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USP22/KDM3A i 45 - skt I b PRSI ML s 50 o DL ZN s R
FRETE S0 DR PP (P S 3 wF 58

F ok, ¥ B, & W (JELOWIMERERFRESE, MUIELL 620010 )

# E: B KT A4 0% ass 22 (USP22) / BB 45 71 & 7 L 1LEE 3A (KDM3A ) il % £ b #k 5 4 22
(SPC) B & B B WLgm I BB E B F9E R . FiE F HIc2 XK Ros am a4 A * B4, 4/ S48 (HR)
20, H/R+ £ # % (Sevo) %A, H/R+Sevo+si-NC %1, H/R+Sevo+si-USP22 41 f» H/R+Sevo+si-KDM3A 21, % /A qRT-
PCR #= Western blot #4 i USP22 #= KDM3A # mRNA Fe & & & ik ; 4o+t 20X A &40 m 0 &M R X 28 i R e
f L8 T % ; ELISA A ULBR %84 B T8 (CK-MB) . SMUI4SE G I (cTnl) A4 5LBBLAH (LDH) K-F; %
JE LI 52 B dbm) USP22 4= KDM3A % & ZAEVA &R KDM3A iz &4, R 5y 44ark, H/R 2048 i USP22 mRNA
Fo BB 8RR AR (1=49.574, 14.852) , #Zof & AAK (=46.597) , M=%, CK-MB, cTnl# LDH K F# &
(+=17.722, 21.346, 22.863, 9.722) , KDM3A & & Z A 44k (=15879) , ZEAK TG, £2FEA%TFEL
(35 P<0.01) ; 5 H/R #0pb4x, H/R+Sevo 20 H9c2 4 i USP22 #9 mRNA F= 5 & & ik F+ & (1=24.648, 17.644) , 1
M E S F (=44703) , A%, CK-MB, cTnl# LDH K- %4% (=13.736, 18.018, 17.012, 13.856) , KDM3A
FakiEtd (=12970) , ZELRFEIK, 2FBEHA%ITFEL (3 P<0.01) . 5 HR+Sevotsi-NC 2L483t, H/
R+Sevo+si-USP22 48 8 L i& /7 Ak ( 1=20.785 ) , A% . CK-MB, cTn I 4= LDH K -F 7+ % (=6.821, 6.862, 6.442, 3.781 ),
KDM3A & & F A KAk (=4.648) , ZFWKFH &, ZFEALITFEL (34 P<0.05) ; USP22 £ KDM3A # & 2
FPEE, —FZ WAL ABEAEX R, 5 HR+Sevot+si-NC 204816, H/R+Sevo+si-KDM3A 28 40 ieL % PEIEAK (=16.501 ) ,
tm #L R = % VA A CK-MB, c¢Tnl#= LDH K # & (1=8.954, 10.533, 6.801, 8.004) , 2 F% B A%t FENL (H
P<0.01) . 4518 SPC T4z H/R #5895 HOc2 '« Laa e fs , HAbuhkl T4 5 L USP22 #42 KDM3A & @ /K-FH % .
KR LHEAEAEE; R ARG 22; A BRI 2 AL 3A; O WL I FEEE AR
FESES: R332 XEREE: A XEHS: 1671-7414 (2025) 03-031-06
doi:10.3969/j.issn.1671-7414.2025.03.006

Experimental Study on the Protective Mechanism of USP22/KDM3A Pathway
Against Ischemia-reperfusion Injury in Sevoflurane Postconditioning Ischemic
Hypoxic Cardiomyocyte Model
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Hospital, Sichuan Meishan 620010, China)

