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[# E] [B#] i KLHL21 AR AR SPARR (ML) T ey R Bbk], [FiR]  #A CRISPR/Cas #H R
M KLHI21 A B &k & (KO R, SR CS7BL/6 B AR R4 A 2+ B, 60 R KLHI21 A H KO &5 60
R AR KA A va 20, 5 4 AR F K4 (WT+Sham ) | 5 & &S JUAE 5220 (WT+MI) (KO 1B F K48 (KO+
Sham) #= KO & JUiE 5020 ( KO+MI) , KJE i@ it TTC & Evens Blue S F ik i+ H 4k fo R Foif 5t R @ A%, ELISA %0 &
S PUIR A AR E Y, S IEAR B A S 2 A HE ¢ & A= Masson 3 & 9 5% 2 AL, Western blot 4 4% B F kB ( NF-
KB)E 5 @R A XEG, [ER] KO DR SAMAL KLHI2I &8 & #& ZHFKT WT D&, KO+MI 28/ F A8 5t R
AR F I e S AR WT+MI 2890 254k, HE & 27 KO+MI 285 ldm Lk, b, B IR AL IR 56 B gL &
KF K a0 i3 08 Masson 4 &% = 4 4edb & . KO+MI 20 fo 75 B 9% 3758 B T o (TNF-o) . & @ A% 6 (IL-6) |
WUBR 8B F) T B (CK-MB) oo JLAL4S & & 1(cTnl) K-F 2 FF+ %, Western blot 25 R A KO+MI 415582 147 B F
kB #7#) % & a(p-IKBa) P65 #= P50 & & K-F3¢ &  IKBa G KF T, [£ig] KLHL21 K B3 8o PUiE e
ARG AER , 7T 48 it #p5) NF-kB 15 5 8 3869 80 R LR
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The role and mechanism of KLLHL21 gene in mouse myocardial infarction
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[ ABSTRACT] Aim To investigate the role and mechanism of KLHL21 gene in myocardial infarction ( MI) of mice.
Methods KLHI21 gene knockout (KO) mice were generated using CRISPR/Cas9 technology, and C57BL/6 wild-type
mice were used as controls.  Sixty KLHL21 KO mice and 60 wild-type mice were randomly divided into four groups: WT+
Sham group (n=30), WT+MI group (n=30), KO+Sham group (n=30) and KO+MI group (n=30). Postoperative is-
chemic and infarct areas were assessed using TTC and Evans Blue staining, myocardial injury markers were measured by
ELISA, cardiac function was evaluated by ultrasound, and histological changes were examined using HE and Masson stai-
ning.  Western blot was used to detect proteins related to the nuclear factor-kB (NF-kB) signaling pathway. Results
KLHI21 protein expression in the myocardial tissue of KO mice was significantly lower than that in WT mice.  The infarct
area in KO+MI mice was significantly larger than that in WT+MI group. KO+MI mice showed reduced cardiac function
compared with WT+MI mice. HE staining revealed myocardial cell loss, liquefactive necrosis, nuclear fragmentation,
and significant neutrophil infiltration, while Masson staining showed aggravated fibrosis in KO+MI group.  Serum tumor
necrosis factor-alpha (TNF-«) , interleukin-6 (IL-6) , creatine kinase-MB ( CK-MB) , and cardiac troponin T (¢Tnl) lev-
els were significantly increased in KO+MI mice compared with WT+MI mice. ~ Western blot analysis showed increased lev-
els of phosphorylated inhibitor of nuclear factor-kB alpha (p-IKBa), P65, and P50, and decreased nuclear factor-kB al-
pha (IKBa) in KO+MI mice. Conclusion KLHI21 gene plays a preventive role in myocardial infarction in mice,
possibly through inhibition of NF-kB signaling pathway activation.
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Z M0 LA BE (acute myocardial infarction,
AMI) & F i ™ 5 A 3 AR O i A B, 3L
RGRRIETERG N, B WA 2 BRIET 0 B A
AMI 1 4 S BT R0 15 1 Ji 52 3] 22 il IR 3R 119 52 1
Hovpst 4% B DA 9 A FBOR B 32 B AL, Kelch-like
(KLHL) K3 A e drin A M A EEZ YY)
fERY 3 R K %, 18 KLHL-repeat #8 %% % 1 5,
KLHL 75 A /N BRI K B B o B TR R 4
Northern blot 73H75HH | AR FE A KLHL 78 5 %
VR h 2R R, BRI A S5 T
VFZ AN o3k 72 QbR & 2k RAE SO 4B AL
IS N VR G R RN B R A D R g R
W R 2 A A R B KLHL21 PRl
254 B M 7385 B (inhibitor of kappa B ki-
nase B, IKKB) , £t [a] i 45 Ji 98 YR € I 7 o (tumor
necrosis factor-ac, TNF-o0 ) 1 1 T 1 1L B9 #% [ 7 «B
(nuclear factor-kB, NF-«kB) {5 53 i, [A] B} 4 A& BY
B g siIKLHI21 J5 A I 5 B M # & H «
(inhibition of nuclear factor-«B alpha, IKBa ) #% ' %
WG, Z WU E B E S IKK/IKBa/NF-kB {5 5 i
LIRS U S e ) IS R R < R RS R R 1] I s R 23S
PR~ S I 2 A — R SR S B T i R i, 7
O JIUH SAE SORE | A LA O AN B T A A
WA, 45 5 TR ¢ #2 li O B P IR 4RV 1T, Tl S 4
FHTE AMI (9B & R B P i i A (007 F
FREUESE, /N B WIAEFE ( myocardial infarction, MI)
J& AR E X 5 AiE 40 Hi 352 118 2 5 14 3 S NF-kB [
S RS OE AR BREAI T CRISPR/ Cas9
FoARMH T KLHL21 FE EER (knockout, KO) /MR,
I U FESE B0 A | FRE KLHL21 SR 7L
JUUVREZE b 591 FH K B

