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[ Z) B i Bl e 0 B 08 B R 22 1k B4 (phosphoenolpyruvate carboxykinase, PEPCK) [ 3£ K PCK1 41 i 2 F1 %
PRI R 2 Fh A HLASERY | S0 20 WLEE PCKL aob F2 3k Rl o Je % s 20 BT A% g 1 52, 753% : PCK1 ¢DNA FEFE$ pAdTrack-
TO4 A , ¥ BT AL ARIE TR FORL , 76 HEK293 4t 2 47188 i =0 ik B TR0 MR 7% AdPCK; R CRISPR/Cas9 R4EAE PLC/
PRY/5 T 40 2 rhifi ik ih PCK T LD BR A Fe e bk . 150, 763 3RBBERDK Huh? 40 R 2 41 . AdGFP 44 AT AdPCK1
41, AdGFP 410 B YL B 85 AdGFP (1% B4, AdPCK T 41 A R YL B 8 AdPCK (S 5G 2 76 BRI ALK Parental 4171 KO 41,
Parental 41/& PLC/PRF/S 4L/E A B, KO 4102 PCK1 bR FS e AN MARVE A SC 002 . Western blot BEAKGI 2 i 7 2
AT, KRR SE U WSS T A e )y, ik — 2B 28 qRT—PCR K6 I 5% i T 9 A0 M AT B8 SC i 0 T, 5 5. B A I 75
AdPCK1 FJEE R, 2 Western blot %7 PCK1 7€ Huh7 40P 3Rik, 172 RNA(single guide RNA,sgRNA) SEAZ R AUHE L)
18 AT S 9 LentiCRISPR=V2 Bk 44 P LI IEH ; 45 Western blot %58 PCK1 Bk i 40 MO bk T e 2l . R4S R B,
PCK1 i F AT 48 h AT % % 4 (66.300 + 0.383)%, 5 AdGFP ZH[(42.900 + 3.833)% |41 Lt B3 & 38 Jill (1=10.540, P=
0.000) ; PCK1 #R KO ZH7E 48 h AL AL 30 (59.40 + 5.68) %, 5 R AU LA (79.00 + 5.20) %1 AH HL B I i 2 (1=4.420, P=
0.012) . qRT-PCR £5 5 7% PCK1 1 #6385  AHEC T X IRZE AAGEFP, Cdh1 ANk 2.733+0.501(1=5.989, P=0.004) , AN %
IAHET s PCKI RIS , MRS TS5 A4, Cdhl AERF A 0.664 + 0.017(1=34.290, P=0.000) , FiXF F k80 , 4518 . PCK1 1t
FakJa T B AN R AU R BE ), i aR e (R EHSERS  UESE PCK W] R s i B & 5 HE ) R AR RUR TR
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[ Abstract]Objective ; To construct overexperssion and knockout model of phosphoenolpyruvate carboxykinasel (PCK1) gene and to in—
vestigate the effects of PCK1 on migration of hepatocarinoma cell. Methods . The ¢cDNA of PCKlwas cloned into plasmid pAdTrack—
TO4. Recombinant adenovirus plasmid pAdTrack—PCK1 was transfected into HEK293 cells to package and generate high titer recom-
binant adenoviruses encoding PCK1(AdPCK1). The PCK1 knockout cell lines using CRISPR/Case9 system were selected in PLC/
PREF/S cells. First,the Huh7 cells were set into two groups in the overexpression model,one of which was AdGFP group as control group
infected with adenovirus AdGFP,and the other of which was AdPCK1 group as experimental group infected with adenovirus AdPCK1.
The knockdown model included two groups,one of which was Parental group as control group using PLC/PRF/5 cells,and the other of
which was KO group as experimental group using PCK1 knockout cells. Two models were confirmed by Western blot. The effect on
the migration of hepatocarcinoma cells was observed by wound assay. Further,Cdhl were analyzed by qRT-PCR. Results . AdPCK1 was
successfully constructed and Western blot showed PCK1 overexpression in AdPCK1 infected cells. Western blot showed that PLC/

PRE/S cell lines with PCK1 knockout were successfully estab—
lished by the usage of CRISPR/Cas9 system. Wound assay
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control (1=4.420,P=0.012). In addition,qRT-PCR showed that the expressions of Cdhl genes in EMT signal pathway were signifi—
cantly inhibited by the gene of PCK1 than control. qRT-PCR showed that AdPCKI compared with those of AdGFP control group,
the relative expression of Cdhl was 2.733 + 0.501(1=5.996,P=0.004) ,and KO group compared with those of parental cell,the relative
expression of Cdhl was 0.664 + 0.017 (:1=34.290,P=0.000). Conclusion . PCK1 inhibited the migration of hepatocarcinoma cells
through regulating the expression of Cdhl genes in EMT pathway, suggesting that PCK1 may be involved in the initiation and progress

of hepatocarcinoma.

