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(HE] BH HIHE AL RWRAT A /90 K KR (CELF/HS ) Xt 43 5 608 25 BR B (SA) 7 7/ U403
P i B 48 (36 7 VE FT L B X O B 2 (HK2)/NOD K 52 46 % 1 3 (NLRP3) | 32 1 41 T 6 1 & 1A% i 2
(RIPK2)/4#% N ¥ kB(NF-xB) {5 il i Al WE A MBS T /58 o 73k & CELF, il % CELF/HS I X} Lk 17
FAE PP CELF/HS 41 22 4, SR FH S5 A0 0 R 38 (MULC) 002 200 T A K i 2 S i o T80 11 il s 7 8 13
BE G /B T Y 434 CELF/HS B9 SN0 T 16 M o 0% RAW264.7 B 201 M 43 g % BE 4L Ik BB 20 L 25 1 R i 4
F CELF/HS 41 , R FH % 98 58 5 4y £ 86 0 4% 20 41 Jifd vh HK2 . RIPK2 .NLRP3 . & CARD 45 4 3 i) I 7 AH 26 B 45 ¢
HHA(ASC) M K E A W§-1(Caspase-1) ,Gasdermin D 2 3 4 viig 45 44 38 (N-GSDMD) 98 SRS A F o« (TNF-a0) |
F A 2 (1L)-6 IL-1B . 1L-18 \NF-kB p65 45 [ R AT 0L . BE I 6~8 J& i% M P SPF 2% C57BL/6 /MR 30 H, H:
24 HUEEST SA 5 5 20 B M AR R AR TR SR FH B AL - 36 15 40 M AR TR G B2 25 3k PR 40 (HS, 125 wg/ml, B H
3W) EZAE E AL CELF/HS 41 (CELF/HS, 6.25 pg/ml, & H 31K, 5416 H ;5% 6 RAENIE R X B4, AR 1d
Ja FhR IR, TS 55 1.3 .5 R 7 K AEAT S IRAT 0 Gl B G A R A BB Ol FR B L €8, 5 51 7 R E i TR 9 OB B
(CFU) THE0IT # £A 0 40 81 647 5 BRBR 7 R AR IE 4 04T O ACRS — B7F 210 G £ 1 B 33 9 Ol 2% (0, 4G 0 o 5 401 2
TNF-o IL-6 . IL-1B \N-GSDMD £ ik, #HR {RHMFHRIK R CELF/HS(6.25 pe/mD)WEE 8 b, Al A7 20 i 48 14
A FAA T O B 3 /BE T Y f8 1 7R CELF/HS(6.25 wg/ml) A A7 84 45 K SA. 5 KB40 4H [ , CELF/HS
2] RAW264.7 411 Jifd RIPK2/NF-« B {5 5 i #% 1 9 2 11 (P-RIPK2 . RIPK2 . P-NF-«kB p65 .NF-kB p65) ,HK2/NLRP3
{5 5 %l AH 3¢ & 11 (HK2 .NLRP3, ASC , Caspase-1) 41l Jifl 1 T- 40 ¢ & 1 (GSDMD .N-GSDMD) | % i A+ (IL-6
TNF-o \IL-1B 2 11-18) 2 G5 BE 24 (. 35 A, 25 59 9 e i1 22 2 L (18 P<0.05) o Bifi WL 2 I [A] 4B K, CELF/HS 41
A0 R T K e B % 5 2 G o 1 B I B 7 R A I I R B B 0 . RS RS 2R 3.5 I 7 K, CELF/HS
21 A7 B2 2 A g (o m B IR T AR T G R AL 28 R M 2 A R AL, 22 A St 22 L (F P<0.05) .
57 RIBRYL A A U35 R 45 R WoR BRI AL XS B 28 (3R AL L 2 A0 B R 4L CELF/HS 41 B4 95 11 553 il b
(11 170£245) . (11 047+925) . (6 567+404) .(58.33+15.28)CFU, K HHE T B Bk b R EFAH G H ¥ E X
(F=297.60,P<0.001) , H o 2 #ii %5 2 4 B8 7% 1T B0OAK T 485 280 0 IR 2 A 28 (30K 4, CELF/HS 21 78 75 1T 40 fIK T 4%
IR 2 28 B K Z A f R U, 22 R A Gt % L (¥ P<0.05) o A5 TN 2 Fn 45 (2 4 i )R
JE 4y O R O MR AR R AL (CELF/HS 41, 22 R34 G it 2438 L (34 P<0.05) . 2 Fi 67 25 41 9 0 40 i 45 i
1% T A5 B X IR 4 2SR 4, CELF/HS MK TRE R IR A 25 R IR M Z A B R 4, 2 R Gt X
(1 P<0.05). CELF/HS# TNF-a.IL-6.1L-1B % N-GSDMD - 14 9% 5't; 3 & SA41 T~ A6 80 %) PR 20 4 1 380 A 4 F 2 A
TGRE, ERWAGHEE X (B P<0.05), £  CELF/HS A S K SA By ]I 1] U6k 4% 7 548 9 , T k5 =
il HK2/NLRP3 .RIPK2/NF-kB {55 18 J% 7% 1k , 98 /> NLRP3 & GE/MATE i S GSDMD /1S (19 40 il A2 T A 56
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[Abstract] Objective To investigate the therapeutic effects of the celastrol-furoxan derivative-loaded
nanomicelles (CELF/HS) on Staphylococcus aureus (SA)-induced bacterial keratitis in mice and its effects on the
hexokinase 2 (HK2)/NOD-like receptor protein 3 (NLRP3) and receptor-interacting protein kinase 2 (RIPK2)/nuclear
factor-kB (NF-kB) signaling pathways and macrophage pyroptosis. Methods CELF was synthesized, and CELF/
HS were prepared and characterized. The cytocompatibility of CELF/HS was evaluated. Its in vitro antibacterial
activity was assessed by minimum inhibitory concentration (MIC) determination, bacterial growth curves, plate colony
counting, scanning electron microscopy, and live/dead bacterial staining. RAW264.7 macrophages were divided into
the control, peptidoglycan (PGN), blank vector, and CELF/HS groups. The expression of HK2, RIPK2, NLRP3,
apoptosis-associated speck-like protein containing a CARD (ASC), caspase-1, N-terminal gasdermin D (N-GSDMD),
tumor necrosis factor-a (TNF-a), interleukin (IL)-6, IL-1f, IL-18, and NF-kB p635, as well as other related proteins
was detected by immunofluorescence staining. Thirty female specific pathogen-free C57BL/6 mice aged 6-8 weeks
were selected. Bacterial keratitis was induced by SA in 24 mice, which were randomly assigned to the model control
group, blank vector group (HS, 125 pg/ml, three times daily), tobramycin group, and CELF/HS group (CELF/HS,
6.25 pg/ml, three times daily) using a random number table, with 6 mice in each group. The remaining 6 mice served
as the normal control group. Eye-drop treatment was initiated 1 day after model establishment. Slit-lamp microscopy
and corneal fluorescein sodium staining were performed on days 1, 3, 5, and 7 after modeling. On day 7, corneal
bacterial burden was evaluated by colony-forming unit (CFU) counting. Corneal tissues were collected for
hematoxylin-eosin staining and immunofluorescence staining to detect TNF-a, IL-6, IL-1B, and N-GSDMD
expression. All animal procedures were reviewed and approved by the Experimental Animal Ethics Committee of
Henan Eye Hospital (No. HNEECA-2025-10). Results The in vitro plate assay showed that CELF/HS at 6.25 pg/
ml effectively inhibited bacterial growth after 8 hours of incubation. Scanning electron microscopy and live/dead
bacterial staining further demonstrated that CELF/HS at 6.25 pg/ml effectively killed SA. Compared with the PGN
group, the CELF/HS group showed significantly lower fluorescence intensities of RIPK2/NF-kB signaling
pathway-related proteins (P-RIPK2, RIPK2, P-NF-kB p65, and NF-kB p65), HK2/NLRP3 signaling axis-related
proteins (HK2, NLRP3, ASC, and caspase-1), pyroptosis-related proteins (GSDMD and N-GSDMD), and inflammatory
cytokines (IL-6, TNF-a, IL-1B, and IL-18) in RAW264.7 cells, with statistically significant differences (all P<0.05).
With increasing observation time, corneal opacity, edema, and fluorescein sodium-stained area gradually decreased in
the CELF/HS group, with marked improvement in corneal transparency on day 7. On days 3, 5, and 7 after model
establishment, the corneal fluorescein sodium-stained area in the CELF/HS group was significantly smaller than those
in the model control, blank vector, and tobramycin groups (all P<0.05). On day 7, the colony counts of re-cultured
infected corneal tissues were (11 170+245), (11 047+925), (6 567+404), and (58.33+15.28) CFU in the model control,
blank vector, tobramycin, and CELF/HS groups, respectively, with a significant overall difference (F=297.60, P<
0.001). Colony counts were significantly lower in the tobramycin group than in the model control and blank vector
groups, and were significantly lower in the CELF/HS group than in the model control, blank vector, and tobramycin
groups (all P<0.05). Corneal thickness was significantly greater in the model control and blank vector groups than in
the normal control, tobramycin, and CELF/HS groups (all P<0.05). The number of inflammatory cells was significantly
lower in the tobramycin group than in the model control and blank vector groups, and was significantly lower in the
CELF/HS group than in the model control, blank vector, and tobramycin groups (all P<0.05). The mean fluorescence
intensities of TNF-a, 1L-6, IL-1B, and N-GSDMD in corneal tissues were significantly lower in the CELF/HS group
than in the model control, blank vector, and tobramycin groups (all P<0.05). Conclusions CELF/HS effectively
kills SA while alleviating corneal inflammation. Its therapeutic effects may be associated with the inhibition of the
HK2/NLRP3 and RIPK2/NF-kB signaling pathways, reduction of NLRP3 inflammasome formation, and suppression
of GSDMD-mediated pyroptosis.
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TR P AR R G I UL B BOR PR R IR L R DL
5 PR A 975 K I [ (i 3 A 4 k5 A SR 40 R A g
i, A BRAE 0 1K 200~350 J7 ' 4x #E (5 4 %4 BR
(Staphylococcus aurews,SA) J& H FZHUR W Z — , o5 4
BRI A 5548 995 9] Y 89%~36% 2 o SA JER YL £ i 5| 2 K it
S A A IR RN A AE DR BT, S B R 2 0™ R
W08 B A It 97 L 2 AL, IR A& 5| R A ] g AL T
REARLA o Bt A B0 A= 3R T 24 M e R0 H 45 7™ 5, 40 A 4 A
R4 1 Wi R YA 7 T I LR Bk R o BRI R
PUAE R AR gy EX) T ™ B R BN Y F T B
FR PRI T ABIE 5 40 B 1 AR T 58 R LR PR S EL R
B AT AR T RE 19 25 1y, X 200 T A T 9 4k O # T 1Y
BT A A I R S