1 #EFTE

1.1 FEXHNFSIEF

NS E R B E R RS Vevo3100
(Visual Sonics /A&, fn %K), /N 3 4 R BE AL ( Matrx
NE, EED), DN R AL (Harvard A &, £ F)
B B R R A% # B (Bio-Rad A F], £ E), % o e
PR R E K E & X B QAL (Thermo A 7, £ E ),
FAREMF(EEAE,EE), LeicaDM300 X ¥ &
5% (Leica A~ 8] {2 H)

HE %4 X 7| & F Masson &K 7 & (£ &
FERFARAF), Evens Blue F2 TTC ( Sigma /2
7, %[E),BCA & @ %k &M &K #| & (Thermo 72

7 ,%E),GAPDH # 1k (CST 2~ &, 2 H), #H MR T
AN (HRP) ARt L F R A m 2k E A G(H R
#Zoad, b)), # KLHI21 % 7 £ 454K ( Abcam 2
), 9L Phospho-1KKe/B % % 7 i Fu & 41 IKKB %
B I LR B IKBoo % % 5% [ 404K 40 Phospho-
NF-kB P65 # % 7 [# fi 1A .90 NF-kB P65 # % 7 [
FLA A3 NF-kB P105/P50 A& (CST A&, £ ),
> ALALES 2 @ 1( cardiac troponin I, ¢Tnl) | ALER 3 B
[E] T ( creatine kinase MB, CK-MB) #¢ IL-1p8 B 5%
F BRI (ELISA) KA & (RN EXE D AR
NE]), BB 2k & b i (PBS %& 9 i, pH =7. 4, NaCl
% 137 mmol/L, KCl % 2.7 mmol/L, Na,HPO, %
10 mmol/L KH,PO, # 2 mmol/L) B L ¥ EH & ,
1.2 LWEHYWRSA

# M C57TBL/6 B 4 A /N B A1 KLHL21 #E [ KO
MR, HFBENKE Y ER TS BB
FER AP RRCE R A F R, K A CRISPR/Cas9
BAMZE KLHI21 2 F A 5 s /D RAER . 27 4t
Bf A AL/ RO KLHL21 2 KO /) B 42 BOG ALAL 4
FE,BT&E %RE 0T EeN KLHL21 & 8 %K
AP, RARCEBLAHBERAFE R FHE
FEERSMME, HI S8 ~12 A 20 ~24 g C57BL/
6 A& AN E Oy at B . KLHI21 # F KO /) Afr
BAEANRE 60 RN 4 4. B EEARFA
21 (WT+Sham 41 ,n=30) . B £ A G ALAE L 4 (WT+
MI 4 ,n=30) .KO 1 F A 41 (KO+Sham 41 ,n=30)
F1 KO w0 LA 76 20 ( KO+MI 21 ,n=30)
1.3 MROAETEAR B S

e R E 5T 1% R OB %4 (50 mg/kg) R BE /N
ROAZHE BEEFEN, DR EZE TN
RFAG L, EEFEFHROBE, FARRE L
HE, THEAMNEIAMBA T2 ZBECRE, BH
FETRTOHWEELCHTAECET.2~3 mm & F
it 7 AT & 3 (left anterior descending, LAD) , 7 45 4L,
BFRBME —4KAS5 cm WAL EE HEEA
LAD, I LA EMECNALZRHT &, 0@ F
STERFEZTEHE,RALELR, BEXAME,
BFARARTFHALEL, KEEFRK,
1.4 DAEERIESRE

