mEERC R 9535 el 2024476 )]
Journal of China Medical University Vol.53 No.6 Jun. 2024 + 501 -

BIEHD I 2% B R 51 S RUER R G B9 FHLH

FHL ARG IR KREM, Wik, AR
(I P B 2 A B2 e (s FED B AR, 2R T8Il 518000)

BE B RKiTasEEBESRSG (AKD F-3F 8054 (ALD PayAF1ER & 48 R A4 Sprague-Dawley X &, , #5
RIAME T R k5 ABF AR (sham) 20 B b 245 (IRD) 28 .3-F A AR"%4 (3-MA) 28F=F 8% % (RA) 28, Mosham#A 9l , B
A 5 HIRIEF6 R RAKHER . AKVER 6922 5 RBUCR IR & B, Bo B £ B3k, Shhikk &k i £ B ah ke 75 X, G 5
FAT12 .24 484072 hg Bt iE . 3-MAZL RALLEIRIA 2L AT G 12 hil id B iE 4 3-MA (15 mg/kg, 1 mL) 2 RA (2 mg/kg, 1 mL),
A KR e BN 2E 4R 0 2 My e T RS L, ST F B AR K R G 09 RA R T B BOR T AR KT R BIRIT §
FHAKUS ALL, 2 & % 5, (BUN) JUEF (Cr) A 9% 37 58 B F—a (TNF-o) . & @ B~ Z - 1B (IL-1B) K -F3 B 3, sbdl, HIRIAT
Yo, RAZAP62 A caspase-3 & ik % & &A%, LC3- 1 /LC3- [ \Beclin-1.Bcl-2A=ULK1 & ik 38 n , B »5 A 4% 38 1 B0 ) K 5 o BAL LI, 8,
b BB e AL L SR BB R A EAKLE S A9 ALLL GRS A EAKIE FALIGY A Y PR ERAER, T A AKLE T 69 #r e
B KSR e s T A,

KEE avE; AT SRR SRR ; Sk B IESG

PESES R231 MEARASRD A MEMHS  0258-4646 (2024) 06-0501-08

M4 HARMIE  hips:/link.enkinet/urlid/21.1227.R.20240529.1511.020

DOI: 10.12007/j.issn.0258-4646.2024.06.004

Molecular mechanism whereby autophagy inhibits acute lung injury induced by
acute kidney injury
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Abstract Objective This study aimed to explore the regulatory role of autophagy in acute kidney injury (AKI) -induced acute liver
injury (ALI). Methods Forty-eight male Sprague-Dawley rats were randomly divided into four groups : sham operation group, IRI group,
3-MA group and RA group. Except for the sham operation group, a rat model of AKI induced by IRI was established in all groups. The AKI
model was established by removing the right kidney, separating the left renal artery,and clamping the left renal artery, followed by reper-
fusion for 12,24,48,0r 72 h. The 3-MA and RA groups were intraperitoneally injected with 3-MA (15 mg/kg, 1 mL) or RA (2 mg/kg, 1
mL) 12 h before and after IRI treatment. The structure and function of the rat lung and kidney tissues were evaluated, and the expression
levels of autophagy-related proteins, oxidative stress,and apoptosis were measured. Results Renal IRI led to ALI after AKI, and the
levels of blood urea nitrogen , creatinine , tumor necrosis factor-a, and interleukin-1B were all significantly increased. In addition, compared
to the IRI group,the expression levels of P62 and caspase-3 significantly decreased in the RA group,whereas the expression levels of
LC3-M/LC3- T ,Beclin-1,Bel-2,and ULK1 increased. Autophagy reduced pathological damage to kidney and lung tissues by inhibiting
inflammation and oxidative stress and effectively ameliorated AKI-induced ALIL. Conclusion Autophagy plays an important role in the
regulation of ALI induced by AKI and can be used as a new target for AKI treatment and to reduce complication-related mortality.
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A, results of semi-quantitative scores according to PAS staining of the kidney; B, representative images showing the results of PAS staining of the kidney

tissues at 24 h ( x 200) ;C, Cr content of rats in each group at each time point; D, BUN content of rats in each group at each time point. *P < 0.05,
##P < 0.01,**%P < 0.001 vs. IRI group; #P < 0.05,##P < 0.01 vs. sham group.
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Fig.1 Evaluation of renal tissue function
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A, results of semi-quantitative scores according to HE staining of the lungs; B, representative images showing HE staining of lung tissues at 24 h ( x

200) ;C,lung water content of rats in each group at 24 h. *P < 0.05,**P < 0.01 vs. IRI group ; ##P < 0.01 vs. sham group.
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Fig.2 Evaluation of lung tissue function
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SjshamZ K FRUAH e, TRIZH 4 R i vt A 2% Jili
TV VR P e MR AN A X P IL- 1B RN TN F - 35 T 5
(¥JP < 0.055%P < 0.01) ; SIRIZ A L, 3-MAZH %
A LR S HE N, RAZH 2 28/ 0 (BAP < 0.055P <

0.01) o IRIZH IfiL 375 1 i 160 ¥ V5 W MDA FIMPO 5
shamZH M Fb 52 TH s SIRIAAH HE, 3-MAZH A Ak R
P FMDAFIMPO & 3 38 i, RAZH {2 3 )k 21>, SOD
TR0 2R B AH S # (B3P < 0.055P < 0.01) . L
#1.

