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Comparison Study on Antiacquaporin 4 Antibodies Detection by Different Techniques
in Chinese Neuromyelitis Optica Spectrum
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Abstract: [Objective] To compare the performance of different assays (indirect immunofluorescence, cell-based assay,
fluoroimmunoprecipitation assay) to detect anti-AQP4 antibodies in Chinese patients with neuromyelitis optica spectrum disorders.
[Methods] Three assays have been set to detect anti-AQP4 antibodies, including Indirect immunofluorescence (IIF) assay with a
composite substrate of mouse tissues, AQP4-transfected cell-based assay (CBA), and a fluoroimmunoprecipitation assay (FIPA).
These assays were used in parallel to test seropositivity of masked serum samples from patients with neuromyelitis optica (NMO,
24), longitudinally extensive transverse myelitis (LETM, 22), multiple sclerosis (MS, 30) and healthy controls (HC, 30).
[Results] NMO-IgG, based on the conventional NMO-IgG assay by IIF, was detected in 15 of 24 (62.5%) in NMO. Antibodies
against aquaporin-4 (AQP4-Ab) were found in 22 of 24 NMO patients (91.7% ) by using CBA, in 18 of 22 (75.0% ) by using
FIPA. Seroprevalence in LETM patients were 13/22 (59.1% ) by 1IF, 19/22 (86.4% ) by CBA, 16/22(72.3% ) by FIPA
separately. MS patients were 1/30(3.3% )by three methods, while any of HC patient was positive. [Conclusions] The frequency of
NMO-IgG/anti-AQP4 antibodies detected by IIF, CBA and FIPA among Chinese patients with NMO spectrum disorders had similar
performance with western published literature. IIF assay for NMO-IgG allows the detection of antibodies in routine screening, but
the CBA for AQP4 antibodies seems the most sensitive, and FIPA is suitable for high-throughput test for identifying positive sera
and for serial estimations of antibody levels.
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LA 2255 6 98 (neuromyelitis optica, NMO) ,
MR Devic ZEAAE , & — i rp X A 28 2 48 98 0 it
WESH N, W [F I B 5 B M ML A 2 A8 I
PR3 I LA P 28 58 RS B P 4 6 R O R AE 1
2004 4F Lennon 252 FHIRIE 28 5¢ Y )7 125 (indirect
immunofluorescence , 11F)7E NMO & WML 1 &
T — TP AN BN R SR PSS S 0 H B
PR, R NMO-IgG . SFHTANZSTAELET NMO
R SR A 00T S Al , LU 2006 4 Wingerchuk
SECHIIZ PR I FHPES A NMO 51T 112 Wi b
HET L JE R AIBFFEIESE , NMO-TgG i 5Pk 45 4 21k
iHIEFE H 4(aquaporin 4, AQP4) , HIHALFR A anti-
AQPA HLARM iy [ N AAT T LIF e 200 fi o A
7 (Cell-based assay, CBA)RMZITIRAYHRIE , K
XA BE HEA ARSI 5 N Te 2t A e it
JELE (fluorescence-based immunoprecipitation assay ,
FIPA) AT Z ARSI A i . ASBEFEE i T 3
Tt K M NMO-IgG/anti-AQP4 $i 44 Y J7 15 (1IF .
CBA FIPA) , U H TR 22 B 9 0 1
HIZHUIAR BRI T OV 1Y AL

1 #MArE 7%

1.1 #EEHFRIE

FATRZI T 106 Bl PREA 1298 A R I35, A
FH A 2009 4E 1 H % 2010 4F 4 A Pl k# e
R NBHMER LT 8, Hp s
BHER 24 B, HIEY RYEHRER 22 4], Z &1
fififk, 30 5], [R) A 328 B B X IR 30 81, 4 AAifE
NMO FHZHIT 4 2006 4F Wingerchuk HIZHiR1ED
(B4 NMO-1gG BHPE) ; LETM 5 AAFF & NMO 2
WibRifE, B BERE LR oR 204 =M B Ry 2k
HIE 5 5% s MS 11 PR 2 Wiks HEAF & McDonald
AR A o ) (L R R o SR RS S ), B R SR AR 19
B, 4k kAL 6 ),
1.2 FEWMHSIRF

