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[#Z] H#M il CRISPR/Cas9 HARMIEE Uox S @ik H B L /RS &R I HOZ A g
R ARALL v PR IR IMUE B3 OB RS . 3% 7E Uox 2EIA Exon 2 ~ 4 BYRTJE P ngNA,’{%%[ﬁ%&%:%
T sgRNA 5 Cas9 mRNA #% /8@ Fo i) i S0t 9 it /N BRI A2 AG O rp 15595 2 ~ 4 h e BRI R Al =04 1
B Y I e 29815 FO AR/EL, X FO R/NERIEAT PCR 2872 5 7 20 A, T 16 35 A 19 Uoae 56 DR I s 5 /N B
EEP AR (wide type, WT) /NGRS FLAR, Fidkik F1 A28 G 7 (BERECE Uox™ ) Mt B S HE A 845 2]
i F2 AR/NEERELR Uox™) o SJERIN Uox™ /INERS WT /N BRUIMLYE PR R | PRIBR R , 1l 3 v LT | bR
R NARBELRBEG 14D RATEL LN & B IFIEITX L @8 IR R AL (HE ) A 255 Masson 4
B S AL AL, R 5 WT/NRAEL, Uox™ /N BUMLTE IRIR (HE R : (478.4 £ 114.6) pmol/
L,P < 0.001 ;R (507.7 = 129.6) pmol/L,P < 0.001) JRIEIRER (HEF; (4116.8 = 1928.1) pmol/L,P <
0.001; MEFL: (2998.0 + 547.7) pumol/L,P < 0.01) ML 7E FWLEF((91.8 + 55.6) pmol/L,P < 0.001) JRE
((28.6 % 13.9) mmol/L,P < 0.05) NERAILF LM ((53.3 £ 23.3) U/L,P < 0.01) X TAHAMRALLHK
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[ Abstract] Objective To construct a uricase-deficient mouse model with stable inheritance using the
CRISPR/Cas9 system, and evaluate its ability to simulate the disease characteristics of patients with hyperuricemia.
Methods Double single guide RNAs (sgRNAs) were designed on both sides of exon 2 ~ 4 of the Uox gene. sgRNA
and Cas9 mRNA for gene knockout were microinjected into the fertilized eggs of mice. After culture for 2 ~ 4 h, the
embryos were transferred to surrogate mother mice to produce an FO generation. Uox-knockout mice were identified by
polymerase chain reaction and sequencing analysis. Positive mice were then mated with wild-type ( WT) mice to
produce an F1 generation, and heterozygous female and male F1 mice were then selected to obtain homozygous F2
mice. Serum and urine levels of uric acid, creatinine, and urea, and serum alanine aminotransferase ( ALT) and
aspartate aminotransferase ( AST) levels were detected and compared between homozygous and wild-type mice.
Pathological changes in kidney and liver tissues were observed by hematoxylin and eosin and Masson staining. Results
Urine levels of serum uric acid (male; (4116.8 + 1928.1) pmol/L, P < 0.001; female: (2998.0 + 547.7)
pmol/L, P < 0.01) and serum levels of uric acid (male: (478.4 + 114.6) pmol/L, P < 0.001; female: (507.7
+ 129.6) pmol/L, P < 0.001), creatinine ( (91.8 + 55.6) wmol/L, P < 0.001), urea ( (28.6 + 13.9) mmol/L,
P<0.05), ALT ((53.3 = 23.3) U/L, P < 0.01), and AST ((203.3 + 70.3) U/L, P < 0.001) were
significantly increased in Uox™~ mice compared with WT mice. Histopathological examination showed moderate
hepatocyte degeneration in the liver, moderate-to-severe tubular cystic dilation, degeneration, and fibrosis in the
kidney, glomerular hypertrophy and hyperplasia, small-vessel dilation and congestion, and infiltration of stromal
monocytes and lymphocytes in Uox™ ™ mice. Conclusions We successfully established a homozygous uricase-deficient
mouse strain using CRISPR/Cas9 technology, as a suitable animal model for research in the field of hyperuricemia.
[ Keywords] hyperuricemia; animal model; CRISPR/Cas9; gene knockout; uricase
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155 PR R IML4E ( hyperuricemia, HUA ) J& £ % i
M AR 2R AL, DR IR R T 5 A 45 DX 2K 5 ke 1) AR
S S i K- 1LV PR R ( serum uric acid, SUA)
HFRHERCIR R SR AR, TEIMIR B4R, AR5
PEFIZe PEAE IE W B IR I O T, AR TR H PR =S
J6 SUA K-t 420 pmol/L'" . i 211 PR A3
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i ) RO KUK 200 S ARk Bl B AT R AR
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EEAE BT, BB ohi e R R R
A, BRI HUA S8 T 8 i 259 58 R A,
H i H ek 245 i IR 1R 7K 7 S B 1k 98 Rk A 1
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P, —Fh i 2 AR B9 HUA SR xS 1

