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Abstract

Autoimmune diseases (AIDs) are a group of disorders characterized by persistent and prolonged
immune responses against self-antigens. In recent years, the incidence of autoimmune diseases in
children has gradually increased, posing significant risks to their health. Traditional treatment reg-
imens primarily rely on glucocorticoids and immunosuppressants, but some patients exhibit poor
disease control and high relapse rates after therapy. With the clinical application of biologic agents,
the therapeutic outcomes for AIDs patients have improved to some extent. This article reviews the
current status and advances in biological therapies for AIDs, which holds profound implications for
clinicians in optimizing treatment strategies, achieving disease control, improving therapeutic
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efficacy, and enhancing prognosis in pediatric patients.
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1. 5|

H & 5092 1 7795 (autoimmune diseases, AIDs) & Gt9% 2 5L T2 B 40 AT T 4% 1 3= 10 1E 5 ooy 7= A=
S RS R AR B — 2 S PR [1] [2], PTDA BATMI 2 E RGE, s TR Ei i N . 5@ AR+,
B B o VI I S R B0 %229 3%~5% [3]-[5]. H AT KB 100 25k AIDs, JLEE 5 s ILIK AIDs
AN JLEHE DI E B 2 M0 B 4G R M4BT IE (systemic lupus erythematosus, SLE). 4l4FHF K
P 5715 % (juvenile idiopathic arthritis, JIA) . H £ 522 14 it #¢ (autoimmune encephalitis, AE)%5. H #ii AIDs 1]
—ERIRYT 1 R T N R R R R R S e R, BARIX AR SR T T SRR GE K AIDs BRI
FEAR KT, AHE 5 BB AELEVRTT AR A PO R A R = RS L[6] [7]. AR
s AIDs BFAK THAE, METAASIRIT TR, EHFIR G R T SO0 B3, 2 AT
B o 1 2006 F 25 [H £ i 24 5 B FE R (Food And Drug Administration, FDA)#t#E A1 2 & #45 (Rituximab,
RTX)H FI697 2 X 515 4 (rheumatoid arthritis, RA) L8], k#2214 Y5707 46 T & Fh AIDs
MAIT R, FRE— B R ek T AIDs FITATT BCR B 02 A4 P57 Ok [ Py AN G TR ma R, RN
1697 AIDs BB, AT RT AR FIAE AIDs B8 FHBDIR AT 458, B AE 45 AIDs dAE W
FNEIT OB o

2. &t B B4R & $E57)
2.1. CD20 8254

CD20 /& B 4iff /b i, HRiAT A B 4IRAIRZL B 4RI, mKMEARZE. CD20 bk
CD20 44 nl LLIERR B 41 R T AIDs (13697 . FIZ & ByT(Rituximab, RTX)& —Fik & 55 % 1gG1
ifk, @EdE B 4iMERTHY CD20 456G RIEFEVER N B 400, i i oA i 1 40 i 25 £ (antibody-
dependent cell-mediated cytotoxicity, ADCC). HuAARH i 1% 41 Jfa 7 1 H (antibody-dependent cellular phago-
cytosis, ADCP)AIAMzA #5114 4 A 2 7 (complement dependent cytotoxicity, CDC)%% % FiL i V4 #E B 4 il M
V477 AIDs [9].

1E R R4 N T AIDs [AEDIF, 7EJLE H, RTX C# FDA #tiEFH T SLE (3R97 . 4k, RTX
W AR UG B 5 T B9 45 A 1iE (nephrotic syndrome, NS). [ £ % 5% 12 fiki ¢ (autoimmune encephalitis, AE)-.
Ga P35 1 I /NBR /A (immune thrombocytopenia, ITP) . [ & 58 ¥ M PE 351 . ANCA ARSI 46 . A1
PREEBER WS R . 2 RIERILEE AIDs GYT, HASROER B 40, & RNRE 72 I/ I st
ERF . HER RIS AMITC R AR T U ERE A ME . AT RIS R G i XU 55

T M SLE, JL# SLE (childhood-onset SLE, cSLE) T 5% & £ HEAN P X2 RG22 R, TS
W7E, PREETE)LEMERE. BT E AR R 2 R TT N LB SLE G ROIE. SeRT T IR
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By, RTX 7E cSLE H {97 RO A PE 7 T4 N, (EBR/ vy o3 5 (1 T S I PR X6 22 BEATL X L
5o — I E I S5 63 B cSLE BB AT T RImME AT, 45BN, RTXIAIT 2.5 NMHJE, ESR. #b
i C3. #MAk Ca. WIEF. AEEE. MLEA. HAUEE DNA PUAE AR A & SV R SeE A g5 =
X, RTX YT G IR B 5T 28 ] e 7 e & 25 FAIS, ¥R 97 AT 0.26 (0.09~0.44) mg/kg, f97 /5 0.17 (0.09~0.30)
mg/kg (P = 0.01) [10]. A —IHNN T 12 Tl cSLE I RGN R, RTX JAYT )5 cSLE BETIE . #
CERERRA LR 2 R B BORIG ST « AMAFIPTOUEE DNA HUARR &G Frokss, H A BRI s
BIER 2 et 52, JUFEA ERA RFA R A [11]. Ak, RTX BEE ML Z (cyclophosphamide,
CTX)aknd & % % W fis (mycophenolate mofetil, MMF)i5J7 ¢SLE i /nH T REFHIITR (HIEFER E /N
FEABAFI B 52 [12]-[14]