20 il £ 7= /2 Gasdermin (GSDM) & H K&+ 5 19
T PR M AL T, HoAZ O L i GSDM 2 F 28 J#% 1 9
T IS i, 5 0 5 8 Al R R0 N oA A R, 1
Wt 510 B ) AR R ROE o B T R LA R X i A SR e 1Y
SN M AE T T7 2, A 28 M SR /N A [ R AN R AR
Z B (lipopolysaccharide , LPS) 1 £k [ 3F 28 #1L R JiE /)y {4
3 3% WO GSDMD , 45 470 R B3 Tt B ek e A Uk
Y Ve RE BE AR TR S ONE AR R R B
Wik 211 38 A1 Sy o0 S %) 205000 200 L L A 00 L T I T
T Kk R M DR, i 4 245 455 . GSDMD 2R 111 48
T DI o 14 N 3t 485 44 355 (N-GSDMD ) HL A3 5 jfg L 3% 1
ST BT AT R AN I N A A R A B
35 140 A % 1B (interleukin-18, IL-1B) 1 IL-18, 25 #iL
89 S A /N AR O T AR TR, S /DA SR W) L T AR AH G
B G (pathogen—associated molecular patterns,
PAMPs) 5 i 5 40 5¢ 73 ¥ B 2 (damage-associated
molecular patterns, DAMPs) J& 41 % & 1% 19 B o3 9 9% 15
SEAY AR A S A S CARD 2544 B
I T2 A 3¢ BE 45 FE 2 [ (apoptosis-associated speck-like
protein containing a CARD/domain, ASC) FlI MR E
fiti-1(Caspase-1) - PAMPs £ 35 5 B¥ F1HE 25 & 9, W 41
B LPS (3 2= [0 T 20 M I b A0 ) 3 312 AR OB (o
=% B T A D BE 43 ) A L AT R R S/ MATE

2 AR FH HOAE B BB 2 (receptor-interacting
protein kinase 2, RIPK2) J& 5 IR 5| 32 4K | an % 17 iR 45
A 5 B L 4 W 8 E B 12 (nucleotide-binding
oligomerization domain-containing protein 1/2, NOD1/2)
AN WA 5 5 1 24 41 KRB 2F PAMPs B2 NOD1 8
NOD2 PUiJ& , RIPK2 B 8 55 IF- Wl e Ak , 30% 1 W 1) %
b K F B W W 4B 1 (transforming growth
factor-B-activated kinase 1, TAK1)/# K -F kB (nuclear

factor-« B, NF-kB) {55 %5 i [ , 5 5 R AE K+, W IL-1B .
IL-6 .NOD £ 57 & 2 14 3 (NOD-like receptor protein 3,
NLRP3) & 19 5 55 F1 53 W6, DT )t 2 56 R fa 9 B i o
LIt , 9 RIPK2/NF-kB {5 53 [ o] fE 40 i SA 1 B R
A9 2 5E 2 o BIF 5T & B, © Bl 3 B 2 Chexokinase 2,
HK2) ] 28 A7 4 3 17 B il 2 NLRP3 4 /N 1A 21 25 A i
I P G BE PR T, RV K B0 33X Al RS A BIL ) RT BE R [
e 2% BE P 20 T R G B PR SR A VI R P b R A
B N-& Bt & 3 75 45 B (N-acetylglucosamine,
NAG),NAG AT # il HK2 A5 M, 5 80 HK2 2ok ik
Ah REE Y R K B M BT 25 38 38 (voltage-dependent
anion channel, VDAC) fi# 2§ , #F A 40 Jfl 57 - 20 %% 19 A0
I BT K f# pro-1L-18 Fl pro-1L-18 Jy i AL HY 1L-1B FI
IL-18,N-GSDMD J¥ B iy 5 5 £, 5 250 48 A Bk JiK | 448 Ao
4B S IL-18 A IL-18 75 N 1Y 40 i 8 259 , i K
RAE S I, A %% B HK2/NLRP3 ks 45 20410

HINTHELT E (celastrol, CEL) 52 M T o7 BHE ) B 2
i AR R v B LAY L ER = e rh 2 Bk B R AR
e BUIIE Ko b g R T AR 2 RN 25 BTG M L CEL R
A BUBRAE L, W SA (T H ST AR 4 (0 A BRI BR
BRI RS S TR AT BT S R A R AT B AR AR
F W], CEL 18 5 ROS/NF-kB/NLRP3 48 it /IMA g 410 1 2
KR P 565 4610 SR T, CEL 2 75 38 5o 78 25 40 i 4 1
S ) 20 DA A B % 1 R O T A

PEALPE TR E Mk P AR ALY R — 2R
H1,2,5-% = e 2-F Ak W) B — E Ak & (nitric oxide,
NO) A, 7T 8 5 55 36 19 20 738 B, BRI NOM ONO &
— PP E MG ST, T B A A I
NF-wB &M, AR5 AE F L 76 JE AH OB 1Y ¥R 97 h
FLA A L A (B AR 5T LR I R AR A NO
BEA 3 o BE e 46 A B K H 5 CEL By R 356 5 1) 1
e, f 2 T BE 21 % - 0k A AT 4 ¥ (celastrol-furoxan
derivative, CELF) , UL 13 NO 19 B W] 48 A, 42 F+ B 4k
CELALA W bt R 5L 6E

