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[ Abstract]  Systemic lupus erythematosus ( SLE) models are divided into four major categories: spontaneous,
induced, humanized and gene knockout models. Lupus animal models are of great significance for studying the etiology,
pathogenesis, and treatment of SLE. By reviewing and comparing various lupus animal models, we aim to elucidate the
main features, advantages, and disadvantages of different types of SLE models. This review provides a reference for
researchers aiming to select appropriate models for the exploring genetic and environmental factors, pathogenic
mechanisms, and therapeutic modalities of SLE.
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ZE (type 1 interferonl, IFN-1 ) 5% F & . 8 7= 41 it
TR LR DNA 10550 SLE I PRAFE
S AME R AAFFE 24> SLE W, HLAT s il i | 3
PRl PR PR 2R J g R Al A 922 8 9 PR R A e
R A1 T JLHAE R, SLE /NS R 5T, A
BB SLE 19 & o AL A RS T BOR TTRk, AR
XA h ] DOUER ) S SLE B RH LAY B =
R ALAE T AN FN B 20t i S R A, 2 R0 A B
PO 7 RN R A A R At L PR, DA Bk 24
B E (S B A I — 1Y SLE /) RUSEALAT L)
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() AR /N B RY 22 ] 18 JLAS DB 22 5, sl i) 1 — L
FRIE X SEAFAE T3 BT 50 N D1 AR A T 48t 0 R
) TG & RS AL AN OB i N IR 25
IRFE R AR /I B CTRT AR N DA IR /)N B ) B A 7]
T PR AR DAL I A2 5 4R N NS 45 S k7 ik
R Ji 3B T LA o e Al R A BT (Ao 2 % A%
AR A A, BIFSE N D AT S 2 A H Y
TR SRS N SEPRI F 2EIG RAFE , PP A R
2WITE SLE /) BUSEAIh rO/E = 153E T AR

1 BXRMEIREHIEE

B & AR 3l W) R R 4 S 0 S W) R AT ]
RPN AL S 7E A AREOL T A R, H
PRI R AR | R J R 2L i RAE IR 5 N6 A
L, XN T R R, A R s L 1 E
P3G T 4% 2 BE Al A I RO 5T, (H A PR 36 B A
AL S5 N SLE SFH WA T, &1 84T A
BRI Sl Wy BB Y S o LT | 32 R R R
FH BT S B SR B
1.1 NZB x NZW F1 /M &

NZB x NZW F1 /v Bl J2 80 75 22 B Bl ( New
Zealand black mouse, NZB) 5 7 78 2= H R ( New
Zealand white mouse , NZW ) /il & 2238 7= A= ) B iy &
PRI 2 MRS AL HA ) B [ B % R G R ALE
MK SLE, Bk Sy A3 H B G g 1) e AR
SRASRIBY) , [ 20 tH4d 60 FARPILIK, B4z
FIFE A B G e PR (B 5E , SR SR FL AR
R i L & 3 212U 25 P 2 G K (major
histocompatibility complex, MHC ) 45 A9 #0 il 14 T 41

R A RMIIE YIRS KN H]
Table 1 Characteristics and application of animal models of spontaneous lupus
Ay KRB L FERH v HL AL JRfR
Model  Discovery time Mechanisms Main outcome Application Treatment mechanisms Limitations
EHTFHRIRE o o s }
EAE i o MESIATTE MK @Egﬁgmfﬁ:iﬂ PR RGNS T
- R W1 e A B X< 1" 5h SR S
18t4% 5 % s MHC e E o o 1 FAE SLE TFHLiH L o e AR RIUES
NS WUIRRTE S /N sk A . y T B #IHH AL A ;
L T IR A S ) = R NIy Ty T
NZB/NZW RIS LRSS otk 1 i Cons pentide SN
F1 /ML 1966 4 Legacy susceptibility; Proteinuria T Suitable for exploring thp e pep Gid Disease develops
NZB/NZW 1966 year MHC-mediated _rotemuna 1 nephritis and oy, peprices slowly and requires
X . o immune complexes . induced immune .
F1 mice suppressive T-cell oo vasculitis research, crossing of two
h lasia or loss deposited in & hanisms tolerance o strains t
ypoplasia or loss dlomeruli, ANA and oestrogen mechanisms downregulates B cell mouse strains to
of function . in SLE and lupus L s produce lupus-
anti-dsDNA 1 o activation, IFN and . .
susceptibility . susceptible mice
: Bcl2 expression®)
gene analysis Hle eXpress
TR DNT 5
e AT S sl
Pk b gz Fas 3 SLE SCHEHE
WM, 77 4E DNT Eﬁ%ﬁ%ﬁ%ﬁiﬁ Fas SR 2200
Fas /3 4 e g T 49, ANA FT Yl %*ﬁ%&;,ma o N2 SLE; DNT 4H
B EGR2 HFHE  dsDNA JL ssDNA i S EZH2 MR g ke gk
MRI/L F DNA 2 JE4 Sm Hifk 1 Suitable iil . DNA FUEACREM] itk SRS
pr IFN-y ngf,__i[ﬂ Nephritis, lupus uitable tor cxp oring ﬁ:ﬁ%%‘%iﬁ%m L I,
JNER the association L .
1978 4 encephalopathy, EZH2 inhibitors Fas mutations do
MRL/ . between DNT and .
A 1978 year Defective Fas- lymph node and L. modulate DNA not drive human
Ipr mice SLE, the association

