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[ Abstract] Systemic lupus erythematosus encephalopathy (NPSLE) is a nervous system complication of systemic
lupus erythematosus (SLE). Various animal models of NPSLE have been developed that are characterized by histological
defects, such as neuronal apoptosis and fewer synapses; brain leukocyte infiltration; and behavioral defects, such as
emotional abnormalities and impaired learning and memory. In this article, we summarize the method used to construct
animal models of NPSLE, describe the principal characteristics of each, and discuss the use of these models in the study of
the pathogenesis of the disease and the identification of potential therapeutic targets. These models are useful means of
defining the pathogenesis of NPSLE, screening potential therapies, and developing techniques for personalized diagnostic
and treatment plans.
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R G M 20 B R JE K K ( systemic  lupus
erythematosus encephalopathy , NPSLE ) /& F B f 28 <
9 22 G0 M 21 BE AR S ((systemic lupus erythematosus,
SLE) 2 S ik #2828 ¢ LA e Jo R 28 3R 42 % AR O
T8 B Sy A P A A S R, R e B A
W TR LK SRR R AR 25 57 1 25 19 Rl
ZERE PR 7 T Y AT, LAk, NPSLE 7 fE A 5 4t
PELLBEARIE (1 8 e AR, FF S, T SLE 3% BRARZS F
TR BLARME Y HAT, X F SLE sh# iRl C
ARG RS SR, 0F T NPSLE 3 1 HE5L f
LERCNELZ . N T WSS NPSLE &R AL APEAG i
75 SRR HIRSCR | [ P &b 3 3 o i /DS BT
PRSI R 45, NPSLE 70 325200 g A T35
SRIFN A K TP RD 2SR, AR SCaE i 2 AN [ 2 Y
NPSLE /N USRI R 1 7 1% R 1 4% TR 2 1 g 44
RS BT LA NPSLE B8 i34 T NPSLE Bl
PRBIFE BB I LA KR T SR s 1B 48 1) 5 A, DA T
NARS NPSLE KA AL | 0 e 1697 25 T KA1k
WAZHy I BB B E RS

1 NPSLE zh41#& 2 B934y

NPSLE fz & UL 1) # 2845 # ( neuropsychaiatric,
NP ) SER 7R g KRRk I8 SZ 22 REAR AL HE AR A
PHURIVES F7 8 b6 G Ao 05 FVIR , 1k A0 s b 1 o 28 461
TALE B, f 45 A B AT A R L DB |
Hh JRURI 28955 45 (I A SR JRL) 7% #E NPSLE /)
RS | [R]REELA 5 NPSLE I A R 8 MR A B9 4 22
LR

XF T NPSLE #5880 5 P-4, 38 vl i By 5 e 20
Ak B L TS AL I 2 4 A R S B
AREEWLEE /N S 2H 20495 | T 1 45 G DX A 28 T 1 U
T LA B ST SRR BE 5 /0N SRS A S A8 AN 5 =K 0
4GS M2 S AR R AT NP 2 1L Vi 5 1
AT VRN . 23 (03B 2 AR R AT Ry Al P i AR 52
LRI % R T S P RS N R VA DR A TRV S s
fe ST M J0 g Sy, AT o Morris 7K 2% &0 Tk
B ARSI Barmes ok B A LK
TP 65 5236 O SR P 5 1 26 1T Ry AL 5 AT | 45 &
D A N ] B Bu i R R S M N B
PRI RS e DA B v ARk e
PRI (AR R A S, T S BE AT A
T S MR RIT I BT H T 417 R
WA

2 NPSLE Zh¥#&E 8 a0 50 K RAS1E

2.1 ATi#HSE NPSLE /NRIER

N TEFAVNR NPSLE #ERER ] B Bhiik Bt
JEEk B AE b ( Pristane ) . K s 5L 4R ( imiquimod ,
IMQ) “5 A=Wl 7/ B A TR ST AT 5 5, BVIA
KF, NT AR NPSLE A1/ U NP 4 58
W RIAICICINARE ST 9806R .
2.1.1 HEPUA

WHFER B, % 3 B Kk b i A B B P it
T, 5 & T e T 5 /N B BT 40 I Ak, A B
X R 2R R 8 S E AN e I 3 e S L IX
B2 A Ve 2 R, O o AT BOR P
oW 5F NPSLE iR 27 B b, oT DL 238
o WA 2 R P AR A B P Y U7 355 3 NPSLE,
M T B8 £ B ( Lipopolysaccharide, LPS) v ¥} J5 7]
I 5 40 M -VEGF-A 3l 6, 5 5 I il J# i
10 1 3R B Dy R i A 2020 g N A TR A LPS
HMJE 5 T U ) w DK OTE S B B SR R O 1k S
NPSLE /) BB 81, LR S0 %5 A & Sk i =
NPSLE A1 i) NP 4§ 54

(1) B B Hraa i i = 7y ¥ 5  . Bt DNA $iik
bt 3 - W R OH W B B A B ( phosphoglycerate
dehydrogenase , GAPDH ) B4t $it ATP HLy0 55 95 IE
HITT{ER NPSLE Ry HTR bR &4, v T8 S 57
NPSLE Py R/ NP ¢ 5 20842 A
A5, DNA16/6-ID Hiik K4 A 16/6-ID (1gGl/
k) M9 N T B 5E B BT AR Kiviy S R B
DNA16/6-1D Btk Xt C3H /I Btk 47 A7 O Ml fig =% 1
S, SR g R & BT 16/6-TD HUMA I P9 1 5 59/ B
FEI PR TA N B A5, BRI B8 P 1 A A [a) e 42 Fe
i, BEAh, Berry 4" 5 Delunardo %5 43 51 i
3~ 44 R M MEPE CSTBLE BUAE/IN R ST K E
T {307 1) 5 WA = 3 ST ATP 35/ GAPDH
B, AT R o R R B ATP PR 5 3t
GAPDH L& 73 4k B/ SR, 7 H BLICAZ 50
#3, WHL GAPDH FriA id w5 /1N Bl S A fo e
1E B S R SRR SC AT U

