‑Rad Real‑Time 
PCR instrument (Bio‑Rad Laboratories, Inc.). The expression 
of the miRNA was determined using a SYBR PrimeScript™ 
miRNA RT PCR Kit (Takara). Table 1 shows the primer 
sequences used. The ΔΔCq method was used to analyze the 
data (17).

Bioinformatics analysis DIANA‑LncBase Predicted v.2 
(http://diana.imis.athena‑innovation.gr/DianaTools/index.php? 
r=lncBase/index) and TargetScan 7.2 (http://www.targetscan.
org/) were used to predict the putative target genes for 
lnc‑UCID and miR‑152‑3p.

Short interfering RNA (siRNA) and miRNA transfection. 
Table I also shows the sequences of the siRNAs that target 
lnc‑UCID (si#1 and si#2; GenePharma, Shanghai, China). 
Lipofectamine 3000 Transfection Reagent (Thermo Fisher 

Scientific, Inc.) was used in the cell transfection procedures. 
The miRNA mimic and its negative control mimic (NC) and 
the miRNA inhibitor and its negative control inhibitor were 
obtained from GenePharma. Table I shows the sequences of 
the transfected RNAs.

Plasmid construction and cell transfection. The SuperScript 
III First‑Strand Synthesis System (Thermo Fisher Scientific, 
Inc.) was used to produce the cDNA template for RT‑qPCR 
using gene‑specific primers for lnc‑UCID. The lnc‑UCID 
sequence was amplified using Platinum Taq DNA Polymerase, 
High Fidelity (Thermo Fisher Scientific, Inc.). The full‑length 
lnc‑UCID cDNA was cloned into the expression vector 
pcDNA3.1(+) (Thermo Fisher Scientific, Inc.). NIH 3T3 
genomic DNA was used to amplify the lnc‑UCID miRNA 
target sequence, which was then cloned into the plasmid 
pmiR‑RB‑REPORT™ (lnc‑UCID‑WT; RiboBio). The nega-
tive control was the plasmid containing a mutated target 
sequence (lnc‑UCID‑MUT; RiboBio). The plasmid luciferase 
activities were assessed using a Dual‑Luciferase Reporter 
Assay system (Promega Corp.).

Wound‑healing assay. Cells (LoVo, RKO, HCT‑116 and 
SW480) were placed in plates after transfection with 
pcDNA3.1‑lnc‑UCID and si‑lnc‑UCID at 2x105  cells/well 
and incubated for 48 h. Wounds were made in the cell mono-
layer by making a scratch with a pipette tip. The cells were 
then incubated in serum‑free medium at 37˚C for 24 h. The 
scratches in the cell monolayers were imaged with an inverted 
microscope (Nikon; magnification, x100) at 0 and 24 h.

Transwell assay. Cells were transfected with pcDNA3.1‑lnc‑UCID 
and si‑lnc‑UCID for 48 h before being suspended in serum‑free 
medium. Briefly, 8x104 CRC cells (LoVo, RKO, HCT‑116 and 
SW480) suspended in 200 µl serum free medium were seeded 
into the upper chamber with a porous membrane of Transwell 
inserts coated with Matrigel (BD Bioscience) for the Transwell 
invasion assay or without Matrigel for the migration assay. 
Medium containing 10% serum was placed into the bottom 
chamber to attract the cells. After incubation at 37˚C for 24 or 
48 h, the numbers of invaded or migrated cells were stained and 
counted under an inverted microscope (Nikon, Tokyo, Japan; 
magnification, x100).

