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miR-3612 regulates the malignant biological behaviors of hepatocellular carcinoma
cells via targeting SEMA4C
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[Abstract] Objective: To investigate the effect of miR-3612 targeting semaphorin (SEMA)4C on the proliferation and invasion ability
of hepatocellular carcinoma cells. Methods: Forty pairs of cancerous tissues and corresponding paracancerous tissues of hepatocellular
carcinoma that surgically resected at Yijishan Hospital, the First Affiliated Hospital of Wannan Medical College between May 2020 and
September 2021 were collected for this study. Hepatocellular carcinoma Hep3B and Huh7 cells were routinely cultured and divided into
control group, miR-3612 mimics-NC group, miR-3612 mimics group, miR-3612 inhibitor-NC group, miR-3612 inhibitor group, si-NC
group, si-SEMA4C group, mimics-NC+pcDNA-NC group, miR-3612 mimics+pcDNA-NC group, and miR-3612 mimics+pcDNA-
SEMAA4C group. The corresponding nucleic acids and plasmids were transfected into each group of cells with transfection reagents.
qPCR assay was used to detect the mRNA expression of miR-3612 and SEMA4C in hepatocellular carcinoma tissues and Hep3B and
Huh7 cells. Dual-luciferase reporter gene assay and RNA immunoprecipitation assay (RIP) were used to validate the binding and
regulatory relationship between miR-3612 and SEMA4C. qPCR and WB assays were used to detect the mRNA and protein expression
of miR-3612 and SEMA4C in Hep3B and Huh7 cells after transfection in each group. The proliferation, migration and invasion abilities
of Hep3B and Huh7 cells were detected by CCK-8 assay, cell scratch assay and Transwell assay, respectively. Results: miR-3612 was

[EE£WE] ERARRBEIES No. 81772180) : I H MR35 4: (No. KI2016A722)
(EE®AT]  BREIE1999—), 5 itk 3 W , 32 2 M F MR bR SRR JE . E-mail : 823545914@qq.com
[E@{E1E&] %, E-mail:philipcpu@163. com



- 232 - rR [ R AR TR 9T 44 3, 2024, 31(3)

lowly expressed in hepatocellular carcinoma tissues and Hep3B and Huh7 cells (P<0.001), whereas SEMA4C was highly expressed
(P<0.001). Overexpression of miR-3612 suppressed proliferation, migration, invasion, and expression of vimentin and SEMA4C
proteins in Hep3B and Huh7 cells, promoted E-cadherin protein expression (P<0.05 or P<0.01 or P<0.001), and knockdown of
miR-3612 promoted proliferation, migration, invasion and SEMA4C protein expression in Hep3B and Huh7 cells (P<0.05 or P<0.01 or
P<0.001). Dual luciferase reporter gene assay and RIP assay confirmed that miR-3612 bound directly to SEMA4C (P<0.001), as
indirectly evidenced by the negative correlation between miR-3612 and SEMA4C expression (P<0.001). Knockdown of SEMA4C
significantly inhibited the proliferation, invasion and migration of Hep3B and Huh7 cells (P<0.05 or P<0.01 or P<0.001), and
overexpression of SEMA4C reversed the inhibitory effect of miR-3612 overexpression on proliferation, migration, invasion and
epithelial-mesenchymal transition (EMT) of Hep3B and Huh7 cells (P<0.05 or P<0.01 or P< 0.001). Conclusion: miR-3612 affects the
malignant biological behaviors of Hep3B and Huh7 cells by regulating SEMA4C expression, and it is expected to be a potential target
for clinical hepatocellular carcinoma therapy.

[Key words| hepatocellular carcinoma; Hep3B cell; Huh7 cell; miR-3612; SEMAA4C; proliferation; invasion; migration; epithelial

mesenchymal transition

[Chin J Cancer Biother, 2024, 31(3): 231-239. DOI: 10.3872/j.issn.1007-385x.2024.03.004]

JHF 41 P % Chepatocellular carcinoma, HCC) /5 Jif
T 03 191 ()3T 85% 5 A2 A% BR AR — O i g, 75
HIRRFEFEAN S BN K ZEHCCEM A 12
Wi, RA D BUEE ReRHR A VR T L2, T L2
FHCC B T 5 7 25, miRNA &£ 22 bp [113F
25 RNA , BEGZ 1855 mRNA [ 1) &1 Bl 417 i) HL 0 3%,
A miRNA 7] DLEE () 3 15 88 1 200 B mRNAY. £
TR 72 2R B, miRNA 3% 78 & Bl iF A R 1A 57
W SEH ZRIA A miRNA R & R AR 0 FRIRIE,
T 1T M e 4 B PR S P A 2 AT . — e iR 2 21
H1 miRNA 2K K IA , & B miRNA 1] G878 24 g i
PRI, RIS R E , miR-3612 76 5 WA L 7L e
R B 20 PR S5 4 23 2ARERA , AT R 2 )
KAEKE. 1552 (semaphorin, SEMA) F W) AE il 52
5 ST YR I, B EYIE B 25 2R RERR
i R AR R T L5 RE R AN R TR A R,
SEMA 4C /& IVHESEMA {51 , 143K , SEMA4C 7L i
SiE AR P A Bk A S2 BN TR B B FE R
SEMAAC fg (e 32F 7L IR S | Jo JI a2 | &5 i Jeg 2 25 g
i 200 O P A K R R, AV L LAE e R i RoE . B
S 18] 53 i A0 CEMIT) 2 b 2 441 it i i) S5 40 B 55 16 R B
R, 5 5VFZRETE R HELI R, 1R R I Rk AR R
Je AR 4H M 1R B S R R, B R L
SEMAA4C 7t 45 B " JE /)N 4H Mo It 927 1 R R =Y
FES EIE HE EMT 3252 I 1T 18 42 96 40 B AR 3 1t A= 4 2
T RBIMER o AW AR miR-3612 42 75 i i # )
SEMAAC i #% JF 41 B Je 40 B (1 2 M E 44T 9 N
JFT- 44 6 e R I PRV 7 B A9 7E BB

