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Animal Models in Systemic Lupus Erythematosus

Hyo Park, Dong Hyuk Sheen, Mi Kyoung Lim, Seung Cheol Shim

Department of Internal Medicine, Eulji University College of Medicine,
Eulji Medi-Bio Research Institute, Daejeon, Korea

Systemic lupus erythematosus (SLE) is an autoimmune
disorder affected by multiple genetic, hormonal and envi-
ronmental factors, which makes it impossible to identify
the exact cause of this ailment by only investigating SLE
patients, who are genetically heterogeneous, and live in
various environments. Therefore, the study of mouse mod-
els of lupus has provided valuable clues to help identify,
and to validate, novel molecular pathways and targets im-
plicated in the pathogenesis of the disease. While there is
no perfect model to reflect all the disease phenotypes ob-
served in human patients, disease subsets are represented
in various animal models, which allows modulation of a
particular pathophysiological pathway, resulting in the
possibility of dissecting its specific contribution to disease
development. Spontaneous mouse models of lupus have led
to identification of numerous susceptibility loci, from
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which several candidate genes have been found, while in-
duced models of lupus have provided insight into the role
of environmental factors, as well as a better understanding
of the cellular mechanisms by which SLE develops.
Animal models also allow us to screen and evaluate poten-
tial preventive and therapeutic agents. Correlation of spe-
cific pathways in animal models to subsets of human dis-
ease offers the unique possibility of more accurate pre-
clinical predictions of efficacy for single or combinatorial
therapeutic approaches in the clinic. Here, we introduce
various animal models of SLE, and review current data
focused on genetic factors that are associated with suscept-
ibility or phenotypes of lupus, leading into the present un-
derstanding of the genetic basis in lupus pathogenesis.
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study; GWAS)o] 7hsakAl = et A7t T390
T Hask = AN AR Aol lgol AA
A A/EA S FaAHA sl ek 2ev AR A
BEA L FF220 ARl izt AEE 71AE AA s
Hhe el Rt Wiste] EA4 el AlgkRlo] glvk wdk A
S DA Q7] AL FEZ B o] Ba
v 9%, 94 S, AgaTkds 2E 9 2
o] Aol aeqE]o| Aok dhr}. wgt AA-FAA AR
< FAA FHEA S EAT F AR A fH A
7F 7RA AL U 7= dotr] A e F7HE S
ol Azl wtelA] F W Tw EHEe] 729
A 71-5 olafistar Axl 7155 dohlir] 913 A
=i gk

FF2e TERE
A T 2y 5
lupus)@ 7} Fdo]l FAHME ZAME(New
Zealand Black, NZB)Z} =4 "H%—(New Zealand White, NZW)
Zke] F1 &(hybrid, NZB/W F1)¥} 1 ¥ 5] 714 whol

oL (E Mz o

oo do nE O & mt Ok

)

g
rlo

A F e FEEe, A
'

1

ey

S 2 (models of spontaneous

Hu
+

&
il

2
)

Table 1. Characteristics of various lupus animal models
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A45]m 2 2]ol] MRL/lpr, BXSB/Yaa S°| it} & &
3k 2 FA FF2 E®(induced lupus models)E Z 2]
Z=Eh(pristane) A 7} vk o] Al 3= Zh(chro-
nic graft-versus-host-disease; cGVHD) zd Zo| 9l
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Strains/models used in analysis Immunological characteristics Organ involvement Severity
Spontaneous lupus models
NZB/ NZW F1 Anti-dsDNA Ab(+), Antinuclear Ab(+), Lymphadenopathy, F>M
autoantibodies to RNA containing splenomegaly, GN
complex(-)
NZM2410 (NZBxNZW) RI line Autoantibody specificity similar to Arthritis, skin lesion F=M
NZM2328 (NZBxXNZW) RI line NZB/W F1, help to understand genetic
mechanism
MRL-Fas™ Antinuclear Ab(+), Anti-ssDNA Ab(+), F=M
Anti-dsDNA Ab(+), Anti-Sm Ab(+),
IC(+), Rheumatoid factor(+)
BXSB Antinuclear Ab(+), anti-erythrocyte Ab(+), Lymphoid hyperplasia, GN, F<M

BXD2 (DBA/2xC57BL/6) RI line

Induced lupus models
Pristane-Induced lupus model

Serum retroviral glycoprotein gp70(+)

Anti-ribonucleoprotein Ab(+)

mononucleosis,
hypergammaglobulinemia

Various organ involvement including F>M

(anti-Sm, anti-UIRNP), Anti-DNA Ab(+), GN, hemorrhagic alveolitis, arthritis
Anti-histone Ab(+), Interferon(+)

Chronic Graft-versus-Host disease
recipient cells

Possible to see the effect on host cells and

Acute onset (autoantibodies found

within 10~ 14 days)
Mercury-induced autoimmunity
(DBA/2, resistance)
M. bovis-induced systemic
autoimmunity in NOD mice
Gene manipulation lupus model
Fc 7 RIIb-deficient mice

Ab: antibodies, GN: glomerulonephritis
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5~6/NLEE] Sdo] vehtA A$ 10~ 1270l A15H
o 2 oloj & WA EJ A vy A4l (immune com-
plex-mediated glomerulonephritis)o] A gtch. NZB/W Fl9]
T2 o e T EEET] Xpo]H 2 NZB/W Flell
1= RNA 23 53-Alof] 3l 2H713kAl7} whAlslA] ok

= Zlolth. 2= 3Aeke] AR o dollA FE
Asle] o|=EZAle] kg mHrk= Zlolth AAE
NZB/W FlollA G4 A= A7kgAe] A4S AskA]7]#
Ar o] WS A A 71e) vb WA A E NZB/W Fio|
| AEZAS FsPH DNA 5o] B AE7} thA] A= o]
o] 5 2 Fo| Wiol] 7]o3hS FA|gk} (2).

w3t Z7h ] Aol A= WANEE ] ASE F3
W= Aol EFRQle] Fast d3S et ' EHlolA
Q1] £7] 10 (interleukin-10; IL-10)9] ZL Thl #to] &7}
Aol F7he Bl Agke Az (3). DO
NZB/W Fl& o] &3 2]9] el7ollA] B10 AlEE A
71e< 7H 24 T Al E(regulatory T cells)®] A4S 57
ARl @). 22 FF2ONAE IL-100] FF2E o34
71 Hhe] A3E 1o (5). wekbA 5253 ekl <]
oS Aty Slstol = IL-10S Bk B AlE2] o
&3t IL-109] 71- el gk o @2 olslivt Heslcl
NZM: G A| AFef sufjol] 2]3F NZB/W F13} NZW7He] $-
QAsk muizt 27709 AE ofE Azt X el HEl
NZM ABH & A3 o] FollA] NZM2328% NZM2410
o] AA| FF2 BHE ol o] 8= 3 9t (6). NZM2410
7} NZM2328 W% NZB/W Fl1it} k] whsie] ksl
ol 9lo] AHixtol7} HeleA] ghot NZB/W Fi3t f-AHE
A7 A FolAdg Ktk NZM #E9 44 447
FF ATA A9 1L 48 B4 e Bols
Al slo] F¥2 43 7149 ol#loll 7H B Eve
F3 9k (D).
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Table 2. Loci confirmed in interval-congenic mice