FEIRIR 25 T & 2 2 R LR, HAT HUA 3
PRSI R T 1k A PR . 24 i AR 5
TR, Horb ) 3 PR 1A% 35 T B o
55 PRI A B HE EAH DG i DB A, A8 75 3 )
RNIRIR KPR T, M T 45 T i B IR
AR IR 25 I v A Ik R T T
BT LLRAS RES Ao B i) sh AL s 5 K
IR B AITIE
PRIGZHUAR R A 1 7 9, 75 /> BRL 55 HAh
THZL 3 W AR P9, PR 2 7T DLk JR R S AL B (urate
oxidase , UOX ) 2k 25 S5 Ak B3 ffe 14 S 4 1) IR BE %
MTTHE RSN TSRS AL R, A
SR Uox JEDH M BTG S AR TR K 17, 1
AR fe 28 LR AR BUR R o 24 IR R A ol o
B R HE M BE D B, SUA K2 B 3 T, i
M50 % HUA . A #F5E R UOX AT DABEAIRA
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ML P PRIR KT, 78 1T IR YT B HUA 51 F9R
WEART . 42 12, UOX it ARA A LA
13/ R 3R 38 AT LATH R UOX X T/
SR ATE RS R s 12 D22 5, J2— P Sy 3l
TR HUA BRI 515

UTAESK , CRISPR/ Cas9 ik X 2 4 A FE A5 H:
TRT B R AR 2R O 0 1) L 1) B 0 RN 8 3 1) L
R N T Eh YR R A e R, A
F 5% RIS F F CRISPR/Cas9 Z G855 Uox FEH
1 2 M g Bt X, O 38 2 A R R I 3% 4% (non-
homologous end-joining, NHEJ) #£47 DNA & %& |, )\
M UOX & H 3G, L Uow FEHF MY RIR . 7F
A5 Uox FEPR AR /N BRABE AU J5 ) SRR R /)N BRI
PRI M3 A=A TN U BRI T TR0

1 MBERFE

1.1 ##
111 SERshy

SPF 2874 % C57BL/6 B, HirP iR 3 ~ 4
JE# 20 B AR 12 ~ 15 g, HERL 8 I ,5 1,
K& 22 ~ 25 g;SPF 2% ICR M BUAIME LY N 8
JAWs 5 BRI 25 ~ 35 g A /MR [ IE4E
I T ] B 2B 2 G B 25 AR ) 22 F 5T T [ SCXK
(7E)K2022-0002], [ SYXK ( IH ) K2022-0006] .
Uox™~ C5TBL/6 /INRAEIL Bt M v ST A8 A= B A
BN B ER BT A 98 B2 BT 7E SPF 45050 = 4
HARTT AN FRIAE . 12 h SR B, R 20
~ 26 C 1B 30% ~ 70%, AWF5EHA W 3E
SIS PR Y 2 4 [ R 2R R B R AR A
Yo e e B 22 0L S 4IEUME ( DWSP202302027) ,
ARSI ST S S Al R 3R R
112 EERH 5

spCas9-gRNA i 25 A I 551 45 ( VK007,
Jb 5T ME % 37 {8 ) | TaKaRa MiniBEST Universal
Genomic DNA Extraction Kit 5.0(9765, TaKaRa) ,
B AR T3 PCR i KOD FX Neo ( KFX-201,
TOYOBO) , MLiE WLEF ( serum creatinine , SCR) il 7&
B & (503076, RIINE F) , IRZE (blood urea,
BU) I & i 57 £ (503036, IR Y EAL) , N AR A
FLHEFL I (alanine aminotransferase, ALT) ] %2 i
& (303030, TN F AL ) | 1714 =R 2k i 74 ity
( aspartate aminotransferase, AST ) | % i #] &

(503040, I FEAL) | PRERKIIA £ (C012-2-1,
AU ), M2 53R (M1250, 5t % DA
Br) ,M16 55 353 (M1735, B 5t Z DA )) , A4
E AL ME IR ¥ K (human chorionic gonadotropin,
hCG) (S221112, T = A AH) 22 D ML e PR
2 ( pregnant mare serum gonadotropin, PMSG )
(B221104, T ¥ =4 L), B 5 B 6
(Olympus,IX73, HA) , i fd5/FE 34 & ( Narishige,
MMO-202ND, H A ), ## & A zh & i X
( Eppendorf,, FemtoJet 4i, fi [ ) , — S ALk K5 F=46
( Thermo, BB15, 3 [ ), SZX7 . & W % 5
(Olympus, SZX7, H ) |, IE & H LA I 2 45
(Olympus, BX43, HA) | 4= A sh AL A (R
F#t, Chemray 240, 1 [E ) , PCR 1% ( Bio-rad , C1000
Touch, 3% [ ) , 2 Ty i 15k FL AR AS T A ( Agilent,
BioTek Synergy HTX, 3E[H) .
1.2 FHik
1.2.1 sgRNA it

