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Description
TECHNICAL FIELD

[0001] This invention relates generally to neurological disorders, and more particularly, to an autoantibody marker for
neuromyelitis optica, relapsing myelitis or optic neuritis, and the Asian opticospinal form of multiple sclerosis (MS).

BACKGROUND

[0002] Neuromyelitis optica (NMO) is a neurological disorder also known as Devic’s syndrome in Western countries
and as opticospinal multiple sclerosis in Asia. NMO is regarded as a severe variant of multiple sclerosis (MS), and
accounts for 30% of MS cases occurring in Asians. In North America, non-Caucasians represent a higher frequency of
patients with NMO than the frequency of those with classical MS. The characteristic inflammatory demyelinating lesions
of NMO selectively and repeatedly affect the optic nerves and the spinal cord, thereby causing both blindness and
paralysis.

[0003] Haase et al (2001, Neuroscli. Lett., 307(2):131-3), describes the detection of brain-specific autoantibodies to
myelin oligodendrocyte glycoprotein, S100beta and myelin basic protein in patients with Devic’s neuromyelitis optica.
Auto antibody responses to myelin and astroglial antigens in four patients with NMO was examined.

[0004] Vizuete et al (1999, Neurobiology of Disease, 6:245-258) describes the differential upregulation of aquaporin-
4 in mRNA expression in reactive astrocytes after brain injury. Colocalisation studies demonstrated that aquaporin-4 in
mRNA induction was restricted to hypertrophic astrocytes. The authors suggest that the induction of aquaporin-4 mRNA
expression is related to disruption of the blood-brain barrier and under brain edema conditions this water channel plays
a key role in the re-establishment of the brain osmotic equilibrium.

SUMMARY

[0005] A specific marker has been identified in serum and cerebrospinal fluid of patients with neuromyelitis optica
(NMO) and the Asian opticospinal form of MS. The presence of an NMO-specific antibody can be used to distinguish
NMO from MS, and also can be used to diagnose NMO at an early stage of the disease before all clinical criteria are
fulfilled, thus justifying early initiation of NMO-appropriate immunosuppressive or immunomodulatory therapy.

[0006] In one aspect, the invention provides methods of detecting the presence or absence of a NMO-specific au-
toantibody in a biological sample from an individual. Such a method includes contacting the biological sample with a
NMO antigenic polypeptide or fragment thereof, where the NMO antigenic polypeptide is aquaporin-4 or a protein that
interacts with the astrocytic dystrophin protein complex; and detecting the presence or absence of binding of the NMO
antigenic polypeptide to the NMO-specific autoantibody in the biological sample. In one embodiment, the NMO antigenic
polypeptide is a recombinantly-expressed NMO antigenic polypeptide. In another embodiment, the NMO-specific
polypeptide is in a solid tissue selected from the group consisting of brain, spinal cord, optic nerve, kidney, or stomach.
[0007] For example, the presence of the NMO-specific autoantibody in the biological sample can be associated with
vision impairment, weakness, numbness, spasms or abnormal or painful sensations, and/or loss of bladder and/or bowel
control in the individual. In addition, the presence of the NMO-specific autoantibody is generally associated with NMO
in the individual. Representative biological sample is selected from the group consisting of blood, serum, plasma, and
cerebrospinal fluid.

[0008] In another aspect, the invention provides methods of detecting the presence or absence of a NMO antigenic
polypeptide in a biological sample from an individual. Such a method includes contacting the biological sample with an
anti-NMO antigen antibody, where the NMO antigen is aquaporin-4; and detecting binding of the anti-NMO antigen
antibody to the biological sample, wherein binding is indicative of the presence of the NMO antigenic polypeptide in the
biological sample. Generally, the presence of the NMO antigenic polypeptide in the biological sample is indicative of
NMO in the individual. Such an individual may be partially or completely blind. Representative biological samples include
blood, serum, plasma, cerebrospinal fluid, brain biopsy, and spinal cord biopsy.

[0009] In another aspect, the invention provides the use of an article of manufacture including a NMO antigenic
polypeptide for in vitro diagnosis of NMO to detect an anti-NMO antigen autoantibody in an individual. The NMO antigenic
polypeptide is aquaporin-4. Such an article of manufacture can be used to diagnose NMO in the individual. In an
embodiment, the article of manufacture can further include a monoclonal antibody having specific binding affinity for a
NMO antigenic polypeptide.

[0010] Methods of treating an individual having NMO include withdrawing a body fluid from the individual wherein the
body fluid contains one or more autoantibodies that bind to aquaporin-4; removing a substantial portion of the autoan-
tibodies from the body fluid; and returning the body fluid to the subject.

[0011] In still another aspect, the invention provides medical uses for methods of treating an individual having NMO
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by administering a NMO antigenic polypeptide to the individual. The NMO antigenic polypeptide is aquaporin-4. Generally,
administration is by a method such as oral, intravenous, and parenteral administration.

[0012] In another aspect, the invention provides medical uses for methods of treating an individual having NMO by
administering a nucleic acid encoding a NMO antigenic polypeptide to the individual. The NMO antigenic polypeptide is
aquaporin-4.

[0013] Unless otherwise defined, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs. Although methods and materials similar or
equivalent to those described herein can be used in the practice or testing of the present invention, suitable methods
and materials are described below. In addition, the materials, methods and examples are illustrative only and not intended
to be limiting. In case of conflict, the present specification, including definitions, will control.

[0014] The details of one or more embodiments of the invention are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of the invention will be apparent from the drawings and
detailed description, and from the claims.