A2 A (forward) 3 8% (reverse) FA% HTHE
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AR A= Ak, 24, H29E Edste AF 9
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2 3H fAAEE Ao 22 A4 Arha o
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A ¥ o] (mutagenesis)7} AFE-= 2 el (7). AEE §H4H
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&1 ¥ o] (site-directed muta-
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$AA S A o2l 24 $AASE 2 A
AR GAAE ohIAT Aol o8 Jae
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Locus Chr Susceptible strain Major autoimmune trait

Slel (a-c) 1 NZM2410 (NZW) Antinucleosome Ab

FCgnzl 1 NZM2328 (NZW) Antichromatin Ab, GN

— 1 129 Antinuclear Ab, GN

Nba2 (at least 1 NZB B cell hyperactivity, autoAb

two subloci)

Bxsi-4 1 BXSB Anti-dsDNA Ab, GN (4 overlapping intervals)

Sle2 (a-c) 4 NZM2410 (NZW, NZB) B cell hyperactivity, increased Bl cells

Adnzl 4  NZM2328 GN

Lbw2 4 NZB B cell hyperactivity

Sle3/Sle5 7 NZM2420 (NZW) T cell hyperactivity from hyperstimulatory antigen-presenting cells

Nba5 7 NZB Anti-gp70 Ab, GN

Sgp3 13 NZW gp70, antinuclear Ab, weak effect

— 13 NZB Enhanced B cell activation, increased T cell activation, increased GCs,
hyperIgM, antichromatin Ab

Slesl 17 NZW Suppression of lupus-like disease

GN: Glomerulonephritis, Ab: Antibody
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Tl Bl = = FAH HStel]l TR 712291 A4 g 5 gk o] A2 FAHS ZAE EAse AEE
< AlEPt S FARAAE w7 gl 2% AL ThsAlel slem,
2+ RAMFEXIE MF|(Interval congenic mice): -7 A4+ Y vobrh o4 JA Az 3= zdYEe v f4
AR AR S AHgste] B2 428150l A=A gl Uit A4S FHske Aotk

t}. o]#] 3t FA =L EollE= Slel, Cgnzl, Nba2, BXSBI-4, 3 ) FA FA §AH S} FF2 FA AR L A4
129 A=) (A4 1ol #1X); Sle2, Adnzl, and Lbw2 A gl A9 FEAEEl A SRR o] AL st
(AAA 4ol $1A]); Sle3/s and NbaS (A 731l $14]); ol &e] w7l theto] ¢4 P2 FAHAE vzt
Sgp3 Bl NZB 41211 (4] 138l $1X]); Sles (534 gA el Qe A et ofe} o] F Yl 3T FARAAE A
A 17l f1A)o] EZFEeh(Table 2). FARFIAY S HAee Agste] AAIF I et

cEHo g g AT A4 W2 A Q) =L FAS7E i2s fA2STo] 2 5 St o]
uh-goll w1 x| dgkell thak AAR =AE & = QA & Z1E Slel, Nba2, Sle2, Lbw2, Sle3, Lbw52] 73-9-oll S =3l
Tt} ol A2 ¥4 I F29(QTLs) el &+ f% 7 tH(Table 3).

& AR Ao o iz Wl el 727t El% 2 @ 4 G4 FRAFs= A DAl digte] vl SolH
Soll et Hup et {421 A= A4 7128 Al$d oL Z|thelAl 92 d¥F& A = vk dlE =, 94
o =3 Folgl & P FA29 A ST B 9 Al 481 9] Aol Y= C5TL Adnzl FAFSZ ZH4 ol
= SR AE, A, 7S, At 2985 AR =< NZM2328£ tiA|gk NZM2328.C57Lc4 %A}%ﬁx}ﬁﬂ
oloizlct m% < ¥-DNA A7} 415 MJJr AR T

A AR ol B TS =y 7R A=A A, % oAl gfsket 8). FF A A wrﬂ%M
A ATgelA FEEUR A o] glol] FFL A FH o TollA, 243 3709 FAFA = (Slel a-)9] Aoz
A FAFS Sl B @ A aEqS ATk T3 Slel A2 A2 A=A o] w2ld FE3t
() FARARE QRS FH FA FAFSl <) (physical cloning)E & o+ Y& AER T&8] A2 =74 2
FEH Tl o] AU 27 AR A=A A= ZI7HA skl AR A 7S o2 AAE A 9). vl
DDA Qe A oy AW o e T CA Sle29k Sle3 FA12keloF gt wlj 2R A4l o] W

B oo 2pdel wabse] Eael o2 A ek AEA, Slelbrh SHASAANE F A Gkt 2470

Table 3. Susceptibility genes identified in spontaneous lupus-prone strains

Major autoimmune

Gene Name Chr Susceptible allele Alteration . .
manifestations
Fasl Fas ligand 1 gld (generalized T—C, 847 nt. (Phe—Leu) Lymphoproliferation, DN T
lymphoproliferative disease) disrupts signaling cells, autoAbs, GN
Ptpn6  Protein tyrosine phosphatase, 6 me (motheaten) C deletion, 228 nt.; AutoAbs present, but not
nonreceptor type 6 (SHP-1, me’ (viable motheaten) aberrant RNA splicing required for lethal
PTP-1C, hemopoietic cell T—A 1,076 nt.; disrupts phenotype (both me and
phosphatase) splice donor site me' mutations); promotes
loss of tolerance when
MHC combined with certain
other susceptibility genes
(Cd22, Lyn)
H2 complex (MHC class I and 17 Background-strain dependent H-2% (BWF)) H-2° (BXSB) Modifies severity of
II, Tnf C2, C4, and other H-2""2 (NZB) autoimmunity: autoAb,
genes) lymphoproliferation, GN
Fas Fas, APO-1, CD95 19 Ipr (lymphoproliferation) ETn insertion causing Lymphoproliferation, DN T
aberrant RNA splicing; cells, autoAbs. GN and
protein levels reduced to  arthritis depending on
~10% background (both Ipr and
Ipr®)
¢ (lymphoproliferation =~ T—A, 786 nt. (Ile—Asn)
complementing gld) disrupts Fas/FasL binding
Yaa Y accelerated autoimmunity Y Duplication of ~4 Mb of Accelerated autoimmunity,
and lymphoproliferation the X-chromosome, enhanced Ab responses to