1 MR5EE

1.1 fmpa X5 B sidr K
N4 Ho 928 21 B Hep3B A1 Huh7 1 B E &L 2B
I BR 2R R 01 2 20 B 2, \IEHE 41 g THLE-2

T E TIEE A e i (FBS) A H Gibeo A ] ,
DMEM =i Hli5 75 2L B FEER C /R B (R ED AR A
], Matrigel it [ ¥ Biozellen 24 7] ,miR-3612
5141 .SEMAAC 5141 .GAPDH 514, U6 514 .miR-3612
mimics.miR-3612 inhibitor.si-SEMA4C 34 H it FH 4=
PICGRRMD A3 A RS ], pcDNA-SEMAAC AH S f [ 14
o B % 2 Gk 571 riboFECT™ CP #4106 [ ) M 4t 1 A 4
FEARA R A A] , miRNA 1% 4% 5% (miRcute Plus miRNA
First-Strand cDNA Kit) .mRNA i¥fi % 5% (FastKing gDNA
Dispelling RT SuperMix) #l miRNA 7 & PCR (miRcute
Plus miRNA gPCR Kit) \mRNA € f& PCR (SuperReal
PreMix Plus) i &304 B KL RIBAEMEHE IR A
F], RNA 2568 [ 2 DT R G e B 26 [ g %€
M Magna 2\ 7] , RIPA 2 2% M BCA B H K B Al
A& TRIzol 1771 BRI AL MBS 10 “E 1 % 1gG
W5 B EE R RAEME AR AT, %t N SEMA4C
AT LRI B Proteintech 2y &) , %t A\ E-cadherin.
vimentin I B-actin ¥ 5w FEPLIAIYIE H Affinity A 7]

W42 2020 4 5 F & 2021 4 9 H [8) 78 f5t 7 12 24 e
55— Bt g s B AL L 5 B A 2 S 40 P e e X 4L
ZURE AR 40 X O 4 23RN 55 A1 2, o 55 4% 23 91
T ) s WS 37~79 B, HALAE RS 68 B s ik
4 TR A A9 B ARk 17 B s S 55 4% 6 o), R HE S
344, BT A B AR AR 2 AT VBT B AR BT
FEIRIT o T E RIS HEUR R B Hi2 N
FTF MM AT - FIT AT BB RN SR8 48 76 0 SR 25 38
15 F A, AT RAE BT R B R A0 B 0 2
A EIE (No. 2020 18 HHF 55 21 5.
1.2 miaddic x50

Hep3B.Huh7 il THLE-2 4l £ 2 10% Jifi 2 13
[\ DMEM 53 723& , T 37 °C.5%CO, [ 55 75 F P 15 77 o
BA KR 2 B 4F 1K) Hep3 B Huh7 40 i1, LL 2x10°4N/4L
HAF 6 FLIK , 24 h J5 , 4% M riboFECT™ CP it 71| it

are



b

IR, 25 miR-3612 4[4 SEMA4C 1845 4 i Jes 40 i 1 S it A= W22 47 R - 233 -

B 45, ¥ miR-3612 mimics « miR-3612 inhibitor.
si-SEMA4C . pcDNA-SEMA4C % #H 5 f) B A4 xof [
4 Hep3B. Huh7 4 ff , 5 B 75 FIN IR % 3 3 i
% 1 20 . mimics 41 « mimics-NC 4 . inhibitor 41 .
inhibitor-NC 4H . si-SEMA4C 4 . SEMA4C-NC 4 .
pcDNA-SEMAA4C 21 F1 pcDNA-NC 21 . %53£ 48 h )5
AT IR . MH R 3N R L.
1.3 fmjad % RNA B3R B, 1% 45 A= 52 & € 2 PCR
JFH TRIzol i3 77 $2 B 4% 41 40 ffg 5 RNA, 43 6 6
TER E PR BUE RNA AT . i FH 00 3 ) e 0
A RNA 75 2] cDNA, F A qPCR i 7 & 12T %t
FREM . miRNA ff] QPCR 2 % Z ¥ : 95 °C 15 min,
94 °C 20 560 °C 34 s, 3£ 45 MG . mRNA [ qPCR
S ZH:95 °C 15 min, 95 °C 10 s. 60 °C 20 s, 3t
45 M . LA GAPDH 5L U6 NN SR, ] 2%
THEAHRL B R A XS FRIE Ko BRI IR E
3INEE. IR AINE L.

=1 qPCR 3|49 17

HE K A4 FK FF31(5'~3"
miR-3612-F AGGAGGCATCTTGAGAAATGGA
U6-F CGCTTCGGCACATATAC
SEMA4C-F ACCTTGTGCCGCGTAAGACAG
SEMA4C-R CGTCAGCGTCAGTGTCAGGAA
GAPDH-F CATCAAGAAGGTGGTGAAGCAG
GAPDH-R GTGTCGCTGTTGAAGTCAGAG

1.4 WBk# M % 40 49 J2 F SEMAA4C . E-cadherin #=
vimentin & & 49 k& ik

FH RIPA i 2 M B AL fif 5 AH A R IO S R
Ji 5 FH BCA B R P 4G IR 7] 60 I 5 AN i 8 2R
I, FH SDS-PAGE 77 (& 8 LA I L AN R 4T
YeZ B b, 5% AR W =i FE 1 h, 5— P B
[Pt AN SEMA4C(1:1 000 Fi %) \E-cadherin(1:2 000
Fi®E )« vimentin (1 : 2 000 % B¢ ) Fl B -actin $T 14
(1:1 000 #F6)] 4 °C F ALFERE 7 , BRAR L AL I b
WAL EHT A (101 000 M ke % i A0 FE 2 h, ECL A%
KA, 7EBUEA EALEE iR . DL B-actin AN
2, K H Imagel A5 B 25 2% I JEAE -
1.5 CCK-8 &4 M| &40 4m i 69 35 74 A&, /)

