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[ Abstract] Objective To examine the relationship between miRNA-3679 and hepatocellular carcinoma (HCC)
cell lines, and to verify the downstream target genes of miRNA-3679. Methods PCR was used to determine the
expression of miRNA-3679 in liver cancer cell lines, and databases, including ENCORI, miRDB and TargetScan, were
used to predict the downstream target genes of miRNA-3679. qPCR of the normal control group (or NC group), miR-
3679 inhibitor group and transfection negative control group (or inhibitor NC group) was done to determine the
transfection efficiency of the target gene, thereby identifying zinc-binding alcohol dehydrogenase domain containing 2
(ZADH?2) as the target gene. Western blot was used to determine the ZADH2 protein expression after miRNA-3679
inhibitor transfection. 5-Ethynyl-2'-deoxyuridine (EdU) staining was done to determine the effect of transfection of
miRNA-3679 inhibitor and simultaneous transfection of miRNA-3679 and ZADH2 inhibitors on cell proliferation. Clone
formation assay was done to determine the ability of cell clone formation. Flow cytometry was done to examine cell
apoptosis. Results The expression level of miRNA-3679 in HCC cell lines was higher than that in normal human liver
cell lines (P<0.05). Through screening conducted with the databases, six genes, including GLUDI1, B3GAT1, SLC46A3,
MAP2K3, ATF5, and ZADH2, were found to be down-regulated in HCC. qPCR showed that ZADH2 expression increased
significantly after transfection with miRNA-3679 inhibitor (P<0.01) and luciferase activity increased after transfection
with miR-3679 inhibitor (P<0.01). Western blot results showed that ZADH2 protein expression of the miR-3679 inhibitor
group was higher than that of the NC group (P<0.01). EdU analysis showed that the number of positive cells in the
miRNA-3679 inhibitor group was lower than that in the NC group and the Inhibitor NC group (P<0.05). The clone count
of the miR-3679 inhibitor+si-ZADH2 group was significantly higher than that of the miR-3679 inhibitor group (P<0.01).
Flow cytometry showed that the number of apoptotic cells of the miR-3679 inhibitor+si-ZADH2 group was significantly
lower than that of the miR-3679 inhibitor group (P<0.01). Conclusion ~miRNA-3679 is significantly highly expressed in
HCC cells and miRNA-3679 can directly interact with ZADH2 gene and affect its expression. Moreover, miRNA-3679
promotes the proliferation of HCC cells and inhibits their apoptosis by suppressing ZADH2.
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Table 1 Reverse transcription reaction system

Reagent Reaction system  Final concentration
dNTP mix (2.5 mmol/L each) 4 puL 500 pumol/L each
Primer mix 2uL

RNA template XuL 50 pg-5 ug

5xRT buffer 4uL 1x

DTT (0.1 mol/L) 2uL 10 mmol/L
HiFiScript (200 U/uL) 1uL

RNase-free water Fill up to 20 uL

®2 EEPCRRRMZR
Table 2 Quantitative PCR reaction system

Reagent Reaction system
2xChamQ SYBR qPCR master mix 10 uL
Primer1 (10 umol/L) 0.5 uL
Primer2 (10 umol/L) 0.5uL
cDNA* 1uL
RNase-free water 8uL

*Obtained by reverse transcription.

Br=2-K, &5 T2 MXFE B PCRAE L 24 B & 24~ LA
FFRAMRNA AL, mRNAR & 5 R A
.

1.2.3 @fedtd  Bi3RHep3B. SMMC-7721 X ZADH2%E
A3 J5 (ZADH2-MUT) () 88 40 Uik 22 70% 5 , Frfit Ge; fili
FHOpti-MEM K 37 574 B¢ Lipofectamine®3000i 5 (27,
TEAEE C A B Lipofectamine® 30003857 il A F B A
DNA(1 : 1); EiPFE S min; MARREE 59 E 400
i 37 CHFF AMI2~4 d, SRIG A HT B gL 4

124 MEKAZEREARLN  H5%10°/fLF Hep3B
sl T 24f LR b, TR R R ANMIRIT 2 90% 0, et gy
R & P R EV I, 23 B AL # pGL3-ZADH2-WT
pGL3-ZADH2-MUT#;: 4 iR 4iiffl, By ZADH2%8 25 41
(ZADH2-MUT) M ZADH2'} H: R4 (ZADH2-W'T), [F]fif
e e N 2 B OO R MR (L) R 5256 Bk T 2 i
Ki=100 : 1), BRI BB E AL, #9424 hLUJ5, PBSH
VR ML 3R S, R I A 20 9O R W 9 T 1 (# B Dual -
Luciferase@Reporter Assay Systemift B 53E47) .

