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Abstract
Objective—Neuromyelitis optica (NMO) is an inflammatory demyelinating disease of the
central nervous system. Circulating autoantibodies (NMO-IgG) against astrocyte water channel
aquaporin-4 (AQP4) cause complement- and cell-mediated astrocyte damage with consequent
neuroinflammation and demyelination. Current NMO therapies, which have limited efficacy,
include immunosuppression and plasma exchange. The objective of this study was to develop a
potential new NMO therapy based on blocking of pathogenic NMO-IgG to its target, AQP4.

Methods—We generated non-pathogenic recombinant monoclonal anti-AQP4 antibodies that
selectively block NMO-IgG binding to AQP4. These antibodies comprise a tight-binding anti-
AQP4 Fab and a mutated Fc that lacks functionality for complement- and cell-mediated
cytotoxicity. The efficacy of the blocking antibodies was studied using cell culture, spinal cord
slice and in vivo mouse models of NMO.

Results—In AQP4-expressing cell cultures, the non-pathogenic competing antibodies blocked
binding of NMO-IgG in human sera, reducing to near zero complement- and cell-mediated
cytotoxicity. The antibodies prevented the development of NMO lesions in an ex vivo spinal cord
slice model of NMO and in an in vivo mouse model, without causing cytotoxicity.

Interpretation—Our results provide proof-of-concept for therapy of NMO with blocking
antibodies. The broad efficacy of antibody inhibition is likely due to steric competition because of
its large physical size compared to AQP4. Blocker therapy to prevent binding of pathogenic
autoantibodies to their targets may be useful for treatment of other autoimmune diseases as well.

INTRODUCTION
Neuromyelitis optica (NMO) is an inflammatory demyelinating disease of the central
nervous system (CNS) causing lesions mainly in the optic nerve and spinal cord.1,2 Within
five years of diagnosis more than half of NMO patients become blind in one or both eyes or
require ambulatory assistance, and about one-third die.3 Nearly all NMO patients are

Manuscript correspondence to: Alan Verkman, 1246 Health Sciences East Tower, University of California, San Francisco CA
94143-0521, USA; Phone 415-476-8530; Fax 415-665-3847; Alan.Verkman@ucsf.edu.
H.Z. and S.S. contributed equally;
J.L.B. and A.S.V. are co-senior/corresponding authors
Potential Conflicts of Interest. None to report.

NIH Public Access
Author Manuscript
Ann Neurol. Author manuscript; available in PMC 2013 March 1.

Published in final edited form as:
Ann Neurol. 2012 March ; 71(3): 314–322. doi:10.1002/ana.22657.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



seropositive for autoantibodies (NMO-IgG) against extracellular epitope(s) on aquaporin-4
(AQP4),4,5 a water-selective channel expressed strongly at the plasma membrane of
astrocyte foot processes throughout the CNS.6,7 A pathogenic role of NMO-IgG in NMO is
supported by the high specificity of NMO-IgG seropositivity in NMO, correlations between
NMO-IgG titers with disease activity, and the clinical benefit of NMO-IgG depletion.8,9

Additionally, administration of human NMO-IgG to naïve mice or to rats with pre-existing
neuroinflammation produces NMO-like pathology.10–13 In cultured cells, including
astrocytes, NMO-IgG binding to AQP4 causes complement activation and cytotoxicity.14

NMO-IgG binding to AQP4 in astrocytes in the CNS is thought to initiate a series of
inflammatory events, including antibody-dependent complement and cell-mediated astrocyte
damage, leukocyte recruitment, cytokine release and demyelination.14,15 Current NMO
therapies, which have limited efficacy, include generalized immunosuppression, B-cell
depletion and plasmapheresis.16,17

Here, we investigated the possibility of a selective blocker approach to treat NMO. The idea
is that blocking of the binding of pathogenic NMO-IgG to astrocyte AQP4, or displacing
AQP4-bound NMOIgG, would reduce NMO disease pathology. A recombinant monoclonal
antibody approach was used to generate non-pathogenic, high-affinity, anti-AQP4 antibodies
that blocked binding of pathogenic NMO-IgG in human NMO serum to extracellular
epitope(s) on AQP4 and prevented consequent antibody-dependent complement- (CDC) and
cell- (ADCC) mediated cytotoxicity. We present proof-of-concept data in cell culture, ex
vivo spinal cord slice and in vivo mouse models for the utility of non pathogenic anti-AQP4
antibodies.

