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Long noncoding RNA UFC1 promotes metastasis and invasion of hepatocellular carcinoma

cells in vitro via GSK-3B/pB-catenin axis

WANG Jian, CAO Chuanhui, ZENG Qin, DONG Zhongyi
Department of Radiation Oncology, Nanfang Hospital, Southern Medical University, Guangzhou 510515, China

Abstract: Objective To explore the role of Long noncoding RNA UFC1 (lincRNA-UEC1) in modulating the metastasis and
invasion of hepatocellular carcinoma (HCC) cells and the underlying mechanism. Methods Human HCC cell line Huh7 was
infected with the lentiviral vector carrying lincRNA-UFCI to obtain a cell line with lincRNA-UFC1 overexpression. A short
hairpin RNA (shRNA) targeting lincRNA-UFC1 was delivered in human HCC BEL-7402 cells via a lentiviral vector to obtain a
cell line with lincRNA-UFC1 knockdown. Expression levels of lincRNA-UFC1 in the two HCC cell lines were detected using
real-time PCR, and the changes in the cell invasion and migration in response to lincRNA-UFC1 overexpression or knockdown
were analyzed using Transwell and wound-healing assays. The expressions of GSK-3[3/{3-catenin-related proteins in the cells
were detected with Western blotting. XAV-939, a GSK-3/f-catenin inhibitor, was used for assessing the impact of lincRNA-
UFC1 overexpression on the invasion and migration of the HCC cells through Transwell and wound-healing assays. Results
Overexpression of lincRNA-UFC1 significantly promoted the invasion and migration of Huh?7 cells as compared with the
control cells (P<0.001), while lincRNA-UFC1 knockdown obviously suppressed the invasion and migration of BEL-7402 cells
(P<0.001). The results of Western blotting showed that the expressions of proteins associated with the cell invasion and
migration, namely (-catenin and P-GSK-3(3, were significantly upregulated in response to lincRNA-UFCI overexpression, and
were obviously lowered after lincRNA-UFC1 knockdown. Treatment of the cells with XAV-939 significantly reversed the effect
of 1incRNA-UFC1 overexpression on the cell invasion and migration (P<0.001). Conclusion lincRNA-UFC1 overexpresison
promotes cell invasion and migration through the GSK-3(/p-catenin axis in HCC cells in vitro.
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Fig.1 LincRNA-UFC1 promotes HCC cell invasion. A: lincRNA-UFC1 expression detected by qRT-PCR in Huh7 and BEL-7402
cells infected by lentiviruses carrying lincRNA-UFC1 short hairpin RNA (shRNA)-1 or shRNA-2 or a scrambled shRNA, or by
lentivirus expressing the full-length human lincRNA-UFC1 sequence or the empty vector; B-C: Transwell invasion assay of
Huh? and BEL-7402 cells with lincRNA-UFC1 overexpression or knockdown(Original magnification: x200). Scr: Scramble; con:

Control; sh: sShRNA; **P<0.001.
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Fig.2 LincRNA-UFC1 promotes HCC cell migration (x200). A: Migration of Huh? cells analyzed by wound-healing assay after
infection with lentiviruses carrying lincRNA-UFC1 short hairpin RNA (shRNA)-1 or shRNA-2 or a scrambled shRNA; B:
Wound-healing assays for assessing migration of BEL-7402 cells afte infection by a lentivirus expressing full-length human

lincRNA-UFC1 sequence or by a empty vector. **P<0.001.

2.3 LincRNA-UFC1 i@ iT # & GSK-3p/B-catenin 15 5
ST TR AR 2 245

23K lincRNA-UFC1 /7 , B-catenin % p-GSK-3B
AR AR AT SB35 A 1A, 1 id 234 lincRNA-UFC1
J5i ,B-catenin J p-GSK-3BHER /K F-HH . FIH(EI3A) .
H F GSK- 3B/B- catenin {5 5 i % 41 i 7] XAV939
(0.75 pmol/L) 4b P ¥ 41 A 5 , Transwell 25 R 4275 :
lincRNA-UFC1 1 3% 15 96 40 MU R 2% 8 7 W 35 0k 55
(3B, P<0.001) ; [RIA, RIJR SEH045 4%/ < lincRNA-
UFC1 12 235 95 4 M A2 58y o 250k 55 (&1 3C, P<
0.001),