125 EdU#% & /3 FmiR-367941. [RIAF A miR-
3679 % ZADH2(miR-3679 inhibitor+si-ZADH2) 4] %5 H
XF BEZH (NCH), ¥ Hep 3BHISMMC-7721 41 43 57 2
24FL0%, 24 hiFHEGs, Bl 2x M EQU T AR K37 C Tk
HI2x A EAU TAER (20 pumol/L), ZE(ARFUIN A 24 LA %
H2 h, 2R H A IR 2 15 ming BRI SR, Yeik, FL
A1 mL#50.3% Triton X-100/JPBS, E M H 10 ~
15 min; 1 mL PBSYEUA AN ML ; 7% B UL B 5 B i Click

Additive SolutionFClick 2 i #i; #FFLIIA0.5 mL Click/%
IR % TR 30 min; PBSTEA3UK; BEALANA 0.5 mL
0.1 ug/mL DAPIMPBSIA, % ik G 4L 45 min; Bk
DAPLA, G551 T FHPBSYEIA 3K ; 28 i i i 5%
FARE I BE 4 5

1.2.6 @i Al 1.2.5, B #E3007 /4L
20 M 3D 2 6 FLAR HLIR 21, 7 75 48 hy 4N A% s 4k sihy
FHIMFE 72 by b DB T UL, MEFR I
PR DL 1) 5 B S GEE 2 50020 i Ry — A S b ), 26 1k 8%
Fio B, FOMRTTHEL THECE G i ve b (I 50
B RLFE AN o

127 AX@mieR  rdif1.2.5, AEER 240, &
ZHFERFL, 4N %38 B 5% 10°/4L, fiN500 uLi5 37 24 him
WY, BRI ET; # B A4, £5 FLAE KT 57248 he & Tk
PBSUEM I IH LU 41 #L; 111 mL 1x[Binding Buffer/&
TFAIMD, 300xgES 0210 min, F_F7; A1 mL 1x#Binding
Buffer B84, A1 240 /MI Y% B B 1x10° mL ™5 BHEIIA
100 uLAAL (1x10°4>) 5 [ 4 HF fiIl A5 uL Annexin V -
FITC; i, #t, MRS, 10 min; AIAS pL PL, =
YL, %, B 5 ming I APBSZES500 uL, BRI ; 78
1 hp 3 QA LA SRS D0, 53 4 i T

1.2.8 Western blot H(NCMmiR-3679 inhibitorZi
Hep3B4ififd, il A100 uL Ripa®k (2 BORK, B35,
BCARLIN i £ R B 5 T A 2 R ot A 2B A Sk 2 ) 1
FE, 53590 EAE10 pLkAT HLUK, #4215 2 PVDFAR I,
5% BiE A Wy a iR BT A, i A—BTZADH25TA(1 : 1000),
4 CHFE I, VRIS A G150 — i, JFEFHRPARIC
BB, $EAH I LG (R R, 25 iR FE 1 h; R HTHRP-ECL&
JEEMEE . K H B 1 S5 5 NS B H GAPDHAR
IREEAE R LLAE, A H AR A AT Fak i

129 %itF 7k WM HEBCRH UG T, P<0.05 2257
EE NI -0

2 #R

2.1 qPCR#&ilmiR-36797E IE & A BT 40 A6 K BT 4h A 5=
i FRi%

qQPCRAGM 25 5 B 7R, 76 T 4 3 HH miR-36791 %
IRAKE Y i T IEH# A4l RR, Ho Hep3B. Smmec-7721
K HepG24ll il 7 id ik A Ge it 2 X (P<0.05), H7E
Hep3BHISmmc-7721H 5 #3500 .3 (P< 0.01, [&1),
2.2 E¥E BF S imiRNA-36790) Tl E R

f# FHENCORI, miRDB, TargetScan = ¥4} £ il
I, A8 T TCG AR e 7 BT, B 0 145 3 67 i v
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Fig1 Expression of miR-3679 in human normal hepatocytes and

hepatoma cell lines

* P<0.05, ** P<0.01. n=3.
TiEMEHE: GLUD1., B3GAT1., SLC46A3. MAP2K3,
ATF5. ZADH2([E2)

ENCORI

154 GLUD1
(14.8%)

B3GAT1
SLC46A3
MAP2K3
ATF5
ZADH2 —

Decreased in HCC

B 2 £ B 25T miRNA-3679K) T B EE
Fig 2 Bioinformatics analysis of downstream target genes of miRNA-3679
GLUDI1: Glutamate dehydrogenase 1; B3GAT1: Beta-1,3-
glucoronyltransferase 1; SLC46A3: Solute carrier family 46 member 3; MAP2K3:
Mitogen-activated protein kinase kinase 3; ATF5: Activating transcription factor