METHODS
Recombinant NMO-IgGs and NMO patient sera

Recombinant monoclonal NMO antibodies (rAbs) were generated from clonally-expanded
plasma blasts in cerebrospinal fluid (CSF) as described.10 Point mutations were introduced
into the IgG1Fc sequence to generate constructs deficient in CDC (mutation K322A),
ADCC (mutations K326W/E333S) or both (mutations L234A/L235A).18–21 Mutated
IgG1Fc constructs were subsequently subcloned into the pIgG1Flag vector containing the
heavy-chain variable region sequence of rAb-53 to generate constructs encoding the non-
pathogenic blocking antibodies. Divalent rAbs and blocking antibodies were generated as
described.10 BSA was excluded from the storage solution for surface plasmon resonance
measurements. NMO serum was obtained from a total of ten NMO-IgG seropositive
individuals who met the revised diagnostic criteria for clinical disease.22 Control (non-
NMO) human serum was obtained from a total of three non-NMO individuals, or purchased
from the UCSF cell culture facility. For some studies total IgG was purified and
concentrated from serum using a Melon Gel IgG Purification Kit (Thermo Fisher Scientific,
Rockford, IL) and Amicon Ultra Centrifugal Filter Units (Millipore, Billerica, MA).

Cell culture and transfections
U87MG (ATCC HTB-14) and CHO-K1 (ATCC CCL-61) cells, without or with stable
human AQP4 expression, were cultured using standard procedures. NK-92 cells expressing
CD16 (Fox Chase Cancer Center) were cultured using standard procedures.

Surface plasmon resonance
Real-time binding of rAbs to AQP4 was measured by surface plasmon resonance at 25 °C
using a Biacore T-100 instrument based on reported procedures.23 Purified recombinant
human M1 AQP4 (provided by William Harries and Robert Stroud, UCSF) was
reconstituted at 3% (wt/wt) in proteoliposomes containing 95:5 L-a-phosphatidylcholine : L-
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a-phosphatidylserine by detergent dialysis using b-octyl glucoside. Proteoliposomes (and
protein-free liposomes as reference) were immobilized on a L1 sensor chip (Biacore) to give
6000 response units of proteoliposome immobilization. For binding measurements, rAbs in
PBS were injected for 80 s followed by a 240 s washout period.

NMO-IgG binding to AQP4 in cells
The kinetics of rAb-53 binding to AQP4 was measured by quantitative imaging in U87MG
cells stably expressing human AQP4-M23 as described.24 For some studies rAb-53 was
fluorescently labeled with Cy3 using standard succinimidyl chemistry.

Complement-dependent cytotoxicity (CDC) and antibody-dependent cell-mediated
cytotoxicity (ADCC)

For assay of CDC, CHO cells expressing human AQP4 were incubated for 30 min with 12.5
μg/ml blocking antibody (or control IgG), then for 90 min at 37 °C with NMO-IgG (2.5 μg/
ml) or control IgG and 5% human complement. Calcein-AM and ethidium-homodimer
(Invitrogen) were added to stain live cells green and dead cells red. Complement-mediated
cytotoxicity by 1–2% NMO patient sera (or control non-NMO sera) and 5% human
complement were measured similarly, without vs. with 50–100 μg/ml blocking antibody.
For assay of ADCC, NK-92 cells expressing CD16 were used as the effector cells. AQP4-
expressing CHO cells were incubated for 30 min with 15 μg/ml blocking antibody (or
control-IgG), then for 3 h at 37 °C with NMO-IgG (5 μg/ml) or control-IgG and effector
cells (effector : target ratio 30:1).

In vivo NMO model
Adult mice (30–35 g) were anaesthetized and injected intracerebrally, as described,13 with
purified total IgG (14 μL, 6–38 mg/mL) isolated NMO patient serum (5 different NMO
seropositive patients studied) plus human complement (10 μL), without or with blocking
antibody (10 μg). Controls included non-NMO human IgG, AQP4 null mice, and injection
of blocking antibody alone. Mice were killed at 24 h after injection and paraffin blocks of
brain were coronally at 1.6 mm from the frontal poles for staining with hematoxylin/eosin,
Luxol Fast Blue (myelin), AQP4 antibody, and C5b-9. Micrographs were quantified for loss
of AQP4 and myelin as described.13,25