[Key words ]Jphosphoenolpyruvate carboxykinasel ;recombinant adenoviruses ; CRISPR/Cas9 ; hepatocellular carcinoma; cell migration

W S EAE PR A ERE A T 1A BT An DA R R | H
LIRS 570 A A AR S A . 7R A B 0
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— PR FEARAAN) PEPCK-M, H PCK2 SEK 4fid
Wurmbach SEPUIIA5T & BN BT R 9% B (hepatitis
C virus, HCV) 5 [ A I 40 i PCK1 ATPCK2
FEPIRFGE  Ma 5592013 AFHE M P AR ik
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1.1 Ao tape

PCK1 ¢DNA Fii pOTB7-PCK1 4 H Genecopoeia 2\ F]
(525 :FL07339) ;lentiCRISPR—v2 K LA & pMD2.G . psPAX2

PRI T AR TR T R 2= A R B i o BRI 5 pAd—
Track -TO4 & BJ5183 . DHI0B /2% 52 4 K AR B 41 i &=
HEK293 MR 4015 HEK293T MR Z Huh7 FIPLC/
PRF/5 A SR 2 RAT o
1.2 %X HA

BamH 1 Hind I, Pac 1, Pme 1 . BsmB 1 BRAHMEHN I
T NEB 722 ] ;T4 DNA ¥ £ [ A1 53 A 52 3O 50 & T
Promega /v F) ; DNA marker 5000, 15000 14T Takara 23 7] ; 4%
Y7 Lipofectamine 2000 IAT Invitrogen 23 A ; 85 11 BCAXZE
TR &0 T AR YA B S A S PR T A KA
PCK1 HLiRIE B Bioworld 23 7] (555 : BS6870) ; ¥ (F£hif)
PRI T Abcam 23 F] 5 B—actin HLI&IE F Bio—sharp A ] ;
DMEM ¥ 353k 555 2 W H Hyclone 238 ; JJG 4 751 H
Gibco 23 7l ; XIJR AR LmageLock (B3 :4379) 4 F Essen Bio—
science A F ;iTaq Universal SYBR Green Supermix [iff Il H
Bio—Rad /A H] (£545:1725122) , FE[K4H DNA $EEUA7 &0 F
FEUEYIAFE
1.3 #E PCK1 T4 F
1.3.1 #45 PCK1 B s g iohs k4% PCK1 CDS ZEH )7
SIS IS (# 1), LA PCK1 ¢DNA FURC MR, PCR 3™
4 DNA FBEIU/INZY 1900 bp, FHBREIMEN YIRS BamH 1 |
Hind M) PCR =) H1 pAd-Track-TO4 JFKL , 28 BRI Tk
[l alifl , T4 ¥ B2 4 CHEHE 16 h, 5% A DHI10B Az 45
AUAE R RAE BT 37 CIFAR Tl i , PR e B A VR I TR
P38 TSR IUTORE , B D) %5 5 25 S RESE DI 4347

*x1 S¥F%
Tab.1 Sequences of the primers
SR SIFs
PCK1 1F X5k 5° ~CGCGGATCCACCATGGGCCCTCCTCAGCT
GCAAAACGGCC-3’
JZ 4% 57 ~CCCAAGCTTCTACATCTGGCTTATTCTTT
GCTTCAAG-3’
1F X 4% 57 ~CACCGGCTGAAGAAGTATGACAAC-3’
JZ X5 S” ~AAACGTTGTCATACTTCTTCAGCC-3’
PCKl-seq 1EX4% 5" ~AACCTGTGGATCTCCCTTC-3’
2 XEES” ~CAAATCAATGTTCCGCTCA-3’
1E 4% 5" -GTATGACAACGAATTTGGCTACAG-3’
JZ 4% 57 “-TGAGGGTCTCTCTCTTCCTCTTGT-3"
Cdhl 1F 4% 57 “-TGCCCAGAAAATGAAAAAGG-3’
S EE 57 ~GTGTATGTGGCAATGCGTTC-3"