% JH Evens Blue & TTC W %3+ & & fn X &
BRXER, CAMERAE 24 h, KB B AR
fL 4531 LAD, 3 3F F ) ik 5 3 17 # /% 2% Evens Blue
VEA(0.2 mL) , BUH R JE, A A HE R K od 2k, o
FHERE FEQEE T TR EAKLS min, 25,
BHOE,EECEKHEHYEREES 1T mm B8 AL
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TR, BN 1L.5%TIC R+, 4 37 CEEAHF
# LI # 30 min EEUH,  PBS A R E T
49% % F B B E E 30 min, &5 HEE L, A
Image J 2% # %t P R #EAT 047, T 6 X 38 4 IE % 0 AL
X, 208 fn f 4 X 3 8 6t it & K X (area at risk,
AAR) ,H W B € X 3 & & BLAE 7 X (infarct area,
IA) 206 X3 o 6 R A 7L K, o8 ALk fn X T AR
WHEN AAR EEQEBREGE L, CNERK E
RPN IA 5 AAR BV E At
1.5 BECIHERNGINEE

A Vevo3100 4 7 ik & R Gt/ RH#AT 0 7 i
fedr A 1.5% SR EREE DN R R RASRE B, ]
Ji B 5% K o A8 Y R ML P R E
RN A F R4 R N4 (left ventricular end-
systolic diameter, LVESD) | 2 & % 47 5K K W 42 (left
ventricular end-diastolic diameter, LVEDD) | Z& 0 % 4t
1 4%k (left ventricular ejection fraction, LVEF) 71 72 1%
% 57 # 4F 52 & (left ventricular fractional shortening,
LVES) , fra B a il & 3 MA# BT EFHE,
1.6 DABRREFLE

K AEFLAJE T R, AR 8 RN, R E
P, % 9 I R T 4L T JE B 8 BE N PBS 4 v i
FOR L, 4% 5 R FBERFEE 48 h 5, #HATLE
AEBA B EE FET R FAE, R
SV, F L HEAT HE 3 & F1 Masson ¢ | # ¢
EHETRESNHELSERAM,
1.7 Western blot il s AL 4H £3 H1 IKB«, P65 #0
P50 BIE B KE

KA AT 6 R/NE R E 249 8 IR BE AL 5L
J& ,RIG ML TL B A RN R R, AR
BRAAEZELEAAR, BORER EER, A
BCA %l % & &% B, B & 20 pg & & EA4F,SDS-
PAGE BFH Rk ER A BN EAMEH ERE — A
L) (PVDF) £, ZBT 5% A F W1 2 h, 2
AlN—3,4 CERBFIR, F2 REEE I
N FEH A TG(1 :10000) , 5@ A 1 h, EE)E
T A 3 BE AR R (ECL) & A3k 4% 1%, Image ]
B3 4 M BEAT K T, LA GAPDH 18 9 £ 1t S AR
MHEAKRLE,
1.8 ELISA iZ#&MmiEH ¢Tnl,CK-MB,IL-1B.IL-6
#0 TNF-o 7K

AT kB, £ 8 # E 30 min, 1 360 g
B0 15 min, WIL_EE, 2 ATIE G #7F T -80 C ok
& o ARYE ELISA K 7| £ % ¥ 4 & Wl ¢Tnl, CK-
MB IL-1B IL-6 ¢ TNF-a iy K -F

1.9 SZitEFE

% | GraphPad Prism 9.0 #4347 41t % 247
AR, SRR T R, AL B O R
FIAE IR Bl , ZARUREZEALRE T £
#ro, P<0.05 K =7 BEAHITFE L,

2 # B

AN AALA T KLHI21 EARIXER L
Wetern blot %3/ FCILZHZR A KLHL21 25
HFIEIKF, 5 WT 40 He, KO 4/ BRC LA 28
KLHL21 25 7K PR 55% (P<0. 0015 1)

2.1

—
o

WT KO T P<0.001
@
£1.0
KLHL21 67kDa B
a
50.5
GAPDH 37kDa T
¥ 0
WT KO

B 1. KLHL21 EEHR/NRONEARF KLHL21
EBRIE(n=10)
Figure 1. KLHL21 protein expression in myocardial
tissue of KLHL21 gene knockout mice(n=10)

