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[Abstract] Objective To investigate the effect of nuclear receptor Reverbf knockout on proliferation and
migration ability of human hepatocellular carcinoma cell line HepG2. Methods  The Rev-erbf gene knockout HepG2
cell line was abtained by CRISPR/Cas9 genome editing technique with specific DNA modification of the target gene.
The Rev-erbf gene targeting vectors were co-transfected into HepG2 cells. Through cloning and screening, the Rewv-
erbB gene knockout HepG2 cell line was constructed, PCR, sequencing and Western blot methods were carried out
for the identification of the Reverbf gene knockout HepG2 cell line. The expression level of tumor migration and
invasion-associated gene in Rev-erbf gene knockout cell was determined by real-time quantitative PCR (qRT-PCR)
and was compared with normal cell as control. MTT, cell scratch and Transwell experiments were conducted in
order to explore the effect of Rev-erbf gene on HepG2 cell’s ability of proliferation,migration and invasion. Results
A Reverbf gene knockout monoclonal cell line, which was identified by PCR., sequencing and Western blot, was
successfully constructed and named HepG2 C5 (Rewverbf '~ ). qRT-PCR results showed that Rev-erbf knockout
resulted in up-regulation of matrix metalloproteinase-2 ( MMP2), matrix metalloproteinase-9 ( MMP9) and
extracellular matrix protein-1 (ECM1) gene expression (P<C0. 05) and down-regulation of E-cadherin (CDH1) gene
expression (P =10. 05). Results of MTT, cell scratch and transwell experiments showed that HepG2 C5 had
stronger proliferation, migration and invasion ability than control cells (P <C0. 05). Conclusion Rev-erbf gene
knockout could change the expression of migration and adhesion-associated genes in HepG2 cell, and then affect the
proliferation, migration and invasion ability of HepG2 cells.
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pAd5-E1/Rev-erbp ikt 22 HepG2 41, ¥ Y )5
48 h K Je A #4228 60 mm i i 5 77 L 2k 47
WA $5 3% . TREE YL A% 5 3k 70 % ~80 Y0 i, Je )R
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Table 1 Primers used in qRT-PCR experiments

Primer name
MMP2 RT-PCR forward
MMP2 RT-PCR reverse
MMP9 RT-PCR forward
MMP9 RT-PCR reverse
ECM1 RT-PCR forward
ECM1 RT-PCR reverse

Primer sequence (57-37)
CAAGTTTCCATTCCGCTTC
CTGGTGCAGCTCTCATATT
ACAGTTTGTTCCTCGTGGC
CCATTCACGTCGTCCTTAT
AGGGACAGAGTCAAGTGCAG
TGGCTCTGGTCCCCAAAT

CDH1 RT-PCR forward ~ CAAAGCACCTGTGAGCTTGC
CDH1 RT-PCR reverse CAAAATTCACTCTGCCCAGGAC
GAPDH RT-PCR forward GCACCGTCAAGGCTGAGAAC
GAPDH RT-PCR reverse TGGTGAAGACGCCAGTGGA
1.5 MTT ;&4 HepG2 40 B & 38 /& 14

200 pL 1X 10" L' X400 A9 HepG2 40 A 42
FhF 96 fL AN M3 F2 A b, & 37 °C IR EU Ok
5%CO, KM P #8595, 24 ho48 h.72 h Al
96 hJ5, ] & FL 40 fE in A 5.0 mg/mL MTT & K
(20 pL/FL) 4k b7 4 h, W55 3% 00 i G
W PBS Pk 3 Wk, a4l M b oin A 200 pL/AL
DMSO,37 CAK# IR 100 r/min, 10 min, & /5%
YN HIR AT B EERR A A B K 630 nm A1 570 nm
AT BEAE (Aso Bl Agso) s B 6 FLF AT 52 50
UT${BIIJ2H]H@ E/‘J*HX‘_JLE&J\%{E AA :Asm 7A630 j"j%ﬁé
b » D20 I 5% 5 05 R] R A AR AR AR 1D 20 B 45 AL 20 B 1
AH T 1 58 5 1
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RB R 5% CO, SRR ARSIk ER 3% 24 h, H
TG TR % W A A Sk AE G BE 1Y) HepG2 48 B 55 10 1 0]