WEPE 6 ~ 8 I CSTBL/6 /NRL, 1R 16 ~
20 g , P IR S SR oD R FARDIBR Y
[N e RN e A e AT I NE S e
BB 2SR . pEGFP BUkL \HEK293 4 it
AL S ARAE 5 B RNA JREBUAF & H Qiagen 23
A ;cDNA & ik f & Pfu DNA R & il A
Takara /A7) ; G418 . Lipofectamine 2000 e ]

&] Invitrogen /y ] s DMEM JREMmE 2.5 g/L TR
FIfif . Opti-MEM 35324 T Gibico 23] ; RALA
AQP4 ZFLENUAR CY3 fRic i EPiR 1gG (FITC
FRiCI PN 19G ¥ [ Sigama 2 1] ; Protein G
AgarosellJ T Pierce 2\ F]

1.3/ &

1.3.1 W B % 9% 32 Kk (IIF) A=) NMO-1gG Jf
H Lennon 4“5 7 #E4T NMO-IgG Rz, HX
C57 BUF/INER, 7K SR N s T SRR, A R /K
FEVE  PUE UK, OCT Al | $5 AT ZUE A . VK Y)
AHLEI A R L) 10 wm, & IR E 2, 2 1
B 30 min, AIHFBRIEFESF L, A/ R
(1:60)TRALTR ANAIMIE (1 : 60)4 Cil, ¥Eh,
Iz EARCPUAR FITC 2£HT A 1gG(1 : 100) , PBS
BRI, 9Ot WA B TSR 43 s ST BE M AR
X R PHMEAR A ZASAR LA R0 A0 B Vi A
Ryt — 2L e FHPEAR IC P 2 AQP4-Ab, AR L5 SR
FHBUAR SR IS UE P % . KM vk R [
J& , AL S, YEB IS bt N AQP4 £ v
P (1 : 200), % 2 h, II=HC FITC ARic i sEHTA
IeG(1 : 100 ) f CY3 tric fIEHT 4 1gG(1 = 100)
FIRPFE 1 h, BRSO BIEE T WEL,

1.3.2  Z@fe s #7i% (CBA) & AQP4 4tk 1R
Matsuoka %511 77 4 K U 1L ¥ H AQP4-Ab, [
AL RNA GRS M/ NINZE 2L R HUS RNA,
RT-PCR 3 %% 5% 4 i cDNA 45 —4# . AQP4 43 M1
I M23 PIASEARL ) 3l Bt AT PCR &7
S5 9 8 . F3# M1 5'-CTAGCTAGCATGAGTGA
CAGACCCACAG-3’ ,M23 V. %I () 2 5" -CTAGCTA
GCATGGTGGCTTTCAAAGGGGTC-3', FiiEs |9y .5'
-GAAGATCTTACTGAAGACAATACCTCT-3' . ¥ 34
FE) M1 AT M23 43 R pEGFP-N3 [, F 4
pEGFP-N3-AQP4 5 21 5k , R il 1) 11 25 PRl e 4
FE L HEK293 41l , G418 ikt #ik AQP4 fY
IRk, HiFRFIA AQP4 i EGFP-AQP4/HEK293
Y Je 23 5 EGFP/HEK293 ZHff, 24 h J& , ik i
P [E E A 5 min, PBS 9k ; 1L 2F 1% = iR A
1 hy A (12 60),4 Cid ;A CY3 Fric
FIZEPLN 1gG (1 2 100), =3 1 h, PBS EEvk, 58t
W WER

