2025-08-15 15:49:46 https://link.cnki.net/urlid/34.1065.R.20250815.1250.017
- 1498 - ZEAMKRFF® Acta Universitatis Medicinalis Anhui 2025 Aug;60(8)

PU. 1 {5 MRL/Ipr /s G SRS 11
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WE Br F PUL LR DB2313 X MRL/lpr /)N RO RE S RERSE M S nT REALA . F7i% 30 L MRL/lpr ARAE /) BBl AL
953093 21 :Model 41\ PU. 1 01 57) DB2313 £ (17 mg/kg) 1 FH 1 %) 18 25 48 4% (TACI-Ig) 41 (7.5 mg/kg) , 758 10 B
BALB/c /N Normal 21, DB2313 21 25, 56 3 U TACI-Ig 41F H B2 ST 24, 294525 5 Ji . Normal 41 Model
U TE S A5 i AR PR K o 5 2525 ME DK BRI M58 1 4 36 /0 B, e JUAVE Jo -, 10 A 4 500 L ATE 4 5 9
S ASCREIN /I B BAEE T 940 L2 2406 P A L 49] 5 ELISA. 325 00 1 7 v HUAZ ST 1A CANA) JKP- 7L XUEE DNA A K- 5 CBA 346
I ARAEANMN T A1 2R (IL-6) I PRSEIN 5 (TNF-o) 43R (TFN-y) 7K s HE Je 8 052 /N RUBUIE T B 20 5 S e 4 1k
LI ZHZUH ) PU. 1L TL-9 R 7K -3 Western blot A BEZH 21 rh 9 PUL 1 S RGAK - 48R DB2313 22 n] ] g,
20 MRL Ipr /)N BRI AE , F#AIRHT ds-DNA (ANA TNF-a | IL-6 IFN-y 7K ; B AIG/IN BUMLE A L T 41 \TFH 21 g\ Th17 4 .
ThO AR L], T+ Treg AL LB s FEARRRUME PU. 1 S F/KF-. S R4S R s, DB2313 R )7 nl I R AR M EZH 21 b PU. 1
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Ko

ES 35
hESES R593.24 +1

XERARERD A 3IE4S 1000 - 1492(2025)08 — 1498 - 08
doi:10. 19405/j. enki. issn1000 — 1492, 2025. 08. 019
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AW L, DURRIE T VB IESE R0, 5 4 5
LA EMEINE S A B EpoR . PULT i
Spi-1 L Zifid VR E26 He Ak he S R 1 e i A
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WF5E SLE Mt 3T 1k, 1% S IR AR
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1.1 SREEhH  SPF 40t MRL/Ipr /MR 30 1,8
JH IS R B (30 £5) g3 SPF il BALB/c /N 10
H8 Jiliy AR BE (21 £2) g, 340 17 DUAR (IE50)
PPN AR A BR 2 A, A M UE 5 SCXK (50) 2019-
0010, %520 C i 2R PR R R~ ik PR 25 BRF 5 P
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003)
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124629) Wy [ - ¥ fifs oo/ W) B2 2 AR A R 2L ) 5 3
W ZEE P (TACK-Ig) Wy [ 5% B AR il 25 (65
JBEO A R 2 ) s B/ B CD4 HiifA (5355 :561833) 4t
/NEIL-1TA A (5555 :560224) Hi/MR PD-1 $ifk
585 562584 ) | L/ L CXCRS $it f (5% 5
560617) Hi/INER CD25 Hilk (1545 :561065) Fi/M
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FOXP3 4 {4 (47 %5 : 560402 ) . Hi/Nl CD3 Hi 44 (62
5:557596) .BD cytometric bead array ( CBA ) Mouse
Th1/Th2/Th7 Cytokine Kit i3 & (5551560485 ) 15
Wy B & [E BD 24 7] 5 anti-dsDNA I 9 5 W B 3056
ELISA | & ($3 5 : CSB-E11194m) Wy H iR 4356
YA PR F] 5 ANA ELISA 270 & (17 %5 :5210) 1y
H 3¢ [# Alpha Diagnostic International /3 H]; B-actin
Pl (575 : T0022 ) Iy H 35 [# Affinity Biosciences /%
#); PU. 1 $iiR (185 :ab230336) 4 H 35 [E] Abcam 2y
Al IL-9 HLiA (525:66144-1-Tg) 1 [ iU =8 A=)
PARARAH