includes TIr7 foreign and self-antigens
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Table 4. Candidate genes for lupus susceptibility loci
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Name Chr Locus Susceptible strain (background) Variation
SLAM family 1 Slelb NZM2410/NZW (B6); 129, A, AKR, BALB/c, Polymorphisms of Usp23, Nitl, Refbp2,
C3H/Hel, CBA, CE, DBA/2, DDY, Jcl, LP, (Cd229, Csl, CD48, CD84, Ncstn, Copa, Px
MRL, NOD, NZB, P, PL, SB/Le, SEA/Gn,
SIL, SM, WB/Re, PERA, PERC, SK/Cam,
and SF/Cam 1342 C—A (His—ASN) new N-linked
CR1/2, 1 Slelc NZM2410/NZW (B6); NOD glycosylation site reduces C3dg binding
CD35/CD21 (Cr2) SWR and likely interferes with required
dimerization
+95 C (vs T) promoter region SNP
Ifi202 (Ifi202) 1 Nba2 NZB (B6); DBA/2, BALB/c, A, associated with ~10-fold increased
MRL, C3H/He, CBA expression levels
Deletions within the 5° UT and 3rd intron
Fc 7 RIIb (Fcgr2b) 1 Nba2, Lbw7 NZB; BXSB, MRL, NOD, SB/Le, 129  CD72° allele, 13 amino acid changes vs
CD72 (Cd72) 4 Arvml MRL; LG CD72" (C3H, NZB, NZW, BXSB, B6)
~3.5 kb insertion upstream of Clga
Clq (Clg) 4 Nbal NZB associated with lower serum Clq levels
P2RX7 P451 allele associated with higher
P2X5 receptor (P2rx7) 5 Lbw3 NZW; BALB/c, NOD, 129, Mus spretus  sensitivity to ATP stimulation
2nd intronic 794 bp insertion of a cluster of
CD22 (Cd22) 7 Sle5 NZM2410/NZW (B6); NZB, DBA, PL/J]  short interspersed nucleotide elements
results in aberrantly spliced mRNAs and
reduced CD22 expression
3 bp insertion (GAT) within 3> UT AU-rich
TNF a (Tnf) 17 H2 NZW (BWF1); B10.KPA22, SM/J, region associated with reduced TNF
Mus spretus production
Tir7 gene duplication on Y-chromosome
TLR7 (Tir7) Y Yaa BXSB, SB/Le

o] FE FAAER 219 FAFARE T Y=
900-kb Slelb AR 7vA ] FE3= Usp23, Nitl, Refbp2,
Cd229, Csl, CD48 CD84, Ncsm, Copa, PxfZ E3ts}o]
SLAM/CD2 Al'gH 718t 4252 FH3 oA 9l Be
AAH ] Cd2242] A& FEFWrK(Table 4).

NZW Slelb QA8 (haplotype)= 129/Sv, A, AKR, BALBYc,
C3H/He, CBA, CE, DBA/2, DDY, Jcl, LP, MRL/Mp, NOD/Lt,
NZB/B1, P, PL, SB/Le, SEA/Gn, SIL, SM, WB/Re, PERA/Ei,
PERA/Rk, PERC/Ei, SK/CamEi, SF/CamEi-2 E3}slo] 4
9] FFRMZNA LEQl v, B LuiAI%E 2 Be,
C57BR, C57L, RF, MOLF/Ei, MOLE/Eiol|%+ g8 % A o|c}.
weZbA] Slelbe FE G 71N E Yehe tig {441
Fefol] whe} hFES FollAe FF2 A AR,
B6 & FollAe A FAAE 1A4E = gk JH ol
e 3o Slelb SLAM A% AR}, Lyl08 (P2 Slamf6)S]
oty xd vhdAo] wAx3k B AlE 7173, 4, RAG
AMERZ FRBAE de A2 g Ao (10). o] A
Ly108°] &<t 23t W Slelb 74 AL 74
o] girk= Zl& AlAIZh

2N FERERO &0l 2l 87 19941 Morel 52 A4
Aled o] w3k Qdgto] 9l 3709 NzM2410 74 -4

A9 (Slel-5T HAAeto] AFoz FF2 ABY BAL

Fa3ladch o] Aol A FF2Tt FAH | Al A
Ao 74 BAslke A gl WA ol vt
S7kske Zle® vebgew ol Md ok 14
EAAE elE gl NZM2410 Elg A <A
Azkel o] EA7E AE R ew o] F 7h Aol &
2 Slesio] 222 3E-31A] (major histocompatibility com-
plex; MHC) class I -5 2-9]1¢l H-2¢} AAz=c} (11). o]
AIEL AT AP fAF919 Tder A3l
3

o
WAsty FF2 FEY S vele SE5 A48 #

o Jo 2 T o

(4

i

Az} Ay §Az Bk Atk AL HolFgl
o} 234 FARIE e BESeAE elE e,

Lmb3).

7k NZM2410 2+5A 424399 7152 C57BL/6 (BO)ZE
M FARANE 7RI Qe £ | SAe gt
AAIEE 2A4E S3llA =l (12). ol ATE
Fato] Bl 3] A AR Ve 2okt
H, Slel<- ZA7HHg B AlE9 T Al29] Aitow #3hg]
ol gk WA Q] &4 uizfgt. Sle2s B A1 2] Fhrjt
&, B-1 Alxo] F7t, 54 IgM Al A4 T A
Sle3= CD4™ T A|x9] &A Gt = AxAEe 749
AR=EH o]= T AE o|2|8] AEEo] o]¢} 22 2HY
o] Wddof] #A=E]o] ok FAolth TH|FAE Slel
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FZ 1H Aol A NZM2328 Cgnzl B Agnzl@ 41 <3
A AN A NZM2328 Adazl® S73 € vk et} NZM2328
FAZFS = vAT S oA AgPlon ol F F7H
o A fAS e 288 E FAFH o2 vud gl
Al grEr.

EHoZ 3t Sle 2917 AZkE W AYA T A sk
3N Fo AN ES] A Z3bo] FF229] WAl
"ozl Ag HodFlrh. NZM2410 H1E2 A A
7EA] Avd kAol a3t A Fol B rHE £
gk A7t ] melo|w] Al Aol ddsle AR
gholof| w-¢- Fasjel 22t Slel #$] ollit Holx
Mo Z53 FA297E EAste] Zdt A AR
RIMA = otd = 7 Aol Hrl ().

NZM2410 Zt=M REXIQ| &ol: 7hrA4 A ol A] v
A% wo] o] tEE2 o} Q1 ghAlol] glow F
of A9 714 thE-E s A A eksket. v o] gk
AAE T 2H/HAE FF29 AFH o2 AHo| e
Zo g2 FRIE et dlE 5ol BAIE Ao de] oA =

183l Fegr2b®] R AAE A7bH S £33
o] 7loJsliz AL of7] AFEolA A=At 13). 1
Azt T332 uboll A Fegr2b 92 EE5rdy T3
2ol §4A, 7l sH o & el o] JSE At =3 B
AE Bz FEAQ 28 BX F&A1& wdsles cr29
71t} o] Slelc1®] F3¥ ol 7)oIgtet (14). Z2E2] CR2

A AFQE e} FF2= Ao A] Fom YE§
CR2 =% WA FF2= dx4e RdFALAxZ
(follicular dendritic cell)ollA] THA =} (15). Slelbe= 4719]
ATAL =3 A 5 A4 9U(signaling lymphocyte
activation molecule family member; SLAM) -7 2} t}& ol
Ak, B Alxe] WS 243w Ao E P
3= Lyloge] EFH T (16). X3k SLAMF3 (LY9)}
SLAMF4 (CD244)¢] W3 EFo] FF 29 HE=o] 9l
a7). vbAH o &2 Slel 291Q) Slelald FERAT} F5
2= Bl A CD4A'TA ] &4 S7het Bads = Poxl
ZAxLe] AMZE- ol ol whalof] o] 9t Sle3 FHF S
E FFAIZEANA 525 CD4'T A X A 3tet AE9 A
TAA G S FE3HH Sle3ell #1Xsh= kallikrein (Kik)2] <
7] 8L FERDY FF2oA Ak whla) P
ol St (18).