(2) BB PUA Y E LPS 4P E S Prizhli i p
HHEPUA BT P PR FIE TR ook P Hi s
(neuronal surface P antigen, NSPA) , $T N-H %£-D- K
A Z R ZAK ( N-methyl D-aspartate receptor, NMDAR )
PUR AT 5320 NMDAR 254, LB BifFh ik sy
I iE Y BRI SR HL P ik S
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NMDAR FifAi% F 69 NPSLE /N FUSEAYH B 4 5t
T RIFICALZ A, Bravo 5 Kowal 451
M 6 ~ 8 J&iY BALB/c MEVE/INEF KT ST P #it
{&/4i NMDAR Hilk 1eG, HL7EH0 IR FE 5 )5 [FIFF48 h
PO 56 LPS )58 3 me/kg, KA EH—F
B2 AT 55 0 MR, B P Hidk S TG Hiik P
LPS 55 NPSLE &R/ R th BLEE Ml e sk ba , B
TR B A 1 5 AR 1Y) R 3% 1014 32 B A ] B
IR
2.1.2 ASPE

TES B S PR B AR U AR A B Pk
AR B, 22 R AR IR AR AR A 45 52 4 ol TRAA R
(Complete Freund’ s adjuvant, CFA) 5 A58 4 3 [G Ak
7 ( Incomplete Freund’ s adjuvant, IFA ), D1 MAP
( Multiple-Antigen Peptide, MAP) Ik'5 DWEYS P Ff
B AORSZBRSTE , MAP 2 RGUEUIK, REAE ™ AE 5
R SRR PUR  DWEYS S 8 4 32 MAP A2 Bk
K, #1540 NMDAR HUAAH I 5T 238k, 7EATF
J¢ NMDAR X NPSLE # 0 Bl il L A # 5C 4t
U IR E S BUEPNE LPS 1S =
Ay NPSLE /NSRS

WF 98 9E 52, #f 22 50 P 0] 22 35 H (intermediate
neuro filament alpha-internexin, INA) ., NMDAR Pt 5
DL ke 0 8 B B4R AR OGP0 R B2 MR A (B2
Glycoprotein-1, 32-GP1) ¥JA[ if5 3 NPSLE /)N ERABEAY
H S Ula] LPS J5 2 B Y NP i S 6] 2
AoAE T BLAT 25 WHEAC A A R A, L DT 5
Kowal % I 6 ~ 8 JA % M CS7BL/6 /1N
SMEPE BALB/ ¢ /N BRI I 12 5 22k TNa/NMDAR 47t
JHY MAP Jik, 55— IR S (] CFA J5 &M ] 1 1K
i TRA 3950 S BE AR, B )R T LPS AR BE . £ LPS
REPRIE 1 ~ 2 W BT 25 GNFIRIAT S 2 A A
T3 R ARl (KR8 T-R B AT 55 037 52 36 - A
ASEH) 1 Ina + LPS 55 NMDAR $iJ5 + LPS kb2
(1) NPSLE /IN U 247 3 B A 3t 1 55 700 2 [ D 1 )
5 SEALBERG HEAN  Tna + LPS AL B/ UBLE i
R R E Mz gh P Bfs, B2-GPL Wk h &k
B H, EPUR IR PUAZE & FEM B T AR
A BB 43155 R NPT B AR 1 A
Shrot FF Vi 1] 3 F i BALB/c /NRL, S5 B
TEGT CFA FLAk ) B2-GPI1 #4 # NPSLE #58 / Fil
T2l (B BRI T 2R F ) 245 3 % B, B2-GPI1
BBERY /N L NP R AR BE T 8l AR S T

VEICAZREFIIER | ik BE 136 20 Al AR A i a4 R ) S
RITFAREFEAT
2.1.3 Pristane

Pristane BERETE/NEUAR NS ST 12 19 SLE FE 5
PEE B B 3 dsDNA | Sm ., HT RNP Fil IgG
SRS R, Pristane JEAE RS SLE shHRIfY
WOLFB, B L I Pristane 755 19 /)N B AY
Rt EA NPSLE fE4R, Luciano %5 ™%t 8 ~ 12
A HETE BALB /¢ /N B, I FH I 1 1 4 pristane 3§,
pristane F}[A] LPS 755 19 5 2R /N B AY 4330 7E
7RG 12 JE AT A L 54T R, 2% )
Pristane/Pristine+LPS B A /N BRI T 7oA KR E 1
Pt Sm Pk & A IR M ) SLE Js AT, 75/
FRIAE Tl 4L 2 B 2 o R CAZ B A 56 NR2A
(NMDAR 1Y 2 ik ) S0 5037 #35F 94, [R5, Bames
R SR 7 AR AR 2/ RS B eI T
F%, H. Pristane + LPS Z{ 1% T Pristane ZH 1) %5 3 i
14 BT R B 52 97 o] 4EF5 3 12 J8, Al DL, Pristane
oY, Pristane Pp[A] LPS Ab# J5 =0T/ 4 & NPSLE
SRR J s | H Pristane WplE] LPS b3 5 =0 5
rEFE .
2.1.4 IMQ

