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Abstract
The principal central nervous system (CNS) water channel, aquaporin-4 (AQP4), is confined to
astrocytic and ependymal membranes and is the target of a pathogenic autoantibody, neuromyelitis
optica (NMO)-IgG. This disease-specific autoantibody unifies a spectrum of relapsing CNS
autoimmune inflammatory disorders of which NMO exemplifies the classic phenotype. Multiple
sclerosis and other immune-mediated demyelinating disorders of the CNS lack a distinctive
biomarker. Two AQP4 isoforms, M1 and M23, exist as homotetrameric and heterotetrameric
intramembranous particles (IMPs). Orthogonal arrays of predominantly M23 particles (OAPs) are
an ultrastructural characteristic of astrocytic membranes. We used high-titered serum from 32
AQP4-IgG-seropositive patients and 85 controls to investigate the nature and molecular location
of AQP4 epitopes that bind NMO-IgG, and the influence of supramolecular structure. NMO-IgG
bound to denatured AQP4 monomers (68% of cases), to native tetramers and high order arrays
(90% of cases), and to AQP4 in live cell membranes (100% of cases). Disease-specific epitopes
reside in extracellular loop C more than in loops A or E. IgG binding to intracellular epitopes
lacks disease specificity. These observations predict greater disease specificity and sensitivity for
tissue-based and cell-based serological assays employing “native” AQP4 than assays employing
denatured AQP4 and fragments. NMO-IgG binds most avidly to plasma membrane surface AQP4
epitopes formed by loop interactions within tetramers and by intermolecular interactions within
high order structures. The relative abundance and localization of AQP4 high order arrays in
distinct CNS regions may explain the variability in clinical phenotype of NMO spectrum
disorders.
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1. Introduction
Aquaporin-4 (AQP4) is the principal water channel of the central nervous system (CNS) and
is the target of an IgG autoantibody that distinguishes the neuromyelitis optica (NMO)
spectrum of inflammatory CNS disorders (NMOSD) from multiple sclerosis and other
immune-mediated demyelinating CNS disorders [1, 2]. CNS AQP4 is confined to astrocytes
and ependymal cells. The two major human AQP4 isoforms, M1 and M23, have identical
extracellular residues, but M23 lacks the initial 22 cytoplasmic N-terminal residues of M1
[3, 4]. M1 and M23 exist in the plasma membrane as homotetrameric and heterotetrameric
particles. Aggregates of predominantly M23 intramembranous particles (IMPs) form
orthogonal arrays (OAPs) [5] that are limited in size by boundary heterotetramerization of
M23 with M1 [6]. By using 32 individual NMOSD patient sera containing extremely high
levels of NMO-IgG, we comprehensively investigated the nature and molecular location of
biologically pertinent B cell epitopes of AQP4, and the influence of supramolecular
structure, thus clarifying inconsistencies in earlier reports based on studies of small numbers
of sera.

2. Materials and Methods
2.1. Patients

The Mayo Clinic Institutional Review Board approved the study of sera obtained from
consenting patients, including 32 with a diagnosis of NMO or NMO spectrum disorder, high
serum levels of NMO-IgG by both tissue-based immunofluorescence assay [2] (IFA, titer
≥1:7680) and by immunoprecipitation of solubilized recombinant GFP-AQP4 (IPA, value
≥400 nmol/L) [7], and clinical information including radiological data and timing of
immunosuppressant therapies in relation to serum sampling. Twenty-three of the 32 patients
fulfilled 2006 diagnostic criteria for NMO [8] and 9 had a partial form of NMO (i.e., NMO-
IgG seropositivity with relapsing longitudinally extensive transverse myelitis [6 patients] or
relapsing optic neuritis [3 patients]). Table 1 summarizes demographic and clinical data of
the study subjects.

Control subjects were matched for age and sex: 32 healthy subjects, 18 patients with
multiple sclerosis (fulfilling 2010 McDonald diagnostic criteria [9]) and 35 patients with
idiopathic or paraneoplastic autoimmune neurological disorders accompanied by the
following neural-specific IgGs: muscle acetylcholine receptor (AChR), 5; collapsin
response-mediator protein-5 (CRMP-5), 7; glutamic acid decarboxylase (GAD65), 3; anti-
neuronal nuclear antibody (ANNA) type-1, 4, or ANNA-2, 1; Purkinje cell cytoplasmic
antibody, type-1 (PCA-1), 7; amphiphysin, 5 and voltage-gated potassium channel (VGKC)-
complex, 3.