Ri7taiof WAOIM B MEQ| 25k B AE o] o] A7h
A%k Aol T3 AdS gk Aol FERY
sto] ursl A}, Slel FA-RA1IAHS C57Bl6 AF S ©l
Aol A Slel FA Il X3 HAAME 89
SLAM &¢] 74U Ly108 §42ke] A7bH o A4 of
HAA7} v < B Al ghAlol| A A7ES- B AlEE AlA
kAl 33l B AlZY] WA £AE o]ojXt (19). Mo,
Asdk x B A2 A5 B Alx AZ F7he AlAA
A7p o o] vk} Ae o] it AF oA B AIE +&
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A=4 [e)
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ofo o
% ot 1R
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R (B-cell receptor; BCR)E Q17k3} el $3A8 Aeelvl
AZADE] oAl 242) SHP-, Lyn, Fe 7 RIbS] 292 A
AHQ) Artdd o olofAlt. AFA CDIoSH Zel
BCR ASARE 28t $A9) el wat Aba ol
2 Qo Q.

EHITYCHALMIZE OIAfT} XI7HB4S) WAYo) O1Ek: B6.SIc3 1)
FAAY AR WAAE ATelA AT A EE o
A AolEFQIT AR A5 Bl AY Ao
Zefrel izt @1). ol Aol A BHTHA A E S o]
Sl Aol glo] WANAL o4& AAm vhm §
Z5]91eh. 3 AT HAAEEo] 169 CDIOLS ]
shol B AIE WS A3k MRLpr 719 HAAEE
& ol AR Hulvh ghaslo] A WA FE
91 Bu)g ofAlelA ehevhn Agsleleh 2. ARA S
2, oleg ARG T2 ol QoA Tl
AEES] Fo8 A8E AHAAT o5 AZe7] AshA

GF FFL BT AT} P el
SERYHN FRANES] gk W] 2ol o3
b FAGAE H FAo] kA 2w
BERA A AEA o] o] WA of
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ol Jgol Y& FAANF Fehel
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Sle37t HEAQ FAHAYE  Sle32] FAGAAHA
C57BL/6 (B6) A8 ol A= &3lglA] F5at 84 F55S
ATA] Aedo] whAlgt), B6.Sle3 A AAEE A EAE
Aol | w1zksbe U8 A&e T8-S 7R AL 9o B
g AT Fgh o] AEES T AIZE A3t B4
B6 AJF] o] A FAES} vl aetol & wfl A7EeA] A ol
U g&4o|t} 21). o]HE AFES FF=oA vA
ook W] 714

MRL/ipr

MRL/lpr RHIZ1 ESHE: MRLES ZH7Ee] o] 2ulE &
3 HFSol Al thRE 9] MRL A A= C3H/Di, C57BJ/6,
AKR/JZHE] z2F4 J3E -2 LGIERE f=A
t}. MRLE] 18] &7 F o]F24(CD4CD8)Z} B220'T Al
Fo X o2 3t HzANE EAOE e FFL K
2 T8 o] Vel E MRL/pro] WA E ¢tk NZB/W Fl
7 x| H L F43 Agelm Al 7 B4 e
b S MRL/lpr b E-2 98kA], 3-ssDNA &,
&-dsDNA 3}A|, -Sm A, Fulel 2291248k 22 A7ek
Agol =A Jehta 3 WA F 2579 5571 Eof
ZAnHo g v FatAe ko] Frigte} o|H 3 HE3t
E8¥ L g Z =4 (lymphoproliferation; lpr)o]z2ta &2l &
AAAA G4 Eduolo] o3t Ao g FZHHr) 199 o
Aol X s Ipr EAW o]l & Fas T892 AAE W
HJA 71} (23).



= 3L X
FF29 5 2d

A SHU0A Fas ASHME ZEQ| AHSk Fast Fas ligand
(FasL)®} ZA3HA| 4]*7(]'“3 A (apoptosis) S Tt Fok
A2} LA (TNF-R)ol| &3l §-8x)|o]t}. Fas A A
9 AL Fas FAAY A& o]o]2k37](alternative
splicing) 2 Q13+ o] %A Hl7ls AAE LI retro-
transposon ETn®] 4+qloll oJ3ll dojitrt (24). FasE s}
= MRL/lpr A7 oNA B AL T AEol] 35k A7 5ol 4]
7153 Fas =2A19] Aol 2t A ExpE AL Alo] 3
=}, gt F=Z4] A3l (generalized lymphoprolifer-
ative disease; gid)o|g} E2l+= FasL 449 Eoddo]=
Ipr Qo8 FAS AprH S AstE o7t (25). 1

W Aol 9x|sls dA Soddo]l= vl ol A ¥
3HLeu>Phe)E U2 A FasLo| &A1} Adsl= AL W
gk}, 2e] 0 R Fas ATAD] AHS AZALAE
Alsko] FF2 §A Z4-& pepieh. Q17kolA) Fas A1
A o4& TFE §4 Sao] MASIE ATbHe] U=
4] 57 (autoimmune  lymphoproliferative  syndrome,

ALPS)& o7} AFAA S A& whAlsA] gk
CD4+T AIES} B A E7} glom Azhuiel Asto] Yolu}
A ¢k7] wWistoll MRL/lpr AF| | A] Fas AR o2 13 4
E2 o] F ATl gE3t} (26). (C57BL/6 X MRL) F1&
o] &3t Fas- A% T YZTol| B3t AT S0l A= 2485
T AlZ7} FasL& A&z Asl7] uffoll JZ3haTFol v
AJsla g 28] Al EZAE AL A egetA ek (27).
Qi ol jpr Edo]7} &t v|xprbH Y C3H/Hel 9t
C57BL/6] W FollA = gl ZFA o] WAslm FHo] g
=™ DNAS} IgGoll that zp7}h kAl =x]7F =A] vhelyk
tl. v A7hed ] C57BL/6 AF N AL T A|E =& B AlE
= 7 AE BF AAA ZAFAS] 217 ko) |
ZZAE PEEA skt pr BF A WEE = 18
& AT A= HZA A Ze} vHZA AL B
Foll A Fas Z<=o] EAfsliok ghel (27). 53] FAGAE
(dendritic cell; DC)ol| 4] 2] Fas A<= b3l A| S AAsl
AL, ASTAZAEY] HHE FE317] wfel A
A4 Azpi o] whAggich
Ay dHH0flA MRL F& % HiZ2Q| Ak C3H/Hel9} C57BL/
6Joll Al [pr FAvio] o] Whal-2 AAed& WhAAI71A] st
t}. ¥hE Fas7l 383 MRL" A% & v S MRL/prat
w23l ZAo] A AZEU XA o] ukAlslgl o) ula)
Al MRL "% 32 AH b4 F93t o35 3t
t}. (MRL-Fas™ X C57BL/6-Fas™) F20l| 4] 8}-dsDNA &4
9} At Ald ) FEEo] Q)= Lmbl- Lmb42] 4712 F4
17 A=A 27). AR AF o H3E A=
78 oA 9] telomeric regionol] $]X]s= Imb37} & Z 54
9 T AIZ FAoll F23F A& v|X|= 2hd T AlZ£9] A
EAEAE A7 2 Imb3 A2 ol $1x]sk
+ Coronin-1A 7% Z}ol| 4] 2] single nonsense =<1 o](C>
T)7} C57BL/6911 41 2] Scripp substrainol| 4] FH =9l om o]