£ NS H, RTX 2 FHEEMKIHA NS (steroid-dependent NS, SDNS)=k#5i & K& 7 NS (frequently
relapsing NS, FRNS), FERILH AR € RT3 — IBENLFAT % BRI R it38 H, 120 4] SDNS & JL5r R
RTX ZH fifth 52 32 =] (tacrolimus, TAC)4L, 12 NHK RTX HAMLE KZF N 90%, @+ TAC 41(63.3%),
Logistic [ElJA53 T i, RTX 25 K R TAC 41FE 1K 88%, RTX ZH5% TAC 4H & ¥k & K I ] ZE 4 (40 J&
vs. 29 J&), H P 2880 B A% (25.8 mg/kg vs. 86.3 mg/kg), TAC ZHYL KA HE RTX 41 2
5(43.3% vs. 21.7%) [15]. A WU 7E LU 7 )L & F4E SDNS 1 RTX 415 MMF 75, 451 5
N, 12 NHE MMF HE K% N 80% (12/15), % RTX 41 13% (2/15)/(OR = 26; P = 0.008; 95% CI:
2.9~311.0), 2 A¥PRKEARKF[16]. LA E 2 TiWH5T o, 78 SDNS & )JLH, RTX tb TAC & MMF 5
REA SRR iR, HARKMNIFREZ . RE OLEBERGUR. ERIKBUE RS IE2IRIEIER S
(2016)) =, RN B IR A G I FRE T B R B AN R RS E ) SDNS JLE BT RTX 1697,
75003 18 R AR AN ek 52 R IRE[17]

RTX & AE [ — & iindr 2 —, (P EE SRR 216 % 53012022 ERR)) T, #1E
PR E DL b — 2 i6yT, 2 GRS A, NN B Sh# ik RTX 16Y7[18]. —HikH 3
FEL 0 [T B ST AN 30 44 LB AN 75 A4 RN AE B, ZREIR, EMAFLETEH RTX 5 HIRER
B[] XU PG 71%4H 5% (HR 0.29, 95% C1 0.09~0.85), 552 % KUK [k 51%4H5¢(HR 0.49, 95% C1 0.9~1.26).
i RTX ) LB B R & KA HR 4 0.30 (95% CI 0.05~1.69), AN 0.29 (95% CI 0.07~1.29). iXiE
SET RTX X LE AE E RERER[19]. 1AL, F2IRRPTTEERN, FIAREIH RTX BT 2 —FH
H 2 A RIT IR R, 5 R IIEE B 0%, (FX Seit 5e A 70 GOR 2 HONRUE AE B35 [20] [21]. ATLL,
AT 5 v JOR S T () e R AR R LEE AE S B RTXVRYT IA 2

2.2. CD22 By zh4)

CD22 FERKIAT R B 401, s LR R B EE , CD22 #IAA1E N B 4 fiid 52 44 (B-cell receptor,
BCR) Ml I 2 A /EH, MM sEm B AR & EARIFEIE[22]. K547 2Bk 5t (epratuzumab) &
— L CD22 M AJRAL 1gG1 Hsipebiik, it R BCR WEhHIME S46S. FBIX B 40 EH ¥ CD22
F1 BCR AW 4 % 2 Fi/E AL B 400G AL IO b diik =26, MiaIT AlDs. HAEFHL
#il5 RTX ANF, FEI@EL AT B 4iThagm ke 4iER B 4, Mkl B & % v . Ml G
R T RTX.

H AT, 7E AIDs H, K54 2 Bk AT 32 SR B T 5 H TN SLE BIVRYT, 1E cSLE iR e TRk
P2 BRBHUIRIT A ORI . WS h ZER B P EAEE RE A ITP. ANCA MHOGHEIME % . TIRLEEAE
S SRR IO TR 22 BR R PTIR T N SLE B 1 I ARSI AR TA B 3 BT Ak A, WS R B
5548 i, M2 B BT AR 2 R R ZH ) B N AR AL (SOBE R AN 33.5% 31 39.8% ANEE) [23]. (HAEHEE A
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HIEWEEME SLE B, S Bk B R BRI IR T BRSO AR . — T b 32 RO B LG
MR LR, BT AR BR B U4 4 S B gl vy T 22 BRI AH (5 R S BR BT 23.7%~45.9% vs. 22 i 7140
21.1%), RS 8 JA RIS By 22 BR S pT R AL 2400 mg LA R AR [24]. D& TR Z Bk
FBLRIRIT e, AR I E BRBE AL IR IS (ALLEVIATE-1 1 ALLEVIATE-2)F— T Ubn 255 R WF 7T
(SLO006) HH VAl oot h B2 2 B VS % SLE SEEIIRYT, 45 RN B % Bk Pt 360 mg/m? 411 720
mg/m? Z7E 5 12 J& (1K) S 250 i 15/34 (44.1%) A1 2/10 (20.0%), 1M 2@ 5140 A 9/30 (30.0%); K 4 %
PR BT 360 mo/m? B4 B TSR AT B R0R/D SLE BORIE BN E[25]. X W] 360 mg/m? A BE S 4K
FERAPUIRTT P 2 E S SLE A R . B2, MR ER R PTIRTT N SLE 9T R 7 ok
P AR B 0K 8 U ) T [ B AT R B SR BAIE , 78 L3 HP e A A T i 259076397 AIDs.