Western blotting. Proteins were extracted from cells and 
tissues using radioimmunoprecipitation assay (RIPA) buffer 
(Thermo Fisher Scientific, Inc.) supplemented with a protease 
inhibitor cocktail (Roche Applied Science). Protein samples 
(40 µg/sample) in the lysates were separated using 10% sodium 
dodecyl sulfate‑polyacrylamide gel electrophoresis and 
were then transferred to polyvinylidene fluoride membranes 
(Millipore). The membranes were blocked with skimmed milk 
before being incubated overnight at 4̊C with antibodies recog-
nizing E‑cadherin (cat. no. 14472), N‑cadherin (cat. no. 13116), 
vimentin (cat. no. 5741), β‑catenin (cat. no. 8480), transcription 
factor 4 (TCF4, cat. no. 2569T), Myc (cat. no. 2276), matrix 
metalloproteinase‑7 (MMP‑7; cat. no.  3801), Snail family 
transcriptional repressor 1 (SNAI1; cat. no. 3879), Snail family 
transcriptional repressor 2 (SLUG; cat. no. 9585), and β‑actin 
(cat. no. 4970) (all from Cell Signaling Technology, Inc.). The 
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membranes were then incubated with HRP‑linked secondary 
antibodies (cat. nos. 7074 and 7076, Cell Signaling Technology, 
Inc.) for 1 h at room temperature. An enhanced chemilumines-
cence kit (Millipore) was used to detect the immunoreactive 
proteins on the blots. Protein quantification was analyzed by 
Quantity One software version 4.6.2 (Bio‑Rad Laboratories, 
Inc.) and the intensity values were normalized to β‑actin.

Immunofluorescence. Cells were plated into 24‑well culture 
plates at 1.0x104  cells/well and then transfected with 
pcDNA3.1‑lnc‑UCID and si‑lnc‑UCID to overexpress or knock 
down lnc‑UCID expression, respectively. Anti‑E‑cadherin 
(cat. no. 14472) and anti‑N‑cadherin (cat. no. 13116) (dilution 
1:100; Cell Signaling Technology, Inc.) antibodies were added 
to the cells in the plates and incubated at 4̊C overnight. Then, 
Texas Red‑conjugated anti‑rabbit antibodies (cat. no. A‑21428; 
dilution 1:200; Life Technologies, Inc.) were incubated with 
coverslipped cells for 30 min at room temperature and then 
stained with 2‑(4‑amidinophenyl)‑1H‑indole‑6‑carboxam-
idine (DAPI) (10 mg/ml; Promega Corp.). The coverslipped 
cells were imaged via fluorescence microscopy (FV1000; 
Olympus). Images were captured using a confocal microscope 
(magnification,  x400).

Statistical analysis. The experiments were performed at least 
six times, and the data are expressed as mean ±  standard 
deviation (SD). Comparisons between groups were analyzed 
using a Student's test and multiple group comparisons were 
analyzed using one‑way ANOVA with Tukey's post hoc test. 
The correlations between lnc‑UCID and CRC clinical char-
acteristics were determined using Pearson's Chi‑squared test. 
All statistical analyses were performed using SPSS 22.0 (IBM 
Corp.). P<0.05 was indicative of a significant difference.

Results

lnc‑UCID is overexpressed in CRC samples. RT‑qPCR was 
used to assess the GAPDH‑normalized expression level of 
lnc‑UCID in 75 paired CRC samples and their histologically 
normal adjacent tissues. Compared with its level in the normal 
tissues, lnc‑UCID levels were significantly upregulated in the 
CRC samples (P<0.01; Fig. 1A). Correlation analysis between 
lnc‑UCID expression and the clinicopathological features 
revealed that overexpression of lnc‑UCID was correlated with N 
stage (Table II). There were no correlations between lnc‑UCID 
expression and patient age, sex, tumor size, tumor histology 
grade, or T stage (Table II). Thus, lnc‑UCID expression may 
be useful to develop new markers for CRC progression and 
prognosis. Next, RT‑qPCR was used to determine the expres-
sion levels of lnc‑UCID in CRC cell lines (SW480, HCT‑116, 
Caco‑2, DLD‑1, LoVo, and RKO) and the normal colon cell 
line (CCD841), to investigate the potential biological func-
tion of lnc‑UCID in CRC progression. Significantly higher 
lnc‑UCID expression was detected in all CRC cells compared 
with that in the CCD841 cells (P<0.05; n=6; Fig. 1B). Taken 
together, the results confirm that lnc‑UCID is overexpressed 
in CRC.

