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Liver cancer is one of the most common malignancies in the world and a leading cause of cancer-related mor-
tality. Accumulating evidence has highlighted the critical role of long noncoding RNAs (lncRNAs) in various 
cancers. The present study aimed to explore the role of lncRNA urothelial carcinoma-associated 1 (UCA1) in 
cell growth and migration in MHCC97 cells and its underlying mechanism. First, we assessed the expression 
of UCA1 in MHCC97 and three other cell lines by RT-qPCR. Then the expression of UCA1, miR-301a, and 
CXCR4 in MHCC97 cells was altered by transient transfection. The effects of UCA1 and miR-301 on cell 
viability, migration, invasion, and apoptosis were assessed. The results revealed that UCA1 expression was 
relatively higher in MHCC97 cells than in MG63, hFOB1.19, and OS-732 cells. Knockdown of UCA1 reduced 
cell viability, inhibited migration and invasion, and promoted cell apoptosis. However, the effect of UCA1 
knockdown on cell growth and migration was blocked by miR-301a overexpression, whose expression was 
regulated by UCA1. We also found that miR-301a positively regulated CXCR4 expression. CXCR4 inhibition 
reversed the effect of miR-301a overexpression on cell growth and migration. Moreover, miR-301a activated 
the Wnt/b-catenin and NF-kB pathways via regulating CXCR4. The present study demonstrated that UCA1 
inhibition exerted an antigrowth and antimigration role in MHCC97 cells through regulating miR-301a and 
CXCR4 expression.

Key words: Urothelial carcinoma-associated 1 (UCA1); MicroRNA-301a; CXCR4; Cell apoptosis; 
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INTRODUCTION

Liver cancer is one of the most common malignancies 
in the world and is a leading cause of cancer-related mor-
tality1. Hepatocellular carcinoma (HCC) represents a major 
global health problem, since it accounts for 70%– 90% 
of all primary liver cancers worldwide2. Epidemiologic 
evidence demonstrates that even though HCC primarily 
occurs in Asia and Africa, the medical and economic bur-
den of HCC will still soar drastically in Western popula-
tions during the next decade3. Thus, exploration of the 
underlying mechanisms of liver carcinogenesis is urgently 
needed, as well as the development of novel diagnostic 
biomarkers and therapeutic strategies for patients with 
HCC.

Recently, increasing evidence has highlighted the role 
of a group of long non-protein-coding RNAs (lncRNAs) 
in carcinogenesis, and it has been suggested that lncRNAs 

could be considered as biomarkers in various cancers4–6. 
lncRNAs, a class of non-protein-coding RNAs longer 
than 200 bp in length, have been reported to play a crucial 
role in the process of cancer, including cell proliferation, 
cell apoptosis, metastasis, and differentiation7–10. Several 
lncRNAs have been reported to be involved with the 
development and progress of HCC. For instance, lncRNA 
LINC00152 has been demonstrated to be upregulated in  
HCC tissues and HCC cell lines, and promoted cell pro-
liferation in HCC by targeting EpCAM via the mTOR sig-
naling pathway11. Another lncRNA, highly upregulated in 
liver cancer (HULC), enhances epithelial–mesenchymal 
transition (EMT) to promote tumorigenesis and metasta-
sis of HCC via regulating the microRNA 200a-3p (miR-
200a-3p)/ZEB1 signaling pathway12. Human urothelial 
carcinoma-associated 1 (UCA1) gene is located in chro-
mosome 19p13.12, which has three exons and encodes two 
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transcripts13. Several studies have revealed that UCA1 is 
highly expressed in various cancers, such as bladder can-
cer, breast cancer, and colorectal cancer, and it promotes 
tumor growth and invasion13–16. However, the role of 
UCA1 in HCC and its underlying molecular mechanisms 
are not fully elucidated.

