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HLAVPADCEE MR mRNA A KF, LIRSS HBP X MR AL AT RO5E M. 28R AP BERI4] /N RUBE R
LU HBP 85 R 87K A U BR 2R3040 PE 432 bt il A i o) TR i, T 48 h ik Bl b, b s JF
LR, HIRYE 72 h 96 h 5B R = T RIS 6 h ZKF- IRJEAE : 5.017 £0.147.,2.750 £ 0.351 Lk 1.055+0.145, 3
P<0.05), 1E% % BRZH AR ZHZA b HBP ., ELANE & GSDMD-eNT (45 12835 /K I L-PAG A S, T AP HiFIZH
FERIKE W T, E A i M1 SRR AL, JF R AT, HBP IR T2 T AR AP /N BRI 473 ( B
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[Abstract] Objective To investigate the mechanism by which heparin binding protein (HBP) mediates M1
macrophage pyroptosis via the neutrophil serine protease elastase (ELANE)-Gasdermin D (GSDMD) pathway in early
pancreatic injury of acute pancreatitis (AP). Methods A total of 108 healthy male wild-type C57BL/6 mice, along
with conditional gene knockout mice (~/~ELANE, —/-caspase-1) were selected. They were divided into groups using a
random number table method: normal control group, AP model group, heparin group, ELANE inhibitor group, ELANE
overexpression group, ELANE gene knockout group, caspase-1 gene knockout group, and caspase-1 gene knockout with
ELANE overexpression group, with 6 mice per group. AP was induced by retrograde injection of 0.5 mL of 5% bile acid;
the normal control group received retrograde injection of equal amount of normal saline. In the heparin group, heparin
(100 U/kg) was injected via the tail vein immediately after model establishment. In the ELANE inhibitor group, the
ELANE inhibitor MK0339 (10 mg/kg) was administered intraperitoneally 30 minutes before modeling. In the ELANE
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overexpression group, an ELANE lentiviral vector was injected via the tail vein 30 minutes before modeling. Mice were
sacrificed 48 hours after modeling, and pancreatic tissues were collected for histopathological observation under light
microscopy and pancreatic injury scoring. Western blotting and quantitative reverse transcription-polymerase chain
reaction (QRT-PCR) were used to detect the expression levels of relevant proteins and mRNA expression in pancreatic
tissue, in order to investigate the effects of HBP on macrophage polarization and pyroptosis. Results In the AP model
group, pancreatic HBP expression and histopathological injury scores increased over time, peaking at 48 hours, and then
began to decrease; at 72 hours and 96 hours after modeling they were still significantly higher than at 6 hours (gray values:
5.017£0.147,2.750 £ 0.351 vs. 1.055 £0.145, both P < 0.05). In the normal control group, HBP, ELANE and GSDMD-
eNT were almost undetectable in the pancreas, whereas the AP model group showed significantly elevated levels, with
macrophages polarizing to the M1 phenotype and undergoing pyroptosis. The HBP inhibitor heparin alleviated pancreatic
injury (pancreatic tissue injury score: 4.00 +0.63 vs. 8.00 £0.63, P < 0.05), reduced inflammatory cytokine IL-1 (ng/g:
0.490 £0.035 vs. 0.995+0.010, P < 0.05) and the pyroptosis marker GSDMD-eNT in AP mice levels (gray value:
0.970+0.020 vs. 2.060+0.030, P < 0.05), the ELANE inhibitor suppressed HBP-induced macrophage pyroptosis
reducing GSDMD-eNT (gray values: 0.490 £0.030 vs. 0.970£0.020, P < 0.05) and attenuated pyroptosis-mediated
pancreatic damage (pancreatic tissue injury score: 3.83 £0.75 vs. 8.00+0.63, P < 0.05). Furthermore, in AP models
lacking ELANE or caspase-1, pancreatic pyroptosis and tissue injury score were significantly reduced [protein expression
of GSDMD-eNT (gray value): 0.524 £0.096, 2.150 £0.129 vs. 2.108 £0.068, pancreatic tissue injury score: 3.63 £0.75,
3.334£0.52 vs. 8.00+0.63, all P < 0.05]. Even under caspase-1 knockout conditions, ELANE overexpression led to
enhanced pyroptosis and aggravated pancreatic injury [protein expression of GSDMD-eNT (gray values): 0.500 & 0.008
vs. 2.150 £0.129; pancreatic tissue injury score: 7.33+0.52 vs. 3.33+0.52, both P < 0.05].  Conclusion HBP
exacerbates early pancreatic injury in AP by mediating M1 macrophage pyroptosis through the ELANE-GSDMD
pathway, providing a potential new therapeutic target for AP.
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e e A il 1 (caspase—l) B R T3 e, 12 A
PR A Y 22 21 £ 1 1 A 2 88 (neutrophil
serine protease elastase, ELANE) Xf ££ 7- 41 ¢ &£ H
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19 N % B (GSDMD N-terminal fragment, GSDMD-
eNT) A 5 0 400 2 L, AT % 26 4 s
HBP & —Ff b Mo 20 MR IR Y 22 AR AR 1, 72 22
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1 #MR5FE