Knockdown of lnc‑UCID inhibits CRC cell migration and 
invasion. HCT‑116 and SW480 cells were transfected with 
two different siRNAs to knock down lnc‑UCID (designated 
si#1 and si#2) to assess the possible role of lnc‑UCID in CRC. 
Both siRNAs efficiently knocked down endogenous lnc‑UCID 
expression (P<0.05; n=6; Fig.  2A). Next, wound‑healing 
assays were used to examine the role of lnc‑UCID in CRC 
cells. Compared with that of the control group, HCT‑116 and 
SW480 cells transfected with si‑lnc‑UCID (siRNA) showed 

Table I. Primers use for the real‑time qPCR.

Gene	 Forward or reverse	 Primer sequence

lnc‑UCID	 F	 5'‑CGGCCCACGGCAAAGAGA‑3'
	 R	 5'‑TTGTACAGCCAGGTGTGGTG‑3'
lnc‑UCID‑siRNA‑1	 F	 5'‑GAGCAAAUUCAAUGAGUAUdTdT‑3'
	 R	 5'‑AUACUCAUUGAAUUUGCUCdTdT‑3'
Lnc‑UCID‑siRNA‑2	 F	 5'‑CUUCUGGCCUUGAGUGAUUdTdT‑3'
	 R	 5'‑AAUCACUCAAGGCCAGAAGdTdT‑3'
Control‑siRNA	 F	 5'‑UUCUCCGAACGUGUCACGUdTdT‑3'
	 R	 5'‑ACGUGACACGUUCGGAGAAdTdT‑3'
GAPDH	 F	 5'‑GGGAGCCAAAAGGGTCAT‑3'
	 R	 5'‑GAGTCCTTCCACGATACCAA‑3'
miR‑152‑3p mimics	 F	 5'‑UCAGUGCAUGACAGAACUUGG‑3'
	 R	 5'‑UUCUCCGAACGUGUCACGUTT‑3'
Mimic control	 F	 5'‑UUCUCCGAACGUGUCACGUTT‑3' 
	 R	 5'‑ACGUGACACGUUCGGAGAATT‑3'
miR‑152‑3p inhibitor	 F	 5'‑AUUGACCAACAGCCUUGCAUCUU‑3' 
Inhibitor control	 F	 5'‑CAGUACUUUUGUGUAGUACAA‑3' 
U6 snRNA	 F	 5'‑ACGCAAATTCGTGAAGCGTT‑3'

F, forward; R, reverse; si#1, lnc‑UCID‑siRNA‑1; si#2, lnc‑UCID ‑siRNA‑2.
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significantly slower migration into the wound space when 
compared with the negative control (NC) group (P<0.05; n=6; 
Fig. 2B). Transwell assays showed that lnc‑UCID knockdown 

significantly inhibited the migration and invasion capacities of 
HCT‑116 and SW480 cells (P<0.05; n=6; Fig. 2C and D). To 
gain a deeper understanding of the mechanisms of invasion 

Table II. Association between patients, characteristics and lnc‑UCID expression in 75 CRC cases.

	 lnc‑UCID expression
	 ----------------------------------------------
Characteristics 	 No. of patients	 Low 	 High	 Chi‑square	 P‑value

Total	 75	 19	 56
  Sex
  Male	 37	 17	 20	 0.112	 0.738
  Female	 38	 16	 22		
Age (years)
  <55	 31	 15	 16	 0.003	 0.955
  ≥55	 44	 21	 23		
Tumor size (cm)
  <5	 30	 16	 14	 0.036	 0.850
  ≥5	 45	 23	 22		
Histology grade
  Well and moderate	 36	 14	 22	 0.404	 0.525
  Poor	 39	 18	 21		
pT grade
  Ta, Tis, T1 	 31	 17	 14	 0.364	 0.546
  T2‑T4 	 44	 22	 24		
pN grade
  N0	 25	 12	 13	 4.412	 0.036
  N1, N2	 50	 12	 38		
pM grade
  M0	 34	 20	 14	 3.693	 0.055
  M1	 41	 15	 26		

CRC, colorectal cancer; Well and moderate, well and moderately differentiated; poor, poorly differentiated.

