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Lesions Caused by Intracerebral Injection of Aquaporin—4 Immunoglobulin G

FANG Ling1 , CHEN Chen', KANG Xin—-mei', SUN Xiao—bo', ZHOU Yi—fan', HUANG Qiao2 s
PENG Li-sheng', QIU Wei'
(1.Department of Neurology, The Third Affiliated Hospital, Sun Yat—sen University, Guangzhou 510630, China; 2.
Department of Neurology, Zhaoqing No.2 People’s Hospital, Zhaoqing 526000, China)
Corresponding to: QIU Wei; E-mail: qiuweil20@vip.163.com

Abstract: [ Objective ] To investigate the pathological damage caused by aquaporin—4 antibody extracted from
patients with neuromyelitis optica spectrum disorders (NMOSD) and the influence of systemic immune status on the local
disease focus. [Methods] The C57BL/6 mice were chose for establishing experimental autoimmune encephalomyelitis
(EAE). During the peak at onset, serum—derived immunoglobulin G (IgG) from aquaporin—4 (AQP4) IgG positive patients
and healthy human complement (hC) were injected in the brain parenchyma (EAE + AQP4—IgG + hC group, n=5). The
EAE induced mice injected with normal saline (EAE + NS group, n=5) and mice without EAE injected with AQP4-IgG
and hC from healthy volunteers (AQP4—1IgG + hC group, n=5) were served as control groups. The dramatic loss of
AQP4, astrocyte glial fibrillary acidic protein (GFAP) , oligodendrocyte myelin basic protein (MBP) and the infiltration
of inflammatory cells (T lymphocytes , neutrophils and macrophages) were compared with each group by using immunoflu-

orescence , in order to find abnormal changes. [Results] Intracerebral injection of AQP4—IgG together with hC can cause
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NMO-like lesions, including astrocyte injury, demyelination and inflammatory cell infiltration. However, EAE mice model
with intracerebral injection of AQP4-IgG and hC represented more significant loss of AQP4 and GFAP (P=0.008 and

P=0.016, respectively) compared with mice without EAE induced. The area of MBP loss was also increased, while there’s

no statistical difference. No statistical difference was also found in the number of vessels infiltrated with CD3"T cell, neu-

trophils and the area infiltrated with macrophage. Astrocyte proliferation existed in all groups, but no loss of AQP4,
GFAP and MBP was found in EAE mice injected with NS. [ Conclusion] Intracerebral injection of AQP4~IgG and hC can

cause distinct pathological damage and the pathology can be promoted by immune system activated by EAE. Intracerebral

injection of AQP4-IgG and hC can mimic the pathogenesis of NMOSD better in EAE mice model.

Key words: neuromyelitis optica spectrum disorders ; aquaporin—4 immunoglobulin g; animal models; experimental

