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[ Abstract] Objective CRISPR/Cas9 technology was used to knock out glutathione S-transferase zeta 1 ( GSTZ1)
and fumarate acetoacetate hydrolase (FAH) in human 102 liver cell line, to explore the effect of GSTZ1 and FAH on the
growth, proliferation and migration of hepatocytes. Methods Guide RNAs (sgRNAs) targeting GSTZ1 and FAH genes
were constructed, and co-transfected with CRISPR/Cas9 vector into LO2 cells. Three cell lines GSTZ17~, FAH”™ and
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FAH™"/GSTZ1”~ were identified by sequencing and Western blot. The cells were used for further analysis, including the

ability of hepatocyte clone formation, cell proliferation and cell migration. Results Three cell lines GSTZ17~, FAH™"

and FAH"/GSTZ1”" were successfully established. Compared with wild-type cells, all of three edited cell lines showed

higher ability of proliferation, clone formation and migration. FAH mutation has limited effect on cell phenotype, while

GSTZ1 deletion greatly improved activity of the hepatocytes. The dual-gene knockout cells demonstrated moderate activity

between two single mutants. Conclusions

FAH/GSTZ1 dual-mutated hepatocyte cell lines were established for the first

time, which provides a new cell model for the study of tyrosine metabolism pathway and hereditary tyrosinemia type I

(HT1) therapy.
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Table 1 Design of primers for guide RNA construction
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gGSTZ1-F caccGCCCAGAACGCCATCACTTG
gGSTZ1-R aaacCAAGTGATGGCGTTCTGGGC
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Table 2 Primers for gene editing identification

314 FAI(5°-3") FERIRAN
Primers Sequence Product size
GSTZ1-F CACTCCCTCTCCTCACAA 814 bp
GSTZ1-R CTCCGCACAGACAATCAC
FAH-F TTTCTCAGGCTGCACTTACC
673 bp

FAH-R CATGGCACCGAATAGACTACAA
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Figure 1 Sensitivity of LO2 cells to puromycin

AN GSTZ1 SERFTHRAL S BT /R B B TRE Y GSTZ1 3k DR Sl 5 40 i o s 3k R UM 5 5 €« B A4 TR 5 e R 2 e 00 S R TS ) 0 )
LA LA B A R 250 B s D s N FAH FERFTHRA s B0 R BB B Sk Y FAH 35 DX Rl 55 40 i e e i PR AU S 5
B2 A GSTZ1 Fl FAH B3k R @R LO2 20 Bk i) g 57

Note. A, Schematic diagram of the design at human GSTZ1 gene locus. B, Genotype analysis of GSTZ1 knockout cell clones. C, Sequencing analysis

at gene targeting sites in wild-type and gene-target cells. D, Schematic diagram of gene targeting site design at human FAH gene locus. E, Genotype

analysis of FAH knockout cell clones.

Figure 2 Establishment of LO2 cell line with human GSTZ1 and FAH dual-gene knockout
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. A Western blot £l GSTZ1 & 2R IK 15 ; B : Western blot Kl FAH 2 FH AYFak 1B 0L,
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Note. A, GSTZ1 protein detected by Western blot. B, FAH protein detected by Western blot.

Figure 3 GSTZ1 and FAH protein test by Western blot assay

T2 A CCKS S5 I35 K 58 78 4L A B4 7 B 7 3 B - 405 Al 20 e (il 22 5 BRI W RE T 5 € A e B 4k H b D EdU Y B e 50k
AR RS B EAU FEPEANI & R g, SRR R, ™ P<0.01, ™ P<0.001, " P<0.0001,
B 4  GSTZ1 FI FAH FEREBEXT LO2 4355 BE 7 14 52 M)

Note. A, Proliferation rates were evaluated via CCKS trial. B, Colony formation was determined by crystal violet staining. C, Ability of

clone formation was investigated by clone formation assay. D, EdU assay for different cell lines. E, percentage of EAU positive cells.

Compared with WT, ™ P<0.01, ™ P<0.001, ™ P<0.0001.

Figure 4 Effect of GSTZ1 and FAH gene knockout on the proliferation of LO2 cells
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TE AL B WA RE ST B T RS R I . S AR 4L AL, ™ P<0. 01, ™ P<0.001,
B 5 GSTZ1 Fl FAH JEH AR LO2 41 iR 6E 71 52 i

Note. A, Cell migration was observed under a microscope. B, Quantitative determination of cell migration rate. Compared with

WT, ™ P<0.01, ™ P<0.001.

Figure 5 Effect of GSTZ1 and FAH gene knockout on the migration ability of LO2 cells
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GSTZ1 Z A REILF] HPD Xof 18 22 2 A 151 £ 5 2 A5 1Y
AR WA AN IE B 4 M LO2 B T
GSTZ1 H1 FAH 515 18 FAH 2838 L hl | 3k — 25

RAFT GSTZ1, 50 ik E T FAH 28748  GSTZ1 2874
1 FAH/GSTZ1 X 28728 i 2l Ji A5 7Y | Western blot jiF
S PR g AR T BOM B B Rk, HE— 23 i 40 ik
T HH S B AN MRS SE S, IR ORI GSTZ1 LA Y
SR T I FAH R 58738 A0 M A 5 1, O FLAF 9T &
I FAH FIl GSTZ1 RG-S e FAH 5728 JH-241 ffd
HAHESR ST RE . T FAH 1Y%
5 HT1 BF A R KA 2 i FAA, 51
AN, A, FAA R BB AEER, o &
AT B WL B RFE 7 GSTZ1 R AR 9 5
MAA 5753 FAA B OCHERE, T GSTZ1 Ml 2%
T AR 14 2% D6 H JOR I il 2, AR 2R 9 MAA AT LA
URBEHAL N FAA  FHEL T GSTZ1 1E % B> 74
B2 FAA (R Z DROH X 20 B 35 2 A0 2 B 5% i
BN ARSI R FRAT R B FAH B BRI AN 2
1A LO2 R4 M A FE T, AH I, 40 B 5 PR — i 72
FERIRESE . AN FAH R SEIHRNFERY)
JiT FAA F1 SA SRR T3 5eh Wil T FAA XF
BRI R AE R s 53— 5 1T, FAH B2 A 235 il
B, VRN A A BRIL 2 AL, A 5T IR
RIIFAIME R LO2 Hh iR GSTZ1 J& 40 Ma i 38 5 Fi
IEFERE ST — 201N, AT R R R TR R v )
DR, AT RIESE 6STZ1 HH & —AH
BN, %A e A R g s

B2 BRAT ST 5T & B GSTZ1 F K ] g 1
i HT1 RS BT TR 28, AR ISR AT LAt — 20
16 HT1 SRR 15 & 5% GSTZ1 By /N -4 il
FE I R AT, BT FAA B9FE R, R HT1 %=
VELOREVAS: (WS
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