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Jil? 1G4 (reactive oxygen species, ROS) B ik
32 NLRP3 50 /IMAOE (9 N R 2 — L R

R B2 R (atopic dermatitis, AD ) &2 % W {18
PEJSIENE R, A PR RIAET 5 AD K

RAFTER VIR R o ATt RAE/MA NOD K%
PRPE A 45 M SR S 1 3 (NOD - like receptor
family , pyrin domain - containing 3, NLRP3) fiilt % 3f iy
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ZINA ()T R i 1 T SO0 AR A TR - R
TR B Ik HP G 48 4 7 9 S 30 AD 1 e A g
ALESLTE (benvitimod , BVM) J& —Ffi /N7 TR 97 24
Yy, vl G AZ N T B2 M 2 ( nuclearfactoreryth-
roid -2-relatedfactor 2 ,NRF2) i#i it , = 5 ROS {44 Jif
DI ERT AR AE BYM 2 5 Al o i ROS
A LT PLAE TS AD . Z A9 3 i 240 i A 5l
YILIHRER BVM BT A A Sl L T e o
g L2 BVM A 340% NRF2/ROS/NLRP3 3 417 il
Lo, NI EE AD v B RGE V. ISR MIRYT

eukaryotic expression recombinant plasmid pcDNA3. 1 ( + )-human GIF-His tag was constructed, and the gastric
intrinsic factor was purified by nickel column after expression in HEK293F cells. The purity and activity of purified
gastric intrinsic factor were verified by SDS-PAGE, Western blot and indirect ELISA. Results Gastric factor con-
tained 417 amino acids and was a hydrophilic acid stable protein. It is a secreted protein with Sec original signal
peptide. pcDNA3. 1( + )-human GIF-His tag recombinant plasmid was successfully constructed and soluble expres-
sion was obtained in HEK293F cell expression system. Conclusion The eukaryotic source of human gastric intrin-
sic factor is successfully prepared, and the bioinformatics results show that the protein is a hydrophilic acid stable
secreted protein, laying a foundation for the subsequent use of this protein as an immunogen and protein calibrator
to construct an immunoassay for gastric factor.

Key words
tion; ELISA

Fund program Major Science and Technology Program of Hainan Province ( No. ZDKJ2021040)

gastric intrinsic factor; eukaryotic expression; bioinformatics; protein purification; activity identifica-

Corresponding author Wang Bo, E-mail ; wangqugans@ 163. com



ZEAMKRFF®  Acta Universitatis Medicinalis Anhui 2025 Aug;60(8)

- 1491 -

AD $RAE T A R, R R w3 o 1 ] R T R
TRT7 SRAETE BRI o

1 #MR5ETE

1.1 %

L1.1 smprAamie KA BT AT
(HaCaT) Wy [ 7 5t Bl 5 A R R e AT BR A ) o
1.1.2 533X 7 NLRP3(T5565) . Gasdermin D
(GSDMD) (P30823) | 2 Jift 2 iR K 4 & B 1 S M 4R
F B 1 ( cysteinyl aspartate specific proteinase-1,
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Fig.1 Flow chart of DNCB-induced atopic dermatitis mice
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EnSpire ) K0 41 il /775 % \ROS 5 LDH /K~
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1.2.6 Western blot( WB) 5235 fifi i RIPA 2% wpik
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BT IR AT 4 ZR L, B A5 200 — B (1

1 000 NLRP3/GSDMD/ Caspase-1/IL1 3/NRF2/
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Histon-H3) 7t 4 C M F K. ZERE S 45
(12100004 s il FHiBl) £ 4 CTFIFE
1h, g AT Am i,