2.2. DNA constructs, cell culture and transfection
cDNAs corresponding to AQP4-M1 and AQP4-M23 (non-tagged) were cloned into
pcDNA3.1 expression vectors [10] and the vector integrity and DNA sequences were
verified. Stable cell lines were established by transfecting human embryonic kidney
(HEK293) cells with plasmid DNA using Fugene 6 (Promega Corp., Madison, WI). Clones
emerging under selective pressure (Hygromycin 200 μg/mL) were tested for AQP4 protein
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(western blot) and surface expression (indirect immunofluorescence). Those expressing M1
or M23 protein at similar levels were selected for expansion.

2.3. Synthetic peptides and fusion proteins
Synthetic peptides (Fig. 1A) corresponded to extracellular segments of rat AQP4 (loops A
[54–69], C [137–157] and E [207–231]) and intracellular segments of human AQP4 (N-
terminus [1–22], loop B [94–114] and C-terminus [253–272]). GST fusion proteins (Fig.
1B) corresponded to human AQP4 extracellular loops A [56–71], C [135–159] and E [205–
231]. Each was purified by adsorption to glutathione-Sepharose 0.2 mM EDTA, 1 mM
PMSF, and the size and purity was verified by SDS-PAGE. Protein concentration was
determined by Bradford Assay.

2.4. Freeze-fracture electron microscopy
Monolayer cell cultures were fixed 2 hr at 22 °C with 2.5% glutaraldehyde in 0.1 M
cacodylate buffer (pH 7.4), cryoprotected in 30% glycerol and quick-frozen in nitrogen-
slush (−210°C). The specimens were fractured at 5×10−6 mbar and −150°C (BAF400D;
Balzers, Liechtenstein). Fracture faces were shadowed with platinum/carbon (2.5 nm, 45°)
for contrast and carb on (25 nm, 90°) for stabilization of the replica. After removing the cell
material 12% sodium hypochlorite, the replicas. were cleaned several times in double-
distilled water, mounted on Pioloform-coated copper grids and viewed using a Zeiss EM10
electron microscope (Oberkochen, Germany).

2.5. Indirect immunofluorescence
Sera were analyzed at 4°C for IgG reactive with the AQP4 extracellular domain in a live cell
binding assay [1] using HEK293 cells transfected with M1 or M23, or nontransfected
(control). After blocking for 30 min with 10% goat serum in phosphate buffered saline
(PBS), serum was applied at 1:10 dilution. After 1 hr the cells were washed in chilled PBS
and exposed to fluorescein-conjugated goat IgG specific for human IgG (BD Biosciences,
San Jose, CA). After 30 min, they were washed in PBS, fixed in 4% paraformaldehyde
(PFA) and mounted in ProLong Gold antifade mounting medium (Molecular Probes, Life
Technologies Corp., Grand Island, NY). For intracellular staining, cells were rinsed in PBS,
fixed for 15 min in cold 95% ethanol/5% acetic acid, washed in PBS and permeabilized for
3 min in 0.1% triton-X-100. After blocking 30 min in 10% goat serum, cells were exposed
16 hr at 4°C to rabbit IgG raised against rat AQP4 residues 249–323 (Sigma-Aldrich Co.,
LLC, St. Louis, MO; 1:500 dilution), washed, then exposed 1 hr to TRITC-conjugated anti-
rabbit-IgG (SouthernBiotech, Birmingham, AL).

2.6. Immunochemical analyses
2.6.1. Blue native-PAGE (BN-PAGE)—HEK293 cells were lysed at 4°C in
NativePAGE sampl e buffer (Invitrogen) containing 0.5% dodecyl-B-D-maltoside (DDM/
protein ratio 4:1 g/g). Supernatant protein concentration of clarified lysates (20,000 g, 10
min, 4°C) was determined by BCA assay. Equal amounts (5 μg) were mixed with 0.5%
G-250 (detergent: G-250 ratio, 4:1), loaded in Bis-Tris gel (3–12%) and electrophoresed
using NativePAGE running buffers (by manufacturer instructions). After soaking the gels in
0.1% SDS for 10 min, proteins were transferred to PVDF membrane and fixed in 8% acetic
acid. Coomassie G250 was removed by twice soaking for 2 hr in 0.2% Tween-20, 10 mM
imidazole/HCl (pH 7.0).