Toll ¥£3ZA44K 7 ( Toll-like receptor 7, TLR7 ) ## s 7
kg SRR TMQ BV T 2RI &
HIFFE A B IMQ I8 A 55 NPSLE /) B A ) 2 22
TN RS . Qiao 251 FIH] 9 JE I3 C57BL/6
MEPE/NER, TR 3K 5% IMQ FLF (5 H 1.25 mg) T/
A TR R, B 3 d 4h2h 1 K, ELLA 25 8 T,
RIFT &Sy SLE shi il wFose A 5L &3 IMQ 5%
FIARAE /N B S1008 7K 58 35 T i NSE 7K I 35 F%
TGP X b 28 2R GE 2L, 21 202 LS 7 ik B2
RN DG XMLt YO EER ;170
24 (MWM 0 56 RN R PE A% A s S 56 ) AF 5 S LA
RU/INERZS [B] 24 2 R4 RE I E5 . BeAh, IMQ BEAL/N
FUE 5 X Epdrl . Gm5900 11 Enpp2 K Y £ ik 5
AD BIRHFIE— B, LRGSR FEW, IMQ BT AR
/N FAETE NPSLE A A RERE S
2.2 BX%ZI NPSLE /MRiER

FEPR A BUAR A /N BRI A S KAk R 9 e A
FZ A2 FE MRL/MpJ-Faslpr ( MRL/Ipr) . BxSB |
NZBxNZW F1(NZB/W F1) = /N NP Sk &
B AT AN TR, 2 9 B 1) e i S — , EL LA 2 501
Uk, BxSB HI NZB/W F1 /N §UAY ki 4544 H B e s
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FRp 2B AL 37 MRL/ 1pr /NEUEY NPSLE 5%
HIESE , H B S A By 2 A F T ik b 28 2
45, M 20 MRL/ 1pr /N SR 23R A7 A 1B
2.2.1 MRL/lpr /M,

MRL/lpr /) LB Lg/J. C3H/Di, C57BL/6 #l
AKR/J LA/ R 2422l Y 5 BxSB A
A, e B % 9 B B) B T e B, O T AR B X
dsDNA Fll Sm #9 [ B PR MRL/Ipr /N B
NP iR A 000 R J 45 0ik b R R 55, 12 T
F AL = 16 3 IF R A — 5 123 8] 24 ) g
MRL/Ipr /)N EREF 101 (8 AT ) B3 30 i1 B dub A 41 1
28, BBl = U 23 0 5 35 v 4 S5 LAY NP
FEAE 5 210 R I, MRL 1pr /)s LD H B LA AR 38 2%
] CAZ B RS A AR (A S B

MRL/1pr /NG NP SER ZHOZ B A B ek
W51 % . MRL/Ipr BEPE/INERAE 8 8IS T A6 I 3] #
A B AR Y H BB (04T dsDNA \NMDAR
Uk ), I B JE W 14 o g e sk R D R
NPSLE & 3 i) it R — 5 11 ) g 5 0 5 o p BT
AR M S MR AR B AR 48 i 28 KOG A D) g

SO, ) —J7 T AT R 5 R X M 2 R SR A ) Pk
A T L 2 2 T RE RS IR T % RS
() S IR I -5 i 22 4 B80T | B Jo il IX ot 282 TG 1 B
HH B AR B | i 25 1 4 A I T b,
P14 M 5 | & 8 i 2B 1R 2% il ) fig S5 %t ik
S MRL lpr /)N B B2 A PR (i R Y
2.2.2 BxSB /M

BxSB /N, X FRM MP ( BxSB/YAA) /N KL, J&
(B6xSh/Le) F1 #| Sh/Le [8] 22 1Y 5 41 It 32 & /)
BLU T, BxSB /NERLHEE NPSLE ik B A 4F i 36 F
P LSRR S, s b PE BxSB ZNEUAY NP RAE
RINZ B AR L) e 25 a4 2 g 1R AFoE 3R
1,26 Jii BxSB MM/ 2 )27 S g JyiR 1k, B
i 25 23 F oI i AR s 1) CO R A VRIS 1 T [ 8K
SED IUAR B AR I G s TR bR K
PR SR, A 852 ) BB T 5 W X B S A% BT
SN Z A FEFE 0 35 AR DG M, T R IR 34K
TE 6 JEi 26 JE4 MEE UL K 6 JR i I BxSB /) B
HEL

W RAIETE & P, 4 3% BxSB Mt /N BU7E 52 T ki
1) R DX 5K 1 A8 ) T DX 3 AR T A A 4 i
BIFEAE B 7KV 1 G i BRAR RIS J g 5 T AE 1 A
I B BxSB BEVE /N U PO A KB R B

BxSB HEPE/N A REB 4 NP EAR 5 5 AR AR L,
PRI, BxSB /)N B AT DA I s BRI o 2 B A 7Y
;Y.
2.2.3 NZB/WF1 /M

NZB/WF1 /N FUEH7 7 2% 24 (NZB) FHT i 24
(NZW) Wi it R 22 284845, BT MCH JE A 2 3] 42 2%
B BE PR S AR FAR ELAE T, /N B N 72 A2 K F B e
RN B A YIUTRN, e &R It i h ™ i 1 & etk
Pl WFEE R, NZB/WFL MEE/N BUAE 31 8 R
BF, R A ™ EE A AR | A 5 A R R T R O
Pt dsDNA Tl TG %5, X $L AR J& SLE g B 451 475 18 3%
B E 10 ~ 18 HlbEE % R/ANR A2
VCIZH B TAZ S RE I s 45 5 1 NP e, B
HRXH 2 R GE DR B A 0 & AR AR R S AR
WSS AR G, e Ah, RN | T I A Rk 28 P\ B A
YU , DL K B 2 T T AU B il A 28 R OK P
FRAR S B0 Gt % 10 B, Xt ] BB 7 2E NP JE IR
M ) B Ik, NZB/WF1 /) B & TR G
Fikidis AH S AT FE, SR, BT NP RRAE B B, AH G
5Tt AT B, NPSLE gl A5 R (1) 4325 B R 1k 1
KHEH BTN 1,

