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[Abstract]
in lipopolysaccharide (LPS) -induced acute lung injury (ALD by regulating NOD-like receptor protein 3 (NLRP3)

Objective To investigate the protective effect and molecular mechanism of interleukin-37 (I1L.-37)
inflammasome-mediated pyroptosis. Methods Six- to eight-week-old human I1.-37 transgenic (hIL-37tg) mice and
homologous wild-type (WT) C57B1./6 mice were divided into 4 groups: W T+ Sham group, WT+LPS group, hlIL-
37tg+Sham group and hIL-37tg+LPS group, with 12 mice in each group, using a random number table. The ALI
model was established by intratracheal instillation of 10 mg/kg LPS, and the control group were injected with the same
volume of normal saline. At 24 h after modeling, hematoxylin-eosin staining was used to observe the pathological
changes of lung tissue; enzyme-linked immunosorbent assay (ELISA) was used to detect the levels of interleukin-
18 (IL-1p),
blotting was used to detect the expression of NLRP3 pathway-related proteins including NLLRP3, cysteine aspartate-

interleukin-6 (IL.-6) and tumor necrosis factor-a (TNF-a) in bronchoalveolar lavage fluid. Western

specific protease-1 (Caspase-1) and Gasdermin D (GSDMD) in lung tissue. Immunohistochemistry combined with
Western blotting was used to evaluate the expression of NLRP3, and TUNEL staining was used to observe cell
pyroptosis. Results  No significant differences were observed in all indicators between the WT -+ Sham group and the
hILL-37tg+Sham group (P>0.05). Compared with the WT-+Sham group, the WT+LPS group showed a
significantly higher lung injury score, remarkably elevated levels of TNF-a, IL.-6 and IL-18 in bronchoalveolar lavage
fluid, significantly increased positive expression of NLRP3 in lung tissue, and notably up-regulated relative expression
levels of NLRP3, Cleaved-Caspase-1 (p20) and GSDMD-NT proteins in lung tissue. In addition, the number of
positive cells in lung tissue was significantly increased, and the positive rate of cell death was markedly higher in the
WT-+LPS group. After IL-37 intervention, the hIL-37tg+LPS group exhibited a significantly lower lung injury
score, significantly reduced levels of TNF-«, IL-6 and IL-18 in bronchoalveolar lavage fluid, and obviously decreased
positive expression of NLRP3 in lung tissue compared with the WT+LPS group. The relative expression levels of
NLRP3, Cleaved-Caspase-1 (p20) and GSDMD-NT proteins in lung tissue were also significantly down-regulated,
accompanied by a notable reduction in the number of positive cells and a significant decrease in the positive rate of cell
death in the hIL-37tg+LPS group (P<<0.001). Conclusion IL.-37 can alleviate lung injury and inflammatory
response in mice with ALI by inhibiting the activation of NLRP3 inflammasome and cell pyroptosis, providing new
experimental support and potential targets for the targeted treatment of ALI.
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PLEEH 6 HU/NRAFA T2 0B, R 3% I L
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B R . O i ; Wl O i
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M NLRP3 & 1R iE K.

1.4.4 WHHLEHRIGN WHRAGHE (4
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80 V MWk 45 BE, J5 120 V L B KD, iR
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Wik &= R E A 1 h, fin—4%T NLRP3 (1: 1 000D,
Cleaved-Caspase-1 (p20> (1: 1 000) . GSDMD-
NT (1:1000) K B-Tubulin (1:5000), 4 CH
RIS FE . R H = 7% B R S 0 Y e 4 o AR VS TR
VR 3WK, AW 10 min (FEIRZE YD, 0B
AALYIEEARIC AR IC BT (12 50000 FiRMEF 1h,
= YRR G RE WY e 2 o R VA R T S Y S AL 2 RO
B, E RO RGO, Image J 4 HT 5%
KEAE, BMEASNS AR R RER .
1.45 ZHMEAE TR SR TUNEL 63, B
S

e =

1 EHNRMALRHERBLER(x100)

B KW E 15 min, BERRERZE MR BER 3R, #%
HEIR ) 8 U B A3 I A 2 AR e 1 dU TP A it 5 7%
fitf, 37 CWEHE 60 min, ¥ @2EYLHE S min, 2
O 5B AR R AT R A T IO IR o BEALIERE 5 AR
Xk, 43t TUNEL FHME40E (28aat 5
BATEE (RIS, TR TR = A K/
S B < 1009 Y

