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Abstract

By comparing the therapeutic effects of thalidomide combined with leflunomide versus thalidomide
combined with methylprednisolone in systemic lupus erythematosus (SLE) mice, this study aimed
to investigate the possibility of replacing methylprednisolone with leflunomide in combination
therapy for SLE. C57BL/6] mice were randomly divided into a control group, a model group, a tha-
lidomide plus leflunomide treatment group, and a thalidomide plus methylprednisolone treatment
group. The model group and the treatment groups were topically treated with imiquimod to induce
the SLE mouse model. After model establishment, the treatment groups were administered thalid-
omide combined with either leflunomide or methylprednisolone via oral gavage. After treatment,
parameters such as spleen weight, serum anti-ds-DNA antibody concentration, renal pathophysiol-
ogy, renal IgG and IgM deposition, and splenocyte transcriptome changes were measured. The re-
sults showed that both combination therapies alleviated splenomegaly and renal injury induced by
SLE modeling, reduced IgG and IgM deposition in renal tissues, and decreased immune cell prolifer-
ation. However, compared with leflunomide, methylprednisolone combined with thalidomide demon-
strated more significant effects in mitigating renal injury, reducing renal IgG and IgM deposition,
and decreasing B-cell numbers. It also upregulated ACOD1 expression levels. Additionally, the ex-
pression of SLE-related markers such as Rbp4, HPX, and Cyp2e1 was significantly reduced. Although
thalidomide combined with leflunomide effectively treated SLE, its efficacy was inferior to that of
methylprednisolone combination therapy, indicating that leflunomide cannot completely replace
methylprednisolone in SLE treatment.
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1. 518

RAPELBURIE (systemic lupus erythematosus, SLE)&—F R &k £ KRR M B & G rettm, Bl
= ARG F B, REKMZAMIAIT[L]. WK E— LB B R R E A EBIRIT 2459, (HER—2)
BT AARSORAE, AR HBME ™ Em SLE B A4S R E2]. R imslFd2 SLE A7 HIH
2%, AR TR B B R S S RIS 8 T DUA = SLE, AT FRAKRBGER MfE &, sk
S EIE R A ZE3].

F Ik JE o (methylprednisolone) i iz it 2, WIFFC R, W B o 2 i ool v 4 228 IR (1) e e i) 2
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SR (U1 TNF-as Y 3R-2 S A 32-6 S5) I SOM T 52 M 4 6 DT -1 1) 43 A [4] » 20 R 52 JiZ (thalidomide)
s TR B IRATAEY), 09T SLE BWER/NBA S E K, /& SLE I ZZ2W)[5]. K#HKFF(leflunomide) iy
WAL S AR, B BUSEE T, MR IS B Bk, IRk E BT TIRE, /2 SLE M R 25
[6][7] —WiHFFZos, VORI RZER A RFKEFAIT SLE MR T3k B e MR BB % [8]; 5 — T A
RIFVOF BE LA R BOKREIRYT SLE MR SR T FHR JB IR A R BOKHRF[3] o IXHEHIF 78 o v ) 2 frg Bk
ERFARHEST SLE AR, Rk b 7 A8 IR B = AR I E A . SR R Jé e /B SLE ) —2%k
230, e T Re AR YD R R SR SRR o G 0 1) 245 PRI P 5 A AR, AR BRI o AT 5T DA P SR
(Imiquimod) /£ C57/BL6 /Nl A4 SLE A5 %Y, J& ik LB vb A BE i 43 il Bk A FR Ok Je e Aok UK R SLE
ANER VR IT RCR, BRI SR FCREE AR IR B B A VDRI IGGYT SLE [MImTREM:, LA R & 3 H 25
FRALBLERE .

2. MMEHE
2.1. SEHRIH

i BEMEYE C57BL/6Y /N 40 K, ol ik, 1R 16~209, 6~8 WS, W[ B i Se i sy &
BAMR AR (EF YAl E S . SCXK(%)20220006) . T 47 3h 4 1] 37 #8 5F 7 B2 2 Bt 52 56 3 4 O
[SYXK()20240004]) , AR E 22°C~24°C, WJE 40%~70%, 12 h J:lE/12 h BEEFEIA R . BTA3)
VSIS HRAE IR IR T R B e B A R L S AR T (IR B s L5 . INMC-2025-DW-221).