2.3. B kB3 4MBEK)EE F(B Cell Stimulatory Factor, BLyS)3#57

B 4% LI 7 (B cell activating factor, BAFF) 13455 175 Sl 4 (a proliferation inducing ligand, APRIL)
RYERE B 4 E AR S B R T . BAFF Al APRIL i£2 52l AIDs (IR HLE], SLE. IgA &
Wi~ T HRER G AEFI R R ST 28 B8 LI rh 35 WA 0 311X S 4 fif DX 77K~ &, Herh BAFF B BLyS. L
A H i (belimumab) —FHEZHII N 19G1A HrapEduE, REAr eSS &l iE M BLyS, FHETHS B 402
WA EAEF, $0) B il BEvmAe, 1A B 4N RE, PR JORE N, MITTIARIGIT SLE %5 AIDs 1
H 1o

RIS — IR TI0T SLE BP0 7], FDA B3 E [ 5 24 i i B 21 R 54ttt DUR
P TR 5 Z UL B JLE SLE[26]. HHT, CARZFIBNFHRIFTL, (HEFXT cSLE 1% U 747
B, HEhZ mRERIR . & HEEE SLE JLE MY, XU . LR IR EEHLRLE g A
03 il &L, N4LE)LBENL > FCE] DURI S bt 4 (10 mo/kg B TS sl 22740, & 4 JH—k, WS
JLIZE TARE SLE V697, SXTHRZHARLL, T PdlrE RSV ARG TS 3 46 2L (systemic lupus erythematosus
disease activity index, SLEDAI)ZE /7 THI [T 3540 35 =it 5.3%.  17.0%[1 TR JE B du2H £ F1 35.0%(1) %
RSB E S T EA R EF27]. BT ORI L, Zeng XK EH 37 AN 256 i
cSLE & )LHEAT TBNFI AT, KINEE 28 JEIF,  DURIJE b2k BRI ACHHIE IR ZS (lupus low disease
activity state, LLDAS)ff] )L # EL451(40.5%) & T A& Gt 2454035 77 24H.(8.8%) .  DIAIJL ST A ML SR 25 M 20 i LI
SLEDAI F43 5B I [A] RE K T Z T N B, ARG TT 77 RAEEE 28 JH 1)~F35 SLEDAI W4 tAfLL, 22574t
T2 28] LA_E PRI 5T B DLR G B4R cSLE Tt R I Y B AT T B0 e A, 3 BRI
A 10 mg/kg.

18 JLE IR 1 B % (childhood-onset lupus nephritis, cLN) ULt Bt 7697 ROR 4 AN & . —Tigh
A 101 BIHHZ W cLN B3 1 77 st R Fe 8o, 12 AN H I, ShaEfiayr ML, DURJespids &
% 3 BAT W B I O (97.1% vs 80.0%, P = 0.046). B I 5¢ 45 [ % (94.1% vs 76.6%, P = 0.031) . LLDAS
(75.0% vs 18.6%, P <0.001). DIFIJ: #4741 SLEDAI K& k. B FE (P <0.05), HiZ%dlE L
JREE SRR EE R, JFE4EREA R E(K(P < 0.05). AL EARFMHMRE, WARREERERT
GuitHm X[29]e XFERXHZWIR cLN, SR WURDC st G yT rTRe e ) L3R . H a5 2
B 22 11 1 R IR SR BGAIE DU ST BT AE ¢SLE AT cLN AR IR ST 2%, FFVPAG HAE LR AR (K 0 2 4
P, DR HEIBIESE G .

3. §txt T kB LAARA9E 457
AR T IR EE4H B AH 5S4 (cyto-toxic T lymphocyte-associated protein 4, CTLA-4) £ R IA Ti%
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16 T U AR PE T 40RTH, CTLA-4 RE5¥0E 21640 Ml (APC)ZR M (13413 4> T CD80/CD86 44,
TEAE FE T SR AT ) 56 G- Ve CD28 A2 (1 T 48 ML il EU(E 5 o Bl 2 74 5 (Abatacept) 5& —#f CTLA-4 FI
A 1gG1 i Fc BXHIBh &R E, REWSIHIT CD28-CD80/86 %5 A5 5ilik, i T 40MiF b RE e, e
AIDs (13 fE[30]. H AT SRR RIBISTT R . 4R K 1 515 4 (juvenile idiopathic arthritis, JIA). 4RJ& 5
KATHR . SLE S0 A o 070 I PRI 70 2 ik LB 10 A5 B2 T N TFRER B AE . RS 98 S50