Figure 1. Abnormal lnc‑UCID expression in CRC. (A) Expression of long noncoding lnc‑UCID was significantly elevated in CRC tissues compared with 
that in adjacent nontumor tissues. RT‑qCR analysis of lnc‑UCID expression levels in 75 cases of CRC and adjacent nontumor tissues. A fold change of ≥1.5 
was defined as overexpression (lnc‑UCID high), and the remaining samples were denoted as exhibiting low lnc‑UCID expression. Significant differences 
were analyzed using Wilcoxon signed‑rank test (*P<0.01). (B) RT‑qPCR analysis was used to examine lnc‑UCID expression levels in various CRC cell lines 
(HCT‑116, SW480, LoVo, DLD‑1, and RKO) and in a normal colon cell line CCD841 (mean ± SD, n=6; *P<0.05 vs. the CCD841 cell line). CRC, colorectal 
cancer; lnc‑UCID, lncRNA upregulating CDK6 by interacting with DHX9; RT‑qCR, quantitative real‑time reverse transcription PCR.
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and migration, the levels of several important epithelial‑mesen-
chymal transition (EMT) proteins were detected following 
lnc‑UCID knockdown. The expression levels of N‑cadherin, 
vimentin, SNAI1, and SLUG were significantly decreased 
after lnc‑UCID knockdown, whereas that of E‑cadherin 
was significantly increased (P<0.05; n=6; Figs. 2E and S1). 
Furthermore, immunofluorescence assay was used to detect 
the expression levels of E‑cadherin and N‑cadherin. After 
knockdown of lnc‑UCID in SW480 cells, E‑cadherin expres-
sion was increased, whereas that of N‑cadherin was decreased 
(Fig.  S2). Collectively, our results suggest that lnc‑UCID 
promotes cell migration and invasion in CRC.

Overexpression of lnc‑UCID promotes CRC cell migration 
and invasion. Next, the effects of lnc‑UCID overexpression 
by transfection of pcDNA3.1‑lnc‑UCID in CRC cells were 
explored. We focused on LoVo and RKO cells, both of which 
have low endogenous lnc‑UCID levels. After transfection 

with the pcDNA3.1‑lnc‑UCID vector, lnc‑UCID expression 
was significantly increased in both the LoVo and RKO cell 
lines compared with that in cells transfected with the empty 
pcDNA3.1 vector (P<0.05; n=6; Fig.  3A). Wound‑healing 
assays also showed promotion of cell migration in both cell 
lines after lnc‑UCID overexpression (P<0.05; n=6; Fig. 3B). 
Transwell assays also showed that lnc‑UCID increased the 
migration and invasion capabilities compared with those in 
the control cells (P<0.05; n=6; Fig. 3C and D). The levels 
of several important EMT proteins were then detected in 
the lnc‑UCID‑overexpressing CRC cells. lnc‑UCID overex-
pression led to the increased expression levels of vimentin, 
N‑cadherin, SLUG, and SNAI1 and decreased E‑cadherin 
expression (P<0.05; n=6; Figs. 3E and S3). Furthermore, an 
immunofluorescence assay showed that lnc‑UCID upregula-
tion decreased the levels of E‑cadherin and increased the levels 
of N‑cadherin in LoVo cells (Fig. S4). These results suggest 
that lnc‑UCID promotes EMT progression in CRC cells.