H4E CRISPR/ Cas9 #3i J , 7E Uow %
Al (NCBI Gene 1D :22262) Exon 2 ~ 4 BYH 5 P
Bt Cas9 $0 &5, FEXF T 11 AY 3 %) sgRNA #E47
T PRSI (3% T4 P A6 M i S A A R A R
ONEIERR) , o 2418 45 A 35 P B v 1Y) sgRNA
RS Tl N R e
1.2.2 WHRSCE

(1) JRJA SEEG AT HE 4% . ICR Ak R4S FL. - 1 BURR
BT, S5 FLIL WO RS i, R IR SR IR E I JE s 5
ICR MEFRA 28, 0 B o 445 L B 3 %) T B, 5 68 50 HE
B Xt 3 ~ 4 JE R MEPE C57TBL/6 /NRE ST 10 TU
PMSG, [H]F% 48 h J&5 PR ST 10 TU hCG, 24 5 1
PE C57BL/6 /NRLA T8 5 1B 2 B 5 < 38 RO 1 I
ICR M FL5 ICR &5 LM BT Lk W] — i BE & %%
K H KA AR L

(2) B AR R IE B A . AR HEvR B X AR
W RS2 it 2 A Y I i DA e S A4 A2 R I
P2 HREI0 T 37 °C,5% CO, 15 3% 2 5 A% AT 6
seRNA (20 ng/pL) Fl Cas9 mRNA (100 ng/plL) —
A O S BN RS R B R R 9% 2 ~ 4 h
Jei EAE BB 22 TCR BF R4 0045 @ 1138, & 5 )5
W RS BURC 1) 35 8], e RS HOR B IR %
1.2.3 FO /N ERUSE PR AL %

XHE % FO /N R w5 0 2, BURMNR 2 ~
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5 mm BHZFEN DNA , Bl f5 13 PCR J2 b 56 iE
FEEBRIES (B AN L3R 1) o Bl 25 pl /Y
PCR K% :ddH,0 3 uL, EFIF51445 1 pL, 4
2 pL,2 x buffer 12.5 pL, dNTPs 5 pL, PCR [
KOD FX Neo 0.5 wL; PCR J Jii & ¥t i% & N

94 °C HAFASE 2 min, fEHRSEE E N 98 C
10 5,60 °C 30 5,68 °C 60 s,35 PMEM )5 68 C 4k
110 min, FfJ5 X PCR %58 PHAE A9 /0 BRSO 72
Pk 47 W, ok BB W A R AW E & R
(founder) ,

#®1 PCR YIS
Table 1 Primer sequences for PCR

o S 511

SIFHI(57-37)

Generation Genotype Primers Sequences of primer(5’-3")
KO M-KO-T28-FP ATCAGGAGAGGTTGGAGATAGG
¥o M-KO-T28-RP AAGTCTGTGCCATCTTAGAGAAC
WT M-KO-T28-FP ATCAGGAGAGGTTGGAGATAGG
M-KO-T28-WT-RP CCGTGTAGGTAATCCTTCTTGG
Fl KO M-KO-T28-SENS GTGACTCAGAACTGCCTGTAAC
M-KO-T28-ANTI AAGTGTTGCCGCCATCTCT

1.2.4 @ RGEBRIER Uox™ /MR R

WA 2 A8 1 T 2 BRS BF 2R B (wide type,
WT) /NRASHE, 7538 F1 AR 24 E T/ (G A
Uox™ ™) [AI“ 1. 2. 37 HR 4 i il T 30 30 4 5 R R0 2
TEFI DNA I GIESE Uox FENAYRLS B Hefk
F1ARZ A 10 e BRI BRAE Be 4R A5 5 18 k2 AR, Bk
e F2 A iy i /N R (BE R AL Uox ™) B
S E R E ALY Uox FEINEG /N U R
1.2.5 SUA 5JRUE R (urine uric acid, UUA)
s

SUA Kl SRAFRT—BEEE | 12 h, /DU
Jik R 100 L, EIRFE 1 ~ 2 h J5 Wi,
L) 3500 r/min 5.0 15 min, WA 10035 45 FH ; UUA
R, SR FE T )RS 12 h, B 3% R 4B TR
SUA F UUA ¥4 Fi bR @ I 3k & 1 47 00 5, DA 7%
TR AEZS 6 B AR o & A B X BRI e 5
pL, IR G AW 250 pL,37 CHE 10 min 5, T
510 nm FIENOEEME A, THEAXIT .
AME—A%EX
AMRE - AEH