7E cAIDs ", B B % = T JIA AT . — TS TR B PE 25 A7 JIA B2 F D BEHLOUE 1
IREFFE N, 1697 AR, 33/62 (53%) 1B ZH i )L BLOCTT 48 R AE, 12160 (20%) (1R E2 PG 5 2H £ ) L i
LT 2 RAE(P = 0.0003) . 7EXUE AN, Bl (P 4 5 ) LR A Stk R A B U A -0 R 41.(HR 0.31, 95%
C10.16~0.95). 7EXUE WA, WAMARITHIA R B R AEMFRA 27 [31]. 1A — 2 O IDH R Iy
PRARES: 7~ , KA A B 4 1A B PR ] B P8 L A [ 4 AN A EE AHL 359 T 3R A5 B ARG IT 28 58, T 2 M R 47,
IHEE 24 M HWNEEE 72075 DA RER, HERAE A RKRAE32]. KTHTEVEEE JA £)LH T
MR, 35 B XU 24 (american college of rheumatology, ACR)HE Fg & i i 2 ot 3 7] T a-fifRg S 5
P5¥-(tumour necrosis factor-a, TNF-a)ff#it 25 JCL I 2 557584 JIA(polyarticular juvenile idiopathic arthritis,
pJIA) LS FHZ MRS (methotrexate, MTX). SKECKRFIA T TC RN A TGS MG SAEIR I 4 57 JIA (sys-
temic juvenile idiopathic arthritis, sJIA) & JL[33]. FDA #t#E )7 FAZ T RAT 2 9 K UL b b & & 5 )
P pdIA L. BRINHLHER T 2 ¥ & UL Xt HAh DMARDs (455> 1 Ff TNF $549077) S NAS L [ R 2 8
£ pIIA JLEE FIR YT [34] o HIE 2022 FE4AERR R AT 2 AP 75 S /N o3 158 W 25 W06 TT L SRAHERE JIA W]
LA b B A E SRR, Bl TR S 2R 7 S MTX AR, 208 10 mglkg, 40 T58 1
d. 15d. 29d J FiES, 2546k 28 d 4525 1 7k[35]. Bl PG IR AR JA BAHEMRIT B3R 4
257 RO NS, HEEFITCREFRAY): BB, 2t KU s, MEs
SmPOEEMRN R BT RREAMEZER . S TN R bR E .

4. & %T4mBaE TR A HrEF
4.1. BZRBASTE 6 (Interleukin-6, |L-6) ki

IL-6 1Ey—Fp A 2 IR R AR T, TRy b R E R, HAM et aiEEA
FRFERE B 40 th. iS5 B S S EDUARLE UL R T 40 IR o A S5 B A B R . I IR
FAEHER M, IL-6 FRik/KVH—1L8 AIDs B UIAHOE, BT H MBS, SRA IL-6/IL-6R 15 5 @& #E A
70 ] A BT PR 3 FE[36] . FERK RS (tocilizumab, TCZ)FE—F4txt 1L-6 224k o BE B N JEAL
SR, BHIE IL-6 5L A RS Al PE 1L-6 524K 1 45 6 SR BRI i 40 g IR 7~ 1R 2 28 35 PE[37] [38] -

TCZ B EAERR BARGVFT], A {d Fi k5 DMARDs &8, FIT-i697 G v i &8 i B sh ik
RA MR . 2 F LB sIA 36 plIA 1)LE . BB 7CH TiR97 SLE. AE Z550W, HMARSR
PRI LEIE NE VPR o 5F T sJIA, Benedetti b 4T T XUE < 2R REBEA LG SL N 112 1]
L, FEH 12 BN, TCZ k3| FEA SR IH A O NTHERh 20 =Tk > 30%, H AT
— TR FRTBAL > 300%) ) B 3 LU B 5. 3% v T 2 R 4. (85% vs. 24%, P < 0.001). #5552 JEI, 5 TCZ iA
I7 ) H b 80%SZHIL 70% A LA eea, b 50%iA ) 90% A L E s, 48% K B TR AN ST K e
T, 52% V5 FH I IREE B R [39]. KT pdIA, —IRIIA. FEAL. 2RI X Wit s iR, %
RIFIZH 48.1% 0 3 KA JIA RAE, TCZ 4 JIA KIEZFR N 25.6% (P = 0.0024), TEWFFLLE RN, #:52 TCZ
TBIT I 64.6% 530 70% A LA F IR, 45.1%3530 90% 2 LA F s 7R 4xt i1, TCZ R
H SR NS RBPE T R — B L A PE[40] . IX P I i R IG RIS R, TCZ 78 JIA hEA R1F
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T7 80 I Gl AR R O R A2 T SR I PR S B4R 7 (2023 FR)HERE: pJIA A RS EARER R K =
KT IR B B BOC T IA B A  RU R ZR N, @ BEM R ARG 16T . TCZIRYT >2 %%
KATRAJIA, /R <30kg &N 10 mg/kg, A= >30kg &N 8 mglkg, &F 4 i 1k, #lkiiE[41].
TCZ IR A 2 SR Ak BELIKr 8 REAZ Co i 6 « K VEESE ) 1L-6 PR PRAR AE TR AR LR MR 2 B PR MEH,
XHAEGUIRTT MEVA B4 B RER (AT SIIA [ R F) RO R 2 o i mi A S e IR A X 8L 1

4.2. TNF-a Y5157

TNF-a /& —FZ AT R 7, S 528 AIDs R BEAEFE[42], 40 RA. SLE. RIEVEE.
I TNF 5248 1 (TNFRL)FI TNF 5244 2 (TNFR2)I/E R, Rl AP I TNF-a 3X PR Fh AR 44 257 ] R4 AN 7]
HIREE R AR Z PP AN EATRERT DAE N2 57, 520 B 4008, T 40RO R a0 pe s, 1
TH GRS, WAl LR AR, 7T RAE R R S A4k R [43]. 4K I8 7E ¥ (Etanercept) /& —FF A
TA BRI AT TNF-o 2R AMNEE S5 N 19GL 1) Fe BRI &8, H TNF-R 185 TNF-a =%k 3
N SZARGE LA S ) 2 AN GEA, TTFEET TNF-a 5 TNF-R BRI EAE R, /b 635 fl 4 5 4058, JFEi %
P T L6 IL-1 SR R K1, FHWT SCRE I B, TTTIARTT JIA SEB o AT P (1 5 ke Rk
W, BT RA BRI S RIE TR 2~4 J& WU fE, A AR T DMARDS.