autoimmune encephalomyelitis

LA 285 B8 2 15 & #2915 (neuromyelitis optica
spectrum disorders , NMOSD ) /& R A 48 22 58 (cen-
tral nervous system, CNS) H B 08Pk 58 ME 9 , &
Bl KRR EIE AT 2R FHER M5 XEEBE
SES 33%~919%11 NMOSD 835 1L 75 /K38 36 7R 11 4
i 4K (aquaporin—4 immunoglobulin G, AQP4-1gG )
BHYE™ . AQP4-IgG L £ ik W] NMOSD #Y U
PESLIRS . AQPA-IgG 15 B I ot 440 i A2 5 b 1Y
AQPAFE S L, G | 38 b BT (A 114 2 A 5 11 4
JHL 2 A FH A4 AR5 1) 240 B 75 75 (complement
dependent cytotoxicity, CDC) it 13 2 JE & it 4 it ,
SRS EL AN AL | VB TR R 4 A S R A B, A
WEEII IS, H R AE i ITsET- . NMOSD
ST ™ R I 5 ML AQPA-1gG R JIE R 58
A AR ARG, SR BUIR LU 3R 2 5 950 k2
KRN A R A PN A e ) S A A
ffd, 434 CD4™ T 41l i Al CD8™ T 41l g ¥ 4~ W 3
Th17 40 k% & B CD4* TR, 25T £
A By S0 1) K I R G ELL BRI, T
PRLEAAE 45 AQPA-1gG M 1gG1 B iA , & i
AT BT AN MR B 2 5 (AR B T
NMOSD f 7 A 4 RIS 51 AQP4 (p61-80 ik B ) 45§
Stk CDA" T 41, oo E 1 Thi7 A% , Th17 41 i
FH OO A2 R 40 P, W 1L-17 (1L-6 , 1L-22 1L~
21 2571 =, Al 3% 01 BBB (Blood—brain Barrier, BBB)
IR, JINEE CNS SAE S, JCH R0 L Y =
e (Rl S S & B, AQP4A R S 1 T 40 it
A HH B BOw P 1gG 77 A=, 16 T 28 1k BBB, B %5
BORAIE R o PR, 20 S 7R NMOSD 95
RAEAE HERAVERT . B D 5 I o 40 MR 4
(myelin oligodendrocyte glycoprotein, MOG ) 3T Jit
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Bt MOG35-55 556 4 3 I /1175 = 42 iy /)N B S
95 H B 50 5 PE i B B R (experimental autoim-
mune encephalomyelitis, EAE) 1 Y | 7] 4 3§ Th1/
Th17 #kELAHAR", FATT o B, A2/ NRUS 5 EAE,
AL 3E A% B Th1/Th17 3k EL 406 , 8 35 BBB , #5 Bl
AQP4-IgG FI|3k CNS, 7Efix FIH 65 | AQP4 ik |
FL TV I o 240 A 0 R 3z e o RIAS, T 48
355 T T ot — R AR 5 IR 7 B, AE ST A4 E v T
PN AT DA GE 5 B R Y BBB R A T 5 A5, B 4 B
G S KRR KR BRI . DR, AR AT ARG H
(I7E T : OFEE T EAE (1 3L Al 1564 il 5 5 =) 3
5 AQP4-TgG 5 hC, # 37 NMOSD #7523
b RS | B A B o S U LR A e g R
W% R AQPA-TgG BURAILEI 5

1 #M#H5F%

1.1 XY

A 5T % FH CSTBL/6 METE /N, 8~12 A , 1
Jite 16~18 g W [ B 52 K2 mt A W B 25 0 5%
T o WA IS /0N BRCRR R L 2= B 2R = R B e
WFE I 3l 1y 52 36 vh oo (SPF %) 43 S8 M 5%, sh iy s
55 vt % S W R B B R bR AL T SR B A /I
BE R R ROK A o (2442)CIRES , 1R BTG
W12 h ¢ 12 he 20 HUNEUE IR 2 8 8 i
J& , Lhsi i BT BEAL ST 4 EAE 4 (n=15) Fll AQP4-
IgG+hC 41 CF 55 B 1 5 AQP4-1gG+hC,n=5) . fF
EAE &0 W] ¥ EAE 4R A 1~3 ) (n=
10) BEAIL 53 2k W 20 2647 10 52 0 3 5« EAE -+ i 52 ot
5 A FREL 7K (normal saline, NS) #ZH (EAE+NS 2H )
1 EAE + i 52 5 13 5 AQP4-IeG +hC 2H (EAE +
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AQP4-IgG+hC 4l) , A% 5 H, ALK HTREL
2o i LR A4 B 5 = I e 8 P A A 2 B At v
({£35 001 604 22) .
12 BEHEFRIBEAQPA-IgG AL 5EFEANCHKE

¥ AQPA-1gG FH 1 (40 B[] 422 50 58 92 G ik K
DU, 35 5 2R 1:320) B SR IR LS 4°C . 9 000 r/min
#9015 min (Eppeuderf 2 7] , 5804 R ) , F§ W
5 Protein A Beads (GE Healthcare , 71149800-EG,
T ) IR ), 4 CHEIRSE & 4 h, pH 2.5 H AR VENL
P, pH 9.0 Tris—HCI ¥ pH {f , 28 150 ku # JE
FECOL 7 4, i) We 4, PD-10 il R 4 (GE
Healthcare , 17-0851-01 , Fij ML ) 55 15 Wk & 4 0 s 192
ERGR WPV U, AR I PTAR LR E N 20 mg/mL, T
PR T B Al BB ft AR R A 4 M R R 30 min,
1 000 r/min &0 1V, 4056 J5 80 CLAAE, LA
PR3 hCIE T
1.3 EAEBS5SIGEKES