PCK1-sg

GAPDH
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1.3.2 9% PCK1 BRAsss W3 B85, FH R i 0 9 1) il
Pme 1 BV, i F gl FoRiZe AL, i A S22 8574 BJ-AdEasy
UM 37 ORI, PRk ST B RN T 100 me/L
RIPEER M LB R, 37 CHERIS ., H Promega IR &
PEIUTORL , BRI P9 VT Pac T U] J5 B 5 FRL DK 777 256 BH 1
A TR AdEasy-PCK1

1.3.3 Ay 14 PCK1 54 I 8 ik AdEasy-PCK1 28
Pac | BYIG , ZEEDIRERAEAL, N 20 WL TR KIEF .6 cm
RigR LG RE 4 h A9 HEK293 41N+ 15 37 25 AR &
BEEFEIESRIE T 37 °C 5% CO, W4 . I 250 L. Opti-MEM |
7.5 pL Lipofectamine 2000 ##%],37 CIFE 5 min, 285 1A
3 g BEVI)E ) AdEasy—PCK1 £R P4k TR TR &), 4k 4L &
15 min, 5 FHE AW HEK293 40udE 3R rb i 4 hife
WA SHUERN TR, HP s 10~14 d, 150
YA T, 2 12 B RERGY F —48 HEK293 4, itk
YIS YO ARSI PCKT BRI (AIPCKT) ,
134 W% PCKL EAMIRRESALIEE DL 40% 47 %
4 Huh7 MM S5H T 24 LISt A EE 3 1 AL,6 hJg
14 PCK1 EAINFFREELL 10 wL P0G 4% 1/2 45 s B, /)
AR =439 10.5.2.5 1. 25.,0.75 .0.375 ulL, 48 h
LEATHE A N SRR LR DL BRI B ) A
9 PCK1 T 4 s 75 09 Fpca Vi 22

1.4 Mz PCKI1 Skrkta g R

141 t@EEAR 7E http : //www.e—crisp.org/ECRISP/de—
signerispr.html kG A 2 4 PCK1 Oligo BABEIR IS
W BEVINL (£ 1,PCK1-sg) o M4 SERZ TR SBEIR SO mUXLEE
DNA ; FHBR HilE N VI BsmB 1 Y] LentiCRISPR—v2 Jii ki |
FEREBEUI S 1 R AR KR I XUE DNA, 16 CEEHZ 16 h, %
Her= W DHI10B B2 AU, S Uk, 4RI

142 AHEMEINEE K HEK293T 400 T4l 60%~70%% 1
£ T25 B53E00L, 10 b J5 , 40 LR Ie IR S r G Y i He it
3:2:1 [/ LR A I 4L OB  psPAX2 pMD2.G Ji #5 4 5]
HEK293T 41,3 d Welampt b3, B Apss b,

143 iR e AMIkR R EE b R R 40 PLC/
PRE/S, i/l 8 we/mL 1Y Polybrene, 2 d JE/INMEN475 2 (0.8 pug/mL)
G e, 15 R RS LG 75 10 0T L 2 40 4 3 e R A )i, g e 12
P BE ) 204 8 B 3k | Sl 5] 96 FLAR I 1 B T e 2
W T LA B Y 5 g RN M A AR 3R A BRI AR A
I PCK1 P RERACR , 15l & $2GE [ 40 DNA,PCR 973 (5]
YIILF 1, PCK1-seq) IFUEFT TA Fake, 26 A BT,

1.5 XJRER%

PL 6x10* AL 4 I 5505 2 LmageLock 96 FLAR 1, £F
YA 5, 1 Essen Bioscience 23 Rl RIR A , SR S5 #9 ,
96 FLHUIA IncuCyte Zoom {25 HFAMEA/E R 0,48 h J5HF
YA R IR KR A A O
1.6 Real-time PCR #im|

il 40% % FEANAE 36 h J5 , FH Trizol 152 HLANAE BN RNA,

BEICEL YK ] WL 518 .28 s Z2 45 3 45557, SR )5 H Promega ¥
S G0 RNA 3675 5% ¢DNA |, 235 H] iTaq Universal
SYBR Green Supermix fi#i4fT qRT-PCR, ASZHTEE 3 WK,
1.7 %it#ik

RN SIARIEAT 3 YT B AT S SR SPSS 19.0 4t
TR A AR S 25 5 Bl R A + ARiERE (x =
$) R, WAL ] FEBOR ST AEAS ¢ 50, K0 /K 2=0.05,