mediated apoptosis;
EGR2 protein induces

DNA demethylation

IFN-y production

splenomegaly ,
neuropsychiatric
disorders, presence of
DNT cells, ANA | anti-
dsDNA ,anti-ssDNA

and anti-Sm T

between Fasl./Fas and

SLE, investigating the
mechanisms and

targets of EGR2 in
SLE, and as an
animal model of
neuropsychiatric
lupus

methylation and
inhibit the interferon

signalling pathway (8]

SLE; DNT cells,
enlarged lymph
nodes, splenomegaly
rare in
human lupus
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Model  Discovery time Mechanisms Main outcome Application Treatment mechanisms Limitations
5% TLR7 3K 3 SLE
BLH A TLRT 6
S ;ﬁiﬂﬁfﬂ BTK 401 LT
Vo MCERBON  smpeb ki, GOURESTE SRR FR
HEPE TLR7 3% gk RERS2E 1 ANA padB 4t SLE W W 1C YRR A' . .
L . N e OO e 5
. ik IFN ™ T L dsDNA 4 o AW TLR {55 o b g
BXSB/Mpl ) s 1 19) 1 Tnvestigation of fegl10] I IS
JNER o . . . TLR7-driven SLE C RGO RRE
70 LA Main Yaa-related Proliferative R BTK inhibitors block K
BXSB/MpJ R R . mechanism and the R Male dominance
. Late 1970s pathogenic gene is glomerulonephritis, ffoct of inhibiti i FeR activation, does not reflect
mee TLR7 overexpression, lymphoid hyperplasia etlec .0 tnnbition o reduce IC deposition 068 not retiec
L . TLR7 in the treatment S human SLE
which induces and ANA T anti- of SLE and the and inhibit TLR
IFN production'()] dsDNA T pathogenic role of signalling in immune
2 ’ . . [10]
plasma cell inhibitory cell populations
receptor Gp49B
in SLE
WA H 259
5 SLE HR ) EH
PV R SR ARRIE )
PIBERL W5 T 44
M5 H B e g
S NERE & . OCR TR
. ) SRR A A i . s
A T IR Rt N v ol RS T e
N R B The Al e Tobt d SNX 5. Sudy of = *h ’ WA A, T semb R K A
T g JL ds JL Study o 'meta 0. 1sr'n— B T 4R A T
Hich i &1 suppressing drugs in A1) L imental
TC /MR 2007 4 1g' 1mmune Fatal SLE, as an animal T ong e).(perlmen a
. metabolism; IL-6 and - . . Metabolic inhibitors period and
TC mice 2007 year . glomerulonephritis, model of chronic C e . . .
IFN overexpression inhibit activation of relatively

and spontaneous
expansion of Tth cells

proteinuria 1 s
splenomegaly, hair

cutaneous lupus,
study of the

targeted T cells by
blocking glucose

uncontrollable
prncess

ANA and anti-
dsDNA 1

loss, skin ulcers,

relationship between
Tth cells and
autoimmune diseases,
and study of the
expression profile of

metabolism! %/

IFN in lupus mice
prior to the onset

of disease! "

T Jte. (R

Note. 1. Increase. (The same in the following tables)
MaDyREIGR 53 2 . TRIE R R I TS KRR R
SRS 96 K M PEIRAE LT ANA HUAR HL dsDNA
Fhvar, B ] WL A5 B 5 W DT B A R A A
TERL, /NEL S ~ 6 8 B R i bk A A5 B
10~12 AT E\ILT, 5§ SLE B H X
MRL/Ipr F1 BXSB/ Yaa /NRAZAIA[F] ,NZB/NZW F1
NI ZEEXT S RNA R AV A SGPuk ™ f
F5E FBH AR /N B 2 SE B, 2 /R 1 S e
AR Slela 16 1c LR 24 FEOL A Hhifk ™
", Sleld , FCgr2b 3&H 5 B /NER B 9 K A1 5%,
Sle2 \Sle3 Sle5 3 [F 275 5 bk B 41 At 348 7 AR OC 0
B DG R M BRUR ™ IR SO RIS
TR AR e 2 ok U PRI ME | A B Bt L B R
R
1.2 % MRL/Ipr /MR