2.2. MR S5

R BEAE (DU )1 B IR 200 A IR STAE A ) s 4% % 58 H e FH 284 24 2R3 5] 5 ¥ (biosharp); /> R $T-dsDNA
IgG #5571 ELISA 77 & (Alpha Diagnostic International); #T 19G-FITC (Cell Signaling), FITC anti-mouse
B220 (Biolegend, 103205), PE anti-mouse GL7 (Biolegend, 144607), APC anti-mouse CD95 (Biolegend,
152604), APC anti-mouse CD138 (Biolegend, 142506), PE anti-mouse CD3 (Biolegend, 100205), Brilliant
Violet 421 anti-mouse CD11c (Biolegend, 117343).

AL 1 (BioTek CYTATION 5, SEH), IEEG=RMEI(OLYMPUS, HA), iitz4ufi(BD
FACS VERSE, £[), BOGIHRET R (Leica TCS SP8, fE[H).

23 RGMARIRE/DREEEIRATHTR

40 H C57BL/6 /NRIETEE IR @& REIAFR 7 Kg, Bl R 44, B 10 X, 258 O =
FIZH, fAiFR NC 41; @ &AL, WifR Model 41; ® WHIEIECARBKERA, R Lef 4 @ WHRIE
Jle & IR e 4, TiFR Methy 4. 76 Model 2. Lef L1 Methy 4/ iR _E R SLE #58Y, J5ykan -
Ik ERFAE 1.25 mg, HISIRIKANRA B, BERSZ 3 IR, G H T .

/N SLE B TFAE I A 5, NC A1 Model 41452 0.9% NaCl A E 2 71 HE B VA TT . Lef 4185210 F)
JE & R FORRHIR A R 1 E B VR, Methy 23252 V0 FE JiE R Rk Je R A B il i iE B Va7 /)
BRI ZFE NN 123 5, % NPIGGE 2 E: WRIER(100 mg-d ). SRFKEH(20 mg-d-1)F1H
W JB (8 mg-d—1) L /)N BRI 15 L S U IR YT SR

NC ZH: ¥ H 0.9% NaCl ¥, A 3k, &8 7 4.

Model 4H: # & 0.9% NaCl i, -/ 3k, ELLHES 7 4.

Lef ZH: VDRI FER(17.6 mg-kg L-d )RR K (3.5 mg-kg d™h), £FE 3k, #EH 2 FJa, ARG
> 25%, SKRFCKRFIEED> 50%, R 3k, #EB 2 S, R ERD 50%, RECKFFLERF
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FE, A 3W, HELAR, SCNGREE, FFE 1 FEDRIE AR RK E VGG, FRE
B, Rk 1A

Methy 2H: 7bFIE 14 (17.6 mg-kg td )FIH & E (1.4 mgkgtd™), & 3%, #E 2 )5, WHE
JEF B 25%, HR e R R 50%, R 3K, H#EE 2 G, YRR 50%, ke
gerpE, B 3, HHE LG, SCNERER, FFEE 1 AR R R FR e ek S YIihT &,
RHEH, Rl

2.4, 1|\FR PG AR = B2 AN IR LR Pty

yiR)T 7 G ENE, BUMRATRRE . BFEERENE, 4 AR, 1700 rpm B0 5 min 5 A4
FUTTE P NN ZL SRS, ™ 5 min JE N\ PBS #&11, 5., PBS HEEMMITIE. IADSTF 1x 108
AN -mLL (55 R 4 S A B, NN FITC anti-mouse B220, PE anti-mouse GL7, APC anti-mouse
CD95, APC anti-mouse CD138, PE anti-mouse CD3 #1 Brilliant Violet 421 anti-mouse CD11c $iff, 4°CH%
A 30 min, PBS Pk R, g LIRS .
2.5. AR - FLA(HE)ZREZEMNEZ /DR IBIRALNFRETL

INBRALBETG, BB HZ, DL 4% PR E e, B EH S AT, 3T HE Jeta., SiE
ARG I 4H 2 B AR AL
2.6. EEEXGREINMISEIE(ELISA)E# NI & $t ds-DNA BI7KF

BN BRUIR BRI T4, 4000 rpm B0 15 min, BUEIER N EP &, FIH ELISA K I I i
FRPT ds-DNA /KF. 2 BRI & i B kA7 R .
2.7. BREBERICGEEMNEFEHLAYIF P 19G B97KF