The present study aimed to explore the role of UCA1 
in the growth and metastasis of HCC cell lines and its 
underlying mechanism. We found that the expression 
of UCA1 was relatively higher in MHCC97 cells, and 
inhibition of UCA1 reduced cell viability, inhibited cell 
migration and invasion, and promoted cell apoptosis in 
MHCC97 cells. Moreover, we found that UCA1 inhibi-
tion might exert its antigrowth and antimigration role 
via regulating miR-301a and C-X-C chemokine receptor 
type 4 (CXCR4).

MATERIALS AND METHODS

Cell Culture and Treatment

Human liver cancer cell line MHCC97 and human 
osteosarcoma cell lines (MG63, hFOB1.19, and OS-732) 
were all obtained from the American Type Culture 
Collection (ATCC; Rockville, MD, USA). Cells were 
maintained in Dulbecco’s modified Eagle’s medium 
(DMEM; HyClone, Logan, UT, USA) supplemented with 
10% heat-inactivated fetal bovine serum (FBS; Gibco, 
Gaithersburg, MD, USA), 100 U/ml penicillin, and 100 
μg/ml streptomycin (Life Technologies Corporation, 
Carlsbad, CA, USA) and were incubated at 37°C in an 
atmosphere of 95% air and 5% CO2.

Transfection and Generation of Stably  
Transfected Cell Lines

Short hairpin RNA (shRNA) directed against human 
lncRNA UCA1 and CXCR4 was ligated into the U6/GFP/
Neo plasmids (GenePharma, Shanghai, P.R. China) and 
were referred to as sh-UCA1 and sh-CXCR4. The plas-
mid PGPU6/GFP/neo-shControl (GenePharma) encoded 
with a nonsense sequence was used as the negative con-
trol (NC) of sh-UCA1 and sh-CXCR4 and were referred 
to as shNC and sh-NC, respectively. Meanwhile, the full-
length CXCR4 sequence directed against CXCR4 was 
subcloned into the pEX-2 plasmid (GenePharma) and 
was referred to as pEX-CXCR4. Empty pEX-2 plas-
mid acted as an NC of pEX-CXCR4 and was referred 
to as pEX. The Lipofectamine 3000 reagent (Life Tech-
nologies Corporation) was used for the cell transfection 
following the manufacturer’s instructions. miR-301a 
inhibitor, miR-301a mimic, and their corresponding NCs 
(inhibitor control and mimic control) were synthesized 
by GenePharma and were transfected into MHCC97  
cells with Lipofectamine 3000 reagent (Life Technologies 
Corporation).

Quantitative Reverse Transcription PCR (RT-qPCR)

Total RNA was extracted from cells using TRIzol 
reagent (Life Technologies Corporation) under the manu-
facturer’s instructions. The One-Step SYBR® PrimeScript® 
PLUS RT-RNA PCR Kit (TaKaRa Biotechnology, Dalian, 
P.R. China) was used for the RT-qPCR analysis to detect 
the expression levels of UCA1. The TaqMan MicroRNA 
Reverse Transcription Kit and TaqMan Universal Master 
Mix II with the TaqMan MicroRNA Assay of miR-301a 
and U6 (Applied Biosystems, Foster City, CA, USA) were 
used for evaluating the expression levels of miR-301a. 
Expression level of CXCR4 was detected using the RNA 
PCR Kit (AMV) Ver.3.0 (TaKaRa Biotechnology) for 
transcription and SYBR® Premix Ex Taq™ II (TaKaRa 
Biotechnology) for qPCR. GAPDH and U6 were used 
for the normalization of mRNA and lncRNA or miRNA, 
respectively. The results were presented as fold changes 
relative to U6 or GAPDH and were calculated using the 
2−DDCt method.

Cell Viability Assay

Cell viability was determined by trypan blue exclu-
sion assay. Briefly, 1 ́  105 cells were seeded in 60-mm 
dishes and cultured for 48 h. Then cells were rinsed 
with phosphate-buffered saline (PBS), and the number 
of viable cells was determined by trypan blue exclusion 
(Beyotime Biotechnology, Shanghai, P.R. China) as pre-
viously described17.