EUH i 4E K 3991 Hep3B W Huh7 402 (5% 10°4N/4L)
FEM R 24 FLAR A 3N EE AL, FE R 041,20
3R, FFFLINN 10 pL CCK-8 ¥ ¥k, 37 °C4k 485 3%
1 h /i, FHEERRACAE 450 nm 9% 4 A0 & A FL I 26
(DA , A D{E AR A G FEE 77 o
1.6 AR JE 5% I A ) &40 tm B &Y iE A5 B 7

F5 7710 1.2 R B ) 25 2H 40 R I A AR 3 100%
i, BEAT RIJR SEES, T 100 wL WSk AE AR FL 4 o 1) 2
BRI 2 H 2k, F PBS 22 M b e b 40 i -, B3 £L
TN 2 mLZ T35 1% fa 4= M3 (85 3790, SR )5 K 6 4L
BRI 35 TR 46 Hh 4% B35 77, 76 0,24 148 h IS 7EAH [F]
A EE FAlE . RIJR A %= (0 h R JRFE B5-24 5L
48 h KR BE 25)/0 h RIJR P B x100%. RFH % E 34
R
1.7 mfaAz 2 9 B A ) & 40 4w L 69 4% 22 A% /)

7£ Transwell I = 4l I Matrigel 2% Jii %¢ % , H
DMEM 5 77 1 ¥4 48 Jf 25 2 7 B¢ 22 1x10°4>/mL, 7£ E
N 200 pL fF) 48 =2, /£ N = N 800 pL 7
10% FBS 55 7% » 4% J57% 1.2 AbFRAN AR , 7E 85 - 46
B4 9% 24 h, W FE RS 95, F PBS P ik 3 IR, FH 4% £
AL 30 min, A1\ 25 0 MR G R IR A B
20 min, PBS 18 3 7%, AR A 45 R A2 22 1 4t
TERAREE X0 27 Rt AT 88 T H R
1.8 MR A& & B5 R4 A B % 1 5 i miR-3612 5
SEMAA4C #2165 % %

Bt 304 KA Hep3B 402, LA 11054 /4L 10 %5
FERERR T 24 FLAR , 0 IR % g% IS 40 f V& FE ik 3
70%~80% Fi lipofectamine i 7K SEMA4C-WT Jii
ki - SEMA4C-MUT Jii K7 43 7l 5 miR-3612 mimics.
mimics-NC F£#% 4% %5 Hep3B 41 ffg 1 , ity SEMAA4C-
WT+miR-3612 mimics 21 - SEMA4C-WT+mimics-NC
41 , SEMA4C-MUT+miR-3612 mimics 2 . SEMA4C-
MUT-+mimics-NC 41,48 h Ji5 f il 5 S 22 B PR o
AT E 3 AL
1.9 RNA #% 7z & 5 % (RNA immunoprecipitation,
RIP) %32 7E miR-3612 5 SEMA4C 89 & &5 X %

o HEL 1) 325 P 1) 150 B, £ ) RN 456 2 1 S B Ui
BT SR AT RIP A . {88 ) RIP R AE UK b 2 A
Hep3B . Huh7 41, 7E 25 /0 v il £ MR- PR IR B
SRIGHEREZE ERR 2 BB FE RN E NN 900 uL RIP
Y EYTIE LB B 100 pL 40 2208 &g N | —
W HIREER-PUARE G ARG TE4 °C R AbEE3 he R4
FEmEAE b PR PUAE S b3 . (AR AE
fn HFOIN 150 L 25 G K 22 P B 8 FORREER-PiiA

B ARG AE 55 °CF A FE 30 min, WX _E 35 R EX
RNA. 4tk /)51 RNA BT qPCR K
110 %itsie

FT 5 s2 56 ¥ M 37 B2 3 K. K A SPSS 24.0.
GraphPad Prism 8.02 4t 11 2% 8 A4 % #8147 e vk oy
o FFEIESDAMRITET R v+s IR, AL
FH k56 . LLP<0.05,P<0.01 £/nZ 57 A%



© 234 -

F [ R AR IR 9T AR K, 2024, 31(3)

2 # R

2.1 miR-3612 £ tafa sz min b EAK KK M
SEMA4C mRNA £ & % %
qPCR VE R W 25 3R 87w , 5 1E % 40 g THLE-2

A B
P<0.001
Lsp P0.001 0020p M——
P<0.001
B — i
%L 0.015}F
| 1.0 K
- O o
© sk & 0.010
~ &
& g
0.005F
0
b @
) AN
Q,\? PO 0
S EEHS BAHA

Bl 55 2H 23 L A%, miR-3612 7£ Hep3B . Huh7 41 fitd Fl AT
41 A g 4 23 rp 2 AR R R (B 1A B) (3 P<0.001)
i SEMA4C 7£ Hep3B Huh7 41 g Al T 41 it Je 2 22 oh
YR EFRE(H1C.D) (B P<0.001).