JRAE CEL AT VR YT 40 M AR R 1998 ) (ROK %
PE2E BRI T HE— 25 W LG Y CELF IR Bl Az
FLORKUR T o 9 oK JBe o5 s R 1 i 2 ) 2 WLV ik B2, Oy
2B & RN R IG Y7 S A T A B R SR B o 155 SL
JE TR 5 & W (Kolliphor® HS 15, HS) iy [ 5 24 iy W B¢
B R A AT R S A B ) B R A
B BE 77 28 H N AR e M G A B AR BE ST HUUR H HS
T3k CELF, DA m FL A B 3 ) 57 SA 15 3 1/ R
20 T P AR TR B ER S CELF XF SA #1548 B9 VA J7 2%
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Bk — 25 3F Al H R 5 A T 45 HK2/NLRP3 Al
RIPK2/NF-«kB 155 53 [ 52 Wi 40 i £5 1=, DT 0l 5% A
PRAE SR, LA Ry 41 B P £ 5 R 96 T SR A T

1 MBR5FE

1.1 e

111 4 Asc s shy) RS I &% 4l (rPCEC)
W IV B A B R e A BR S R 5 N F R R
4 (HCE-2) 1 [ 38 [ #7015 35 9 G pon 5/ BB
W 20 AL (RAW264.7) 1 [ 11 v 7% 58 A AR W) BHECA R
2wl PEHL 6~8 JE A M SPF 4% C57BL/6 /R 30 H,
W AL R A A R By A BR A\ AR 7= 3 AT R
45 :SCXK (I )2020-0001 ], T 57 25 (4445 & 5 2 S 1K 5y
Wy 35 R R FR RS R SPF 4%, I R (2242)°C, A
X BE R 50%~60% ,12 h i3 153, W B & Ik
Ko SIS WY A R AN Ak R 8 % A A S IR R AE 5T
B2 6 HR B AL 58 0F 55 v sl il R R 7R B L AR B
IR AW A4 S IRBEE BE 525 sh W) 10 #2261 2
AL (L3S : HNEECA-2025-10) .

112 FERKH KA CELF ARS8 = A, 4l
J¥>98% ; SA T ¥k (ATCC 25923, 3% [ B A A4 88 P o0 )
DMEM/F12 55 35 3 [ 10% Gibeo ML 1% 5 %5 % -5 %
ZUR (FEEH CGibeo A7) ) ;1PCEC 15 95 £ ( il 3% 1
AWy AR AR AT BRA B ) 5 B A0 M R 35 5 (g R A
A AE YR AT RS R R IR A (eyptic soy
broth, TSB) (Jb 3t R 3k R A BRA R 5 & A K
Efﬁ':ﬂﬁ‘(tryptic soy agar, TSA ) He (3 [H Sigma-Aldrich
N ) 5 AP B e 2R BB I F o (tumor necrosis factor-o
TNF-a) . IL-6. IL-18. GSDMD . NF-kB p65. P-NF-kB
p65 . RIPK2 . P-RIPK2 10 f& (VL I3 26 BH A ) WH 52 o 00 A5
BN ) ) s %4t TL-18 .NLRP3 , Caspase-1 HK2 44 (Jb
F R R HE ARG WA R Ryt ASCHUA (1%
B W AE Y B R A BRAF) bt N-GSDMD $T 44 (5§
SRR A R A BR A W) 5 R BE (i 22 sk
PR B A BRZS 7)) s FAS HR BR [ 5 0 (a0 FE 4k IR 4= )
BEECA BR 2 7)) 5 40 3 B0l ) &-8 (cell counting
kit-8, CCK-8) ( g 7R B fb T 4% R A3 BR/A w1 ) 5 1 S8 40
T G i 57 & (55 [ Invitrogen A ) ) o AV-400 % i 3
P& P 1% 3 (Fi + Bruker 23 7] ) 5 solariX 15 23 B 5 i i X
(7% [ Barker 2y &) ) ; Cytation5 B A5 124X ( 32 [ Biotek 2
F ) s HA B U8R (scanning electron microscope,
SEM) (£ [ ZEISS 24 7)) 5 59 ¢ 5t i il Bi ( H 4% Nikon
A 6 W (H A Olympus 28 &) 5 8E e 1% &
4t (25 [E Bio-Rad A 7] ) ; Zetasizer Nano ZS( ¥ [H 5 /R 3

W4 1) R 2 DD

1.2 ik

1.2.1 CELF &8 &% CELF/HS W% 5 %4 (1)CELF
B BERE R 13.4 gIF % T 45 ml UKEERR L 0
A E AL S K IE W 16.2 ml, IR 3 b, RN k&
MR 2 32 ml, 100 °C SN 4 he 45 35 vk 2 0 [
LTS Vi - S I L 1 I /N S U8 = Qi
(tetrahydrofuran, THF) 4 ml ¥ % " @ 4K 1, Jin A
N-Boc-Z, 5 it (3.0 eq) A1 50% NaOH 7K % # (1 ml, 3.0
eq), ¥ pH R i, TR Zﬁﬁ(ethyl acetate, EtOAc) 7k
HOKAH, TCK B iR 80 T 4, 78 T AL R AT el e 15 8
WA s — & H %t (dichloromethane, DCM) ¥ fift J5 vK 15
20 min, JiIl A S AL & 2 2 £ 1 % W (HCL/EtOAe) it 25
Boc Kk o I 45 U, e 1 500, FH AR R Bk iR S A K
WO pH 9 B S 7 ] ELOAc 2R 3 Yk, A HLAR I 67k
BRfR a1 28T A8 2Pk 2, DCM 2 ml % f# ]
& 2 (0.05 mmol, 1.0 eq) , #K & Jit A CEL (1.1 eq) .
[1-(3-70 &40 2k N 3K )-3-2 3k B — 0 B £h MR 46
1-ethyl-3-(3-dimethylaminopropyl)
hydrochloride, EDCI] (1.2 eq) . 1-¥& % % 3 = mk
(1-hydroxybenzotriazole, HOBt) (1.2 eq) fil N, N-— 5%
W 3 & M (N, N-diisopropylethylamine, DIPEA)
(1.2 eq) , &R 1 h, DCM Fs B [ R A4 2, 45 HLAH A
T G A B T TR 3 U, JE K B R A T M L 2K T L A
ok alifh 3 8 K P28 CELF (I 1) . 2K FH AV-400 #
i FE 4R 9 3% A CELF (49 'H M1 °C &% B35 . solariX
T 1% AL (EST B F U8 ) W & CELF 1 /& 43 B it 3
(2)CELF/HS il % 5 % 4E 20 mg CELF #1400 mg HS
TRA R TS/ i AE 5 m] — W R0 BN AP B 78 8 7 4%
PR ZAZ RN E] 20 ml £ B F oK OB IR RS A
Brash 78 K ik & 8 F K h & BT 48 h, 15 5 4 CELF 44
KGR (CELF/HS) o #8525 94 K i o % i T -80 “CHREAIR
T VKRR b TV R 2R o 4 AL e B B R TR B 58
ST =20 CAAfE A o 8 R AR TR 7 ik i 4 28
FI 2R 7R HS A X BEBE S (ORI 259 o 'HOA% w3 R
T O C A% g LR AE AV-400 8% 18 IR DA TR
fE CELF Ml o i & 3 & Ot # 4 (dynamic light
scattering, DLS) W %€ 25 H 3844 M CELF/HS kif% .