C PRUESh x F R BEATEL

1.2.6 VR =4I

INERR B RIS, U L 2L 21, 28 4%
LB REFE 2 48 h, JHAFLH LB T Bk Al )
L BE SR T IR K AL (HE ) e A5 Masson 4t
o B RGN, BT
FEECT TEANLER AL LY 1 0, XD R v BE A 95

UA #HE (pmol/L) =

BE1EYS1 Gt 111511 L1 O 11 N L R 7 N T A
16 R VEEAL S G AT P A A
1.2.7 ARG S

SKEERT—BEAE B 25K 12 h, /)N U # KR 1
300 pl, ZEWEHE 1 ~ 2 h J5 WL I3 Hr i, LA
3500 r/min Z5:0> 15 min, PCHE ML, $% 50 50
GRS, BRI
L3 SHitFESR

1 H GraphPad Prism 10.0 BAFG T AT i
P, BRI LS IE + FRifiZs (x £ 5) B
PN, AL (8] L3R FHARBE NS ¢ 62 38 07 %
(unpaired student’ s ¢ test) 43 #T , 22 2H Kk 1] Lo 48
K AR FC X R &K J7 2275 (One-way ANOVA) 43
Br,P < 0.05 Y HA G,

2 ®#R

2.1 sgRNA FMEES

LRGN, BT ) 3 %) sgRNA A1 L Uow-1.2
(86% ) Fl Uox-R2(98% ) H i Pk fse i , 8 Uox-1.2
Fl Uox-R2 YE4T sgRNA 2% A b 2 AR 1G5 5% | B
ZOARAT AT T WO S Y sgRNA IR, (3R 2,
K1),
2.2 FOMF1IR/NMNRWERBEFE

2% PCR %78 1 DNA 7, ASE5S FO Q35K
/R 8 H b 3 HH MR BR L, o Fo 181
S B W A= R CSTBL/6 MBS JE, JLIR1E 15
HFL AR, Hg 10 Ho3EEA Uox™ 24 A T
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R 2 sgRNA J¥5I Kaditendr
Table 2 Sequences and activity for sgRNA

N SRJEHE FLARIS & 1 MERE AR .58, i
LA Uox™ /IR, IRV TR 225050

SeRNA NI gt FURBZIFRUHYINL Uox 35 5° -AACACAACA
Uow-Ll  AATATAACCGACTGGTTGAGG 65 ACAAAAAAA-3"HPEYERA 2013 bp, BIEREvon 2.
Uox-12  CGGTATATGATTACCCCGAGG 86 (%3,K2),
Uox-13  CAAGGGACCTCACACGTCTGG 14 2.3 REBMEER
Uox-Rl  TTACTGGATCATTGGTACAGG 57 ARHFFEXS WT, Uox™ "™ Uox™ =PI 8
Uox-R2 TGTAAATCTCTTGCTATATGG 98 JES B B 5 e B 2 B 3R 4T SUA ﬁ] UUA #m,
Uox-R3  TGTCCCATTGATITGTTGAGG 58 FEE SR 5 W/ B CHERE R ) B Uox®
L1 L2 L3 NC M R1 R2 R3 NC

1000 bp

750 bp

500 bp

200 bp

1 :M: Maker; NC: JiPEX IR ;L1 ~ L3:Uox-L1 ~ L3;R1 ~ R3:Uox-R1 ~ R3,
B 1 sgRNA SR
Note. M. Maker. NC. Negative control. L1 ~ L3. Uox-L1 ~ L3. Rl ~ R3. Uox-R1 ~ R3.
Figure 1 Detection of target activity for sgRNA

8§ 9 10 11 12 13 14 15 M

A 1 234567 8M B 2 45 6 7
2000 bp 1308 bp 2000 bp
2000bp 1000 b 1308 bp 1000 bp
s i
376 bp 1000bp 500 500 bp
750 bp 00 bp
S00bD 5o 250 bp
250 bp o0
100bp 100 bp =
c AACACAACAACAAAAAAA

|CTGACTGTC TGTCCTCGG

GCACTTGCATCTGACTGTCTGTCCTCGGAACACAACAACAAAAAAAATACTTTAAGC

MV\M/M\M[MA{WM Pt
CATCTGACTGTCTGTCCTCGG...2013bp...AACACAACAACAAAAAAAATAC
1 ARIER RIS SE  C . F1 AR Uox &R BRI R BlAE S fh R A
B2 FO R F1ARR R B4 5 E
Note. A. Genotyping for FO. B. Genotyping for F1. C. Schematic diagram of base changes after knockout of Uox in F1.