1.3 ik

1.3.1 $%H@rks? 30 H MRL/Ipr /)R FEHL
9434 3 2H : Model 2H . PU. 1 #1457 DB2313 2H F1FH
PEXT IR 2548 VU (TACT-Ig) 41, 73 B 10 L BALB/c
/NN Normal 4. sh¥yiRSR1E SPF =Lk =,
FEAARUE AR FKOK S8 , B3 F R R 4 B 4K
/)N LAY IR A KCE, 2 PR E S RORT 300
mg/mL JRIGS T AR 45 2, DB2313 21 5% F I I 1 5,
B 3 Y, 17 me/kes TACL-Tg 40 R F e
B, FEH 4528, 740 7.5 mg/kg, Normal 2H {1 Model
ZH S8 e e S A A A R OK S22 5 JE
1.3.2 MMt diche BERE 48 S g ml o2 R/ BRUA
Bt BEAALFE/ N o TETCR AT, B /I B it
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SR L R VA, Y RS ROV R L S AR TR
anti-mouse APC-Cy7-CD3 ,anti-mouse FITC-CD4 ,4 °C
YE 30 min, [ 5E B FE ALK anti-mouse
APC-IL-17 A .anti-mouse BV421-PD-1 ,anti-mouse PE-
CY7-CXCRS5 . anti-mouse PE-CD25 | anti-mouse APC-
FOXP3 ,anti-mouse PE-IL-9 4 CH#HE 30 min, EHLK
AR R 24 T(CD3*T) \TFH(CD4 * CXCR5 * PD-
17), Thl7 (CD4" TL-17A" ) | Treg ( CD4* CD25*
Foxp3 ™) Th9(CD4 " IL-9™ ) ZH LA LL

1.3.5 ELISA &4 m e if b A F4hK-F Field
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1.4 SitZ48E i GraphPad (9.0 W) #1745
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JrHT, L P <0.05 2R A G R

2 HR

2.1 DB2313 £5%5%f MRL/Ipr /)N iR B B 15 # Fn p
BEIEERIE M 5 Normal 2H /)N R AH L, Model 2H /)
74 5 TGP A R 2 B o 2 P e A T
1 Jitzn , MRL Ipr /)~ 18 g Ji 415 250 8% 9L 45 %0 5
BB EJH(P <0.01) ;ML DB2313 252510 K
TACI-Ig 25 2% , B RE AT 850 % AR MRL/Tpr /)y R PN
S T R AR B R R R A, E R A SRR
X (P<0.01),
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Fig.1 The effects of DB2313 administration on thymus index and spleen index in MRL/Ipr mice
#P <0.01 vs Normal group; * * P <0. 01 vs Model group.
Normal Model DB2313 TACI-IG

B2 DB2313 £Z5%f MRL/Ipr /IR AR AE 40 VR 2 A F IR HE x 200
Fig.2 The effects of DB2313 administration on spleen histopathology in MRL/Ipr mice HE x 200

2.2 DB2313 #4253t MRL/Ipr 7|\ 58 B8 A 28 28 75 18
SHIRNE R 2 459 R, Normal 20 /) BRI 25 4
T (a) KR/INIEH, Model 2H /)N BRUMLIDE 11 856 /¢ 18 P
WA (D) R U B I A, A D B BT R
2 LLBE RN R (¢) . DB2313 25254 ] ik
P/ N BRUBLIE S 22, 40 T R 2 D YL A N I s 4
WA R F OB (d) o TACI-Ig 397 4 ] B 2
e/ N BRI BE (e) o