A TEE 2 B S AEAE L TYR97 JIA 1 TNF-a H59070), 76 JIA BE 7 RUR I . — TSk A 48 48
VOH S AL AL A 7S o, 322 1] A B FE R 2 OIS VR ER T T i i 235 2508 - 1R9T — D H J5 9231 30%.
50%- 70%C53E 1) 2 70 51N 66%- 54%F1 30%, — AN H Ja SEBl Bl e 1B LI BN 78%- 61% A1
38%, ANAHJG 0N 83%. T2%F1 52%. 0T ST 321 R if. thAh, X TERE) A B, KITET
IR TT SHIURIETT FAIREA . — TN 1724 5 JIA BE TR ER, HIR JIA L& EI6)T & 3t
1 332 4 H(19.3%) ik B R 15 AR IR TG Y . 77% ) B MG sh I gom 2k, KEHEHHIKER
WARVEEVRIT (1171161, 72.7%) . 19.7%I1) 35 735 BIAR IS ) 500 J5 s FHAROIS A, 29 70%I1) &3 78
FFIFLRRATEE 12 4 H Gk BIAEE S M BOw [44]. X RAKALTEE IR 2 K1 IA BRIFEE 2. R
YIAERE R A T R AP 7R SN o3 BRI 2506 TT e X 3L1R(2022 fR), WARFE S Rl VRIT>2 5 (1) plIA, HE
FHE A 0.8 mg/kg, 4 1~2 YR RS, R EFEARE 50 mg [35]

B Lk 4k, IL-17/1L-23 J@ 4044177 Bimekizumab. 1L-23 H55PE0H57 Guselkumab. #i#d
CD20 #.41 Obinutuzumab 1 Ofatumumab. BAFF/APRIL UL &5 254 Telitacicept. T ZH/IAK & 525
Deucravacitinib &5 £ )il 77 L 7E i G2 R IR KRS, A BEAEAR K AIDs A RUETT 245 -

25 b, AW )9 ) L AIDs SR AL TR R TT IR B, A AR R RN LE AIDs A BUATT FBZ —,
R 75 Lk — 25 I PRAIE FOAIE SE FL7 ORI 22 A o Bl RS . 22 ool PRAIE 72 1A T J B2 444 B8 78 40 T 17
HEEE SR, WA B T8 510 PR = W0t A= Wl VB G 96 97 7 R IFATREEACAM R AR, AT 2 25 3
AIDs BLMIGIRIR a8, AT 2B IR A B

SE 3k
[1] Pisetsky, D.S. (2023) Pathogenesis of Autoimmune Disease. Nature Reviews Nephrology, 19, 509-524.
https://doi.org/10.1038/s41581-023-00720-1

[2] Ludwig, R.J., Vanhoorelbeke, K., Leypoldt, F., Kaya, Z., Bieber, K., McLachlan, S.M., et al. (2017) Mechanisms of
Autoantibody-Induced Pathology. Frontiers in Immunology, 8, Article 603. https://doi.org/10.3389/fimmu.2017.00603

[3] Eaton, W.W., Pedersen, M.G., Atladéttir, H.O., Gregory, P.E., Rose, N.R. and Mortensen, P.B. (2010) The Prevalence
of 30 ICD-10 Autoimmune Diseases in Denmark. Immunologic Research, 47, 228-231.
https://doi.org/10.1007/s12026-009-8153-2

[4] Eaton, W.W., Rose, N.R., Kalaydjian, A., Pedersen, M.G. and Mortensen, P.B. (2007) Epidemiology of Autoimmune

DOI: 10.12677/acm.2025.1551441 836 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1551441
https://doi.org/10.1038/s41581-023-00720-1
https://doi.org/10.3389/fimmu.2017.00603
https://doi.org/10.1007/s12026-009-8153-2

FRhR T

(5]

(6]

[7]

(8]
(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]
(18]

[19]

[20]

[21]

[22]

[23]

Diseases in Denmark. Journal of Autoimmunity, 29, 1-9. https://doi.org/10.1016/j.jaut.2007.05.002

Sardu, C., Cocco, E., Mereu, A., Massa, R., Cuccu, A., Marrosu, M.G., et al. (2012) Population Based Study of 12
Autoimmune Diseases in Sardinia, Italy: Prevalence and Comorbidity. PLOS ONE, 7, €32487.
https://doi.org/10.1371/journal.pone.0032487

Saougou, I.G., Markatseli, T.E., Voulgari, P.V. and Drosos, A.A. (2021) Current Therapeutic Options for the Treatment
of Juvenile Idiopathic Arthritis. Current Rheumatology Reviews, 17, 41-57.
https://d0i.org/10.2174/1573403x16999200917151805

Hahn, B.H., McMahon, M.A., Wilkinson, A., Wallace, W.D., Daikh, D.l., FitzGerald, J.D., et al. (2012) American Col-
lege of Rheumatology Guidelines for Screening, Treatment, and Management of Lupus Nephritis. Arthritis Care & Re-
search, 64, 797-808. https://doi.org/10.1002/acr.21664