2.6.2. SDS-PAGE—Membranes prepared from transfected HEK293 cells, or Ni-affinity-
purified fusion proteins, were mixed 1:1 with 2× SDS Laemmli buffer, electrophoresed in
10% polyacrylamide and transferred to PVDF membrane. After washing twice with TTBS,
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PVDF membranes were stained for 1 min with 0.1% Coomassie blue 1:1 in methanol/water,
or with 0.1% Ponceau S in 5% acetic acid. Blots were blocked for 16 hr in buffer containing
20 mM Tris, pH 7.6, 137 mM sodium chloride, 0.1% Tween-20 (TBST) containing 10%
nonfat dry milk, and probed with sera from patients with NMOSD or other neurological
disorders, or healthy subjects' sera (diluted from 1:50 to 1:500), or with control polyclonal
rabbit IgG specific for AQP4 C-terminus (Sigma-Aldrich; diluted 1:2000). After washing in
TBST, bound IgG was detected autoradiographically by enhanced chemiluminescence
(Thermo Fisher Scientific, Inc., Rockford, IL) using horseradish peroxidase-conjugated goat
IgG specific for human IgG or rabbit IgG (SouthernBiotech).

2.6.3. ELISA—Serum was diluted in doubling steps (from 1:100 to immunoreactivity
endpoint) in PBS containing goat serum (10%) and Tween-20 (0.05%), and added to 96-well
plates (Immulon 2 HB) coated with peptide (0.75 μM, in 100 μL of 0.01M phosphate
buffer, pH 7.4). After holding at 37°C (2 hr) then at 4°C (16 hr), plates were washed 3 times
with PBS/0.05% Tween-20. Bound IgG was detected using alkaline phosphataseconjugated
goat IgG specific for human IgG and p-NO2-phenyl phosphate substrate. Values considered
positive exceeded 150% of the mean OD405 value yielded by 10 normal control sera at each
dilution.

2.7. Statistical analyses
Comparisons between different groups of sera were performed using Fisher's exact test.

3. Results
3.1. AQP4 M23 forms orthogonal array-like assemblies of particles in stably transfected
HEK293 cells

Fluorescence microscopy revealed a diffuse distribution of AQP4 immunoreactivity at the
surface of M1 cells (Fig. 2A). Plasma membranes of M23 cells had a more punctate
distribution of immunoreactivity (Fig. 2B). Freeze-fracture electron microscopy revealed
numerous IMPs on the P-face of M1 cell membranes, but no OAP-like structures (Fig. 2C).
By contrast, the scattered IMP aggregates on the P-face of M23 cell membranes (Fig. 2D),
resembling lattices of orthogonal array particles, were interpreted to correspond to the
punctate distribution of AQP4 immunoreactivity in Fig. 2B [11].

3.2. NMO-IgG binds to the extracellular domain of both M1 and M23
Extracellular domain amino acid sequences are identical in both AQP4 isoforms. Earlier
investigators have reported that NMO-IgG binds selectively to the M1 isoform [12] or the
M23 isoform [13]. Our live cell binding assays revealed that IgG in sera of all NMOSD
patients bound to surface epitopes in both M1 and M23 cells, confirming the report of Crane
et al. [14]. The immunoreactivity of M23 cells was generally more intense than that of M1
cells reflecting the greater membrane abundance of M23 aggregates (Figs. 2A and 3A). No
healthy subject serum or disease control patient serum bound to M1 or M23 cells (Fig. 3A).
Rabbit IgG specific for cytoplasmic AQP4 epitopes did not bind to live cells (Fig. 3A). No
immunoreactive translational product of M23 size was detectable in M1 cell lysates by SDS-
PAGE Western blot analysis with AQP4-specific rabbit IgG (Fig. 3B).

3.3. Binding to AQP4 M1 and M23 monomers, tetramers and high order arrays
To investigate NMO-IgG binding to epitopes intrinsic to M1 and M23 tetramers, and to
epitopes dependent on higher order structures formed by tetramer intermolecular
interactions, we employed BN-PAGE to separate AQP4 tetramers and high order arrays
solubilized in “native form” from cell lines transfected with M1 or M23 [15]. Western blot
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analysis revealed that IgG in 29 of 32 individual NMOSD patients' sera (90%) bound to both
M1 and M23 tetramers and to M1 and M23 IMPs and high order arrays. Fig. 3B illustrates
representative positive sera.