1.3.3 % HKE G L5 x (FIPA) &0 AQP4 4%
S Waters S0 5 ik R B TR Rk
EGFP-AQP4 & /Y HEK293 4 g, 2540 s o7
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W, YA PBS PRI+, AR A0 DTIE (7% 1 x 107
YA O 1 mL 40 B 2% (10 mmol/L TRIS,
100 mmol/L NaCl,1 mmol/L EDTA,1% Triton X-
100, pH 7.5, 8t AR B H150] ) ,4 C 1 h; 40
2R RSN 1.5 mL B5.0% 15 682 xg,4 °C
6 min, VGRS EBELOAE T MIERES 20 wLin A
200 Wl 20 A ZAH W, 4 CCIR ; A I3 41 A 241 W
JMA Protein G 50 pl, ZEiE$ESN 2 h;2 320 xg &
O 1 min, fEIIRERTOIE , 25 BIE . AEU0EYIINZ#H
W1 mL, IR IR AT, 2 320 xg B0 1 min, £ i,
WA RRE R 3 RPEEr, BIK 5 min; 120 wL 2R
FE P ZAY, A 96 FLUCELHR T, B bR
Kl Excitation YGi% A 472 nm, Emission Y61 H
512 nm,
1.4 ZitoH

Wi SPSS 13.0 Ge it #4417 Ge 24 2 Hr o
L35 BHPE 2R A H R Fisher KGRI, 5412
(] A4 % Y LY 58 R F Mann-Whitney 6 FIAS 56
P < 0.05 Z2RA%H R X,

2 % R

2.1 EERERML

R % B NMO-IgG 7E 24 ) NMO 1 15 4]
PR (62.5%) ,22 5] LETM 7 13 41l B4 (59.1%) ,
30 1 MS " 1 FIRHYE (3.3%),30 4] HC A K6 5]
NMO-IgG(# 1), FPERBRIESE NMO-1gG [7] AQP4
TERUNAE T3 —30, EA RAF(E 1) . WIS
T TR 1 X 45 A998 A ML NMO-1gG T A4 ik B 43 A7
(E 2), &4 Z BP0 8 Bk Mann-
Whitney % FI4G 5, NMO 20 Fll LETM 20 4t 44 % )%
L P = 0269, 25 LGt L,
2.2 YRk

PLFa a2 3235 AQP4 1Y EGFP-AQP4/HEK293
A IE PRI LY 2 S AFTE AQP4-Ab, #556
(420 ~ 490 nm) K T ,GFP 4t I g E 7 T
21 JL 5 X I, 5 T 25 % EGFP/HEK293 41 i Py EGFP
FEW AWM, B CY3 FRid A 1gG, TELEG
(535 ~ 550 nm) WA, BHEREEDO AR, 4
FEAEBATE AQP4 HLARET , Cy3 drid —Hi R4 fA; 5
A F R GFP il AQP4 3k 1Y i B — FUf:
RO TARMIEEAL , HA R R B (K 3) Nz
Ko 2% 51 7R 24 451 NMO w22 1] FHAE (91.7%)

£1 =M77EKENMEH NMO-IgG/anti-AQP4 antibody
Table 1 Frequency of the NMO-IgG/anti-AQP4
antibody in serum detected by 3 methods

Frequency (%)
NMO spectrum disorders Controls
NMO LEMT MS HC
N 24 22 30 30

NMO-IgG(IHC)  15/24(62.5) 13/22(59.1) 1/30(33) 0
AQP4-Ab(CBA) 22/24(91.7) 19/22(86.4) 1/30(33) 0
AQP4-Ab(FIPA) 18/24(75.0) 16/22(723) 1/30(33) 0

NMO: neuromyelitis optica; LETM: longitudinally extensive
transversemyelitis; MS: multiple sclerosis; HC: healthy controls;
IHC: immunohistochemistry; CBA: cell based assay; FIPA.