3 NPSLE Zh¥t&E 8 a0

3.1 NPSLE BBUHH IR

MR A, ZF A BPiikS A FHiE, 384
XTRTR AZHER P AR AW H SR NMDAR $Ti4k
GAPDH D KRSl or tnwl g 5 8 A PR 5 L& B
B INa, $3E 52 5 NPSLE A %——H F ik
(LR ml3E 2ot 22y =5 | A v o 5 kg DX 1 i 480
PAT, 3 R 4 24 15, 1 T A5 & /DN B A2 A T )
RERENS IO IR G 252810 56 NP SER , HARHL ]
WA,

Bravo 253 R FHT P HTAE S #9 NPSLE /il
PR SEIOIESE 1 P B 1 51 S ph 4T R IRIBE N
NSPA 454 1l LL75 Sl 28 0 i 3% 45 7K S 386, 398 v
SIEMZITIT . A, $T P Ui v DL £ S il
A X5 B0 B 20 A 488 45 A0 it O
710890 Kowal 251335 | Jf] NMDAR #ilk oG 1555
i) NPSLE /|y B AL % 38, 5T NMDAR i 44 7] £ &
caspase-3 % NMDAR Il B8 i0% , 51 &5 CAl
GREBREE HUTA  RIER I 5 M 40T, Bk 126
A NMDAR HH X Hi 1k 1gA  IgM W 4515% S &0 %
ft /0 DL R 6700 Rl Lu 4597 5 Berry 451
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BRI B SR B S E Y NPSLE /) B
RIUESC . INa 540 ATP $UARS AT DIAE/ N BRUAA N5 &
AR TR T, P T INA A 5 A 40 ) By 2 2
KA HE K 7 A L AR T, T ATP Bk
YRR /I BRUMG 20 2 200 it B 22 L 3 2R 1 43 & A ek
AR 3K AT BE SR R TR R T R P A KR A PR 2

AT, A, Delunardo 45" ]l GAPDH
FPTIE K NPSLE /N EUBIAL & BT GAPDH HL4Ti5
F TSGR 48, BARBLEI S . HT GAPDH it
A LABHWT GAPDH 73 F 5 X th 48 R 40 v )2 K% 2R
5 LA G B RN 2 fi o3 B9 45 6, AT 078 Bl 2850
SRR 28 T (TN G E2 NV e i 17

%1 NPSLE /)N EUBERY
Figure 1 Mouse models of NPSLE

FEAIZEHAY AR R B RB/NA R PR/ 8) NP 5
Model type Manual method/Spontaneous strain Gender( 2/3) NP features
) Bt P Hidk T EICAZ B )
KB A B +LPS Anti-P Ab ¢ Flexible memory deficits
Intravenous injection SR i 22 [34]
autoantibodies( Ab) + LPS G ° ZH Iz Y
g . . .
Flexible memory deficits
$iL DNA16/6-ID Hifk 0 BUBE 28 Il PP e >
Anti-DNA16/6-1D Ab Selective cognitive impairment of visual and spatial aspects
o N - ,. 2 Ny H[29]
T P S B SR Bt ATP$?IL Py KHid Mﬁﬁf )
Brain injection Ab Anti-ATP Ab o Lf)ng—term memory impairment, .
5t GAPDH #i4i HUBE 2 2] R b PR I B e i Ak BB
Anti-GAPDH Ab S Defects in visual learning and recognition processing ability
high static and alertness
AL S 2 S RUCAL BRI  FRARAT Sy Rz S iR pl I e 7
A.mf‘C‘a”Y INA Q Learning and memory deficits, abnormal exploration
induced behavior and motor coordination
2/ T LR +LPS A e et
B/ BT ekt B A LUR NAMDR #{J5 HE AR
Intraperitoneal/subcutaneous NAMDAR anti Q L . d il lof
injection autoantigen+LPS antigen anguage and spatial memory detects
PR B R, SR T ARIT I 32 4R )
B2-GPI ? Overactivity, anxiety, impaired
navigation and working memory
N s S Pristane 3% Pristane+LPS S HH id'flﬁﬁﬁ%‘;[ée'
Intraperitonea injection Pristan/Pristane+LPS ? Short-term memory impairment
WK 5%IMQ FLE N .
WK S%IMQ ALF s 1255 S A IR
5% IMQ cream was applied to ? Spatial Teamine disabilities and S
theskin of the ear of mice patial learning disabilities and cognitive impairment
LA P A B W 8,7 2 2 e 55
MRL/1pr Q Early depression, apathy, solitude,
lack of activity, spatial learning disabilities
7 ot -
(R Bt s s )2 g0
Spontaneous ’ Spatial learning disabilities
2L 3] 3 /7 [ 64-65]
NZB/W Fl ° 5 S RC 2B

Learning and memory deficits

3.2 NPSLE i&77 RE& BTN

Rl WFFEN UKL T 4T NPSLE f e S MR
SR T T A ) G SR B U L Z RE RT LA Y8R NPSLE
SR, AT A A& BRI e /s B B B iR T
(1) NPSLE /)N AL, P A4 22 32 (i 57 NMDAR
P K Memantine™ F108Y & B - 1 - B W%
( sphingosine-1-phosphate , S1P ) 3Z A i1 i 5] FTY720
( Fingolimod ) ™™™ $4 v 3 3=t 11 JIR B Jis 1 56 A0 25 24
Jra N NPSLE SEAR BHWTB & J& . A, mis
NPSLE #H ¢ 3 A, &0 #f ¥ R % /& o ( Estrogen

Receptor o, ERa) ") Ff 47 291 it B 2 it AH 9 1 ot
123 M Lipocalin2 (Len2) 70 45 | 4% 1E 52 7] A5 %%
BHIET NPSLE fr5 08 &