1.2.2 408535 &% CELF/HS 40 M 42 2 PE3FAf - rPCEC
FITHCE-2 41 Mi 3145 37 °C % 5% CO, My 5 48 h 85 5%
It BoacHk [ 16] i 57 1 7 R EATAE R . B rPCEC
I HCE-2 48 i LA &R FL 110> 20 i 32 Fh 1) 96 L 4R+,
BAL & 100 pl B 2R . 2R AH0.1.2.3.4.5,
6.7 F1 8 pwmol/L. CELF/HS 1E HI F 4 il 24 h, 75 & 4~ fL

carbodiimide
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Figure 1 Synthesis of CELF

glacial acetic acid, 100 °C, 4 hours; ¢: N-Boc-ethanolamine, NaOH (aq) , THF, room temperature, 1 hour; d: HCI/
EtOAc, DCM, room temperature, 3 hours; e: EDCI, HOBt, DIPEA, DCM, room temperature, 1 hour
celastrol-furoxan derivative; THF: tetrahydrofuran; EtOAc: ethyl acetate; DCM: dichloromethane; EDCI:
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride; HOBt: 1-hydroxybenzotriazole; DIPEA: N,

N-diisopropylethylamine

A 10% CCK-8 ¥ W, #EOLE & 4 h J5 1]
Cytation5 fiff 5 ic A M & 450 nm A& W ) (absorbance,
A) TR AT 1

1.2.3 RSN ISR (DRI BN E %
RAT I SA BRI AR S0 26 32 B T TSA AR, B T 37 CHE ¢
R R IR 18~24 hiE AT & U5 s MR IR BE SR 4K & R ] TSB
AR RCE T 37 CHRIRIRG Y 35 7% I 1 5
PRIV, 4 D 31 5 TSB B 35 2K 19 96 FL Al b, 4l A, 35 B
0.1; % CELF/HS 7E TSB ¥5 % 3 b % B¢ , LA 3K 45 0.039~
10 we/ml (Y B W BE s ¥ 15 R AR TE 37 °C M 1% 12 h,
ISR Aggo fH , M 22 CELF/HS B f5e 1% 310 B8 ¢ & (minimum
inhibitory concentration, MIC) . (2) 4l & /= K £k ¥
Agood5 0.1 B 4 B B W 5 CELF/HS(6.25 pg/ml) 7E 37 °C
TR FR DL W W R #h 22 vl W (phosphate buffer
solution, PBS) VE A %f M, 7E L B5 9555 0.2 .4 .6.8. 12,
24.36.48.60 .72 hill5E Agy, 2 il A T 2 L (3)F 4
PR V% TF 80 fb CELF/HS M BT R 20CR R T 21
2,6 SA 5 CELF/HS(6.25 pg/mL) T 37 ‘CHL 55 3%, 5
BT 0.1.2.4.6F18 h e 40 BT, 20080 2406 7 B¢
%A T TSA M, T 37 “CRE 3% )5 1505 758 i3 s
(colony-forming unit, CFU) . LA 0 h I8 7% 0k 24, 31
G5 BT TR] 52 P9 AR X 4 TR 7 078 2%, G 200 B A7 T R (%) =
5 B 1) A B 5 5000 h TR T X 100% . (4) SEM WLEE ff
I 1 B W 5 CELF/HS (6.25 pg/ml) 7 37 °C T 4L 85 5%
6 h, LA PBSVE g XoF RE; Wx 52 20 11 170 U J5 AR IR 48 85 0 43
B R R E PBSEEVE BB CEEBLK T BT
TG S 5% 4 Ah 3, A B 5E IS SR FH SEM iE AT SR 5
FE R (S IEAEH Yt RAFMF S IL S 6 h
Ji o 0 AT 4 A BR T UE T BT 4 B X I )
B SYTO 9 #1 #it fb 77 BE (propidium iodide, PI) P )

a:30% H,0,+VKESTE , %38 3 hyb: B UMY FR+ VKSR , 100 °C 4 hie:N-Boe-ZFENE
NaOH ZKIF W +THF, 2 i 1 h;d: HCI/EtOAc+DCM, E i 3 h;e: EDCI+HOBt+DIPEA+DCM, ZE#i 1 h  CELF:
TN RELT F -0 AT A 9 s THE - DU & W0 5 EtOAc: £ R £ i s DCM : &0 FF b s EDCI: 1-(3- 2 A & 3k
) -3-2 Rk W e PR R s HOBL: 18 32K IF =M s DIPEA :N,N- - R R L ik

a: 30% H,0,, glacial acetic acid, room temperature, 3 hours; b: fuming HNO3,

15 min, J{] PBS % 3 YK 5 {fi
aik o JH A 95 52 5t b 405 W ¢ 4
B NIES , R Image] X
€ B Hr OGRS Mz
1.2.4 o3 58 't Y (o 4
HK2/NLRP3  #1  RIPK2/
NF-kB {5 5 i % A1 5¢ & [
L RAE N FRIKEM W
RAW264.7 4 ffl 4 Jy X B&
KRN 2 (AR
CELF/HS 4 , DA & L 5 000
A 20 i 1 %% B B A AE 6 fL
M I, 25 18R 41 f CELF/
HS 41 4 5 1 = 13k ik
(10 wg/ml) Fl CELF/HS (0.5 pg/ml) Fil 40 BE A1 Jf 8 h, Jik
BOWE 42 R 4 M CELF/HS 40 18 Ik 3 OB
(20 wg/ml) 38 40 B 12 h, %oF B2 A g b B0 . 4% 4 4b
PESE NG H 4% 22 5 W E [#1 5 15 min, H] PBS & % 41 il
3 ; H0.5% Triton X-100 95 & 4 L 10 min 55 30 558 75
P, T H PBS Pk 5 FH 2 i v 1 P 40 30 min i —
$L RIPK2 (1: 100) #1 P-RIPK2., NF-kB p65. P-NF-kB
p65. NLRP3. ASC., HK2, GSDMD,
N-GSDMD . IL-6 . IL-1B . TNF-a . IL-18 (4 1: 200 i ¢ ) ,
4 °CWE R HPBSTER G FEE IR T 6 P
TN L b 40 MR 47, 6- R KL 20K e g kAT gy
K FH 100X 311 =4 B8 #E 47 FIGCR 4R, 76 A ) 3 B8 2 8K
T, B AL R AL B A R S LR AT R O
FH Image) #AFI0 7E H b5 8 H 097 2129 608 BE
1.2.5 YA BER SR E ST 5504 /N RE I
T 5 5% 1% EL 28 (50 me/kg) 75 5 4 By BRI , BILAR 374
BEARMRIR R, F AR BT AR 2 mm 45 2E /N A
JEE e Fe IR, DA o SRk % £ RS kb 161, 45° £ JIE T 25 B
P i BB AL A R e I 1 0 )2 A MR BT, 4 A A 1Y SA
PRV (5 wl, 10° CFU/mD) 42 b 2 1 BE G 1H . >R FH Bl AIL 2L
FRIEH BB 24 HUNR S BOALG BEZ 25 A
N EZA T REY .CELF/HS 4, 5416 X, #4524 h,
REAU X B 25 (AR A 2 AR % R 41 .CELF/HS 41 5y
2T 5 pl A BRER K 28 AR (125 pe/ml) 2 A H R
(6.25 wg/ml) \CELF/HS(6.25 pg/ml) S HR , ¥4 K 3,
ST do B4 6 H/NEAE R I 5 % R ASAECRR R AL 2R
1.2.6 4/ BRIGRIE 5> HOM @5 R 1 d 3
BEULT S f B T B O 1A AR A B AR R I S A
1% &0 2 Bk [ 17-18 1 #4716 IR F 43, R F Image]
B VAL A A PEDOCR M Tm . 5 7 R4S

CELF

CELF:

