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[ Abstract] Neuromyelitis optica (NMO) is an autoimmune, demyelinating disease of the central nervous
system manifesting with optic neuritis and longitudinally extensive transverse myelitis. Aquaporin-4 ( AQP4) -IgG is
currently regarded as a specific biomarker of NMO. Nevertheless, AQP4-1gG seronegativity in 10% -25% of NMO
patients suggests that there are several other factors involved in NMO immunopathogenesis. In this article ,we reviewed
current knowledge about biomarkers of NMO from AQP4, myelin-oligodendrocyte glycoprotein, AQP1 and glial

fibrillary acidic protein, providing a new insight in the diagnosis of NMO.
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LA 245 86 2 (neuromyelitis optica, NMO) J&— f 4o 2 /v 5
B LRI 22 0 BB 52 2R O Y TR pI 48 R e A IR A R
B L NMO A 2 2 & Pk B 4k (multiple sclerosis,
MS) 14 W 7Y, i 45 4 574 7K 38 T8 25 11 (aquaporin, AQP) 4 47 145 1)
R IESE NMO 2[R T MS (9 7 (9 | 3 B S e v vh ik i 22
ARG 2015 4 [H b NMO 2 87/ 41 ( International Panel
for NMO Diagnosis, IPND ) i 3 1) L il 25 5 8 48 1% 22 52 5 (NMO
spectrum disorders, NMOSD ) i2 Wik i H LA AQP4 Hi (& 4F Ky i2 W
BER ¥ NMO 438 AQP4 ik B 5 B M 4L, B A= W hrn B 9
7E NMO 2 Wb i 2 SCER TH BB s B L BFSE R LA 10% ~
25% 1) NMO S8 1L AQP4 Hi (& g BITE , #2275 NMO %3 & i
R A A T 25 L ST, e NMO B I3 R 4k & B
B 2 2 e 5T 40 it Bl 2R 1 ( myelin-oligodendrocyte glycoprotein,,
MOG) Ht & . AQPL i 1A F1 J5¢ BT £F 4k % 1 25 11 ( glial fibrillary
acidic protein, GFAP) Hiu /& %57 19 A= Wy b5 W o AR SCHIXT NMO
A YRR E W HEAT L5k O NMO K I R 2 1 | % 59 Ky o7 $2 43t
—ERH D).

1 NMO £#irEYw

1.1 AQP4 Hifk

AQP4 Jg T I BY /K 5 158 e iz i 2 A R ML R B R
PEVERO AN IR 11, 3R BT RE R B 5 il 4 U5 i i R
ZI Y IK 43 7 B iz 8 i T T, 4E R M & R K F
57 o AQP4 T BAFAE TR I SR A0 M M HC 2 R DA R i
A% N T PR TR v A S I S A e
HHEPY, AQP4 3k T B A £ A2 B M 28 T MU L AQPA A
M1 Fl M23 2 FF &, AQP4-M23 RETE 4il ffd | JE R T AR Y 1E
22 HEF) Wik ( orthogonal array of particles, OAP) , 1fif OAP J& AQP4
BRI AQPA Bt b 15 A A T e I 40 M F
AQP4 454 WG #MA R G, 51 K SAE SLHR S I, 35 4R 4% 1 A1 i
N9 R T, 7 He D A AR P4 200 6 1 0 200 A - ) 0 R A A
PE 40 M 3 PEAE A

YES NMO 12 Wi 47 J2 1 8 5 M A= W bR 259, AQP4 B i A ¢
R AL AN S R R R A% NMO g% AQP4 $it
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WHERFERREZR . FE AR T0% ~77% , B A& N H
63% ~90% , & INENNK 56% ~T3% ,n#htb N K 33% , 78 KA
N9 47% . 55 AQPA Hi i [ P NMO 8 % K 42, AQP4 Hi
MRBAPE NMO 8 25 I PR AR 5™ 5, 150 B 5 )5 ds o e 1 58 I
BH I RE TS B2, R R R ThR . Kitley 811 X3k
[ A1 H A NMO 8 %% UG 247 — 50 2 b BF 9T, 45 8 7% AQP4
P 1 25 00 ol 26 R 96 A0 T 4 4 0 5 e AQPA B EH 2 0L