Migration and Invasion Assay

Cell migration was determined using a modified two-
chamber migration assay with a pore size of 8 μm. For 
the migration assay, 1 ́  105 cells in 0.2 ml of serum-
free medium were plated on the upper compartment of 
a 24-well Transwell culture chamber (Corning, Lowell, 
MA, USA), and the lower chamber was filled with 0.6 ml 

Figure 1. Urothelial carcinoma-associated 1 (UCA1) was 
highly expressed in MHCC97 cells. The expression of UCA1 
in MHCC97, MG63, hFOB1.19, and OS-732 cells was mea-
sured by quantitative reverse transcription PCR (RT-qPCR) 
analysis.
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of medium containing 10% FBS. For the invasion assay, 
1.5 ́  105 cells were plated on the upper chamber precoated 
with 20 μg of Matrigel (BD Biosciences, Bedford, MA, 
USA). After incubation for 48 h, the migrated and invaded 
cells in the lower chamber were fixed with 100% metha-
nol and stained with 0.1% crystal violet (Sigma-Aldrich, 
St. Louis, MO, USA). The cells that did not migrate or 
invade through the pores were removed by cotton swabs. 
The migrated and invaded cells were counted in five ran-
dom fields and expressed as the average number of cells 
per field. These experiments were done in triplicate and 
performed a minimum of three times.

Apoptosis Assay

The apoptotic cell rates were determined using an 
Annexin-V-Phycoerythrin (PE) Apoptosis Detection Kit 
(Beyotime Biotechnology). Briefly, the cells were har-
vested and washed with PBS three times. Then cells were 
resuspended with 500 μl of 1´ binding buffer and were 
stained with 5 μl of annexin V-PE for 15 min in the dark 
at 37°C. Cell apoptosis was measured using a FACScan 
(Beckman Coulter, Fullerton, CA, USA), and the data 
were analyzed utilizing FlowJo software (Tree Star Inc., 
Ashland, OR, USA).

Figure 2. Knockdown of UCA1 inhibited cell growth and migration in MHCC97 cells. MHCC97 cells were transfected with shNC, 
sh-UCA1#1, and sh-UCA1#2. (A) The efficiency of transfection was quantified by RT-qPCR analysis. (B) Cell viability was measured 
by trypan blue exclusion assay. (C) Cell migration and (D) invasion were detected by Transwell migration assay. (E) Apoptotic cells 
and (F) the levels of apoptosis-related proteins were measured by flow cytometry and Western blot, respectively. *p < 0.05, **p < 0.01, 
***p < 0.001.
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Western Blot Assay

The proteins used for Western blot were extracted 
using radioimmunoprecipitation assay (RIPA) lysis buf-
fer (Beyotime Biotechnology), supplemented with pro-
tease inhibitors (Roche, Indianapolis, IN, USA). The 
BCA™ Protein Assay Kit (Pierce, Appleton, WI, USA) 
was used to quantify the concentration of proteins. Then 
30 μg of protein was loaded and separated with a Bio-Rad 
Bis-Tris Gel system based on the manufacturer’s instruc-
tions. All the blots were transferred onto polyvinylidene 
difluoride (PVDF) membranes (Millipore, Billerica, MA, 
USA) and were blocked with 5% bovine serum albumin 
(BSA; Roche) for 2 h at room temperature. Subsequently, 
the blots were incubated with primary antibodies against 
Bcl-2 (#4223), Bax (#5023), caspase 3 (#9662), caspase 9 
(#9502), GAPDH (#2118), p-p65 (#3033), p65 (#8242), 
IkBa (#4812), p-IkBa (#2859) (Cell Signaling Technology, 
Beverly, MA, USA), Wnt3a (ab28472), Wnt5a (ab72583), 
CXCR4 (ab197203), and b-catenin (ab6302) (Abcam, 
Cambridge, UK) overnight at 4°C. Then the blots were 
rinsed with TBST three times, followed by incubation 
with secondary antibody labeled with horseradish peroxi-
dase for 1 h at room temperature. The membranes carry-
ing blots and antibodies were placed in the ChemiDoc™ 
XRS system (Bio-Rad, Hercules, CA, USA), and 200 μl 
of Immobilon Western Chemiluminescent HRP Substrate 
(Millipore) was added to cover the membrane surface. The 
signals were captured and analyzed using Image Lab™ 
software (Bio-Rad).