P<0.001 D P<0.001
— 0.015] T 1
8 P<0.001
B B
§ 6 § 0.010F
® 4 ®
Q Q
: <
=2 % 0.005 |
a a
0
R N
F& 0
S EEHAR BAR

AB:miR-3612 7 FF 41 A 41 A 2 4UR1 1E 5 A  ZH 2 19 R IE 7K 5 C D : SEMAAC 7 41 it Je 41 g « 2HL 2R 1 35 41 g

PP RIEAKT
1 miR-3612.SEMA4C 7ERTRpR LA L FN AR F A FRIE B R

2.2 it &3k miR-3612 *T 2 & 47 %] Hep3B.Huh7 & 2
893G 58 A AT R T

qPCR EA I 25 5 (K] 2A) 7R , 5 mimics-NC 41
AH b, mimics 24 Hep3B+ Huh7 4 ig #* miR-3612 {3
K KT 14 5 25 T (3 P<0.001) ; 5 inhibitor-NC 414
Et , inhibitor 41 Hep3B Huh7 4 ifd -F miR-3612 1) ik
K 2 5 3 AR (2 P<0.001) , 55 %% H H X I 4t
¢, mimic-NC F/1 inhibitor-NC 41 Hep3B Huh7 4 Jf1
miR-3612 KA KT HH LA B B Ak . SEae a5
W, 7€ Hep3B . Huh7 4 fitd 3% Dy 1 ek 38 78 Bl ek 17
miR-3612. CCK-8 7% « 4l g X JR I 56 Fl 132 28 S 56 A
Mz R CE2B.C D) &7~ , 5 mimics-NC 41 A L,
mimics 21 Hep3B-Huh7 41 f (I 34 5 8 /1 IR AR 28
BE 1 % 0 . P& K (P<0.05. P<0.01 5% P<0.001) ; 5
inhibitor-NC 2140 L. , inhibitor 20 Hep3B « Huh7 4f /ity
3G 5E RE 11 TR RN 28 g 11 ¥ B TR (P<0.05.
P<0.01 8 P<0.001) , % F (155 B8 41 1 19 58 1T #% A 1=
Z& Rt 175 mimic-NC 1 inhibitor-NC 24 L & A B &
AL . S A5 A B, It 3% 08 miR-3612 1] 1 il
Hep3B. Huh7 41 i (1) 184 58 | 1T 78 A2 28 g 77, md ik
miR-3612 M ] & ik G 5E T # AR 28 1 77
23 miR-3612 T 5 SEMA4C % & # A % £ &
Hep3B.Huh7 %@ it ¥ &9 % ik

AT T4 miR-3612 1) I i 3L A, ¥ starBase
miRmap 1 miRwalk = AN E0 4 7 1 T &5 J k47 52
X ,3F] 7 SEMA4C (B 3A) . ENCORI ¥4 % 43 #r

K, miR-3612 5 SEMA4C mRNA 174 H.#h 45 & 7
FCEIB3B) o XU ' 2 Bl Al 75 2 DR Aar I 25 5 (18 3C)
& 7~ , 5 SEMA4C-WT+mimics-NC 4 # & ,
SEMA4C-WT+miR-3612 mimics 26 Hep3B. Huh7 4f
J o 1 5% ' 2R i M 38 B R R AR (35 P<0.00D) 5 5
SEMA4C-MUT-+mimics-NC 2H [t % , SEMA4C-MUT+
miR-3612 mimics 21 Hep3B . Huh7 41 it 7 1Y) 7% Y 2 il
U5 IR B S B AR Ak . RIP SEEeAG I 45 5L (& 3D) &
7R, AR T 1gG 4 HE4H , miR-3612 11 SEMA4C 76 & 4
AGO2 Ktz B B E &P B i E 4 (P<0.001) .
F miR-3612 I SEMAAC 17 125 #4) 8 ) A 5C il 4k 2
7N BTN R 2 [ 2 AR R (B 3E). qPCR
1 WB 26 45 B (& 3F . G) & 7R » 5 mimics-NC 21
A, mimics 41 SEMA4C ) mRNA Fl &5 1 7K T B&
(P<0.05.P<0.01 8%, P<0.001) ; 5 inhibitor-NC ZH A Lt ,
inhibitor 21 SEMA4C mRNA FIEE H/K T+ & (P<0.05+
P<0.01 8% P<0.001) , ik 55 &5 B 3% B, miR-3612
A 5 SEMA4C E#:45 6, H miR-3612 7] 4% Hep3B-
Huh7 41 i+ SEMAA4C 131k .
2.4 A SEMAAC 7t B £ 47 %) Hep3B.Huh7 %0 i 9
W A3 E AT AR A

qPCR.WB A 25 K (4AB) BoR , 5 si-NC 41
A L 5 si-SEMA4C 41 Hep3B- Huh7 41l i F SEMA4C
mRNA 85 {5 & ik K 2% 8 & FAL(P<0.01 B¢
P<0.001) , S5 25 L 3], 1€ si-SEMA4C 4H Hep3B.
Huh7 4 g 7 5 Th H 98 7 SEMA4C mRNA . &5 [ [



b

IR, 25 miR-3612 4[4 SEMA4C 1845 4 i Jes 40 i 1 S it A= W22 47 R - 235 -

Fik. CCK-8iEMMIZER(E 40 Bor, 5 si-NCHAH
tt,si-SEMA4C % Hep3B « Huh7 [ 48 ity 1% 74 ft

1 B9 B B AR (34 P<0.001) o RIJR 5256 F112 28 SL 06 K
M 25 F 4DV4B) 7R, 5 si-NC 4H A L, si-SEMA4C

A B
H_ ﬁ_ 1.5 §
¥ ¥
X § 19 §
g S =
g i 05 §
g g, 8

Hep3B  Huh7 Hep3B  Huh7
C 1 2 3
D Hep3B
1 2 3
Huh7
1 2 3

., Hep3B

2H Hep3B.Huh7 41 i 1 1= 2% - iT 7% € /1 35 38 2 T4
(P<0.05 5% P<0.01) . S256 45 5 1 B , fi ) SEMA4C
AE B S5 11 1] Hep3B- Huh7 28 At (1) 14 4 | 12 28 At %

ANHUMAE Sy (Daso)

1 3

2
W E/d

ml =2 m3 =4 =5

L
Hep3B Huh7

Hep3B

ml =2 m3 =4 =5

RIMEEHE%
¥—3-g 3

un asn

Huh?

ml =2 m3 =4 =5

RIMEA %

A~D:qPCRi%(A) .CCK-87% (B) \ Transwell /) 5 S5 (CO A 4H A K 5246 (DO £ 5 452 Hep3B . Huh7 481 1 miR-3612 mRNA [
5 GRS AR ZERE ST 1 XFIR A ;2 i mimics-NC 2H ; 3 : mimics 2H ;4 : inhibitor-NC 41 ; 5 : inhibitor 2. “P<0.05,”P<0.01, " P<0.001 .
2 T FRIEFIEA miR-3612 X Hep3B, Huh7 4APHIE5E T F115 2 6E HBIR2 N