3 itig

ICAE R BT 20, IncRNA T2 5 i 40 i 14
B AT (R S R RS E T IR SRA,
PCAT-1 55 AR RN RS >
FERGMEREAE R VIRDE >, REARITE R, 24
REEAP) IncRNA E N THIAL™ AR I s 4R

TR, IR ) IncRN A ZE 8 P 5E ] .mRNA F1E
AR mRNA o P 9 3 7 b ke 3] o B 4 )
FA TIRASLH BT ST & 0, lincRNA-UFC 1 AMUAE
A R IR TR AR Th A At S B R A s BH M O
FEK- 5 IR B R/ BCLC /M S IEAR L 4R
lincRNA-UFC1 7] B85 96 40 i (1) 1= 28 5% 7% % U Al
D = N | A i = W R 0 e - B L E R

lincRNA-UFC 1 = k1 B S0 R B WG 8022 , 1 HLAE
B IR AN Hela F1Sila TR lincRNA-UFC1 &5, i
TR 278 AL ARSI RE )1 52 2H0H] , HE— 2L A
W & B lincRNA-UFC 1 A48 3 1 & i B2F 1-
linc-UFC 1/miR-34a/FOXP3 il #8416 AR Y . Yu™
KR M B A A TNM 43401t 5 lincRNA-UFC1 i)
FRK T IEAE , 45 H I A ik -F T2 lincRNA-
UFC 1 REAE (o Jfry5 441 it 2 A= 40 i J) 199 G 1 BEL , AT 00
TR AR PR R, DSOS S T R ot
—# L FFlineRNA-UFC1 "] RES 5 280 A 1) &
He R 53T lineRNA-UFC1 TG 747 il RERH KT L



http://www.j-smu.com J South Med Univ, 2019, 39(6): 679-684 - 683 -

A Huh7

qoramt A A et et

BEL-7402 B . 250
LincRNA-UFCI1+

XAV939 5200 I

LincRNA-UFC1
e A

B-catenin
1076 022

GSK-3B
1272 0.9
p-GSK-3p

1046 0.16
B-actin

LincRNA-UFCI1+

C LincRNA-UFC1 XAV939
=
[}
Z « BEL7402-control
2 . BEL7402-UFC1
o 121« UFC1+XAV939
?o ns
= 210 ) T
a 8038 | F
. £ os -
= 3
204
02
= 3
N 0
= 0 24 36
=
==l

Incubation time (h)

B3 LincRNA-UFC1RJIAEIE GSK-3p/B-catenin{E S5

Fig.3 LincRNA-UFC1 activates GSK-3(3/B-catenin axis. A: p-catenin, GSK-3p, and p-GSK-3(3 expression levels detected by Western
blotting after lincRNA- UFC1 overexpression or silencing; B: Transwell assays showing suppression of cell invasion in BEL-7402 cells
with lincRNA-UFC1 overexpression following treatment with GSK-3f/B-catenin inhibitor XAV-939; C: Wound-healing assays
showing suppressed cell invasion in BEL-7402 cells with lincRNA-UFC1 overexpression following XAV-939 treatment. **P<0.001.

B RREER

ARG IE L AHLH] L — 25 BR1T T lineRNA-
UFC1 & 51815 I i At R 94 oL . Fefilk
FIL T lincRNA-UFC1/GSK-3p/p-catenin {5 518 I %F T+
PR AN T AL Al ) A BB, a3 AT
TP IE iz S 5 R R L . AR
PR SE AS[] HdEd H lineRNA-UFC1 /R I B8 4547
AT, HE7R lineRNA-UFC 1 (Rfesa R 5 5 24 g
S IZTT KRR . RETERFST A lineRNA &
P A ) A D 250 0 5 e S P N Bl S
microRNA A EAE AFE4R gL M Be o fe vh A i8S
BV VER o 0 miR-21 $0 1] 4 FH g 4170 440 ik PRI
IncRNA GAS5 F41li] GAS5 Zeik Mt KA
X R AL — 2R TRAT T LLMAS )43 F-AIL 1 (an
lincRNA-UFC1 520 Y JCHERI R A 575 lincRNA-UFC1
AHHEAE AR microRNA) 2351} lincRNA-UFC1 2 5
T fe e R R R . X BB A SR IR A T R
lincRNA-UFC1 A4 F F S dEL

lincRNA-UFC1 R T S 58 M s it &A= kRS,
HAE R P A ORI . e R
K74 L, 1incRNA-UFC1 BT 5 miR-34a 454711
PEVERCE AR B, A 40P T2 HAt lineRNA,