Ex vivo NMO model
Postnatal day 7 mouse pups were decapitated and the spinal cord was removed and placed in
ice-cold Hank's balanced salt solution (HBSS, pH 7.2), as described.26 Transverse slices of
cervical spinal cord of thickness 300 μm were cut using a vibratome, and placed on
transparent membrane inserts (Millipore, Millicell-CM 0.4 μm pores, 30 mm diameter) in 6-
well plates containing 1 mL culture medium, with a thin film of culture medium covering
the slices. Slices were cultured in 5% CO2 at 37 °C for 10 days in 50% minimum essential
medium (MEM), 25% HBSS, 25% horse serum, 1% penicillin-streptomycin, glucose
(0.65%) and HEPES (25 mM). On day 7, purified IgG (from NMO patient or control sera,
300 μg/ml) and human complement (10 %) were added to the culture medium, without or
with blocking antibody (10 μg/ml). Slices were cultured for another 3 days, and
immunostained for AQP4, GFAP and MBP. Sections were scored as follows: 0, intact slice
with normal GFAP and AQP4 staining; 1, mild astrocyte swelling and/orseen reduced AQP4
staining; 2, at least one lesion with loss of GFAP and AQP4 staining; 3, multiple lesions
affecting > 30 % of slice area; 4, lesions affecting > 80 % of slice area.
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RESULTS
Generation and characterization of non-pathogenic anti-AQP4 antibodies

The rationale for blocking antibody therapy of NMO is depicted in Fig. 1a. Pathogenic
autoantibodies that bind to extracellular epitopes on AQP4 (NMO-IgG) are substantially
larger than AQP4 tetramers, preventing the simultaneous binding of more than one antibody.
We reasoned, therefore, that a non-pathogenic antibody with high binding affinity and slow
washout would compete with the binding of pathogenic antibodies and thus block
downstream astrocyte damage and neuroinflammation.

In order to engineer suitable non-pathogenic AQP4 antibodies, we generated and screened
ten recombinant monoclonal NMO-IgGs that were derived from clonally expanded plasma
blast populations in the CSF of three NMO patients. Paired heavy and light chain variable
region sequences from single cells were PCR-amplified, cloned into expression vectors
containing heavy and light chain constant region sequences, coexpressed in HEK293 cells,
and the recombinant IgG purified from supernatants. Binding of each monoclonal
recombinant antibody to AQP4 in reconstituted proteoliposomes was measured by surface
plasmon resonance. Of ten recombinant antibodies tested, we found highest affinity and
slowest washout for antibody rAb-53 (Fig. 1b, left). Binding of rAb-53 to AQP4-
proteoliposomes occurred within a few minutes (binding rate constant 1.4 × 104 M−s−1) and
washout over many hours (off rate constant 3.8 × 10−4 s−1), with an apparent binding
affinity of 27 nM. Other recombinant NMO antibodies had substantially more rapid washout
and reduced binding affinity (examples shown in Fig. 1b, right). Slow rAb-53 washout was
verified in live cells expressing AQP4. Fig. 1c shows rAb-53 binding over 5–10 minutes,
without measurable washout over 3 hours.

Blocking antibodies compete with NMO-IgG binding to AQP4
Point mutations in the Fc portion of rAb-53 were introduced in order to inhibit CDC
(K322A), ADCC (K326W/E333S) or both (L234A/L235A), while preserving the AQP4-
binding Fab sequences (Fig. 2a). Introduction of these mutations did not affect antibody
binding to AQP4, with representative surface plasmon resonance data for one of the mutated
antibodies shown in Fig. 2b. As expected, the Fc mutations did not significantly alter on or
off binding rate constants or reduce binding affinities.

To determine whether the mutated rAb-53 antibodies blocked binding of non-mutated
rAb-53, rAb-53 was fluorescently labeled with Cy3 under conditions that did not affect
binding to AQP4. Fig. 2c shows that a 5-fold excess of each of the mutated antibodies, as
well as non-mutated rAb-53, blocked the binding of Cy3-labeled rAb-53 to AQP4-
expressing cells. A non-AQP4-specific (isotype control) monoclonal recombinant antibody
had no effect. Importantly, human NMO serum, which contains a polyclonal mixture of
NMO-IgGs, blocked binding of Cy3-labeled rAb-53 (one of five representative human
NMO sera is shown in Fig. 2d), as did other monoclonal NMO antibodies (rAb-186 is
shown in Fig. 2d). Non-NMO (control) human serum had no effect. These data suggest
competition among NMO autoantibodies for binding to surface epitopes on AQP4.