Schioppo, T. and Ingegnoli, F. (2017) Current Perspective on Rituximab in Rheumatic Diseases. Drug Design, Devel-
opment and Therapy, 11, 2891-2904. https://doi.org/10.2147/dddt.s139248

Reddy, V., Cambridge, G., Isenberg, D.A., Glennie, M.J., Cragg, M.S. and Leandro, M. (2015) Internalization of Ritux-
imab and the Efficiency of B Cell Depletion in Rheumatoid Arthritis and Systemic Lupus Erythematosus. Arthritis &
Rheumatology, 67, 2046-2055. https://doi.org/10.1002/art.39167

Watson, L., Beresford, M.W., Maynes, C., Pilkington, C., Marks, S.D., Glackin, Y., et al. (2014) The Indications, Effi-
cacy and Adverse Events of Rituximab in a Large Cohort of Patients with Juvenile-Onset SLE. Lupus, 24, 10-17.
https://doi.org/10.1177/0961203314547793

Mahmoud, 1., Jellouli, M., Boukhris, 1., Charfi, R., Ben Tekaya, A., Saidane, O., et al. (2017) Efficacy and Safety of
Rituximab in the Management of Pediatric Systemic Lupus Erythematosus: A Systematic Review. The Journal of Pedi-
atrics, 187, 213-219.E2. https://doi.org/10.1016/j.jpeds.2017.05.002

Lehman, T.J., Singh, C., Ramanathan, A., Alperin, R., Adams, A., Barinstein, L., et al. (2014) Prolonged Improvement
of Childhood Onset Systemic Lupus Erythematosus Following Systematic Administration of Rituximab and Cyclophos-
phamide. Pediatric Rheumatology, 12, Article No. 3. https://doi.org/10.1186/1546-0096-12-3

AlE’ed, A., AlSonbul, A. and Al-Mayouf, S.M. (2013) Safety and Efficacy of Combined Cyclophosphamide and Ritux-
imab Treatment in Recalcitrant Childhood Lupus. Rheumatology International, 34, 529-533.
https://doi.org/10.1007/s00296-013-2896-8

Hogan, J., Godron, A., Baudouin, V., Kwon, T., Harambat, J., Deschénes, G., et al. (2017) Combination Therapy of
Rituximab and Mycophenolate Mofetil in Childhood Lupus Nephritis. Pediatric Nephrology, 33, 111-116.
https://doi.org/10.1007/s00467-017-3767-4

Kamei, K., Ishikura, K., Sako, M., Ito, S., Nozu, K. and lijima, K. (2018) Rituximab Therapy for Refractory Steroid-
Resistant Nephrotic Syndrome in Children. Pediatric Nephrology, 35, 17-24.
https://doi.org/10.1007/s00467-018-4166-1

Kallash, M., Smoyer, W.E. and Mahan, J.D. (2019) Rituximab Use in the Management of Childhood Nephrotic Syn-
drome. Frontiers in Pediatrics, 7, Article 178. https://doi.org/10.3389/fped.2019.00178

ARG S LR A S B IR, LR BUR . BRI E R 25 G B2 1R IEIE TR ™ (2016) [J]. 4R JLEHRE,
2017, 55(10): 729-734.

HARIR 22 S 7 5 43 o PR IR LV 50 5 I VR A M 2 2 2. b [ B B S PRI 98 1290 % X HER (2022 4R RR)
[0]. HéErhaRl 44, 2022, 55(9): 931-949.

Yang, J.H., Liu, E.N., Nguyen, L., Dunn-Pirio, A. and Graves, J.S. (2023) Survival Analysis of Immunotherapy Effects
on Relapse Rate in Pediatric and Adult Autoimmune Encephalitis. Neurology, 101, e2300-e2313.
https://doi.org/10.1212/wnl.0000000000207746

Thaler, F.S., Zimmermann, L., Kammermeier, S., Strippel, C., Ringelstein, M., Kraft, A., et al. (2021) Rituximab Treat-
ment and Long-Term Outcome of Patients with Autoimmune Encephalitis: Real-World Evidence from the GENERATE
Registry. Neurology Neuroimmunology & Neuroinflammation, 8, e1088.
https://doi.org/10.1212/NX1.0000000000001088

Titulaer, M.J., McCracken, L., Gabilondo, I., Armangué, T., Glaser, C., lizuka, T., et al. (2013) Treatment and Prognostic
Factors for Long-Term Outcome in Patients with Anti-Nmda Receptor Encephalitis: An Observational Cohort Study.
The Lancet Neurology, 12, 157-165. https://doi.org/10.1016/s1474-4422(12)70310-1

Ddrner, T., Shock, A., Goldenberg, D.M. and Lipsky, P.E. (2015) The Mechanistic Impact of CD22 Engagement with
Epratuzumab on B Cell Function: Implications for the Treatment of Systemic Lupus Erythematosus. Autoimmunity Re-
views, 14, 1079-1086. https://doi.org/10.1016/j.autrev.2015.07.013

Clowse, M.E.B., Wallace, D.J., Furie, R.A., Petri, M.A., Pike, M.C., Leszczynski, P., et al. (2017) Efficacy and Safety
of Epratuzumab in Moderately to Severely Active Systemic Lupus Erythematosus: Results from Two Phase 111 Randomized,