WA FORIEHFAUEE ;B F

Figure 2 Genotyping identify for FO and F1

ISR CRE P R4 ) AH Y, Uox™ ™ 70N B (PR A 4 ‘#ﬁ? HE Fil Masson 4 {4, 5 WT /N XT L,
) ) SUA 7K 34 5 BT (B 3A,P < 0.001) o T /NERT LB N R R ORI R i AR
HIEME KT 420 pmol/L; [FIAES WT /N B (B ‘r BT AR A BI] , 38 43- 457 s v m] L QHSIH@MJ#

HUMERE) AH L, Uox™ ™ 71N KL CHEPE FUMEE ) 79 UUA IR A8 A B S P B /NER o0 A B S /D

JKP 5 2 T (3B HERL . P < 0.001, BB . P
<0.01),
2.4 JRIBHEMIZGR

Xt 6 Ji e /)N LA JiT 2 T HE B0, Al

%%%’,%Eﬁ&%lﬁiﬁi;'%‘%%E%)iﬂ%\'%‘d EPSs

JEI I 2 B 2 Ak ;] o A% K bk L2 A i
([ 4A ~ 4B) . P2 UL rp 25 i T2 s
P, HLBTBRAATR G s (8 WAL AN AL PRI (BT 4A)
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R3/DFRUIEN B E SR KN Uox 3 DY SR I 82 22 £k

Table 3 Statistics of identification results for mouse genotype and base changes after knockout of Uox

%5
Rk s Identification BH 252 PR (57 -37)
Generation Quantity number Positive mice Change of base(5’-3")
3 ?
. ACGTCTACGTGGAAGAGGTC Hik:2k 2300 bp
2300 bp deletion before ACGTCTACGTGGAAGAGGTC
ATGTTTCATAGTTTTAAATT Hif#k4e 3050 bp,#fi A 17 bp
2 3050 bp deletion and 17 bp insertion before
Fo 8 -2 3-8 ATGTTTCATAGTTTTAAATT
AGCAAGAGATTTACAATTTA FijfiZk 2476 bp , ffi A 3 bp
4 2476 bp deletion and 3 bp insertion before
AGCAAGAGATTTACAATTTA
F1 T A AACACAACAACAAAAAAA HiTHIER 2013 bp
(11 x C57BL/69) o y 2013 bp deletion before AACACAACAACAAAAAAA
11#, 124, 13#
A k% % * %k B ek k. *%
800 I i 1 I s I 8000 |_l 1
1
600 o. _ 6000
a ole S
3 =]
£ 400 E 4000
< hd =
>
7 0] & . 5 20004 0
He He e He Do B " N ﬁ N
He B He B s B s B Fs Fs
%Q o s oS & 2@0 \)m 5 00* & §@°°00 & 4}000*, ¢2°°
& R R SR &S
TR Male ‘ I IR Female TR Male I FR Female

¥ :A:SUA 7K ;B UUA 7K 5 5 [®IPE S WT A, ™ P < 0.01,™ P < 0.001; 5 [@PE 5] Uox® "~ 4HAH L, "™ P <
0.001,( FEIR)

B3 RIKER(n = 5 ~ 12)
Note. A. Level of SUA. B. Level of UUA. Compared with WT group of the same gender, ™ P < 0.01, ™ P < 0.001.

+/=

Compared with Uox™’~ group of the same gender, " P < 0.001. (The same in the following figure)

Figure 3 Results of uric acid(n = 5 ~ 12)

Ji H H e RLET B
A Liver Kidney B Kidney High power field of kidney
2| =
= =
= =
5 =3
@ o mo
L i
84 D
S S

HACE R HE Y4558 B B 1Y Masson Y855
4 HILUFHLER (n = 3)
Note. A. HE staining for kidneys and livers. B. Masson staining for kidneys.

Figure 4 Results of histopathology(n = 3)
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2.5 MiFELRNER

T IR PR R X B DI RE s, E TS ~
7 JE#E WT Fl Uox™ ™ /INEEY SCR NI BU /K-,
Kras B s, 5 WT /N B EE, Uox™™ /N B
SCR #1 BU 4 1 # F+ w5 (8 5A,P < 0.05; % 5B, P

A . B  —
60 | 100 0
L]
—~ ° ~ 754
= 404 S
° =]
g g
E R
= [+
> 204
= % 2 25
.o
. 0

&% \50,/’06 &Qo \}0‘/%

& < &

< 0.001) , R /NERJESE AZ 01, [FIB A T A A
PRI I B 5 1), A 2 T WT Fl Uox™ ™ /NERU Y
ALT il AST 7K, R 25 BoR, 5 WT /A
L, Uox™ /B ALT F1 AST 34 55 2+ (8 5C,
P < 0.01; 5D,P < 0.001) , £ ATFINREZH .

C D
100 . 4007 e
L]
807 * 300
3 4o a
2 o0 . gzoo— =U
=
40+
2 . 2 .
-~ 100
0- 0
$&\%0\>Q 4\&’0& ,\"%o\ﬁ 4"&’@\&
<$ W g PR
o <[ RS

A MTERE &5 B M LEF& 2 C ME N AR ARG & 1 D LG N AR E BT =,
B s s KEmER(n =9 ~ 10)

Note. A. BU content. B. SCR content. C. ALT content in serum. D. AST content in serum.