2.2 HE/MEOALER I X FA4E SE X EFR bE

DWUEEZE AR W EE 24 h )5, K ] TTC K Evens
Blue XYL 1A, 2200 500 UG MR B, DA Gk 1L X 1
FEURBESE X T AR /N R PRI bR, 25 R R B, 1656
ARBIIKEEFLRE AT AH 2 B R4 T, 45 4 e it DX g
FES TG H¥m X5 WT+MIL A A, KO+MI 21
JINEO LA BE X TR N T 63. 6% (P<0. 05515 2
k1),

s @) €@ @ O G ®
o P O QP O O
-9 0000
@ POC Q®

B 2. /NEUOAL TTC 70 Evens Blue XU E S BARAE
Figure 2. Pictures of specimens stained with mouse

myocardial TTC, Evens Blue double staining method
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2.3 FHHNMNRAEDEINRELLE

R B I /N B IR 22 O E IR, 45 Rk
PR S WT /MBS KO /Nl LVEF | LVFS,
LVEDD \LVESD 225 JC i # : (P>0.05) ; i85 7
KEF, 5 WT+Sham 4 H#, WT+MI 21/ LVEF
LVFS 43 5 B&A% T 70% F1 75% , LVEDD . LVESD 43
BITHE T 98% F195% , 25 A BEME(P<0.05) ;5
KO+Sham 41 Fb#¢, KO+MI 41/, LVEF \LVFS 4351
WA T 81% F185% ,LVEDD F1 LVESD 43> 3 F+ 5 T
120% M 137% , 25 5 A & (P<0.05) , KO+MI
ZH/NEL LVEF 1 LVFS % WT+MI 41/ B4 BRI
T 38% #139% ,LVEDD F1 LVESD 43578 T 20%
M25% , 22 740 W EPE(P<0.05;K2)

RS 28 KA, /NSO E DRt — B R,
5 WT+Sham 41 He#¢ , WT+MI 20/ LVEF H1 LVFS
Iy BIFEAR T 39% F1 53% , LVEDD LVESD 43 5| 7} &
T 73% 5 56% , 2= 5%A B EME(P<0.05), 5 KO+

Sham ZH H45, KO+MI 41/ B LVEF \LVFS 43 IR A%
T 61% F167% ,LVEDD .LVESD 43 3I1F+ &5 T 86% Fil
83% , 22 %A W ENE (P<0.05); KO+MI £ /)l
LVEF \LVFS % WT+MI £1/)y 550 B FEAK T 37% i
30% ,LVEDD #1 LVESD 435l F- & 1 14% #1 21% ,
25 WEE(P<0.05;3K2) .

F 1. FEMFONBRID X EREAETLX ERERLE (n=38)
Table 1. Comparison of myocardial ischemic area and infarct

area in mice of each group (n=8) {ii.%

il e i DX TH FR FEFEIX T A
WT+Sham 20 503 00
KO+Sham 21 494 00
WT+MI 2H 48+7 33+10°
KO+MI 4 50+4 54x14"

H:a N P<0.05,5 WT+Sham 44t ;b N P<0.05, 5 KO+
Sham ZHAA ;¢ S P<0.05,5 WT+MI ZHAAH: .

F2. FHMNMROMEERGF 7 XE 28 RIOIhEE

Table 2. Cardiac function of mice in each group on the 7th and 28th day after myocardial infarction

" LVEF/% LVFS/% LVEDD/mm LVESD/mm

el MIJG7K MIJG28°K MIJG7K MIJG28 kK MIJ57K MIJ528 K MIJG7 R MIJG28 K
WT+Sham £H 65.06+7.30 65.15+6.45 36.75+5.67 36.50+5.72 2.39+0.58  2.420.60 2.22+0.51 2.24%0.50
KO+Sham 4] 64.82+4.30 64.75+4.35 36.53£5.79 36.70+5.84 2.58+0.23 2.57+0.24 2.28+0.31 2.30:0.32
WT+MI 4l 19.75+7.43" 39.67£10.35" 9.03£3.67" 17.26+4.48" 4.7420.72" 4.19£0.92" 4.32x0.73" 3.50=0.89"
KO+MIZH  12.20+4.21™ 24.98+5.12™ 5.50+1.90"™ 12.07+4.95™ 5.70+0.87" 4.78+0.81™ 5.40+0.89™ 4.22+0.81"