W KR, MEZR A2 R o FE DR R 5 AT 35 PR
# T NPSLE MY ¥% 9% iF 2. Cunningham %[75] s
C57BL/6 il & 1 ERo JE PR R ( ERa KO ) /N5
MRL/Ipr /)N BRAEAT 181 22 I 453 MRL/Ipr /N SRS AY | 1k
HUErE ERa+/+ 3 ERaKO BN RN IR S HE 475
55 i xf /N LR AT SRy o B i 2H 2 58 RE 1 L 1Y 43
B, G = TREYE ERa A/ BUIE 25 15 1 e 2= 0]
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1ZHE ST W IR TS CAT DX AIHAR 8] B4 /08 e 5 20
JH 9 A B 7 B S 9 /L I DA R e e ) R ek 2%, IE
ST ERou SRS S SRR /N B OB o, 78 SR iE
0 00 1 R 8 A T P RS S B T 3k X AR A ik
PTRYT HA — 7 N FH AT

Lipocalin 2 ( Len2) 8 0] /£ NPSLE 434 ¥7 #
. Mike AEUSTIESE Len2 2 #2005 # PE TR G 1Y 2R
ke R F AW br &9, B6.Slel/Sle3 (Slel, 3)
/NEURH NZM2410 H &P SLE #7 vh f AS IR Hs
Gy FE AL AR A B gtk C57BL6 /MR IE
BRI ROE P ZR T AFSE A BOKE Slel,3 5l FR /N R
574 NPSLE #i%1 Slel,3 /NI IMARKEFT N,
25 (8] B 7 M F A G0 12 32 B, X 28 BB FE Slel,
3-LCN2KO/N FUP A5 322 . X AERH Len2 J& NPSLE
HA I 2 G s SR 1) SR LT P B2 Len2 1]
A R 559 B RE S S ] A K iR () NPSLE Sk,

FTY720 {E24 S1P Sz 443l 51 0] & # Ga 58 19
PEFITT, ELA 0 bk O 400 M A K o 22 2R 8 A
AT MRL/lpr /N ERBFFE W1, FTY720 W] 4 3036
J7 NPSLE, #FFY N G i &5 8 3 Ik, #2452 12 J8 Xt
B6.MRL/lpr /MR TR FTY720(2 mg/kg) , &I
FTY720 4525438 B6.MRL/1pr /NEUS | 2 J2 i T A
AR R 2 ST A B s . BT R
PSRRI A 45 SR A F S A T /N BP0 B4 1 45 0
AT BN e e Ah, Mike 257 3 4 MR v 5
FTY720(3 mg/kg) 0975 AL 10 Ji % MRL/Tpr /s
B, BEJR 3R, ESE 4 JR SE I 4 TR REUIE S
FTY720 %} NPSLE HAAIFRCR B(EHAR I,
JAE FTY720 XF NP GEARA I ede s | (H ik iz J2 it
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NP2 AP DNA FLi, ASUWFSE T 51 NR2/DNA $i
PRB B0 ML, TR B 38 UIE 52 T NMDAR 5 Bt 71
( Memantine ) %) #f 28 57 Ik 2% f# 4 F . Memantine 1Y
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i fluoro-jade FIXT caspase HEATY 0, WAL Hh 25 T 1
it 54k, %k PRBH W NMDAR 52 1A 7] — 5 72 13 ol /b
R EZSTIN i) i (AR L EZ DIV 1 TR ¢
g AR BELBT A B BRI A A3, AT LLUssS B
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PEAN AR SCERAIE T — 23397 NPSLE 937§ 45, A1 45
WEM R ZAK o Len2 DA B SIP 324K NMDA 24k, n]
5 NPSLE 25t & 55307 S B S m

£ % 3 #k(References)

[ 1] Hanly JG. Diagnosis and management of neuropsychiatric SLE
[J]. Nat Rev Rheumatol, 2014, 10(6) ; 338-347.

[ 2] Carbotte RM, Denburg SD, Denburg JA. Cognitive dysfunction in
systemic lupus erythematosus is independent of active disease
[J]. J Rheumatol, 1995, 22(5) . 863-867.

[ 3] Liang MH, Corzillius M, Bae SC, et al. The American college of

definitions  for

rheumatology =~ nomenclature  and  case

neuropsychiatric lupus syndromes [ J]. Arthritis Rheum, 1999,
42(4) . 599-608.

[ 4] Sciascia S, Bertolaccini ML, Roccatello D, et al. Autoantibodies
involved in neuropsychiatric manifestations associated with
systemic lupus erythematosus: a systematic review [ J]. J
Neurol, 2014, 261: 1706-1714.

[ 5] Jeltsch DH, Muller S. Neuropsychiatric systemic lupus
erythematosus and cognitive dysfunction: the MRL —Ipr mouse
strain as a model [ J]. Autoimmun Rev, 2014, 13(9). 963
-973.

[ 6] Freitas E, de Oliveira MS, Monticielo OA. Pristane — induced
lupus: considerations on this experimental model [ J]. Clin
Rheumatol, 2017, 36(11) : 2403-2414.

[ 7] Zvaifler NJ, Bluestein HG. The pathogenesis of central nervous
system manifestations of systemic lupus erythematosus [ J .
Arthritis Rheum, 1982, 25(7) : 862-866.

[ 81 Bluestein HG. Neuropsychiatric manifestations of systemic lupus—
erythematosus [ J]. New Engl ] Med, 1987, 317(5) : 309-311.