fluoroimmunoprecipitation assay

22 5] LETM H 19 51l FH 1 (86.4%) ,30 151 MS 1 1 4]
FHPE(3.3%),30 il HC AN S AQP4 Hilk(F 1),
A 256 2 4 BH MR R [R] 21 2072 R FH Fisher A #f
K b4, P = 0.036, 22 78 Gl X, b
T 44 6 3 A 0 1AL 375+ NMO-TgG/A QP4 $i 4 1) Ak
P T e 2,
23 GRENEWETWRERRIEH

Y5 B AW IS Protein G BARERTT
VE ) T OO BB UL 7E Y (420 ~
490 nm) KT, AR A5G GFP 40,
WE 4 s A HBATERE S B J C ¥ NMO #
ai, Ho B C 52 B0 7RSO R R B
FES B AN R B BES IR i, AR
TR IR S AT TR 55 AR 0L 18 2 6 1 Kl 1 A
O, DA A A S G T RS 0 T it 5 o) et )
ToH B2 B FIPA KL mT DL AL anti-AQP4
Ptk

i FIPA A0 45 2H 1fL 7 , NMO 404 18 il K
FHE (75.0% ) ,LETM 2045 16 51 A FH A (72.7%) ,
MS HAA 1 1R BAPE (3.3%) . A 2B BEJ 2 rh
K H Fisher ¥ i Lb A2 G e i vE [R) BRI 4 413
FIBHMER P = 0.534; [ 40k FL iR, P = 0.245, 3
KF0.05, =74 L,

3 4 i
VLA NMO-IgG/anti-AQP4 4714 i 46 1 3515

TARKHERE , H AT AQP4 FLIAR A I J7 3240 55 . TIF
% CBA ¥ FIPA ¥ U 9% DU VE % (radioimmu-
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human IgG

NMO serum

LETM serum

HC serum

e

B 1 RAEENmnES NMO-IgG
Fig.1 NMO-IgG measured by indirect immunofluorescence based on the mouse brain

Anti-AQP4 antibody Merge

e il

The first column showed single-immunofluorescence staining in the serum. The serum of patient with NMO or LETM is positive. The last three

columns showed Dual-immunofluorescence staining. FITC (green) labelling human serum IgG, Cy3 (red) labeling anti-AQP4 antibody. NMO-IgG

colocalization with AQP4 in merged images (yellow). x 200; NMO: neuromyelitis optica; LETM: longitudinally extensive transverse myelitis;

HC. healthy control

£ 15360 —
o 3840 — -
20
=) 960 [— -
= .
S 20 e
g 60 — -
un
negative T T T L e o
NMO  LETM  MS HC

Diagnostic catagory

B2 JBHABEMFEHR NMO-IgG BEHH
Fig.2 The distribution of the serum NMO-IgG titres
in each patient group
NMO: neuromyelitis optica; LETM: longitudinally extensive

transverse myelitis; MS: multiple sclerosis; HC: healthy control

noprecipitation assay, RIPA) ELISA 3545, {H£Fh
T3V Z 18] R e e Ve B URAEATI A AR s, R TP
WG —FriE, TF 2K NMO-1gG A 5 46 AL Al
ARSI FBe, B RN BUIG PK R DD R A R
J5 B N ML A PR TR EE & B A PO R

FRICHIHT 1gG FRic NMO-1gG | 38 i 9% 't i ink 5 4
TR, Lennon 5525 L 77 Kl NMO FR 4
NMO-IgG BAYEZR A 71% , KR FVE R 91%, Je4E
25 1 ) B 5 R UL VA R A A BUR M AE 19% ~
76% Z 8], A0 MS R 91% ~ 100%™,
FRATVHE TF A T =R 24 B 25 B
REBE MG, BHER N 65.4% , FiX} MS 5570
96.3% , 5 [E P AR IE FEAR— L,