H:a A P<0.05,5 WT+Sham ZAH L ;b A P<0.05,5 KO+Sham 4 ;¢ 24 P<0.05,5 WT+MI 414 L,

2.4 FBHMNROA HE B F0 Masson FeEER
HE 4t {0 45 58 8 IR , WT +Sham 2 F1 KO + Sham
ZH/NEOEHE T O LA 2 S 5 45 21 20 oK UL B & s B
Ak, WERE 7 R, WT+MI 20 98 40 i % A s
b REBEAL O LA A% S S0H 2% . KO+MI 417N R
D LA E H D, IRBEO LS TE O LS B A 4
O3 AT AEBEAL U WUAR A% K A 2008 %, LR £F 4 2%
FAANTE AR FE kL AN Bl B0 5 00 S 17 B £F 4 Ak,
PR YE SR BE O L 40 AR A S5 75 it , PR B o 7, HE
P B UDR, FAERRH BRI E, IUEE
ANHUARIURLR 18] BT 7K b, B FE X IR LET 4 22 ] K
LIS A T UL o A 48 JfL, LA e o s 48 i oy
O LA R A 58 3 3R A7 AE AT LAFEIN 0 WLEF 4
(L UL | B [ R SR B8 B ety . L B
R AR, EEG 28 K, 5 WT+MI 4/h B,
KO-+MI 2/ U LA A S8 IX 0o JUL 4 RS S8 58 A
I, A0 H s> A P 2R U B, FIFE X L

IE BRI A2, a] WK s 2R 4R (181 3)
Masson % {4 25 B i 75 ) WT + Sham 2H Fil KO +
Sham 4/ OGS T O LA 23 R 235 45 40 29 K L Je it
DU, YERLS 7 KRB, WT+MI 20 30 R R A1 0
O BRATYEHERL . 5 WT+MI 41/ BLEH 88, KO+MI
ZH /N RO I 22 0 25 A BE X 2 B K bR o A Y
W0 B DR T 2 HE AL O UL AN R I S ok 2 | o0 LT 4
HEFIZE L, 1E H 0 L 1 2 40 A 52 4 52 e IR 43
A, HCAF e AR B Y5 Bl 4 e () J fin i, i A
28 KIF, 5 WT+MIL 4/ L H, KO+MI 2H /) B2
U FEAEAEIX K 12 200 A% [ 4, €0 1 Dot 4 4 3 AR
WG, K R 2R S RIR A SUE R, £ 4R
JEWI R nE (K 4) .
2.5 HH/NRMFRAERFKFELLE
DHUVESESS 7 K, 2R H ELISA A8 0 4% 241 /08 i
HRIEF F K, 4550 LB, WT+Sham 415 KO+
Sham ZH /)N BRI 28 i K7 TNF-o IL-6 A1 TL-1B 7K
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TR T (P>0.05) ;5 WT+Sham 41
B, WT+MI 41/ BUALTE 1 TNF-a 7K T8 26% ,11-
1B KT 20% , 1L-6 K FFHE 2 3 4%, 25 A B
M (P<0.05) ; 5 KO+Sham 41 %5, KO+MI 41 /)
FUMLHE Y TNF-o K SETHE 2 1. 15 1%, 10-18 FHiE 2

27% , 1L-6 K F-FHm 29 5 1%, 25 A B EFEME(P<
0.05) ;5 WT+MI 4t %, KO+MI 25 /) KL if 35
TNF-o 7K T4 71% , 11 1L-6 7K TH i 64% |, 255
A RFENME(P<0.05) ,IL-18 /K22 57 T B E (P>
0.05;%3),

KO+Sham

WT+Sham

Vi

' KO+Sam

KO+MI 7k
B 3. INROAALS HE B4R (200%,n=8)

Figure 3. HE staining results of mouse myocardial tissue(200x,n=8)

s
KO+MI 7R

WT+MI 28k

KO+MI 28X

e

KO+MI 28%

B 4. NROAZEZ Masson B LR (200%,n=8)

Figure 4. Masson staining results of mouse myocardial tissue(200x,n=8)

*® 3. BHEINRIMEREEFKELE

Table 3. Comparison of serum inflammatory factors levels

in mice of each group Bf ng/L
il TNF-a IL-1B 1L-6
WT+Sham 241 655.99+190. 32 368.75+63.76 12.24+1.98
KO+Sham 24  654.68+162.30 366.48+46.62 12.77+1.92

WT+MI 4l 823.75+402.34° 442.81+61.39" 49.63+17.33*
KO+MI 4l 1407.12+211.08> 464.48+70.44" 81.25+11.30"

TIE 14% 2650 WEME(P<0.05;3£4)

F4. HHENMRMBOIBRGREWAKELLR
Table 4. Comparison of serum myocardial injury markers
levels in mice of each group

il CK-MB/ (pg/L) ¢Tnl/ (ng/L)
WT+MI 41 18.96+1.46 27.502.79
KO+MI 41 22.88+4. 40" 31.48+1.86°

¥E:a A P<0.05,5 WT+Sham ;b A P<0.05, 5 KO+
Sham #AHIL ;¢ 2 P<0.05, 5 WT+MI ZHAH L