Abstract: Objective To investigate the role of the ubiquitin specific protease 22 (USP22)/lysine specific demethylase 3A
(KDM3A) pathway in improving ischemia-reperfusion injury of hypoxic cardiomyocytes in sevoflurane postconditioning (SPC).
Methods HO9c2 rat cardiomyocytes were divided into control group, hypoxia/reoxygenation (H/R) group, H/R+sevoflurane
(Sevo) group, H/R+Sevo+si-NC group, H/R+Sevo+si-USP22 group and H/R+Sevo+si-KDM3A group. Real time fluorescence
quantitative PCR ( qRT-PCR ) and Western blotting were used to detect the mRNA and protein expression of USP22 and
KDM3A, cell activity was detected by cell counting kit-8, apoptosis rate was detected by flow cytometry, and ELISA was
used to detect the levels of creatine kinase MB (CK-MB) and cardiac troponin I (cTn I), while the assay kit was used to detect the
levels of lactate dehydrogenase (LDH). Immunoprecipitation assay was used to detect the interaction between USP22 and
KDM3A proteins, as well as KDM3A ubiquitination. Results Compared with the control group, the mRNA and protein
expression of USP22 in H/R group cells decreased (+=49.574, 14.852), cell activity decreased (1=46.597), cell apoptosis rate, CK-
MB, c¢Tn I and LDH levels increased (=17.722, 21.346, 22.863, 9.722), KDM3A protein expression decreased (=15.879), and
ubiquitination level increased, the differences were statistically significant (all P<0.01). Compared with the H/R group, the
mRNA and protein expression of USP22 in H9¢c2 cells in the H/R+Sevo group increased (/=24.648, 17.644), cell activity
increased (t=44.703), apoptosis rate, CK-MB , cTn I and LDH levels decreased (=13.736, 18.018, 17.012, 13.856), KDM3A
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protein expression increased (1=12.970), ubiquitination level decreased, and the differences were statistically significant (all
P<0.01). Compared with the H/R+Sevo+si-NC group, the cell viability of the H/R+Sevo+si-USP22 group was decreased
(t=20.785), the apoptosis rate, CK-MB, ¢Tn I and LDH levels were increased (+=6.821, 6.862, 6.442, 3.781), the KDM3A protein
expression was decreased (=4.648), and the ubiquitination level was increased, and the differences were statistically significant

(all P <0.05). USP22 was enriched in the promoter of KDM3A, and there was a direct regulatory relationship between USP22

and KDM3A. Compared with the H/R+Sevo+si-NC group, the cell viability was decreased (=16.501), the apoptosis rate and the
levels of CK-MB, c¢Tn I and LDH were increased in the H/R+Sevo+si-KDM3A group (+=8.954, 10.533 6.801, 8.004), and the

differences were statistically significant (all £<0.01). Conclusion SPC attenuates H/R-induced H9¢2 cardiomyocyte injury, and

the mechanism may be related to the up-regulation of USP22 stabilizing KDM3A protein levels.
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myocardial ischemia-reperfusion injury
Rk I FREE R (myocardial ischemia-reper-
fusion injury, MIRI) AJ-F:Z bb.Co LR i B ™ 8 A 2
REmEA Y, 2 A R0A YT AN LLEE MIRT B 5k
AR AR A ), LU R A R . i AR AR
PEaS, FEMG RO M3 FAR P2 P BEERFST
WESE, LRGeS b HE (sevoflurane postconditioning,
SPC) HATRZ ONURTER ), (R v A
WA, HET, INZ R - 8 A BHA RS0 7E MIRI
A RSN, SEEOTRERG. IR
HHE 2 BT RIEAA O Y, 2 R B
22 (‘ubiquitin-specific protease 22, USP22) J& iz &
BT RL 0 22—, Pl A B Rz R AR
o R R AR, FE MIRT G 265 5% Y, i R
£ W 3 i 3A (lysine-specific demethylase 3A, KD-
M3A) £ USP22 Tl —F2H 4 11 25 FH LA G,
5 MIRL A R A A FTEHr . RAE ML RIK D)
e, HEARSE LG P Bk, AR B 1E
PRI SPC J& A o A 45 USP22/KDM3A i ok & 44
Xt MIRT 444
1 #REFE
L1 zmfe kiR AR SRS EFR Y RO 3K 1
FRC O LA HOc2 /E Mg X T 42 .
1.2 MEL5RXA  2g/dl-LHE (sevofluran, Sevo,
ipfEEREARA ) ; A4 (CCK-8) iR
Mg (R RREEYRHARAR ) 5 FLRRIA
fit} ( LDH ) Rrimiatn) & ( g st A TR R P )s
WURR I -MB ( CK-MB ) FLCJUIESE A T (¢Tal )
BRI S e i A B (ELISA) & ( €[ Immu-
noway 8 F ) ; $it USP22, KDM3A fil{Zz £ H H
(ubiquitin protein, Ub) Fiffk ( FE[E Abcam AH] ) ;
JEER T H v- S FER ¢ L E (annexin v-fluorescein
isothiocyanate, Annexin vFITC ) ¢ {03 5 & ( 38
FEIFEER KA ) 5 FIMEX HE/NTHE RNA (negative
control small interfering RNA, si-NC) , si-USP22
il si-KDM3A A K USP22, KDM3A Fl % H i s
& ( GAPDH) 5143 TAY T/ ( 1)