[ BRI H FH ) SLE AR EM: SPF 2% MRL/1pr

ANER, IR R B o A B B )RR, 1978 A H
MURPHY %7 # 57 i A A & C3H/HeDi, LG/J .
AKR/J F1 C57BL/6]J i F /NS HE 2 12 ARRT & A4
H &I H BER (19 S i) PSR ™ A 1,
JFH5 NZB/NZW F1 /NI B FE R 27 5]
BERm T CD9S Z MK (Fas) Je— Rl F LS A
ZAR BT IR KL R 32 4K (TNF-R ) 5%, 76 5 5
BCAA FasL #H BV FH B 75 5 40 A s 08 T, A6 98 1
B.T 4 Ay b A FEEEAER, Bi R /ANVR 19
SYER fpr SR RAFMAE T Fas MR BT
Fas 5 SEGE , S B M T b, T 5 | A ik
E 200 B S 1, 7 A 5 NS SLE AL R S0 B
BHiR BT Fas {5557 S B I A 2K
A SLE KAERE, Tie T8 A Stk e 4
AU A 25 A fE ( autoimmune lymphoproliferative
syndrome , ALPS) 20 E AR N BRI R R 5N
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A= 90 AR T AR /N BRUBE AL, MRL-Ipr /N BUZE 5
Ji BT EGR2 mRNA kK2 i, 7E 14 ~ 15
JEAIHIE CDA T 40l b EGR2 223k i & 14, 1A 4h
| EGR2 ATk MRL-1pr R /NEUME CD4 T 2
TFNy B RIEBR AR SLE i sl s 76 Fn
2 SLE 95 R I PFAl v6 97 AR RS 38 AT 1 S F 5T
EGR2 7E/INEURIE T 40 v Y 2R3k A1 48 i 975 16
AR 2520 SR VR R, A
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BXSB/MpJ /NI i C57BL/6) M FUFT SB/Le
MR E R B M ELLE s R, T 20 22 70 4448
Jer iR B0 Ha A s LB AR B WA, 2 e S A
U Y YL RAFAE S IR [ B e S R, Bk
M Yaa B 1 X Qo fhuihiing Y Gk iy z (e
B, SEEA 16 M IEEMEE S F e &
b P, N2 E R, T 100% 1Y BXSB/
MpJ /IR R A AR AT AR, £ 415 & 2 P bk 1 2 21
Motk JEEPERG TR B NER R AL AR 2 |
PSR ER 25 9 I E | I3 ANA PUAR ., BT dsDNA | $T
ssDNA ikt Mtk /N RO A E 2k 5
A MNP A AE YR 14 A H FEBEH
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il A B G e P i 1) e e R T R 6 DL SR
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TC /N J& 1 CS7TBL/6 (i FR B6) /N L5 IR
NZM2410 /NRZ A 28 J5 #E A 2l G st e 1 [ &
PR/, & C5TBL/6 Rl JR /N, Hi ik 3 MR
95 T AV 45, ( Slel , Sle2 , Sle3) 7 | BIF5T & IR 2 i
T TC /N FUAR AR 2 1R 40 M 7= A2 v K P 1Y TL-6
IFN-y, 330 B 40 i K & 36 1k, 7= AR Bow Pk A B9t
A 51k R A R AR, A 46 ™ R M R R

dsDNA HUfRFh 7 5T R I, 1205 /N B
40 JEIRE T it B B I B R 35 2 S IR, ELBE A A
W B R, I e ko 72 20 I, LI A B B ARk
SRR R  J BE  BRBE 98 A LB JRAFAE R
AR TE, F R TC /N B Bk 22 5
H SR B BUICR, L, 2 TC /N Bad A
J BF 5T Ko KBS 21 BE R M ( cutaneous lupus
erythematosus , CLE ) &AL FIE 25 W6 T7 B9 sh s
UL AR SR R SRR AR AT 4%

2 FEEIREWEE

UEAESR , NTTEESE T i ANBE Y 55 & R B
MY 55 &R /N BUM L B R T B T
SIS, HAF /I BB R AR A1, A P R A b A
4 SLE M1l RFFAE , [ 5 A28 SLE 35 F1 NZB x
NZW F1 #E8— AN 75 5 00 AR 0 ol 4 o
LU AEMEPE ™ 8 (H AR5 A R R AT Y
A — S0P XI5 3 1 S IR N S I A B A
RERER, 2 B TSR SRR LR
BL 2RI BRI B0 oL SRR
2.1 HEAMRFEEREERES SLE /NRER

H LA BALB/c i FR/NEAE 3210 4, LU B
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NS RS E N R A N R 11 AR e
Ik E 2 A7 42 DNA ( ALD-DNA ) 7] B 5l [ s 400 i
] M2b Hefk, 7= A R R 71 S RAEDT, 42
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FURIEHEREAR 2RI B /NEKE 2 B DIRE T %
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A ER A WL ELRE WU T E 4
AU SR AN R TL-17 Rk K 5
Fe B R BT B AR A OE T O A AR ]
SR T AR R AE LR AR R TR, B
BT h A 2 L ConA T4 LA K AR ] 22 5 AR
K, T PR s T S R B, S AR R
2.2 Pristane S/ RAEE

%) BALB/c /)Nl 8 C57BL/6 /)N Bl 32 3 %
Z, FEAE S (pristane ) & H1 554 BE (0 b5k , AR AL
il SR, 2R FH— R B s 1 458 0. 5 mL FAE b il
7 SLE BEAY | AL BEAR bt v] 75 7 2 G 10 1R 26
i, B 7 FR) 24 i A 5 i 240 R R s oA 5 s 24 53
1L-6 540 R 7, I vl 3l SRR s 72805 5 s
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Table 2 Characteristics and application of animal models of induced lupus