.
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© MRLpr#t Zei=|glew] Aol AAIE At (28).
Coronin-1A+  F-actin®} ZAgsle 2 = 3t 53
(depolymerization)2 HFallgte}. Imb3 F-2 2] oll 9= vl7]
A Coronin-1AE T A|E AEZAEAE S7HA7|2 T Al
E BA59} 242 elalaieh. 8 MRUproll A A7t el
& 2L 349 §AATl FEolo} SHAl
MRL/lpr0fiM B MIZQ| J1S: B Al E= 529 Aol &
23 7101 theh. B AIES A3 MRLpr 471014 4
s¥e) wbAlo] RAlelA Thaehu] AZKYAS T AE BA
S} R A ebett. @ QoA S el Qo]
A AZVRAL obd, B AIE A oI ee ghAlskict
(29). thE AFoNA & o9} 2 7HAe] JFHE A=l &
vl =R ote Ede] HAFEER S XH3= MRL/pr
AAE Ao TAES B4 A7l Axkelst 8
DA WA B AL AbebAlsh TR FF
whAol] 7]ojgtths AE Kol Fdvk MRL/pr A5 AT
EollA B A Z9 A o] CD4+2} CDS+T A2 A3E
ZaA ks AL E B AlE, T Al 8435 vifs=
3121 A|A] A E(antigen presenting cells) 241 2] F713 2l o
¢ ol weizd G0,

MRL/iprilM T MZQ| 7|5: T A|E =g FF29] HQlo|
F23F IS5 3} o E dFtol|A = CTLA4 (Cytotoxic
T-Lymphocyte Antigen 4) IgE )3t NZB/W F1 A=

SImgl AES] oot Ael BAE Bk FH4
WY B RUE ol §% AT AEEY T ALG B

2 T AEE ATAARDe] 9He A8 ek

GD. FAE} Eels ATAHE A Ee] hdnnla &
Z dlolaalgle] RS £dshe A AAE
Agskgiet. ol gt AF ol Wl gyl So] F4A MY
A|Z=4 CD8+ T A|Z9} Bz CD4+ AIE F5TYUS &
T AR A AFAIA A R = I FARE
AT gk Adah 9] HAIES] s 2L
70k, Rl So] AE=4 CD8+ T AlE= A% 9

ZZoA GA3tE 1 s o F Holm T AE]
A3t ALY AEE AAE AT 0‘4 A=
73 #ﬂ*ﬂhﬂ Bz T AEZke] F328-2 Ax 141
Aol E7FQ1Z A BTN A4} B AESA T xﬂ

AL G FAAAE, 2T WANZS 7“‘*1714 4
TAH e gD Eo] ATE=A T AE Bz T AE7 4
4 AEE oA z2A45]E A AEAAAS F
5% 7 Qvhe AegE Bz T AEY 7|50 HFox

ahs 5l k.

BXSB/Yaa

BXSB/Yaa H|ZED} EHE: (C57BL6/J X SB/LE) F1 ¥ SB/Le
o] Al FARA FZFA o] I At A=Y T
ul] W%l BXSB/Mp7} ol2ldt ool A Gaizion 7
o BE FEolA FF2 FA4 Ed¥ o] Yeh i o F



N

e 9 2F0) HolF L FAclA T Aol Ael:
H

7] sl Zleolvh (32). EHYL ol HZA =24 3}
[<)

b

(o]

i
140, T A o ATANG, BATEAE, ok
N3k, el et T A, @4 W retroviral
glycoprotein gp707} A WHAR T} (33). BF AE/ S
Aol A= 5708 GANA= 147MYo|g o] Fa At &
A2 SAA AAIA ol e
Eu shoM Y HMRI9| sk A o] X138o] BXSB T+
ol A FAs 7hEstE vk AL Y AAA ol EAl)
= A FAAe] ol ALY AE 2] kS A7
3l & o vk 2y 3PEAA] SRl A e WS &
HAZIA hom A AA] Aol A ArS oF3kA] 7]
obol 2] AL A = gk wbd vl AF
ollA] BXSB-f#l Y A= NZW T+ MRL vl 3412}
o} =3xS u] AH-8 93X A Y-linked autoimmune
accelerator (yaa) BXSB A oA FA4 A3t} Feiz]o] 9)
t} (34).
yaat® X A e] k4= (telomere)o] Y FHAZ A S
H Aoz Aok 167] FAAFe] whd o] Frlgiel (35). o]
£ Foll B AlES} &AAA] Al FA WA= A <l
2] 4=8-H(pattern recognition receptor) & sF}FQl Toll-like
receptor7 (TLR7)¢] E3E ). TLR7- Hlo]#| A ssRNAe]|
osl FA3tE] . 3t Y 4hE & A (myeloid dif-
ferentiation primary response gene 88; MyD88)E 53l A%
S A 23}o] nuclear factor kappa B (NF- «B) 4 3}-9} A1
¥ IFN (IFN D3} oh& d54 AolByl s gt
TLR A3+ B Al A 3}ellA] 22} A=541%5 h5 3
WHl4 RNA B|ZtEEFe] 435482 A7hibs B AlE
S3tel 2ok (6. D BAEE TLRIS] el
S wigele] vaool 8] 2718 vhE 494 oisielA

f
)

2 4 SARAE W oA S TIRT £ W
Qo] MEgEEE w3 X AN A TLR7S]) WHelA %
(endogenous copy)2] A Yaa §-59] %57} (mono-
eytosis), AEA BA, WAEW, ATANG SO A
Ad-go| F2s] zh4azt (37). whebA TLRT 237 B4
= Yaa EAFHCNA Fo3F A3 3k FHZe) Q17He
TLR7 frA7ke] gl @izt gl 9} ad sl FAdellx o]
2 o] B =g} (38). o]# 3t FF2=9] A tiF
QA= el te] TLR7¥} [N I 28§ F471e] el S 27
ek, webA] TLRIS EERels £Es B
s 7

-

r
|

2
2
W of
ri

w4 WA TLR7E) A4 BE Yaod] EHY Sl

ut 2o
2

AA 7] wiell A% Yaa AN o2 FHA
o] 71e7b A ek FF2= AFAE Yaa" - Tir7 BH
© FF¥E AR Yaa - Tir7 AAF 9k Bl2ElS ol
AN o)A, A7VEA AL F7E, el marginal zone
(MZ) B 2= 239 745 H (37).

w9

A LMoA BSXB FHE Aek Yaa Y UA= BSXB &
o] 7h Fe3k 54 v Yaa EdHlo] wre g = Ay
o] WHAE]A] k=) |5 Eo] BSXB Y 9441 E 714 Be,
CBA°lA = FF27) wbAlelA] ekl BSXBH2Y: 2%
231 Holt uh BSXB.H-2"9} BSXBH 2o = 2=
A3-S JehlE Ze g Hol BXSB MHC (H-2"") 4129
= AW FAolA T3k dTS 3t (39). et FAA
AF= R0l B6 - Yaa (H2") AF A& Aro] WA=
A gkerh 2|2 g BSXB AA Welle A kAol 7]
0J&}+= non-MHC-linked autosomal element”} )

BXSB ZA fAF9 = 1, 3, 1311 dAAol|A] WA E
AchBxsl-6). olHd FAHEL BlOL 2T E =
R AARQ) 38 Aol Exfsl= Bxs5E Ale]stare B
T SB/Le HZ o ZHE] SeflEt} (32). Bxsl-4: % 19
Aol S22k FARAY AT oS3 QTS
Al olEldt fAF S Eol T4 TS vERYE A
o] elEglrt (40). Tu]FAIE Bsx32 Sleld FH =
71 2 d&FE vk whabA] Bsx37t Slel® ole] 2
A FAZE 2 el 7R s = Ak 11 FAA
off f1Asl= 47Me] FAFS] FollA ©A] Bsx2ubo] $H
FAAE 7R AL ek Bxs2 FARRA AR 9] ol 4] A Eol
Al A A scavenger 984 Marco (macrophage receptor
with collagenous structure)2] RNAS} gl oko| Zh4A-3}o]
S AZ7E AlE A Fete] AAA ArhH o Asbe]
wEE ez AzEc @,