DOI: 10.12677/acm.2025.1551441 837 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2025.1551441
https://doi.org/10.1016/j.jaut.2007.05.002
https://doi.org/10.1371/journal.pone.0032487
https://doi.org/10.2174/1573403x16999200917151805
https://doi.org/10.1002/acr.21664
https://doi.org/10.2147/dddt.s139248
https://doi.org/10.1002/art.39167
https://doi.org/10.1177/0961203314547793
https://doi.org/10.1016/j.jpeds.2017.05.002
https://doi.org/10.1186/1546-0096-12-3
https://doi.org/10.1007/s00296-013-2896-8
https://doi.org/10.1007/s00467-017-3767-4
https://doi.org/10.1007/s00467-018-4166-1
https://doi.org/10.3389/fped.2019.00178
https://doi.org/10.1212/wnl.0000000000207746
https://doi.org/10.1212/NXI.0000000000001088
https://doi.org/10.1016/s1474-4422(12)70310-1
https://doi.org/10.1016/j.autrev.2015.07.013

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]
(38]

[39]

[40]

[41]

[42]

Double-Blind, Placebo-Controlled Trials. Arthritis & Rheumatology, 69, 362-375.

https://doi.org/10.1002/art.39856

Wallace, D.J., Kalunian, K., Petri, M.A., Strand, V., Houssiau, F.A., Pike, M., et al. (2014) Efficacy and Safety of
Epratuzumab in Patients with Moderate/Severe Active Systemic Lupus Erythematosus: Results from EMBLEM, a Phase
lib, Randomised, Double-Blind, Placebo-Controlled, Multicentre Study. Annals of the Rheumatic Diseases, 73, 183-190.
https://doi.org/10.1136/annrheumdis-2012-202760

Wallace, D.J., Gordon, C., Strand, V., Hobbs, K., Petri, M., Kalunian, K., et al. (2013) Efficacy and Safety of
Epratuzumab in Patients with Moderate/Severe Flaring Systemic Lupus Erythematosus: Results from Two Randomized,
Double-Blind, Placebo-Controlled, Multicentre Studies (ALLEVIATE) and Follow-Up. Rheumatology, 52, 1313-1322.
https://doi.org/10.1093/rheumatology/ket129

HHHR IR 2 R 5 7 22, R B RS e B IR R 5 T by, i B R G ME AL BORIE T ST HMEL. 2020
E R A IIEI2ITIRREN]. PN FRIRE, 2020, 59(3): 172-185.

Brunner, H.I., Abud-Mendoza, C., Viola, D.O., Calvo Penades, 1., Levy, D., Anton, J., et al. (2020) Safety and Efficacy
of Intravenous Belimumab in Children with Systemic Lupus Erythematosus: Results from a Randomised, Placebo-Con-
trolled Trial. Annals of the Rheumatic Diseases, 79, 1340-1348. https://doi.org/10.1136/annrheumdis-2020-217101

WK BE 22 AE W S B 5 2 J LB I 5 0 8 U 7 2> (PAIRB-APAMBI) 2 H DA HMEA, (P s LB &)
T s, DURDCRYTERYT B LE KRG PIRIE 28 A R 22 e — IR 2 o Jse it
BT[], ESEH ) LRERE, 2021, 36(11): 858-868.

Gong, Y., Liu, S., Liu, H., Shi, Y., Li, Y., Guan, W., et al. (2024) Efficacy of Initial Combination with Belimumab in
Newly Diagnosed Childhood-Onset Lupus Nephritis: A Single-Centre Historical Control Study. Lupus Science & Med-
icine, 11, e001350. https://doi.org/10.1136/lupus-2024-001350

Romo-Tena, J., Gdmez-Martin, D. and Alcocer-Varela, J. (2013) CTLA-4 and Autoimmunity: New Insights into the
Dual Regulator of Tolerance. Autoimmunity Reviews, 12, 1171-1176. https://doi.org/10.1016/j.autrev.2013.07.002
Ruperto, N., Lovell, D.J., Quartier, P., Paz, E., Rubio-Pérez, N., Silva, C.A., et al. (2008) Abatacept in Children with
Juvenile Idiopathic Arthritis: A Randomised, Double-Blind, Placebo-Controlled Withdrawal Trial. The Lancet, 372, 383-
391. https://doi.org/10.1016/s0140-6736(08)60998-8

Brunner, H.I., Tzaribachev, N., Vega-Cornejo, G., Louw, 1., Berman, A., Calvo Penadés, L., et al. (2018) Subcutaneous
Abatacept in Patients with Polyarticular-Course Juvenile Idiopathic Arthritis: Results from a Phase IIT Open-Label Study.
Arthritis & Rheumatology, 70, 1144-1154. https://doi.org/10.1002/art.40466

Ruperto, N., Lovell, D.J., Quartier, P., Paz, E., Rubio-Pérez, N., Silva, C.A., etal. (2010) Long-Term Safety and Efficacy
of Abatacept in Children with Juvenile Idiopathic Arthritis. Arthritis & Rheumatism, 62, 1792-1802.
https://doi.org/10.1002/art.27431

Brunner, H.I., Wong, R., Nys, M., Kou, T.D., Dominique, A., Martini, A., et al. (2020) Abatacept: A Review of the

Treatment of Polyarticular-Course Juvenile Idiopathic Arthritis. Pediatric Drugs, 22, 653-672.
https://doi.org/10.1007/s40272-020-00422-2

HRAREE B ) LRFE o MR A, R B BRI P 23 IR G BE R BRI 7323 ) LRF 241, Ik R e 2 DA S b 22
IR sz T T 2 LB B, & SRR KA RN TR 29906 T T 34152022 JR)
[3]. sz LRHIG R 24 &, 2022, 37(14): 1066-1073.