2.1 PCKI &M ym e Mk

P pOTB7-PCK1 MHEMETT PCR 9734t B 19 5547 , il
VI A EEAE pAd-Track-TO4 ZRMA AT BTy, K
IR ELL TR LSS A BI-AdEasy B2 5 FRERIBUTORE
JH Pac | BV 5 BIEERFB UK, AT LR 19 kb 5 4.5 kb (i &
SR SET B AR R TR T (T 1A ), Kk
BN BRREE TR Pac T BEBEYIZEEILIS , FH Lipofec—
tamine 2000 %YL %5 HEK293 4iIfifd, 2 J& 5 W8 S 22 i L3
W PCKT B IRR TE/Es Huh7 200, 15 & X IELHAdGFP,
YL A GFP AR 7%, 48 h G BB 17, Western blot
Y5E AdPCKL 415 AAGFP 43Rk S 45 R, PCK1
LA MR A ] A A WnEl 1B R,

N
F
IR
oS
&‘3&2 X‘@ @’S\
19329 bp
4254 bp

A BRI N YD EE Pac T B % B2 Bk

AdGFP AdPCK1

PCK1  aam—e a
— el

B-actin

B. Western blot & F PCK1 5241 [l 25 101 2k 3R

1 PCK1 EHBRFEERAEEREEARIZRN
Fig.1 Identification of PCK1 recombinant adenoviruses plasmid

and protein expression

2.2 PCKI1 &M BB A 69 #) 22
LentiCRISPR v2-sgRNA JFUR7 A4 EE f5 126 Ky B3y . K
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H SR TR L TR ] Lipofectamine 2000 ¥4« & HEK293T
YA, 3 d SRR RE I 2B 4 PLC/PRE/S R H
W N4 87 2R i 6 B s PR AT, $R UL 21 DNA, TA s B -0
7, 584 PCK T SR AP 9 Foxd 2554 IE 2 Bis KO
i PCK1 JEH 2 34 MZ TR (CATCCTCAGGCGGCTGAA -
GAAGTATGACAACTGG ) Bl it s RS % 28 4% | P BUB R4 Al
2|, BETT PCKI1 FEIK MR

WT:GGAGGAAGAGGGCATCCTCAGGCGGCTGAAGAAGTATGACAACTGGTAAGCTCGGC
KO:GGAGGAAGAGGG - TAAGCTCGGC

GGAGGAAGAGGGTAA

2 PCK1 B{RR4AEME (KO ) BEEA 5% 42 PCK1 HEEA
DNA B3 EE 345 5%
Fig.2 DNA sequence alignment between PCK1 knockout cells

genome and the wild-type genome DNA

§ifi 1% H A KO 21 i 4% B 40 i 25 (|, Western blot 6 371
PCK1 5 AR, UYL SS 1 LentiCRISPR v2 X fR 4
Parental, %55 W75, KO 4ffdrh PCK1 #k @i, Wikl 3 fin,

Parental KO

B-actin

3 EHKFWIE PCK1 BiiaE R
Fig.3 PCK1 knockout cell line was identified by Western blot

2.3 PCKI g &k B S Ja *F I8 2 i % 245 4k 1 69 % v
VPRSI A5 WoR , PCK o RIAAEBITE 48 h (2 ffliE
3N (66.300 +0.383)% , 5 AAGFP ZH[(42.900 + 3.833)%)]
AH G BA 5848001 (1=10.540, P=0.000) ; PCK1 #% KO ZH7E 48 h
) 400 L X % 5%y (59.40 +5.68)% , 5 37 7 4l A R [(79.00 +
5.20) %A LA B8/ (1=4.420, P=0.012) , RIIE S 5545 PCK 1
AT LA e A B A e T, aniEl 4 FriEl S iR
2.4 qRT-PCR #:m PCK1 it & A B #rk /& Cdhl 9 A&k 4k
AdPCK1 5 AdGFP &t Huh7 405 36 h HEHUZR i
RNA, i35} ¢DNA, F qRT-PCR J7 K1 Cdh1 ) mRNA
Rk, G5 R, PCKL 3R IA G  AHHE T X FRZHAJGEFP,
Cdh1 AXF Fikinhy 2.733 +0.501 (1=5.989, P=0.004 ) , 5. 1H i

ik PCK1 Ji7 , Cdhl JE R 2638 ; PCK1 #BR 5, M
Parental 41 ,Cdh1 FHXf3RI8 &N 0.664 +0.017 (1=34.290,P=
0.000), $iHH PCK1 BBRJ5 , Cdhl JER IR, XL EE
3, WE 6 Fin,