/NEUEARR ETF 0.5 em BOEAT 3 5, TANE
S5 K T E5F 0.1 mL B MOGos-ss FLAL T [ MOGss-ss
100 pg (PY LB LAY A RBHF AR, 4 >
95%) 1, 5E 4 i [G A 57 500 pg (Sigma Aldrich, 3€
), % 500 g K% HI 45 # %= (231141, BD-DIF-
CO) , BEZL KA 0K, 5 7T KRG, J5 kA
Al B HEhWI7ESE 0.2.7 .9 K 1 vE 51 400 ng A
H 1% 7% % (Bordetella pertussis , BML-G100-0050,
ENZO),

NI R EAE JG 28 7 KIF UG, A S0 3
2 F RN EEA T4, R 6 25 43l WUE 1T
M, A5 P B FLIN B PF 53 25 RT3 040K
RNV . BARFRMEQTT 043, /NRTE &
RN B Nl N A N e | K AR
%5240 /N EUR e, o L8 B s PR s e
715348, /INEUH IR B sl A A JE g (s
PRHEA ) 54 43, /N BG9G8, I35 4 il i
WESE , N BB RNRESE A 5548, MIAE
1.4 BoSERESTERE ST

it 5 U (i IR 7, rb [ ) SR RS /N B [
FE T LR E A (B IR A, ), Z R /N BURT X
FE T A7 O 55 1 2 mm &b 45 FF 54, 26 ¢ e i
S % (M B JR W5 1701ASRN 10 wL) 1 5 10 pL
AQP4-1gG FHPE BB 3 1l ¥ >R UR 17 1eG 5 hC IR &
W (IgG He ¥ 4 20 mg/mL, IgG 5 hCIAFRLL g 3:2)
5% 10 wL NS, % JE K 3 mm, 7S N 1 wl/min.

VS 5 45 B 5 min PR BF o T S O R 4 AR D BRI
Mo 7 dJE 2% 8% I LY 22 7 e T 00 RR /N B, 280
U VEE 7 vk AR B AR K 20 mIL 55 40 of/L 22 3R HY SV I
20 mL, 3K & U E B /N BUAR I, 7 40 o/ L Z2 R H
W T 9 T 24 b, 090 20% . 25% 1 30% 1
WA BB K
L5 ARNFERERHE

OISO S R AR D) e (JEERE 20 pm)
0.01% Triton X~10038 1% 20 min, 10% 11 L7 % iff
EF P 40 min, A0/ RPCR 4°CBE 1 AQP4
(1:300, Santa Cruz Biotechnology , sc—28012) , £
T B 5 20 1 3% Ak br 30 W0 - B o £ 4 TR 1 AR
(Glial Fibrillary Acidic Protein, GFAP, 1:500, aves,
GFAP7857983) , i 1 8 £ & 11 (myelin basic pro-
tein, MBP, 1: 500, Proteintech, 10458—-1-AP) , 5 Il
41 ifs (Macrophage, 1: 300, Santa Cruz Biotechnolo-
gy, sc—101447) , AMAEFRIC CSb-9(1: 100, abcam,
ab55811) , CD3 (1: 300, Santa Cruz Biotechnology,
sc—101442) , Ly=6G (FF ¥R 41 i b iC 11 300, BD
Biosciences, 562737) o 96— HT (A4 X i — i il
J& 1Y) Alexa Fluor 546 5% Alexa Fluor 488 #ric 19 Ll
FRVEDEEHUR , Life technologies) & R MFH 1 h,
4,6- " JKFE-2- KIS WE 1:5 000 5 min 441 fifd
¥, 9t 408 (LEICA DM4000 B) FARER 454
1.6 #EHIT

e (mean=SEM) F Graphpad Prism 5 A
1G5 Ar A . 2R FH KS normality test £ il 2
75 R IE 2553 i, Bartlett” s test #6210 J7 22 5% 1
one—way ANOVA (A Il P IE 257341 B 5 26 A8 55 I
% H Kruskal-Wallis test) 43 81 3 4H 845 22 [6] & &
G 25 GRS 25, MBS
Tukey’ s multiple comparisons test (/i A\ 1E 2534
w8 AN R B Mann—Whitney U test, 77 1 1F
= 0.05/3) HLH M P ) 22 5