2.3 DB2313 4725%F MRL/Ipr /NG ARAE T ik B 48
ok 2= 35 b= I w1 D N i e S BTN
FHECIE # /N B, MRL Ipr /N B L T 40 i\ TFH 46
FfL  Th17 28 g F2 ThO 20 M S 4 19 bb ) 1 2 2% |
Ft, Migtat DB2313 251G YT 5 , 3 S8 240 f W B 1Y
el B 7 B2 TR (P <0.05), [6 1), MRL/
Ipr /)N BRUBELIVE H B Treg 40 M A 43 HEAH 2 T 1E % /)
R Z PR (P <0.01) ,DB2313 #4525 )5 , Treg 4]
MR A T BT (P <0.01), HZER
AH it L

2.4 DB2313 44 #53%f MRL/Ipr /\ i anti-dsDNA
(IgG) . ANA [ IFN-y, TNF-o, IL-6 §J & 0f MRL/
Ipr JRE /N BRUALYE H1 Y anti-dsDNA 5 ANA H B4 {4

HKOF B2 ETF, W DB2313 452 5 REA 2 il MRL/
Ipr /NRUALYE H anti-dsDNA 5 ANA [ FF e #e (P
<0.05) . FH CBA AR E 1M iF R M K- i
7%, MRL/Ipr /NI 3% 1 9 TNF-o \IL-6 K% TFN-y 7K
SFARES BALB/ ¢ /R 3 T s DB2313 2525 fg ]
T MRL/lpr /NGRS o 9 TNF-ae(P <0.01) \IL-6
(P <0.05) J IFN-y(P <0.05) /K°F-, H2 A G it
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AL EE R B, 4 HIEIEAH ZH PUL T ILO B3R
BKFEERAGIE L, 5 Normal 2 E , Mod-
el 44 PU. 1 #1 1L-9 i [ R B/KFI B I (P <
0.01), 5 Model ZH4Ht,DB2313 4524 0] [#4i% PU. 1
L9 {yik (P <0.01), WK 4,

2.6 DB2313 £475%f MRL/Ipr /R B RE & PU. 1
MERARIEMZME 5254501 )5, B MRL/Ipr /)M [)
JEEZHE , Western blot #5 PU. 1 & /K, LI
25 R, DB2313 25254 A T /N ERIELIE PU. 1 oK
Vs TACI-Ig 25 25 4 a4 PU. 1 JKF, WIS,
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Fig.3 The effects of DB2313 administration on T lymphocyte subsets in the spleen of MRL/Ipr mice
A: CD3* T cells B: TFH cells; C: Th9 cells; D: Th17 cells; E: Treg cells; *P <0.05, P <0. 01 vs Normal group; * P <0.05, ** P <0.01,
*** P <0.001 vs Model group.
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*1

/INR I 5 anti-dsDNA (ANA (TNF-a IL-6 JFN-y 7K (x £5,n=6)

Tab.1 Levels of anti-dsDNA, ANA, TNF-«, IL-6, IFN-vy in the serum of mice(x +s,n=6)
Group Anti-dsDNA (ng/mL) ANA(U/L) TNF-a( pg/mL) IL-6 (pg/mL) IFN-y( pg/mL)
Normal 13.4 6.1 2.50+1.06 118.0 £6.6 8.32+1.82 0.5+0.3
Model 158.1 +32.5% 18.78 £5.42% 173.8 £15.8% 17.99 +5.37% 5.4 +2.2%
DB2313 83.9+25.1% 11.90 £2.92°* 112.8 £32.0* * 8.50£1.33 " 2.0£0.8"
TACI-Ig 90.5+19.9" 10.95 +2.09 * * 80.5+23.5** 10.26 £1.56 * 2.5+1.3°
F value 20.5 24.64 24.3 7.91 10.0
P value 0. 0002 <0.0001 <0.0001 0.0029 0. 0006
#P<0.05, #P <0.01 vs Normal group; * P <0.05, ** P <0.01 vs Model group
A Normal Model DB2313 TACI-Ig
o)
[=%}
B Normal Model DB2313 TACI-Ig
Q
=
S
T
5 [ Normal
.§ Il Model
H DB2313
Z TACI-Ig
E
o
2
= =
z //
[= W
4N AN\
PU.1 IL-9
E 4 DB2313 4425%F MRL/lpr /NRBEAE AL g PU.1(A) IL-9(B) RiXMM x40