Caspase-1.
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G, R FH Ik o 8 B b 2 I A AR SR/ B AR A
S H K A AN BRBE LAY BCH TAS R . Rl
B3 /N i UG IR BR A6 J0 18 20 T 40 85 AR AL
41 2 4 A1 I B Bl TSA SV At A7 40 By R OF
st CFUTHEGT O A B4 T B 1y o Do B4 3 HU/IVER
JEYLIR K, 28 FAS R Bk 8 5 W & 2 5, T 95 ARk -t
RS U E R LD S N AV K o T
1.2.7 S A/NRAA A LU0 B 224G (D) TR AN -7
LY BGIRBRAL A R RIREA IR
K EBER T5% WP AT IR AL 31, PBS B VE 33K,
B 5 min, VI &R ARRPEWR G, WL R#ETT
SrARAL B DA BB 2R K Y) B TR L
WiKIE BAPOR R AT E Y, )5 U R K
WL TCK M ORI K 2385 B, e DL v g
R ORAE . R A W REZR T 38 XU [ R, BT
BB T SR B S, I Bl AL 2 B T R 42 R Gk
T, AR A A A s O o (2) S g ol e o il
YR B it K A Ak B K 20 2100 i A S AP i R B IR 18
ORI A feh B T RO m BGE T B R AR A
B e )n  f U AARR HI B, FH PBS MR 31K,
YR 5 min; 01 3% BSA B, E IR P 30 min LABH
Wr Al R S Pk A5 G AL s W FE B TR, SR Y B
200 wl4% 1:200 6 B9 — T TAE W , — 0 TAE W AL 45
TNF-a . IL-6.IL-1B F1 N-GSDMD, & Tg & N 4 CHH
1T s PBS PR 3K, AR 5 min. BE5K YT A% I 200 pl
55— o Y5 R ) AR IE T, = ORI
30 min, PBS 3k 3 ¥k, BEIK 5 min; 7 Il DAPT YL, & i
#EIEHEE 10 min, PBSEEVE 3 UK, BE UK S min; i il 21 21
KGR A R FE S min BE S LA K vk
10 min; i INPTHEC VRIS 7], I as % B, EH R
(REAR T2 6 e T LR, Bl HIL 32 JRCRR B R 4 L -
HEAT AT, ATEHY RAE IV o
1.3 Gitsarik

Kl GraphPad Prism 10.0 4% {4 3£ 47 G 3T 5 # o 31
I % B2 Shapiro-Wilk £ 56 UE 52 2 1F 25 43 4 # L) x£s
TR S AL TR SR H R B O 2 0 b7,
P T RCFOR 0] WG G 1L 38R F Tukey 6 56, Fo A it 4
ekl £ 8] G B R ) LSD- K6 86 S AT A IE S A
HUMCQ,, Q) TR, 4 4415 bn B H R
Kruskal-Wallis £ 5 , 28 [7) % 4 Lb %8 % FH Dunn £ 55 . P<
0.05 W 2ERA G FE L.

2 HR

2.1 CELF 4545 F1F & CELF/HS ki #2 A= Wy 42 4 fn

PRSI v I

il 5 19 CELF S 2L @A, 7 35 61% . i 73 HE B i
il 7R, CELF (944 85 - & 06 m/z 2 740.297 0 [M+
Nal*, 55 C3H4N3NaOsS (1 B i 115714 740.297 6 Fe A —
FHH-NMR 25 3 571, 8 8.05 ~ 6.35 ppm 11 il P i1 30 5%
B WL R 98 T I FRIE {5 45,8 2.75 ~ 0.94 ppm 1 [l
P B CEL B 22 5K U5 A9 Y 36 Fn i Y 3% 715 5
PC-NMR A 5] 39 kA5 5, Horbr 8 174.36.172.90 F1
169.03 ppm &b AT UL BE i FEAEAS 5 0 25 2R A1 CELF/
HS V- HPRiA2 43 510 (14.21£0.31)F1(9.23+0.15)nm

CCK-8 & I &5 SR B /8 ,0.1,2.3.4.5.6.7 Ml
8 wmol/L CELF/HS kb3 HCE-2 J& , 40 L 1% J1 {8543 5
(100.03+1.53)% . (110.42+1.67)% . (101.99+7.25)% .
(106.44+2.21)% . (103.72+0.30)% . (105.68+3.49)% .
(101.73+£7.67)% . (102.62+0.21)% F1 (73.01+33.08)% ,
rPCEC 40 {8 1% J7 A 43 %1 >4 (100.00+4.39)% . (111.00+
7.12)% . (98.51+2.13)% . (97.90+3.99)% . (90.77+
3.26)% . (90.03+5.34)% . (90.51+6.51)% . (72.73=+
9.30)% F11(79.62+8.72)% . 0~ 7 wmol/L CELF/HS kb 3
J& HCE-2 4 i 1% 7 SR 247 76 5 3 7K 7, 8 umol/L IS 24
Jit 3% 1 F B 50~ 6 wmol/L CELF/HS 4t ¥ J5 vPCEC 41 Jifs
5 ) B AR AE R R K, 7 ~ 8 pumol/L A BT T B (18]
2A B). 45 H427R, CELF/HS TE R ik B2 3 BBl P ok £ s
R A AN R T R 20 B A A 0 A AR A

CELF/HS X SA B ¥k i MIC Ky 1.25 pg/ml. 5 X I8
HAM I, CELF/HS 20 7E 6.25 we/ml ¥ T 52 4 30 il 240
B AR K R R A W B TR] A TE AR 4R 1E 22 (] 20) R
KA 525, 7E 6.25 pg/ml WK JFE R 5% 2 h )5, SA H
7B WD 8 h A R UL TR % A K (&1 2D \E).

SEM %5 5 /R, % BE 4 SA DG JE S 588, 5k
AR 45 My {3 52 8 CELF/HS 2H SA 36 10 4% 45 . V1B L 1%
2 NAEYB N, LA A0 M58 A R R R (L 2F) o
6 LR 98 6 e 8 s, X IR AT SA DL SYTO 9 &% (5,56
J T PITLL A3 Y64 /0 s CELF/HS 40 4% (0,98 G /b, 21
OO B 2 (K 2G) .
2.2 41 RAW264.7 4 il RIPK2/NF-kB 15 5 i i HH ¢
HARIB LK

% 21 RAW264.7 4 g rf* RIPK2 . P-RIPK2 ., NF-kB
p65 M P-NF-kB p65 V-1 5¢ oim & Bk b 2 R A
4t it B X (F=80.42.276.47 . 337.40. 136.70, ¥J P<
0.001) , v 5 K 3 B% 2 46 [ , CELF/HS 41 RIPK2,
P-RIPK2 NF-kB p65 Fl P-NF-«B p65 % Y 5if JiF ¥ g %
RG22 398 Gt 8 (¥ P<0.05) (3, 1),
2.3 41 RAW264.7 40 il h HK2/NLRP3 {5 5 fli #H ¢
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E2 CELFHSHENENREMEREMIEFE TS A B AR CELE/HS X 5 F R 000 K 4508 F AR A% ek CoAR TR AL 2L
A SARKMZL DAL IR AR ] SA fFIE AL B A F AR B0 Pl CELF/HS(6.25 pg/ml) 4b BUR TR I W] A BT RCR oA AL 3
ZE R SA SR AL T A R (bR =400 nm) G2 AS [R]b BILA& 4R 16 /98 1 e €8 2 DO Y (A R (AR =10 wm ) CELF: 55 23 JBE 41 3% -k 1 i

HEW 5 SA - A H (0 A BK TR

Figure 2 Biological safety and antibacterial activity of CELF/HS in vitro A, B: The biological safety of different concentrations of CELF/HS on

corneal epithelial cells and conjunctival epithelial cells ~ C: Crowth curve of SA with different treatments  D: SA survival ratio changes at different time

points of co-culture E: The antibacterial effect of CELF/HS treated at different time points by bacterial plate counting assay F: Electron microscopy

images of SA with different treatments (scale bar=400 nm) G: Fluorescent live/dead images of SA with different treatments (scale bar=10 pm) CELF:

celastrol-furoxan derivatives; SA: Staphylococcus aureus

BRI LK

% ?H RAW264.7 20 ffl o HK2. NLRP3, ASC }
Caspase-1 Vg o B RIK L Z R W HE ST 4 E
S (F=37.17.24.00.31.31,135.70, 3 P<0.001) , Hp 5
ik B 85 4H M b, CELF/HS 44 HK2, NLRP3, ASC J%
Caspase-1 2¢ Yo FE Y W FRL, ZR WA G I E XL
(¥ P<0.05)(E4,% 1),