WA AR SE P (CHRE) T LIVE R miR-489 AN 5
PRI TR "2 STEAY My d88 Fek IR L ILAE K
LA, lincRNA-UFC1 7¢ g (1) & A s i i, Ak 3]
A T Jieh 98 e 1 g Rk LA D I e R MR
lincRNA-UFC1 2 ()2 dE A Iss s Ve . Rk
lincRNA-UFC1 1] B2 gd & A kSt it v i — > 8
BN AT

ABFAAEAE LB, TR Bl RS N0
77 JB/R T lincRNA-UFC1 7EITE & R i1
FHRHATRERIBILE] , 7R T HW A B R FA ., (H
2l T 2 A Y ) 45 SR AN EAE , T lineRNA-
UFC1 2K F-RE A A A A F 5 Ay 7 3 by F
BORUT:, 5 B IR AR

AT, A TR I T lineRNA-UFC 1 7 T4t
HRZEFAL RS EEAME I H L 84 GSK-
3PWEFRAL AKX Wit/B-catenin il B E M 5 1EH, ﬁ-ﬁ'ﬁlﬂ
TR B AL ST, #ER lineRNA-UFC1 Al fE
AR IR T o TR

SE k-

[1] Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality worldwide



- 684 -

J South Med Univ, 2019, 39(6): 679-684

http://www.j-smu.com

for 36 cancers in 185 countries[J]. CA Cancer J Clin, 2018: 68(6):
394-424.

[2] Young S, Craig P, Golzarian J. Current trends in the treatment of
hepatocellular carcinoma with transarterial embolization: a cross-
sectional survey of techniques [J]. Eur Radiol, 2018, 29(6): 3287-
95.

[3] Li JH, Ma W], Wang GG, et al. Clinicopathologic significance and
prognostic value of programmed cell death ligand 1 (PD-L1) in
patients with hepatocellular carcinoma: a Meta-Analysis [J]. Front
Immunol, 2018, 9: 2077.

[4] Wu GY, Wu J, Wang BH, et al. Importance of tumor size at
diagnosis as a prognostic factor for hepatocellular carcinoma
survival: a population-based study [J]. Cancer Manag Res, 2018,
10: 4401-10.

[5] Zhang F, Zhang L, Zhang CG. Long noncoding RNAs and
tumorigenesis: genetic associations, molecular mechanisms, and
therapeutic strategies| J |. Tumor Biol, 2016, 37(1): 163-75.

[6] Tay Y, Rinn J. Pandolfi PP.the multilayered complexity of ceRNA
crosstalk and competition| J . Nature, 2014, 505(7483): 344-52.

[7] Wang KC, Chang HY. Molecular mechanisms of long noncoding
RNAs[J]. Mol Cell, 2011, 43(6, SI): 904-14.

[8] Cesana M, Cacchiarelli D, Legnini I, et al. A long noncoding RNA

[

controls muscle differentiation by functioning as a competing
endogenous RNA[T]. Cell, 2011, 147(2): 358-69.

[9] Yuan SX, Yang F, Yang Y, et al. Long noncoding RNA associated
with microvascular invasion in hepatocellular carcinoma promotes
angiogenesis and serves as a predictor for hepatocellular carcinoma
patients' poor recurrence-free survival after hepatectomy [J].
Hepatology, 2012, 56(6): 2231-41.

[10] Huang J, Zhou N, Watabe K, et al. Long non-coding RNA UCA1
promotes breast tumor growth by suppression of p27 (Kipl) T].
Cell Death Dis, 2014, 5: ¢1008.

[ 11] Takahashi Y, Sawada G, Kurashige J, et al. Amplification of PVT-1
is involved in poor prognosis via apoptosis inhibition in colorectal
cancers| J]. Br J Cancer, 2014, 110(1): 164-71.

[12] Wang L, Zhao HY, Xu YQ, ct al. Systematic identification of
lincRNA-based prognostic biomarkers by integrating lincRNA
expression and copy number variation in lung adenocarcinomalJ].
Int J Cancer, 2019, 144(7): 1723-34.

[13]Yan YM, Yu J, Liu HC, et al. Construction of a long non-coding
RNA-associated ceRNA network reveals potential prognostic
IncRNA biomarkers in hepatocellular carcinoma [J]. Pathol Res
Pract, 2018, 214(12): 2031-8.