Fig.4 The effects of DB2313 administration on PU.1 (A) and IL-9 (B) expression in spleen tissue of MRL/lIpr mice x40

#P <0.01 vs Normal group; * * P <0. 01 »s Model group.
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Normal Model DB2313 TACI-Ig

ku
PU.1 31
B-actin 42
1.0
g 0.8 _I##_
£
2 0.6 | " %
= T 1
=
0.4
=
& 0.2
Normal Model DB2313  TACI-Ig

5 DB2313 44Z4%f MRL/lpr /iR AE & PU. 1
HERREHZM
Fig.5 The effects of DB2313 administration on protein expression
of PU. 1 in spleens of MRL/Ipr mice
#P <0.01 vs Normal group; * P <0. 05 vs Model group.
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JE' . BRI SLE BB YIHLE 1 A S A, HRTA
¥7 SLE 19 25 %) A T BoAT A BR , PRI R 58 58 2 37 1Y
SLE A7 #IL 5, J SLE AR i EBMF 5T ) .

PU. 1 2 J £ 20 Mo %% Ak 45 53 1% (erythroblast
transformation-specific, EST) & i 5 5 N 1, 75 4%
PO BE AN (T T 40 AR SR AN M) 19 % 75 A A
LA LG h R AR . PU L EZ R
PIR P RIR R IR A #E ] PUL 1 275 m] RLFH
WT R GEELLBEAR A P 1) & g . DB2313 A I e
WY, & —Fh/Nr AL S Y, BE A PU. 1 5
UL S A, N2 PUL T Y R 4% 56 R 11
Peo ATBIBFIE B, PU. | ASE L I FLT3 25
RA (et 7, oAW1 55 DB2313 7E/N il CATA Fil
CIA WFRRSCHT R A B 32730 s,
DB2313 45 24 g B . 98i/)s MRL/ Ipr /)> BRURS) JLIE 55 g
PR, T isf ARG S T v ) e it i 5 % AL e i
B IPA RO A O TE L, B PUL 1 4]
7 DB2313 Al i 2 23 MRL/ Ipr /)y B IUIE R 22

TE SLE ASi i fE v, S R G000 58 SOV 6N
BED . AEARSIR o, MRL lpr /)N BRUBLIE A T 20 g
WAEZKEL, BT 400 TFH 20 i A1 Th17 40 03 kb
52 i DB2313 25 24 ] B i A1 1 26 41 iy
MEAE A, TR MRL Lpr /) R /0 (1) Treg 4 i 7
Lb s8R0, PU. 1 £ SLE 2 %5 H ) D) g i AS W] aff
1M PU. 1 7E ThO 4 it v i 7 FH i K A6 28 0 B2 i <5
PP E Wiz B . B ScEk ! e PU.
1 BB 5 IL-9 J5 3+ X H 45 &, JFR F Tho 4 i
Ak AL, SRS BRZHAH e, SLE (25 1AM E
IMH TL-9 K H mRNA JKSF- 34 18 2 - Ft, [F] i CD4
IL-9 ™ T 2 it ( B ThO 4 it ) 1) Eb il A B . I
It IL-9 W5 Th 41 A 43 b3 5 SLE %95 1 3
FEECR IEAHDG . R H ISR IR B UEATIR YT )5, BB
AT A A ThO 20 F) B 51 K I 35 TL-9 /K20,
XERAE IL9 A1 ThO /KF-FH & Al figg] & SLE 14
SERL FR, 7EAHESE h, DB2313 45 2 A i 3 K
MRL/Tpr /N [ ThO 4 Jig Eb il , FF [ 1% 15 ik 4 21
PU.1 Fl IL9 133k} PU. 1 EE I RIBKF, #R
PU. 1 #ii4fil 7%) DB2313 547 SLE ] fig Ay ML 5 9 il
PU. 1 4-F:1 ThO 534 %,