Figure 2. lnc‑UCID knockdown inhibits CRC cell migration and invasion. (A) Knockdown efficiencies in HCT‑116 and SW480 cells transfected with 
si‑lnc‑UCID (si#1 and si#2; mean ± SD, n=6; *P<0.05 vs. NC). (B) Knockdown of lnc‑UCID impaired migration ability in HCT‑116 and SW480 cells, as 
revealed by wound‑healing assays (n=6; *P<0.05 vs. NC). Scale bar, 100 µm. (C and D) Histological analyses of the rates of Transwell migration and invasion, 
respectively, in the control (NC) and lnc‑UCID knockdown groups (n=6; *P<0.05 vs. NC). Scale bar, 100 µm. (E) Levels of cell epithelial‑mesenchymal transi-
tion (EMT)‑related proteins [N‑cadherin, vimentin, E‑cadherin, Snail family transcriptional repressor 1 (SNAI1), and Snail family transcriptional repressor 2 
(SLUG)] were analyzed using western blotting in control (NC) and lnc‑UCID‑knockdown HCT‑116 and SW480 cells (mean ± SD, n=6; *P<0.05 vs. NC). CRC, 
colorectal cancer; lnc‑UCID, lncRNA upregulating CDK6 by interacting with DHX9; NC, negative control.RETRACTED
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lnc‑UCID directly binds miR‑152‑3p. To further examine the 
mechanism by which lnc‑UCID contributes to the CRC malig-
nant phenotypes, the DIANA‑LncBase Predicted v.2 tool and 
the TargetScan database were used to search for potential 
targets of lnc‑UCID, which identified a tumor‑suppressive 
microRNA, miR‑152‑3p. The putative binding site of 
miR‑152‑3p within lnc‑UCID was located at region 407‑428 
(Fig. 4A). SW480 and LoVo cell lines were transfected with 
miR‑152‑3p mimic and inhibitor to assess the expression levels 
of miR‑152‑3p. The mimic and inhibitor efficiently upregu-
lated and knocked down miR‑152‑3p expression, respectively 
(P<0.05; n=6; Fig. S5). Increased miR‑152‑3p expression using 
its mimic reduced lnc‑UCID levels (P<0.05; n=6; Fig. 4B). 
In contrast, antagonism of miR‑152‑3p increased lnc‑UCID 

levels (P<0.05; n=6; Fig. 4B). Importantly, overexpression or 
knockdown of lnc‑UCID also reduced or increased the expres-
sion levels of miR‑152‑3p (P<0.05; n=6; Fig. 4C). To confirm 
that miR‑152‑3p binds lnc‑UCID, wild‑type (lnc‑UCID‑WT) 
and mutant type (lnc‑UCID‑mut) miR‑152‑3p binding sites 
were constructed in lnc‑UCID luciferase reporters. The results 
showed that expression of miR‑152‑3p was significantly atten-
uated the luciferase activity of the lnc‑UCID‑WT reporter, 
but not that of the lnc‑UCID‑MUT reporter (P<0.05; n=6; 
Fig. 4D). Furthermore, in CRC tissues, miR‑152‑3p expression 
was frequently downregulated and was negatively correlated 
with lnc‑UCID expression levels (P<0.01, R2=0.6213; Fig. 4E). 
Taken together, our results indicate that lnc‑UCID acts as an 
miRNA sponge for miR‑152‑3p.

Figure 3. Upregulation of lnc‑UCID increases CRC cell migration and invasion. (A) qRT‑PCR analysis of lnc‑UCID expression in LoVo and RKO cells trans-
fected with pcDNA3.1‑lnc‑UCID or the empty pcDNA3.1 vector (mean ± SD, n=6; *P<0.05 vs. pcDNA3.1). (B) Upregulation of lnc‑UCID promoted migration 
and invasion abilities in in LoVo and RKO cells, as revealed by wound‑healing assays (n=6; *P<0.05 vs. pcDNA3.1). Scale bar, 100 µm. (C and D) Histological 
analyses of the rates of Transwell migration and invasion, respectively, in the pcDNA3.1 and lnc‑UCID‑overexpressing groups (n=6; *P<0.05 vs. pcDNA3.1). 
Scale bar, 100 µm. (E) Western blotting showed that the levels of epithelial‑mesenchymal transition (EMT)‑related proteins were increased in the 
pcDNA3.1‑lnc‑UCID‑treated groups (n=6, *P<0.05 vs. pcDNA3.1). CRC, colorectal cancer; lnc‑UCID, lncRNA upregulating CDK6 by interacting with 
DHX9; NC, negative control; RT‑qCR, quantitative real‑time reverse transcription PCR.RETRACTED
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lnc‑UCID suppresses the function of miR‑152‑3p. We trans-
fected CRC cell lines with the miR‑152‑3p mimic and the 
lnc‑UCID expression vector to detect whether lnc‑UCID medi-
ates the effect of miR‑152‑3p on cell invasion and migration. In 
wound‑healing assays, miR‑152‑3p overexpression inhibited 
cell migration, whereas lnc‑UCID promoted cell migration 
(P<0.05; n=6; Fig. 5A and B). Cotransfection experiments with 
the lnc‑UCID expression plasmid and the miR‑152‑3p mimic 
showed that miR‑152‑3p abrogated lnc‑UCID‑mediated cell 
migration (P<0.05; n=6; Fig. 5A and B). Meanwhile, Transwell 
assays showed that lnc‑UCID promoted, and miR‑152‑3p inhib-
ited CRC migration and invasion (P<0.05; n=6; Fig. 5C and D). 
Cotransfection with the lnc‑UCID expression vector and the 
miR‑152‑3p mimic demonstrated that miR‑152‑3p abrogated 
the increased cell migration and invasion induced by lnc‑UCID 