1.1 FEZAH] . P HBP (1 : 1000), GSDMD (1 :

1 000), GSDMD-eNT(1 : 1 000), ELANE(1 : 1 000),
caspase-1(1:1000), 3- B B8 H wh B B = A
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH
1:1000) M A & PLEER AR 5 A4 s HAER | B 4R
LW (horseradish peroxidase, HRP) FRicHY RPTIR
T E YL A Y CY3 AR IR R
T B i BAEARHA R A A 20
(electochemiluminescence, ECL) BEYGR [ 717524
BREVRHA RN T ; 5O6E B % - RAHE
Bl )2 (quantitative reverse transcription-polymerase
chain reaction, qRT-PCR) 17 & . [ 5% 5% 1055 &1
FI R T 4 A RO IR W 5 e8P ELANE
fNITH) MKO339 114 F 56 Selleck 22 F]
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M PE B A4 A BL/CST ., 5% 1 4 Jk K] (—/~ELANE,
—/—caspase-1) i 5% /1N B, 4% Bl LB 6 % 0 0 I
WO IRZH L AP RIHRIZH | FER 2 ELANE 0] 57 2 |
ELANE 11 % 35 2 . ELANE & R 8 B3 21 | caspase-1
FE A FBR 2 | caspase-1 3 [H i 5 H it #35 ELANE
A, 6 Ko A TS 37 B ks S5
% 100 U/kg, ELANE #5041 T HIAC T 30 min 71
7 5t ELANE #1 571 MK0339 10 mg/kg, ELANE i3
FEIRH T HIBIHT 30 min FEFHIKEST ELANE 129%#
A

1.3 AP /NEUBSRIAYEEST - B/ BURRIR S 17304 7R
JERAS 28 ), 3531 1) JIELJRRAE AU 59% TR 0.5 mL il
F AP /NRUBIRL s TE X IRZL 25 T A5 i AR R OK
1.4 (B3 ARSLEG hEh Yk & 7 A (L)
Wy e ) 46 B A 4 B (GB/T 35893018)) 4 H i I
AR, Il 28— AR EBE S 2
HEHE (AL : TACUA-D2103065 ).