FURT K W AQPA i 4 1) J5 1 45 41 M3 43 7 % ( cell-based
assay ,CBA) \ELISA 3¢ ¢ % 2 7T ¥& 43 7 ( fluoroimmunoprecipitation
assay, FIPA ) . i 5F %0 %8 ¥ ¥& 4+ #7 ( radioimmunoprecipitation
assay, RIPA ) 1 [a] $ # %% 2¢ ) ¥ (indirect immunofluorescence
assay, [ F) , Jirf CBA #:19 R AUE Jy 90% |, 5 5 Ji 2k 100% , %%
P S BRI 07 L 2015 4 NMOSD 12 Wi br v 35 9 5
i AQPA LKL Wk Sk, HE 42 X AQPA Bk HEAT £ Fh 7 i |
Z A4 A A I
1.2 MOG #ifk

20 fit22 80 4E 8, MOG 7E MS [ B G 3 A5 59 52 46 v Bl %
BB G, Mader 25170 3 i CBA ¥ & B AQP4 i ik B
NMO % b MOG Hi {2 ik Bk o 1% 45 5 15 22 T 26 0F 55
BEESL 7 MOG 77 E Tk #h 48 R 4%, R BEMS N2 T
AR B R, B R R R 0.05% 0,
MOG Hi A 2 G 8 BR 8 11 1gG Ay — Fl M 80, 2 590 5 %M A 400
240 P R IS T AR phy T 5 488 47 1 2 g R

MOG HifA 15 NMO L K k5 505 1 6 4G, 4 957 4t 90 3
LA BB 0 L Kim S0 X 270 ] 6 1% B 0 0 i R
P50 85 R 8% 6.3% (17/270) f 3% MOG i {4 FHM:,18. 1%
(49/270) % AQP4 i 1A P, JC — il 8 3% 2 Bl b ¢ [+ i B
ko SR, Peschl 45 i 51k & 51 3T 4F % 19 MOG it 7 i 56 %
e T B 5 I R AR 1998 3, % B 515 AQP4 it A
NMO % H{X 3 4 H Bl MOG i f& FH 4 , BT A BH 4 R %)
1% o FIXET AQP4 Ho 1K B #E NMO 2%, MOG $ /& B #% NMO
R LR AR R R N & L AN XU [ i
o T W4 MIRL SR U b 28 )2 % B L H
S IS L T, A A R B B O R R R R ML 2, A
B MRI 2230 46 Pk BeBE R kL o 4L 2 2 F o B B, B
BB HE L 3X 5 AQP4A Bt (A BH 4tk H 5 2 3 B 51 B g BEAS B 2
SRR, MOG ik Bk 8% 4 % B 2 10 e B 6 T
SR E S, BT A TR B R I R RO, 7 ST R B MR
N A7 A TR S Bl

LRI, Ko MOG HifAk iy J7 447 CBA il ELISA ; Hrf [ CBA #5
T3 R R R S RE AT . MOG oA B NMO B 3% HLA AR
LRI R R 2% MOG Hifk 5 AQP4 Hr A WU 1A B4 f %
I %5 . AQP4-NMO I MOG-NMO Iifi PRAEFAF 22 5 W3 1,

MR, MOG 0 1A AR 7T RE S WL b 25 5 86 & 10 55 — Rk
YIkREY ¥4 BF 58Ik MOG $i 7K %52 9 b T g 2 1k .
AQP4 FLURPHE NMO 9 5% — Fh s . BRI, xF MOG $it A 75
05 T IR 9 ML B HE — 2B BF 9, ST WA 108 IR B o ok
MOG i {4 B 46 I 5 3 , % iife PR T4 EL A7 T8