2.5 miR-3612 47 %] Hep3B.Huh7 /) 8 i.  SEMA4C
F A St AR R Mg A T A R £

qPCR . WB A5 45 5 (B SA B i, 50t 2
B mimics-NC+pcDNA-NC 21 4H tt: , mimics+pecDNA-NC
2 Hep3B-Huh7 4l i FF SEMA4C mRNA . £& /KP4
B 8 A% (3 P<0.001) ; 5 mimics+pcDNA-NC ZHAH L,
mimicstpcDNA-SEMA4C 4 Hep3B. Huh7 4 fig o
SEMA4C mRNA . £& 47K F-2) B 2 T+ 5 (P<0.05. P<0.01
B P<0.001) . SEG 4 FUEEH , BT SR8 miR-3612 A
#1 Hep3B A Huh7 41 /i 1 SEMA4C mRNA Fl1 & (111
29k, 1 [F] i it % 7& miR-3612 A1 SEMA4C N #] i

SEMA4C mRNA Fl & H ()R IE G FrikE . CCK-8i%.
Transwell /) 2 SZEG RN KR SZIGAIN 25 S (B SC~B)
7R, 5 %R 4 5% mimics-NC+pcDNA-NC 4141 Lt ,
mimics+pcDNA-NC 41 Hep3B . Huh7 it {1 1851  3E 7%
MUZZEHE I T B K (P<0.01 B{ P<0.001) ; 15 mimics+
pcDNA-NC ZHAH L, mimics+pcDNA-SEMA4C 21 Hep3B.
Huh7 40l Fr1 385 28T e 1350 2 71 /& (P<0.05.
P<0.018% P<0.001), WBIEFM4E R (K SPHER, 5
Xt HE 2 5 mimics-NC+pcDNA-NC 41 4 Lt , mimics+
pcDNA-NC 41 Hep3B- Huh7 41l ' E-cadherin 1% 2. %
/1, vimentin 3 i {2 3 FF K (P<0.05. P<0.01 B

are



.+ 236 - rR [ R AR TR 9T 44 3, 2024, 31(3)

B C Hep3B

Hub?
miRmap
B mimics-NC
SEMAAC-HT 5 ~GGCAGAAGUUUCAAGAUGUGUGUUUG-3"
e
. SEMAAC niR-3612 3 ~AGGUARAGAGUUCUACGGAGGA-5/

=3

SEMAAC-MUT 57 -GGCAGAAGUUAUCGCUCCUGUGUUUG-3"

n

0!

SEMAAC-WT  SEMAAC-MUT

= G = AgO

B 30 e B
% — %
ﬁ*ﬁ T . ﬁ
£ 2
g 10| Q
g s
g o m
Hep3nn Huh7 wi Hep3t Huk?
F
Hep3B Huh7 Hep3B Huh7
mimics-NC - + - - + - inhibitor-NC - + - - + -
mimics - - + - - + inhibitor - - + - - +
SEMA4C — cm— —I E — —-I SEMAA4C -_—— o= E S— Se—n S
B-actin emm— == _l l— -—I B-actin -_— e e — — —
G
B 248 B3 mimics-NC B8 mimics == %3 B inhibitor-NC B inhibitor B B B mimics-NC Bl mimics B~ =R Sinhibitor-NC B inhibitor
1.5 futled — ¥ % %
ﬁ Hﬂ% 200 ™ JU ... - R4 =
an o 15 ® o o *® =
w10 W T < 10 < 3
Q O 10 % % 2
‘é 0.5 ‘E' 05 =
0.5 Q Q1
o a 3 3
“ “ g o S o
Hep3B Huh? Hep3 Hun? & Hep3B Huh? & ep3B 1Hub?

A: [ starBase .miRmap F1 miRwalk 3% [ il miR-3162 ff) R4 5L R ; B: miR-3612 55 SEMAAC (45 &0 51 s C: 9t R TR 15 £ A
SLAG UG UE miR-3612 5 SEMAAC [F#E ] 454 98 £ s D: RIP 5240 — 5 /R miR-3612 5 SEMA4C [4Ea1 454 % % E:miR-3612 5
SEMA4C FiA KM £k s F .G %41 Hep3B Huh 41 1 SEMA4C % 4 (F) F1mRNA (G FIA/KF. 'P<0.05,"P<0.01,""P<0.001.

3 WK S RBEIR S E E SLLE A1 RIP L4636 IF miR-3162 5 SEMA4C L& X &

A B B SEMASC-NC B Si-SEMAIC
3 B SEMASCNC B siSEMASC Hep3B Huh?
1.5
% e fsd SEMA4C-NC - + - - + - ﬁ
% L0 si-SEMA4C - - + - - + g‘ :
o s (B | - —] 5
Z, Pucin [ -] [ ——] 3
Hep3B Huh7 Hep3B Huh?
c Hep3B D
<200 - @t
S sb = sevenc e SEMA4C-NC si-SEMA4C
[ o SSEMA4C - ]_”
E il = /://A m AR B SEMAICNC B SiSEMASC
ﬂ 0.5, ;ﬂ.—}‘:”::"ﬂ- 150,
2 , **
ES 1 2 3 < — e
f 71/d < 100 Lo}
Huh7 g
~ 15
JS[ o amme s
H‘: = SEMA4C-NC 3 ® 50| _
1.0 -+ si-sEMA4dC
% ®
=
ﬁ i Hep3B Huh?
§ 0