[ 9] Sakic B, Szechtman H, Talangbayan H, et al. Disturbed
emotionality in autoimmune MRL~Ipr mice [ J]. Physiol Behav,

1994, 56(3) : 609-617.



o [ S Bh 2 2021 4F 8 A2 29 B5E 4 Bl Acta Lab Anim Sci Sin, August 2021, Vol. 29, No. 4

525

[10]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

(22]

[24]

Katzav A, Pick CG, Korczyn AD, et al. Hyperactivity in a mouse
model of the antiphospholipid syndrome [ J]. Lupus, 2001, 10
(7): 496-499.

Chen GQ, Chen KS, Knox J, et al. A learning deficit related to
age and beta—amyloid plaques in a mouse model of Alzheimer’s
disease [ J]. Nature, 2000, 408(6815) : 975-979.

Deacon RM, Croucher A, Rawlins JN. Hippocampal cytotoxic
lesion effects on species—typical behaviours in mice [ J]. Behav
Brain Res, 2002, 132(2): 203-213.

Delunardo F, Soldati D, Bellisario V, et al. Anti — GAPDH
autoantibodies as a pathogenic determinant and potential
biomarker of neuropsychiatric diseases [ J]. Arthritis Rheumatol ,
2016, 68(11) . 2708-2716.

Barnes CA, Mcnaughton BL. Neurophysiological comparison of
dendritic cable properties in adolescent, middle — aged, and
senescent rats [ J]. Exp Aging Res, 1979, 5(3): 195-206.
Luciano JJ, Sandoval GF, Vazquez— Del Mercado M, et al.
Downregulation of hippocampal NR2A/2B subunits related to
cognitive impairment in a pristane—induced lupus BALB/c mice
[J]. PLoS One, 2019, 14(9) : €0217190.

Prut L, Belzung C. The open field as a paradigm to measure the
effects of drugs on anxiety—like behaviors: a review [ J]. Eur J
Pharmacol, 2003, 463(1-3) . 3-33.

Berry A, Bellisario V, Capoccia S, et al. Social deprivation
stress is a triggering factor for the emergence of anxiety — and
depression— like behaviours and leads to reduced brain BDNF
levels in C57BL/6] mice [ J]. Psychoneuroendocrino, 2012, 37
(6): 762-772.

Porsolt RD, Bertin A, Jalfre M. Behavioral despair in mice —
primary screening — test for antidepressants [ J]. Arch Int
Pharmacodyn Ther, 1977, 229(2) . 327-336.

Dantzer R, Bluthe RM, Koob GF, et al. Modulation of social
memory in male rats by neurohypophyseal peptides [ J].
Psychopharmacology (Berl) , 1987, 91(3) . 363-368.

Pellow S, Chopin P, File SE, et al. Validation of open: closed
arm entries in an elevated plus—maze as a measure of anxiety in
the rat [ J]. J Neurosci Methods, 1985, 14(3) . 149-167.
Crawley JN. Behavioral phenotyping of transgenic and knockout
mice: experimental design and evaluation of general health,
sensory functions, motor abilities, and specific behavioral tests
[J]. Brain Res, 1999, 835(1): 18-26.

Tin SK, Xu Q, Thumboo J, et al. Novel brain reactive
autoantibodies; Prevalence in systemic lupus erythematosus and
association with psychoses and seizures [ J]. J Neuroimmunol ,
2005, 169(1-2): 153-160.

Sidor MM, Sakic B, Malinowski PM, et al. Elevated
immunoglobulin levels in the cerebrospinal fluid from lupus —
prone mice [ J]. J Neuroimmunol, 2005, 165(1-2) : 104-113.
Nikolopoulos D, Fanouriakis A, Boumpas DT. Update on the
pathogenesis of central nervous system lupus [ J]. Curr Opin

Rheumatol, 2019, 31(6) : 669-677.
W55, IR 20 | B SRE 5N % i A 5 8 1 5 i) B FL AR AL

[26]

[27]

[28]

[29]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

HEITRET [D]. Kt RHEERR; 2016.

Zeng Y. Inflammation caused by lipopolysaccharide on the
influence of the blood=brain barrier and its mechanism of action
[D]. Tianjin; Tianjin Medical University; 2016.

Xaio H, Banks WA, Niehoff ML, et al. Effect of LPS on the
permeability of the blood —brain barrier to insulin [ J]. Brain
Res, 2001, 896(1-2): 36-42.

Waisman A, Shoenfeld Y, Blank M, et al. The pathogenic
human monoclonal anti-DNA that induces experimental systemic
lupus - erythematosus in mice is encoded by a V (H) 4 gene
segment [ J]. Int Immunol, 1995, 7(4) . 689-696.

Kivity S, Katzav A, Arango MT, et al. 16/6—idiotype expressing
antibodies induce brain inflammation and cognitive impairment in
mice: the mosaic of central nervous system involvement in lupus
[J]. BMC Med, 2013, 11: 90.

Berry A, Vacirca D, Capoccia S, et al. Anti— ATP synthase
autoantibodies induce neuronal death by apoptosis and impair
cognitive performance in C57BL/6J mice [ J]. J Alzheimers Dis,
2012, 33(2): 317-321.
Cirulli F, Berry A, Alleva E. Intracerebroventricular
administration of brain—derived neurotrophic factor in adult rats
affects analgesia and spontaneous behaviour but not memory
retention in a morris water maze task [ J]. Neurosci Lett, 2000,
287(3) : 207-210.

Cullen AE, Palmer—Cooper EC, Hardwick M, et al. Influence of
methodological and patient factors on serum NMDAR IgG
antibody detection in psychotic disorders: a meta — analysis of
cross—sectional and case—control studies [ J]. Lancet Psychiatry,
2020, 8(2): 109-120.

Gonzdalez A, Massardo L. Antibodies and the brain; antiribosomal
P protein antibody and the clinical effects in patients with
systemic lupus erythematosus [ J]. Curr Opin Neurol, 2018, 31
(3): 300-305.