%1 AQP4-NMO F1 MOG-NMO Iif5 K ¥ 1E 5 #7

AQP4-NMO MOG-NMO
PR )T atEER(2:18) 6 G2 5 (50 4)
WU KA DI 2k 33% WL 5%
1L A B 375 1 1 O

WA 45%

DI Yd 9%
KB BB i
N = AN
(63.63£14.31) pm
VCELNIIEES

2,21 83%

EEREI2 T
PLALK

Pk zs MRIT

DL 1%
20,215 53%

K15 B i B AL W
i Bt B %
(75.33+14.67) pm

R 57 TR 4

HIX DI, 251 50%

4% LETM

WA 2o ef e R
wESHF"
) S

TE : AQP4-NMO : AQPA4 i 1A% BT 1 A1 G 4L 4t 2245 4 ¢ ; MOG-NMO : MOG
B FH A DG R 2245 6 48 5 LETM - )75 Be it BV i 22

1.3 AQPI1 #ifk

AQP1 2 20 120 80 4EAX Hy Agre 5% 20 DA IfiL £1 48 it A1 1 /)N
B T 3 AR A 1 K W R v R Y 7R R P R
YA, JE HAE NMO g 28458 3 DI, G B 90 i 22 M 1 T A
KR T 0 AQPL AE B Py B 48 I 7 Rk R
AT E ¥ ML — 03 5 Tk 0 0 A2 T e I 40 LA 005 . NMLO o 5
DX 2 I TG 50 240 M 2 1T 2 38 19 AQPL I 5 7 ek bl 5 7S = A
0 e I 40 VA R L 5 AQP4 A kA0 A LT HRTE
FAAK L AQPL 55 4F 4 A JC M B B A8 1 55 O IR A5 IR L5 9 AR
S S R I R R R SR AR O

AQP1 HLIKFHYE NMO % 5 AQP4 Hi (A I NMO 45 1Y
M5 R A8 TR AR - e A9 A, A 28 58 A0 L 30 B b B
& % (longitudinally extensive transverse myelitis, LETM ) ﬁ‘é’ﬂ““ o
Tzartos %5 % BLEE L NMO £ % 1fi 3% 7 A 46 0 51 AQP1 Ht Ak A
AQP4 Hir P B , B M2 53 514y 16. 7% F1 12.0% . Tiiziin %
ALY AQPL HLUR I AQP4 Ht {4 LT FH M £ 4 1 R & 4
LA 25 98, B4 AQPA T {4 FH Mk J8 25 A9 I IR 3 8 Bk 1 R
(expanded disability status scale, EDSS) $f 43 5 F X = FH 14 i1 XL
B U PR FER Al AQP4 ST A [ 1k R A2 R R XL
AL I W (A2 Long % 19 6F 58 K W1, AQPL it
R PR, AQPT SR IUAZTE T 74. 5% (73/98) AQP4 HT{k
PR, [, 28. 4% (19/67) MS i & /778 AQP1 Hi{k [
;5 AQP4 HUMAN LL , AQPT HLMAXS T NMO #1245

Far, CME M T AQPL T M By & Il U5 i A7 ( Western
blot) **7 RIPA™*! CBA™ i1 ELISA™' |

AQP1 HTIKRTTRE R AQP4 HLIA B NMO #y 8 2L 2L Wy b &
Y, Wy BT BIE R BT 4 i ik £ &, 7 — LE AR 2 R G
B B I L AR, IR R FRIE 5 AQP4 HTIK FI 4k NMO
M4k . BJE AQPT HT/RTE NMO H 12 W A {E A7 72 i
AQPL 4T TE NMO Fl MS (1) 58 35 v XA 475, 52 W0 X — 3% /Y 48
B