To investigate the binding of NMO-IgG to denatured epitopes, we resolved solubilized M1
and M23 monomers by SDS-PAGE. Western blot analysis revealed that IgG in 21 of 32
NMOSD patients' sera (68%) bound to both M1 and M23 monomers (Fig. 3B). This
indicated binding to continuous epitopes of AQP4. No IgG in any healthy subject or disease
control serum bound to denatured or native full-length AQP4 proteins.

3.4. Binding to isolated AQP4 extracellular loop segments
Because IgG in 100% of the evaluated NMOSD sera bound to live M1 and M23 cells, and
IgG in 68% of those sera also bound to denatured M1 and M23 proteins, with absolute
disease specificity in both instances, we investigated by ELISA the binding of NMO-IgG to
synthetic peptides containing AQP4 loop A, C and E sequences (potentially continuous
extracellular epitopes; Figs. 1, 4A, C). We further investigated the reproducibility of all
observed binding by re-testing sera that yielded positive results for potential western blot
reactivity with GST fusion proteins containing the same linear sequences (Fig. 4B, C). IgG
in 15 of 32 NMOSD patients' sera (47%) bound to at least one isolated extracellular loop
polypeptide (data are summarized in Table 2). In 9 cases (28%) IgG bound to more than one
isolated peptide; in 4 cases (12%) IgG bound to 2 extracellular loop peptides and in 5 cases
(16%) IgG bound to all 3 loop peptides (Table 2; Fig. 4).

IgG binding to the loop C polypeptide was restricted to patients whose diagnosis was NMO
or NMOSD. No healthy subject IgG bound to any peptide or fusion protein, but IgG in 4 of
53 disease control subjects' sera (8%) bound singly to a loop A or loop E peptide (Table 2).
Diagnoses in those 4 patients were multiple sclerosis (1), araneoplastic autoimmune
(PCA-1/anti-Yo) cerebellar degeneration (2) and voltage-gated potassium channel-complex
encephalitis (1). Because no control serum bound to the intact AQP4 protein in native or
denatured form, we attributed the binding of control subjects' sera to loops A and E to low
affinity IgG-peptide interactions. The data imply lack of disease specificity except for loop
C. Reactivity with more than 1 loop peptide was restricted to NMO/NMOSD diagnosis.

3.5. NMO-IgG binding to AQP4 intracellular epitopes
Kampylafka et al. reported that NMO-IgG was more reactive with 3 intracellular segments
of AQP4 than with the extracellular loop C segment [16]. We therefore tested our study
patients' sera by ELISA for reactivity with peptides representative of those 3 segments. IgG
in 9 NMOSD patients' sera (28%) bound to the N-terminus, 12 (37.5%) bound to the loop B
peptide and 7 (22%) bound to the C-terminus peptide (Fig. 5). However, disease specificity
was excluded by the binding of IgG in 7 healthy subjects' sera and in 35 disease control sera
to at least one of these peptides.

4. Discussion
IgG-AQP4 interaction on live cell surfaces initiates multiple molecular sequelae that
plausibly account for the diversity of NMO neuropathology (edema, inflammation,
demyelination and necrosis), and some of these outcomes are isoform specific [10, 17, 18].
This study illustrates the polyclonality of NMO-IgG, its specificities for multiple
conformations of AQP4, and tertiary AQP4 structures as a determinant of binding avidity.
Both M1 and M23 tetramers contain disease-specific epitopes that are represented in
extracellular loop C more than in loops A and E. The relative abundance and localization of
AQP4 high order arrays in different CNS regions, and at different stages of CNS maturity
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may influence the phenotypic variability observed in adult and pediatric NMO spectrum
disorders.