Ay A PR A R TTHIEA . Spectra-Maxi3x %12 1)
AETE PR Y ( 26 MD A F] ) 3 Chemi Doc XRS 14
2R GBI LSSy B 2 48 (551 Bio-Rad A F) ) ;
NIB 910 Y624 B e (IRYITE A3k SIS &5 AT PR
Al) .
1.3 7%
1.3.1 40AE 3% HOc2 AL FH &4 10g/dl Jifi 2F 1L 7
(FBS) F1 1g/dl T % % 2 (1Y Dulbecco X R Eagle
KRR, BT 5% (viv) CO,, 37CEAMA
MBS AR TR LA, RRAN I FE Xk K
J&, PHTIRSESR
1.3.2 20 Bf AR Y 4 8 Ko 3 2 Ab B K HOC2 4 g LA
1x10° > / FLIYBEERTA 6 FLBR, 3 X BRZH . Bk
4,/ B4 (hypoxia/reoxygenation, H/R ) Z1. H/R+Sevo
ZH . H/R+Sevo+si-NC 2H . H/R+Sevo+si-USP22 ZH #1 H/
R+Sevotsi-KDM3A 2H. [&xTHEZHAN, FHATH R E
SCHR [3] i /R (B4 3h, 5% 6h) AL,
TES A TFIAIT, W42 SPC A T 37°C B M1 25
fr, 2g/dl Sevo AbHH 15min, A Lipofectamine 2000
157+ H/R+Sevo+si-NC 41, H/R+Sevo+si-USP22 ZH Fll
H/R+Sevotsi-KDM3A 240153 517E H/R T 6h %4 si-
NC, si-USP22 5§ si-KDM3A.
1.3.3 qRT-PCR 43 #r: fifi ] Trizol 12t 51 £1& H¢ 4 Jfd &
RNA, | F R a0 & 4% 51 cDNAL DLty
Bt BL & PCR AR R, i#F17 RT-PCR P44, 4%fF
4 95 °C 10min, 95 °C 30s, 60 °C 30s, 72 C 20s, 40
AMER, L GAPDH/E NN S, R 2449 315
X R AR, SI9FFUT, USP22: F: 5°-ATG-
GTGGCCAGGCCCGAG-3’, R: 5-CTACTCATAT-
TCCAGGAA-3’; KAM3A: F: 5°-GTGGAAACCAT-
GGTGCTC-3’, R: 5’-AGAGAGGAGTTAAGATTT-3’;
GAPDH: F: 5-ATAGACAAGATGGTGAAG-3’, R:
5-CAGGGTTTCTTACTCCTT-3".,
1.3.4 Western blot 23 #r: ST e 32 DT TE 1 24 i 2%
PPV B A A 0 R A DR L, G AR
FIEAT 12g/d1 + 98 3 655 R 4 - 3R D91 M4 T o O e
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( SDS-PAGE ) HLJk 4, 155 3 R m 3 L IRiE I
% T Sml/dlBE AR 4= 95 £ P4 1h, ] USP22,
KDM3A Il GAPDH (#fELLh 1 2 500) —$i 4C
RN, KH, MABMR A YE (HRP) 5
W4t (1 2 10 000) FEHFEF 1he L) GAPDH fE
KNS, il KOG S S EA TR A
Il A 2A KOG R G A THA IR, Image Lab %K
A ST I B
1.3.5 CCK-8 KM Zmpsnth . F4-2HaniaLd 2.5 x 10°
A 1 LR R SR T 96 LA, 20 ZEAH R % e
72 h)E, $%M CCK-8 il & i BAFLIMA 101
CCK-8 ¥k, 1597 2ho R EEFRACINZE 450 nm %
KTFMOLE (4) A,
1.3.6 3t =X 200 60 A G 00 440 B 0 T AR A 2 A e
(1x10°/~/ml) , 7E 100 w1 402 A Sl
Annexin V-FITC F1 5 pn 1 AL A BE, =R G E
15 min, #1340 MR A0 B A TR
1.3.7 ELISA il CK-MB, c¢Tn I £l LDH /K %
FHAHE ELISA Kkl &, Fi B B -1 e 25 3%
Ik, KLU0 CK-MB, ¢Tn I Al LDH & &,
1.3.8 s H YT i SL KGN USP22 Fll KDM3A 2
AR AT, B 1/10 Y20 M 2L e 2% w1
4 Input, P4 55 KDM3A (1:30) FIZEE A/
G-Sepharose HUIATE 4 CFE 1K . VITERE H FH2#

