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NAD" enhancement suppresses hyperactivation of the integrated stress

response to alleviate intestinal ischemia-reperfusion injury in mice
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Abstract

Objective: To investigate the role of nicotinamide adenine dinucleotide (NAD ") enhancement in
suppressing hyperactivation of the integrated stress response (ISR) in intestinal ischemia-reperfusion
(IIR) injury. Methods: Thirty-six healthy male C57B1./6J mice were equally and randomly divided in-
to 6 groups, PBS+sham operation group (PBS+S), PBS—+IIR group (PBS—+IIR), ISR inhibitor IS-
RIB-+sham operation group (ISRIB-+S), ISR inhibitor ISRIB+IIR group (ISRIB+IIR), NAD"
precursor NMN-+sham operation group (NMN-+S), and NAD' precursor NMN-IIR group
(NMN-IIR). Small intestine tissues were collected for HE staining to observe morphological
changes and Chiu's pathological injury scoring. Western Blot was used to detect the expression of
tight junction proteins (E-cadherin, Claudin-1, and Occludin) and ISR-related proteins in intestinal tis-
sues. Results: Compared with the PBS+S group, the PBS+IIR group showed significantly higher

Chiu's pathological scores (P<C0.05), significantly decreased expression of tight junction proteins
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(P<<C0.05), and significantly increased expression of ISR -related proteins (P<C0. 05). Inhibition of
ISR by ISRIB or NMN significantly reversed the above indices altered by IIR in mice. Conclusion:

Hyperactivation of the ISR may mediate IIR injury, and NAD" enhancement may alleviate intestinal

damage caused by IIR by suppressing ISR.
Key Words

Integrated Stress Response; Intestinal Barrier

i e 1L 75 #E 7 (intestinal ischemia-reperfusion,
TTR) 453 £ 2 i R 5 D L™ i i) — Rb g g , W] & AR AE
2 ol i A im PRAR DL, K2 H 2 AR L 2tk
L 37 (RN 77K 2% e NI N (1 6 e B2 G X N
HBe s UL SRR 8 R AT R SRR , X AT RERE /S 5
AR G R A B RE RN 2R AR
(systemic inflammatory response syndrome, SIRS)
SLEFE T AR AR . AR, TIR AH O Y TS AT 8%
R 22 TIR 453493 1 ML) 6 1 T

KA T Ji iR W e % HF IR (nicotinamide adenine
dinucleotide ,NAD™ ) J& & fb i Ji7 ) i (1) — o b 75
T, B UE WY A o R R R AR L
AR BE A A A0 o TIR G A B o Bl 4R L AR Ak N
P ARAE N B NAD B3 s NAD " A& 8 W) i — 25
JCK BB BB Tt R BE IR LSO R, R TR
NAD 38 1] /5 A A5 40 Ak 38 S il 14 IS 9, 4 45 0 8K
JA B B 2 BERE (STRTs) (3R AR ADP A% B K fi i
CD38 1% ADP-# 4R Al (PARP) . fEMi 7L 1Y)
P, NAD ZEfR i \DNABE 2 W4 5 .
TE LR PR T R A OGBSOk
W NAD "3 58 75 & Flop i vh 108 65 ROR 845 JHIE
B 1 W A9 i 1 P 3 73 (ischemia reperfusion, IR) o
SR, HAE TIR 5 43 v (9 8 DA FHAT AN T 2

44 N i 5 (integrated stress response, ISR)
2 2 L TR XoF 22 el 7 SRR B P R Bl A P I 4 1)
2 38 o B KO 0 SR o R RN R DN SR G 0 Ay
200 M6 AR A O T TR E AR Az o TIR 2 i 3 e i 49
(1) R 1t A L -5 708 3 4 0 AR Ak A 3 D B A RE KU
ELHEOE ISR, BLAT A O & R B, ZE RS0
FUR A, ISR M 1o T 2 A A4 H, 4% 338 5 1) i e 15 1111
P o AN RS IE BRI R R E A T 1
NAD ' B ] 3 1o By 1k 5 B TSR 300 R 3 i 41 g
fir iz, &b 75 NAD" B 4K 40 Bk ik 50 8% R (nicotin-
amide mononucleotide, NMN) 7] L 4 il ISR # 3%
6o ISRETE G I 7 BEAZ B R 46 P 2a(eif-2a)
AL R AL X I TR B A, B R Tk
5 5 TR 1 R R, A S ok B AR O I U8 Y 3 R A BIL

Intestinal Ischemia - Reperfusion Injury; Nicotinamide Adenine Dinucleotide;

il o ISR TR J5 10 27 i 035 3k DR 60 468 4 A0 4 st 9
(ATF4 M ATFES) ()25 K #f 4 5 CHOP [ 2, &
AT LGS [ 5 3 DR A — 1 C O AR DG JE IR B ik
XS A AE g ISR B R A5 o

A 5 P06 22 1 it B TSR 410 41 57 (ISRIB) Fl
NMN T B 1 45 25 W6k 4 TIR 75 5 Y ISR /55 B 005 L DA
1M R 37 B 8 S 32 TIR 45t 05 1 B A& B, O 48 4t
NAD 7 R i 97 H A E 4

1 MREFE

1.1 EFERXFEMF HHHATF4 eif 2o, p-eif-
2a, E -cadherin . 57 [ $T 4K W F 3 [ Cell Signal
Technology 7~ H ; 41t i B-actin , ATF5, Claudin-1,
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%1 RT-qPCR3|¥F 7%
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(0, 38 A G VR A5 WRZE 450 nm I K AL (Y WO B2
i, 3555 NAD/NADH 4 He A .