1.5 SGiil2# 053k W SPSS 27. 0 883 F 5 A4 4 #r
AR, ERSMATHEEILL (s Fon,
KR E 2 4 B (one-way ANOVA) Al
LSD2# 5. P<0.05 WZERHGI¥E X,

2 % R

2.1 IL-37 XF AL /N Bl 21 2800 38 4858 435 19 52

HE Je o g5 5 R (K1), WT+Sham 415 hIL-
37tg-+ Sham £ /I B 2H 2L 25 40 58 e, il i s OB 25
pS L i et A E I R I 3 1 Wi & RN o L R A
RAEAMMIR T . WT+LPS 24 /) B 2 40 52 Py it 7
AL BERFAE , 3R B A il v B g 25 398 55 | i 9 s 133
B Rl G, R o 48 1 A0 B IR I 2 A ] T R A v Py
W] Bsf P A B R ik b . 5 WT+LPS A, hIL-
37tg+1LPS 41 /)N B 20 20 B 45 ) b 92 i, il v
BE SRR RS A% , IR s G M AR, R4
i 92V S D o i SR A A A5 R B
W T+ Sham £H #1 h1L-37tg+ Sham 1 5 15 ¥F 43 2 %5
ik, ZREGH¥#EL (P>0.05; WT+LPS4
405 43 2 5 T WT+Sham £, £ 1L-37 + i
J& . hIL-37tg+LPS 40 i £ 7 43 o F K T WT+
LPS 4, 5% A 4% it % & X (P<0.00D) ,
W1,

Figure 1 Hematoxylin-eosin staining results of lung tissue in mice from each group ( X100)

2.2 IL-37 X AL/ BN 6 9 Uk W 48 4 [ 2R 3K 11
20 ELISA k& U 45 R & 75, WT+Sham 40 5
hIL-37tg+ Sham 4 /)N B i ¥ #E %8 W& P TNF- o,
IL-6. IL-1B/K P 4EFF A BARAKY, 2751t
¥ Y (P>0.05) ., WT+LPS 4 i ¥ % vk W

TNF-a. IL-6. IL-18 K F & % & F WT+ Sham
4H; £ IL-37 THiG, hIL-37tg+LPS 26 fii o1 3 vk
W h TNF-a. IL-6, IL-18 KV B EML T WT+
LPS 4, 2 » A 4 it % & L (P<0.00D) ,
W2,
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Table 1 Comparison of pathological changes of lung

tissue in mice from each group

®2 SHENRMEELRFRIL1BIL-6.TNF-akFLLE
Table 2 Comparison of IL-1B, IL-6 and TNF -« levels in

bronchoalveolar lavage fluid in each group

(n=6,7=£s,45) (n=6,x+s,ng/L)
21531 I B A T 43 4151 IL-18 11.-6 TNF -«
W T+ Sham # 0.6740.52 W T+ Sham 21 147.25+4.30  57.00+3.50 314.56-+4.49
WT+LPS# 717+1.17 WT+LPS 4l 335.44422.26" 123.94+11.32" 735.98438.36
hIL-37tg+ Sham £ 0.674-0.52 hIL-37tg+Sham 41 156.3048.26  62.52+3.13  354.43442.00
hIL-37tg+LPS 4 4.1740.75 hIL-37tg+1LPS 4l 248.914:29.90° 99.27+48.02" 532.214-49.547
FA{§ 95.676 Fii 127.334 112.183 155.975
Pt <0.001 P1H <£0.001 <0.001 <0.001