A R IR SR AL FERY IO HH BRI HLH JABR
Model ~ Discovery time Mechanisms Main outcome Application Treatment mechanisms Limitations
(i) 30 J5 1~ 41 HE Y 200 i
A% 3 o 98 15 SLE
JIN BRI I 4 B R
WAl 3 BOK 2% i SLE
FEE X % EVs 1Y
G&E'Dg%ﬁ% f'ﬂf& RS0 B AN AR 45 e 0 2004 F T4 2
e 4 AN MOy sy e I SLE R, EmliAg SLE bk
R q,‘y’?ﬂﬁ”;ﬁ VUEER T, 4 Bl A i ConA 74 LI J%
J% %‘TE';K 19 % Al II)”/DNAJ'{ d dsDNA  J $t #% Hi il 7 Extracellular vesicles R R R 22
v y - mnduces A1 Investigating the role of mesenchymal stem LN
Lymphocyte End of the macrophage

activated
chromatin
induction

Pristane
i

Pristane

1994 4f:
1994 year
induced

] 5 14
JIF 44 B B
EH/ R
TSR
L
Rabbit

model of

21 4y
Early 21st
century

immunoin-
duction

by allogeneic
hepatic
cytoplasmic
proteins/
peptides

4
CES o %‘éw

CJ induced

Early 1990s

19th century

polarisation towards
M2b and production
of inflammatory
cytokines disease
induced inflammation

IL-6 11 IFN- 33
Fik
IL-6 and IFN-a

overexpression

ARG 5 R
A& Pk BAFF K
ZRKILKT
Autoantibody
production induced by
alloantigen ; high
expression levels of

BAFF and its receptor

20 B A D 28 X
PR AT W/ LAY A
FEMT 32 RZS, 55 A
By

Bacterial components
act as cross-antigens
to break immune
tolerance in mice and
induce

autoantibody
production

Glomerulonephritis,
renal function | |
proteinuria T, anti-

dsDNA and ANA 1

BNER B, G
2, il 5, BT
dsDNA K #t # $t
%1
Glomerulonephritis,
arthritis, pulmonary
vasculitis, anti-

dsDNA and ANA T

B9, 1C A1 /D ERTL
Bo,EAR T, B
dsDNA Hifh 1
Nephritis, 1C
deposition in
glomerulus,
proteinuria T ,

anti-ds-DNA 1

B4, ANA FIHT ds-
DNA $ifhk 1
Nephritis, ANA and
anti-dsDNA 1

of macrophage
metabolic regulation
in SLE, e. g. glucose
metabolism

inhibition" ")

WRIEWN PN T F£
IKTE SLE " LI
KAl OIFN 3R 97
SLE AR
Exploring the
mechanism of TFN
overexpression in SLE
and inhibition of TFN
in the treatment of
SLE

B 3 1% I G 98 I i
SR, AE S S 4T
b S W BAT R 38
LR 1 SLE %5 %5
RS AN & T
R R W BAFF il
%8 BAFF-R fiff

57 1%)

Rabbits have a high
degree of
heterogeneity in
genetic and immune
responses, which
better reflects the
complexity of diseases
such as SLE with a
familial inheritance
pattern; suitable for
exploring blockade of
the BAFF pathway or
BAFF-R studies!*’

A2 T 2y
M ARIEIRI TS
Mostly used
domestically in
studies of proprietary
Chinese medicines for
the treatment of lupus

cells alleviate SLE-
associated nephritis by
modulating macrophage
anti-inflammatory
polarisation phenotype
in SLE mice! , and
the immunosuppressive
effect of EVs could be a
potential avenue for cell-
free treatment of SLE

1 2 TFN 32 7K 45 50 5
i BT A 1AL IFN (9
fFaies

Type I IFN receptor
antagonists inhibit all
type I IFN

signal transduction

BAFF B3¢ B 57 /4 il
BAFF R 2% fit R &
SR )

BAFF monoclonal
antibody inhibits BAFF
to relieve lupus

symptoms (3]