Figure 5 Results of biochemical tests for serum(n = 9 ~ 10)

3 itie

UOX &S HA5/NE HUA H% R 22 5 1
FHERNEZ —, BR Uox H:H AL AT LS 30/ B
PRIRIR KT A A v T B A /N B S AR IR
PR AR 1R — 2, A AT HUA LS A A %
Jadrs BAIL ] R A ST

ApgErh LB FEALTE Cas9 mRNA &
ALK Cas9 25 FATERFE sgRNA A %H B R 2 7] 1 1
DNA H£H1 DNA 5538 - NHEJ 5 28 6 P Rt 72
NHE]J 2 AE A T [F]J5 DNA 550 R 00T, 4
JH DNA % 42 BB DNA BUsE Wr 22 ( double strand
breaks , DSBs ) A< ¥y B 4% % 2 19 — P& &2 i A 7
RS T RCOR L, BRI RIME & AR
R, (HA PR A T DSBs 1852 B R £
FRABFIE TS 3 H RO AR5 B /I BRL =2 1]
TEAEIT A 22 5, S e &k 84 KORAS ey
FO-1 S Mtk /N UH T 5 F /518, FO-1 1Y PCR %
SELE R RTE > 1000 bp (A —IR—E A5
BN FO-1 J& 5 A i I DR R0 200 i 1 ik & 1R
XFFO-1 5 WT /NRAY AL (BRI F1AR) #£47 PCR
Y E 5 DNA U, 345 58 o, 1A bR FH
B Uox™ /N, Y02 7E 57 -AACACAACAACAAAA
AAA-3 HifBRE 2013 bp, 5 FO-1 b #iE sk —

B iz g B 2 3dE A Exon 2 FRERE .

XPAMEGE T EF KA WT, Uox™ ™ Uox™~
3 FhZEAU /N LAY SUA FIT UUA BEAT RGN, 45 3%
7, TCI R T FRA R A BRL, Uox™ /N SUA 7K
SFHIUUA K33 8 255 T Uox™ ™ /INEUFT WT /I
B, AP Ifi v PR PR (8 (M B (478.4 = 114.6)
pmol/L, P < 0.001; # fl: (507.7 = 129.6)
wmol/L, P < 0.001) > 420 wmol/L; /R IR FR ¥4
{8 M B (4116.8 £ 1928.1) pmol/L (P <
0.001), M B (2998.0 + 547.7) pmol/L (P <
0.01) ., Uox™ " /NEAT WT /N R 22 0] -4 I B HH
PRIGIKT-H 225 UL Uox LR 2% & R ] il 2 /71
LA R BRI TR K . B THEA AR, JRR
EFENE N 2 (8] 22 F ORI A Rt —2 K
BOR S ERIE, SCR 1 BU 239 & EHA WL
R A AR LA =), E N E ANERGE
HCHC I 3 A T AR B /N ER DR R D) R A2 B
I G 4G b, 4B /NBRIE T T B R IE
50% VAT B, SCR LG o BU A9 ¥k B A 1 F
o ARHFFTAIN 45 S R, Uox™ /INEL SCR &
&= WT /NEIY 6 5 (P < 0.001) , IiL3E BU 242
WT /NI 2 5 (P < 0.05) , #B7& T 1F 3 {8 78
(BU:9.3 ~ 12.1 mmol/L;CREA:11 ~ 28 pwmol/
L) IR Uon™ /N B /NBR g T fiE B
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BB 2241, Uox™ /NELEY SUA [SCR FlIfLiE BU
BAEDGT LB A A Sy B, X AR AR B R A2 A A
SR PR R T 5 110 3 0L RE g e B AR A0 R R 2
SERNRMEW, HHLEREET RN, 5
WT /NG E, Uon™ ™ /I8 B B 25 1B L 5 /NS
T 5 P ZH 28 B A e 21 Ak, 5 1) 5 L B B ik
CUA A, /NS S R 9k AR BN EREE
A5 B /INER IR B L i B A | G B BRARAE 5 N
JINGE ) P Y A I B A AR AR

ALT F1 AST J2 Iz AT S 4 3 1 FE 2245
H ALT /K5 F R 2R, 24 1% 0 140
M %2 R SR BEISE | I 3E ALT KB ] Fhgs —4% ., A
SCHRARIE , ALT J& HUA A9 ST /G B R 2, %F ALT
K W I B3 wT LR A HUA 1 Bl T
BEUS ORI IE B A AR SR R Uox™ ™ /IR Y
I3 ALT 1 AST 7K-FAHEE T WT /BRI 5 — 1
A (ALTP < 0.01;AST:P < 0.001) , HA& & T
EHAETERI(ALT 14 ~ 38 U/L;AST.28 ~ 78 U/
L)V X Uox™ /0N RAE S 5 A 8% 21 T 40
JOAR M B 5 BRRRAE AR W) & . AT B 5T 3R B B A0
51 KT R R 3 3ok e 8 2 AR | A AL B L 1
RAEA R A5 3 I A st 5 4 o
A ST o BT A Uox™ ™ /N B 75 U A 7E AR B
M BEORIEAA Friff— D5