Blocking antibodies prevent cell killing by NMO-IgG
A major downstream consequence of NMO-IgG binding to cell surface AQP4 is
complement-mediated cell killing. Fig. 3a shows a live/dead cell assay in which live cells
are stained green and dead cells red. Incubation of AQP4-expressing cells with rAb-53 and
complement together caused extensive cell killing. The rAb-53 mutants K322A and L234A/
L235A, which are deficient in complement C1q activation, caused little cell killing, whereas
K326W/E333S, which has intact complement binding, caused cell killing. In control studies,
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complement or rAb-53 alone did not cause cell killing, nor did rAb-53 and complement
together when incubated with AQP4 null cells (not shown). Fig. 3b shows that a five-fold
molar excess of K322A or L234A/L235A greatly reduced cell killing by rAb-53 with
complement.

The polyclonal mixture of NMO-IgGs in NMO patient serum is thought to recognize various
overlapping 3-dimensional epitopes on the extracellular surface of AQP4. Fig. 3c shows that
rAb-53 mutants K322A and L234A/L235A blocked complement-mediated cell killing by
NMO sera from different NMO patients (representative data from 3 of 6 patient sera shown).
Control (non-NMO) serum did not cause cell killing. Therefore, the blocking antibodies
rAb53-K322A and L234A/L235A block binding of different NMO-IgGs and consequent
cell killing, probably by steric hindrance at the AQP4 surface.

The ability of blocking antibodies to reduce NMO-IgG-dependent ADCC was also verified.
AQP4-expressing cells were incubated with NK-cells in the absence or presence of rAb-53
and in the absence or presence of rAb-53 mutant L234A/L235A. Fig. 3d shows marked
killing by NK-cells in the presence of rAb-53, with little killing by NK-cells in the presence
of control or blocking antibody. Inclusion of blocking antibody L234A/L235A during the
incubation with NK-cells and rAb-53 greatly reduced cell killing.

Blocking antibody reduces NMO lesions in an in vivo mouse model
Proof-of-concept studies were done in in vivo and ex vivo NMO models to investigate the
efficacy of blocking antibody in reducing NMO lesions. NMO lesions were created in
mouse brain in vivo by intraparenchymal injection of IgG purified from NMO serum,
together with human complement.25 At 24 h after injection, there was marked inflammatory
cell infiltration (primarily neutrophils), loss of AQP4 and myelin, and vasculocentric
complement activation in the injected hemisphere (Fig. 4a). In control experiments, there
was little or no inflammatory cell infiltration, loss of myelin or AQP4, or complement
activation following intracerebral injection of: (i) control (non-NMO) human IgG with
complement; (ii) NMO-IgG with complement in AQP4 null mice; or (iii) blocking antibody
alone. Coinjection of NMO-IgG and complement with blocking antibody greatly reduced
AQP4 and myelin loss, as quantified for a series mice in Fig. 4b. Fig. 4c shows data from
five pairs of mice in which NMO-IgG from different seropositive NMO patients was
injected with or without blocking antibody. Blocking antibody greatly reduced lesion size.

Blocking antibody reduces NMO lesions in an ex vivo spinal cord slice model
Studies were also done in an ex vivo spinal cord slice model of NMO in which spinal cord
slices from mice were cultured for 7 days, and then incubated for 3 days with NMO-IgG
(purified IgG from NMO patient serum) and human complement.26 This ex vivo model
allows for exposure of CNS tissue to antibodies and complement under defined conditions.
As shown in Fig. 5a, NMO-IgG and complement produced characteristic NMO lesions with
marked loss of AQP4, GFAP and myelin immunofluorescence, which was not seen in the
absence of complement or in spinal cord slices from AQP4 null mice. Inclusion of blocking
antibody greatly reduced the severity of NMO lesions, with preservation of AQP4, GFAP
and myelin. Incubation with blocking antibody alone or with complement produced little or
no pathology. Fig. 5b summarizes histological scores of NMO lesion severity. Near
complete protection by blocking antibody was also found against rAb-53 as well as NMO-
IgG from two other NMO patients (data not shown).
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DISCUSSION
Our data provide proof-of-concept for the potential utility of blocking antibodies for NMO
therapy. The engineered high-affinity, non-pathogenic, recombinant monoclonal antibodies
blocked cell surface AQP4 binding of polyclonal NMO-IgG in NMO patient sera in cell
culture, ex vivo spinal cord and in vivo mouse models of NMO, preventing downstream
cytotoxicity and NMO lesions. Further testing of blocking antibody therapy in new animal
models of NMO is indicated as they become available.