WLE% 5 e, 5HLUSP22 (1:2 000) HilkbEE ,
47 Western blot.

1.3.9 37 Z ALK K. F 5% e 4 B A & 0.1g/dl
T ot BRI R A 1) B 1 S 27 v ROR R R AR
S 0.2g/dl, SR AT S DTTE RN AH [F] i 454
HEATEZ Z ALK . Al FHHT Ub HTik (1:1 000) #EA7
Western blot 34T .

14 it 5d R SPSS 22.0 Gt # ik b k4T
i obT , AT R ORI AR + bRifE2a( X )R,
WAL I] SR TS REAS ¢ RS, 24 1A] He R
HAKE 22501, P<0.05 NZESREAS 5 L,

2 &R

2.1 SPC *f HR #i 45 J& HOc2 %1 fi & USP22 mRNA
Fa%% &, KDM3AmRNA e % &, @7 /1. @i
BT RS LR G AR S em LR 1. SXFIRZHAH
b, H/R 4 4i fifl USP22 () mRNA A1 %E [1. KDM3A
. YIS T A (ERAS, AEMT- %, CK-MB,
cTnl, LDH K FF+&E. ZFEASIF%E L (1
P<0.001) ; 5 HR 4%, HR+Sevo 4140 ffl USP22
mRNA AR L | TG ) A (EFHE, AR %
CK-MB, cTnl, LDH /K-FIREAE, 25 BHA50T2¢
=X (¥ P<0.001) . i = ZH 40 i1 5] KDM3A mRNA
KV, ZRTgit#E L (P> 005) .

&1 SPC X HR #if5f5 HOc2 4R USP22 mRNA FAZE H. KDM3AmRNA fEH. MiaEH. @A T RO
BEIREYAK R (x£s )

XFHRAT vs H/R 41 H/R 4 vs HR+ Sevo 4
Qe papctis| HR 4 H/R+ Sevo #
t P t P

USP22 mRNA 1.030.02 0.39£0.01 0.84+0.03 49.574 < 0.001 24.648 < 0.001
USP22 & 0.78 £ 0.05 0.28£0.03 0.69+0.02 14.852 <0001 17.644 <0001
KDM3A mRNA ~ 0.92+0.04 0.93 +0.04 0.97 +0.05 0.306 > 0.05 1.082 > 0.05
KDM3A 2 [ 0.73£0.04 032002 0.59+0.03 15.879 <0001 12,970 <0001
T (AfE)  138+0.03 0.41£0.02 1.14£0.02 46.597 < 0.001 44.703 < 0.001
AT (%) 8.63+0.87 26.02 + 1.46 11.85+1.03 17722 < 0.001 13.736 < 0.001
CK-MB (UL)  2477+231 10793634  3692+2.53 21.346 <0001 18.018 <0001
¢TnT (mg/ml) 0.870.04 12.63£0.89 3.67+0.68 22.863 <0001 17.012 < 0.001
LDH (U/L) 0.28 +0.03 092£0.11 0412003 9.722 <0001 13.856 <0001

2.2 F#H USP22 2+ SPC G mfaid /1. AT . AR
1 F2 KDM3A ik a9 %em  ULER 2. 4N sca st i
7~, 5 H/R+Sevo+si-NC ZH #H H., H/R+Sevo+si-USP22
HANATE J1 A {H . KDM3A 3 FFIAREAL, kT
& CK-MB, cTnl #1LDH K¥-Te, 25EHAST
22 (¥ P<0.01) o {HFH[E] KDM3A mRNA 7K
b, ZESIgit2=E L (P>0.05) .