4 RAW264.7 4 Jfi v GSDMD F11 N-GSDMD - #J
5o BE AR T B 2% R A e i B L (F=103.50,
206.80, 34 P<0.001) , H v 5 ik SR 4 41 4 [, CELF/HS
21 GSDMD 1 N-GSDMD %% 5t 5t B 4 B @ B AI% , 22 55+ 3
HE 22 L (¥ P<0.05) (5,3 1)

% 2 RAW264.7 48 s ' IL-6. TNF-a, IL-18 K&

1L-18 P ¥ 5 6 BE SR LA 22 S A G i 2 3 L (F=
46.28.116.50,162.70.,76.55, 4 P<0.001) , H:p 5 ik
W AH LY, CELF/HS 2H 1L-6 \TNF-o \IL-1B S IL-18 -1
O FE X W REAR, 22 R WA gt L (H P<
0.05) (Kl 6,3%2).
2.4 & 2N BN PE AR IR AR B A DN YR T R A IR
2 LAl

SEBAT WA R A R BN SRR 1R A
/INER A5 AT D B A R ok K e B b e A B O AR
[ E 4, CELF/HS 41 # RS iR ik 7K b S % 5t 2Rl % €6 1ol
B DB, 5 7 R AR B R Y I A s A X HR 2
FZS AR AT AT DS [) B2 A VR e K b Je b
AT, 22 AT TR AL B A s R R 2 e (A
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Figure 3 Representative immunofluorescence staining images of RIPK2, P-RIPK2, NF-kB p65, and P-NF-kB p65 in RAW264.7 cells from

RIPK2: receptor-interacting protein kinase 2; P-RIPK2: phosphorylated receptor-interacting protein kinase 2;

NF-kB: nuclear factor kappa B; P-NF-kB p65: phosphorylated nuclear factor kappa B p65; CELF: celastrol-furoxan derivative

TAB) A5 BB 55 1 K A S8 28 4 G €6 1 A A A4
FbAs 2 3 RG24 2 L (F=0.26,P=0.854) ;55 3 .5 Fl 7
KA EAR L8 22 5 3 i1t 2% B L (F=81.48.,
471.55.38.50, ] P<0.001) , H: *h CELF/HS 21 ff1 5 2%t
AN Y 0 T AR R TR X BR 2 L a8 AR A 4 N A
HEM, ERHAGIE L (¥ P<0.05)(£3),

AR E S5 3.5 R T K45 4L A BRI PR T 4 B A L
Z RS E L (H=13.51.17.72.15.61, ¥ P<
0.05) , H: 55 3 K CELF/HS 40 £ JE I PR 3T 43 34 1% T 454
RIS S HARERA M Z A R4, 2R WAE 5T
2 X (¥ P<0.05) ;55 5 KA 7 K CELF/HS 41 £ i
I R T 43 S ARG 460 280 o) B 4 0 28 (1 3R 4], 2 S A
Giil2 i (3 P<0.05)(F4),

T AR A 7 R YL A I 2H P R A R R B
AU RRAL 28 IR 24 55 Z 4 .CELF/HS 40 14 7%

84 5k (11 170+245) | (11 047+925) | (6 567+
404) .(58.33+15.28)CFU , £ 41 I 5 T8 Ak L 3 22 55
A Gt 2 B L (F=297.60, P<0.001) , Hirp 241 % % 40
A8 1 B0 A5 T X IR 2 s (3R 4, CELF/HS 41
BT AR AR X 4] 2 R R 2 i &
Y, 2 A G2 X (H P<0.05) (1 7C.D).
IIAKE LT Y (25 B o i IS 3R 7 R B R X}
MR 2 N2 1R AR A ff B g 2B S 1 R T L £ R E
20 95 T 5 2 A R R A A TR R AR A A0 M I T R A
TS BR 20 28 11 4R 41980 /0 s CELF/HS 41 ff i 4 21 45
) 2 30 0E 6T BRAT, 2% AE 40 i Y2 Vi B S ek 2 (1 8A)
U A RE R R VAR L B 25 A SR B L (F=154.94,
P<0.001) , H: o A5 AL o BE A1 A28 3 2R A 4l B S 3y
TR U R 2 AR R YL .CELF/HS 4, 2= 5391
i1t 5 (35 P<0.05) ; % A1 % % 4 . CELF/HS 41 i
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Figure 4 Representative immunofluorescence staining images of NLRP3, ASC, caspase-1, and HK2 in RAW264.7 cells from different groups

(scale bar=10 wm) NLRP3: NOD-like receptor protein 3; ASC: apoptosis-associated speck-like protein containing a CARD domain; Caspase-1:

cysteine-aspartic protease 1; HK2: hexokinase 2; CELF: celastrol-furoxan derivative

TE B G R L[] A RS B L A 25 S TE G i L (1
P>0.05) o % 21 % i 40 ML Ei i Sk b iR 22 R A SE i
M (F=229.98, P<0.001) , H: 2 1 85 2 20 R AE 40 i 5
o AT AR R R 2 N s AR 4, CELF/HS 411K 4%
RIXP IR SRR M ZmE R, Z5FHA5%1T
2 Y (#P<0.05)(%£5),

AR B g e e Y 25 R BN, 41 TNF-a
IL-6 .\ IL-1B 2 N-GSDMD - ] 5¢ St 5ift BF S K e #5822 7
¥ g2 08 L (F=46.81.,70.11,249.00,335.00, ) P<
0.001) , H & CELF/HS 4] TNF-a. IL-6. IL-1p &
N-GSDMD V-4 5 't 3 B ¥4I T B R0 B2 23 1 2 dk
A7 R R AL, 22 R A G E E L (3 P<0.05)
(K 8B,% 6),

3 itig

20 P IR R DL 8 O P TR M R A, SA T

U AN AT S B0AA JRE2H 240 B A0 far 3 0, 38 W7 5 S R
RAE TR, 51 B Fh L 25 A6 B8 DR AL DD BE 40 o H T I
PRAGYT F2 SO BT A= 2 2 1 JEk e | {EL Bt 2 T 245 4 i)
AN, B2l TR G T M DA AT A8 R g R G R
i 40, I BT TR AT R A T AR BLIG T R ms B
AR AR ST T SATE S B9 /0N B T I A R
SR, PR 1T CELF/HS M6 97 808 X W ALH] , 45 R
.7, CELF/HS RE % A %5 K ff 16 20 2040 T 1747, ok
0 IR Bk 7K i B 5% 0E 40 B iR 5 (R E, CELF/HS Af
0] HK2/NLRP3 £l RIPK2/NF-kB A 615 5 #4006 |, w2
GSDMD 45 1) 20 B £ 172 K R PR BE 0, AT & #5e
R AT 28 SR LR P 4 H o

CEL & R 5 T 75 25 e 1Y — Fh K AR TUBF =5 2Kk &
Yy, G PSR Y S BT A 2 R A W S AR
M7, A 22 9 7K U P RV 7 3 PR R 7 i — 2P g .
A B 5% 38 ok 51 A ik A S AR P NO At A 3 T A
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®1 &HARAW264.7 M F RIPK2/NF-kB {5 5 & 8 .HK2/NLRP3 R ENMERETHABTAFHRNBELLE (Xxs)
Table 1 Comparison of mean fluorescence intensity of RIPK2/NF-kB signaling pathway, HK2/NLRP3 inflammasome, and
pyroptosis-related proteins in RAW264.7 cells among different groups (x=s)