Earlier studies addressing the antigenic determinants of human AQP4 to which NMO-IgG
binds used small numbers of serum specimens, and yielded conflicting data concerning the
selectivity of NMO-IgG for M1 or M23 isoforms [6, 12, 13]. Our study of serum from 32
patients with NMO spectrum disorders revealed that all contained IgG that bound, with
absolute disease specificity, to extracellular epitopes of both M1 and M23 in live cells. Next
we evaluated the specificity of NMO-IgG binding to AQP4 at the molecular and
supramolecular levels and in native and denatured forms. IgG in most patients' sera bound to
solubilized AQP4 in native tetrameric form and in high order arrays. From a study of just 4
patients' sera, Nicchia et al. concluded that M23 high order arrays are the exclusive target of
NMO-IgG [13]. However, numerous independent laboratories have demonstrated
unequivocal binding of NMO-IgG to cells expressing the M1 isoform of AQP4 [19–21].
Clinical assays for AQP4 autoantibodies commonly use a recombinant M1 AQP4 protein as
antigen [1, 19]. Importantly, our western blot data refute the leaky-scanning hypothesis
proposed by Rossi et al. to explain reports of NMO-IgG binding to recombinantly expressed
M1 protein [22]; we found no evidence for an M23 translational product arising in cells
transfected with cDNA encoding M1. Our findings overall are compatible with the results of
Crane et al. whose kinetic comparison of the binding of NMO-IgG to human AQP4 M1 and
M23 isoforms demonstrated that NMO-IgG binds to both isoforms in live cell membranes,
but more avidly to M23 [14].

Surprisingly, NMO-IgG in more than two-thirds of our study cases also bound to denatured
monomeric AQP4 with absolute disease specificity. Previous western blot studies employing
lysates of rat cerebrum, cerebellum and kidney tissues have implied lack of NMO-IgG
reactivity with denatured AQP4 epitopes [13, 23]. Our unambiguous demonstration of
NMO-IgG reactivity with denatured AQP4 was enabled by extracting proteins from
membrane fragments of cells transfected with M1 or M23 and by use of high-titered sera.
This finding accords with a report that NMO-IgG reacted with continuous epitopes of AQP4
immunopurified from mouse kidney lysates [12]. However, our results do not support the
authors' conclusion that disease-pertinent AQP4 epitopes are largely confined to the M1
isoform of AQP4, which implies epitope confinement to the M1-unique cytoplasmic N-
terminus [3]). Our study's finding that IgG binding to AQP4 N-terminal residues lacks
disease specificity contradicts this conclusion, and contradicts other reports of disease-
specific binding of NMO-IgG to linearized intracellular epitopes of AQP4 [16].

X-ray crystallography studies predict 3 extracellular loops connecting the transmembrane
helices of AQP4 [24]. Our study revealed that in 47% of cases NMO-IgG bound to one or
more peptide fragments representing these individual loops of AQP4. The relatively low
frequency of IgG reactivity with the peptides reflects limited flexibility of immobilized
peptides and lack of potential post-translational modifications and tertiary structures
contributing to antigenicity. Binding to loop C (31%) was 100% disease-specific. Although
binding to loop A and E peptides had imperfect disease specificity, binding of disease
control sera was infrequent (<3.8%) and no control serum bound to more than one peptide
(Table 2). Loop A and E peptides contain several charged residues suitable for the H-
bonding and salt bridge interactions that determine antibody binding affinity [25].

Loop C, the longest extracellular segment of AQP4, is predicted to be highly flexible [24,
25], a property anticipated in this peptide. Pisani et al. concluded from an investigation of
NMO-IgG binding to engineered mutants of human AQP4, that the tip of loop C (AQP4
residues 146–150) contains a major discontinuous epitope that is recognized only in high
order array structures [26].
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In sum, our observations predict greater disease specificity for tissue-based and cell-based
serological assays employing native AQP4 than assays employing denatured AQP4 or
AQP4 fragments. The findings are consistent with NMO-IgG being polyclonal with respect
to epitope specificity, and binding most avidly to AQP4 epitopes formed by loop
interactions in the tetrameric membrane-bound AQP4 protein and by intermolecular
interactions within higher order structures.
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Highlights

• Neuromyelitis optica (NMO) IgG is disease-specific autoantibody and
polyclonal in epitope specificities

• Major epitopes reside in the aquaporin-4 water channel extracellular domain,
predominantly loop C