[14]Cao CH, Sun JY, Zhang DY, ct al. The long intergenic noncoding
RNA UFCl, a target of MicroRNA 34a, interacts with the mRNA
stabilizing protein HuR to increase levels of beta-Catenin in HCC
cells[J]. Gastroenterology, 2015, 148(2): 415-U249.

[15]Liu Z, Zhao P, Han Y, et al. LincRNA FEZF1-ASI is associated
with prognosis in lung adenocarcinoma and promotes cell
proliferation, migration and invasion [J]. Oncol Res, 2018, 27(1):
39-45.

[16]Ma JL, Yang YE, Huo DS, et al. LincRNA-RoR/miR-145 promote

invasion and metastasis in triple-negative breast cancer via targeting
MUCI[J]. Biochem Biophys Res Commun, 2018, 500(3): 614-20.

[17]Jia M, Jiang L, Wang YD, et al. lincRNA-p21 inhibits invasion and
metastasis of hepatocellular carcinoma through notch signaling-
induced epithelial-mesenchymal transition [ Hepatol Res, 2016,
46(11): 1137-44.

[ 18 Prensner JR, Tyer MK, Balbin OA, et al. Transcriptome sequencing
across a prostate cancer cohort identifies PCAT-1, an unannotated
lincRNA implicated in disease progression [J]. Nat Biotechnol,
2011, 29(8): 742-9.

[19]Cooper C, Guo J, Yan Y, et al. Increasing the relative expression of
endogenous non-coding Steroid Receptor RNA Activator (SRA) in
human breast cancer cells using modified oligonucleotides [ J].
Nucleic Acids Res, 2009, 37(13): 4518-31.

[20] Louro R, Smimova AS, Verjovski-Almeida S. Long intronic noncoding
RNA transcription: expression noise or expression choice [J]?
Genomics, 2009, 93(4): 291-8.

[21]Okamura D, Maeda I, Taniguchi H, et al. Cell cycle gene-specific
control of transcription has a critical role in proliferation of primordial
germ cells[J]. Genes Dev, 2012, 26(22): 2477-82.

[22 | Tuck AC, Tollervey D. A transcriptome-wide Atlas of RNP composition
reveals diverse classes of mRNAs and IncRNAs[J]. Cell, 2013, 154
(5): 996-1009.

[23] Huang JF, Guo YJ, Zhao CX, et al. Hepatitis B virus X protein
(HBx)-Related long noncoding RNA (IncRNA) Down-Regulated
expression by HBx (Dreh) inhibits hepatocellular carcinoma
metastasis by targeting the intermediate filament protein vimentin
[J]. Hepatology, 2013, 57(5): 1882-92.

[24 ] Wilusz Cj WJ, Translation--The ML. RNA[J]. Mol Cell, 2012, 47
(4): 495-6.

[25]Yoon JH, Abdelmohsen K, Srikantan S, et al. LincRNA-p21 suppresses
target mRNA translation[ J]. Mol Cell, 2012, 47(4): 648-55.

[26]Liu L, Dong Z, Liang J, et al. As an Independent prognostic factor,
FAT10 promotes hepatitis B virus-related hepatocellular carcinoma
progression via Akt/GSK3 beta pathway [J]. Oncogene, 2014, 33
(7): 909-20.

[27] Xi J, Feng J, Zeng ST, et al. Long noncoding RNA UFCI is
activated by E2F1 and exerts oncogenic properties by functioning
as a ceRNA of FOXP3[J]. Cancer Med, 2018, 7(7): 3301-10.

[28]Zhang Z, Zhu Z, Watabe K, et al. Negative regulation of IncRNA
GASS5 by miR-21[J]. Cell Death Differ, 2013, 20(11): 1558-68.

[29]Yu T, Shan TD, Li JY, et al. Knockdown of linc-UFC1 suppresses
proliferation and induces apoptosis of colorectal cancer [J]. Cell
Death Dis 2016; 7: €2228.

[30] Zhang G, Wu YD, Xu D, ct al. Long noncoding RNA UFCI
promotes proliferation of chondrocyte in osteoarthritis by acting as
a sponge for miR-34a[J]. DNA Cell Biol, 2016, 35(11): 691-5.

[31]Wang K, Liu F, Zhou LY, et al. The long noncoding RNA CHRF
regulates cardiac hypertrophy by targeting miR-489 [J]. Circ Res,
2014, 114(9): 1377-88.

(i : SRR )