21 5 PEA & RIPK2 P-RIPK2 NF-kB p65 P-NF-kB p65 HK?2
Xif 1 2] 3 149.95+8.69 114.39+5.70 26.74+6.16 27.89+2.03 89.36+6.86
KT HE AL 3 224.35+4.48" 207.70+3.83" 159.37+7.65" 90.85+9.65" 163.79+14.63"
25 AR 41 3 219.07+5.44" 185.25+12.67" 166.81+7.53" 100.69+5.15" 164.39+12.80°
CELF/HS 4 3 169.84+8.68" 134.04+9.42" 37.32+7.17" 25.62+4.13" 109.74+6.76"
F1H 80.42 276.47 337.40 136.70 37.17
P <0.001 <0.001 <0.001 <0.001 <0.001
20 5 FEA NLRP3 ASC Caspase-1 GSDMD N-GSDMD
X R4l 3 58.41+10.48 76.20+6.47 52.30+9.31 55.14+5.33 59.95+6.23
JiR SR A A 108.45+9.67" 153.05+22.02" 129.20+8.90" 123.70+5.01° 176.32+5.03"
75 1R 4 3 106.79+11.92° 168.70+16.22" 131.12+4.19° 116.73+10.68" 180.18+12.08"
CELF/HS 4] 3 57.04+8.35"™ 54.67+5.33" 49.88+1.01" 52.03+2.49™ 55.68+8.42"
F1H 24.00 31.31 135.70 103.50 206.80
P <0.001 <0.001 <0.001 <0.001 <0.001

TE 5 X R AL L, *P<0.05 ;5 Ik B M4 L 52, "P<0.05; 5 48 3R R4 HL AR, “P<0.05 (B[N 2 2240 T, LSD- K 36 ) RIPK2 - 52 PR M B4 FH 48 14 1 il

2; P-RIPK2 . W % Ak 2 1A HH B FH 2 15 B4 25 NF-k B2 #% [K T kB ; P-NF-kB p65 : B iz fL 1% [F T kB p65; HK2: C B4 2; NLRP3: NOD FEZ (K H 35
ASC: 7 CARD 25 #4380 i 7 T SC B 45 FE B 1 Caspase-1: BE K 2R -1 N-GSDMD : Gasdermin D 2 JE K i £5 ¥ 38k ; CELF : T A 41 R -k A £ 9
Note: Compared with the control group, *P<0.05; compared with the peptidoglycan group, "P<0.05; compared with the blank vector group, “P<0.05 (One-way
ANOVA, LSD-¢ test) RIPK2: receptor-interacting protein kinase 2; P-RIPK2: phosphorylated receptor-interacting protein kinase 2; NF-kB: nuclear factor
kappa B; P-NF-kB p65: phosphorylated nuclear factor kappa B p65; HK2: hexokinase 2; NLRP3: NOD-like receptor protein 3; ASC: apoptosis-associated
speck-like protein containing a CARD domain; Caspase-1: cysteine-aspartic protease 1; N-GSDMD: N-terminal domain of Gasdermin D; CELF:

celastrol-furoxan derivative
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Figure 5 Representative immunofluorescence staining images of GSDMD and N-GSDMD in RAW 264.7 cells from different groups (scale bar=
10 pm) N-GSDMD: N-terminal domain of Gasdermin D; CELF: celastrol-furoxan derivative
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Figure 6 Representative immunofluorescence staining images of IL-6, TNF-a, IL-13, and IL-18 in RAW264.7 cells from different groups

(scale bar=10 pum)

F2 BEARAW264.7 A RIE E F FHRLEE LK (xxs)
Table 2 Comparison of mean fluorescence intensity of inflammatory cytokines
in RAW264.7 cells among different groups (x=s)

21 51 FEA 1L-6 TNF-a IL-1B 11-18

Xt iRl 3 64.14+7.26 69.46+2.79 35.79+4.54 31.73+8.86
JIR SR A A 3 115.88+9.00°  144.41+3.88" 146.44+12.14*  135.91x11.87"
75 1 IR 41 3 113.79+7.57°  145.64+12.50" 147.54%8.89" 133.54+12.89"
CELF/HS 4 3 86.80+6.32" 73.44%2.64" 38.16+7.12" 54.29+8.22"
F1H 46.28 116.50 162.70 76.55
P <0.001 <0.001 <0.001 <0.001

T S B AL H A, *P<0.05; 5 KSR B AL LA, "P<0.05 5 5 28 B 4 HL A%, P<0.05 (A R 3%
T ZEHT,LSD-e K 56 )  TL: FI AT 3 5 TNF-ou: PR SR BE IR F o CELF : 75 20 7 21 3 -k iy
it

Note: Compared with the control group, *P<0.05; compared with the peptidoglycan group, "P<
0.05; compared with the blank vector group, ‘P<0.05 (One-way ANOVA, LSD-t test) IL:

interleukin; TNF-a: tumor necrosis factor-a; CELF: celastrol-furoxan derivative

IL: interleukin; TNF-a: tumor necrosis factor-a; CELF: celastrol-furoxan derivative
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Figure 7 Therapeutic effect of CELF/HS on bacterial keratitis in vivo  A: Diffuse light (X25) under slit lamp microscope  B: Fluorescein sodium
stained images under slit lamp microscope (X25) C: Photos of TSA plates for re-culturing the infected corneal tissues on the 7th day of different
treatments  D: Comparison of colony counts from re-cultured tissues among different groups  F=297.60, P<0.001; Compared with the model control group,
*P<0.05; compared with the blank vector group, "P<0.05; compared with the tobramycin group, ‘P<0.05 (One-way ANOVA, Tukey test) CELF:

celastrol-furoxan derivative; TSA: tryptic soy agar; CFU: colony-forming unit

®3 BANMNRSEEEAEMERABRETLZMNECERIEE (x£5,mm*)
Table 3 Comparison of mice corneal fluorescein staining area at different time points after modeling among
different groups (x+s, mm?)

25 FEA ERER S 1R LR 3R LS55 5 K WS TR
TR S IR 4 6 3.16x0.12 2.16+0.12 0.604+0.016 0.236+0.041
25 AR 6 3.16+0.07 2.16+0.07 0.590+0.042 0.232+0.044
ZATE R U 6 3.08+0.21 1.85+0.09" 0.253+0.008" 0.151+0.012*"
CELF/HS 41 6 3.16+0.07 1.16+0.07" 0.009+0.003*" 0.001+0.000""
F1E 0.26 81.48 471.55 38.50
P{E 0.854 <0.001 <0.001 <0.001

T SRR B LA, P<0.05 5 15 %8 PR IR 2 LL 4%, "P<0.05 5 15 Z AT BE AR AL LU AR, °P<0.05 (BB 3R Uy 2207, LSD- K9t ) - CELF : T /3 20 % -k i
QiR

Note: Compared with the model control group, *P<0.05; compared with the blank vector group, "P<0.05; compared with the tobramycin group, “P<0.05
(One-way ANOVA, LSD- test) CELF: celastrol-furoxan derivative
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Table 4 Comparison of corneal clinical scores at different time points after modeling among different groups of mice
[(M(Q,.0,), points]

215 FEA & HERRE A 1R RS 55 3 K LS55 5 K TR F A TR
IR X B 2 6 3.00(3.00,3.00) 3.00(2.75,3.00) 3.00(2.00,3.00) 2.00(1.00,2.00)
25 PR IR 4 6 3.00(3.00,3.00) 3.00(2.75,3.00) 3.00(2.00,3.00) 2.00(1.00,2.00)
ZATTE R A 6 3.00(3.00,3.00) 3.00(2.00,3.00) 2.00(1.75,2.00) 1.00(1.00,2.00)
CELF/HS 41 6 3.00(3.00,3.00) 1.50(1.00,2.00)" 0.00(0.00,1.00)™ 0.00(0.00,0.00)™
HAE 13.51 17.72 15.61

P{E 0.004 0.001 0.001

T S RBEALX B LS, *P<0.05 5 5 28 PR R AL LR, "P<0.05 5 5 Z 75 B R 41 UL, “P<0.05 (Kruskal-Wallis Kz 9, Dunn K2 4%) - CELF : 85 20 R 41 3% -k
WA AT A= 4
Note: Compared with the model control group, *P<0.05; compared with the blank vector group, "P<0.05; compared with the tobramycin group, “P<0.05