• Tertiary structures determining NMO-IgG binding avidity include loop
interactions within tetramers and intermolecular interactions within high order
structures
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Figure 1.
A) Synthetic peptides corresponding to extracellular loops A (54–69), C (137–157) and E
(207–231) of rat AQP4, and human AQP4 intracellular segments: N-terminal residues (1–
22), loop B (94–114) and C-terminal residues (253–272). Extracellular loops A and C differ
in rat and human AQP4 at 1 residue (highlighted in yellow); loop E is identical in rat and
human AQP4. B) GST fusion proteins corresponding to extracellular loops A, C and E of
human AQP4. Putative extracellular residues are bold and underlined.
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Figure 2.
A, B) Distribution of AQP4 immunoreactivity in plasma membranes of HEK293 cells
transfected singly with plasmids encoding either M1 or M23 isoforms (imaged by confocal
microscopy). M1 and M23 are identical in extracellular domain sequence. Their common C-
terminal cytoplasmic segments were detected by a peptide-specific rabbit IgG (after fixation
and permeabilization). AQP4 distribution is “continuous” in M1 membranes (note linear
appearance at margins), but is discontinuous in M23 membranes. C, D) Freeze-fracture
electron microscopic images of M1 and M23 membranes reveal singlet intramembranous
particles in M1 cells. By contrast, most particles in M23 membranes appear as large lattices
of orthogonal array-like assemblies. Note absence of lattices in M1 cells.
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Figure 3.
A) Indirect immunofluorescence reveals disease-specific IgG binding to the extracellular
domain of AQP4 in live HEK293 cells transfected with M1 or M23, as illustrated by sera of
2 NMOSD patients. Healthy (and disease control) serum IgG does not bind. By contrast,
rabbit IgG specific for cytoplasmic AQP4 epitopes (C-terminal residues 249–323) binds
only to permeabilized cells. B) Western blot analysis of M1 and M23 cell lysate proteins
separated in “native” form by BN-PAGE and in denatured form by SDS PAGE. IgG in
serum of 2 illustrative NMOSD patients binds to AQP4 tetramers and intramembranous
particles (M1 and M23) and to high order arrays (M23), and to monomers of each AQP4
isoform. IgG in a representative healthy control human serum does not bind to any AQP4
protein. The control rabbit IgG is specific for AQP4 C-terminal residues. Note: M1 cells
lack evidence of an M23 polypeptide product.
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Figure 4.
A) Frequency of IgG reactive with peptides corresponding to AQP4 extracellular loops
(detected by ELISA). The statistical significance of comparisons among groups is presented
(cutoff for significance p=<0.05). B) Illustrative results of western blot analyses using
human AQP4 extracellular loop GST fusion proteins. C) Schematic representation of human
AQP4 residues constituting extracellular loops A, C and E.
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Figure 5.
Frequency of IgG reactive with peptides corresponding to AQP4 intracellular loops
(detected by ELISA). The significance of comparisons among groups (p=<0.05) was
determined by Fisher's Exact test.
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Table 1

Clinical and demographic data for study subjects

NMOSD
a
 (n=32) Healthy adult subjects

(n=32)
Multiple sclerosis (n=18) Miscellaneous autoimmune

neurological disorders (n=35)

Mean age (yrs) 47 (15–81) - 41 (23–70) 46 (19–75)

Female 26 (81%) - 14 (77%) 26 (74%)

Clinical status attack, 16 remission, 16 - attack, 9 remission, 9 -

a
NMOSD: neuromyelitis optica spectrum disorders (NMO and partial forms: i.e., recurrent optic neuritis or recurrent longitudinal transverse

myelitis with NMO-IgG seropositivity).
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Table 2

IgG detected by enzyme-linked immunosorbent and western blot assays
a

AQP4 extracellular loop peptides NMOSD
b
 (n=32) Healthy subjects (n=32) Multiple sclerosis (n=18) Miscellaneous

autoimmune
neurological disorders
(n=35)

Loop A 8 (25%) 0 (p=0.0048) 0 (p=0.0387) 2 (p=0.0393)

Loop C 10 (31%) 0 (p=0.0009) 0 (p=0.0085) 0 (p=0.0003)

Loop E 11 (34%) 0 (p=0.0003) 1 (p=0.0361) 1 (p=0.0009)

Loop A, C or E 15 (47%) 0 (p=0.0001) 1 (p=0.0036) 3 (p=0.0007)

Loops A and C and E 5 (16%) 0 (ns) 0 (ns) 0 (p=0.0248)

Loops A and E 2 (6%) 0 (ns) 0 (ns) 0 (ns)

Loops C and E 2 (6%) 0 (ns) 0 (ns) 0 (ns)

Loops A and C 0 0 0 0

a
AII sera reactive with loop peptides yielded concordant results in ELISA and western blot analyses.

b
NMOSD: neuromyelitis optica spectrum disorders (NMO and partial forms); ns: not significant.
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