5; ZADH?2: Zinc binding alcohol dehydrogensae domain containing2.
2.3 qPCRIGMHEXEREMRIEZ
2.3.1 #%miRNA-367947 417 (P3000™X 7] ) *Hep3B.
Smmc-772148 48 F mi-RNA367949 &2 miRNA-3679
inhibitor4 f/miRNA-36797F Hep3B X Smmc-77213%ik 7K
AR THE YL AT IR (Inhibitor NC)£H (813, P<0.05) .
2.3.2 qPCREM 474 miRNA-3679/5 T i $e ik B 49 & ik
KF HYemiRNA-36794 il 5 5 Hep3 B4 HISLC46A3
ATF5M %A # R, GLUD1, B3GAT1, MAP2K3 Al
ZADH2M#35 T4 (P<0.05), LLIZADH222 50 W 8
(P<0.01, El4), IV IERE ZADH2 M J5 22 2R AL
2.4 WNRARBREEFRKRN TIHZADH2-SBERS
miRNA-3679M H#EHEEA

A A B 14 A SR A% Y Hep 3BAN ML, 4% Y miR-

Inhibitor NC group [l NC group
I miR-3679 inhibitor group
%

*

1 1
IOIT IT
| 11

Hep3B Smmc-7721

Relative miR-3679 RNA level

(=}

B 3 &HmiRNA-3679HIFKI%
Fig 3 Expression of miRNA-3679 in Hep3B and Smmc-7721 cells

* P<0.05. n=3.
5 Kk
Il NC group ml
4 miR-3679 inhibitor group T
k%
3r l
T

[ 38}
:l*
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Relative mRNA expression level

(=} —_
~__ g
3l

-

& 4 qPCRI I HImiRNA-3679)5 i ¥R E E R R IEKF
Fig 4 Expression levels of downstream target genes after inhibition of
miRNA-3679

* P<0.05, ** P<0.01. n=3. GLUDI, B3GAT1, SLC46A3, MAP2K3, ATF5,
ZADH2: Denote the same as those in Fig 2.

3679 inhibitor)&, 23 M 1 1 W 3 T+ (P< 0.01); 1M
ZADH23EH 5 miR-3679 45 A 1 28 5, % Y miR-
3679 inhibitor X 5% ' 28 WG AN F ™ A2 52 8 (P> 0.05,
5,
2.5 Western blotie il R AHE B RIE

miR-3679 inhibitorf] 1 Hep3B4N i ZADH2%E 1 £ ik
B TNC4L(P<0.01, [£16)
2.6 EAUSLIGH 4 patE5E

miRNA-3679 inhibitorZ] FH ¥ 40 i 4 Ik T NCAL &
Inhibitor NCZH &2 miR-3679 inhibitor+si-ZADH24 (&7,
P<0.01),
2.7 SEBET R SEUGHE N 4 A 5 BE S A A

miR-3679 inhibitor 4l o 7 BT 80/0 FNC4L
(P<0.01), {HmiR-3679 inhibitor+si-ZADH24 7 114
FmiR-3679 inhibitor4 (8, P<0.01) .
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ZADH2 3’UTR (170-177) & ...UCCUCCUCUUCCCULllGCTG|G|G|A/|\A|\...

miR-3679-3p 3" CUACUUCUAAUGACCCCCCUUC

ZADH2 3’UTR-MUT 5’ ...UCCUCCUCUUCCCUUCAAUGAAA...

4 -
— [l NCgouwp

-|— miR-3679 inhibitor group

w
T

—

Relative luciferase activity
[38)

|

0
e ZADH2-WT ZADH2-MUT

5 W EEEE M N Hep3BA Mtk ZADH2H) %

Fig 5 The expression of ZADH?2 in Hep3B cell lines was determined by

luciferase activity test
A: Wild-type and mutant ZADH2 and miRNA-3679 gene sequences; B:
The expression of ZADH2 (n=3); ** P<0.01.

Hep3B cells

Smmc-7721 cells

miR-3679
NC group inhibitor group

ZADH2

GAPDH | D D

4r P<0.01

—
5] T
2+

Relative protein expression
of ZADH2

0 j—
NC miR-3679
group inhibitor group

[ 6 Western blotilIZADH2ZE B &Ri% (n=3)
Fig6 ZADH2 protein expression in each group was determined by
Western blot (n=3)

mm NC group

miR-3679  miR-3679 inhibitor+

NC group inhibitor group  si-ZADH2 group NC group

EdU

DAPI

Merge

miR-3679
inhibitor group  si-ZADH2 group

miR-3679 inhibitor+ miR-3679 inhibitor group

= miR-3679 inhibitor+si-ZADH2 group
150

Hox
dok kok M

100

w
S

Relative EAU positive cells/view
)

Hep3B Smmc-7721

Bl 7 EdUS & & B A MIETATE S . x200
Fig 7 EdU analysis for determining cell proliferation in each group. x200