(Kruskal-Wallis test, Dunn test) CELF: celastrol-furoxan derivative
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Figure 8 Histological evaluation of mice corneal tissues on day 7 after modeling
200 pm)
1L-1B, and N-GSDMD (scale bar=40 pm)

necrosis factor-a; IL: interleukin; N-GSDMD: N-terminal domain of gasdermin D; CELF: celastrol-furoxan derivative

A: Representative hematoxylin-eosin staining images (scale bar=
B: Representative immunofluorescence images of TNF-a, IL-6,

TNF-a: tumor

The lower figures showed local magnification of dashed box (scale bar=50 pwm)

Nuclei were counterstained with DAPI (blue), and the target proteins were shown in red
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x5 BHANMNRAREEMREARBEILE (x£9)
Table 5 Comparison of mice corneal thickness and

inflammatory cell counts among different groups (x=s)

v SR 20 e A
257 FEA IR (m) I 5 B )
IEH X B4 3 112.94+3.65 0.00+0.00
H5E TR ) HE 2 3 227.83+8.77" 251.67+15.50"
25 AR 3 225.04+8.76" 253.0027.22"
ZATRE R A 3 118.05+10.14" 93.67+8.51™
CELF/HS 41 3 114.61+9.49" 0.67+0.58"
F1E 154.94 229.98
PiH <0.001 <0.001

e« 5 1E 5 XT AL LA, P<0.05 5 S5 A8 B0 % IR 4 LE 4%, "P<0.05; 525 A
AR L EE, °P<0.05;5 5 T A R 3 AL L EL, 'P<0.05 (B R 5 07 22 43
LSD-t46: %) CELF: 2 BELL & -WR WA AT A4

Note: Compared with the normal control group, “P<0.05; compared with
the model control group, "P<0.05; compared with the blank vector group, “P<
0.05; compared with the tobramycin group, "P<0.05 (One-way ANOVA,
LSD-t test) CELF: celastrol-furoxan derivative

F6 FBHNMRARKREAL D TNF-a.IL-6.1L-18 & N-GSDMD F 3¢ &

EE L (xxs)

Table 6 Comparison of mean fluorescence intensity of TNF-a, IL-6,
IL-1$, and N-GSDMD in mice corneal tissues among different

groups (xxs)

FHUTNF-o IL-6 55 i 48 PR 1 RE 82 B il , o Jal Je e A ¢
22 05 o R I, #E 5] RIPK2/NF-kB 3 #% n] fig i A 14
5 SR R DG S S 1) T SR

A B FE A, K CSROBE S B RAW264.7 28 Jl h
RIPK2 . P-RIPK2 . NF-kB p65 2 P-NF-kB p65 % ik 14
S, M7 CELF/HS 4b 2 0] B g 4 i 1R (5 5 o 7 i 4k
FE AR TL-6 F1 TNF-o 2235 o [A] B, 2h 49 55 56 ifF — 254iE 52
CELF/HS 1] 3 /b i ey 55 20 20 b R0 [ 1 3k . b id
45 R W], CELF/HS 7] GE3# 3 90 ] RIPK2/NF-kB {5 %
I Wl D 5 B SR R, DT R HE BT RAEH -

VAR AR g AR 5 4 IR A 2 T R B R O
32 B SR VE c HK 2 VE Wl I A G S, AN A 2 5 4t i 7 o
R, [E B 2 5 R4 F 5 42 . 2 A oF 58 & 3, HK2
TE LR R TN BE I 77 L & NLRP3 R AE /M TS 1k i 72 v &k
P ZAE S AR AR ST, CELF/HS RE 1% B I K R
BE5 5 09 HK2 3k Tt i, 6l NLRP3 4 4% /MAAH ¢
B RET R ERE AR, #2278 HK2/NLRP3 {5
Sl i 5 CELF/HS /v S BT R R i 2 .
SR, AR 9% F2 28 3k 7 AH SC B A Rk AR it A7
O HE, M A I — A HK2 5 VDAC A HAEH |
2R R 1A DN A Bl LA Bz 2 b PR D g A8 Ak, IR I 1%

5 A HAR LR 2 — 2P S

Zrh bR g IR AR IA N CELF/HS 7] BE
T 22 P VR R R T RO — T I,
CELF/HS T 4% % ik SA J& Y 6 for , & 35 P 1 A
FH 5 55— 7 10, 38 3 [A) i 4 45 RIPK2/NF-k B 48 4

20 51 FEA TNF-a 1L-6 IL-1B N-GSDMD
R I0 S IR 41 3 216.79+5.33  186.49+7.24  195.82+5.02 218.43+7.99
25 AR 3 214.61+8.19  180.25+15.05 193.55+2.46  218.58+10.97
ZATRE R A 3 200.74x10.93  153.77+5.74" 127.69+7.90" 207.52+8.68
CELF/HS 41 3 148.48+6.79™  90.52+4.16™  88.72+6.23" 23.57+8.30""
F1{H 46.81 70.11 249.00

P{E <0.001 <0.001 <0.001

%45 F1 HK2/NLRP3/GSDMD £ T3 % , 41 1 %

<0.001 i Ji 8l RN 98 RE R A AR U D AR R TR B O
T - 5 AR X R A R, *P<0.05 5 5 28 R AR 4 H AR, PP<0.05 5 5 - A B R AL L

PRAF o AL LG540 S8 B R T AR ST 4 2R L 2

5 ,°P<0.05(HLH R 2007, LSD-t K56 )  TNF-o: iR SR8 F os 1L : 1 4104

# ;N-GSDMD : Gasdermin D # [ N 3 45 F4 38 ; CELF : 75 /8 21 5 —Wk A A7 A2 40
Note: Compared with the model control group, *P<0.05; compared with the blank
vector group, "P<0.05; compared with the tobramycin group, “P<0.05 (One-way

H CELF/HS IR Y7 SA 175 5 4l 14 1 #3 J5 4% 1 08 15
EFPLEIE AL (P 9) .
JUE AR FESEUE W] T CELF/HS 78 40 i P £

ANOVA, LSD-t test) TNF-a: tumor necrosis factor-a; IL: interleukin; N-GSDMD:

N-terminal domain of gasdermin D; CELF: celastrol-furoxan derivative

SA YL /N B B 20 0 BT BRI TNF- IL-6 . IL-18 J¢
N-GSDMD 235 , Jf- Ul 2D 4 ikt 20 i i o bR 25 4R OR
CELF/HS #] fig i@ 1 #0 ] NLRP3 % 4F /) 7K 3 15 i
GSDMD A F: R T i B, A B YL 15 5 1 4 0 TR 7
I, DT 28 i ff1 I ZH 245 405

B & RE /N T AR Tl R AL, 40 B IR0 A 56 R
i {5 5 38 % SR B e P A R R R AR R R R i A
AL . RIPK2 1F 5 NOD1/NOD2 F ¥iif i) # 2 {5 5
T ZE LB 20 15 R JR PAMPs J5 ] A 5 F i NF-kB {5 5
WG AR HE R AE N T 22182 ONF-kB A5 5 5 % 0G T

B AIETT B W AE (B, (BT A7 A — 2 SR BR P o
TSGRV R K CELF B ik NO /K F,
R B B CEL Bk gb BRAN , PRI JC 7% 56 4 B i CEL &)
TR S5 7 5 NO HE AR 35 A1 X 36 97 16 T Y 24K BTk O
U, A B 5% 32 858 ) B 1 R 38 2 A6 PF )y HK2/NLRP3 Fil
RIPK2/NF-kB 5 5 A VE T, A RAT) 75 25 6 3 R
T S M ) A Ok aE — 2P 56 TE O B 0 A o Ik Ab
CELF/HS K B AR 3 % 4t (254X ) J1 2 FR AE DL Kl IR
AL AT — D5
g I AR BRI E T CELF/HS 78 SA 75 5 4
PR AR R 58 b YR T VR T O 48 s T RE G i o 4R
HK2/NLRP3 Fll RIPK2/NF-kB {55 5 38 [ , 37 il 40 jg £ 1=
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