5 R , MRL Tpr /N B Fas 35 PR RS f5k 2K BHL
W'y TFH 40 i@ i Fas-FasL {5518 #5509 B 40
Mg T AR, JE TR B 40 S R NG Ak, IR 1 2K A
oA o A SE A, MRL Ipr /N BRI 3 H TNF-
o IFN-y (IL-6 5 1 40 itd Pl - 7K °F- F11 anti-dsDNA |
ANA H SHiiRKF- 2235 B 8 7t , DB2313 4524 )5
HIK- 25 TR, #2718 DB2313 ] gl o 4 T 4
PSR LU 5 RN ) RE , DT80 9 RE S o B 4%, SLE
(BRI S B, FRAETE R B B PUIR G T anti-ds-
DNA FI ANA, SLE (il o, FEbEE B 40 )
HAHL Y oAt R e, [RIE R 2] B4 S B
Wb, X —A8 Mk 5 SLE 15 SR B 41 VA K A
PG YIA G, AR B ) CD19 + B i Lo ol 45
JIT T Wi T 2 A S ) S T

Zi b ik, PU. 1 #4535 DB2313 W] B g ol 55
MRL/1pr /™ BB JLJUE 97 4, $27% PU. 1 W] R & SLE
(YA YT B 5, HLHLH AT B8 5 04 PU. 1 4 5% Th9
I K.
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The effect of PU. 1 inhibitors on the immune function of MRL/Ipr mice
Guo Tingting' , Xu Nuo', Wang Kang', Li Ying', Wei Wei', Yan Shangxue'”
(' Institute of Clinical Pharmacology, Key Laboratory of Anti-inflammatory and Immune Medicine, Ministry

of Education, Anhui Collaborative Innovation Center of Anti-inflammatory and Immuno Drugs, Anhui Medical
University , Hefei 230032 ; *Experimental Animal Center, Anhui Medical University, Hefei 230032)

Abstract Objective To explore the impacts and fundamental mechanisms of the PU. 1 inhibitor DB2313 on the
immune function in MRL/lpr mice. Methods A total of thirty MRL/lpr lupus mice were randomly distributed into
three separate groups: the model control group, the PU. 1 inhibitor DB2313 treatment group ( administered at a
dose of 17 mg/kg) , and the positive drug control Telitacicept ( TACI-Ig) group (administered at a dose of 7. 5 mg/
kg). Furthermore, a group of ten BALB/c mice were assigned as the normal group. The DB2313 administration
group was treated with intraperitoneal injections of the drug on three occasions per week, while the TACI-Ig group
received subcutaneous injections every second day; both treatment protocols were maintained for a duration of five
weeks. Both the control group and the model group were administered intraperitoneal injections of a volume of sa-
line that was equivalent across groups. After the drug was given, mice were sacrificed by dislocation after orbital
vein blood collection. The thymus and spleen were aseptically excised, individually weighed, and subsequently uti-
lized to compute the thymus index and spleen index. The relative distribution of T lymphocyte subsets within the
spleen was ascertained through flow cytometry. Serum concentrations of anti-nuclear antibodies ( ANA) and anti-
double-stranded DNA antibodies were quantified using an enzyme-linked immunosorbent assay ( ELISA). The lev-

els of inflammatory factors interleukin-6 (1L-6) |tumor necrosis factor-o.( TNF-a) | interferon-y(IFN-y) were meas-
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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.
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Benvitimod attenuates atopic dermatitis by regulating
the NRF2/ROS/NLRP3 signaling pathway

Lu Yun'?, Dong Liping'?, Huang Maoxing'”*, Wang Yu'?, Deng Tingyue'?, Xiao Fengli"
('Dept of Dermatology, The First Affiliated Hospital , Anhui Medical University, Hefei 230032 ;
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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-o/IFN-y group, TNF-o/IFN-y BVM group, and TNF-a/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.
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