1.5~2.0 mm BRE. #H 1.0 mL JE®W 1 X PBS
N RV AN 2~ 3 WL PR R AN .
YA IS S Lo A 2. 0 mL TGl i DMEM, 44 g
QL 24 ho48 h 1 72 h, WLEE A0 M T % 17 O
I 1 O S HA
1.6.2 Transwell % 4 5% AL ME
DMEM #5352 3L fl ik 19 Transwell /N ik oE 24 1L
4 8% 57 A L EL . B 200 X B0 TG i
DMEM Rewv-erbf i H # B A1 X B HepG2 41 il 2
(1 X10° L") %5 in# Transwell /N B, [
Transwell /NE AN L 85 3= FLBL WA 700 pL/ 4L 1Y
10% FBS DMEM K7 3% 3k, 24 L 40 i % 75 B A
37 °C AR BN 5% CO, 85 R4 B 97 48 h, HUH
Transwell /% W /N3 Y 1% 5% 0 TG T4 AR 28 5%
F B K Transwell /N % NI MY 40 M. B K
Transwell /NE A} IE 2 41 R ARBU 808 4. 0%
FESE® P, R E 10 min, 2R )53 8 Transwell /)
FEWRB T, Transwell /NE SN KZ 40 0. 5%
f4E T4 YL 15 min, Yo (o 25 dOR 5 FH G K
BERVEW 3~5 W, e /NESNKZ 4 E T 5 E
WIB R R T WG I B 4 ~6 D HLEY
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T ZE 40 B SRR 7 i [ 1. 6. 2,
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1 PCR ETEMHMETEMIMIK Rev-erbp EEH
Fig 1 Identification of the Rewerbf genotype of positive clone cell

lines with PCR

C0:PCR amplification of the TSF of control HepG2 cells; M:

DNA marker; C1-Cl4: PCR amplification of the TSF of C1-Cl4
positive clone cells HepG2 with Rev-erbf gene knockout
2.1.2 RaRBKFSH R~ EIUE Rev
erbp & R @i Bk HepG2 C5 Il &R 2 F 2 HIER
Reverbp 3 R 58 4wy B 19 B 58 P& 40 L &, 42 1L
HepG2 C5 F1 X} iR 20 it A9 &2 25 (1 » F§ Western blot
3T A Rev-erb & IR BTG 0. 458 W 1k
HepG2 C5 4l Jifd & o A A% I ] Rev-erbf & [ & ik
(& 3),

DL S5 R IR G B DR AT HE | 245 1 0 3 A o B Ak
FERAE RTINS T — 8 Reverbp & 58 4 i b&
HepG2 %, v 4 N HepG2 C5 (ReverbB™'~ ) 4l i
#A . % HepG2 C5(Rev-erbB™ '~ )R {E N Rev-erbp

e DR 7 Ji 96 440 i v D) RE A 5 110 4 A R

TCTTCAATAGICTGTICGGITTTGGTCGTATTICCTAAGCGTGAAAAACAGA
GGATGCTAATTGAAATGCAAAGTGCAATGAAGACCATGATGAACAGCCA
GTTCAGTGGTCACTTGCAAAATGACACATTAGTAGAACATCATGAACAGA

CAGCCTTGCCAGCCCAGGAACAGCTGCGACCCAAGCCCCAACTGG
e Rev-erb B sgRNA2 pAM

260 270 220 290 300
WTCTTTTTCTTCAATAGTTTGGTCGTATTCCTAAGCGTGAAAY

e TCTTCAATAG--TTTGGTCGTATTCCTAA

370 380 390 400 41C

CTACTGCACCCATC r:GA-\An].’a’T"c'c';Tr“rT.u.;.GCTTGATAT c
_hRev-erb £ up arm CMV

250 260 270 80 290
GOGTOTCOOGGCOCAGCCATOAGIOTCOACTITTTTTGCTTACA

SV40 PA

hRev-erb B down arm

B2 HepG2 C5 EFERBRMAME Reverbp EERTRETE

Fig 2 Identification of Rev-erbf gene mutants of HepG2 C5

A: The Reverbp target sequence of wild-type; B: The deletion
mutant chain: lacks of 8 bp in Rev-erbg sgRNAI gene targeting area
(the green 8 bp in the rectangle); C: The insertion mutant chain:
the exogenous gene fragment insert between Rev-erbf up arm and