2.3 USP22 ¥eifl4 KDM3A VLA 1, fygrdtyn

TESCIG AT, USP22 £ KDM3A WEshF e 4E,
THRZIAE R R R

i-KDM3A

input 19G

uspP22

E 1 REILESLIN USP22 X KDM3A i
SmEiEEE A
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F2 T USP22 3t SPC FeBAATE . AT, OAR
{5750 KDM3A FRiERIEM ( =3, X+s)

N M
MmN AE 112£0.04 052003 20785  <0.001
AT (%) 1001£1.05 1533085 6821  <0.001
CK-MB(UL)  37.64+332  62.82£542 6862  <0.001
cTn I(ng/ml) 313042 679089 6442 <0.001

LDH(U/L) 0.38+0.02 056+008 3781  0.019
KDM3A HH  053£0.04 041£002 4648 0010
KDM3AmRNA  0.96+0.03 094£002 0961 0391

2.4 USP22 % SPC /& KDM3A 2 & 1L 65 iR 3= 1%
A LK 2. SXFEAIAEE, H/R 41410 KDM3A
2w EAKET R 5 H/R 44, H/R+Sevo 2H Fll
H/R+Sevo+si-NC 21 H9c2 4 it KDM3A iz % fk /K
SR ; 5 H/R+Sevo+si-NC ZH4H [, H/R+Sevo+-
si-USP22 4 KDM3A 72 Z A /KF-THE -

o

&

N
o)
an 40)(

R
0 o5

&

KDM3A

KDM3A

Input

IP: KDM3A
Ub

GAPDH

B2 %% H9c2 4B KDM3A iz &4

2.5 ik KDM3A &F H9c2 4o fe3gga . 78 A=l L
MB AR EHKTFHam WEK3, 5 HR+Sevot-
si-NC 41 #f ., H/R+Sevo+si-KDM3A #1 H9c2 4
JiL 154 5E 06 T A (ELREAI, 4008 T2 % X CK-MB,
cTn I I LDH KF-Fm, Z2REAGHFE L (8
P<0.001) .

# 3 EEBR KDM3A Xf HOc2 4RAMIEsE. AT FLOALIR

GtREWAKERFI (n=3, Xts)
H/R+Sevo+si-  H/R+Sevo+si-

7H NC 4 KDM3A 4 i PR
AR 7 A {E 1265004  065+005 16501 <0.001
AR (%) 11192105 1883+1.04 8954  <0.001
CK-MB(ULL)  3793+2.63 7462+543 10533 <0.001
¢Tn I(ng/ml) 287+074  785:1.03 6801  <0.001
LDH(U/L) 037+003 068006 8004 <0.001
3 itig

VBT R T O M AR ILA 2 10 5 LS )™ EE I

REFBAE, AT BUm S B DIREEREL. BRI
PR FZEE 1 28 ARSI AR AT FREEIRYT, (H
MIRT A5 & ™ 5 )00 L 45 5 & SE AR R PR SR 1
STREA )T HHERE MIRL #4145 . 351094
FERIL, FIFHIG AR H FRRAJRREE R MIRT 7N
T, AT RE AL LA it 15, e 2R
FEAE AR U, B A AT 2

Sevo JE I R F A H I APERREER], H2
PREERR SR IR T AR B BB IR YT O T AV AR I
PRI S ¥, B 2T 58T T SPC 78 MIRI
P B AT BERAPVER , DENG % ™ &9, SPC nJ
0 3 TR R TR TS A B O /RS e 1 3
Bl A WERL, PIEI AN AR T, DT R H/R X
DML . T eds % " 98 K B, SPC Al
M3 MIRT KBGO LAY IR LR, B#fK cTn I, LDH
1 CK-MB 7KF, %F MIRI U U — 28 BSR4 VE R
3545 U BESE BoR, SPC AT DL 1o i i A% 485 S
Rl o -2/ XU AR 1 38 1 52 B X MIRT AR LK B
WU AR VE T . 5 X S FoE 45 2L, AP ST Ik
ANEERFRE R BL, SPC AMEEJS, H9c2 4 i H/R 45
RIS AN BTG Sy 35, I TRFEAL, CK-MB Fl
cTn T /KF-REAK LA S LDH Bk /b . irfy ik & B
HEYE—2d2 %, SPC X MIRI EAT (54 1EH