1.6 ZitZEFHE A &R GraphPad Prism
9. 1. O G v+ 1 HEAT 20 BT, LA 3 B + 4 i 22 (2t s)
For, Z UL R B J5 25 43 BT (One-way AN-
NOVA), Z 418 W M 3 M Turkey 2, P<<0. 05K
LR HAGI L.

2 HR

2.1 MRBEALRERT T MW IR B AW
Oy FHLE, RATE . T IR /MR . K 2A BoR
S /NI L FEEFA LR BRI BRI B 5%
A% S Y 45 A8 5 1T TIR 21 g 266 55 00 4 25 JHEOE % 4%
¥, 9% 6 45 S L 95, 4 M A0 M2V I 2 A0 8
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Ji B4 15 98 % (181 3B .3C ) o

2.3 BAELRISREXEBREBANEZNL &
BT PE S 250 2 F , F RT-qPCR il Western
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2.4 BALPRNAD'SERNTH 5 PBS+SZAM
H,PBS+IR 4 /N R4 NAD & & B F A
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7S IR s IR S IR S IR a S IR S IR
PBS NMN A PBS NMN B PBS NMN C

A~C./NEUIE F NADT NADH /KF LIS NAD™/NADH [ fil. %41 n=6,"P<C0.05,”P<C0.01, " P<C0.001,""P<C0.000 1.
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3 itig
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Al A7 401, o 2 J3E 3 1k s 3 o8 40 B AN B R
B E A LT, 51 7™ T A S ORE S R A F
— B kLW T DRERR AR . FEARBE S L FRATT
W R 7 K M PE C57BL/6T / Bl SMA & 4]
45 min, F3 T 3h ik e 1 3E 2 h 19 5 30 8 7 TIR B A
ST 4 R R e ] SMA 5, 4 SRR S T,
45 min BB ik Je J5 , B 20 20 38 10 b Ak I . FRAT
W3 HE Y (0 B0 OU 52 7 18 26 ISR S, Chiu's 5 3
VR IRA AL R KT SH. W
SR A - U s A R/ N U BT A 37 e
% 785 IS 0 BILARG 5 B T BB, FRATT A FH e R
i M E-cadherin . Claudin-1.Occludin 25 F #F 47 46 1)
Western Blot 45 % & 3 IR 20 19 % %% 1% 3 16 1%
S YL F R 1 R TIR 405 ™ IR T i P B2 40 e
1B , W Zh B ALK 5 e A2 458

NAD A2 A MR IR 5 5 2 e B8 PR 22 Fh g
AT K, IR M A AF VB S8 B i K.
B, ©UE S CD38 (14 3 J32 1% Ak 5 200 I Sl i 1 5
fif NAD A AEIE ', CD38 (it 3 [ ak 25 4y BH Wy n]
WEB LS R . AE 2 B (ARKD T, By T BRI
Tit W A 2 A A L 5% B B (QPR'T) A1 NAM i 2 %
WL 5 L i (NAMPT) 9 2 35 Z B, NAD ™ 19 M 3k

A R A Rk AR g B . AN NAD T R 35 &
IR 53493 JFF IOk 19 i 0 2ot 44k L 9 o 52 07 AN 41 B AT T 1)
F 43 T PR, O HL sk ot 5 AT LA GE a8 NMIN ok
Bk

ISR & — P AR 57 1 S g 2%, T DA & 2B 7E
JoT 19X 240 LSBT v R A RO . TSR FE 4 R 1 R
R A5 B4 R Y K A DA TR Al 2 3R AT 5 9 A BT R
PRUE BRI 0 A AR UL ZE A O R B A AE 3R )
BRI L Bh W A O G v A B R I 21 ISR
P18 4 T R

A 5 T FR AT [ A A 3 7R TIR ISR AH OC 2
R B 23k 9, 38 ok (i TSR A 4 S5 1 il 7 1S-
RIB, V5 7 TIR 5 5 1Y ISR 5 BE % L - Wi 5% 1778
X BB /N R H O 2 B Y g T8 AL 2 R . AT B
% B TR 5 3500 e ot M 4853 495 7h NAD T 1 #6385 , /N
NAD " i K 45 F NAD R /& NMN ifij & 234,
JF H IR J5 NAD '/ T B 45 2 838 . NMN 9 fiff F
AALA B0 T /N NAD K- i Bk 3% 1
IR T30 ISR /& B30 ARy i R B T g . 384T
4 BIF 5 2% B 3 2o ol 1) TSR 0046 %) ISRIB 5 K 81 25 7
NMN #4558 /N NAD* LA 5 ISR, 0] BEXF TR 45 4
FEH

Zg LTk, A WF 5T UE 52 ISR & B S A 5 1IR
P, NAD 34 58 n G838 o 10 ) ISR W2 TR 51 2 1
o 38 5493

ht?
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S &k tinct mitochondrial defects trigger the integrated stress
response depending on the metabolic state of the cell[J].
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