139 g AJol] $]X]8l+= Bsx6- gp702}F Lol] thgk #}7}sk
X o] F7het AAEIet. Yaa®l EAE Bxs6s A Z3HAIA
Al AAEA] el gp70 M EgAe] FH o g Aol
fribEleh gp702 ZHA| 2l oel A== T4 7] el Ed
2 QA g E&nlo]d] A(retrovirus) Q] env 5 Aol 2]
W ¥] = glycoprotein subunito] o). F3F 2 2] Wl glof|A] el
A dEZuto]e] 28] ol i3t A3t TA7F SRzt
(42). Box6® gp70 ZAo] Fholal 219] b §717919)
NzZW frefe] Sgp3et 12929l Gvizlt Fd3tct o] Al &+
27 $1x] BAG) 75 BAlE Y AR o3t
Ao g F3Ec) Akt TLRT 2431 sgp3ell 2]8l gp70
= &5A171M Yaa7} Bxs6E &3l gp702] A S F7HAF]
= A8 frAksiel 43). Sgp3 7HE s SlskAl A E 9
o] Z| o] heterochromatization viral integration siteS- 53]
proviral transcriptions A A8l 5# o] 9l Kruppel-asso-
ciated box zinc-finger protein (KRAB-ZFP)E & 3s}= 3071
o 417 2 207 vie] 5.42Mb Aol ow FiHeh @), b
2}4] KRAB-ZFPX Sgp39] ¥z} & Ho|m Bxs6d F Utk

Suy 2=A =2 Dy
Z g &€ (pristane) &= TF EF

A4 9Qlo] F93 ATE st AUt FF2 5
' BERETNE g2E 84 B 58 RUEe 5%



=3 Zo]| FF A7} gk} Mineral oilol| 4] =&
FTE 2 WAL= isoprenoid alkane?l Z 2] ABH2, 6, 10, 14
tetramethylpentadecane; TMPD)2] H-7U] FA= ©HEE ¢
A& A5sle TFFQL W]t 22U BALB/c A ol
A 9] Zg|Ae Fol+ Y-ribonucleoprotein (RNP) &A1 (&f
-Su, &}-Sm, 3-UIRNP), &-DNA 3|, &-histone &2}
22 FF229] A7FIAES MRL/prit §A3F FEo g

JA g}, Zelagto 2 A E AFE Aol W 53
| A2g kst Azt chal o) Al &
(44). BALB/c ©o|9]oll= A9 BE &2 thd?
A A4 B FF2 RS Ve, o] & FF20llA
3H7o] A3t ToAE 7HAA dvke s FIAA &
v} Zgl28 § 5 FF2E FF 2 249 NZB/W F1 &
DAY GANA FFE7F U5 = (45).

ZA|AEH RE S8 DHOAMQ MOIEFIQL 354 Ao =7t
A2 ZElawt 5 FF 2ol ohekdt kg v Ak
BALB/c IL-6" %5 o] &8 ¢l ol 4] ¢-ssDNA, dsDNA,
chromatin A5 IL-601] vi-¢- 2]E2{ Q1 b -RNP/Sm
o &-Su A= IL-63F AL gle Aol wraHch
(46). T FAIE &-dsDNA A& AR o] 3of e}
v 243k o] Rellof|A]= Hhle]] FH o7 T]ofslA] ¢k
v} Zel&'S NZB/W Floll Fojsli Aro] g4 A
7hEehEw B2 okl IL-12, 3-Sm, -Su, 3-RNP A7}
Aarslo] 1125k A7HA SRS Qlgkge] glov] 112
o] ZEla®t 5 55 E3loA] &-RNP/Su A A
9l AAed S digohe A E FIE e 47). wel
A7} A o] kel vhekdt od3FE w|Xm 2] 7133
A& tr2A 7]ofgithe AL =8 Wiek 3 [FN- 7

>

¢

]

2
e

oS
==
ox o 4

bRy
fu L

*

&l

!

[
L
>
mut

f% BALB/c AF oA A7LakA]l A4 8l
< A b IL4 AHL ol ¥k XA
agleg Zlavk §% F¥29 dde
Th1-Th29] EFH Y 7HeAE 9

Z|Z-oll IFN-1Z} interfron-stimulated genes (ISGs)<]
< FFa Ao Ay T35 9 gk Ak g
Ho| Qe Ao g desict 48). Zelxvk = FF
eI E] 7P == fUst 5E Edlolth
Zlagt f 5 FF 20 tigk A5l A= IPNT
Al 7 (FNART =& IENAR2T)o| Qe s & A&
] AAs}a B-RNP, &-Sm, 3-dsDNA 3|7} &4
}-ssDNA®} &t-histone SAE ZHAA| 7|2 AAFEA| AL
A MAA AL} IFNIS B A Eol|4] TLR7/9 w3l 2 24
35 =A3to 2y A Aol 7103 IFNART AJF] ol A
= Zelaw A ol IL-120] S7heA] &3zl Wil
IFN-Io] IL-12 A4S 2-sl= 2oz AZtEr 19).
FF22ol| A IFN-19] 9 A= FAGAIE]] vk,
Ltk §5 FF2AE Bt u]A L Lyec™ whal
7} F AR oItk ZelAE f 5 FF oA o] AT

A A HET ApA AikE S sl Ao

SO > @ oE o o
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(50). IFN-I¥= CCL2, CCL7, CCL12¢} %2 chemokine5-<
Z7HAA LyeC™ w4 & ghelr) Bulo g Ro| w5 &
ch IFN-I sk ghell o] Aarg oAgiel 3 WA 2 v
A< ghelat= IEN-I9] S a3t Yxlojng qhall Ao
k-2 IFN-1 A34F, ghal - 23], w1 Aol A o] Xgke
Z o] FolA & ogho g o]ojlnt T w2 ¥}
Ly6C™ ghal i A £ 2 A 5= o A o3 A4
429] Aol & olofAw AF 9l AprhekA| Ak AS3tet
uleba] Ly6C™" ghel o]l 2]&k IEN-1 A4ko] ubAJ A5}
Fr2=0 3 dele] & Aol

Z g 2~ekS uwElH o F TLR7/MyDS8S 7 & E-3l IFN-I
AJAS frEskeh TLR7 A2 Zel2gk = IFN-1 A4t
= JAAZ wut of e} 27tk Ak A4 3ke] ukAy
5 AA]7]™ TLR7/MyDSS/IEN-1 7d 22| 3412l o<
RHol&Et} (51). Fcy RS AL 9] 1gG2] Fe HES <14
31, TLR7¥} 742 endosomal TRLS A A 7| & W
oA FE vk A el 2eu IEN-19F A}

PRGA AR Tel sk fE FF0AE Foy RI} 51

o

Mol B (51) Zelgkol] |4 TLR7] M2E W 24
Aloll 214014 ghek. Zel2sgh i/l TLR $43he] A3t
& 7171e ok FelAA ghekvt.