Statistical Analysis

All experiments were repeated three times. The results 
of multiple experiments are presented as the mean ± stan-
dard deviation (SD). Statistical analyses were performed 
using GraphPad Prism 6 software (GraphPad Software, 
San Diego, CA, USA). The p values were calculated 
using a one-way analysis of variance (ANOVA). A value 
of p < 0.05 was considered to indicate a statistically sig-
nificant result.

RESULTS

UCA1 Was Highly Expressed in MHCC97 Cells

We first detected the expression of UCA1 in the 
human liver cancer cell line MHCC97 and three other cell 
lines. As shown in Figure 1, the expression of UCA1 was 
highest in MHCC97 cells compared with the other three 
cell lines, human osteosarcoma MG63 and OS-732, and 
human osteoblast cell line hFOB1.19.

Knockdown of UCA1 Inhibited Cell Growth and 
Migration in MHCC97 Cells

We then investigated the role of UCA1 in cell viabil-
ity, migration, invasion, and apoptosis in MHCC97 cells. 

The expression of UCA1 was inhibited by transfection 
with sh-UCA1. The efficiency of transfection was identi-
fied by RT-qPCR. As shown in Figure 2A, the level of 
UCA1 was significantly reduced in MHCC97 cells trans-
fected with sh-UCA1#1 and sh-UCA1#2, and the trans-
fected efficiency of sh-UCA1#2 was higher than that of 
sh-UCA1#1 (p < 0.05 or p < 0.001). Thus, we selected 
sh-UCA1#2 for the suppression of UCA1 in the follow-
ing experiments. Cell viability was significantly reduced 
in MHCC97 cells after transfection with sh-UCA1#2 
(p < 0.01) (Fig. 2B). Meanwhile, knockdown of UCA1 
reduced cell migration and invasion (Fig. 2C and D) 
(p < 0.05). We also found that knockdown of UCA1 pro-
moted cell apoptosis in MHCC97 cells, as evidenced by 
increasing the percentage of apoptotic cells (p < 0.001) 
(Fig. 2E), as well as inducing the expression of the 
proapoptosis factors (Bax, cleaved caspase 3, and cleaved 
caspase 9) and reducing the Bcl-2 expression (Fig. 2F). 
Overall, these results revealed that knockdown of UCA1 
suppressed cell growth and migration in MHCC97 cells.

miR-301a Overexpression Blocked the Effect of UCA1 
on Cell Growth and Migration in MHCC97 Cells

The RT-qPCR analysis showed that the expression 
of miR-301a was remarkably decreased in sh-UCA1-
transfected cells compared with the corresponding con-
trols (p < 0.001) (Fig. 3). Then we further investigated the 
role of miR-301a in the modulation of UCA1 knockdown 
in cell growth and migration. As shown in Figure 4A, 
miR-301a overexpression inhibited the cell viability 
reduction caused by sh-UCA1 transfection (p < 0.05). 
Consistently, miR-301a overexpression increased cell  
migration and invasion even though the cells were trans-
fected with sh-UCA1 (p < 0.05 or p < 0.01) (Fig. 4B 
and C). The results of the flow cytometry and Western 
blot showed that miR-301a overexpression reversed  

Figure 3. The expression of miR-301a was downregulated by 
UCA1 inhibition. MHCC97 cells were transfected with shNC 
and sh-UCA1#2. The expression of miR-301a was detected by 
RT-qPCR analysis. ***p < 0.001.
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the promoting effect of sh-UCA1 on cell apoptosis, in 
that the apoptotic cell rate was reduced and the expres-
sion of proapoptotic proteins was inhibited, while anti-
apoptotic protein expression was elevated (p < 0.05 or 
p < 0.01) (Fig. 4D and E). These results suggested that 
the modulation of UCA1 inhibition on cell growth and 
migration was associated with the downregulation of  
miR-301a.