1.2.7 $ 8t % % 2 & PCR ( quantitative real-time
PCR,qRT-PCR) 528 $2IBUN R IRZH 2P i) mR-
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L 1A] B4 LR T B R 05 22 70 Mo 4l ] GraphPad-
Prism8. O HATHAE 3T A B x £5 £IR, P
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R3¢ BVM BE 750 4% HaCaT 4N P A T- RO FLEE, 15
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T 90% (& 2A) . BJ5 , fdi F TNF- 1 IFN-y %
SEARFEAM IR . il 24 b J5, 40N ROS 7K1
BT, 7 BVM BIGSFERTE , 40l N ROS 7K -F-Fifi
BVM ¥ B 1 T 125 1 K AIK ( F = 54.86, P <0.000 1)
(EI2B) ., WBZ5R IR, B BVM VB 38, £
T-7 1 NLRP3(F =81.78, P <0.000 1) .GSDMD-N
(F=47.28, P<0.000 1) ,Caspase-1 (F =73.51, P
<0.000 1) IL-1B(F =52.73, P <0.000 1) F1 1L-18
(F=55.17, P <0.000 1) ik KF-ZHiFFL, NRF2
(F=51.56, P<0.01) }& FUH A b3LH HO-1 (F
=36.77, P <0.01) 1 NQOL( F =38.54, P <0.01)
M A RIBACPRK TR (B2 C-E) . H1 T BVM
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BVM Xf ROS j=£E iy il 45 FH (18 3A) o WA 4t i
VEWR AN LDH Bl . 255360, ML385 FHIKT
T BVM %} LDH B304/ il (F=59. 25, P < 0. 0001 )
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Fig.2 BVM inhibited the pyroptosis of HaCaT cell
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A Cell viability was detected by CCK-8 in each group; B: ROS levels was detected by ROS Assay Kit in each group; C, D, E: WB analysis was

used to measure the expression levels of NLRP3, GSDMD-N, Caspase-1 p20, IL-18, IL-18 and NRF2, HO-1

group; “ P <0.05,

4P <0.05 vs TNF-o/TFN-y + BVM(40 pmol/L) group.
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FXf e DNCB 410 &5 3 1 [ (& 6A) . qRT-PCR 2%
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**P<0.01,****P<0.000 1 vs NC;*P <0. 05 vs TNF-o/IFN-y group; & P <0. 05 vs TNF-o/IFN-y + BVM (20 wmol/L) group;
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P <0.001) #1 IL-1B(F =22.08, P <

0.001) #E FH 7K B 8 R B, NRF2 (F =37.51, P <
0.000 1) \HO-1(F=71.49, P <0.000 1) .NQO1(F

=28.50, P <0.000 1) & H /K-8 2 BT 6C -

E) . THC Al

ZE 5 WB 45— (&6 F),

Pk

ZRFKD], BVM A i 1Y 5 NRF2 K3k, (IR ROS
K AR T R AD(E7) .
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Fig.3 Benvitimod inhibited TNF-o/IFN-y-induced pyroptosis via NRF2 activation

A: ROS Assay Kit was used to detect the level of ROS in cells in eac

h group; B: Lactate dehydrogenase cytotoxicity detection kit was used detect

LDH levels in cells in each group; C: PI staining x 100; D, E, F: WB analysis was used to measure the expression levels of NLRP3, GSDMD-N,

Caspase-1 p20, IL-18, IL-18 and NRF2, HO-1
##p <0.000 1 vs TNF-a/IFN-y group; #P <0.05, 24P <0.01,
A4pP <0.01 vs TNF - o/IFN -y + BVM + ML385 group.
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ALAA P <0.000 1 vs TNF-o/IFN-y BVM group; 4P <0.05,

Hi BVM A LASE 31 30% NRF2/ROS/NLRP3 75 %,
W AD 4R S S WA b AR T AR DGR
74
TE AD SB35 S AR W O PP AL B2 ik 98 i v
SRR, b i ROS 2% % i S8 AL N8, N s AD f&
Rk AR AR AR B A A, S B A s



ZEAMKRFF®  Acta Universitatis Medicinalis Anhui 2025 Aug;60(8) - 1495 -

A B

CINC B TNF-o/IFN-y+BVM
TNElfNy -+ + o+ 4 207 CITNF-o/IFN-y gl TNF-o/IFN-y+H,0,
BVM == B TNF-o/IFN-y+BVM+H,0,
HO, - -~ - 8 sl i
NLRP3 118 2 iy
=) B 4 s
5 #i#
GSDMD-N 35 g 1.0 kkkk B .
S
Caspase-1 p20 20 % 05k
=
GAPDH <
36 2,
NLRP3 GSDMD-N Caspase-1 p20
¢ D Hor
TNF-a/IFN-y - L4 4+ YT &Nc Bl TNF-o/IFN-y+BVM
BVM - - o+ - 4 o I TNF-o/IFN-y gl TNF-o/IFN-y+NAC
2 _o/IFN-y+ ¥
NAC - R S sk sens I TNF-o/IFN-y+BVM+NAC
o
= ® %k ok
NLRP3 1138 % —
s 10f
GSDMD-N 33 2 i
i £ it s
by L i i
o 05 it
Caspase-1 p20 20 B
<
2
36
GAPDH NLRP3 GSDMD-N Caspase-1 p20