Wide variation in
ConA dose and
moulding time

LS s e
FEMRA NS E 4%
Slow-acting ;
relatively mild
lupus symptoms

MEERK
Large
individual
variations

BE AL At Rf R
(] %

Short duration of
model
maintenance
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Model  Discovery time Mechanisms Main outcome Application Treatment mechanisms Limitations
P 7k - TAT .
PRI IS W | R BRI TLRA 55 TAT-CLs-DHA/SRNA
TNFoo 11-6 %5 95 b+ 1C DUBUT ¥ /b Bl j Jf 7 SLE PRI T TLR4 {ﬁzﬁ%
PN IS BRIE i sw A AR TN LR 4 i ot
< W E A -~ . b b
PSS 20 lﬂ!ﬂ LPS induces massive dsDNAl‘}ILM': 1 E*bem'gv the effects Pk ' (] J . .
LPS 90 L) ! £ NF-xB and Renal function | N of inhibiting the TAT-CLs-DHA/siRNA Short duration of
induced Early 1990s Fef{-,‘ase (')l KD an proteinuria T, IC TLR4 signal blocks NF-kB and pro- model
1ntal:r.1 matory b deposition in transduction pathway inflammatory factor maintenance
;‘}II\I;‘—S(}:HZU;L—ESIJ glomeruli anti-Sm and  for the treatment activity in the TLR4
bindine 1o pLRa | anti-dsDNA T of SLE signalling pathway *"
g .
A B7 $ 0 50 90 57/
s S AL T 4 i T I g
W NER 4 R g‘fg;‘}t%ﬁ%ﬁ D28 3t il {5 7 i
CGVHD 1 B A ANAHL g gy e K IV CDAT I T R I S
g 5 dsDNA FHE Sm $1 =5 5 ot ISR O T NS I S = W% %1 i
J /N B T 41 A T B9 12 JAJT SLE % o
e pmmmmerm A1 oo o s T IR
GVHD 1968 4F T cell-mediated Glomerulonephritis th hani T B7 antibody inhibits the  Severe lupus
co 1968 year cetrmediate and lymphoid ¢ mecharsm o B7/CD28 co-stimulatory  nephritis with
lupus-like chronic graft-versus- . . cell-driven SLE and . . .
mouse host response proliferation, ANA | the inhibition of signalling pathway to relatively
anti-dsDNA and anti- . suppress CD4T cell mild other
model chronic graft-versus-

Sm 1

activation and lupus symptoms
autoantibody

[41]

host response for the

treatment of SLE .
production

L PR, (F&RRA)

Note. | . Decrease. (The same in the following tables)

WAL LA = F B, R BF R BAY Ly6C A%
77 Az R R Y TFN-ou, TFN-o0 7] LA HEAR S 1R 41 D
(DC 4 ) B HE T T i e f 32, i — 2D TG Ak A
B NYE T B 40, e 2 B 288 1 1) A E
it RN BRI A B A R 2 Bk 28
PERATR B IRLLBE B I E B PR AR /NER B R
ML ANA $ifK . $i-dsDNA ik K Hit Sm Hi 4k
TFN-o Fhimr, B 0 B AT 0L /NER TG 2 TR
/N 5 A2 SLE &t il — 3, al i@t T4
A D) SO T L I R R B T R
B 4 if55 1% 3 R AU S SLE, IFN /Y 7™ A XF %
IR R B T RE AR AT A R 2 A
) —ARAF B RL, fE A RS AR B | SC 30 A BT 2L
SRAG B A A7 B | 3 B B T 23 5, T A S A AR Y
SLE P fiff e A7 | b 2 i — ] DABEHL SLE 22 1
P IEN S FTR /N B AY , fif ai. JE RSN TR | S5
JAK 55 6 ~ 8 MH AR I IIETEE K .
2.3 EAMBREHARRERFSRIER
ARG Z RN 5, B 2 DL S AR i
S A A BB R D S A A M R SR R R
B, IRIEFERE R R I A MIEPT dsDNA K HT sm/nRNP
riksm B Re R R R KR AR (SRR
RLTBE R 7 ) A, HR RORE R R T T g S
w GRS & B 5 A28 SLE BE AL, 2
PRIV R 2 20055 B A5 B0 ()R X R 43 B
SRR L B B 0] UL G e A 1eG TUBLT /I

ERARMET AR AT S A T 2R | AR (I B AR
PEm R R FE TR A, AT H LLBESE SLE & Sk AL
il S H B e e B RS, Bk R TS R, A
PR 22 AR S R T I 0y o D 2% i 1 1K i 722 W
W, (H Bz Bk e g 21 Ak R WLB W 1gG Ry S 1
DU,
2.4 THTHEFS/NRER

PA BALB/c /N B Z i 0 &, =5 i & il #
( Campylobacter jejuni, CJ) & — Fjr N\ 2 3 £8 955 9 it
P, R AL 2= 1 25 il FF 17 ( CJ-S131) 5 i [R5
245 ( Freunds complete adjuvant, FCA ) J&Y /N R,
CJ-S131 BA 50L& B &bl AU Bl = 47, 40
LI VE R 58 AL e AR, 77 A B, 5 —
RN GPE RN, T 4 ML Ak J5 38 3 55 B i AR 4l B B
Y 22 v RO, 1R B ST 7 A i 4R C-
S131 FTHE /N B G g it 32 AR A0 B/ BB
BCEA SRR R AR | AR R RE IR A 1L
ANA Fifk Bt ds-DNA i ss-DNA FILE A EH &
PUARTH B DR S R R A B R
B/ NERIR, B /NER 2R S RS A0 M 4 2 | 5% 1R 40
VR /N K R A v S S R B A
fimi :CI-S131 5 FCA i1 SLE /MBI 5 A58
SLE AHAME 5 | S50 F 1 235 0 47 VIO RRE .
B AR R AERFIN (R BRE, 27 35 ~ 40 d, IL/E H &
UK 25 T, AT 38 2o 398 0 6928 RN BUBOR $OR 12
RATAY [ R ]



o [ S2I B AR 2024 4F 11 A5 32 555 11 W] Acta Lab Anim Sci Sin, November 2024, Vol. 32, No. 11 1499

