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[ Abstract]  Objective To investigate the role of LncRNA HULC in hepatoma cell proliferation, apoptosis, and
epithelial-mesenchymal transition (EMT) via the miR-372/CXCR4 axis. Methods The online bioinformatics TargetScan
database was used to predict target genes. Cell transfection was used to establish gene overexpression and silencing cell
models. qRT-PCR and Western blot were used to detect gene and protein expression, respectively. CCK-8 assays were used
to assess cell viability. Cell colony formation assays were used to analyze cell proliferation. Annexin V-FITC/PI was used to

analyze apoptosis. Immunohistochemical staining was used to detect expression of proteins. Results In liver cancer tissues
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and cells, HULC and CXCR4 expression was upregulated, and miR-372 expression was downregulated. TargetScan

database analysis and dual luciferase assays revealed a relationship between miR-372 and HULC or CXCR4. CCK-8 assays

showed that HULC and CXCR4 increased cell viability, and miR-372 inhibited cell viability. Colony formation assays

showed that HULC and CXCR4 promoted cell proliferation, and miR-372 inhibited cell proliferation. Flow cytometry showed

that HULC and CXCR4 inhibited apoptosis, and miR-372 promoted apoptosis. Western blot analysis showed that HULC and

CXCR4 inhibited the expression of E-cadherin and promoted the expression of Vimentin, while miR-372 promoted the

expression of E-cadherin and inhibited the expression of Vimentin. Conclusions

HULC inhibits the expression of miR-

372, thereby promoting CXCR4 expression, proliferation, and EMT progression of hepatoma cells, while inhibiting

apoptosis.
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TG R A0 3 1L Y T % LncRNA HULC
AIREVE R HCC MM AE I WAL bR P FniR T 7 SEAR .

1w

1.1 SEIedfsd
L1 IR
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0497) . MHCC-97H ( 4it %5 ; CL-H153) , SMMC-7721
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HULC F Lipofectamine™ 3000 ( £S5 : L3000015) ( &
[ Invitrogen AN ; pmirGLO ﬁﬁi( #t5 GN1439) |
XU 2R Tl 3 PR A 350 5 (A5 C-8304) (£
Promega /A H) ) ; Annexin V-FITC/P1 {5 & (L5 .
120248) \RIPA M (L5 : R21235) ( H£[E Abcam
vH]) s DAB B 5] (L5 . SNM477-ARB, Jb 5t 5 B
SEMRHE A BRA R  BEEK (L5 . R23672, M Tl
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BT s i a4 (4. 1026, & BD AH]) 5
StepOnePlus Real-Time PCR System ( %15 . 401411,
H 7~ TaKaRa NN IDE B B A 22 BB (B,
CKX53, HAS Olympus A ]) .
1.3 XWAHE
1.3.1  4iffuksss

LO2 i 7% 10% i 4= 135 #1100 TU/mL 758
2,100 1U/mL #% % 2 () RPMI-1640 15 3% 3L 15 9%
Huh7 . Hep3B . MHCC-97L . MHCC-97H, SMMC-7721
H1 HepG2 20 & 10% Jif 4 7% A1 100 1U/mL #
F K 100 TU/ml 8% K 1) DMEM £ 552 3L 85 9% &
T 37°C 5% CO, M¥EFF,2 d Wih— IG5, U
PRIUEA AR 0938 F2 B3, BOS BUH RS R 47
YA T S 225256

1.3.2 Quantitative real time RT-PCR( qRT-PCR)

FH TRIzol 15 $& HUZH ZURE A B0 21 JfL B RNA
JH Nanodrop 2000 {3 %5 I £ 4% i & RNA Y B JF6f
REASECXT AORE SR T AR R SR )5 % R cDNA
WL SR BofF S RNA S #5 S5E cDNA, i i
SYBR Premix EX Taq" il & i#£17 qRT-PCR, U6
F B-actin A3 SAAFE LncRNA .miRNA F1 mRNA A9
#hZ%  {#FH FTC-3000p SEHF PCR £ 48 5¢ iy 5L
Je, R 2700k A T BclE . Ll 5
#1,