Rev-erbB down arm in insertion mutation chain

el = Anti-Rev-erb B

I 1 (i-GAPDH

B 3 A[E HepG2 4 R H Rev-erbp B QAKX
Fig 3 Rev-erbp protein expression in different HepG2 cell lines

1:The lysate of control HepG2 cells; 2:The lysate of Reverbp
gene knockout HepG2 C5 (Reverbf /) cells
2.2 Reverbf 3 HepG2 21 Al 1% 38 19 3% i

FHE 4 AT L, 3558 24 h.72 h,96 h #1120 h 1y

HepG2 C5(RewverbB ' ) A1 55 %} i HepG2 41 iy
OB 1% R 3R (P<0. 05, P<<0. 01) , 47 2 3. B il B3 JIF
J5& HepG2 40 Rev-erbp & W] L) S EOHN M 14 58 75
P 1 8
2.3 IR .FEHEXEREREALRE HepG2 il &R
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Fig 4 The effect of Rewerbp gene knockout on the proliferation of
HepG2 cells
AA=As70 — Agzo, ¥ P<{0.05, * * P<C0.01, vs. control group

gRT-PCR Kl 25 5 8 7x (E 5) s HepG2 C5 4
fL Hp 5 b R A i AT RS L 1R R M SR 3 MMP2
MMP9 . ECM1 mRNA 2 5 3 5 F % B8 40 g (P <<
0.05), JuHJE MMP9 mRNA [#) 335 8 ) B8 21 ff 7+
1R K 3.5 A% 5 1 40 L 2 B AH G 36 CDH1 mRNA
IR I HE % B 40 e ik (P=0. 05)

Control group

Rev-erb ﬂﬂf

24h!

B 6 XJREWSHTARE HepG2 A R 6
Fig 6 Analysis of migration ability of different HepG2 cell lines by scratch test
* % P<C0.05, % % x P<C0.001, vs. control group

* P<C0.01,

B KT R HepG2 21 M. 17 H K6 & XK 5
4 f 15 3% B[] 1% 38 in, PR HepG2 4 Ma i) AH X i
FEUE B 25 Sl ok 8K . B W] Reverbp A # R 19
HepG2 g L X+ 18 HepG2 4l i B A7 ¥ 58 19 3 % fiE
7.
2.4.2 Transwell 82 % WH 7.
LB FR 22 S 50 R W] Reverbf ' HepG2 il
GER 147 £12 FI{R 22 266 +22) B % I HepG2 4
Mo GER 36 22 FI{RZE T4 2) A 5 K AE T AR
ZE(P<C0.001),

Transwell

3 Wi

WAL T A5 R Y R B Rev-erbBAE — 28 g

5 FBMXEEETRFE HepG2 M RFHIRIE
Fig 5 Expression of migration related genes in different HepG2 cell
lines
¥ P<C0.05, % % x P<C0.005, % % % x P<C0.001, vs.

control group

2.4 Rev-erbp 3t HepG2 40 13T # F112 Z R &M
2.4.1 XREFEBRER WK 6, R EHAERIE
J524 h,48 h 172 hif , HepG2 C5 4 it () iF %% B5

Control group

8 @Rev—erbﬁﬂf

group

8k

Relative migration length/p m

24 h 48h

Control group

7 Transwell 3236 M A F HepG2 AT (A FER (B BEA
Fig 7 Detection of the migration (A) and invasion (B) ability of

different HepG2 cells with transwell assay
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M XIIR B Transwell ZEBUR A 4 F AR F B2 7
AR HepG2 40 & (Rev-erbB F R i 5 5 K #if
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B — 8, qRT-PCR 250 45 3 3 ik & A
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MMP2 MMP9 . ECM1 mRNA % ik 7K 3F- %} 1 41
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