2.5 JE% #E (Lipopolysaccharide, LPS) if % IR
HEE

%) BALB/c 5{ MRL/lpr /N HZ ik ¥ £, &
SO R A M ) LPS 2 8 2 [ BA 1 T 4 i B 22
W4y AEN TLR4 MBCIK, /5 TLR4 HIEN 115 5
A, T Sh A G TS S i s E e, |
FH TNF-a | IL-6 S5 4 9E P KRB, S8 B AH A
TWHRERG Y, 457 Lk i &R/ BRI
RS LPS,2 ~ 4 J& U5 s BP A £ 4T Sm Bk Bt
dsDNA FHir B DIae 5 5 S IR, B R AT O
PEZ YV B/NERD S f sk, Jy R | 3 A
[0 A5 B ) %, T P IR ARST SLE &
BURI SBTT 5 58 o s TR GERR I (1] 45
2.6 BHEBEYITE E S (chronic graft-versus-
host disease,cGVHD ) IR & &/ R =R

H A2 A 1) )5 3R R AN ERE AU CD4 T
WREL AT AR FL/NRAR A B 742 cGVHD /&
FE 1968 4F- 1 LEWIS 457 gy Se gt o 1y, B AL i FH 11
it R 2 DBA/2 /MR EL BLAB/c /N, 32 5 R
WEPE DBA/2 FHENE CS7TBL/10 HYZRAS F1AC m 1
BLAB/c /INRFHEME A/T /NERZR3E FL AR, KL
PO ER T2 8] EZ A LA MR A9 (major
histocompatibility complex, MHC) BJ#R AAHZE . 5
pristane 7B —AF ,ﬁ%*ﬁﬂﬁ%gﬁ‘{k(fgi
P RN AT 75 SR AE LR G AR AL 4G MLV ANA |
Bt dsDNA F1HT Sm B 5 HU A& I m AR 9 PE
KU R BN R E RS
(] i S A % A 200 L 199 50 AR G T L 3 8% e 7 SR AR
SRR e A BB R A T SR R R4 R
HEE st MRz E kALY YiE £
AN SR G WS -9 A i I P o7
5 10 ~ 14 d BEnpAs 2] 5 B o, e oAb
A A MARAEEIRI | AH ] B9 2 8 ] e 2 A 5 4
FBBAA G, LAk, TR T 4 M 28 5 1
RN 1 | R I B AT AE X 25 i 0k i =K A0 AR UR
£ DN 0T UK 5% 45 R A& i X (3544 R0 78 32 40 i 1) 52
i L0 Bl SIS IR R BRI 2,

3 NBEWIRE/NREE

H T, A E SLE AJEAL/ N BRUBERY Y 7 vk A
PR AR S0 A 51> 4% 20 Bl ( peripheral blood
mononuclear cells, PBMCs ) B¢ #b J& il # B 40 iy
( peripheral blood lymphocyte, PBLs) M SLE 3 #%

3| B OE B GG ( server combined immune-
deficiency, SCID ) /N B, B f A & 1 + 40 M
(haematopoietic stem cells, HSCs ) %% 5% 21| G BE B /)N
B I ARG RS N VR BT pristane 15 SR, SEBLA
VR 32 7 G0 F S 2 Bl I /N BRUIY o 1 Horp
PBLs 5 PBMCs AR AL/ RUBE RS )2 i 145
RUTT LK ] dsDNA \RNP $T La S0, BT b
WFFEN T AMIAE SLE At fe i, (B SLE
AR 22 AT P BUR B S 40— Bk 25 Hz i il
B NK I 22 20 i 0 AR T AN AR T SLE
B PBLs/PBMCs R G 2 Bk I /) Bl 75 75 4
JJE RS Hodg i MAE AR W AR T A R 807
TR Ty SN BB | 3 ] BB BOWL R BA YT I 1]
BT B R, R AR M PBMC (1
oL PG/ N AT A, B AR AR IRE 1 1 PBMC B
FA e BOBTIRT & B, 4 16 sh R B
PBMCs HE A SBEBR A /N, 7T L 7 — il iy A IR
1k CLE /N BB A | 3X 26/ [RAE B3 19 UVB BRES T
RAARIERE FE R A2, HLARIE Bz Tk 22 B L e 3R 1Y
N IL-21, X 28 AJRPE TL-21 46 i X5 76 5K 3 4F i
K B 4l (age-associated B cells, ABCs ) 7346 H e
FEVEH, AR {EHE CD11b FFE 5 T T-bet (3
ik RS T R R IR I A AL ] B 1] B
PEIRIT (I EE AL AR 52708 HSCs-pristane A Y 1L /)N
FRUBT A S T R A AR G R e it 12 Jal il
Vi) KT (42.1%) , 8T i B K7 TR
i, BT (82. 8%) W A LIk EL 45 (97. 4% ) FAT
(89.0%) ., BEJG ,#t pristane BB TS5 12 ~ 13 J&
I AL HSCs /NER A /N P9 7R CD4 il
CD8 T ARG , 72k B SHTiE e R 4 A 1,
K 2] N\ A€ 2K 2 1 (immunoglobulin, Ig) G il IgM
ARSI B S5 (Flanst dsDNA $iik fidl &
FPLA ST RNP70 HTIRBT SM iR ) T, i 2 i
JESTHE VR PR R A0 AR 7 (1 TFN-y (118 | 11-6 |
MCP-1) B LA K- 2 3 T, HARIE AR R B ™
IR 1 B R SR 58 | S 28 52 B W AE /N Bk
H DB I 40 T R T AR A SLE
AR B PR AR, 52 e T 2% A A 92 A0 1Y AR B A
FH 2B B /N BURAE B (H IR D it
P EALIE F T A28 SLE $E [n] G588 97 7 1 JF &
FIVEAR Y ALBIFTE | S N A S 8 1 ) A P BF 5 i 2
RE, R AR RCRAR MM B Bt 3R 3 B4h
T N4 SLE /INRBIRE EE J7 30 4 0 T B I
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Table 3 Characteristics and application of humanised lupus mice