1.4 GFAP #ifk
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GFAP J& AR i 28 25 5 B2 I ¢ 5 40 i 40 2 R o S 1k
Wl 22 28 1 A A R AR I T 2 1) TR R i, 2 5 4
YL PR 200 i B AL A R I PR R O A AT IR 28 B R R £ T Y

g5k, LB A S R Sl Y L GFAP Bk T L
2k S P A 2, B 4 T O T e 5 400 MM 4B 40 el 2% B e
ZIUAET: M . GFAP LUk XF 2 Fh v AX B 28 28 55 930 , 40l il 4k
5 G IR BRI B PLRE (A B R 2 A B IR X
X Fang 1 L B, GFAP ik nl LU AE g B & Pk g Tk
i JE A 1 B 2E Wb 7S, B Y GFAP [ B fo 93 M B OE 400 M s 4%
FRRE &, I i 7% 6 ] CBA K0l GFAP Hiy A . Flanagan 240
102 ] GFAP F B Sy M 2 40 i A5 A5 R 3 It IR 53 #1 , 45
S 2 LGS I 0 mfpﬁﬂ*ﬂﬁ{%xﬁiﬁu J%x,u%‘ﬁ’ftlﬂ
X R GRS H Sb, 85 AR B R B K i
MRI 38 & Ry 9\ 1] ZE A B T2 35 {5 55 5 4k, 5 JL A AQP4 B 44
NMO [ #BER IS W, GFAP [ B F 28 Mk AL 40 i 95 25

RISy L AR A T L b B ST AR G g, DG ) A S i, L
AHEAEYE, B T N-FF KL K & & R % 1K ( N-methyl-D-aspartate
receptor, NMDA-R) IgG FH 1 3 K 22% , AQP4 it 14 [H 11 % Ky
10% . Takano %) il 21 2 PE ] NMO 3 i %6 % GFAP ¢
iy 23R KF B 0, L0 PRI AR R B T e R
SEARSE RS B T R IR T I A 5 TS KB R GFAP 4t
PRK PP S IE # . Majed 25 1 A I 45 9 6 25 0 26 % T GFAP
P, 7 A A5 O 56 T AQP4 HL A

H R, GFAP TR A C 19 NMO HF 5% AH X #5820, Hoilfs IR 2 30
FWUE , DL S5 A 2 B i ik NMO 9 56 R A5 i — 25 50t
SN, GFAP $T4 Y & BLAT 48y NMO (912 Wi di 58 1 JEL i

2 RE

Bi& AQP4 HU AR W5 9 A8 W sk )& , NMO #4828 7+ 1) AR
W7 ST SHT , ek tl) B I PR T 5°E ATS 7 A W 4fE 3 NMO- Atk 75 72 A= W) A
HEYWEN i%hu%ﬂ’hﬂiﬂmﬁﬂﬂTHQWE\% NMO 1 1t K
Fi i, IF A W RGG SRS D o T S b e (LB i B
S5 5 T B HE— 2R BT %ﬁﬁb??ﬁﬁ]?fé/\i)\iﬁ NMO K 3 4 %)
bR, WIEGAE Wb W TE NMO G 5 4 AL i v 9 4 1T DL &
U] A AR AR, A0 A A= W AR Z8 W O R 7 3k, R A A AR
WIR A S o thy 2 B

&% Lk

[1] rT"IﬁEfL NG POy ox AR B A S M R 2 Ay A g B

2EEH T B 23 4 28 R G o 8 G P Bl 2 5 2 v [

1‘45 2 RE A TG R PGS SRR (] b E e e R

ARk ,2016,23(3) 1 155-166. DOI:10. 3969/j. issn. 1006-2963.
2016.03.001.

[2] Jarius S, Wildemann B. The history of neuromyelitis optica [ J]. J
Neuroinflammation,2013,10 : 8. DOI:10. 1186/1742-2094-10-8.

[3] Lennon VA, Kryzer TJ, Pittock SJ, et al. IgG marker of optic-spinal
multiple sclerosis binds to the aquaporin-4 water channel [ J]. J Exp
Med,2005,202(4) :473-477. DOI.10. 1084 /jem. 20050304 .

[4] Wingerchuk DM, Banwell B, Bennett JL, et al. International consensus
diagnostic criteria for neuromyelitis optica spectrum disorders [ J ].
Neurology ,2015,85(2) : 177-189. DOI;10. 1212/ WNL. 0000000000001729.