** P<0.01. n=3.

2.8 A TCLHBE AR K £ AR T
miR-3679 inhibitorZH 41 il 7 - & FNC4] & miR-
3679 inhibitor+si-ZADH24H (&9, P<0.01) .

3 it

3.1 miR-36797E AR REER P I RIE R T s EE R
i

/RN A 1 19-24 M AZHF R ZH A — S N IR
HASRNA, i 5 5 I B9 3 JE #Hi% IX (3'-untranslated
region, 3'-UTR) 54, AT 101 fi #0 I [ ) 2 A i A1 2 L o
fift, Z 5 AN B SRS T . miRNABRSRANRE H %
ST 2 1 BT, (0 H FTAG T 2930% 19 28 g B A 1] 32
miRNA P21, S0 5 55 i I3 3 60 % 19 A A2 1
A LD, PRI, miRNAS: 5114 Z A 38055 3T

KRt aite . AR miRNA-3679% S HCCHI &
A 5 R, SR FH AN 2 SR UE S, FEHCCAI I &R (SNU-
475, SNU-398, Hep3B, Smmc-7721, HepG2) f'miRNA-
36791 FR B K -2 F N IE & 40 (HL-7702) , {HAE
Hep3B. Smmc-7721, Hep G2 4 g i 1) 1= 234 (P<
0.05), H7£Hep3B., Smmc-7721"1 = #5500 B (P< 0.01).
DALk, FRAT S 00 S 6 96 T 96 200 B % (Hep3B . Smmc-
772N FEBFEN G, DATHLHISEAE SCHE 9T, Hiw]
miRNA-3679 ] fEfEHCCHY &L 5 & il & HZAEH,
A PRI E TSR ic 2 —, IR — LR B
Fefl

il ENCORI., miRDB, TargetScan — ™44 4 73 %]
P miR-3679 1) T i #0 L PR, 1900 45 SR R A2 45 ) 45 2
62 MBS TE R SL I (i FHTCGABSUIE 2 3 Mk 62 T A HE Ik
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olol *%
200 1 —i
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Smmc-7721 cells 2
g 100
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Fig 8 Colony formation assay for determining cell clones in each group
** P<0.01. n=3.
Hep3B cells
NC _ miR-3679 miR-3679 inhibitor+
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Fig 9 Determining apoptosis by flow cytometry (FITC-Annexin V /PI)

** P<0.01. n=3.
I, i 1645 26 NMEHCCHY NI EEH: GLUD1, B3GAT1,
SLC46A3. MAP2K3. ATF5, ZADH2; N 3-3iX 61~ T 8 3&
1 5 miR-36795% & fix A VI FE N, qP CRAG I % 4t
miRNA-367941111i| 7] ( Lipofectamine 3000) 5 Hep3B4H /it
JiF3E N (GLUD1 . B3GAT1. SLC46A3, MAP2K3, ATF5,

ZADH2) 33K K-, 458 R : ZADH23RGK W% T
(P<0.01). [FI, A 1R ZADH2AE ymiRNA-36791 7
FERRIE R R AFTE X4, I B B L E R
ZADH2FE R DL n] ¥ PE A 56 3 7l 85 [ -3 (plasticity-
related gene 3, PRG-3) # (1241 (https://www.ncbi.
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nlm.nih.gov/gene/?term= ZADH2) . PRG-3J&PRGsZK %
T — 51, HTC & PSR ¥ AH 3L R B 1 (PRG1-
5), Y8 TN B BR MR M A0, ERRIN TP & R
G FE B MERS QAT L CoE L R #ERAT #35P, CHOI
SECUHGE ZADH2 P S 5 L LA P B AR A T
(vascular endothelial growth factor, VEGF) [N =H &, 1
VEGFAE I i 39 58 | % B S A2 28 45 Uy 1k #3 J AR
FH™Y, HHLHERT Z ADH2 T BE7E IR (14 & A 5 % Je iy T
HEA MG, AT SCHR, AZADH2 K PRG-3H] 56 3k
OB, AR WS H T S IR OE , AT A
{5 B 2F 3 HrmiRNA-3679 F ¥ 3L [N, iE— 4 I 40 s 5%
EAEMIHI miRNA-3679)5 7E Hep3B4N it ZADH2 i 75 %
ik, 80K ZADH2AE A AEREEE K, I B iEmiRNA-3679 5
ZADH2/ 2 MTHCCHU IS TE | 7% ST 55520
3.2 miRNA-36791 & X1 ZADH2 % (R Hf HCCHfa
M3 T fERE