g PBMCs/PBLs AJEAL/IMR HSCs-pristane A E AL/
Model PBMCs/PBLs humanized mouse model HSCs-pristane humanized mouse model
KB TR 20 28 90 AEFLA 21 22 10 4E40H)
Discovery time Late 1990s Early 21st century decade

Fyd g

Construction

FERH

Main outcome

¥ SLE #4119 PBMCs/PBLs B A F SCID /N,
PBLs/PBMCs from patients with SLE
were transplants into SCID mice

PR 8 B FR T, 58 dsDNA T

Glomerulonephritis, proteinuria T | anti-dsDNA T

REAR By ML, REAB 7 AR X AT B, S 3REE /Y T AR A A

N\ HSCs H 883 SCID /NR B I, SR 5 I IR P 1 58
pristane TR

Human HSCs were injected intravenously into SCID mice,

followed by intraperitoneal injection of pristane induced lupus

ANA T ds-DNA Hidk 1, R AR TR T |
AR S5
ANA, anti-dsDNA antibody 1 ,elevated levels of pro-inflammatory
cytokines, proteinuria, lung injury

ZRE MMM LT L5 T.B R NK 4 ;
I/ GVHD s F A AH He A (10 ~ 12 )

9"
A 117!:5? Easy access to samples, relatively simple transplantation Multi-lineage haematopoietic cell development, including T, B,
cvanage method, efficient and stable T-cell transplantation myeloid and NK cells; reduction of GVHD;
longer lifespan comparison (10 ~ 12 weeks)
i FFREHT A S PR AL 5 AR F7E SLE i igy7 3, Blandt ANX A1 Pk ) MDSCs 3¢ Arg-1,
N . - Ny . e g ]
ol HLA DNA B HUBEU DRI K B 1L-6 85 e s o
bp Used to study the efficacy of anti-autoantibodies and anti-pro-inflammatory cytokines in SLE, e. g. anti-ANX Al antibodies,
targeting MDSCs or Arg-1, anti-human DNA-like chimeric antibodies, hCDR1 peptide, anti-IL-6 monoclonal antibodies, etc. Lo4]
Bz NK A SR 4 A 7T GBS & GVHD; K
TR AR 2 330 EBV HISCAY I A U A
R AL, PRI 4 R AET REAR A B 5 /N AT FE AN AT B, (AR
Limitati Lack of NK and other immune cells; may induce GVHD; Limited sample sources; non-reproducibility of mouse
ratons large amounts of injected human cells can lead to EBV- studies with different donors
associated lymphoid tissue hyperplasia; short lifespan, with
death occurring after an average of 4 weeks after transplantation
R4 WIS DI RR D B Sl P
Table 4 Summary of common lupus knockout mouse animal models
R B EUTTES i = N
Model Mechanisms Breed strains Clinical manifestation Application
TLR7 5545 MyD88 Jf i iof ¥ iif
2 ] ) . N N
T wovasait m 5 P TLRTY264H %6 M
TS A R T 072 Al Lok MRL/pe  ABCS AMLIRRL B0 A #R5R TLRT/MyDSS i ) i )
r TLR7 r(;cruits MyD88 and initiates /T\&[L ) ' FRPCIRIEAR 2 2 1 SLE AT
TLR7™/ ~ 170772 Y > Knockout TLR7Y264H mutant mice  Exploring  the efficacy  of

STING—/ - [73-74]

pp-1H~/ 7!

a signalling cascade through
activation of interferon regulatory
factor 7 and NF-kB to drive IFN
and

inflammatory cytokine

production, respectively

TR Bk 2 T Bir ik
IFN {5 5 7 5 A0 3 B G 5 4
Interferon gene deletion leads to
IFN

autoimmune inflammation

persistent signalling  and

PD-1H s 41 R0 T 401132
AR 545 5 Rl T b R 2
TN 200 R R SR 4 A 7 AR
0 2 AN T, f13% IFN-

PD-1H agonism T-cell

receptor signalling and reduces the

inhibits
production  of  pro-inflammatory
cytokines, including IFN-a, by
neutrophils  and  plasmacytoid

dendritic cells (pDC)