x1 SIPER

Table 1 Primer information

5% FF31(5'-3")
Primer Sequence
) F:5'-AGGTGGCTTGCAAAGTCAGT-3'
HULC R.5'-AGTACTGCTTGTTCTGCCTCT-3'
F:5'-ACACTCCAGCTGGGAGGUCAGGCCGAGGAC-3'
miR-372 R:5'-CTCAACTGGTGTCGTGGAGTCGGCAA
TTCAGTTGAGAGGTCCGT-3'
OxCie F.5'-CTTCTTAACTGGCATTGTGG-3'
R:5'-GTGATGACAAAGAGGAGGTC-3’
F:5'-GCTTCGGCAGCACATATACTAAAAT-3'
ve R.5'-CGCTTCACGAATTTGCGTGTCAT-3'
_ F.5'-GAAGCTCACTGGCATGGCCTTC-3'
B-actin R:5'-GACCACCTGGTGCTCAGTGTAG-3’
1.3.3  4ujkt g

5 B8 Lipofectamine™ 3000 %% Y4371 15 BH 4545 o
B (BH M X B miR-372 mimics . miR-372 inhibitor .
pcDNA3. 1-control ,pcDNA3. 1-HULC . si-control I si-
HULC) %3 5 %% A & MHCC-97L Hl HepG2 4 Jifd v,
£ 37°C 5% CO, BIMFRA TR 6 h 5 , B i fik
(RGFRILAR SRR 35, 48 h JE 45 KT %, WA 4% 2 4
WMLEAT 5 S 52
1.3.4 WG ER Bl S ik A

i TargetScan ZUHH 7 43 #1 miR-372 43 % 5
HULC il CXCR4 B g i X X I 45 5 A am o
HULC 3’UTR wt/mut 5§ CXCR4 3’UTR wt/mut 5 [
F| pmirGLO ZH AR 1, 2R J5 ¥ P M X B miR-372
mimics . miR-372inhibitor | pmirGLO-HULC-wt ,
pmirGLO-HULC-mut pmirGLO-CXCR4-wt Y,
pmirGLO-CXCR4-mut %% 4% 2 MHCC-97L & HepG2
ANMErh . 48 hJE, FXUHE O 2R i M AG: DN 35 6
& MHCC-97L 4 Al HepG2 41 A (15 6 28 B 1
1.3.5 CCK-8

YL 5 0 4 i 2 A 3 96 fLAR |, K% 24
48.72.96 h, #RJ5, % 10 pL CCK-8 ¥ W5 in 2] 4
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et U@ 7E E IR T BB R E 30 min,
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flBE T SR IEATI IR
1.3.9 Western blot
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Relative expression of HULC

T 55 JE g
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BCA Jy ik bA7 e i, FE R VR SR UE AT LR, #%
RS2 00 20 R AT P UK - -8 A (5% MG RE W % ) -
—PEE (4CHR)-ZhHE (Zil 1 h) - %
B2t . Image-Pro Plus IR 43 M £ 48 X 25 1 454
HAT T
1.4 $it=F*

it 43 A SPSS 19. 0 Ak F k4T, &= /D HL 3
UM SEIG S5 DS B AR il 22 (& =5 ) o,
22 [AVERCHIE L AR 50 ) 7 22 43 AT, 28 18] 75 7 1L ¢
K HI LSD-1 £ 5: P<0. 05 Fn 2R A HITFE X,
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2.1 HULC EFEALAMFEABTERIE

qRT-PCR 455 3¢ B HULC 7€ AT 9 41 23 0 IT 98
YA R IR L R SR IR R A U A L, HULC 78
JFRZH 2 2635 IR (P<0. 01,18 1A) ;5 LO2 4iifl
FHLE, E754> HCC 4 il Z rh ¥ W %€ 31 HULC = 3%
ik, Hod, MHCC-97L 40 g H HULC ik Ak (P<
0.05), 1M HepG2 4 ffl i HULC R ik & (P <
0.001, & 1B) , Ak, DA s P 44 i 22 43 ) T 20
RES TR FN D) RR Bk 2K SE 0, S 2, BFOE N A B 45
W HULC 76 4l UM - 4 i vp s 3k