F1 SEXRKERBEFMELMEHAE (x+s)

Tab.1 Levels of inflammatory cytokines and oxidative stress in each group (x +s)
Index Sham group IRI group RA group 3-MA group

Serum

TNF-a (pg/mL) 35.03 +4.53 217.39 + 14.28" 197.24 + 14.15” 275.99 + 19.04”

1L-1B (pg/mL.) 48.50 £9.72 265.16 + 14.26" 226.34+10.71” 319.07 £ 13.07”

SOD (U/mL) 298.10 + 8.20 58.38 = 12.73" 200.38 + 19.64” 21.87+3.77”

MDA (U/mL) 10.28 +2.74 51.65+1.78" 40.41 £3.03” 64.54 +3.64”

MPO (U/mL.) 35.04 +12.18 265.00 + 15.08" 233.92 + 8.44” 328.02 + 13.18”
BALF

TNF-o (pg/mL) 2272 +4.67 114.43 +7.51" 87.22 +7.35” 128.78 + 10.67%

IL-1B (pg/mL) 2.90 + 0.69 2632 +1.52" 25.42 +2.30” 30.50 +2.07”

SOD (U/mL) 40.34 +10.01 10.61 +2.32" 36.43 +3.57” 3.97 £0.69”

MDA (U/ml.) 6.76 +2.33 30.96 = 1.07" 2422 +1.817 38.59 +2.08”

MPO (U/ml.) 20.65 +8.19 160.77 +7.23" 158.51 +9.41” 204.23 + 12.81”

1) P < 0.01 vs. sham group;2) P < 0.05 vs. IRI group.
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PP d5c Ry TR I ) S e R — 3 DLEI3

TUNELZS H 7R , shamZH JL-F- & W.TUNELFH P
21, TRIZH B JUE AT 20 20 - TUNEL FH 1 240 B 1) L f51)
S E BN, e AR5 24 hik 2] 0 (BP < 0.058%P <
0.01) . SIRIZHAH IE, 3-MAZL 7 T 4H i L 161 b 3
15, RAZHTUNELRH P 248 0 L 5] dnb 25 A% (B3P < 0.05
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Sham 24 h

Red arrows indicate the autophagosome.

E3 fhFEREALR P EEREER x2 500
Fig.3 Autophagy in lung and kidney tissues x 2 500
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A and B, representative images showing TUNEL-positive cells in the kidney and lung tissues at 24 h (%200) ;C and D, ratio of TUNEL-positive cells in

the kidney and lung tissues. ##P < 0.01 vs. sham group; *P < 0.05,**P < 0.01, vs. IRI group.
B4 BATHEHBERSHERL
Fig.4 Quantity and distribution of apoptotic cells
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A ,representative images showing the IHC results of kidney tissues; B, representative images showing the I[HC results of lung tissues.
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Fig.5 Expression level of autophagy-related proteins by immunohistochemistry x 400
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A, Western blotting images and relative expression levels of ULK1,Beclin-1,1.C3-II/LC3- 1 ,and P62 in the kidney; B, Western blotting images and rela-
tive expression levels of ULK1, Beclin-1,LC3- Il /LC3- I ,and P62 in the lung. #P < 0.05;##P < 0.01 vs. sham group; *P < 0.05,**P < 0.01 vs. IRI group.
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Fig.6 Expression levels of autophagy-related proteins by Western blotting
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Sham  IRI
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-
=07 )
=480
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0 I
Sham IRl RA 3MA L Sham IRl RA 3MA F

A and B, representative images showing the expression levels of apoptosis-associated proteins in the kidney and lung tissues after IRI using immunohisto-

chemistry ( x 400) ;C and D, representative blots showing the expression levels of Bel-2 and caspase-3 proteins in the kidney and lung tissues after IRI; E

and F, relative expression levels of Bel-2 and caspase-3 in kidney and lung tissues. #P < 0.05;##P < 0.01 vs. sham group;*P < 0.05,**P < 0.01 vs. IRL

group.

E7 AR I Western blotting AT X & B R ILHER
Fig.7 Expression levels of apoptosis-related proteins by immunohistochemistry and Western blotting
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