YEN HUA BAHRBRHLHIBFGE J697 29T
KN HE T E HUA #E3 B BIF % A5 Ak F 530 By
B, 235 B8 A8 FH 25 ) 35 R IR R i AR
(HRIERS ) UOX i) 5710 (S0 88 FR ) 0 DR TR 1k
FITRR CRAEEL O T B ) =28, BRI AR Ty 5 1)
ML HAEAE HUA K AERER [0 B E B
), e e RS ) 3 25 07 58, AR M 3k )
HUA & MG RIZWK - (420 wmol/L) , H
FIA 516K HUA ZmPLHlfFe 25, &
AL 1Y 3 A 7 1k BR Uox FEPH A1, Glut9 |
Glur12 Slc22al2  Abeg?2 “5-t 4% 1 v 1 g #10 J5E [X %
FBR, SEELT HUA ZKSFRsh s (H il T
i R 53 ) R R A i 2 W v T e AT I X AR
TUAE R R R 25 W) A 58 _LAFAE SR BR 1

SIA M Uox H& H IR 19 K /N B Y A
FE 2 ARG BTA G Uox™ ™ /N R 1B /N BR
T DI RER G B R 7 /NIRRT L R s o v
A NERIRRE I, it — 2B A58 HUA A5 15 s 4

HETRORI A /NS, AR HUA 32 8

Ak e IS | s BRI A R E O R A e

W, 25 N2 A g B OR 1 Z B8 AR T JS

SRR X TR Y Uox™ /N BUBCE IR ATAFSE, B

152 HUA GUBBTSE S HEA M E 10275 Fiicd

5 £ 3 #k(References)

(1] 7k, By, BWed, 55 P e DR MLAE AH OB

7 2R F IR (2023 45 (1], SRR
&, 2023, 43(6): 461-480.
FANGN Y, LYU L W, LYU X X, et al. China multi-
disciplinary expert consensus on diagnosis and treatment of
hyperuricemia and related diseases (2023 edition) [J].
Chin J Pract Intern Med, 2023, 43(6) . 461-480.

[ 2] VARELDZIS R, PEREZ A, REISIN E. Hyperuricemia; an
intriguing connection to metabolic syndrome, diabetes,
kidney disease, and hypertension [ J]. Curr Hypertens Rep,
2024, 26(6): 237-245.

[3] HANY, HAN X, YINY, et al. Dose-response relationship
of uric acid with fasting glucose, insulin, and insulin
resistance in a united states cohort of 5, 148 non-diabetic
people [J]. Front Med, 2022, 9. 905085.

[4] LINZ,WUS, CHEN Z, et al. Poor serum uric acid control
increases risk for developing hypertension; a retrospective
cohort study in China [ J]. Front Endocrinol, 2024,
15: 1343998.

[ 5] YANG Y, ZHANG X, JIN Z, et al. Association of serum
uric acid with mortality and cardiovascular outcomes in
patients with hypertension: a meta-analysis [ J]. J Thromb
Thrombolysis, 2021, 52(4): 1084-1093.

[6] DUL, ZONG Y, LI H, et al. Hyperuricemia and its related
diseases: mechanisms and advances in therapy [J]. Signal
Transduct Target Ther, 2024, 9(1) . 212.

[7] LIY, SHEN Z, ZHU B, et al. Demographic, regional and
temporal trends of hyperuricemia epidemics in mainland
China from 2000 to 2019: a systematic review and meta-
analysis [ J]. Glob Health Action, 2021, 14(1) . 1874652.

[ 8] DHOUIBI R, AFFES H, SALEM M B, et al. Creation of an
adequate animal model of hyperuricemia (acute and chronic
hyperuricemia ) ; study of its reversibility and its maintenance
[J]. Life Sci, 2021, 268 118998.

[9] LIU Y, JARMAN J B, LOW Y S, et al. A widely
distributed gene cluster compensates for uricase loss in
hominids [J]. Cell, 2023, 186(16) : 3400-3413.

[10] LU J, DALBETH N, YIN H, et al. Mouse models for
human hyperuricaemia: a critical review [ J]. Nat Rev
Rheumatol, 2019, 15(7) . 413-426.