2
Bef E)/d
SEMA4C-NC si-SEMA4C

[N
=
=

o
I'

gl Jal
Hep3B

A &AM ) SEMA4AC ) mRNA %35 /KF B & 2400 SEMAAC K E A Rk /K C: & 4L A ) BE T S 77 : D - & 440 A
ITFERE )T B S AHAN 1R 2868 /1. "P<0.05,"P<0.01,""P<0.001.
4 YHREEEF si-NC.si-SEMAJC [5 B A MR IETE T B AR ERED



b

IR, 25 miR-3612 4[4 SEMA4C 1845 4 i Jes 40 i 1 S it A= W22 47 R - 237 -

P<0.001) ; 11 5 mimics+pcDNA-NC ZH A It , mimics+
pcDNA-SEMAA4C 2H Hep3B- Huh7 4l {4 4 E-cadherin
ik B 2 AL, vimentin 32 1A B 2 1 5 (P<0.05 5L

A B

- 2 - -

Hep3B
. - -
o+ -

+ +

- - -4+ - - -+
SEMA4C [ swsm o8 S| (e g = W]

P<0.01) . X4y Sie 45 Rt B, miR-3612 W] fe it
1] SEMAAC 1) i , i3k 11 491 ] Hep3B Huh7 4H il
(3T 12 28 E R A EMT 72

Huh?

+ -
+ o+ -
+ +

fraclin | - - ] (— — a— —

SEMA4C mRNAZ &

A B:qPCR V% (AT WB(B) A I F Al ik 3278 miR-3612 5 [F] 1) 1 31X miR-3612 1 SEMA4C -2 Hep3 B Huh7 41l i
SEMA4C mRNA fl1# 414 /K F; C.D.E.F: CCK-8 7% . Transwell /> 2 5256 ( x200) 41 i %1l = 5256 (x 1000 K1 WB 3546 1 4% 21
Hep3B.Huh7 40 ¥ 84 5EE 77 AR 28 T BE 71 AR EMT AR F IR IE . 1% BEZH ;2 : mimics-NC+pcDNA-NC'; 3 : mimics+

pcDNA-NC; 4: mimics+pcDNA-SEMA4C. "P<0.05,P<0.01, " P<0.001.
E5 miR-3612i@id 1% SEMA4C FIFRIAFH M HIF] Hep3B. Huh7 BRI M E 1T R
1A GER R ERNUK EMT HXEBRFRIE

3 % it

JFF 400 B 2 — i L P P B R R AE R AR
IINEX:9F Sl ANl 4 7 S
miRNA S 3G N 7 %o FL B A (1) 3 2 L AH o2 W iR
I 41 M g 3 AL T A BT I 18 5. miR-3612
5 22 Tl b 3 v AR R IE , HL X b R 4 B ik AR R
JE A ) VE L, B I CHANG 2551 % 3L, miR-3612
T8 sk B ) T DTL %o 5 R e = A= 400 4E F » WANG
PRI TANG S5 0t 7t 2 I, miR-36 12 il it 45 &
mRNA S 28 8, 2 59 A1 8 8 680K 40 Mo e 7= A8 0 o) R
Mo ARW5TE I qPCR AN B, miR-3612 £ 2
e 240 LR T 200 PR s 2L 2R 8 ISR A, S50 IR 5
7 miR-3612 1] DLF i) JHT-Jes 20 B 1R 38 B L 12 22 A #%

AT 78 I 22 B R A % HE miR-3612 (1) T
U 8 22 X SEMAAC , SEMAAC 7 £ Fivj it v ik 2
= O 3 HLAT DL 3k R 4 e i &k 2E R B . YANG
SECUIIN, SEMAAC (R HE T 552 Bt i 24 L 4 i 1)

B ERR ZE 1, I BT T 40 i EMT; ZHANG
SO R I, SEMAAC W] DA i3t 45 B e Al /N4
Jitigea 1R 34 5 T AE AR 28, HLH 52 miR-25-3p (1R 4%
AT T I X5 Ot & R 5 5258 0 RIP S2 IS K
B, miR-3612 5 SEMA4C 2 [8) 7] A 47 1F B3 4% 47
R, TE T 40 A 40 B Ao 3R 9K miR-3162 AT 1) il
SEMA4C [ £ 15 , H 78 & 4H 23 b miR-3612 &5
SEMA4C ¥R 1K B I ARG H, X a4 3 B 1
THZ AR R R R . ARBE TR R I, Rk
SEMAAC 1] L4101 1) FTF- 248 ffa 6 40 P 179 38 B 42 28 AT
%, @i (8] &2 S5k B ik SEMA4C ] DL i ik
ik miR-3612 X JH- 4t B Jet 40 A 386 5 12 22 F1 I8 1
FMH/ER X 78 20 U T miR-3612 5 SEMA4C 7
JH- 240 e e 248 L RO A7 CE A AR R . BT SEMA4C
8 2 g v I B EMIT K38 =5 8 40 i ) o A2 %
J& , 9 5 YANG 2559% B, SEMAAC 1 Al 3 3 4111 1
AL A K F--B1 (TGFE-B1) 5 5 () HeLa 48 il p38 £
ZYJEE AL, AT 0] EMT A K2 5 #5968 21 it () 42 28 Fn



238

rh R AE MR T 2R &, 2024, 31(3)

R LIU 59 % B, miR-138 #[5) SEMA4C X FL,
Ji s 4 B EMT AR 28 152 o ASHE L I, ik 3Rk
miR-3612 A #15] SEMAAC ()¢ 35 A1 24 o e 40 o £
M E W) AT N EMT B8R , 1 [R] B i 3635 miR-3612
I SEMAAC 7] LI % FiR1EH .

A2, miR-3612 7E fH 40 Mo 9 48 A o ] DL i B
] 1815 SEMA4C ) 28325 15 2 52 1) 440 ffd e 41 fed ) 444
JE R 28 E A EMT #EF2 , miR-3612 5 ¥ BN I PR
TR A0 2 W hs A R AR 55

(& £ 3 #K]

[1] ALSHUWAYKH O, DAUGHERTY T, CHEUNG A, et al. Incidence

of hepatocellular carcinoma in chronic hepatitis B virus infection in

those not meeting criteria for antiviral therapy[J]. Hepatol
Commun, 2022, 6(11): 3052-3061. DOI: 10.1002/hep4.2064.