Though monoclonal antibody therapy has been used for a wide variety of targets and
diseases, the use of a non-pathogenic blocking monoclonal antibody is novel, as is the idea
of targeting an autoantibody-antigen interaction for therapy of an autoimmune disease.
NMO is a unique disease ideal for monoclonal antibody blocker therapy because the single
target of pathogenic autoantibodies, AQP4, is a plasma membrane protein having a small
extracellular footprint compared to antibody size, and pathology is dependent on antibody
effector function.

Though mutated, complete IgG1 antibodies were used here for initial proof-of-concept
studies, many modifications are possible to augment the therapeutic efficacy of blocking
antibodies. Variations in antibody design, such as the use of single-chain antibodies or
antibody conjugates,27 may increase antibody stability and CNS penetration,28 and
mutagenesis of the variable domains may increase AQP4 binding avidity.29.30 Alternative
antibody isotypes, such as IgG4, may increase therapeutic efficacy by eliminating residual
effector function in the IgG1 Fc region.31 Intravenous blocking antibody therapy for NMO
is potentially useful during acute disease exacerbations to reduce NMO pathology when the
blood-brain barrier at the lesion site is open, and perhaps for maintenance therapy to reduce
the frequency and severity of exacerbations. Intravitreal administration of blocking antibody
may be efficacious in limiting retinal ganglion cell loss following optic neuritis in NMO.