2 % X

2.1 BNSERRiE ST AQP4-IgG #1 hC Xf EAE /MR 44
FRERIGKITS B2

5T EAE JF 46 A8 0 /)N B 5 2 I IR TF
57, 1 EAE &9 SR EAE PF5338 1-3 4319 3
W HEAT R S0 ST A E A T ST R, R IEHE S T A
AR E A B 2 KT AG BN S 7 d AR BT R
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EAE V23150 . BB el LFE 3], 3524 K
(%5 0 K )EAE #4558 L EAE PE43 19 F 3443 & 2.0
Iy o TEHHIG 7 d, 3 4/ BRI A 24 T8 I K 4

-@- EAE+AQP4-1gG+hC

Weight
Ad
(2]
\E

Day after 1" injection

K fem i T R (& 1A) 3 EAE 343 78 T6 I 1 45 4k
(EB) o 156 B i 52 5 7 3 AQP4—1gG Al hC AN &
hnE /N EAE &9 o

EAE+NS -@- AQP4-1gG+hC
3.0 <|1 {
200 =" T
2 N T
1.0
B
0.0@ ® o—eo ¢ o ¢
0 2 4 6
Day after 1" injection

E1 B#MEERE6dEIEHNMNRERENEAE TN T
Fig.1 Change of weights and EAE scores after intracerebral injection of AQP4-IgG and hC

2.2 INREEEBRES AQP4-1gG FhC EEE /I
FRAN EAE /I B A5 74 B 9% kit

AR AT EAE /UK SE BT 5 6 L AQP4-
IG5 4 pL hC IR G W , i 2 5 40 il 55 FT 1 5
AQP4-1gG FIhC, 7E55 7 R ¥ B Akt . 58
SR AL DA 1gG FhC 78 1 5T A5 BBl ik
G3AT, FEDURT A A ] A MA DT 2 BORAERE
ol SR (B 2A) o PUAARMAR TR R IR B IR S5 ht

JERE S 2 A JE e #MA ™ AR CDCAYERT . @kt
H e AQP4 \GFAP B, Bl JB A AQP4 8557
A UL BT I o 240 e sz oy M B4 A (T8 3A VB o ikt
H /N R AR IR 9 A2 (BRI 3A . B) o BT SR
il 2= BR B33 9 0E R, AT L CD3"T bk B 41 i
0 e £ R v e A 240 B3R, CD3 T I B 400 e AR
rP R A0 i 0 A R LA (T 4A) o

A showed human IgG (Green) from AQP4-TIgG positive NMOSD patients deposition around the blood vessels with hC (Red ).

B showed that around the deposition of human IgG (Green) loss of AQP4(Red) was observed.
B2 Sk BUEST AQP4-IgG PR B & ki 1gG #1 hC PR & At
Fig.2 Disease locus in mice of EAE+AQP4-IgG+hC group and AQP4-IgG+hC group.
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2.3 F /R EAE X RE S RE 57 AQP4-1gG #n
hC & Kt B 22 M

TE EAE 9 19 v 0 0, A 00 i S5 Joz 12 5
AQPA-1gG 5 hCIR -G, AT UL T3 SR A ™ A 1 2 Y
AQP4 FIGFAP £k (K13A B) . Jiskt .0 AQP4
SEA G IX, EAE+AQP4-TgG+hC 41 AQP4 it 2 T
L (mm?) K F AQP4-IgG +hC £ (2.307 +0.315 vs
0.866+0.115; P=0.008; [&] 3C) ; J& il & AQP4 Jik 55
DX, 9 kR TR AL G AQP4 B 2 Rk 55 X 3, EAE+
AQP4-1gG+hC ZH J5 &t B T ALK T AQP4-1gG+hC
2H (4.13520.467 vs 2.176+0.380; F=1.507, P=0.012;
K 3C) , 9% kb g GFAP Bkt 2% 1 AL 7R K F AQP4-
IgG+hC 4 (1.521+0.180 vs 0.453+0.181; P=0.016;

g
o RS o
g z E 15 -
< 2 S =
= ‘m [=m
&, £ 37 =
= P S 1.0 A
3 s 2 A 3
2 14 g 2
< e
= ERE = 057
=}
S
0 - 0 - 0.0 -