[2] LLOVET J M, ZUCMAN-ROSSI J, PIKARSKY E, et al.
Hepatocellular carcinoma[J/OL]. Nat Rev Dis Primers, 2016, 2:
16018[2023-12-01]. https://doi. org/10.1038/nrdp. 2016.18. DOI:
10.1038/nrdp.2016.18.

[31 LI D D, ZHANG J W, LI J M. Role of miRNA sponges in
hepatocellular carcinoma[J]. Clin Chim Acta, 2020, 500: 10-19.
DOI: 10.1016/j.cca.2019.09.013.

[4] HUANG Q, TAN Y X, YIN PYY, et al. Metabolic characterization of
hepatocellular carcinoma using nontargeted tissue metabolomics[J].
Cancer Res, 2013, 73(16): 4992-5002. DOI: 10.1158/0008-5472.
CAN-13-0308.

[5] DER STROTH L I, THAREHALLI U, GUNES C, et al. Telomeres
and telomerase in the development of liver cancer[J/OL]. Cancers,
2020, 12(8): 2048[2023-12-01]. https:/pubmed. ncbi. nlm. nih. gov/
32722302/. DOI: 10.3390/cancers12082048.

[6] DELIRE B, STARKEL P. The Ras/MAPK pathway and
hepatocarcinoma: pathogenesis and therapeutic implications[J]. Eur J
Clin Invest, 2015, 45(6): 609-623. DOI: 10.1111/eci.12441.

[71 CAIY M, YU XM, HU S N, et al. A brief review on the mechanisms
of miRNA regulation[J]. Genomics Proteomics Bioinformatics, 2009,
7(4): 147-154. DOL: 10.1016/S1672-0229(08)60044-3.

[8] HAN T S, BAN H S, HUR K, et al. The epigenetic regulation of
HCC metastasis[J/OL]. Int J Mol Sci, 2018, 19(12): 3978[2023-
1210]. https://pubmed. ncbi.nlm. nih. gov/30544763/. DOI: 10.3390/
ijms19123978.

[91 WEN L Q, LIY R, JIANG Z P, et al. MiR-944 inhibits cell migration
and invasion by targeting MACCI in colorectal cancer[J]. Oncol Rep,
2017, 37(6): 3415-3422. DOI: 10.3892/0r.2017.5611.

[10] LIANG H W, FU Z, JIANG X Y, et al. MiR-16 promotes the
apoptosis of human cancer cells by targeting FEAT[J/OL]. BMC
Cancer, 2015, 15(1): 448[2023-12-01]. http://dx. doi. org/10.1186/
$12885-015-1458-8. DOI: 10.1186/s12885-015-1458-8.

[11] MCCANN 1] V, XIAO L, KIM D J, et al. Endothelial miR-30c
suppresses tumor growth via inhibition of TGF-f-induced serpinel
[J]. J Clin Investig, 2019, 129(4): 1654-1670. DOI: 10.1172/
jcil23106.

[12] MANVATI M K S, KHAN J, VERMA N, et al. Association of miR-
760 with cancer: an overview[J/OL]. Gene, 2020, 747: 144648

[2023-12-01]. https://pubmed. ncbi. nlm. nih. gov/32251703/. DOI:
10.1016/j.gene.2020.144648.

[13] CHAUHAN N, DHASMANA A, JAGGI M, et al. miR-205: a
potential biomedicine for cancer therapy[J/OL]. Cells, 2020, 9(9):
1957[2023-12-01]. https://pubmed. ncbi. nlm. nih. gov/32854238/.
DOI: 10.3390/cells9091957.

[14] ZHANG L, LIAO Y, TANG L L. MicroRNA-34 family: a potential
tumor suppressor and therapeutic candidate in cancer[J/OL]. J Exp
Clin Cancer Res, 2019, 38(1): 53[2023-12-01]. https://pubmed.ncbi.
nlm.nih.gov/30717802/. DOIL: 10.1186/s13046-019-1059-5.

[15] ZHANG W, ZHANG Q, CUI Q B, et al. miR-3612 targeting
THBS1 suppresses nasopharyngeal carcinoma progression by PI3K/
AKT signaling pathway[J/OL]. Hum Exp Toxicol, 2023, 42:
9603271221150248[2023-12-01]. https://pubmed.ncbi.nlm.nih. gov/
36607163/. DOLI: 10.1177/09603271221150248.

[16] GAO Z X, ZHENG G, GONG X J, et al. IncRNA MAFG-ASI
deregulated in breast cancer affects autophagy and progression of
breast cancer by interacting with miR-3612 and FKBP4 invitro[J].
Biochem Biophys Res Commun, 2022, 616: 95-103. DOI: 10.1016/
j.bbrc.2022.05.020.

[177AI K, NI W C, LI Z. IncRNA ZFPM2-AS1 enhances retinoblastoma
development by targeting the miR-3612/NT5SE signaling axis[J].
Crit Rev Eukaryot Gene Expr, 2022, 32(6): 69-82. DOI: 10.1615/
CritRevEukaryotGeneExpr.2022042697.

[18] HUNG Y H, LAI M D, HUNG W C, et al. Semaphorin 4C
promotes motility and immunosuppressive activity of cancer cells
via CRMP3 and PD-L1[J]. Am J Cancer Res, 2022, 12(2): 713-728.

[19] SMEESTER B A, SLIPEK N J, POMEROY E J, ef al. SEMAA4C is
a novel target to limit osteosarcoma growth, progression, and
metastasis[J]. Oncogene, 2020, 39(5): 1049-1062. DOI: 10.1038/
s41388-019-1041-x.