Bravo ZM, Toledo EM, Segovia MF, et al. Anti—ribosomal P
protein autoantibodies from patients with neuropsychiatric lupus
impair memory in mice [ J]. Arthritis Rheumatol, 2015, 67(1) ;
204-214.
Kowal C, DeGiorgio LA, Lee JY, et al
against NMDA
impairment [ J]. P Natl Acad Sci U S A, 2006, 103(52):
19854-19859.

Human lupus

autoantibodies receptors mediate cognitive

Kowal C, DeGiorgio LA, Nakaoka T, et al. Cognition and
immunity; Antibody impairs memory [ J]. Immunity, 2004, 21
(2): 179-188.
Bosch X, Ramos CM, Khamashta MA. The DWEYS peptide in
systemic lupus erythematosus [ J]. Trends Mol Med, 2012, 18
(4) . 215-223.
Lu XY, Chen XX, Huang LD, et al. Anti- alpha - internexin
autoantibody from neuropsychiatric lupus induce cognitive damage
via inhibiting axonal elongation and promote neuron apoptosis
[J]. PLoS One, 2010, 5(6): ell1124.

Mcneil HP,

Simpson RJ, Chesterman CN, et al.



526

HE S IR S 2A 4R 2021 4F 8 A5 29 B5E 4 1 Acta Lab Anim Sci Sin, August 2021, Vol. 29, No. 4

[39]

[40]

[41]

[42]

[43]

[44]

[47]

[48]

[49]

[52]

Antiphospholipid antibodies are directed against a complex
antigen that includes a lipid —binding inhibitor of coagulation—
beta—2—glycoprotein—i (apolipoprotein—H) [ J]. Proc Natl Acad
Sci US A, 1990, 87(11): 4120-4124.

Smith HR, Hansen CL, Rose R, et al. Autoimmune MRL-1 pr/
1pr mice are an animal model for the secondary antiphospholipid
syndrome [ J]. J Rheumatol, 1990, 17(7): 911-915.

Shrot S, Katzav A, Korczyn AD, et al. Behavioral and cognitive
deficits occur only after prolonged of mice to
antiphospholipid antibodies [ J]. Lupus, 2002, 11(11): 736
—743.

Satoh M, Reeves

exposure

WH. Induction of lupus - associated
autoantibodies in BALB/C mice by intraperitoneal injection of
pristane [ J]. J Exp Med, 1994, 180(6) ; 2341-2346.

Satoh M, Shaheen VM, Kao PN, et al. Autoantibodies define a
family of proteins with conserved double—stranded RNA-binding
domains as well as DNA binding activity [ J]. J Biol Chem,
1999, 274(49) : 34598-34604.

Hamilton KJ, Satoh M, Swartz J, et al. Influence of microbial
stimulation on  hypergammaglobulinemia and  autoantibody
production in pristane — induced lupus [ J ]. Clin Immunol
Immunop, 1998, 86(3) . 271-279.

Goel RR, Wang X, O°Neil LJ, et al. Interferon lambda promotes
immune dysregulation and tissue inflammation in TLR7-induced
lupus [J]. Proc Natl Acad Sci U S A, 2020, 117(10) ; 5409
-5419.

Zhang D, Xu J, Ren J, et al. Myeloid—derived suppressor cells
induce podocyte injury through increasing reactive oxygen species
in lupus nephritis [ J]. Front Immunol, 2018, 9. 1443.

Qiao X, Wang H, Lu L, et al. Hippocampal microglia CD40
mediates NPSLE cognitive dysfunction [J1.
Neuroimmunol , 2021, 357 577620.

Morrison LJ, Menzies CB, Behan WM, et al. A Search for

in  mice

common immunological abnormalities at the onset of murine lupus
in 2 genetically different strains [ J]. J Clin Lab Immunol, 1989,
30(4): 157-162.

Katzav A, Solodeev 1, Brodsky O, et al. Induction of
autoimmune depression in mice by anti—ribosomal P antibodies
via the limbic system [ J]. Arthritis Rheum, 2007, 56(3) : 938
-948.

Ballok DA, Szechtman H, Sakic B. Taste responsiveness and diet
preference in autoimmune MRL mice [ J]. Behav Brain Res,
2003, 140(1-2) . 119-130.

Theofilopoulos AN, Dixon FJ. Murine models of systemic lupus—
erythematosus [ J]. Adv Immunol, 1985, 37. 269-390.

Bokers S, Urbat A, Daniel C, Amann K, et al. Siglec -G
deficiency leads to more severe collagen —induced arthritis and
earlier onset of lupus—like symptoms in MRL/lpr mice [J]. J
Immunol, 2014, 192(7) : 2994-3002.

Gao HX, Sanders E, Tieng AT, et al. Sex and autoantibody titers

determine the development of neuropsychiatric manifestations in

lupus—prone mice [ J]. J Neuroimmunol, 2010, 229 (1-2):

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

112-122.

Jeltsch DH, Muller S. Neuropsychiatric systemic lupus
erythematosus and cognitive dysfunction: the MRL —Ipr mouse
strain as a model [ J]. Autoimmun Rev, 2014, 13(9): 963
-973.

Gao HX, Campbell SR, Cui MH, et al. Depression is an early
disease manifestation in lupus — prone MRL/lpr mice [ J]. J
Neuroimmunol,, 2009, 207(1-2) ; 45-56.

Li Y, Eskelund AR, Zhou H, et al. Behavioral deficits are
accompanied by immunological and neurochemical changes in a
mouse model for neuropsychiatric lupus (NP-SLE) [J]. Int J
Mol Sei, 2015, 16(7): 15150-15171.

Saki¢ B, Szechtman H, Keffer M, et al. A behavioral profile of
autoimmune lupus—prone Mrl mice [ J]. Brain Behav Immun,
1992, 6(3) : 265-285.