ZalAE RE £EAC| [IE SFS: A4 ol SlelE £Y
4 ARAG R DAY 2L hakd 7] Aol el

28 f I FF2ollA] ElE e Zelagke] 13] FA4
149 Foll 7]#A|H*E A= (bronchoalveolar lavage; BAL)
Hol] Fdo] 2= FAHF 1 IL-63} IL-108] X7}
Uk Zelavk 5 FFollA] W Alxe] d A
gl Wu] E4 ek R (52). R T2 Akl
A A A g o] W As Y Q17He] FF2 #H| A Skl v
3 Bb3 2HEIAlE obF FE A ekkeh Zelwk
5 5229 ol &t v, Tk, R34 AR
u|gko] 2w ™ S-TNF-a A 82 HAE 7] wiiell
TNF 2]&Z o]t} (53). vhekst 713k 3t IFN 1] F4
ALz Qs Ze|liagk 5 FFLe T8 WA

Aol 4AE BE melw Azt

FHbA mrAd o)A H 5543 Z W (chronic graft-versus-
host-disease; ¢cGVHD)

Parent into F1 2HH0| SXxn} ZF: G144 GVHDY] vhekst
el Zo] FF2 Fu RUE o] §Fo] gt Zelxwk
R oA} upH A R o] RElEE 139 FoiA)
FAR FF2= FASSo] HhAgtet. Anl o] Z1eg2 A
o] 7hsslr FFEE FEolAHE AXx o AR
o] A& A A FE FASA L A7 7] wfl
il Jof] v]3} del7]7} w9~ Zollct ol
o] A7HAE = ¥ 10-14Y ool AR = v
b F3F 22 BElO| A FEoA FHe] £eFh

_‘
olrk, Bl T RZTel AL $48ke} 28} dolub]

ofr
o
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] o] EEAZEZA 7] (flow cytometer)ol] 2]t
ojsle] Fol AlEE EE &5 AlEol X
ATE 7hsAl 3k

Parentol] 4] F1 (P—F1) Y R ol & Z = semiallo-
genic recipient® # o]0} Fof Kﬂfni.ﬂ &ofo]] HhS-skaL
ST 3ol FZoldl WA 7HAES gt (54). o] &
e 2ol whehA] 4 e w9 GVHD7P et i
(B6 X DBA) F13} 7+ P—F19] 2l o Eo)|x] FA
GVHDTE 59 CD8+T AlZell oz FExw o] &5 A
x9 FF «1 E’—‘T%Lﬂi%—% =& Foll whebA = Az
T B AlZ7} o3t AEFA 4
3fiuk-3-oll 7} ]l ‘*Pwl 2F Foll= AL A 3] AAE
™ o]Foll:= & APC, CD4+T A|E, SCD8+T A|ZE7}
A2 AA=t 2 €l Z DBACIA (B6 X DBA) Fl
(DBA—BDF1) FYEd-2 14 GVHDE o]ojx FoIzk
CD4+-mlj 7] uhg- 4l :1°ﬂ w2 i) s o FE B AlE
A3}, B3k gdF 287 A4S S olegk v
AR AP FF 20 FAA S Hof A, FF2
Sol A, W E3hA| v AFAAde] W

ol
ol 2

«

S oo

e}

w9

DBA—BDF19] % t}& 5L o] \:xraloﬂ,q_/] 2wy
gl= '1‘74514 AN A TS FZo|o]A] AL sulo
23 Z2F 2~ vy AFE 7p5slA ghkeE Aotk o 7o)
2714 o & DBA—BDF1-S 2F&-4] 8-CD40 4] 19 73}
Al F-CD80 Aol A2t w7k 2 AW CTL-promot-
ing x| &2 #1E 7hsAl et (55).

wA40] obd "FA GVHD HES-9] fX+ Fl S50l tigt
CTL ¥12g do 7]+ DBA CD8+T A|E LEH d ]

ofaf dofrtrt. ofof whel, RkY Fof A|Eof] CD8+T AlE
7} 7A<%]o] 9 (B6 X DBA) F12 W4 GVHDE o|o]
A Aolu}, o1 A E gk, g-dsDNA, &-erythrocyte
A, AAAd o] fukEitt. DBA—BDF1 R dol| ]3|
B6(-CD8)—F10] 7FA 3 ¢l F938 AAH-L knockoutT}
transgenic B6 miceol]l &J3l] Fo] A E] F 114 HolE o
T& ke Aolth olE Eol perforin®] Zo3(B6 -
Pfp” —F1) %=+ Fas/FasL9| Z0(B6 * gld’ >FD)E <13 A
54 Y=o REAH HAEL CDA'E fE3E A
etk Zlo]l FHEACh

GVHDEZ §E37]d =
B6(-CD8)—F1-2 gl Z+zh FAl 3 ukA GVHDE o]o] %]

Table 5. Summary of data from preclinical trials conducted in lupus animal models, and follow up in clinical trials

Targets Treatment Mouse model Main outcomes Clinical trial
Targeting cytokines
IL-6 IL-6R mAb MRL/Ipr Nephritis | , anti-dsDNA Ab | Tocilizumab
IL-6R mAb NZB/W F1 Survival T, IgG ANA |, proteinuria | A Phase I trial showed
IL-6 mAb NZB/W F1 Nephritis | , anti-dsDNA Ab | both decreased disease
activity and side effects
IL-10 IL-10 inhibitor (AS101) NZB/WF1 Delayed onset, anti-DNA Ab |, Antagonizing anti-IL-10
proteinuria | , glomerular deposition | mAb
IL-10 mAb NZB/W F1 Delayed onset, survival T, ANA | A small-scale trial
rIL-10 MRL/lpr IgG2a anti-dsDNA | showed efficacy
AAV-IL-10 (low exp.) B6-Slel-Sle2-Sle3 ANA |, GN|, T cell activation |
TNF- a TNF- a NZB/WF1 Delayed onset, survival 1 Infliximab
A small-scale trial
showed both efficacy
and side effects
Etanercept
Phase II trial for discoid
lupus in progress
IFN- « IFN- @ kinoid NZB/WF1 Delayed onset, survival T, proteinuria | MEDI-545 (sifalimumab)
vaccination Phase I trial showed
positive result
rhuMab IFN- @
(Rontalizumab) Phase
I trial showed positive
result
IFN- 3 IFN- 3 MRL/lpr Survival 1, proteinuria | , skin lesions |,
ANA |, splenomegaly |
IFN- 7 IFN- 7 cDNA MRL/Ipr Survival T, lymphoid hyperplasia | , AMG 811
vaccination ANA |, GN| Phase I trial in progress
IFN-7 mAb NZB/W F1 Survival T, proteinuria | , anti-DNA Ab |
IL-17 Rock2 inhibitor (Fasudil) MRL/Ipr Anti-dsDNA Ab |, glomerular
deposition | , proteinuria |
IL-21 IL-21R-Fc MRL/lpr Total Ig |, anti-dsDNA Ab | , proteinuria | ,

1L-18 IL-18 ¢cDNA vaccination MRL/Ipr

skin lesions | , lymphadenopathy |
Survival T, GN |, IFN-7 |
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Targets Treatment