L5 KpHss &7 - ARG/ R — MO0, It
THIRS 48 h A8/ N, REERAIRAH LA H]

1.5.1  JHERA S LA % < IR IR ST 4% £
BRSO 2 48 h, K B IR Ak
W JE #EAT Y R O & 4 pum), 17 95 R 2 - 4L
(hematoxylin-eosin, HE) QL S50 T~ WAL e iR 2H 21
P G BT 79 A AU SR o i VAN B
152 SIERFHEE R AR ZUE TR 1Y
W12 £h 2% P (phosphate buffer solution, PBS) F i
VR TR TR, FREUBRARZH 212 50 ~ 100 mg,
AR« PBSRBI=1: 9(keg/L) M ATHYE Y
PBS (A I AR TR0 il 45 10% B 2ZH 25,
K, ACHKM N ARSNGB 10 min, BUEVER A
FHo K MW R (bicinchoninic acid, BCA ) &
EHALHK FIEW PBS i BB &5, T a2k
RPRIELL o SR EK 2928 K B ( enzyme-linked
immunosorbent assay, ELISA) | &2 B iR 4 21519 |-
T IL-1B | TNF- o 7K, R0 A6 2 B0 &
PR e | N = I R SN T RS2 S | S AR ¢
fithRAX 450 nm KM EEHUR G (absorbance, A) {H, HR
PR 2t A & i SR DR/ B =
Fno KHFLIR A (lactate dehydrogenas, LDH)
e AR I IR R A 2R 50 9% BT P LDH 154k,
VLIS RC ) 52 AR &, T 3K 450 nm 5 340 nm
(R B e ) 20 A (H I8 LDH 15 4%.

153 R H R Bl i 5 (Western blotting )
K6 0 J Jig 26 42 F HBP ., ELANE ., GSDMD , GSDMD-
eNT 25 [ 3K 7K « 42 U IR 41 ZURE A 5
IR 1, RS R BUR A R R IR
FEAS, A 5 X EREGEMI, 100 CIKTA 10 min 5 i
17 e SRR A - 2R NI IR B8 1 HL UK (sodium
dodecyl sulfate-polyacrylamide gel electropheresis,
SDS-PAGE), ¥ % 2 i — % £ # (polyvinylidene
difluoride, PVDF) i -, 1 5% WAR WM B0 1.5 hs
- 2ok 35 20 19 Tris 2% w9 (Tris buffered saline
with Tween 20, TBST) #f 3% J5 , it A GAPDH ., HBP
PR (12 1000), ELANE $HT4£(1 : 1000), GSDMD
Z s BEYTAR (1 1000), GSDMD-eNT £ 78 [ BT {4
(1:1000), 4 CHER LK ; K HIMA SRS ELSpz ek
FEEG ZPr(1:5000), ZRME 1 h; TBST #hijk,
ECL 2 {2, /] Image) 3X1F 4347 557 K EAE, UL H Y
HH5MNZS M GAPDH JKEEH M HE SRR H W
(2R 7K.

1.54 R qRT-PCR K il Jg& i 20 21 b i 5 7 —
A A A A B (inducible nitric oxide synthase, iNOS),
CD86. CD163, Hi Z & fif§ 1 (arginase 1, Argl) 1Y
mRNA 35 7K+ 42 BB R 20 SUREAS 5 B v 240 g
MORNA, 25 58 4 ¢DNA, #F 47 qRT-PCR. iNOS,
CD86., Argl Fil CD163 25| ¥ ¢ 51 f ik 35 A= P B4
HIRAF G, L GAPDH Jy NS IR, R ] 2744¢
e #®HT INOS, CD86 ., Argl . CD163 /i) mRNA £
KK,

1.6 Sil2# 53 #1 : W H GraphPadPrism 9.0 48 i1 %%
Pl . THR PR & I LIS + bR
WEZE (x+5) For, AL FLBCR AN R 5 225007,
W L4 % Tukey-Kramer #36, P<0.05 25 5%
AGiERE