It is important that the blocking antibody itself not produce CNS pathology. Pathology was
not seen following blocking antibody incubation with spinal cord slices or direct
intracerebral injection. Although the NMO attack severity has been correlated with the
degree of complement activation,32 the possibility of complement- and cell-independent
NMO pathology has been proposed.33 It has been suggested from data in a transfected cell
model that NMO-IgG causes AQP4 and EAAT2 internalization,34 which may contribute to
NMO pathology. If correct, similar internalization by blocking antibody is possible.
However, we have found little or no NMO-IgG-induced loss or internalization of AQP4 in
astrocytes in the intact CNS (unpublished data). Indeed, the complete absence of AQP4 in
mice does not cause baseline abnormalities in CNS anatomy or function; only significant
stresses produced phenotypes of altered water balance,6,35 neuroexcitation,36,37 glial
scarring,38,39 and neuroinflammation.40 Though AQP4 is also expressed outside of the CNS
in kidney, lung, stomach, skeletal muscle and exocrine glands, its deletion in mice does not
produce pathology or significant functional impairment.41 It is thus unlikely that blocking
antibody therapy would itself produce toxicity, though a full, formal evaluation of toxicity is
needed for further pre-clinical development. As with any therapy involving monoclonal
antibodies, there is a potential for the generation of anti-idiotypic antibodies directed against
the monoclonal antibody. Such anti-idiotype antibodies may diminish the effectiveness of
the anti-AQP4 monoclonal antibody or paradoxically enhance immune responses against
CNS astrocytes by binding to astrocyte-bound therapeutic antibody and activating
complement.
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In conclusion, blocking of NMO-IgG interaction with AQP4 by non-pathogenic antibodies
represents a novel approach for NMO therapy. Non-pathogenic blocking antibodies may
have therapeutic utility in other autoimmune diseases as well.
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Figure 1. High-affinity monoclonal, recombinant anti-AQP4 antibody for antibody blocking
therapy
a. Crystal structure of AQP4 tetramer shown on the same scale with that of an IgG1
antibody. b. Surface plasmon resonance measurement of recombinant antibody binding to
AQP4-reconstituted proteoliposomes showing binding / unbinding kinetics of rAb-53 (left)
at different concentrations, and different NMO rAbs (right) at fixed concentration. c.
Binding and unbinding kinetics rAb-53 (25 μg/ml) to AQP4-expressing U87MG cells.
Binding measured by incubation with rAb-53 for specified times followed by rinsing,
fixation and fluorescent secondary antibody addition. Washout measured after 60 min
incubation with rAb-53 followed by washout with antibody-free buffer for specified times.
Top: Representative micrographs showing cell surface staining by rAb-53 (red). Bottom:
Averaged binding data (mean ± S.E., n=4).
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Figure 2. Mutated, non-pathogenic rAb-53 monoclonal antibodies blocks binding of pathogenic
NMO-IgG to AQP4
a. Schematic of rAb-53 showing heavy (VH) and light (VL) chain variable regions, light
chain constant region (CL), and IgG1 heavy chain constant regions (CH1-CH3). Locations
of amino acid mutations introduced in the CH2 domain to reduce CDC (K322A), ADCC
(K326W/E333S) or both (L234A/L235A). b. Surface plasmon resonance measurements of
binding and washout of a mutated rAb-53 (L234A/L235A) to AQP4-reconstituted
proteoliposomes. c. Mutated rAb-53 blocks binding of Cy3-labeled (non-mutated) rAb-53 to
AQP4-expressing cells. Cy3 fluorescence imaged in AQP4-null (left-most panel) or AQP4-
expressing (other panels) cells incubated with 20 μg/ml Cy3-rAb-53 for 1 h in the absence
or presence of indicated (unlabeled) antibodies at 100 μg/ml. d. Unrelated monoclonal NMO
antibodies and human NMO serum block AQP4 binding of Cy3-labeled rAb-53. Cy3
fluorescence imaged in cells incubated with 20 μg/ml Cy3-rAb-53 for 1 h in the absence or
presence of 10% control (non-NMO) or NMO patient serum, or 100 μg/ml recombinant
NMO monoclonal antibody rAb-186.
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Figure 3. Mutated non-pathogenic rAb-53 prevents CDC and ADCC in NMO-IgG-exposed
AQP4-expressing cells
a. Live/dead cell assay after 90 min exposure of AQP4-expressing CHO cells to human
complement together with control (non-NMO) mAb or rAb-53 (2.5 μg/ml, non-mutated or
mutated). Percentage dead cells summarized at the right (mean ± S.E., n=4−6, * P < 0.001
compared to rAb-53 alone). b. Assay as in A done with complement + rAb-53, in the
presence of 12.5 μg/ml of the indicated blocking antibodies. c. Live/dead cell assay after 60
min exposure to control (non-NMO) serum or NMO patient sera in the presence of
complement, and the absence or presence of indicated blocking antibodies. d. ADCC assay
done using AQP4-expressing CHO cells incubated with NK-cells together with control
(non-NMO) mAb or rAb-53 or blocking antibodies (individually), or rAb-53 and blocking
antibodies together.
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Figure 4. Blocking antibody reduces NMO-like lesions in mouse brain in vivo produced by
intracerebral injection of NMO-IgG and human complement
a. Panel of mouse brain sections at 24 h after intracerebral injection, stained with
hematoxylin and eosin (H&E) and Luxol fast blue (myelin), and immunostained brown for
AQP4 (AQP4) and C5b-9 (activated complement). Intracerebral injections were made of
NMO-IgG (purified IgG from NMO serum) and human complement, without or with
blocking antibody (rAbmut), with controls (control IgG, AQP4 knockout mice, rAbmut
alone). Pink line indicates areas of absent Luxol fast blue staining or AQP4
immunoreactivity. Black line outlines the injected hemisphere and shows needle tract.
Arrows, neutrophils; arrowheads, perivascular C5b-9 immunoreactivity; V, vessel. Bar, 50
μm. b. AQP4 and myelin loss quantified as % area outlined with pink / area outlined with
black (S.E.M., 5 mice per group, * P < 0.01). c. % myelin and AQP4 loss shown for five
pairs of mice, each pair injected with NMO-IgG from a different NMO patient with human
complement, without or with rAbmut.
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Figure 5. Blocking antibody reduces NMO-like lesions produced by NMO-IgG and human
complement in ex vivo spinal cord slice cultures
a. Ex vivo spinal cord slice culture model in which slices were cultured for 7 days, followed
by 3 days in the presence of NMO-IgG (purified IgG from NMO serum) and human
complement, without or with blocking antibody (rAbmut). Immunostaining shown for
AQP4, GFAP and myelin. Controls include non-NMO IgG, NMO-IgG or rAbmut alone,
rAbmut with complement, and slice cultures from AQP4 null mice. b. NMO lesion scores
(see Methods) (S.E.M., n=4−5, * P < 0.001).
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