[20] SHENG J J, JIANG B X, SHI R J, ef al. Sema4C is required for
vascular and primary motor neuronal patterning in zebrafish[J/OL].
Cells, 2022, 11(16): 2527[2023-12-01]. https://pubmed. ncbi. nlm.
nih.gov/36010604/. DOI: 10.3390/cells11162527.

[21] GURRAPU S, PUPO E, FRANZOLIN G, et al. Sema4C/PlexinB2
signaling controls breast cancer cell growth, hormonal dependence
and tumorigenic potential[J]. Cell Death Differ, 2018, 25(7): 1259-
1275. DOL: 10.1038/s41418-018-0097-4.

[22] FEI X, JIN HY, GAOYY, et al. hsa-miR-10a-5p promotes pancreatic
cancer growth by BDNF/SEMA4C pathway[J]. J Biol Regul
Homeost Agents, 2020, 34(3): 927-934. DOI: 10.23812/20-61-A-47.

[23] HUANG Y D, BAIQ Y, YU H B, et al. circ-POLA2-mediated miR-
138-5p/SEMAA4C axis affects colon cancer cell activities[J]. Acta
Biochim Pol, 2023, 70(3): 517-523. DOI: 10.18388/abp.2020_6457.

[24] LU J R, SHENOY A K. Epithelial-to-pericyte transition in cancer
[J/OL]. Cancers, 2017, 9(7): 77[2023-12-01]. https://pubmed. ncbi.
nlm.nih.gov/28677655/. DOI: 10.3390/cancers9070077.

[25] BANYARD J, BIELENBERG D R. The role of EMT and MET in
cancer dissemination[J]. Connect Tissue Res, 2015, 56(5): 403-413.
DOI: 10.3109/03008207.2015.1060970.

[26] HOU Y F, WANG W Q, ZENG Z F, et al. High SEMA4C
expression promotes the epithelial-mesenchymal transition and
predicts poor prognosis in colorectal carcinoma[J]. Aging, 2020, 12
(21): 21992-22018. DOI: 10.18632/aging.104038.



b

IR, 25 miR-3612 4[4 SEMA4C 1845 4 i Jes 40 i 1 S it A= W22 47 R - 239

[27] LT J F, WANG Q R, WEN R L, et al. miR-138 inhibits cell
proliferation and reverses epithelial-mesenchymal transition in non-
small cell lung cancer cells by targeting GIT1 and SEMA4CI[J]. J
Cellular Molecular Medi, 2015, 19(12): 2793-2805. DOI: 10.1111/
jemm. 12666.

[28] FENG TY, ZHU Z K, JINY Q, et al. The microRNA-708-5p/ZEB1/
EMT axis mediates the metastatic potential of osteosarcoma[J].
Oncol Rep, 2020, 43(2): 491-502. DOI: 10.3892/0r.2019.7452.

[29] HUANG J Q, WU Q L, GELLER D A, et al. Macrophage metabolism,
phenotype, function, and therapy in hepatocellular carcinoma (HCC)
[J/OL]. J Transl Med, 2023, 21(1): 815[2023-12-01]. https://pubmed.
ncbi.nlm.nih.gov/37968714/. DOI: 10.1186/s12967-023-04716-0.

[30] WANG Y, LEE C G L. Role of miR-224 in hepatocellular carcinoma:
a tool for possible therapeutic intervention?[J]. Epigenomics, 2011, 3
(2): 235-243. DOL: 10.2217/epi.11.5.

[31] CHANG X J, JIAN L. IncRNA ZFPM2-ASI drives the progression
of nasopharyngeal carcinoma via modulating the downstream miR-
3612/DTL signaling[J]. Anticancer Drugs, 2022, 33(6): 523-533.
DOI: 10.1097/CAD.0000000000001282.

[32] WANG K, LI M, ZHANG T, et al. LINCO01116 facilitates melanoma
1 progression via sequestering miR-3612 and up-regulating GDF11
and SDC3[J]. Arch Med Res, 2022, 53(1): 44-50. DOI: 10.1016/j.
arcmed.2021.06.008.

[33] TANG R Z, ZHOU Q, XU Q H, et al. Circular RNA circ_0006948

promotes esophageal squamous cell carcinoma progression by

regulating microRNA-3612/LASP1 axis[J]. Dig Dis Sci, 2022, 67
(6): 2158-2172. DOI: 10.1007/s10620-021-07057-4.

[34] YANG Q L, WANG Y Y, LU X H, et al. miR-125b regulates epithelial-
mesenchymal transition via targeting Sema4C in paclitaxel-resistant
breast cancer cells[J]. Oncotarget, 2015, 6(5): 3268-3279. DOI:
10.18632/oncotarget.3065.

[35] ZHANG M Y, JIANG X, JIANG S M, et al. LncRNA FOXD2-AS1
regulates miR-25-3p/Semadc axis to promote the invasion and
migration of colorectal cancer cells[J]. Cancer Manag Res, 2019,
11: 10633-10639. DOI: 10.2147/CMAR.S228628.

[36] YANG L L, YU Y Y, XIONG Z F, et al. Downregulation of
SEMAA4C inhibit epithelial-mesenchymal transition (EMT) and the
invasion and metastasis of cervical cancer cells via inhibiting
transforming growth factor-beta 1 (TGF- 1) -induced HeLa cells
p38 mitogen-activated protein kinase (MAPK) activation[J/OL].
Med Sci Monit, 2020, 26: €918123[2023-12-01]. https://pubmed.
ncbi.nlm.nih.gov/31951596/. DOIL: 10.12659/MSM.918123.

[37] LIU H J, YE H, LI X Z. Effect of microrna-138 on epithelial-
Mesenchymal transition and invasion of breast cancer cells by
targeting semaphorin 4C[J]. Bioengineered, 2021, 12(2): 10117-
10125. DOI: 10.1080/21655979.2021.2000733.

(WS HEAT  2023-12-05 [f&EHH]  2024-02-15
[Axx4w%E]  [MIELE