The Expression of CXCR4 Was Positively  
Regulated by miR-301a

As shown in Figure 5A, the mRNA expression of 
CXCR4 was upregulated by miR-301a mimic, while it 
was downregulated by a miR-301a inhibitor (p < 0.05). 
Similar results were observed in protein levels by West-
ern blot analysis (Fig. 5B). These results showed that  

Figure 4. miR-301a overexpression blocked the effect of UCA1 on cell growth and migration in MHCC97 cells. MHCC97 cells were 
transfected with sh-UCA1 or shNC, or cotransfected with sh-UCA1 and miR-301a mimic or mimic control. (A) Cell viability, (B) cell 
migration, and (C) invasion were assessed by trypan blue exclusion assay and Transwell migration assay, respectively. (D) Apoptotic 
cells were quantified by flow cytometry assay. (E) Western blot was conducted to measure the expression of apoptosis-related core 
factors. *p < 0.05, **p < 0.01.
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miR-301a positively regulated the expression of CXCR4 
in MHCC97 cells.

CXCR4 Was Involved in the Regulatory Effect of  
miR-301a on Cell Growth and Migration

Since we found that CXCR4 expression was regulated 
by miR-301a, we further explored whether CXCR4 partic-
ipated in the modulation of miR-301a on cell growth and 
migration of MHCC97 cells. MHCC97 cells were trans-
fected with miR-301a or cotransfected with sh-CXCR4. 
As shown in Figure 6A and B, the mRNA and protein 
expressions of CXCR4 were upregulated by miR-301a 
mimic (p < 0.01). However, this modulation was reversed 
by sh-CXCR4 transfection (p < 0.05), which further con-
firmed the regulatory relationship between CXCR4 and 
miR-301a. Interestingly, we found that the progrowth and 
promigration effect of miR-301a mimic was reversed by 
sh-CXCR4, as demonstrated by declining cell viability 
(p < 0.05) (Fig. 6C) and inhibition of cell migration and 

invasion (p < 0.05) (Fig. 6D and E), reducing apoptotic 
cell rate (p < 0.01 or p < 0.001) (Fig. 6F) as well as regu-
lating the protein expression of apoptosis-related core 
factors (Fig. 6G). From the above, it indicated that miR-
301a overexpression enhanced cell growth and migration 
through upregulation of CXCR4 expression.

miR-301a Enhanced the Activation of the  
Wnt/b-Catenin and NF-kB Signaling Pathway  
Through Upregulating CXCR4

Results in Figure 7A showed that miR-301a inhibi-
tor suppressed the expressions of Wnt3a, Wnt5a, and 
b-catenin, while miR-301a mimic acted as an opposite 
regulatory effect. However, the inhibitive effect of the 
miR-301a inhibitor was blocked by CXCR4 overexpres-
sion, as pEX-CXCR4 increased the expression of the three 
proteins related with the Wnt/b-catenin signaling path-
way. Similar regulation was found in the NF-kB signaling 
pathway in that the pathway was activated by miR-301a 
mimic while suppressed by miR-301a inhibitor. Results 
in Figure 7B revealed that miR-301a inhibitor suppressed 
the phosphorylation of IkBa and p65, and miR-301a 
mimic accelerated the expression of p-IkBa and p-p65. 
Furthermore, overexpression of CXCR4 blocked the sup-
pressive influence on the NF-kB signaling pathway. In 
general, these results suggested that miR-301a enhanced 
the activation of the Wnt/b-catenin and NF-kB signaling 
pathways through upregulating CXCR4.