2.6 HHNROIELIREIKFLLE
LMIUESE 24 h J5, KO +MI 41 /)y BRI 7 O ILAR
BEAREY) CK-MB 8 WT+MI 4 5 21% , i ¢Tnl 7K

Hi:a g P<0.05, 5 WT+MI 20 [L#5

2.7 HBHAMROIAL IKBa, P65 F1 P50 HIEH
KL%

Western blot #:25 5RZE 0], WT+Sham 415 KO+
Sham ZH /N5 NF-kB 38 BAH G 8 K 22 7 0 i 2%
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PE(P>0.05) , WT+MI /N p-IKBa . IKBa F1 P50
()2 117K 4 WT+Sham 2143 FHE T 60% 37%
F180% , 22534 BEME(P<0.01) ;KO+MI 21/ p-
IKBa P65 1 PS5O 1% 7K F- 45 KO +Sham 21 53 %]
THE T 128% 47% #1 123% , 2 54 W& 1k (P<
0.01) ;KO+MI 41/ §l p-IKBa , P65 F1 P50 )25 A

WT+Sham KO+Sham

JKFEL WT+MI 20 53550 TH &5 1 46% (34% F1 36%
IKBa R KRR T 28% , 22 574 B &M (P<
0.01;&5), DA EZ55ULHE KLHI21 JE X R bR S 5
/NEO WY KB F2ak KRG, 2 T IKBo
ik, Wit P65 F1 PSO WA 440, IE M KLHI21
FLPIXE NF-«B 3 i HA fm i e,

WT+MI KO+MI

p-IKB o

IKB o . - — —

. TT T YT TY Y V1 ' 39 kDa

39 kDa

Pos [T T T e e B e e | 65 kD2

P50r~ L e e e . —— —— — — I 50 kDa

GAPDH || s s s e s e s s s a8 | 37 kD2
5 _
5 E T 3
210 3 3 2 be
208 £ £ £
o 2 S 3
g 0.6 s g s
2 ] ]
£04 g 2 2
© T © =
=02 9} o) ©
5 o ; o Q
m
«© n
X 0 a N
5 X * >

5. Western blot #&ill & B/ O ALA LR IKBa P65 F1 P50 FIEHKTE(n=6)
a } P<0.01,5 WT+Sham 2 [t%5 ;b R P<0.05, 5 KO+Sham 4 [b%8 ;¢ i P<0.01,5 WT+MI 41 I8,

Figure 5. Western blot detection of protein levels of IKB «, P65, and P50 in myocardial tissue of mice in each group(n=6)

3 9% i

AMI PR F 5 R5E RN A N B 17
2Rohr A Ty B B A RIS S T 2R AR ML A e
KLHL21 j& KLHL & [ 5% 1) — 0, il 9 % R
BTB # ., A" 5, KLHI21 HARE® S
Cullin3 B 255, FL R R E3 Z R &ML
B AR IE Aurora B 25 B IZ RALBA, X —iT
TR MM AT 2257 A RORE B sl A WFgT R )
WA FHZ MR, B R MIEY] T KLHL21
FEP AT BB 4s A IKKB, A ) 845 TNF-a T 750 F 1%
L1 NF-kB 15538 #

ARBFSE K B, KLHL21 DR B3 ] DL i /) B
D WUREBE S O WILAE BE T L, B A/ B ZE D E T e,
TR JIL & i 40 i 9210, 154 oA 0, DX JULJse i 2
TUBL, AR E 00 ILET 4 A T8 B, o 0 %5 55 98, ) B
KLHIL21 & f bR ae £ & L3 O L i br 5 9 an
CK-MB & cTnl 7K, [a] ik T 5 1L 3 2 8 BR 7 4
TNF-a IL-6 Fl IL-1B8 Y 7KF, iE 8] KLHL21 B A
B0 WLAS BE/E F. Western blot 6 Il 2% 5 32 1
KLHL21 35 PR el 48 finoco AL ke i P08 3 4 43 A0 L
FEFES5 5 PSO F P65 YR IA, ] IKBa 2R
Fik, #£H KLHI21 A AT R8T IKBa i 12417