'PE<0.055 WT+Sham 41 b “P{<0.055 WT+LPS4l It
B (LSD-1 #5650

2.3 IL-37XF ALT/N R A4 NLRP3 & R iE 1Y
o AL R AR RN (F 2,
NLRP3 P 32 35 3= 2208 A0 T i 41 21 58 i 4 Ffd &% it
Wb R A BT, AR B F0OR . W T+ Sham 4H
H1hIL-37tg+ Sham 41 /|y Ul 41 20 AW 0L /b 5 73 55
(9 NLRP3 BH P ik, B X3 A AR, 22 5% B4
iEE X (P>0.05)., WTHLPS 4/ Bt 41 41

. YT,

WT+Sham

hIL-37tg+Sham

B2 RANRPHALR NLRPIGLEHANFFEBLER(X100)

Figure 2 Immunohistochemical staining results of NLRP3 in lung tissue of mice from each group (X100)

® 3 FHAMRBPAAR NLRP3 Rix L&
Table 3 Comparison of NLRP3 expression in lung tissue

of rats from each group

(n=6,7+s)

2H 511 NLRP3 #ik
W T+ Sham # 13.4741.69
WT-+LPS#4 29.09-43.08"
hIL.-37tg+ Sham # 12.9441.61
hIL-37tg+LPS 4 19.09+1.90

Ffd 72.793

P{H <<0.001

"PH<0.0545 WT+Sham 41 lL 2 “P{E<0.055 WT+LPS4lIt
BLSD- K %)

2.4 IL-37 %F ALI/) B 2 28 NLRP3 i # 4 O¢ 8
HRRR s WBAZR B (K3, WT+
Sham #1 5 hILL-37tg+Sham 25 /)N B fili 41 21
NLRP3. Cleaved-Caspase-1 (p20) ., GSDMD-NT

"PAE<0.055 WT+Sham 41 #  "P{EH<0.055 WT+LPS4L It
BLSD- 56

NLRP3 FH Rk 30w, fRs @ik L | &
TR, XS B E TS, 5 WT+ Sham
HILKERAG I E L (P<0.00D); £ I1L-37
T #WiJ5, hIL-37tg+LPS 40 fiti 41 41 s NLRP3 FH 1
ECS TN TRV IR 7 s i IR AT AN < R AR A
PEX G B E T WTHLPS4, ZRA4%H%
Y (P<0.001), WF3.

HEHMYERRREES LRI E L (P>0.05,
WT+LPS 4 /) & il 20 21 th NLRP3. Cleaved-
Caspase-1 (p20) . GSDMD-NT % [ AH X & ik 534
i # T WT+Sham 4 ; £ 1L-37 T HiJ5, hIL-
37tg+LPS A /) Bl 241 24 o NLRP3., Cleaved-
Caspase-1 (p20) . GSDMD-NT & [ AH X & ik 534
BEBHEMT WTHLPS 4, 2R A 4% iH% &
X (P<0.0D , 4 4 [\ GSDMD 4 K #
1 (GSDMD-FL) 2 % T 4 it 2% & X (P>
0.05), W4,
2.5 IL-37 XF AL /)y &l il 25 23 40 B £ T 19 52
TUNEL J g5 R R (K4, Saiehriciy
TUNEL FH P £8 T 40 M 32 22 20 A T i 20 21 R 0E IX
B, W ASOLERIC A A% . WT+Sham 41 5 hiL-
37tg+ Sham 41 /|y B 21 20 A A L 70 & 260 5 B (5
S, MM T MR, ER LS E
X (P>0.05); WT-LPS4Lfili 20 40 BH 1 40 g
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.- o ..