USP22 B RZ ZE R G B AL 5L, il ad 25
LR ZMEANRER, S 5EAREEAT,
T 22 P A G B A v R R R, A R
e e M RS KR IFFTRIE T USP22 7
FERE TR VR, R AR O R TR A R AN 2
A BT R B, USP22 7EJE B s S
DR BB R A K T, s kO E USP22 1T
AR A FRLAY O = ThREAILO I B e 1, XU 48
KB, USP22 il s 4 iR & = D1 Fl B - i
I (B -catenin ) ik, FERIMIH I Kk H=
035 0 AT 4 A TG fk . GAO 45 ) i 5T
7, N-myc iU JE K 8 (H30E USP22 #55%, v &
BRI BEER R Rz RACME A RS, MInfliE
F % B/ B -catenin i, (520 EAE R0 F1
W, AR REREL I, USP22 7E H/R J& f.L LA
o FEIRFEA, TAE SPCIGYT)A Bl SCRTAIEdE
FW, Sevo FINZ 2 Sk AR P = 18] (A AH B /R F AT
SR IIRE ", H A LR A X MIRT ™ 5
FERTETT VR AR EI . A T B SPC &7l ad
b H USP22 W R IA A G MIRL, AMHFEFEL SPC
TF) H/R ZbFRAY HOC2 i itk USP22, & H
H9c2 2136 7132 26, JT-53 i, CK-MB,
cTn I ML LDH K F-TFhE . X LepFoe fgh R ddn
TN G USP22 ZFRikBE(IKASH] T MIRI J5 .00 F
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IIRERSEHPRIZ . 123K - HABHARIA N JE MIRI 1)
FEZ5¥, MZR - EAMAKER RS .00
REREAT . FESETHARY HL 28O IR B & SR AT
B A OC U7, kAl USP22 ¥ Bl i W] 7E £ Fh 4 ity
S A S U 08 N 1p- A B S E S e 14 S
e WE AL, MA S 4R USP22 A1 B
TERECAESETR, s, S CK-MB
FI LDH RIREIC, S0 ™, 3 5B RS
G B R IAEIRIE R, USP22 mbR ] LA
Wil SPC XL LA H/R F 73 R ar Ve
KDM3A Jj&— M2 8 25 ALl Bk Bt
HRERS I BRIz AL LR E B BUKF-, T A B
1 A2 il i KDM3A 19 [ i JF 1 K KDM3A 1y
Wtk T VRS —Rh AR 2 PR ALRE, KDM3A A]
FEZ 5.0 MENEEMALER OSSR, Ak,
KDM3A JE DA R ¥ WE B e e A i o Ak, [ i
XA BIR T A AR R T PO eAh, Z AT
ZRUESE, KDM3A i BV AR SS Hy sl RAE SN, IR
O LS, SEG O AL S O REE S P R,
7 A A USP22 il KDM3A 22 [ o] fE A7 16— &
AIAHEL RN o Sl ETTTE Rz SR AL e 1 34T
(o fl %, USP22 7 KDM3A )i 8 T s 8, —
H Z AR BRI C AR . i T 4R 57 KDM3A /2
725 MIRIL ' SPC By CR P BILH A5G, ABIFFAE HY
R 4b B ) HOe2 20 i Hh B KDM3A, 4551 & BT
B KDM3A # 35 J5 H9c2 4il g i 15 g wi ], 94
TR, CK-MB il ¢Tn I K-F 7+, LDH B
RREGE, B2, XEGEJERY], USP22 5 S 1
KDM3A 2 Z/L 1] %% SPC Xf H/R ZbFH ) HOc2 4
e p A1
Zi b pr ik, SPC I fg il i b i USP22 i &
KDMB3A £ F/KFREO AR H/R 1534757 AR
SRIMIADIGE M AAAE—EA L, BIANARBATTEAR S S
5%, 1 AT KDM3A ) MR A fF TE— PR K
SR
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