2 & B

2.1 AP AR B[] 5N BRUBE AR 41 20 HBP 14 2 1
FERIK RN 2O B2 E A A Sh 2SR Ak L
BRI 3 1) : AP BRI/ NRIBRAR 4120 HBP 25
FI 23R 7K RN 2 B0 405 T 53350 B i A5 s ]
FER MW T i, THIB S 48 bk B w0, s I
TR, HIBS 24 h BEARZAZ] HBP 8 1Rk 4l
UL EA 5 PE o024 B S T, RS 48 h B Ik E]
e, HI W & THIBE 6 h (34 P<0.05), Tl
B 72 b 96 h B FEAG (0455 THIBLUE 6 h 7K
Vo $EIR AP HU AR 20 21 HBP £ H %35 1 4
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WAL B FEMm (22 ~5; [ 2 ~4) « IEF XF 18 41 Jge i
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iR R AR 4 2 B 0 A W A R L
FEAG 55 P43 B S AR, [R] B TL-1 B 7K f2 5 FRAIG,
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) 7 2 i 2L 2y B 473 0T 43 B 8 R AT, R
T3R5 2 2 23, {0 iNOS mRNA ik /KF TG
B 2 AE , GSDMD-eNT &5 [ 26k B B FEAI%, 1L-18
KR 5 T RE (34 P<0.05), 5 AP B 40 |1 %52,
ELANE 5 R i bR 28 BRARAR 475 11 Sk 92 i , 2 S0 32
5143 W S AR, INOS mRNA 28 35 7K B i 7
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T E, GSDMD-eNT 25 4 35 f T1L-1 B 7K-F
E— T8 (3 P<0.05). 4% Hidl ] M2 5 1rg
AIFREY Argl F1 CD163 B mRNA kK25
TG4 5 L (# P>0.05), Ut AN [E] T it M2 %l
EgE At s /. DL E25 SRR « HBP fig it
AP JRARRAE 07 25 B g An A e M1 A A )
JEE A R 200 L T S 1 38 A O, TR M2 TR
I O RS A

1y ELANER ELANES ;s
o (TR Ty FRAL T WY

ELANE (i S = 5
GSDMD-eNT [+ s i o 23 000

GAPDH o s s s e amm i s s ——— 30, ()()()

2 ELANE 315835 iF2 . ELANE #4505 AP /BB
FETHEHR A HBP 2 AR I

10.00

8.00

6.00

4.00
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TR SR B A PRy (47)

0 1 1 1 1 ]
PR o A0 @ P PSS
5 Z 2 4 2 |
,%\i@/ a&\\\@jo %\\%Sé %&@S@ %\@v %\@v

BT ®

T SHIBUS 6 h LA, 2P<0.05; HHEIBUS 12 h ek, PP<0.05 ; SHIEE 24 h 1L, ©P<0.05;
LIRS 48 h HAR, 1P<0.05 ; 5K 72 h AR, ©P<0.05

1 APREVIR HBP 3 HFAFIBRARH SURBIA 5 07 PP 038 1K L

*1 &4 AP /MNEPFERRE HBP. ELANE . GSDMD-eNT HI&E 8% i%

#0iNOS mRNA FRiAR IL-1B KEHLLES (x +5)

- Sk HBP [k ELANE & #iA  GSDMD-eNT #[1 iNOS mRNA IL-1B

- (R) CREEAH) CRBEAED) ik OREEMH) (2744 (ng/g)
AP 514 6 2.020+0.050 2.020+0.150 2.060+0.030 1.000+0.019 0.995+0.010
=il 6 1.460+0.050* 1.010+0.050* 0.970+0.020* 0.590+0.026 " 0.490+0.035 *
ELANE 173021 6 1.530+0.0202 0.040+0.020 ™" 0.490+0.030 ™" 0.830+0.010 0.390+0.030
ELANE #3541 6 1.510+0.0302 3.270+0.160 % 2.830+0.240 "¢ 0.830+0.015 2.500+0.170 >

5 AP BB LA, AP < 0.05 ; SIFR41ILE, PP<0.05 ; 5 ELANE #IHIFI4H, ©P<0.05
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% 2 HBP #l#l. ELANE EERiB / idREE caspase-1 EEELRIT AP /R