»
n
1

=3

Lo i
n =3
1 1

HULCAH % 34 &
Relative expression of HULC
=
L

1A :qRT-PCR 2347 , 59855 E Mg 41 2UM LG, HULC 7EfyR 2 4URE AR 63K 13 ; B qRT-PCR &
Il HULC ZE HCC i &2 h £k B, 5 Adjacent nontumor ZH AR [:E.,WP<O. 01; 5 LO2 41 %%,

* P<0.05, ™ P<0.01, ™ P<0. 001,

1 HULC 7EAT A8 R 40 b i ik

Note. A, qRT-PCR analysis. Compared with Adjacent nontumor tissues, HULC expression was up-

regulated in tumor tissue samples. B, qRT-PCR detected that HULC was up-regulated in HCC cell lines.

Compared with Adjacent nontumor group, P < 0.01. Compared with LO2 group, *P < 0.05,

™ P<0.01, ™™ P<0.001.

Figure 1 HULC expression in liver cancer tissues and liver cancer cells



48

SHEER S

2020 4 10 A 55 30 %45 10 ] Chin J Comp Med, October 2020, Vol. 30,No. 10

2.2 HULC 3 HCC #atgsaFn AT m

pcDNA3. 1-HULC %% 4+ MHCC-97L 4 Mg, si-
HULC %% %% HepG2 #fi i, qRT-PCR 43 #7 & 7K,
pcDNA3. 1-HULC 1 si-HULC 7E MHCC-97L #i
HepG2 41 i 2 8 45 T HULC WY&k (¥ P<
0.01, 2A 2B) . MIEE &, CCK-8 4 #r &M,
i #6ik HULC B 3458 MHCC-97L 4iMury i )1 (P<
0.01; & 2C) , Mk HULC W i85 HepG2 40
935 71 (P<0.01, [ 2D) . 40476 I i Se 4 6 1
1A HULC BH 3855 MHCC-971. 40 i ) 388 5 fik
(P<0.01,[# 2E) , Mifili ik HULC B S 55 HepG2
A ISERE J1 (P<0.01, 8 2F) . 40 AR 45
FW 1 Feik HULC B4l MHCC-97L 4Ha i T
AEJI(P<0.01, ¥ 2G) , Ik % 5 HULC B 12 3 5
HepG2 AAfIAY IR T-HE ST (P<0. 01,15 2H) .
2.3 HULC 3 HCC 488 EMT B0
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5335 HULC 4l e, i3 263k HULC 419 HCC 41
2 E A AL E-cadherin 1% 5 B Vimentin 3234
(P<0.01, 3A), Western blot 45 £, i F ik
HULC #] AP % #0 #] MHCC-97H #fi it /b E-cadherin
AR B Vimentin YRI5 (1 P<0.01) K%
5 HULC A2/ HepG2 4L o E-cadherin 335
FF4MH] Vimentin B34 (¥ P<0.01, 18 3B) , &
Jrid ,JHULC fig#F HCC 20t iy 38 58 4 i HCC 20 ffd
AT LU AR 3 HCC 400 EMT k@
2.4 miR-372 2 HULC HJ$E4R

TargetScan 5 45 78 T miR-372 5 HULC #9
TRTESE & 7 55 (Bl 4A) . qRT-PCR Y ¥ 2 1,
miR-372 76 179 41 23R 40 i b i ek B B R
(14 P<0.01, K 4B . 4C) ., Pearson M &2 #7 B
/N, miR-372 5 HCC A4 () HULC 335 #5643
BraR W] 76 2 2P 52 3 miR-372 5 HULC &
KZ A2 AR (r=-0. 56,P<0. 001, & 4D) , #%
Tk, 4y B MHCC-97L F1 Hep2G 40 Mo %5 4t T