HEIEmiR-36795 ZADH2 B AH HAE I, 56 6 K M1
PERG I 25 S 3 R e miR-3679 inhibitor 5, ¢ & BT
PE E TR, i ZADH23E I 5 miR-3679 ) 45 A v a5 2878
J&i, 5% %+ miR-3679 inhibitor WX 5 7 2 B G PEAS 7 A
SR P I U B miR-3679 ] 3 4 T 4 47 L3 R 4
ZADH2 /K- H it — W UEmiRNA-3679 1] Ji %
ZADH2f 31k, Western blotkillmiR-3679 inhibitor4] H1
B ZADH2EE R H TNCHL, S0 45 4= R 1
miRNA-3679 7] {i£ #F ZA DH23E [H () ik Il i 1% i 42 &
PSR o IR AR A3 5 | SE R R ) S A LA T
fi6 7155 e (4 1= 28 1 2% DDA G, 200 B T % 8 42 5 e
P A B e Je SR 2R U0, A4S 52 A RIS ML A4 4 e 1
PSS | AR ZE VRGN B R T S S e R A S R R
WP e R 0 0 8 T SZ A 5 DR, o e 9RE 0 i Y
B« AETE . A S A R T A S, A B AR e
B AR K JEAILTR, LARE ] 101, 42 ST HCCIRY T I Bl
EdUZ> Bk 2% 5 i 7R miR-3679 inhibitor+si-ZADH24]
FH P 41 B 50K TNCZH X miRNA-3679 inhibitor#
(P<0.01); SEREIE ML S B A miRN A-3679 5 AT ]
HCCHI A TERERE J1, (HBHITZADH2 5 7] B fg s 55 H A1
il AEATIR TN CAL, 16 T Rl i A 2 3 i R 4
HCCHH 3 i, AR AN J2 32 22 B R ot , 3% A7 i -
miRNA-3679 [l i i T iiFZADH2 & ¥ HCCAH i 5
ST REMTER .

AN IE T2 Z RO B R P 0 sy L L
FYFET - R ARG R T 5 = Kk 4%, R Bax FIBA
IR EL9R8 20 DG 2 X (Bl-XL) A R = id %, ZobifA ., JE

ToZAKE SR R AW R MR N, BRI PEE (reactive
oxygen species, ROS) {77 HIMAPK K % Z S I NAF 5
T S %, IR A 5 R R A R A0 B ) A T sz
il AF Y R B, HCCHM M AT S LR 09, R4S
e WKy AR UIAR G O T i miRNA-3679 5
Z ADH 25X I8 240 L 98 7 1 5% e, 3 =X 40 R 32 7R miR -
3679 inhibitor4] &zmiR-3679 inhibitor+si-ZADH2H 4 ifl
FT-HH K FNCH(P<0.01); miR-3679 inhibitor+si-
ZADH2Z1{% T miR-3679 inhibitor4] (P< 0.01) . 45F 42
7R, I miR-3679 Al 1 #E Hep3BHISmmc-7721 40 i Y 4
T, {H30 | ZADH2J5 W 5 30 ] miR-3679 (4 40 i 4 it J 7
YEF, BEMImiRNA-367938 i3 1l il ZADH2 & #5 1 il
HCCHAE M TR .

* % %
RIAIP A EE KRBT 2 b5
2 £ X W

[1] FORNER A, REIG M, BRUIX J. Hepatocellular carcinoma. Lancet,
2018, 391(10127): 1301-1314.

(2] rindle AR [ R T4 e 2 5 2. SR AL P 129 7 4 v (20224F
R PRI TATIEFE, 2022, 49(3): 251-276.

[3] YANG]D, ROBERTS L R. Hepatocellular carcinoma: A global view. Nat
Rev Gastroenterol Hepatol, 2010, 7(8): 448-458.

[4] THILLAIK, ROSS P, SARKER D. Molecularly targeted therapy for
advanced hepatocellular carcinoma--A drug development crisis? World J
Gastrointest Oncol, 2016, 8(2): 173-185.

[5] LLOVET JM, RICCIS, MAZZAFERRO V, et al. Sorafenib in advanced
hepatocellular carcinoma. N Engl ] Med, 2008, 359: 378-390.

[6] YANGC, XUY, CHENGF, et al. miR-1301 inhibits hepatocellular
carcinoma cell migration, invasion, and angiogenesis by decreasing
‘Wnt/f-catenin signaling through targeting BCL9. Cell Death Dis, 2017,
8(8): €2999[2022-06-15]. https://pubmed.ncbi.nlm.nih.gov/28817119/.
doi: 10.1038/cddis.2017.356.

[7] XUB, XUT, LIUH, etal. MiR-490-5p suppresses cell proliferation and
invasion by targeting BUB1 in hepatocellular carcinoma cells.
Pharmacology, 2017, 100(5/6): 269-282.

[8] FORNARIF, MILAZZO M, CHIECO P, et al. In hepatocellular
carcinoma miR-519d is up-regulated by p53 and DNA hypomethylation
and targets CDKN1A/p21, PTEN, AKT3 and TIMP2. ] Pathol, 2012,
227(3): 275-285.