[5] Jasiak-Zatonska M, Kalinowska-Lyszczarz A, Michalak S, et al. The
immunology of neuromyelitis optica-current knowledge, clinical
implications , controversies and future perspectives [ J/OL]. Int J Mol
Sci,2016,17 (3) :273[2018-03 11 ]. http://www. ncbi. nlm. nih.
gov/pubmed/26950113. DOI:10.3390/ijms17030273.

[6] Papadopoulos MC, Verkman AS. Aquaporin 4 and neuromyelitis optica
[J]. Lancet Neurol,2012,11(6) : 535 -544. DOI.10. 1016/S1474-
4422(12)70133-3.

[7] Nagelhus EA,Ottersen OP. Physiological roles of aquaporin4 in brain
[ J]. Physiol Rev,2013,93(4) :1543-1562. DOI.10. 1152/physrev.
00011.2013.

[8] sk JiAl, sk B, AKIMIEE 1 4 UM BT A0 225 B 28 19 11 IR 12 I
PER[T]. KA B 245,2017,45 (5) ¢ 548 - 552. DOI.; 10. 11958/
20170132.

Zhang NNN, Zhang Z. Progress in clinic diagnosis of sera aquaporin-4
antibody negative neuromyelitis optica[ J]. Tianjin Med J,2017,45(5) :
548-552.DOI:10.11958/20170132.

[9] Crane JM, Lam C, Rossi A, et al. Binding affinity and specificity of
neuromyelitis optica autoantibodies to aquaporin-4 M1/M23 isoforms and
orthogonal arrays[ J]. ] Biol Chem,2011,286(18) :16516-16524. DOI;
10.1074/jbe. M111.227298.

[ 10 ]Nicchia GP, Mastrototaro M, Rossi A, et al. Aquaporin-4 orthogonal
arrays of particles are the target for neuromyelitis optica autoantibodies
[J].Glia,2009,57(13) :1363-1373. DOI:10. 1002/ glia. 20855.

[11]Ratelade J, Zhang H, Saadoun S, et al. Neuromyelitis optica IgG and
natural killer cells produce NMO lesions in mice without myelin loss
[J]. Acta Neuropathol, 2012, 123 (6) : 861 —872. DOI; 10. 1007/
s00401-012-09864.

[12] Wingerchuk DM, Lennon VA, Pittock SJ, et al. Revised diagnostic
criteria for neuromyelitis optica [ J ]. Neurology, 2006, 66 ( 10 ) :
1485-1489. DOI:10.1212/01. wnl. 0000216139. 44259.74.

[13]Melamed E, Levy M, Waters PJ, et al. Update on biomarkers in
neuromyelitis optica [ J/OL ]. Neurol Neuroimmunol Neuroinflamm,
2015,2(4) :el34[2018-03-12]. http://www. nchi. nlm. nih. gov/
pubmed/26236760. DOI:10. 1212/NXI. 0000000000000134.

[ 14 ]Jarius S,Ruprecht K, Wildemann B, et al. Contrasting disease patterns
in seropositive and seronegative neuromyelitis optica; A multicentre
study of 175 patients[ J/OL]. ] Neuroinflammation,2012,9 : 14[ 2018 -
03-09 ]. http://www. ncbi. nlm. nih. gov/pubmed/22260418. DOI;
10.1186/1742-2094-9-14.

[15]Sato DK, Callegaro D, Lana-Peixoto MA, et al. Distinction between
MOG antibody-positive and AQP4 antibody-positive NMO spectrum
disorders[ J ]. Neurology, 2014,82 (6) : 474 —481. DOI. 10. 1212/
WNL. 0000000000000101.

[16 ] Matiello M, Lennon VA, Jacob A, et al. NMO-IgG predicts the outcome
of recurrent optic neuritis[ J]. Neurology,2008 ,70 (23 ) :2197-2200.
DOI:10.1212/01. wnl. 0000303817. 82134. da.