C D
2.07-e- pcDNA3.1-%}#8 pcDNA3.1-control 2.07-e- si-%fH& si-control
-m- pcDNA3.1-HULC#FA pcDNA3.1-HULC -m- si-HULCZER si-HULC
am E 15 i Zgs
B g . B2
% § 2
& g 1.0 ) g 10
E2 EE:]
2 =%
=
¥ 205 2205
T T T T 0. T T r r
24 48ET TR 96N 20hRE AR TUREE 96NEE
241 48h 72h 96 h 24h 481 72h 9%6h
G H
20 25
—_—
15
SE cE
021
= & £
®E EE —
< 5 <
5
pDNA3L# I peDNA3.1-HULCEE SR si-HULCHE
pcDNA3.1-control  peDNA3.1-HULC gene si-control si-HULC gene

¥ : A qRT-PCR 43#T pcDNA3. 1-HULC #J LA i [ MHCC-97L #fi i HULC #9335 ;B qRT-PCR 43 #7 si-HULC 7J LB i T 4 HepG2

4 s HULC A9 33k ; C: CCK-8 47 #F peDNA3. 1-HULC #] L BH 2 34 5% MHCC-97L 41 (975 J1; D CCK-8 230 si-HULC 1 LA BH {5 Uik 55

HepG2 40 H93E 115 E . 40 MU SE I5 I 8 525020 H1 peDNA3. 1-HULC Al LABA S 3895 MHCC-97L 40 it 39 5 AE 11 3 F . 40 ISR V% I8 )R S2 56 20 B

si-HULC 1 LAWA 50855 HepG2 AMARAYIEFEAE )1 ; G AN AR ST peDNA3. 1-HULC ] LABA 3855 MHCC-97L 4 j i 98 T-fE J1 s H. 41

MR EA ST si-HULC 0] LA 3858 HepG2 4UMIMTHT-6E 1, 5 pcDNA3. 1-control 41 FLAZ, ** P<0. 01 ;15 si-control 4 K52, # P<0. 01,
E 2 HULC fi#t HCC AU Ry3E7E I HCC 4 i T

Note. A, qRT-PCR analysis of pcDNA3. 1-HULC can significantly increase the expression of HULC in MHCC-97L cells. B, qRT-PCR analysis of

si-HULC can significantly down-regulate the expression of HULC in HepG2 cells. C, CCK-8 analysis of pcDNA3. 1-HULC can significantly

enhance the viability of MHCC-97L cells. D, CCK-8 analysis of si-HULC can significantly reduce the viability of HepG2 cells. E, Experimental

analysis of cell colony formation pcDNA3. 1-HULC can significantly enhance the proliferation ability of MHCC-97L cells. F, Experimental analysis

of cell colony formation si-HULC can significantly reduce the proliferation ability of HepG2 cells. G, Cell flow cytometry analysis of pcDNA3. 1-

HULC can significantly reduce the apoptosis ability of MHCC-97L cells. H, Cell flow cytometry analysis of si-HULC can significantly enhance the

apoptosis ability of HepG2 cells. Compared with pcDNA3. 1-control group, ** P<0. 01. Compared with si-control group, *P<0. 01.
Figure 2 HULC promotes HCC cell proliferation and inhibits HCC cell apoptosis
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HULC®™ HULChie! HULC"™ HULCh?
B AmmiMHCCOTLANG  AFPRAURRHepG24I _
MHCC-97L HepG2 [ pcDNA3.1-control B peDNA3.1-HULC o s B si-HULCHER
EEREA HEEHEE 1.0 PcDNA3. 1-% i pcDNA3. 1-HULCIERH si-control si-HULC gene
BIEEA BREA g 50-8
Vimentin Vimentin !lgj @' 06 N_%j gg 06
B-actin B-actin o 04 ** puns o 0.4
pcDNA3.1  pcDNA3.1 si-XtH si-HULCHER & g
AR -HULCHEER si-control  si-HULC & 02 & 02
pcDNA3.1  pcDNA3.1 gene .
eonrol UL PRUEIE B R EAE wREE
gene E-cadherin Vimentin E-cadherin Vimentin

T AR SUE 20T TR, SR F5 HULC 44 [, 3 %635 HULC 4/ HCC 4 BA R E-cadherin 1% 5 B Vimentin
35 ;B Western blot Z32H7 k7% , 76 MHCC-97L 40 i v, i %6 35 HULC B 2 &Ik T E-cadherin Y35, 3N T Vimentin #9335, 78