BUNBUE I, e, AR ST, 2 H B S K ORI 95%. 90%. 85%. 80%7A
75% 2R A K HEAT KAk, TN 3% it EAL A S, B SRR inPs ZHE, 5% BSA B, N
FITC tnid Pt/ 1gG PLiA=IIFE 2h, PBS i R4 &hifk, DAPI Yetadt i g IO B BB
MELRIEAE T o
2.8. RNAseq Il E R LE LA FRIA

W& 1.4 PRSP RER, SAVNRSTR —NEAR, F4LER 3 MEAR, B.OEE41RT
VE, M LmL TRIzol YHU A% 1.5 mL EP &+, #E1T RNAseq, 7 #12 7 RIAHRK, #47 GO Al KEGG
BEEINH .
2.9. Gt

K H GraphPad Prism 8 4 it 2 Hl % . i+ REER LU IE + bR, 4LIA] Eb AR A A
RHZENNT, FHHERH 5% . p<0.05 R RrEFGIHTHEE .
3. &R
3.1 REAKRFFMEL e RBES P FIERETT SLE MR IEEE AR

R ek A A PO e 45 S 1) SLE O B AVRRAE, @ I E 4L/ BRUMIE R B, R I Model 41/ BT
REAEEE &2 NC /MR 1.74 5, 2R ETHEMIIM S (p <0.05), i8] SLE EBKY). 4R TT)E,
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FEGTEEE S

Lef 211 Methy ZH/N BRI JIE 2K T Model 41, HEREFEZEM(p < 0.05), WAL RFCKRF L ik
JE B G VORI B RZIG YT JG, SLE /NI KIS AS BI2R A, 10 Lef 2070 Methy 4HAHLL, JRAEEERE
PR3 2 R (p > 0.05) (4 1).

*
0.20- "
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. 0.15- u ns
2 n
-
| m A
g 0-10- T
E e
0.05-
0.00

1 1 1 1
NC Model Lef Methy

Figure 1. Spleen weight of mice in each
group (n =6, *p < 0.05, ns: p > 0.05)

1. HE/NRBEBEESE(n = 6, *p < 0.05,
ns: p > 0.05)

3.2. RERFFMEPLER AR E IS FIE AT SLE /MR BIEALAREF R

X NC 4H. Model ZH. Lef ZLF1 Methy 20 2HZ30) Fr 8047 HE Jeth, WEEEIR, NC A/NREHLAA
7 AE W2 AP BE 2722 A6 - Model 27T LB 23 B /N ER R ARG A=, IR T3 22 . Lef ZHA1 Methy 2042 Model
PR, DUA R AR B /N K S BN ER B O 4R G A, e RAAARIRIE, H. Methy 41552 Lef
HE PG IERAEFURE, BASURSSHE B4 2), B ERECKRHLL, FIRE RS I
TEREZEMA SLE IERET R 1 B i .

Model

Figure 2. Histopathological changes of kidney in each group (HE staining, x400)
2. BB BHAREFEU(HE R, x400)

3.3. REAKFFMBL RS HRS I FIERIGTT SLE MEITIFEH ds-DNA HiFE R

Pt ds-DNA Hifk 5 SLE VM, 2120 SLE ME ZE48dr2 —. NC 4. Model 41. Lef 4151 Methy
MG DT ds-DNA Fifk 437 4 (24.37 + 8.86), (80.27 +19.91), (58.87 +23.26), (57.67 +9.92) ng-mL L,
5 NC 4/ AHEL, Model 41/ SRIMTEH T ds-DNA Hiik&E B &N, A4 % & X (p < 0.05). 424
YaITE, S/NEAIEL, Lef 40F1 Methy 413% ds-DNA HifA & &S Model 4% 3 LS4 L p >
0.05), 1H#A FEEEF (K 3), Ui LKRHECKERA IR Je Je 7 ml kA v R B T7 SLE /NRR, X/ B
JEPT ds-DNA HUA M EL TS o
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Figure 3. Serum concentration of anti-ds-
DNA in mice of each group (ng-mL™) (n = 3,
*p < 0.05, ns: p > 0.05)

B 3. ZENRMEH ds-DNA HiRE
(ng-mL™Y) (n =3, *p < 0.05, ns: p > 0.05)

3.4. EEARFMBE A AES P FIERIETT SLE MR ELALE 19G B
TR G R OEAR T I 19G PURRTE L. S5 R BN, NC 45 /NERTE 19G UiAR, Model 41/ B /INERE
YR PERT R IR X I 19G A E AW . 5 Model 4UAHLL, Lef 41 19G # ¢ LB 2%, 1M

Methy ZHE /MR 19G [5G 0R W R IR G5 (4 4). Ui S RFCKEFAHEL, WK Je k&b A iR I
SLE /M, SEREA RGN BB A 19G R B EWTT .