[17]Kitley J, Waters P, Woodhall M, et al. Neuromyelitis optica spectrum
disorders with aquaporin4 and myelin-oligodendrocyte glycoprotein
antibodies: a comparative study [ J]. JAMA Neurol, 2014,71 (3) :
276-283.DOI1:10. 1001/ jamaneurol. 2013. 5857.

[18]Kitley J, Leite MI, Nakashima I, et al. Prognostic factors and disease
course in aquaporin-4 antibody-positive patients with neuromyelitis
optica spectrum disorder from the United Kingdom and Japan [ J].
Brain,2012,135(Pt 6) : 1834-1849. DOI:10. 1093 /brain/aws109.

[19] Waters P, Vincent A. Detection of anti-aquaporin4 antibodies in
neuromyelitis optica; current status of the assays[ J]. Int MS J,2008,
15(3) :99-105.

[20 ] Takahashi T, Fujihara K, Nakashima I, et al. Anti-aquaporin-4 antibody
is involved in the pathogenesis of NMO:a study on antibody titre[ J].
Brain,2007,130(Pt 5) :1235-1243. DOI:10. 1093/brain/awm062.

[21]Ramanathan S, Reddel SW, Henderson A, et al. Antibodies to myelin
oligodendrocyte glycoprotein in bilateral and recurrent optic neuritis[ J/
OL]. Neurol Neuroimmunol Neuroinflamm,2014 1 (4) : e40[2018 -
03-11]. http://www. ncbi. nlm. nih. gov/pubmed/25364774. DOI .



. 976 - SIS IR B2 A5 2018 4F 12 H 55 36 %5 12 ] Chin J Exp Ophthalmol , December 2018, Vol. 36 ,No. 12

10. 1212/NXI. 0000000000000040.

[22]Ramanathan S,Prelog K, Barnes EH, et al. Radiological differentiation
of optic neuritis with myelin oligodendrocyte glycoprotein antibodies,
aquaporin4 antibodies, and multiple sclerosis [ J]. Mult Scler, 2016,
22(4) :470-482. DOI:10. 1177/1352458515593406.

[23]Stiebel-Kalish H,Lotan I, Brody J, et al. Retinal nerve fiber layer may
be better preserved in MOG-IgG versus AQP4-IgG optic neuritis: a
cohort study[ J/OL]. PLoS One,2017,12(1) : 0170847 [ 2018 -03 -
21]. http://www. ncbi. nlm. nih. gov/pubmed/28125740. DOI; 10.
1371/journal. pone. 0170847.

[24]Peschl P, Bradl M, Hoftberger R, et al. Myelin oligodendrocyte
glycoprotein; deciphering a target in inflammatory demyelinating
diseases[ J/OL ]. Front Immunol, 2017, 8 : 529 [ 2018 — 03 - 14 ].
http : //www. ncbi. nlm. nih. gov/pubmed/28533781. DOI: 10. 3389/
fimmu. 2017.00529.

[25]Mader S, Gredler V,Schanda K, et al. Complement activating antibodies
to myelin oligodendrocyte glycoprotein in neuromyelitis optica and
related disorders[ J/OL]. J Neuroinflammation,2011,8 : 184 [ 2018 -
03-13 ]. http://www. ncbi. nlm. nih. gov/pubmed/22204662. DOI.
10.1186/1742-2094-8-184.

[26]Kitley J, Woodhall M, Waters P, et al. Myelin-oligodendrocyte
glycoprotein antibodies in adults with a neuromyelitis optica phenotype
[1]. Neurology,2012,79 (12) : 1273 — 1277. DOI. 10. 1212/WNL.
0b013e31826aacde.

[27 JRostasy K, Mader S, Schanda K, et al. Anti-myelin oligodendrocyte
glycoprotein antibodies in pediatric patients with optic neuritis [ J ].
Arch Neurol, 2012, 69 (6) : 752 — 756. DOI: 10. 1001/archneurol.
2011.2956.