HepG2 A, {3635 HULC BA W3 i1 T E-cadherin 3 ik

CHEFEAE T Vimentin 9 3k, 5 HULCY 4 Ho 45,44 P<0.01; 5

pcDNA3. 1-control 4 3, ** P<0. 01 ;15 si-control 41 HL#2 , # P<0. 01,
B3 HULC fiif HCC 4hfil EMT B

Note. A, Immunohistochemical analysis showed that the HCC tissues in the HULC overexpression group had lower E-cadherin and higher

Vimentin expression compared to the HULC group with low expression. B, Western blot analysis showed that in MHCC-97L cells,

overexpression of HULC significantly reduced the expression of E-cadherin and increased the expression of Vimentin. In HepG2 cells, low

expression of HULC significantly increased the expression of E-cadherin and decreased the expression of Vimentin. Compared with HULC'"

group, ¥¥P<0.01. Compared with pcDNA3. 1-control group, ** P<0.01. Compared with si-control group, *P<0. 01.
Figure 3 HULC promotes the EMT progression of HCC cells
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Note. A, The binding site between miR-372 and HULC. B, qRT-PCR analysis. Compared with Adjacent nontumor tissues, miR-372 was down-
regulated in tumor tissue samples. C, qRT-PCR detected that the expression of miR-372 was down-regulated in HCC cell lines. D, Pearson
correlation analysis showed that miR-372 had a negative correlation with HULC. E, miR-372 mimics or inhibitors can significantly regulate the
expression of miR-372 in HCC cells. F, Dual luciferase reporter gene assay showed that miR-372 can negatively regulate the luciferase activity of
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with pcDNA3. 1-control group, *P<0. 01. Compared with si-control group, ®P<0. 05.

Figure 4 miR-372 expression in liver cancer tissues and liver cancer cells and its relationship with HULC
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Note. A, CCK-8 analysis, low expression of miR-372 can significantly enhance the viability of MHCC-97L cells, while overexpression of miR-
372 can significantly reduce the viability of HepG2 cells. B, Experimental analysis of cell colony formation. Low expression of miR-372 can
significantly enhance the proliferation ability of MHCC-97L cells, while overexpression of miR-372 can significantly reduce the proliferation
ability of MHCC-97L cells. C, Cell flow cytometry analysis. Low expression of miR-372 can significantly reduce the apoptosis ability of MHCC-
97L cells, while overexpression of miR-372 can significantly enhance the apoptosis ability of HepG2 cells. Compared with NC group, * P<
0. 05. Compared with NC group, ** P<0.0l.
Figure 5 miR-372 inhibits HCC cell proliferation and promotes HCC cell apoptosis
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Note. A, Immunohistochemical analysis showed that the HCC tissues in the low miR-372 group had lower E-cadherin and higher Vimentin
expression compared with the high miR-372 group. B, Western blot analysis showed that in MHCC-97L cells, low expression of miR-372
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Figure 6 miR-372 inhibits the EMT progression of HCC cells
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Figure 7 CXCR4 expression in liver cancer tissues and liver cancer cells and its relationship with miR-372
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Note. A, qRT-PCR analysis, overexpression of miR-372 downregulated the expression of CXCR4 in HULC overexpressing MHCC-97L cells, and
low expression of miR-372 upregulated the expression of CXCR4 in HULC overexpressing HepG2 cells. B, CCK-8 analysis showed that miR-372
can reverse the effect of HULC on the viability of MHCC-97H and HepG2 cells. C, Experimental analysis of cell colony formation. D, Cell flow
cytometry analysis, miR-372 can reverse HULC’ s ability to apoptotic MHCC-97L and HepG2 cells. E, Western blot results show that miR-372

can reverse HULC expression of E-cadherin and Vimentin in MHCC-97L and HepG2 cells. Compared with pcDNA3. 1-control group, * P<0.01.
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Figure 8 HULC/miR-372/CXCR4 axis regulates cell proliferation, apoptosis and EMT of liver cancer cells
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