TLR7Y264H mutant
MRL/

mice  or
Ipr mice

MRL/Tpr /MR
MRL/lpr mice

B6 /MR

B6 mice

have significantly reduced numbers
of ABCs cells and significant lupus-
like disease symptoms

STING B 149/ U 2 1 AR /N
FRBARL A R A FERE IR R B, H/N
FR A7 i A ol 4
STING-deficient

the manifestation of

mice exacerbate
lupus-like
symptoms in a mouse model of
significantly

lupus and have a

shorter lifespan

B6 PD-1H B /N Rl & Ry 2K
LT ARA 0 S B IR T 4 B
FI B VP

B6 PD-1H-deficient mice develop a
spontaneous cutaneous and systemic
autoimmune disease similar to lupus

TLR7/MyD88 axis inhibitors
in SLE

WFFET 2R 2 P9 1A
9 SLE A7 8T B HE AT
Investigating interferon gene-
stimulating factor as a new
target for SLE treatment

k%8 PD-1H S I4E 67T
Bk 2 G0 AR B I
Investigating PD-1H agonists
as potential targets for the
and

treatment  of  skin

systemic lupus
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Zx4
i B s Rl 2R Il R B N H
Model Mechanisms Breed strains Clinical manifestation Application
CD38 e P L4 240 6 ol 4z i
S LRI SN R P S Y B0 B
JERT 20 M D T A A T R CD38 fife Z {fi Bo A W 2. 38t 1% 95 5t
P G BE AN A R R T BRI 5 7 A H B S,
BEANML A4 FE PR T RN T A B B e i i 5t/ BFSE CD38 ST HT R X SLE
CD38 triggers signalling cascades lpr /N B C57BL/  BUR AL YR AE FEREAR R B BEEAEIR TR
cp3g-/ - [76-78] and intracellular calcium 6] /M CD38 deficiency predisposes animal — Investigating  the  potential
mobilisation through activation of lpr mice or C57BL/ models with no apparent genetic therapeutic effect of CD38-
lymphocytes and regulates 6] mice background to autoimmunity and  targeted antibodies in
apoptosis, proliferation and exacerbates lupus-like symptoms in  SLE patients
production  of  cytokines  and background mouse models with

chemokines, as well as regulating
proliferation,  differentiation and
apoptosis of immune cells

autoimmune predisposition

4 EEFEBRIRE /R

I 12255 2 1) Jit 5 1 5k A ) 50 o 4 A2 48 B
J& VL BE B K Cre/loxp &R 4t CRISPR/Cas9 LA J
TPO01-1/att A N HERH ) 26 A PERE DA R, A
TERTAT 2HZBE 1 1Y 2H Ul 40 A v i B o o BRI
Ao A 0 i 3t A2 A 1 P T B 5 B R PR T
o3 2 JE TP B P, AT B 9 PR ok 2 3K R IR S LA
P18 A 02 07 LSO (T 7 s Rl R
RSO SR EY B, 3% 4 28 LA H FiE WA TR
FEDR AR/ AT

5 NG

SRR A SLE & ML AFF 52 F0 5 25 10 9F &
it T E KSR (H SLE S B B R S s B
A2 2% 0 S RE ML, 1R [R] 9 36 7 AT LA AS T) A /0N B
RRA = AN R B2 ), PR LR ) 1 A2 SLE # mpi
JFIIRIR, H 20 22 50 4EAR LIS VAT SLE JAT
RV 2 25— B AR, R 2 A il 77l
GaREFN I O S AR A S A B h kA7 T DK, R
[ 2013 4E3 , X TI0J7 SLE Br25%), (U4 BAFF i
seREPUIAR (DAL RT) | T BT R 2 R HS P
(BT Je A e BBt ) A0 ET AL AN O B IR A )
(voclosporin fK ¥4 71 2 ) 3K 15 FDA it #fE #F A 17
B P REEH TOIAYT ik B SLE B T
JEATRAR 22 . IR M B 3 X SLE % 95 HL A B fige
BRI G R 25 9 1) F K o AR S Al 1 v S 25
TRUOS T TR AR IR AT /N B I R R AR A /N
SRR | AT AT A AR 2K SLE , 58 A2 SLE
LAY IT S P T TR, 5 — R
PIRAL S 5 N SLE A7 76 A FH AL e 4iF, 1]

Pristane 5 3/NRUAY IFN 323k, BEAb, A — AR
FRPRAL TR A AL AN R DT T, 2% B RSN
FOAT ARIEAS R 58 B B9 BE B[R] A sh A A
(ARG S BRI A AEVT 2 1 R BR 1, 75 AN W7 52
A PSSk T G b AT SULAR A FE It A 1 R
PR M DL SR fR 25 W AE T AR 2 1) N S5 T 5t
riEHYE, B2, SLE /)N BB RIS 24k 25 1% ok i 5T
SLE #4395 KU AL i LA B2 & i 1] SLE ¥ 75 AN Al 5
B —3R
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