[9] ZHOUY, REN H, DAI B, et al. Hepatocellular carcinoma-derived
exosomal miRNA-21 contributes to tumor progression by converting
hepatocyte stellate cells to cancer-associated fibroblasts. ] Exp Clin Cancer
Res, 2018, 37(1): 324[2022-06-15]. https://pubmed.ncbi.nlm.nih.gov/
30591064/. doi: 10.1186/s13046-018-0965-2.

[10] KOGURET, LIN WL, YAN IK, et al. Intercellular nanovesicle -


https://www.ncbi.nlm.nih.gov/gene/?term=ZADH2
https://www.ncbi.nlm.nih.gov/gene/?term=ZADH2
https://www.ncbi.nlm.nih.gov/gene/?term=ZADH2
https://www.ncbi.nlm.nih.gov/gene/?term=ZADH2
http://dx.doi.org/10.1016/S0140-6736(18)30010-2
http://dx.doi.org/10.1038/nrgastro.2010.100
http://dx.doi.org/10.1038/nrgastro.2010.100
http://dx.doi.org/10.4251/wjgo.v8.i2.173
http://dx.doi.org/10.4251/wjgo.v8.i2.173
http://dx.doi.org/10.1056/NEJMoa0708857
https://pubmed.ncbi.nlm.nih.gov/28817119/
http://dx.doi.org/10.1038/cddis.2017.356
http://dx.doi.org/10.1159/000477667
http://dx.doi.org/10.1002/path.3995
https://pubmed.ncbi.nlm.nih.gov/30591064/
https://pubmed.ncbi.nlm.nih.gov/30591064/
http://dx.doi.org/10.1186/s13046-018-0965-2
https://www.ncbi.nlm.nih.gov/gene/?term=ZADH2
https://www.ncbi.nlm.nih.gov/gene/?term=ZADH2
https://www.ncbi.nlm.nih.gov/gene/?term=ZADH2
https://www.ncbi.nlm.nih.gov/gene/?term=ZADH2
http://dx.doi.org/10.1016/S0140-6736(18)30010-2
http://dx.doi.org/10.1038/nrgastro.2010.100
http://dx.doi.org/10.1038/nrgastro.2010.100
http://dx.doi.org/10.4251/wjgo.v8.i2.173
http://dx.doi.org/10.4251/wjgo.v8.i2.173
http://dx.doi.org/10.1056/NEJMoa0708857
https://pubmed.ncbi.nlm.nih.gov/28817119/
http://dx.doi.org/10.1038/cddis.2017.356
http://dx.doi.org/10.1159/000477667
http://dx.doi.org/10.1002/path.3995
https://pubmed.ncbi.nlm.nih.gov/30591064/
https://pubmed.ncbi.nlm.nih.gov/30591064/
http://dx.doi.org/10.1186/s13046-018-0965-2

ERE

T 555 miRNA-367 941l T i ZADH2-$E I DR (1 3 FH-Jis 40 0 189 B O WL A B 5 751

[11]

[12]

[13]

[14]

[15]

[16]

[17]

mediated microRNA transfer: A mechanism of environmental
modulation of hepatocellular cancer cell growth. Hepatology, 2011, 54(4):
1237-1248.

LOU G, SONG X, YANGF, et al. Exosomes derived from miR-122-
modified adipose tissue-derived MSCs increase chemosensitivity
othepatocellular carcinoma. ] Hematol Oncol, 2015, 8:122[2022-06-15].
https://pubmed.ncbi.nlm.nih.gov/26514126/. doi: 10.1186/s13045-015-
0220-7.

PUQ, HUANGY, LUY, et al. Tissue-specific and plasma microRNA
profiles could be promising biomarkers of histological classification and
TNM stage in non-small cell lung cancer. Thorac Cancer, 2016, 7(3):
348-354.

LIUN W, LING S, SUN W, et al. Circulating microRNAs correlated
with the level of coronary artery calcification in symptomatic patients. Sci
Rep, 2015, 5:16099[2022-06-15]. https://pubmed.ncbi.nlm.nih.gov/
26537670/. doi: 10.1038/srep16099.

DE-UGARTE L, CARO-MOLINA E, RODRIGUEZ-SANZ M, et al.
SNPs in bone-related miRNAs are associated with the osteoporotic
phenotype. Sci Rep, 2017, 71(1): 516.

LIM, WANG Q, XUEF, et al. IncRNA-CYTOR works as an oncogene
through the CYTOR /miR-3679-5p/ MACCI1 axis in colorectal cancer.
DNA Cell Biol, 2019, 386(6): 572-582.

SETTI G, PEZZIM E, VIANIM V, et al. Salivary microRNA for
diagnosis of cancer and systemic diseases: A systematic review. Int ] Mol
Sci, 2020, 213(3): 907.

BARTEL D P. MicroRNAs: Target recognition and regulatory functions.