Ballok DA, Earls AM, Krasnik C, et al. Autoimmune—induced
damage of the midbrain dopaminergic system in lupus—prone mice
[J]. J Neuroimmunol, 2004, 152(1-2): 83-97.

Winfield JB, Shaw M, Silverman LM, et al. Intrathecal igg
synthesis and blood —brain —barrier impairment in patients with
systemic lupus — erythematosus and central nervous — system
dysfunction [ J]. Am J Med, 1983, 74(5) : 837-844.
Andrews BS, Eisenberg RA, Theofilopoulos AN, et al.
Spontaneous murine lupus — like syndromes. Clinical and
immunopathological manifestations in several strains [ J]. J Exp
Med, 1978, 148(5) : 1198-1215.

Arabo A, Costa O, Dubois M, et al. Effects of systemic lupus
erythematosus on spatial cognition and cerebral regional metabolic
reactivity in BxSB lupus—prone mice [ J]. Neuroscience, 2005,
135(3) : 691-702.

Zameer A, Hoffman SA. Immunoglobulin binding to brain in
autoimmune mice [ J]. J Neuroimmunol, 2001, 120(1-2): 10
-18.

Taneja V, David CS. Lessons from animal models for human
autoimmune diseases [ J]. Nat Immunol, 2001, 2(9). 781
-784.

Lee SW, Park KH, Park S, et al. Soluble receptor for advanced
glycation end products alleviates nephritis in ( NZB/NZW ) F1
mice [ J]. Arthritis Rheum, 2013, 65(7) . 1902-1912.

Kier AB. Clinical neurology and brain histopathology in NZB/
NZW F1 lupus mice [J]. J Comp Pathol, 1990, 102(2): 165
-177.

Bracci LL, Aloe L, Lundeberg T, et al. Altered levels of
neuropeptides characterize the brain of lupus prone mice [ J].
Neurosci Lett, 1999, 275(1) : 57-60.

Luciano JJ, Sandoval GF, Vazquez — Del MM, et al.
Downregulation of hippocampal NR2A/2B subunits related to
cognitive impairment in a pristane-induced lupus BALB/c mice
[J]. PLoS One, 2019, 14(9) : €0217190.

Saki B, Szechtman H, Talangbayan H, et al. Disturbed
emotionality in autoimmune MRL~Ipr mice [ J]. Physiol Behav,

1994, 56(3) : 609-617.



o [ S Bh 2 2021 4F 8 A2 29 B5E 4 Bl Acta Lab Anim Sci Sin, August 2021, Vol. 29, No. 4

527

[68]

[69]

[70]

[71]

[72]

[73]

[74]

Sun KH, Tang SJ, Lin ML, et al. Monoclonal antibodies against
human ribosomal P proteins penetrate into living cells and cause
apoptosis of Jurkat T cells in culture [ J]. Rheumatology
(Oxford) , 2001, 40(7) : 750-756.

Koscec M, Koren E, WolfsonReichlin M, et al. Autoantibodies
to ribosomal P proteins penetrate into live hepatocytes and cause
cellular dysfunction in culture [ J]. J Immunol, 1997, 159(4) .
2033-2041.

Hara M, Martinez HE, Arifio H, et al. Clinical and pathogenic
significance of IgG, IgA, and IgM antibodies against the NMDA
receptor [ J]. Neurology, 2018, 90(16) : 1386-1394.

Barbosa MS, Bao SN, Andreotti PF, et al. Glyceraldehyde-3-
phosphate dehydrogenase of Paracoccidioides brasiliensis is a cell
surface protein involved in fungal adhesion to extracellular matrix
proteins and interaction with cells [ J]. Infect Immun, 2006, 74
(1):382-389.

Neasta J, Kiely PA, He DY, et al. Direct interaction between
scaffolding proteins RACK1 and 14-3-3 zeta regulates brain-—
derived neurotrophic factor ( BDNF) transcription [ J]. J Biol
Chem, 2012, 287(1) . 322-336.

Shi D, Tian T, Yao S, et al. FTY720 attenuates behavioral
deficits in a murine model of systemic lupus erythematosus [ J].
Brain Behav Immun, 2018, 70. 293-304.

Mike EV, Makinde HM, Der E, et al. Neuropsychiatric systemic

[75]

[76]

[77]

[78]

[79]

lupus erythematosus is dependent on sphingosine — 1 - phosphate
signaling [ J]. Front Immunol, 2018, 9. 2189.

Cunningham MA, Wirth JR, Freeman LR, et al. Estrogen
receptor alpha deficiency protects against development of
cognitive impairment in murine lupus [ J]. J Neuroinflammation ,
2014, 11: 171.

Mike EV, Makinde HM, Gulinello M, et al. Lipocalin—=2 is a
pathogenic determinant and biomarker of neuropsychiatric lupus
[J].J Autoimmun, 2019, 96. 59-73.

Mohan C, Yu Y, Morel L, et al. Genetic dissection of Sle
pathogenesis: Sle3 on murine chromosome 7 impacts T cell
activation, differentiation, and cell death [ J]. J Immunol,
1999, 162(11) . 6492-502.

Brinkmann V, Davis MD, Heise CE, et al. The immune
modulator FTY720 targets sphingosine 1 — phosphate receptors
[J]. J Biol Chem, 2002, 277(24) : 21453-21457.

Calabresi PA, Radue EW, Goodin D, et al. Safety and efficacy
of fingolimod in patients with relapsing — remitting multiple
sclerosis ( FREEDOMS 1I) .
placebo—controlled, phase 3 trial [ J]. Lancet Neurol, 2014, 13

(6): 545-556.

a double — blind, randomised,

[KFEEHH] 2021-02-04