Paley, M.A., Strand, V. and Kim, A.H.J. (2017) From Mechanism to Therapies in Systemic Lupus Erythematosus. Cur-
rent Opinion in Rheumatology, 29, 178-186. https://doi.org/10.1097/bor.0000000000000369

Sheppard, M., Laskou, F., Stapleton, P.P., Hadavi, S. and Dasgupta, B. (2017) Tocilizumab (Actemra). Human Vaccines
& Immunotherapeutics, 13, 1972-1988. https://doi.org/10.1080/21645515.2017.1316909

Srirangan, S. and Choy, E.H. (2010) The Role of Interleukin 6 in the Pathophysiology of Rheumatoid Arthritis. Therapeutic
Advances in Musculoskeletal Disease, 2, 247-256. https://doi.org/10.1177/1759720x10378372

De Benedetti, F., Brunner, H.1., Ruperto, N., Kenwright, A., Wright, S., Calvo, I., et al. (2012) Randomized Trial of
Tocilizumab in Systemic Juvenile Idiopathic Arthritis. New England Journal of Medicine, 367, 2385-2395.
https://doi.org/10.1056/nejmoal112802

Brunner, H.1., Ruperto, N., Zuber, Z., Keane, C., Harari, O., Kenwright, A., et al. (2015) Efficacy and Safety of Tocili-
zumab in Patients with Polyarticular-Course Juvenile Idiopathic Arthritis: Results from a Phase 3, Randomised, Double-
Blind Withdrawal Trial. Annals of the Rheumatic Diseases, 74, 1110-1117.
https://doi.org/10.1136/annrheumdis-2014-205351

HABEE RS LRy e R U, PR LR R SRR R, P EDLE KR R L. P [ SRR R G
RIEWI R IATT IR IR SR8 TS (2023 fR) [9]. 48 LRk &, 2023, 61(5): 398-411.

Micheau, O. and Tschopp, J. (2003) Induction of TNF Receptor I-Mediated Apoptosis via Two Sequential Signaling

DOI: 10.12677/acm.2025.1551441 838 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2025.1551441
https://doi.org/10.1002/art.39856
https://doi.org/10.1136/annrheumdis-2012-202760
https://doi.org/10.1093/rheumatology/ket129
https://doi.org/10.1136/annrheumdis-2020-217101
https://doi.org/10.1136/lupus-2024-001350
https://doi.org/10.1016/j.autrev.2013.07.002
https://doi.org/10.1016/s0140-6736(08)60998-8
https://doi.org/10.1002/art.40466
https://doi.org/10.1002/art.27431
https://doi.org/10.1007/s40272-020-00422-2
https://doi.org/10.1097/bor.0000000000000369
https://doi.org/10.1080/21645515.2017.1316909
https://doi.org/10.1177/1759720x10378372
https://doi.org/10.1056/nejmoa1112802
https://doi.org/10.1136/annrheumdis-2014-205351

FRhR T

Complexes. Cell, 114, 181-190. https://doi.org/10.1016/s0092-8674(03)00521-x

[43] Ghorbaninezhad, F., Leone, P., Alemohammad, H., Najafzadeh, B., Nourbakhsh, N., Prete, M., et al. (2022) Tumor
Necrosis Factor-a in Systemic Lupus Erythematosus: Structure, Function and Therapeutic Implications (Review). Inter-
national Journal of Molecular Medicine, 49, Article No. 43. https://doi.org/10.3892/ijmm.2022.5098

[44] Klotsche, J., Klein, A., Niewerth, M., Hoff, P., Windschall, D., Foeldvari, 1., et al. (2021) Re-Treatment with Etanercept
Is as Effective as the Initial Firstline Treatment in Patients with Juvenile Idiopathic Arthritis. Arthritis Research & Ther-
apy, 23, Article No. 118. https://doi.org/10.1186/s13075-021-02492-0

DOI: 10.12677/acm.2025.1551441 839 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1551441
https://doi.org/10.1016/s0092-8674(03)00521-x
https://doi.org/10.3892/ijmm.2022.5098
https://doi.org/10.1186/s13075-021-02492-0

	生物制剂治疗儿童自身免疫性疾病的研究进展
	摘  要
	关键词
	Research Progress in Biologic Agents for Treating Autoimmune Diseases in Children
	Abstract
	Keywords
	1. 引言
	2. 针对B淋巴细胞的生物制剂
	2.1. CD20靶向药物
	2.2. CD22靶向药物
	2.3. B淋巴细胞刺激因子(B Cell Stimulatory Factor, BLyS)抑制剂

	3. 针对T淋巴细胞的生物制剂
	4. 针对细胞因子的生物制剂
	4.1. 白细胞介素6 (Interleukin-6, IL-6)受体拮抗剂
	4.2. TNF-α拮抗剂

	参考文献