AdGFP

AdPCK1

AdGFP  AdPCK1
a: 5 AdGFP 414, P=0.000

4 PCK1 id3Ri& Huh7 4BAERYE#EE S (50 % )
Fig.4 PCK1 overexpression inhibits the migration of Huh7 cells

as detected by wound-healing assay ( 50 x )

Parental KO

Oh

48 h

Parental KO

a: 5 AAGFP 41 %%, P=0.012

5 PCK1 miB#{2i# PLC/PRF/5 4RI EREEES (50 % )
Fig.5 PCK1 knockout promotes the migration of PLC/PRF/5

cells as detected by wound-healing assay ( 50 x )

15 PLC/PRF/S
= b
K3 ng 1.0
=

0.5

4 Huh7

=)
&

2

Cdh 1A%
Cdh1AH%

o

0.0

AdGFP AdPCK1 Parental KO

a: 5 AAGFP 41 tb 4, P=0.004;b: 5 AAGFP 41 Fb 4, P=0.000

6 gRT-PCR #&ill Cdh1 ERE mRNA fFRiX L
Fig.6 Target gene of Cdh1 was analyzed by gRT-PCR

3 3t 8

HCC 25 W GHEE 2 — , 25 50% 1
R ACRIBE T B AP I CH S
7% (hepatitis B virus, HBV ) 5 7N B 1T % 9% B (hep—
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atitis C virus, HCV) (AEREFIGREAT , LA EREFD 2 7Y
W DRI 0 2 98 SRR 2, HCC R A 2R E
Fhias = N SR, 18P HBV 5 HCV &
Yo [ AT M FORE PRI , HCC 1 & 2B AU Ky
Han 100 A% , S ARG B 2 AU R B P IR IO,
2011 4 Hanahan F1 Weinberg* /5 e 41 i ()4 i 8
i 2 (metabolic reprogramming ) 5144 > i e i -+ K
Pk Zz—o WA & —Fh K, 2 —
FRACIAHETS, IR 4 AN [F] F 1E 5 4R M, B AT 0 RE
TR R, IR AN A AR A B A
R CH E R, ) Warburg R0 ) iA 2 RE & 59 R
A A SR E A A R 2 1,

FHOEWFIEHRIETESE PCK 75l b S 36
ik, b R AR IR T B2 ik 5 1A BATE N 465 1 9 200
T8 40 A v 2 B0, g 4 1 B p53 REAS T I
AT PCK1 Al GOPC JE K i ek | vl Bl 1
SRS S AR T AR I D e, Aerp R A
TETHAZREIL 2014 4F & PR 6 R 5 A= 40 i 1
PEFRIE PCK, AL e T 20 R A 0 36 1) i 3
P T 22y e (A 6 A I B HE %
FIARIETR SR, Montal 25 2015 4F & B8 PCK1 7E4%
P v i R 3K B e T A W RN A R R A, (R
Jised AL A 1, ML AT BB 2l ad mTOR1 42 i
ARARARIE S, 25 LA X SR R B PCK1 S5 b
A A UIAH DG, B i vh PCK1 BRI 3Rk |
AR (41 HCC)H PCK1 FERENESE A, PCK
LR R E bR A rh B A A 0 FLEAR
LR A R TR ARG

ABFFERE T HRAGTE PCK1 aah 30k 4 o A5 8 |
3 RIIR S I WSS PCK 1 REH ) 90 20 L 1 1T %
fie}1. FIH CRISPR/Cas9 240, e 40 Edk PLC/
PRF/5 e gt PCK1 @B 40 A Western blot Fl1
DNA 7RSS PCK b 40 M A A b i ), 3 4
RJR S0 2% 3 PCK1 Rl B o (i F 9 40 M AT 8
LR Cdh1 ZafS A5 A2 E-cadherin 75 &
Rk B R R T EEMAEH  E~cadherin T ¥
6T 200 B G R 22 42k 555 , A Pl R B A Ak Sy Tl
TR B T AR A2 SRR )RR 2868 10, AT
HE—20 K I PCK1 REfE IR 55 AL il 8 1 E—cadherin

(2B MM AR A RIS . 35 1ok KR
Co-IP 257712731 PCK1 5 EMT {5538 H #E AL
(A SEFR  TRAIFSE PCK1 X2 iR A2 ik 1
HAASy5HLH

Z % x #
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