[28]Rostdsy K, Mader S, Hennes EM, et al. Persisting myelin
oligodendrocyte glycoprotein antibodies in aquaporin-4 antibody
negative pediatric neuromyelitis optica[ J]. Mult Scler,2013,19(8) :
1052-1059. DOI:10. 1177/1352458512470310.

[29]Vourc’h P, Andres C. Oligodendrocyte myelin glycoprotein ( OMgp ) :
evolution , structure and function[ J]. Brain Res Brain Res Rev,2004,
45(2) :115-124.DO0OI:10. 1016/j. brainresrev. 2004.01. 003.

[30]Jarius S, Ruprecht K, Kleiter I, et al. MOG-IgG in NMO and related
disorders: a multicenter study of 50 patients. Part 1: frequency,
syndrome specificity, influence of disease activity, long-term course,
association with AQP4-IgG, and origin [ J/OL ]. J Neuroinflammation,
2016,13(1) :279[2018-03-12]. http://www. nchi. nlm. nih. gov/
pubmed/27788675. DOI;10. 1186/512974-016-0717-1.

[31]Kim SM, Woodhall MR, Kim JS, et al. Antibodies to MOG in adults with
inflammatory demyelinating disease of the CNS [ J/OL ]. Neurol
Neuroimmunol Neuroinflamm,2015,2 (6) : e163 [ 2018 - 03 - 21 ].
http ://www. ncbi. nlm. nih. gov/pubmed/26516628. DOI: 10. 1212/
NXI. 0000000000000163.

[32 ] Martinez-Hernandez E, Sepulveda M, Rostdsy K, et al. Antibodies to
aquaporin 4, myelin-oligodendrocyte glycoprotein, and the glycine
receptor al subunit in patients with isolated optic neuritis[ J ]. JAMA
Neurol, 2015,72 (2) : 187 - 193. DOI: 10. 1001/jamaneurol. 2014.
3602.

[33] Agre P,Preston GM, Smith BL, et al. Aquaporin CHIP; the archetypal
molecular water channel [ J]. Am ] Physiol, 1993, 265 (4 Pt 2) :
F463-476. DOI:10. 1152/ ajprenal. 1993.265. 4. F463.

[34]Tzartos JS, Stergiou C, Kilidireas K, et al. Anti-aquaporin-1
autoantibodies in patients with neuromyelitis optica spectrum disorders
[J/OL]. PLoS One,2013,8(9) : e74773 [ 2018 =03 =05 ]. http://
www. ncbi. nlm. nih. gov/pubmed/24086369. DOI. 10. 1371/journal.
pone. 0074773.

[35]Long Y,Zheng Y,Shan F,et al. Development of a cell-based assay for
the detection of anti-aquaporin 1 antibodies in neuromyelitis optica
spectrum disorders[ J].J Neuroimmunol,2014,273 (1-2) : 103-110.
DOI:10. 1016/j. jneuroim. 2014. 06. 003.

[36 ] Misu T, Hoftberger R, Fujihara K, et al. Presence of six different lesion
types suggests diverse mechanisms of tissue injury in neuromyelitis
optica[ J]. Acta Neuropathol,2013,125(6) :815-827. DOI.10. 1007/
s00401-013-1116-7.

[37 JFERK TG 5. AU 22 4 BB A AH DG BT IR [ ] o [0 B AR A 28 95 5 A4
:,2016,16(10) :660-664. DOI.10.3969/j. issn. 1672-6731.2016.
10.004.

Fan X, Feng LS. Autoantibodies in patients with neuromyelitis optica
[J]. Chin J Contemp Neurol Neurosurg,2016,16 (10) : 660 — 664.
DOI:10.3969/j. issn. 1672-6731.2016. 10. 004.

[38]Patil R, Wang H, Sharif NA, et al. Aquaporins: novel targets for age-
related ocular disorders[ J].J Ocul Pharmacol Ther,2018,34(1-2) :
177-187.DOI1:10. 1089/jop. 2017.0024.