DISCUSSION

An increasing number of studies reveal that the aber-
rant expression of lncRNAs is highly involved with the 
progression and prognosis of cancers, serving a role as 
either an oncogene or a tumor suppressor gene18–21. Thus, 
it will be beneficial and meaningful to deeply clarify the 
biological and molecular mechanisms of lncRNAs in 
cancer. The expression of UCA1 has been reported to be 
highly expressed in various cancers, and it may serve the 
role of an oncogene13–16. In our present study, we found 
that lncRNA UCA1 was relatively expressed higher in 
the human liver cancer cell line (MHCC97 cells) com-
pared with three human osteosarcoma or osteoblast cell 
lines (MG63, OS-732, and hFOB1.19). Downregulation 
of UCA1 decreased cell viability, inhibited cell migra-
tion, and induced cell apoptosis of MHCC97 cells. Our 
results were consistent with a previous study in which the 
expression of UCA1 is aberrantly upregulated in HCC 
tissues, and UCA1 depletion inhibited the growth and 
metastasis of HCC cell lines in vitro and in vivo22.

Even though the role of UCA1 in HCC has been 
reported previously in one study, it still remains sig-
nificant to explore the underlying mechanism(s) for us 

Figure 5. The expression of C-X-C chemokine receptor type 4 
(CXCR4) was positively regulated by miR-301a. miR-301a 
mimic, miR-301a inhibitor, or their corresponding controls 
(mimic control and inhibitor control) were transfected into 
MHCC97 cells. (A) The mRNA and (B) protein expression of 
CXCR4 was determined by RT-qPCR analysis and Western blot 
analysis, respectively. *p < 0.05.
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Figure 6. CXCR4 was involved in the regulatory effect of miR-301a on cell growth and migration. MHCC97 cells were transfected with 
sh-CXCR4 or sh-NC, or cotransfected with sh-CXCR4 and miR-301a mimic, or mimic control. The (A) mRNA and (B) protein expres-
sion levels of CXCR4 were tested by RT-qPCR analysis and Western blot analysis, respectively. (C) Cell viability, (D) cell migration, 
(E) invasion, and (F) apoptotic cells were assessed by trypan blue exclusion assay, Transwell migration assay, and flow cytometry assay, 
respectively. (G) The protein levels of apoptosis-related factors were measured by Western blot. *p < 0.05, **p < 0.01, ***p < 0.001.

Figure 7. miR-301a enhanced the activation of the Wnt/b-catenin and NF-kB signaling pathways through upregulating CXCR4. 
MHCC97 cells were transfected with miR-301a inhibitor, miR-301a mimic, or their corresponding controls (mimic control and inhibi-
tor control), or cotransfected with miR-301a inhibitor and pEX-CXCR4. The protein expression of (A) Wnt/b-catenin- and (B) NF-kB 
signaling pathway-related core factors was measured by Western blot.
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to better understand the pathogenesis of HCC. A previ-
ous study highlighted that UCA1 contributed to the pro-
gression of HCC via directly downregulating miR-216b 
expression and promoting the activation of the FGFR1/
ERK signaling pathway22. However, our study revealed 
that knockdown of UCA1 exerted its antigrowth and 
antimigration roles through downregulation of miR-301a 
and CXCR4, which is also involved in the inactivation of 
the Wnt/b-catenin and NF-kB signaling pathways. miR-
301a, located in the human chromosome 17q22-17q23, 
has been previously reported to be over expressed in many 
kinds of human cancers and shown to be an oncogene 
in gastric cancer23, pancreatic cancer24, liver cancer25, 
and colorectal cancer26. In HCC, miR-301a was signifi-
cantly upregulated, and inhibition of miR-301a suppressed 
HepG2 cell growth, migration, and invasion, and induced 
cell apoptosis through targeting homeobox gene Gax 
and then modulating NF-kB expression25. In the present 
study, we found that miR-301a was downregulated by 
UCA1 knockdown. Furthermore, miR-301a overexpres-
sion reversed the inhibitory effect of UCA1 knockdown 
on cell growth and migration, which is consistent with 
the previous study. However, the relationship between 
miR-301a and UCA1 and the underlying regulatory 
mechanisms need to be further explored in our future 
studies.