GSDMD-NT | s M s % | 31 000

Pro-Caspase-1 [ w WD s . | 45 000

Cleaved-Capase—1 20 000

Tubulin l— — e e— I 55 000

3 FHHNRAMALNLRPIIEREXE A %% N il
HR

1. WT+Sham # ;2. WT+LPS 4 ; 3. hI.-37tg+ Sham 4 ;
4. hIL-37tg+LPS 4 ; Tubulin A NS M

Figure 3 Western blotting results of NLRP3 pathway-

related proteins in lung tissue of mice from each group

T, AT PR B3 & T WT -+ Sham 4 ;
2 1L-37 T WiJa , hIL-37tg+LPS 40 PH 4 41 i 5
FW D, MIIE T BAME R W E LT WTHLPS 4,
ERAGHFE X (P<0.001), WS,

ALTJE i LPS 45 2 F X 30375 5 19 il 0 21 &
SEVEBO , A O BEAL R 2 AE {5 5l B 5
GRS S I R e S e r @ A & L LR 95 o T
AL, ™ R O AR AR A S . BT
I PR ik = 4 S5 PEHE ) 3607 T BL, 1248 N IRIE ST R
PR I B Bl HG R 42 AL O ALTOF ST R i TL-
STAE M IL-1 ZIE M E Z LR N1, nlad i 2 1
A AR JRE SV, TER KRG R KRR AE 5
RAEVEB R ALY HEN 0, Xuss

x4 FHNRITALZR NLRPI BEREXEBRIEKTELILR

Table 4 Comparison of expression levels of NLRP3 pathway-related proteins in lung tissue of rats from each group

(n=3,7%5)

205 NLRP3 GSDMD-FL GSDMD-NT Pro-Caspasel Cleaved-Caspasel
W T+ Sham 41 1 1 1 1 1
WT+LPSH 2.99+0.41 1.17£0.12 4.54-+0.86" 1.4140.12° 4.35+0.23"
hIL-37tg+ Sham 21 0.9840.12 1.01=£0.10 1.10£0.20 0.9840.06 0.9840.07
hIL-37tg+LPS4H 1.54+0.237 1.05£0.07 1.63+0.137 1.23+0.057 1.79+0.117

F1{8 46.043 2.578 42.328 23.357 436.803

P1E <20.001 0.126 <<0.001 <<0.001 <<0.001

P{E<0.055 WT+Sham 4l b “P{H<0.055 WT+LPS4 L4 (LSD 455

WT+Sham WT+LPS

TUNEL

DAPI

Merged

B4 FHNMRAELZR TUNEL &4 R (x400)
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Figure 4 TUNEL staining results of lung tissue of mice from each group (X400)
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Table 5 Comparison of positive rates of cell death

in lung tissue of mice from each group

(n=6,745,%)

4151 21 BE T B A
W T+ Sham # 1.500.55
WT+LPS#H 20.50+3.27
hIL-37tg+ Sham £ 1.670.52
hIL-37tg+LPS 4 11.3341.63"

Ffd 142.089

P1H <0.001

"P{H<0.0545 WT+Sham Al L4 "P{H<0.055 WT+LPSAIL
B (LSD-1 455
91 I WAL AR OC M fii 463 0 B AL rh LBk 52, TL-37 3
IR AT 0P YR I A RE B, R s A it A
H R B BE , (HIL-37 78 LPS 155 ALTH Y 4K
1 K 53 F WL v oA 58 4 BB o A 9% 38 o i
hIL-37tg /N B ALTAL AL, 5 YR 52 TL-37 AJ 3 2 417
il NLRP3 RAE/MEA S 4l f2ro, Wi AL/
B 178 it 8 g 38 453 43 - 910 ) s R 4 S S, i ALT
(B8 ) IE T SR AL 1T O SE IR AR o

AW ST 45 R Won, LPS A4S I 1 Al i 2 kg
/N ALTAL AL, 32 Bk il 21 20 1h 16 B 1 5 . R
PE A AL S R L it K i A e R g B A, () I
il 960 9 U6 W TNF-o, TL-6, TL-18 %54 & [H T /K
Vi TR, S ERA R AR — Y, 1 hIL-
37tg/INEAE LPS WIS , il 350 9o 345 493 1) Wb % i
RAE B E 9D, $OR IL-37 4 LPSiES 1Y
ALTEA Wi ER . X —458 5 Xu
2 5 T IL-37 40 ) NLRP3 3475 s 4% 0 W AL AR 56
P Bl 458 405 (0 0F 5 25 V8 AH B EDRIE, 1F— 2B E S T IL-
37 A i 4 RE MRS Th B B R AR IR . AR
B, IEE /N R Y T RE M TR TL-37 &
ik, AAE AR S5 AR A BL A ] 95 2 Bl L3R Gk B AT
TCH AR 2E S T DR AR R 5T A Y hIL-37tg
ANERSZER T N TL-37 M AR v ek, BTHA
R IL-37 B AE W06 1 . R 58 HAE ALTH i 4 T 42
M AR Y SE I R