B4 BVM METHIHIEIE ROS K F iR
Fig.4 The inhibition of pyroptosis by BVM was regulated by ROS levels
A, B: After the addition of H,0,, the expression levels of NLRP3, GSDMD-N, and caspase-1 p20 protein were analyzed by WB; C, D: After the
addition of NAC, the expression levels of NLRP3, GSDMD-N, and caspase-1 p20 protein were analyzed by WB; *** P <0.001, """ * P <0.000 1 vs
NC group; *P <0.05, ™ P <0.01," P <0.001,"*P <0.000 1 vs TNF-o/IFN-y + BVM group.
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Fig.5 Benvitimod improved symptoms in atopic dermatitis mice
A': Morphological and histological changes in mice in each group, HE staining x20, TB staining x20; B: Ear tissue thickness; C: Spleen size; D:

Spleen index; E: Dermatitis score; * * * * P <0.001 s CON group; **P <0. 001 vs DNCB group.
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Fig.7 The schematic drawing of the mechanisms of Beenvitimod
attenuating atopic dermatitis by modulating the NRF2/ROS/NLRP3

pathway ( Created with bioRender. com, with permission)
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ured by CBA method. Hematoxylin and eosin ( HE) staining was employed to examine pathological alterations in
the spleen. The expression of PU. 1 and IL-9 in spleen tissue was detected using immunohistochemistry. Addition-
ally, the expression level of PU. 1 protein in the spleen tissue was ascertained through Western blot analysis. Re-
sults  The administration of DB2313 significantly ameliorated spleen lesions in MRL/lpr mice and decreased the
levels of anti-ds-DNA, ANA, TNF-«, 1L-6, and IFN-vy. It also reduced the proportion of total T cells, TFH cells,
Th17 cells, and Th9 cells in the mouse spleen, while increasing the proportion of Treg cells. Furthermore, it low-
ered the level of PU. 1 protein in the spleen. Immunohistochemistry results demonstrated that DB2313 treatment sig-
nificantly diminished the expression of PU. 1 and IL-9 in spleen tissue. Conclusion The PU. 1 inhibitor DB2313
can improve spleen lesions in MRL/Ipr mice and slow the progression of the disease, and its mechanism is related
to the regulation of immune cell functions.

Key words systemic lupus erythematosus; PU. 1 inhibitor; TACI-Ig; PU.1; MRL/lpr mice; immune function
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Benvitimod attenuates atopic dermatitis by regulating
the NRF2/ROS/NLRP3 signaling pathway

Lu Yun'?, Dong Liping'?, Huang Maoxin '*, Wang Yu'?, Deng Tingyue'?, Xiao Fengli"
('Dept of Dermatology, The First Affiliated Hospital, Anhui Medical University, Hefei 230032;
*Institute of Dermatology, Key Laboratory of Dermatology , Anhui Medical University , Ministry of Education,
Hefei 230032 ;’ Inflammation and Immune Mediated Diseases Laboratory of Anhui Province, Hefei 230032)

Abstract Objective To investigate the mechanism of action of benvitimod (BVM) in the treatment of atopic der-
matitis (AD). Methods HaCaT cells were stimulated by TNF-o and IFN-y, and the cells were grouped into con-
trol group, TNF-a/IFN-y group, TNF-o/IFN-y BVM group, and TNF-o/IFN-y BVM ML385 group. The AD
model of DNCB-induced Balb/c mice was divided into control group, DNCB group, DNCB + BVM group, and
DNCB + TAC group. The efficacy of BVM and its roles in antioxidant and pyroptosis regulation were evaluated. Re-
sults Compared with the control group, BVM inhibited the inflammatory response of HaCaT cells stimulated by
TNF-a and IFN-vy, and ameliorated the skin lesions and inflammation in the DNCB-induced AD mouse model; at
the same time, it significantly increased the expression of nuclearfactorerythroid-2-relatedfactor2 ( NRF2 ) -related
anti-oxidative stress proteins, and significantly reduced the expression of cellular reactive oxygen species ( ROS)
levels and pyroptosis proteins. At the same time, the levels of NRF2-related anti-oxidative stress proteins signifi-
cantly increased, and the levels of ROS and pyroptosis proteins significantly decreased. Conclusion BVM acti-
vates the NRF2/ROS/NLRP3 pathway to inhibit pyroptosis, thereby reducing the inflammatory response in AD.
Key words benvitimod ; atopic dermatitis; pyroptosis; NLRP3; NRF2; ROS
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