EAE+NS EAE+AQP4-TgG+hC AQP4-TgG+hC

F3C). JWktJE B GFAP {5 5% 4 e, & R IE AL
JOT 240 e s o7 P 3 A A R . EAE+NS 21/ B
A Hii 2 BRI AT D B O o 4 A A A=, 5 AQP4-
TIgG+hC 41 He %, Hopg kb B im BLU/IN (0.625+0.132 vs
2.176+0.380; F=8.327,P=0.005) , JCHH i AQP4 {2
(0.13620.056 vs 0.866+0.115; P=0.008) 5 GFAP fit
2:(0.048+0.039 vs 0.453+0.181; P=0.034; K1 3A) ,

WE5HE 557 K, AQP4-TgG +hC AL 515 /NE
[l MBP ik (E13A . B) . AHLLZ T ,EAE+AQP4-1gG+
hC 21 1 i 6 45 A =k #« (MBP 5k 2% 10 A/mm? :
0.128 +0.040 vs 0.086+0.023; P=0.841; [#] 3C) , Tfii
EAE+NS 41 Jc W] & i % 5 2l 22 (MBP ik 2% Ti FR
mm’: 0.007+0.005 vs 0.086+0.023 ; P=0.011) .

EAE+NS EAE+AQP4-TgG+hC

B
2 3 EAE+NS

- B EAE+AQP4-IgG+hC
£ B AQP4-IgG+hC
=
= 010
5
S 0.05 1

0.00 - C

A showed results of three groups immunofluorescence staining. The needle tract shown as a yellow line, white line demarcates

region with loss of immunofluorescence, and white dashed line demarcates the decreased AQP4. B presented higher magnification of

indicated regions. C: Total area of lesions contained the area of loss staining of AQP4 and decreased AQP4 immunofluorescence.
Summary of lesion areas (mean+SEM) , n=5, 1)P<0.05/3, 2)P<0.01, 3)P<0.001.
El3 AQP4.GFAPHIMBP G5 AER
Fig.3 Immunofluorescence staining of AQP4, GFAP, and MBP in three groups
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24 ETEAEBIBiEE AQP4-1gGFIhC 5k
i SE Jo 3 B B 5 E R R

TE i 52 IR A 1 5 AQP4-1gG F1 hC 55 7
K, EAE+AQP4-TgG+hC 415 AQP4-1gG 1 hC 2134
T S A > 35K 7 | A 1Y Sk ) 4 S, T L
00 I AR A, TR LA 4 . CD3 T 241 i A
rr MR AR BB A . CD3*T 40 it A Hb MR 40 it =
ST ARTEMLAS SR R o5 ek P9 A mT LRI 3 A, B 4
Lo A e LTz, AT AL G AQP4 i R DX ATk 55 X
(F14A) . EAE+NS ZH 19 2 1 48 i 3= 2 53 A 75 1
BRIE AL, TEI & A4 B0 (B 4A ) o XA g 2
Bk (G0N ) T8 B I8 A 1 A i i 3 S 0 K
3k W5 20 i 12 3 18 A (mm®) EAE+AQP4-TgG+
hC 21 5 AQP4-1gG+hC 4 To 48 1124 22 7 (0.561 +

Macrophage CD3+ T cell

EAE+NS

EAE+AQP4-IgG+hC

0.113 vs 0.497+0.068; P=1.000) ; 55 AQP4-IgG+hC
AL, EAE+NS 41 ANAE {5 ] /0N v ] e
4 1 28 £ (0.152+0.014 vs 0.497+0.068 ; P=0.008 ;
K 4B, Geit i g5 g4 iE 1.24 mm JEHE N CD3'T
20 i 55 R PR R 40 AR B I A B R, 5 AQP4-
IgG+hC 4 L # , EAE+AQP4-IgG+hC 4 JC B & 1)
P [ CD3'T 2 M= 10 i A 4 (1 /mm?) 12.50+
1.93 vs 12.06+0.73, P=1.000 ; "7 21 it 12 i 1fiL 4
B 12.670+1.52 vs 11.25+1.62, P=0.548 ; T
EAE+NS 20 A FE #1318 J8 A /0850 8 2 1 3R v
41 3231 (CD3*T 40 i 32V 1L 45 8 4503 3.91+0.50
vs 12.0620.73, P=0.008 ; H 14 41 it 122 Vi) 1 457 254K
i 1.41£0.68 vs 11.25+1.62, P=0.012; [ 4B) , J&1F
SRS B 3 R EE SO, TN BB RS