P65 F1 P50 BHE AL K3

IKK I8 B 38005 76 NF-xB {5 5% 538 i b b
TARLOHAE P IKK 38 24 1 1% Ve A4
WYER BN EE™ | IKK &4 W5 1L E
A USSR IKBa 5% IKBB BYBEIR AL FIr 509,
145 NF-kB 15 5 4§ ( NF-kB-inducing kinase,
NIK) "V F 22 Z4 5035 Ak 25 1 806 4 08 8 ( mitogen-
activated protein kinase kinase kinase , MAPKKK ) 5% &£
B 22 24 5% A 8 1 PO B 1 ( mitogen-activated
protein kinase kinase 1, MEKKI1 ) B, IKB i
it 22 G PR R W IR AR B R Gk IKK 59
fttel AR IKBa A1 TIKBB 78 5 51 MR 9 s S 1
A A7 E AR e B AR , (L /D B v b bz 25 A1 ) 48 1)
WEIR 2 # v, & B IKK 0 Zh A= AN m B B gt
IKBo 75 A1 57 40 i oAb vy i+ r LB M (0 (HE
FEAJE NF-xB 40 K 14l M 38 0% BT o 7 A TS
alifb iy IKKe {UBERR {22 Z FRFR 3L Y S32, A&
TKBa HAY S36'") SR, AL (1 9 Ik i Ack BH2 A 200 i P
Ui TIKKe , nT AR L S32 Fl 36, 1X B n] BE7E
IKK & & W 1716 53 A — A R A KB SR
IKKa 1335 AT LA 55, J0HAE 50 052 41 i 0 g 22
WAL 5 4 PR 118 Sy it A b 4 4% TNF-o TL-1
FIIL-67" ) IKK i #6353 30 IKBa S36 B SC 0 2
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B2 AR B, Y 40 P AR B NF-xB {55
3 A% 0 X B ( NF-kB essential modulator,
NEMO) i, IKKB ANBEFLIE NF-kB 1557 530 5, 1
H NEMO 3 i HARFL AR Uiy 1 BE 48 45 #9385 IKBa #H
HE5E 5T IKBa MBFRRILEM ECEZE™ ) H
HHF7E £ W] NOD ¥ 4Z {4 ( NOD-like receptor, NLR)
A5 NEMO SE4+ P45 4 IKKB 1 il il IKKS 1934
i, BRG] NF-kB {5554 S8 I 00 30s

AWFFE LI, PR KLHL21 JE PR # e ml LA
RAARR /DN SO AL St i -3 3 493 405 B0 JULARE B 408 4% )i
()22 0 IS4 T BE, IR 900 28 98, HOML ) nT BE =
NF-«B i i  IKBa HIF4H5¢, {H IKBa 7 IKKB Fl
IKKa 0 F 37, HATE A GERf & N IEME KLHL21 £ H
JET EAER I IKKB K83 IKBa, AT REAF7E H At A
KL, FEIGERA ST, FRATRE LA JLJy 1 itk
JAEE — 2 W58, B 0E N % A R A
KLHL21 33k /)y AL AY  HTT L) 58 38 IKBaw FI
IKKB 254300 il 5 25 £ 200 i S 56 5 75 nT 5 3% JE A
R RO IR U B e b 7 KLHL21 2 1, LA IE #b
7t KLHI21 SR EAR L, 25 LA Ml R IA
SrERAE T T T

[ &% 30Hk]

[1] A5, REE, GWEE. a3 ks &5 259 vei
SRR G B RO LG 1 A s e R 3R A BT [ T].
o BBk AL Ak, 2024, 32(9) : 771-776.
GU CJ, ZHU C G, MENG Z Y. Analysis of influencing factors of
major adverse cardiovascular events after drug-eluting stent implanta-
tion in young and middle-aged patients with coronary artery disease
[J]. Chin J Arterioscler, 2024, 32(9) ; 771-776.

(2] T #, FWE, B #, % SUER TR NP £ A4 K R

TEERLT]. hE SIS, 2024, 32(9) : 805-812.

YU M, WANG Y X, YANG S, et al. Role of inflammatory factors

in the development of in-stent restenosis[ J]. Chin J Arterioscler,

2024, 32(9) . 805-812.

YE G, WANG J, YANG W, et al. The roles of KLHL family members

in human cancers[ J]. Am J Cancer Res, 2022, 12(11) ; 5105-5139.

[4] LINY, LI Q, JIN X. Kelch-like protein 3 in human disease and
therapy[ J]. Mol Biol Rep, 2022, 49(10) : 9813-9824.

[5] MEI Z Z, CHEN X Y, HU S W, et al. Kelch-like protein 21
(KLHI21) targets IkB kinase-B to regulate nuclear factor k-light

[3

[

chain enhancer of activated B cells ( NF-kB) signaling negatively
[J]. J Biol Chem, 2016, 291(35) . 18176-18189.

[6] TANG J, XU L, ZENG Y, et al. Effect of gut microbiota on LPS-
induced acute lung injury by regulating the TLR4/NF-kB signaling
pathway[ J]. Int Immunopharmacol, 2021, 91, 107272.