NC Model Lef Methy
E: AEFERRENER,

Figure 4. Immunofluorescence staining of 1gG (A) and IgM (B) deposition in mouse glomeruli (n = 6)

& 4. oG E Bk 1gG (A)FD IgM (B)RISIARIE L (n = 6)

3.5, REARFFMBLC LS RIL SIS FIBBIETT SLE /R B B S R ZARR AT =20

TR T R SCE R AU, e BREE A R EORIE T B 40, FATTR A R A p A
FUAUNRBIE B 4. T RS as s, SRS, S AL, RN BB S 5
(E 5(A)THEi(p < 0.05), £¥R7T, Lef 41F1 Methy ZH B 40 i S 50 B I T8 A4 (p < 0.05), (HFIRIT4 2
) JC 55 3 72 57 (p > 0.05). i — DM IRan i W RER B, SifmLt, B220* 40 i & (4 5(B)). CD3*
[ 2 Rk = (] 5(E))F1 DC £ (15 5(F)EM IR IT 4l 22 T i, Horh Methy 2H B220* B4t 25 &K T Lef
H, Z57EAHBE(p<0.05), i CD3* 4N XA DC Ha e WGy 418 7 5.3 2 57 (p > 0.05) . B220*
R 2 20k B 40, 74T B 4EMERER I, PIGIT AR Kt B (GC B)4H i i 1520 2 35 PRI (p <
0.05) (& 5(C)), [FINF, PRIGITLLRAHEL, Methy 21 GC B 40 & KT Lef £H(p <0.05), i 2 40 ik & &
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EER S EFH(p < 0.05), {HFETEIT4LA BB S H K F (p > 0.05) (14 5(D)). ixXsbgh B8 SLE i AR Af /N
By T F1 DC S5 g A=, 1 R SR A AR IR JE 0 43 Tl Bk & V0 ) 2 e B 76 A3 SLE i 42 4 A
WAMS, JFHFRERES VDR B E S SO AT, FEERIE L KRR LA &0 B 4

7 1 -
(A) g (B) (C)  GCBAi
* B220" 4R *
* * * *
20 8+ _— 15+
%
* * .
15 u 6 [ ]
. ns - * 10- un *
r s T = 2
S 104 BT, S 4 ) At
\; - -
TR S s
H ° vy 54 v
5 2
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e
0 T T T T 0 T T T T 0 T T T T
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Figure 5. Flow cytometry analysis of splenic immune cell populations (n = 5, *p < 0.05, ns: p > 0.05). (A) Total
splenocyte count in each group; (B) Number of B220* splenocytes in each group; (C) Number of GC B cells in each
group, gated from B220*GL7*CD95* cells; (D) Number of plasma cells in each group, gated from B220*CD138" cells;
(E) Number of CD3* splenocytes in each group; (F) Number of dendritic cells (DCs) in each group, gated from CD11c*
cells

[& 5. BRI PR AT 2 SRS 2 (n = 5, *p < 0.05, ns: p > 0.05). (A) &HLA/RIMAEL; (B) &4
fR B220*fR4ARAENE; (C) &H/\VFR GC B fR#E, GC B fHiEE A B220*GL7*CD95*[]; (D) &4H/MFRIE4HA
¥ E, RMAAE B220CD138T]); (E) &4H/F CDI'RMPEME; (F) &4/ DC MfaikE, DC HMpukE
B CD11c*]