[11] OTTO G P, RATHKOLB B, OESTEREICHER M A, et al.
Clinical chemistry reference intervals for C57BL/6],



rp [ ST B ) 2R 2025 4 3 A5 33 558 3 8] Acta Lab Anim Sci Sin, March 2025,Vol. 33, No. 3

419

[12]

[14]

[15]

[17]

C57BL/6N, and C3HeB/Fe] mice (mus musculus) [J]. J
Am Assoc Lab Anim Sci, 2016, 55(4) . 375-386.

e N R IL RN K A2 2. I R T A Ao
WOHZHZ X . 45 50 ME KR LB WS/T
404.5-2015 [S]. 2015.

National Health Commission of the People’ s Republic of
China. Reference interval for commonly used clinical
biochemical test items part 5: serum urea and creatinine:
WS/T 404.5-2015 [ S]. 2015.

JOYCE E, GLASNER P, RANGANATHAN 8§,
Tubulointerstitial
monitoring [ J]. Pediatr Nephrol, 2017, 32(4) . 577-587.
AL VAR T v PR R INLAE A6 05 8 I HG 5 3 v R ) A
KMEWFSE [D]. BUM . #IVEREE; 2020.

JIN C. Analysis of the prevalence of hyperuricemia and its

et al.

nephritis;  diagnosis, treatment, and

correlation with gut microbiota in health cheek-up population
[ D] Hangzhou: Zhejiang University; 2020.

CHEN S, GUO X, YU S, et al. Association between serum
uric acid and elevated alanine aminotransferase in the
general population [ J]. Int J Environ Res Public Health,
2016, 13(9) . 841.

A RN [ ¢ T AR 2 % 2. I IR AR AL A
W H S5 X 55 1 &Ry, ML N Z R AL Rl K
1A R IR I R Tl DRV DR RN v- 45 R BE S R Ml «
WS/T 404. 1-2012 [S]. 2013.

National Health Commission of the People’ s Republic of
China. Reference interval for commonly used clinical

biochemical test items part 1: serum alanine

aminotransferase,  aspartate  aminotransferase, alkaline
phosphatase, and +y-glutamyl transferase; WS/T 404.1 -
2012 [S]. 2013.

BAEYy, XIRF, BMEA, . ORI 4 B B X M 51 SPE
9% BALB/ ¢ /NG CSTBL/6 /NI AR F AR AL ARl 5
H5E [1]. JERERRIEE, 2019, 46(12) : 102-109.
LI G L, LIU K, LI X C, et al. Determination and
comparison of blood physiological and biochemical indexes
between SPF BALB/c¢ mice and C57BL/6 mice in different
physiological stages and genders [ J]. Guangdong Agric Sci,

2019, 46(12) . 102-109.

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

XIE D, ZHAO H, LU J, et al. High uric acid induces liver
fat accumulation via ROS/JNK/AP-1 signaling [J]. Am J
Physiol Endocrinol Metab, 2021, 320(6) . E1032-E1043.
WAN X, XU C, LIN Y, et al. Uric acid regulates hepatic
steatosis and insulin resistance through the NLRP3
inflammasome-dependent mechanism [ J]. J Hepatol, 2016,
64(4): 925-932.

B, — Fh s JRER I0AE R BB 2D R HC A g Ty i
CN202010301568.2 [P]. 2020-07-17.

DUAN W G. A hyperuricemia rat model and its construction
method: CN202010301568.2 [P]. 2020-07-17.
PREITNER F, BONNY O, LAVERRIERE A, et al. Glut9
is a major regulator of urate homeostasis and its genetic
inactivation induces hyperuricosuria and urate nephropathy
[J]. Proc Natl Acad Sci U S A, 2009, 106(36): 15501
-15506.

AUBERSON M, STADELMANN S, STOUDMANN C, et al.
SLC2A9 (GLUT9) mediates urate reabsorption in the mouse
kidney [J]. Pflugers Arch, 2018, 470(12) . 1739-1751.
TAKADA T, ICHIDA K, MATSUO H, et al. ABCG2
dysfunction increases serum uric acid by decreased intestinal
urate excretion [ J]. Nucleosides Nucleotides Nucleic Acids,
2014, 33(4/6) . 275-281.

TOYODA Y, TAKADA T, MIYATA H, et al. Identification
of GLUT12/SLC2A12 as a urate transporter that regulates the
blood urate level in hyperuricemia model mice [ J]. Proc
Natl Acad Sci U S A, 2020, 117(31) . 18175-18177.

LU J, HOU X, YUAN X, et al. Knockout of the urate
oxidase gene provides a stable mouse model of hyperuricemia
associated with metabolic disorders [J]. Kidney Int, 2018,
93(1): 69-80.

YU Y, ZHANG N, DONG X, et al. Uricase-deficient rat is
generated with CRISPR/Cas9 technique [J]. Peer], 2020,
8: e8971.

XIE D, ZHAO H, LU J, et al. High uric acid induces liver
fat accumulation via ROS/JNK/AP-1 signaling [J]. Am ]
Physiol Endocrinol Metab, 2021, 320(6) ; E1032-E1043.

(IR HEE] 2024-12-05