[39]Moon C,Soria JC,Jang SJ, et al. Involvement of aquaporins in colorectal
carcinogenesis[ J ]. Oncogene, 2003,22 (43) : 6699 - 6703. DOI; 10.
1038/sj. onc. 1206762.

[40] Longatti P, Basaldella L, Orvieto E, et al. Aquaporin 1 expression in
cystic hemangioblastomas[ J]. Neurosci Lett,2006,392(3) : 178-180.
DOI:10.1016/j. neulet. 2005.09. 083.

[41 ] Tiiziin E, Tzartos J, Ekizoglu E, et al. Aquaporin-1 antibody in
neuromyelitis optical patients [ J ]. Eur Neurol, 2014,72 (5-6) :
271-272.DOI:10. 1159/000364904.

[42 ]Middeldorp J, Hol EM. GFAP in health and disease [ J ]. Prog
Neurobiol ,2011,93(3) :421-443. DOI:10. 1016/]. pneurobio. 2011.
01.005.

(431X, 28 55 B a1 4 W P 2 1 00 A 9 2 5 PR IR R St S [0 ]
] o 46 56 B2 2 2 75,2015, (18 ) :2716-2717. DOI:10. 3969/j. issn.
1673-4130.2015.18.041.

[44 ] Takano R, Misu T, Takahashi T, et al. Astrocytic damage is far more
severe than demyelination in NMO :a clinical CSF biomarker study[ J].
Neurology, 2010, 75 (3 ) : 208 - 216. DOI. 10. 1212/WNL.
0b013e3181e2414b.

[45]Wei P, Zhang W, Yang LS, et al. Serum GFAP autoantibody as an
ELISA-detectable glioma marker [ J]. Tumour Biol, 2013,34 (4) :
2283-2292. DOI:10.1007/s13277-013-0770-7.

[46 ] Zhang Z,Zoltewicz JS,Mondello S, et al. Human traumatic brain injury
induces autoantibody response against glial fibrillary acidic protein and
its breakdown products[ J/OL]. PLoS One,2014,9(3) : €92698[ 2018~
03-01]. http://www. ncbi. nlm. nih. gov/pubmed/24667434. DOI .
10. 1371/journal. pone. 0092698.

[47 ] Gémez-Tourifio I, Camifia-Darriba F, Otero-Romero 1, et al.
Autoantibodies to glial fibrillary acid protein and S100beta in diabetic
patients[ J ] . Diabet Med,2010,27 (2) : 246 -248. DOI.10. 1111/j.
1464-5491.2009.02911. x.

[48 ] Kirkman NJ, Libbey JE, Sweeten TL, et al. How relevant are GFAP
autoantibodies in autism and Tourette Syndrome? [J].J Autism Dev
Disord ,2008 ,38(2) :333-341. DOI;10. 1007/s10803-007-0398-9.

[49 ]Fang B,McKeon A, Hinson SR, et al. Autoimmune glial fibrillary acidic
protein astrocytopathy: a novel meningoencephalomyelitis [ J]. JAMA
Neurol,2016,73(11) :1297-1307. DOI; 10. 1001/jamaneurol. 2016.
2549.

[50] Flanagan EP, Hinson SR, Lennon VA, et al. Glial fibrillary acidic
protein immunoglobulin G as biomarker of autoimmune astrocytopathy ;
Analysis of 102 patients [ J]. Ann Neurol,2017,81 (2) : 298 -309.
DOI:10. 1002/ ana. 24881.

[51]Majed M, Fryer JP,McKeon A, et al. Clinical utility of testing AQP4-IgG
in CSF: guidance for physicians [ J/OL ]. Neurol Neuroimmunol
Neuroinflamm ,2016,3 (3) : €231 [ 2018 -02—-18 ]. http://www. nchi. nlm.
nih. gov/pubmed/27144221. DOI :10. 1212/NXI. 0000000000000231.

(W Hs H 1 :2017-12-10 &[] H 11 :2018-07-20)

(AR 3o 5K T)