FRIRARETHAXEARIERRIEFRGIES IR (x £5)
1 AL GSDMD K H GSDMD-eNT & 11 HBP 1 ELANE #EH JERHRZH S 2
(H) Fik CREEAH) Fik OKEETH) Fik ORPEMH) Feik OREMH) By (43)
T xR 6 0.052+0.057 0.025+0.050 0.024+0.051 0.035+0.013 0.00+0.00
AP L 6 2.068+0.070°  2.108+0.068* 1.070+0.0822 2.010+0.186* 8.00+0.63
I 6 1.010+0.115%  0.620+0.082% 0.110+0.082" 0.445+0.066 " 4.00+0.63°
ELANE i #1541 6 1.250+0.129%"  1.325+0.05 0.950 +0.058 3.025+0.171 2 8.83+0.75
ELANE 5[ gl 6 1.985+0.013%9 0524 +0.096 2P 1.010+0.002 * 0.020 +0.040 Ped 3.63+0.75"
ELANE #3141 6 2.500+0.082*1  0.300+0.082 1.000 +0.003 * 1.858+0.09 21 3.83+0.75%°
kA
"’aSEpEE]IE ﬁiﬁgﬂ 6 2.000+0.013%4 0,500 +0.008 2 1.033+0.019%  3530+0.595%f  733+0.52%°
caspase-1 P HiFR4L 6 1.803+0.188%0  2.150+0.129%% 8 1385+0.557%  2.115+0.083 %% 3.33+0.52 e
T SRR R IR ILEE, *P<0.05; 5 AP FRIZL L EE, PP<0.05; SIF R A LE, ‘P<0.05; 5 ELANE f #2341 1L 4%, 'P<0.05; 5

ELANE JEH BRI 4, ©P<0.05 5 55 ELANE #HIF41LLES, 'P<0.05 5 5 caspase-1 JEHIBER H. ELANE 31355541 1L48, 5P<0.05

% 3 BF=.ELANE 333470 ELANE ERE &R * 4 #&%HiINOS mRNA . Argl mRNA .

3t AP /NRERARAEMARE MRS (x + 5) CD163 mRNA RikKFHIEEES (x +5)
| s 1-18 LDH TNF- i A iNOS mRNA Argl mRNA  CD163 mRNA
(R) (ng/g) (Umg) (ngfg) (R) k@) #E@*YY) R
AP iRz 6 0995+0.008  0.995+0.023  0.997+0.008 AP I 6 100040019  0.198+0.026  0.197+0.010
il 6 0490+0.035%  0.420+0.028% 0.810+0.020 JF&EA 6 0590+0.026* 0.167+0.012  0.150+0.004
ELANE #5540 6 2540+0.170%  1.930+0.043%  1.620+0.036% ELANE #3540 6 0.830+0015" 0.160+0.008  0.130+0.005
ELANE EH@HA 6 0390+0.031%  0310+0.056™ 0.590+0.030° ELANE £H#R4 6 0.850+0016" 0.150+0.004  0.100+0.005

TE 5 AP BRI RS, *P<0.05 ; SIFRALILE, "P<0.05; 5 TE 5 AP BRI RS, *P<0.05 ; SIFRALILEE, "P<0.05; 5
ELANE i #&ik 4 Lb#%, °P<0.05 ELANE i k4 b5, °P<0.05

APERIZH i 2EN ELANEd # k41 ELANEH: [H 440

B3 Ot TS/ FRIRASRREERGER HE 6 PERR

o " . e caspase— 13 (R
APEIRIZ] ELANEH Rl a4l caspase- 1 3 [l i FLELANE k4]

§| 4 BT WL ELANE, caspase-1 TN / MRiA% AP /NRERIRASURIRERAERF N HE Lo P FEEKR
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% 5 ELANE. caspase-1 EREF{k / T FRIEZT AP VR