Neutrophil

[ EAE+NS Bl FAE+AQP4-TgG+hC I AQP4-IgG+hC

0.8 7 I 1) | 20 —
£ 1)
£ ' '
L'U\
% 0.6 15 4
o
= g
S 04 Z 10 o
3 g
g ¢
2]
< o 5
e ) ki
Q
]
=
0.0 0 -

A
Neutrophil CD3+ T cell
| 1) i } D) |
1
} 1) | } ) 1
i
B

A showed inflammatory infiltration of CD3'T cells, neutrophils (Ly—6G ) and macrophages. B showed area of macrophage infiltra-

tion and number of vessels per mm’ that infiltrated by CD3+T cells and neutrophils. C: Counted the number of CD3*T cells and neu-

trophils infiltration vessels/mm’ in a region 1.24 mm lateral to the injection site in coronal sections. mean+SEM , n=5, 1)P<0.05/3
B4 KEMBEERRAERLELER
Fig.4 Results of immunofluorescence staining of CD3, Ly—6G and Macrophage
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3 9 #

AHIGE B, ORI S5 R BB 7R 5 AQP4-1gG Al
hC A DA & B g 750 1) NMOSD A6 /it )N 95 4 s @175 5
C57BL/6 /)N R EAE 7] DL 28 i &% i 47 , 3 8
AQP4 Hft I FIG 55 THI R N, GFAP Sl 2k 1 BRSO
& B BLIE i 5 41 i 45 475 0 = 5 B 7F EAE JE A - figg
S JR) i T B AQP4~IgG Al hC iy NMOSD Il FRAIL
A G PR T SE B0 LA

AWFFEIE—UESE T AQP4-1gG H A BUw
AT SOCRMAAR 6 19 2R I I 240 L3 405, I A
B AR MR . [FIRFUERA T, 5 5 EAE
AL LA 0 R S 5 R 58 AQP4-1gG il hC 1) BUws 1
FH, U8B Th 40 B (4 38005 75 NMOSD (1) 2500 HIL il H
FIET —EMEM . FEL REM B &0
FI| NMOSD £ 35 41 J&] 1L 13 6 V8 AH 26 14 A= 42
Fric, A5 AL 7 R PR e 9 B Thi il
Th17 40, Horb DL Th17 20 il K HAH 56 R -1 5 i
B ANTL-17 1L-6 5 K17 BUE 8 4 Fl AQP4-IgG
BH:AH 2%, IL-6 Al IL-21 5 EDSS P43 i 1EAH 56 o
VLA, B XF /N BUEAE §F 58 IR A, AMTTIAR
F) 5K EAE AR[E, /N EAE 7] 7242 Th1 F1 Th17
SEZ PP Th 4> JEH Th7 20 65 73 WA 1)
IL-17 JL-6 Z5 21 Jifd [X 1T 384 i1 BBB 3 i, 1L-17
A3 375 T PN B 0 R 3 M AR L 3K BBB,
TL—17 BT it 40 PR 7348 W W o3 9 s v phr
YR E A CNS, PRI, EAE 7N BRI 0 0 5 1 AH
KARJ T840 5 NMOSD H 5 5 ELA AR s
/N EAE Z1 A I o = 09 Z2 R0 Th7 20 M AH 5G9
YA R 740, 1L-17 \IL-6 . 1L-22 | IL-21"* , F B F
JEE BBB #5405, §7 K 48 5 [, B B AQP4A-1gG i
BTV e Jo 240 B4 43 I o, A2 il NMO RS kit — 20
Ak

AQPA-TgG BH M 25 3 95 et 2% i 4 e 4= Vil 3

S 0k

(1] Wingerchuk DM, Banwell B, Bennett JL, et al. In-
ternational consensus diagnostic criteria for neuro-
myelitis optica spectrum disorders [J]. Neurology,

2015, 85(2): 177-189.

DLVEL WA | rh R A i oy 3, 343 kb A CD3'T
M RE" . ARBFIEH AQP4-IgG+hC 41 FI EAE+
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