CXCR4, the receptor for stromal cell-derived factor 
(SDF-1), plays an important role in angiogenesis and is 
associated with tumor progression27,28. CXCR4 has been 
indicated as a critical factor for breast cancer metasta-
sis through the interaction with SDF-129. Inhibition of 
CXCR4 by siRNA impairs the invasion of breast cancer 
cells in the Matrigel invasion assay and inhibits breast 
cancer metastasis in an animal model30. Meanwhile, it 
has been reported that CXCR4 promotes the EMT pro-
cess and progression of colorectal cancer31. Furthermore, 
CXCR4 acts in colorectal cancer EMT and progression 
through the regulation of the Wnt/b-catenin signaling 
pathway31. In the theoretical sense, miRNAs are involved 
in the mediation of gene expression via targeting their 
binding sites, usually in the 3¢-UTR of mRNA, and this 
leads to posttranscriptional or translational repression32. 
However, a recent study demonstrated that miRNA posi-
tively regulated the expression of downstream mRNA, 
due to its being complementary to the promoter sequences 
of specific genes33. Qu et al. reported that miR-558 was 
upregulated and positively correlated with HPSE expres-
sion in neuroblastoma tissues and cell lines, as well as 
directly targeted the HPSE promoter to activate its tran-
scription34. Similar with this study, our results suggested 
that the expression of CXCR4 was positively regulated 
by miR-301a. This might be because miR-301a upregu-
lated the expression of CXCR4 through directly targeting 
the CXCR4 promoter. However, studies are still needed 

to clarify this hypothesis and further explore the relation-
ship between miR-301a and CXCR4 in the future. In addi-
tion, we found that CXCR4 inhibition blocked the effect 
of miR-301a overexpression on cell viability, migration, 
invasion, and apoptosis, which suggested that inhibition 
of CXCR4 might exert antigrowth and anti metastasis 
effects on MHCC97 cells.

The Wnt/b-catenin signaling pathway plays critical 
roles in cell proliferation, differentiation, and adhesion35,36. 
It has been demonstrated that CXCR4 promotes tumor 
progression by activating the canonical Wnt/b-catenin 
signaling pathway in pancreatic cancer and colorec-
tal cancer31,37. Furthermore, a previous study showed 
that upregulated miR-301a in breast cancer promoted 
tumor metastasis by targeting PTEN and activating Wnt/ 
b-catenin signaling38. Similarly, the NF-kB pathway has 
been reported to be regulated by CRCX439 and miR-
301a40. Thus, we hypothesized that miR-301a may regu-
late the activation of Wnt/b-catenin and NF-kB signaling 
in liver cancer cells through CXCR4. We found that miR-
301a mimic enhanced the activation of the Wnt/b-catenin 
and NF-kB signaling pathways, while miR-301a inhibitor 
exerted the opposite effect. Moreover, CXCR4 inhibition 
reversed the regulatory effect of miR-301a on these sig-
naling pathways. It suggested that miR-301a might acti-
vate the Wnt/b-catenin and NF-kB signaling pathways 
through the regulation of CXCR4.

In conclusion, the present study demonstrated that 
UCA1 was highly expressed in MHCC97 cells. Knock-
down of UCA1 inhibited cell viability, migration, and 
invasion, and promoted cell apoptosis in MHCC97 cells 
through the regulation of miR-301a and CXCR4. Our 
study might help us better understand the progression of 
HCC and shed new light on the diagnosis and treatment 
for HCC.
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