FRBR B A R SAE A Bk F RN (x +5)

s 1-1B LDH TNF- o
25 %)
() (ng/g) (U/mg) (nglg)
AP FRIZ 6 0995+0.010 0.995+0.023  0.996+0.010

ELANE BEHmHA 6
caspase-1 FEK R H
ELANE i &3k41
caspase-1 JEFEBIRAL 6 0390+0.031%70.310+0.060™ 0.590+0.030*

5 AP BRI AR, *P<<0.05 ; 55 ELANE 2 [H miR e Heds,
bp<0.05; 45 caspase-1 H:PH L ELANE i #3541 L4, °P<0.05

0.490+0.035* 0.420+0.028* 0.810+0.030

6 2.540£0.110% 1.930+0.040% 1.620+0.036%

2.3 HBP 4] 5 Fl ELANE it R a5 26 35 / il B3 %oF
AP/NFURAR A ZUR A4 3 s i (11 3 ~ 4538 2):
B T WA N - (RPN BHIET HBP 4% ELANE 3£
TR AT AP /INER ) AR ZH U B A O R
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2, ELANE i iR 4/ N R L SR 555 AP B
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TR A9 SR FH 3 PR R Aot e 3k SR s Xof 1
KT TSR, 25 R R, Joie W H ELANE 417
il 3, 38 J2 #  ELANE 3[R 3 5 5 caspase-1 %&
DR R S A AP SR /) BRUA) JB R £H 2R 8405 35 AN T
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0.05). PRI, #E caspase-1 JE A fi Bk H ELANE i3 3
TR 2 PR 20 20 B 2 4 40 SO S N, ARG oy
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IL-1B /K240 24 T AP BRI 2 B 21 ; caspase-1
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2l 1 caspase-1 & [H #if [5% 41 LDH Al TNF- o 7K *F
Py AP B AU 20 WY B AR (4 P<0.05). fH 13T &
142, BRI 7E caspase-1 3 Rl G20 5 5 R o i 4k
ELANE (caspase-1 %&£ A i [k H ELANE i ik 41),
257 HBP A5 R 5 (FFZR 4L) AP /N BLUAY [
A AU B 2E A A0 T B R, S R Y AP
Y 21 A B AR 405 1 43 BH B B IR (P<<0.05). LA
A RN 7E AP AR AL SUh B4 A K
#i caspase-1 1 5 MM IR AR A, I8 A7 AE — S5
ELANE (J3E 2 LA AL 7238 4% ; ELANE A 75 675
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R AR L s 20 B e A= A T S o [l HBP #E ELANE
NPT R P R IE T REAEH , R 7E ELANE
I REFIRBRE O 2 T 5 e 5 35 e e iR 41
U, KRB 20T AP RAR AP VR
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I i T TN
GSDMD “ << 000
GSDMD-eNT — . 00
ELANE 43 000

e 37 000
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Mg TS — R PRGNS T =X, 7 2R S T
PR R FEE AR AR R EBIR, AP /MR
JIRe i 2H ZH v [ W 4 L ) £ T3 i, O B ELANE 417
il ELANE JEHRFR (LU caspase-1 JEPRIRER )
AT AP /N B TR AR 405 , 2 W I W 2 s T
JNEE AP S5 N AR R Ll 2045405 . ML g 4 i
25 AP R RAE N Y T, 75 AL S0 i 7
PRI, W BRINSE A0 MR i SR T |8 . ARBIF 58 25
SRR, AP /NRBERRA L M1 B WA i ) Bt
15, H HBP F5HUHI 20T Lk 2 M1 v 20 it 9 4
HAET, W AP /N AR B 0. R ML E
WEAMAAE T AT RES S T AP I BRI 5 1) Ko A
. M2 EREA S 5ALUE R (R RN IR A
g, ARBFSAE R ER, AP /NRUBEIRL SR M2
E W20 Mo b R e R AR Ak X ] B S AR RS
LTI O, M2 F AN A T RETE AP 5014
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