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

Cell, 2009, 136(2): 215-233.
HALEV, HALE G A, BROWNP A, et al. A review of DNA Methylation
and microRNA expression in recurrent pedi-atric acute leukemia.
Oncology, 2017, 92(2): 61-67.
FRIEDMAN R C, FARH K K, BURGE C B, et al. Most mammalian
mRNAs are conserved targets of microRNAs. Genome Res, 2009, 19:
92-105.
FAN Z, BITTERMANN-RUMMEL P, YAKUBOV E, et al. PRG3
induces Ras-dependent oncogenic cooperation in gliomas. Oncotarget,
2016, 7(18): 26692-26708.
CHOI S H, RUGGIERO D, SORICER, et al. Six novel loci associated
with circulating VEGF levels identified by a meta-analysis of genome-
wide association studies. PLoS Genet, 2016, 2(12): e1005874[2022-06-
15]. https://pubmed.ncbi.nlm.nih.gov/26910538/. doi: 10.1371/journal.
pgen.1005874.
W, IRARHE, AW, . RSN I N B AR I i akikok
B H 20T, S B2 R AR, 2018, 15(4): 1-4.
AR FH, 2. AN R S bR I BRig {2 A4, 2006, 29(1):
70-73.
AL, EEUR, N, 4. B E]DCAGE i 0 B-catenin/ EM T %51
AR E 5 - FUS S 0 A A0 M0 1. v [ 25 B S 4R, 2020, 36(5):
655-659.
AW, TR, ELLH. RIEETE TR, A it S A B
J&, 2020, 47(7): 561-573.

(2022 - 05 — 144itFi, 2022 - 08 - 28f& 1)