(P<0.05; n=6; Fig. 5C and D). Thus, the results showed that 
lnc‑UCID‑mediated cell migration and invasion could be 
decreased by miR‑152‑3p transfection.

lnc‑UCID regulates the miR‑152‑3p targets within the 
Wnt/β‑catenin signaling pathway. miR‑152‑3p targets and 
represses the expression of Wnt1 and β‑catenin (18); therefore, 
we assessed whether Wnt signaling is regulated by lnc‑UCID 
in CRC. Western blotting showed decreased levels of β‑catenin 
in cells overexpressing miR‑152‑3p compared with those in 
the NC cells (P<0.05; n=6; Fig. 6A and B). In addition, the 
levels of the downstream targets Myc, cyclin D1, and MMP‑7 
were decreased in the cells overexpressing miR‑152‑3p 
(P<0.05; n=6; Fig. 6A and B). CRC cells were then transfected 
with lnc‑UCID‑siRNAs, with or without an miR‑152‑3p 

Figure 4. Negative regulation of lnc‑UCID by miR‑152‑3p. (A) The blue box indicates the predicted miR‑152‑3p binding sites in the lnc‑UCID sequence. The 
numbers indicate nucleotide positions relative to the lnc‑UCID transcriptional start site. (B) CRC cell lines were transfected with an miR‑152‑3p inhibitor 
(miR‑152‑3p‑in) or mimic (miR‑152‑3p‑mi), and lnc‑UCID expression was analyzed using RT‑qPCR 48 h later (n=6, *P<0.05 vs. NC). (C) miR‑152‑3p expres-
sion was analyzed after transfected with pcDNA3.1‑lnc‑UCID or siRNA in CRC cell lines at 48 h later (n=6, *P<0.05 vs. NC). (D) Luciferase assays in 
293T cells transfected with wild‑type (WT) or mutant (MUT) lnc‑UCID and miR‑152‑3p (n=6, *P<0.05 vs. NC). (E) miR‑152‑3p mRNA levels were plotted 
against lnc‑UCID expression in 65 CRC specimens, demonstrating a significant negative correlation (two‑tailed Pearson's correlation, R2=0.6213; P<0.01). 
lnc‑UCID, lncRNA upregulating CDK6 by interacting with DHX9; NC, negative control; RT‑qCR, quantitative real‑time reverse transcription PCR.RETRACTED
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inhibitor. Knockdown of lnc‑UCID decreased the levels of the 
miR‑152‑3p targets. In contrast, miR‑152‑3p inhibition partly 
abolished the silencing effect of lnc‑UCID knockdown on the 
miR‑152‑3p targets (P<0.05; n=6; Fig. 6A and B). Meanwhile, 
lnc‑UCID upregulation resulted in increased levels of the 
miR‑152‑3p targets (P<0.05; n=6; Fig. 6C and D). Next, the 
lnc‑UCID expression plasmid and the miR‑152‑3p mimic were 
cotransfected into CRC cells, and the levels of the miR‑152‑3p 
targets were detected. The results showed that the expression 
of the miR‑152‑3p targets was partly restored by cotransfec-
tion of the miR‑152‑3p mimic and the lnc‑UCID expression 
plasmid compared with that in the cells transfected with the 
miR‑152‑3p mimic alone (P<0.05; n=6; Fig. 6C and D). These 