NLRP3 4 AE /IMA L B 16 (A 5 00 40 i s T 2
ALTRA KR AT, HEoaHEm [ afE
SOM WIS ST WAL B Y LPSH#E
5 Toll ¥ Z & 4 (Toll-like receptor 4, TLR4) %
AT T kB (nuclear factor-kB, NF-kB) il
P, LA NLRP3. BiRIL-1B A% sk 3Rik, HRIE
ANABOE AR S ES s B S 0 N KA

I PR AR R A i R OE AR 5, AR A NLRP3 5 12
AH & BE 5 KR FE 11 (apoptosis-associated speck-like
protein containing a CARD, ASC) . Jij{& Caspase-
1R MR S Y, WIS Caspase-1 4
Cleaved-Caspase-1 (p20) . 3% LY Caspase-1 —
5 1 U0 F F AR TL-18 28 A A A9 TL-18 I B & e
Ab K S 9 RE R 5 5 — 5 1Y) # GSDMD
B A= GSDMD-NT, 1% 45 k4 380 78 240 g i % i
e PEPEFLIE , S B0 M K . IR RO N
RIEH T, Bl RMMAET . Wang % ™ R4
£ T NLRP3 RAE/IMA A 5 09 40 i £ T2 7E ALT 4
J5 AU il 240 M b i U AL, e I R 4
it Bk AL 5 PN B2 40 R R M 9 5 4 ) A T 3 ] O
B ALIPERE, $00 NLRP3 258 /MA X H R i fE T
i E N ALTIR YT M ZERm . ARWFoT 45 1
N, LPSiESA 8 FiE ALL/N BUM 41 40 NLRP3
F A EE, [FEFF Cleaved-Caspase-1 (p20) |
GSDMD-NT # 1Rk B & &, #8/8 NLRP3 &
JE/MAGEHOE I S AR T R A 1 hIL-37tg+
LPS 4 /N U4l 8l v b 8 Rk 8 % F i,
55 Ml #8943 D8 L AR RE R R R 2D B
P g, R TL-37 59 il A% 5 VR ATk A i
NLRP3 %A /NA BT ST e 40 A5 123 % S0
Xu &5 1SR FH W WAL A OGP il 453 405 455 78 % B
IL-37 %% e P /I BBl 40 24 v NLRP3 Fl Cleaved-
Caspase-1 23K 1 & N8, Mili 5 98 5E 453 43 PH I8 Dok 5%
$& 7R T1L-37 38 5 410 1 NLRP3 % 5 /A 38 3% & 4 il
TP ER o Guo 55 ' 75 Jie 5 4 il 461 003 F 5% vh 2 —
AUESE, TL-37 [ 4% NLRP3 i@ #% 4h, i Al 5 i
TGF-B/Smad3 i 41 il 5 5 7 Bl . $27 1L-37
MPT R AVE B 223 iU [RLRRAE . ki aF Y &R
U5 G5 T TL-37 760 W 2R S8 b B AL, 45
W TL-37 o] 3 i 40 M 9 5 Smad3 454 . il NF«B
FINLRP3 i ¥, 750l 76 41 g #h 5 11.-18Ra/11.-1R8
HEWE SSRGS, HHME IL-377E ALLH
() 22 B0 S A R R AL T B ARG . R B
FE IR SR AL T IL-37 £ 2 IR Bt 48 DA 76 i 3 ¢
i PR 9 TP R A 0 L, B R A T BIL R AT R
W K 2 55 A5 0 I 1 28 SUXF I
RPN RZE P RB, 1L-37 0] B & Tl
NLRP3 & H B RE K, AUk K NLRP3 & %E
ANPR (R 4 e 5 G, BE T 98 2D Cleaved -Caspase-
1 (p20) My, &4 6 GSDMD 1y U] & F1 2
MUEE T/ & A o X — IR 45 HIL I 5 A A8 A2 WL
B2 2 W S k4 NLRP3 il 5% ok 3% ALT R BF 5T
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S5, BB UE T NLRP3 48 5E /IMA 2
ALTF 1A A 208 5, 1 TL-37 48 R N R P BT % X
T, ] 3 A ) U 4 R A AR R B
Ab, IL-37 BB RAE A 258 B U W Rk, R
5 NLRP3 & 5 /N & 4 27 0 38 BT 76 40 i 9 5
Smad3 45 5L E GV, Wil TNF-«, IL-6, IL-
1B %5 4 48 P 1 i DR B S) 505 R mT A A B Ak
IL-18Ro/IL-1R8 & G W45 &, WG A5 5 5% 5 M %
S T 3/ R i K 5K B IR JR 4 (signal
transcription 3/
phosphatase and tensin homolog, STAT3/PTEN)
B, P NF-«B . e W UL E 30 Al /A 1
B/ 7L 80 ¥ 5 i & E 8K 11 (phosphatidylinositol
3-kinase/protein kinase
rapamycin, PI3K/Akt/mTOR) 4§ 48 5E {7 5 I 1
& 5 0 A B 5 A1 BA R A 6 % B TL-37 W) i
AKT/mTOR i B #0 B We, WE PM2. 595 5 (1)
s 5 Y, B R TL-37 AT R 1o R 45 N (W] 4 40 i 48
- CHME . BT EARRYRIAF T ZEA
U PR, HAE ALT ob i 38 45 N 24 7T fig 9 e £
i i 58 ORI AE ST