[7] YANGY, MAY, HAN W, et al. Age-related differences in postin-
farct left ventricular rupture and remodeling[ J]. Am J Physiol Heart
Cire Physiol, 2008, 294(4) ; H1815-H1822.

[8] SUNZ, MAY T, CHEN B D, et al. Recombinant adeno-associated

virus serotype 9 with p65 ribozyme protects H9¢2 cells from oxidative

stress through inhibiting NF-«kB signaling pathway [ J]. J Geriatr
Cardiol, 2014, 11(4) . 311-315.

[9] WAN Q, XU C, ZHU L,et al. Targeting PDE4B ( phosphodiester-
ase-4 subtype B) for cardioprotection in acute myocardial infarction
via neutrophils and microcirculation[ J]. Circ Res, 2022, 131(5) :
442-455.

[10] KIM D. LOXL1-AS1/miR-761/PTEN as a novel signaling pathway
in myocardial ischemia and reperfusion injury ( MIRI) : epigenetic
regulation by long non-coding RNA (IncRNA) in MIRI[]].
Korean Circ J, 2023, 53(6) : 404-405.

[11] CHEN D, YU M, CHEN H, et al. Identification and functional char-
acterization of NEMO in Crassostrea gigas reveals its crucial role in the
NF-kB activation[ J]. Fish Shellfish Immunol , 2018, 80 46-55.

[12] KARIN M, DELHASE M. The I kappa B kinase (IKK) and NF-

kappa B: key elements of proinflammatory signalling[ J].

Immunol, 2000, 12(1) : 85-98.

SHEN J, CHENG J, ZHU S, et al. Regulating effect of baicalin on

IKK/IKB/NF-kB signaling pathway and apoptosis-related proteins

Semin

[13

[

in rats with ulcerative colitis[ J]. Int Immunopharmacol, 2019,
73 193-200.

FANG X, SHI H, SUN F. The microRNA-520a-3p inhibits inva-
sion and metastasis by targeting NF-kappaB signaling pathway in
non-small cell lung cancer[ J]. Clin Transl Oncol, 2022, 24(8) :
1569-1579.

NAKAYAMA M, NAITO M, OMORI K, et al. Porphyromonas gingi-
valisgingipains induce cyclooxygenase-2 expression and prostaglandin
E2 production via ERK1/2-activated AP-1 (c-Jun/c-Fos) and IKK/
NF-kB p65 cascades[ J]. J Immunol, 2022, 208(5) ; 1146-1154.
0ZES O N, MAYO L D, GUSTIN J A, et al. NF-kappaB activa-
tion by tumour necrosis factor requires the Akt serine-threonine ki-
nase[ J|. Nature, 1999, 401(6748) ; 82-85.

XIONG W, LID, AO F, et al. The role and molecular mechanism

[14

[N

[15

[

[16

[

—
—_
=

[

of NOP16 in the pathogenesis of nasopharyngeal carcinomal ]J].
Cell Biochem Funct, 2024, 42(2) : €3939.

PARK J, KIM D, LEE M, et al. Enzyme-treated caviar prevents
Mar Drugs, 2022,

[18

[l

UVB irradiation-induced skin photoaging[ J ].
20(11): 685.

WILLIAMS L M, GILMORE T D. Looking down on NF-kB[J].
Mol Cell Biol, 2020, 40(15) : €00104-e00120.

Al Hamrashdi M, Brady G. Regulation of IRF3 activation in human
Biochem Pharmacol, 2022,

[19

[

[20

[

antiviral signaling pathways [ J].
200, 115026.

HAN S, GAO H, CHEN S, et al. Procyanidin al alleviates inflamma-
tory response induced by LPS through NF-kB, MAPK, and Nrf2/HO-
1 pathways in RAW264.7 cells[ J]. Sci Rep, 2019, 9(1) . 15087.
[22] ZHANG X, LIU D, YE Z, et al. Gastroprotective effect of the

[21

[

lachnum polysaccharide and polysaccharide-dipeptide conjugates a-
gainst gastric ulcer[ J]. Food Chem Toxicol, 2023, 174 ; 113661.
LI Q, LIU D, PAN F, et al. Ethanol exposure induces microglia

activation and neuroinflammation through TLR4 activation and

[23

[

SENP6 modulation in the adolescent rat hippocampus[ J]. Neural
Plast, 2019, 2019 1648736.

CORNEL A M, MIMPEN 1 L, NIERKENS S. MHC class I down-
regulation in cancer: underlying mechanisms and potential targets for
cancer immunotherapy[ J]. Cancers (Basel) , 2020, 12(7) : 1760.
(HSCHE )

[24

[N