3.6. BR4ABA RNA MR

Nt W F KT LU FRIE YT T 20t SLE IIVAYT RCR:, FRAT TR DU 2 /)~ B P JIA 4 e i A7 2 S 2E
FPo ZRIERSHTER, 5 Model 4U4HEL, Methy 1A SLE #H5C5C43E K ACODL /K P T, ZER4E
2 KF(p = 0.067), Rbp4. HPX. Cyp2el % SLE KJibri& /7 i3 FAK(p < 0.05) (&1 6), ifi Lef ZHrh
DA FE R FRIA KT 5 Model 417058 % 2 5(p > 0.05), X#E—30 0, HikJE k& Vb I 1/ 22/ SLE
SR AR UK R I R B AR
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Figure 6. Expression levels of key SLE-related genes in the Model and Methy groups based on spleen cell transcriptome
sequencing (n = 3, *p < 0.05, ns: p > 0.05)
6. FRLEPREE RAMIFLE R b SLE #8155 X 82 EEH7E Model F1 Methy 2ARIFRILTER(n = 3, *p < 0.05, ns: p > 0.05)

4. ¥1ig

AP 5E AV B J 3 ) B SR SO R A R JE R 7 SR989T SLE, X HE SRR AN IR JB e AE VR 9T
SLE B} RIERIFEEVER o 45 R BRI RS 16T 5 23 66 535 2 SLE /)N B R JBLUE P ke AR G 128 40 Mt 184 A=
MG, S Aas R, o R e R BEA VD FI FE 7 VAR Dk B AT o3 245 3 A0 P 2H 41 196G It
L R0 R B 4B AT AE R 0 B4 DR 204 SLE A 26 I B IR Rk K T BUR A, B EsE
TR JERERE VORI FE e iR IT SLE /N B B A Rt .

SLE A EZ R Jy: B k4D Re m o, @510 51 K S BREE 1 43 Wb i AV A% SRR IR 3]
IR & Bk VD R FE J 7 % it 0 0 R B A1 S 52 WD DU AR D THT R 0 e B0 17 SR SOK R 1B G VD ) 2 )
AL, WTRRS HUR R e B A0 M ECRINGIRE 1A 0% IRIRIEIT S, i HIR JE 0 1 1 bk T2 40
F LR (CLL) R 1% Bef 7 FE[9], 1M CLL & —Fh i B bk 40 i v R S8 G P e, ik 58 01 B s vk 3
F R JE R4 MEC-1 4 A% 1, 5 SANMIIET-[10]. X L8 hIF 70 AN ThIIE B FFY 3 Jé Je 0t B 40k 45 30
HSE TS TR T RIVE o ENLRIE T, WIRJE e Wl KBTI ER (GC), GC == i i 2k PRI A= 25 [T 7 2% 3
PR IEBITAER . — 7T GC 456 M ibE K SR 32 /R (GCR) 5| K JE RId %, 411 AP-1 Fl NF-xB %554 5%
K7, AT/ A2 28 R 71 1L-2. 1L-6 F TNF-a & i 39— 7T, GC 53K GCR HAE, 35
AT, PGS, SOl SR B BAE, WS FiiE, M Gk, @SR
AR 13842, GC RFEMS Ty B 4UMIIGFEANEAL, S| e sk a4 TP A% 5 R 40 i i)
RAEFBALILHE 5 2 FEAL T ThRE[11] . TR IFKRR & —Fh G B2 kil 7], & M /R R AL ) — S LR
SR AN T RR VA (5 1, B NE A e, T R A b B 4 R A AN E AL, B B BB AR [12].
HHRB AL, RROKFHER B —, RIERRIT R AR,

BeAh, FEABTFH, RGH L s 4L P 7R Methy 26 ACOD1 7K~ i= T Model 4. #i#ki&, ACOD1
S DR e B3 n B IR 1 SRR S /N R SLE R A, 1B ACODL 7E SLE "R #E £~ 4 A [13]. ACOD1 /%
KERBRI G . SLE i NAC FRIR MLV KT FRA, #h 78K FRIR 7T 22 /% SLE 48 B4 fi[14]. IXLLzE L8
RHR JE el it EiE ACOD1 £2fi# SLE. Methy 041 Model 40K~ i 253K, Rbp4 [15]. HPX
[16]. Cyp2el [17]55#2& SLE KIRHIbRE ST, EATH RS B IR JE et SLE (1980 22 f A o

LR LR, WHR BB A VDRI RN SLE AT R I T R FOKFFBE GV R FE RGBT AR ik B (13R
FYRCR, TSR KA Tk s 2 B AR JE JeAE SLE IR o ZEIRIRIAYTY SLE tfr, Hrmildrh . & s
B, B R R B A A2 T i, DB BB G 1R T R . ARBEFCN SLE IBCETRIT IR HE T
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