AHFFEAETR A8 75 IL-37 A& 4P BLH 4 W] i, IR
e TR, T hmblogst. &
—, RBFSE A A S M Ay M 4B R T IL-37 X
NLRP3 i fgmg 80 il 75 FH o ARk 51 A NLRP3 % 5
PEHI I Cn MCC950) % s sh ), B AE A Ak
20 AR rp AT NLRP3 ) il 5 i Rk 50, LU
B 9IE TL-37 A4 L B 4 R 5 M Tz % . 5 —
I Hf A TR I A AR AE —E R, TUNEL a7
EHREXAETSMET, BE KN GSDMD-
NT. Cleaved-Caspase-1 (p20) EMALKIE, J5ZE1)
5 A0 FE S 8 5 7 Fe LDH Bl 52 56 L 2 w25 46 0
SR ST RAE /NS 1 R 5 4R AR R AT
ARG KA ASC BE S AL . Caspase-1 B 5% ¥ &
WAIL-1R (p17) SARVIFI AR X4, &S 4h
FOAH OS2 56 DL B8 Mg BT SRR /A B TR AR S
S0, BRI L SR E . i AR AN RUG
PR TL-37 363K, A58 A8 &of hIL-37tg /) BUIE
SETIL-37 MG 5 R D RE o 5 L AT A AR A 20 fif 4 Y
Ha T SIRNA R AIG TL-37 1 filt T rp R4 4 BEL I L 7%
PE, WX NLRP3 3 #% M 4 f £ T s, DLk
— A IE 1L -37 76 123 % 09 12 R 1

ZE b ATk, AHESEEE T hIL-37tg /s BURSE AU IE
Sz, TL-37 Al s #04 NLRP3 RAE /MR 3G, T
I T i Cleaved-Caspase-1 (p20) . GSDMD-NT

transducer and activator of

B/mammalian target of

PRIk, el il 28 23 40 M B8 T K R E BT R,
T B2 LPS i 5 1/ BRUALL, TL-37 4 S 6 7%
PLRE T, EYHAEERL, v [F 2 NLRP3
% 22 A OCHERR T, BT AR 0 I R B A AN B
J& L F 5% T 0E — A B A 11L-37 8 35 NLRP3 48 4E /)
A1 5L AR 53 1 80 0 S B 28 OIS ML, I R R
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