results indicate that lnc‑UCID regulates the levels of the 
miR‑152‑3p targets by sponging endogenous miR‑152‑3p.

Discussion

Recent studies have shown that long noncoding RNAs 
(lncRNAs) play key roles in various types of cancer, including 
the promotion of proliferation and invasion of cancer cells 
or by acting as oncogenes (19‑21). These findings highlight 
the urgent need for novel therapeutic target discovery to 
enhance the diagnosis and treatment of colorectal cancer 
(CRC) patients. lncRNA‑based regulatory networks play 
crucial roles in epigenetic regulation, transcriptional control, 

Figure 5. miR‑152‑3p inhibits lnc‑UCID function. (A and B) SW480 and LoVo cells were cotransfected with a negative control or miR‑152‑3p mimic and 
either a control plasmid (pcDNA3.1) or lnc‑UCID expression plasmid (pcDNA3.1‑lnc‑UCID). Cell migration was determined using wound‑healing assays 
(n=6; *P<0.05 vs.  NC+pcDNA3.1; #P<0.05 vs. NC+pcDNA3.1‑lnc‑UCID group). Scale bar, 100 µm. (C and D) Transwell assays of migration and invasion 
in CRC cells after cotransfection with either a negative control and a miR‑152‑3p mimic or a control plasmid and an lnc‑UCID expression plasmid (n=6; 
*P<0.05 vs. NC+pcDNA3.1; #P<0.05 vs. NC+pcDNA3.1‑lnc‑UCID). Scale bar, 100 µm. CRC, colorectal cancer; lnc‑UCID, lncRNA upregulating CDK6 by 
interacting with DHX9.
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and post‑transcriptional regulation (22). Hence, the present 
study aimed to investigate the role of lnc‑UCID in CRC. 
Our findings identified that lnc‑UCID binds to miR‑152‑3p 
to induce cell migration and invasion in CRC by activating 
Wnt/β‑catenin signaling, providing a novel insight into the 
molecular mechanism by which lnc‑UCID influences CRC 
progression.

The present study demonstrated that lnc‑UCID was 
markedly overexpressed in CRC tissues compared with that 
in adjacent nontumor tissues. In addition, the N stages corre-
lated positively with the expression level of lnc‑UCID. These 
results suggest that lnc‑UCID might be a potential diagnostic 
biomarker or therapeutic target in CRC (23‑25). Moreover, a 
previous study reported a 5‑year survival rate of higher than 
40% in patients with resectable colorectal liver metastases; 
however, for patients with unresectable colorectal liver metas-
tases, the 5‑year survival was <10% (24). Many patients with 
advanced‑stage CRC succumb to the disease due to distant 
metastasis rather than the primary tumor. Recurrence and 
metastasis after tumor resection have always been important 

issues in tumor prognosis and treatment (26‑28). Thus, under-
standing the molecular mechanism of the involvement of 
lnc‑UCID in metastasis may lead to novel effective therapies 
against CRC. Hence, the potential role of lnc‑UCID in CRC 
was studied by detecting the biological behavior of CRC cells. 
In this study, functional experiments further revealed that 
lnc‑UCID overexpression enhanced the migration and invasion 
of CRC cells, whereas lnc‑UCID knockdown had the opposite 
effects, indicating the oncogenic role of lnc‑UCID in CRC 
cells. The initiation of the multistep metastatic process involves 
misactivation of epithelial‑mesenchyme transition (EMT). 
During EMT, epithelial marker E‑cadherin downregulation 
induces the expression of mesenchymal markers N‑cadherin 
and vimentin (28,29). Therefore, we further investigated the 
expression of E‑cadherin and N‑cadherin in CRC cells by 
western blot analysis and immunofluorescence. Consistently, 
our results showed that knockdown of lnc‑UCID decreased the 
expression levels of mesenchymal markers and significantly 
increased the expression levels of epithelial markers, whereas 
upregulation of lnc‑UCID resulted in an opposite effect. These 