HE T


http://dx.doi.org/10.1002/hep.24504
https://pubmed.ncbi.nlm.nih.gov/26514126/
http://dx.doi.org/10.1186/s13045-015-0220-7
http://dx.doi.org/10.1186/s13045-015-0220-7
http://dx.doi.org/10.1111/1759-7714.12317
https://pubmed.ncbi.nlm.nih.gov/26537670/
https://pubmed.ncbi.nlm.nih.gov/26537670/
http://dx.doi.org/10.1038/srep16099
http://dx.doi.org/10.1038/s41598-017-00641-7
http://dx.doi.org/10.1089/dna.2018.4548
http://dx.doi.org/10.3390/ijms21030907
http://dx.doi.org/10.3390/ijms21030907
http://dx.doi.org/10.1016/j.cell.2009.01.002
http://dx.doi.org/10.1159/000452091
http://dx.doi.org/10.1101/gr.082701.108
http://dx.doi.org/10.18632/oncotarget.8592
https://pubmed.ncbi.nlm.nih.gov/26910538/
http://dx.doi.org/10.1371/journal.pgen.1005874
http://dx.doi.org/10.1371/journal.pgen.1005874
http://dx.doi.org/10.3760/cma.j.issn.1673-4386.2006.01.019
http://dx.doi.org/10.3969/j.issn.1001-1978.2020.05.013
http://dx.doi.org/10.16476/j.pibb.2019.0209
http://dx.doi.org/10.16476/j.pibb.2019.0209
http://dx.doi.org/10.1002/hep.24504
https://pubmed.ncbi.nlm.nih.gov/26514126/
http://dx.doi.org/10.1186/s13045-015-0220-7
http://dx.doi.org/10.1186/s13045-015-0220-7
http://dx.doi.org/10.1111/1759-7714.12317
https://pubmed.ncbi.nlm.nih.gov/26537670/
https://pubmed.ncbi.nlm.nih.gov/26537670/
http://dx.doi.org/10.1038/srep16099
http://dx.doi.org/10.1038/s41598-017-00641-7
http://dx.doi.org/10.1089/dna.2018.4548
http://dx.doi.org/10.3390/ijms21030907
http://dx.doi.org/10.3390/ijms21030907
http://dx.doi.org/10.1016/j.cell.2009.01.002
http://dx.doi.org/10.1159/000452091
http://dx.doi.org/10.1101/gr.082701.108
http://dx.doi.org/10.18632/oncotarget.8592
https://pubmed.ncbi.nlm.nih.gov/26910538/
http://dx.doi.org/10.1371/journal.pgen.1005874
http://dx.doi.org/10.1371/journal.pgen.1005874
http://dx.doi.org/10.3760/cma.j.issn.1673-4386.2006.01.019
http://dx.doi.org/10.3969/j.issn.1001-1978.2020.05.013
http://dx.doi.org/10.16476/j.pibb.2019.0209
http://dx.doi.org/10.16476/j.pibb.2019.0209
http://dx.doi.org/10.1002/hep.24504
https://pubmed.ncbi.nlm.nih.gov/26514126/
http://dx.doi.org/10.1186/s13045-015-0220-7
http://dx.doi.org/10.1186/s13045-015-0220-7
http://dx.doi.org/10.1111/1759-7714.12317
https://pubmed.ncbi.nlm.nih.gov/26537670/
https://pubmed.ncbi.nlm.nih.gov/26537670/
http://dx.doi.org/10.1038/srep16099
http://dx.doi.org/10.1038/s41598-017-00641-7
http://dx.doi.org/10.1089/dna.2018.4548
http://dx.doi.org/10.3390/ijms21030907
http://dx.doi.org/10.3390/ijms21030907
http://dx.doi.org/10.1016/j.cell.2009.01.002
http://dx.doi.org/10.1159/000452091
http://dx.doi.org/10.1101/gr.082701.108
http://dx.doi.org/10.18632/oncotarget.8592
https://pubmed.ncbi.nlm.nih.gov/26910538/
http://dx.doi.org/10.1371/journal.pgen.1005874
http://dx.doi.org/10.1371/journal.pgen.1005874
http://dx.doi.org/10.3760/cma.j.issn.1673-4386.2006.01.019
http://dx.doi.org/10.3969/j.issn.1001-1978.2020.05.013
http://dx.doi.org/10.16476/j.pibb.2019.0209
http://dx.doi.org/10.16476/j.pibb.2019.0209
http://dx.doi.org/10.1002/hep.24504
https://pubmed.ncbi.nlm.nih.gov/26514126/
http://dx.doi.org/10.1186/s13045-015-0220-7
http://dx.doi.org/10.1186/s13045-015-0220-7
http://dx.doi.org/10.1111/1759-7714.12317
https://pubmed.ncbi.nlm.nih.gov/26537670/
https://pubmed.ncbi.nlm.nih.gov/26537670/
http://dx.doi.org/10.1038/srep16099
http://dx.doi.org/10.1038/s41598-017-00641-7
http://dx.doi.org/10.1089/dna.2018.4548
http://dx.doi.org/10.3390/ijms21030907
http://dx.doi.org/10.3390/ijms21030907
http://dx.doi.org/10.1016/j.cell.2009.01.002
http://dx.doi.org/10.1159/000452091
http://dx.doi.org/10.1101/gr.082701.108
http://dx.doi.org/10.18632/oncotarget.8592
https://pubmed.ncbi.nlm.nih.gov/26910538/
http://dx.doi.org/10.1371/journal.pgen.1005874
http://dx.doi.org/10.1371/journal.pgen.1005874
http://dx.doi.org/10.3760/cma.j.issn.1673-4386.2006.01.019
http://dx.doi.org/10.3969/j.issn.1001-1978.2020.05.013
http://dx.doi.org/10.16476/j.pibb.2019.0209
http://dx.doi.org/10.16476/j.pibb.2019.0209
http://dx.doi.org/10.1016/j.cell.2009.01.002
http://dx.doi.org/10.1159/000452091
http://dx.doi.org/10.1101/gr.082701.108
http://dx.doi.org/10.18632/oncotarget.8592
https://pubmed.ncbi.nlm.nih.gov/26910538/
http://dx.doi.org/10.1371/journal.pgen.1005874
http://dx.doi.org/10.1371/journal.pgen.1005874
http://dx.doi.org/10.3760/cma.j.issn.1673-4386.2006.01.019
http://dx.doi.org/10.3969/j.issn.1001-1978.2020.05.013
http://dx.doi.org/10.16476/j.pibb.2019.0209
http://dx.doi.org/10.16476/j.pibb.2019.0209

	1 材料和方法
	1.1 主要材料
	1.2 方法
	1.2.1 生物信息学分析miRNA-3679的下游靶基因
	1.2.2 荧光定量PCR（quantitative real-time, qPCR）
	1.2.3 细胞转染
	1.2.4 双荧光素酶报告基因检测

	1.2.9 统计学方法

	1.2.5  EdU染色
	1.2.6 细胞克隆实验
	1.2.7 流式细胞术
	1.2.8 Western blot
	2 结果
	2.1 qPCR检测miR-3679在正常人肝细胞及肝癌细胞系中的表达
	2.2 生物信息学分析miRNA-3679的下游靶基因
	2.3 qPCR检测相关基因的表达
	2.3.1 转染miRNA-3679抑制剂（P3000TM试剂）对Hep3B、Smmc-7721细胞中mi-RNA3679的表达
	2.3.2 qPCR检测抑制miRNA-3679后下游靶基因的表达水平

	2.4 双荧光素酶报告基因检测下游ZADH2-靶基因与miRNA-3679的直接相互作用
	2.5 Western blot检测各组蛋白表达
	2.6 EdU实验检测细胞增殖
	2.7 克隆形成实验检测细胞克隆形成能力
	2.8 流式细胞术检测细胞凋亡

	3 讨论
	3.1 miR-3679在肝癌细胞珠中的表达及下游靶基因的选定
	3.2 miRNA-3679通过抑制ZADH2发挥促进HCC细胞增殖、克隆能力