Mouse model

Main outcomes Clinical trial

Targeting cytokines
BAFF and  Adenovirus-BAFF-R-Ig
April
Anti-BAFF-Ig

Human TACI-Ig
Adenovirus-TACI-Ig
(w/ or wjo CTLA4-Ig

coadministration)
Adenovirus-TACI-Fc

Adenovirus-TACI-Ig

B cell depletion

CD20 Anti-CD20 mAb
Anti-CD20 mAb
CD22 Anti-CD22 mAb
CD79 Anti-CD79 a and
Anti-CD79 8 mAb
Proteasome  Proteasome

inhibitor bortezomib
Targeting T cell-APC interactions
CTLA4-Ig

CD28-B7 Adenovirus-CTLA4-Ig

CTLAA4-Ig transgene

CTLA4-Ig and anti-gp39

Targeting T follicular helper cells
CD3 Nasal anti-CD3 Ab
ICOS-B7RP-1 Anti-B7RP-1 Ab

Targeting other receptors
FcgRIIB FcgRIIB expressing
retrovirus

TLR7/TLR9 Immunoregulatory
sequence (IRS) 954
Programmed Neutralizing PD-1Ab
death-1
Targeting cell signaling

Syk Syk inhibitor
R788
PI3K 7 AS605240 compound

mTOR Rapamycin

NZM2410
B6 - lyn |~
NZB/WF1
NZB/WF1

MRL/lpr,
NZB/WF1

NZM2410

MRL/Ipr

NZB/WF1

NZB/W F1

MRL/Ipr

NZB/WF1 and
MRL/lpr

NZB/WF1

NZB/WF1
B6 lyn '~

NZB/WF1

NZB/WF1
NZB/WF1

NZM2410,
BXSB,
B6Fcgr2b '~

NZB/WF1

NZB/WF1

NZB/WF1
MRL/Ipr or
BAK/BAX '~
MRL/lIpr
NZB/W F1

Survival 1, proteinuria | , splenomegaly |, Belimumab
reverses disease
Nephritis | Phase III met primary
complex end point
Atacicept

Phase II terminated

Survival T, proteinuria | , no significant
change in anti-dsDNA Ab level

Survival T, delayed onset, ANA |,
proteinuria | , nephritis | , reverses disease
only when CTLA4-Ig coadministered

MRL/lpr: survival T, GN |, proteinuria | ,
NZB/WF1: anti-TACI antibodies
neutralized

TACI-Fc

Survival T, proteinuria | ,
splenomegaly | , reverses disease

Serum Ab and ANA |, nephritis | ,
proteinuria | , dermatitis |

Rituximab

Failed to reach
primary end point

Treatment on 12-18-wk-old mice ameliorates Ocrelizumab
disease, while treatment on 4-wk old mice Phase III terminated
hastens disease

Able to deplete several B cell subsets.
No significant effect on improving
survival

Survival 1, IgG antichromatin | ,
skin lesions | Inflammatory infiltrates |
Survival T, ANA |, GN |

Epratuzumab
Phase IIb trial
showed positive result

Survival T, ANA | Abatacept
The ACCESS trial is
in progress
Survival T, ANA |, GN |
Myeloid hyperplasia | , splenomegaly |
IgG ANA |, renal disease unaffected
Survival T, ANA |, GN |,
effects are more significant than
CTLA4-Ig alone

ANA |, GN|
Survival | , anti-dsSDNA Ab | , proteinuria |

ANA |, immune complex deposition |,
proteinuria | , GN |, lung pathology |

Survival T, ANA |, proteinuria | , GN |

Survival 1, delayed nephritis, IgG | ,
anti-dsDNA IgG |

Survival T, proteinuria | , renal disease |

Skin lesions | lymphadenopathy and
splenomegaly | , renal disease |

Survival T, renal infiltrates | , GN |

Survival T, anti-dsDNA Ab |,
splenomegaly | , albuminuria |

Rapamycin
A small scale trial
showed efficacy
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Targets

Treatment Mouse model

Main outcomes Clinical trial

Cellular therapies
Regulatory
B cells
Regulatory
T cells

Umbilical cord
mesenchymal
stem cells

Bone marrow
derived
mesenchymal
stem cell

Sex hormone modulation

Estrogen

Androgen

Anti-CD40 injection MRL/lpr
Adoptive transfer NZB/WF1
of ex vivo
expanded Treg
MRL/Ipr
NZB/WF1
NZB/WF1
Nafoxidine NZB/W F1
Tamoxifen NZB/W F1
Raloxifene NZB/W F1
Indole-3-carbinol NZB/W F1
Androgen treatment NZB/W F1

on castrated female
Androgen
treatment

NZB/WF1, MRL/lpr

Peptide-based immunotherapy

Laminin

HSC chaperone
protein

Autoreactive
B and T cells

Suppressive
CD8+ T cells
Unclear

Other therapies
Histone
deacetylase

Topoisomerase I

ACE

HMG-CoA
reductase

ACE and

HMG-CoA
reductase

CCL2/MCP-1

Laminin derived MRL/Ipr
peptides
U1-70K snRNP MRL/lpr

derived peptide
administered in
saline (P140)
Histone peptide
H2Bi1033, H416.39,

(SWR/NZB) Fl1

H471.04
pCONS NZB/WF1
CDR1 of human NZB/WF1

anti-DNA Ab (hCDR1)

Histone deacetylase MRL/Ipr
inhibitors TSA and
SAHA

Topoisomerase 1 NZB/WF1

Inhibitor irinotecan

ACE inhibitor NZB/WF1 and

Captopril MRL/lpr

HMG-CoA reductase NZB/WF1
inhibitor Statin

Coadministration of MRL/Ipr

Statin and ACE
inhibitor Imidapril

Spiegelmer mNOX-E36 MRL/Ipr

Survival 1, anti-dsDNA Ab | , proteinuria | ,
skin lesions |

Survival 1, renal IC deposition | ,
proteinuria | , GN |

Anti-dsDNA Ab | , Proteinuria | ,
renal disease |

Survival T, anti-dsDNA Ab | , proteinuria | ,
renal disease |

Glomerular IC deposition | , lymphocytic
infiltration | , glomerular proliferation | ,
anti-dssSDNA Ab and proteinuria unaffected

A small-scale trial
showed positive result

Delayed onset, survival T, ANA |,
proteinuria |

Tamoxifen

A small-scale trial
showed no effect

Fulvestrant (estrogen
receptor downregulator)

A small-scale trial
showed some efficacy

Survival 1, IgG3 ANA |, proteinuria | ,
thrombocytopenia | , glomerular deposits |

Anti-DNA Ab |, kidney damage |
Survival T, ANA |, nephritis |
Survival T, IgG ANA | Dehydroepiandrosterone
Little clinical effect

Survival 1, anti-DNA Ab |

Survival 1, proteinuria | , GN |

P140
A phase Ila study
showed positive result

Survival 1, proteinuria | , anti-dsDNA Ab |

Survival 1, proteinuria | , ANA |

Survival 1, nephritis | , ANA |

ANA |, nephritis | , CNS symptoms | hCDRI

A small-scale trial
showed positive result

Splenomegaly | , proteinuria | ,
renal disease |

Survival 1, proteinuria |
subendothelial immune deposit |
Delayed onset, proteinuria | , renal lesion |

ANA |, serum urea |, proteinuria !,
nephritis |

Survival T, ANA |, proteinuria | ,
glomerular deposits |, renal monocyte
attractant

CCL2/MCP-1 |

Survival T, nephritis | , skin lesion | ,
peribronchial inflammation |
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