Figure 6. Involvement of the Wnt/β‑catenin pathway induced by lnc‑UCID regulation. (A and B) Western blotting was used to detect the levels of β‑catenin, 
cyclin D1, Myc, and matrix metalloproteinase 7 (MMP‑7) in cells after transfection with the miR‑152‑3p mimic or lnc‑UCID‑short interfering RNAs (siRNAs) 
or cotransfection with the miR‑152‑3p inhibitor (miR‑152‑3p‑in) and lnc‑UCID‑siRNAs (n=6; *P<0.05 vs. NC; #P<0.05 vs. lnc‑UCID‑siRNAs).
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results demonstrated that lnc‑UCID promotes EMT progres-
sion in CRC cells.

Recent studies have demonstrated that lncRNAs can 
function as sponges by binding specific miRNAs, thereby 
downregulating the levels of related miRNAs  (30,31). 
Bioinformatic analyses and dual‑luciferase assays showed 
that miR‑152‑3p is a direct target of lnc‑UCID. Moreover, 
our study showed that there was a negative correlation 
between lnc‑UCID and miR‑152‑3p levels in CRC tissues and 
CRC cell lines. Thus, the effects of lnc‑UCID on CRC cell 
invasion and migration could be partially explained by its 
function as a ceRNA that sponges miR‑152‑3p, which repre-
sents a possible mechanism by which lnc‑UCID functions as 
an oncogene in CRC.

Abnormally activated Wnt/β‑catenin signaling regulates 
a variety of biological processes in cancer cells, such as 
proliferation, differentiation, migration, and survival  (32). 
miR‑152‑3p, a novel tumor‑suppressive miRNA, directly binds 
to key molecules of the Wnt signaling pathway to affect the 

development and progression of malignant tumors  (18,33). 
The results presented here showed that in CRC, miR‑152‑3p 
regulates β‑catenin expression. This finding agrees with the 
results of a previous report in which miR‑152‑3p induced 
CTNNB1 (encoding β‑catenin) mRNA degradation  (18). 
Based on our results, we hypothesized that miR‑152‑3p acts 
as a tumor suppressor to inhibit the migration and invasion of 
CRC. In addition, lnc‑UCID regulates β‑catenin expression by 
sponging endogenous miR‑152‑3p. lnc‑UCID expression also 
affected the levels of downstream targets, such as cyclin D1, 
MMP‑7, and Myc, whose expression changes were correlated 
with migration and invasion. Thus, we believe that lnc‑UCID 
binds miR‑152‑3p to act as an endogenous sponge that abolishes 
miR‑152‑3p‑induced downregulation of β‑catenin expression.

In conclusion, the present study demonstrated that CRC 
tissue and cell lines overexpress lnc‑UCID. The results suggest 
that the mechanism of the effects of lnc‑UCID in CRC metas-
tasis rely partly on the regulation of Wnt/β‑catenin signaling. 
In addition, lnc‑UCID expression was found to be correlated 

Figure 6. Continued. Involvement of the Wnt/β‑catenin pathway induced by lnc‑UCID regulation. (C and D) Expression of miR‑152‑3p targets in cells 
transfected with lnc‑UCID expression plasmid or cotransfected with a lnc‑UCID expression plasmid and a miR‑152‑3p mimic (n=6; *P<0.05 vs. NC; 
#P<0.05 vs. miR‑152‑3p). lnc‑UCID, lncRNA upregulating CDK6 by interacting with DHX9.
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positively with clinical parameters, including the N stage. Thus, 
the results of the present study identify lnc‑UCID as a novel 
molecular biomarker and a promising therapeutic target in CRC.
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