CBA 5238 o i AR R8N AQP4 FR 111
YL AVE N IS, 64T 40 8] 422 S 2 28 ), Sk A
anti-AQP4 $iLiK , %771 K i Takahashi 551°1%
Jie X 148 835 A 5T R W] CBA (L2 TNMO
PRSI S5 B 43 R 919% 1 100% , %7151
R S P RO 38 1 T UG I | LA 27 2 A F 5%
WS HEXA LR ) JE k) 2 N AR5 E
o IR R E ik AQP4 1Y HEK293 41 il £ 46
I £ I3 P NMO-IgG & PR [ AR 4 22 B %
A A 2 R I i Y BH A SR 92.3%
I3 BB AE =Rl vk i s, i PH A 30
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EGFP-AQP4 Human IgG Merge

NMO serum

LETM serum

HC serum

Human IgG

NMO serum
\ T

B3 LUZERa A R TmE - AQP4 #1
Fig.3 Serum anti-AQP4 antibody measured by the cell-based assay
The figure showed that the transfected cells well expressed AQP4 is green in the fluorescent microscope. Cy3 (red) labelling human serum
I¢G. Overlap staining is yellow in the merged images. If the red fluorescence and the green fluorescence merged well, we judge it positive. x 200;

NMO: neuromyelitis optica; LETM: longitudinally extensive transverse myelitis; HC: healthy control

{
.
A G

El 4 Protein G IHEEKTMIER R AETE
Fig.4 Protein G Agarose combined the IgG read in the fluorescent microscope.

A The negative serum; B,C; NMO patient serum; B is brighter than C; x 200

14 J5 D5 AT BE 7E T CBA 558 i M E R e Rk A RAEI R AN, 7550 54 AQPA-EGFP il 26 1
AQP4 (A1 HEARABCA SN ), TR T 0 s 22 ] (4 ’Jéﬂiﬂ’@f“ﬁ’q’:?&fﬁﬁﬁté% , SIMTE H anti-AQP4 Fi ik
225 B T PUAAKI ) fRUR TIPSR S N, IFl i Protein A/G Biifig

FIPA B0 2 YR Waters 250308 7 | 25 o 4 f}k?ﬂﬁ%ﬁ BAAWUIRE Tk, HEm L 5O E
7 P35 AQPA-EGFP il & 2 1119 HEK293 4 i, PR A anti-AQP4 HUAEE Ak . Waters 551
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il T 25 5] NMO F 35, Hiv 19 4918 B | e
BN 76% , F5 kR 100% , (H3% 7 LUk 4%
FE 8 A 27K TE 33% ~ 83%4 ) 1%
WFFEAE T ECHE A R F 77 A A anti-AQP4 47T
A&, B NMO 9 I FH RN 76.9% , A% MS 1Y
SR 96.6%.,

AU LI, e E AR 1IF 2%
CBA 72 J% FIPA K5 NMO-IgG/anti-AQP4 i {&
R T RAFR—FrE, =Ry AT Rl R
Rz g ik . UF L4588 02 B BR Lz R W
NMO-1gG Y H HLA I 777 s CBA 5 X6 [m] — it 1fn #¢
PRASKE I ) BAME R e i, SR8 5 32 B S 3 S
(Y BR 5 177 FIPA (L ABXS F R, 7] LA AL Fdit
R NMO-TgG/anti-AQP4 HifA | H AL B8, H)
Wi A2 SN B A A A 300 T ) 2 A T
e A RREARIG P A, — b i e /D B0 (G
TSNS , A5 A 15 NMO B3
IIF 3 fAYE {2 CBA & FIPA YRR AER 7R 3
T 16 NMO #& H CBA 75 /R IKH B, 1 FIPA
LB R =, 3 %I G 1 FLAR R R AN
H ARG AR L NMO S5 1% b 3 TIF,
CBA,FIPA = F J7 Kz I NMO-IgG/anti-AQP4 T
T, FEIEAT HLA, w02 45 SR s RN RR 9 i3l J A —
2, SR, N R R H A E R AR R
PE RN ARG T, 3 LR X NMO (MS 45
AHSCPEPNR . BV 0 & BUHAE 2R HObE i
BEAR R EEE NN A BRI £ AR A IR BEAS I %
Pk, PRIATY s BT 22 R E 4T R A | 2
— RIS R
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