DESCRIPTION OF DRAWINGS
[0015]

Figure 1is ascore sheet used to evaluate the immunohistochemical staining pattern and intensity of tissues contacted
with serum from an individual.
Figure 2 is a restriction map of a human aquaporin-4 nucleic acid.

[0016] Like reference symbols in the various drawings indicate like elements.
DETAILED DESCRIPTION

[0017] A specific IgG autoantibody marker has been identified in serum and cerebrospinal fluid of patients with neu-
romyelitis optica (NMO) and Asian opticospinal MS (NMO is used synonymously in this application to refer to both NMO
and Asian opticospinal MS). In addition, this autoantibody can be found in patients with a spectrum of inflammatory
disorders involving spinal cord, optic nerve, and more rarely, brainstem or other regions of the brain, that were not
hitherto recognized as being related to NMO.

[0018] The presence of an NMO-specific antibody can be used to diagnose NMO at an early stage of the disease
before all clinical criteria are fulfilled, thus justifying early initiation of NMO-appropriate immunosuppressant therapy,
and further can be used to distinguish NMO from MS. Detecting NMO-specific antibody also can provide a quantifiable
biomarker for monitoring disease progression and response to therapy. The pattern of immunostaining also can be used
to classify disorders related to NMO, including variants of multiple sclerosis, isolated optic neuritides, certain myelopathies
and "optico-spinal" accompaniments of systemic lupus erythematosus and Sjogren’s syndrome. In addition, the identi-
fication of an antibody associated with NMO provides a valuable I1gG tool for developing animal models (e.g., by passive
transfer of NMO-specific antibodies or active immunization with NMO antigenic polypeptides or DNA vaccines encoding
such antigenic polypeptides) to investigate the pathogenesis of NMO lesions and to test potential new therapies for NMO.

NMO Antigenic Polypeptides and NMO-Specific Antibodies

[0019] The present invention provides for methods of detecting NMO-specific autoantibodies in an individual using
NMO antigenic polypeptides. Individuals for whom the methods of the invention might be used typically present with
vision impairment and/or tingling, numbness, weakness, limb spasms, loss of bladder and/or bowel control, or other
neurological symptoms of unknown origin. The method of the invention is based on an association between the abnormal
neurological symptoms and the presence of the NMO-specific autoantibodies in the individual.

[0020] NMO antigenic polypeptides include to one or more epitopic sites. Epitopes of NMO antigenic polypeptides
that are pertinent to T-cell activation and suppression are also disclosed. Computer algorithms are available for predicting
binding epitopes, e.g., MHC-I and MHC-II binding epitopes. See, for example, bimas.dcrt.nih.gov:80/molbio/hla bind/
on the World Wide Web (Parker et al., J. Immunol., 152:163 (1994); Southwood et al., J. Immunol., 160:3363 (1998)).
The term "characteristic" in this context means that the epitopic site allows immunologic detection of NMO-specific
antibody in sera with reasonable assurance. Usually, it is desirable that the epitopic site be antigenically distinct from
other closely related antigens (e.g., other members of a family of polypeptides). A representative antigenic fragment can
include, for example, the extracellular domain of a membrane-bound protein.

[0021] The NMO antigenic polypeptides may be obtained from cells (e.g., transfected host cells) expressing a nucleic
acid, or the polypeptides may be synthetic. A DNA molecule encoding a NMO antigenic polypeptide or fragment thereof



10

15

20

25

30

35

40

45

50

55

EP 1700 120 B1

may itself be natural or synthetic, with natural genes obtainable from human tissues by conventional techniques.
[0022] The NMO antigenic polypeptides can be obtained in a substantially pure form. With respect to polypeptides,
"purified" refers to a polypeptide that constitutes the major component in a mixture of components, e.g., 50% or more,
60% or more, 70% or more, 80% or more, 90% or more, or 95% or more, by weight. Purified polypeptides are typically
obtained by purification from an organism that makes the polypeptide, although chemical synthesis is also feasible. The
polypeptides may be purified by routine protein purification methods, including affinity chromatography orimmunosorbant
affinity column.

[0023] NMO antigenic polypeptides used in the present invention may be used with or without modification for the
detection of NMO-specific autoantibodies. Frequently, polypeptides are labeled by either covalently or non-covalently
combining the polypeptide with a second substance that provides for detectable signal. A wide variety of labels and
conjugation techniques are known in the art and are reported extensively in both the scientific and patent literature.
Some of the labels include radioisotopes, enzymes, substrates, cofactors, inhibitors, fluorescers, chemiluminescers,
magnetic particles, and the like.

[0024] NMO antigenic polypeptides prepared as described above can be used in various immunological techniques
for detecting NMO-specific autoantibodies in biological samples, such as from serum and cerebrospinal fluid. Depending
on the nature of the sample, either or both immunoassays and immunocytochemical staining techniques may be used.
Enzyme-linked immunosorbent assays (ELISA), Western blot, and radioimmunoassays are routine methods in the art
and may be used to detect the presence of NMO-specific autoantibodies in sera.

[0025] Further disclosed are kits containing one or more NMO antigenic polypeptides. The kit may further include a
second substance that provides for detectable signal. A kit typically also includes directions for using the NMO antigenic
polypeptide and/or for practicing a method of the invention (i.e., detecting NMO-specific autoantibodies in a biological
sample).

[0026] The presentinvention also provides for methods of detecting NMO antigenic polypeptides in a biological sample
fromanindividual. The method describes an association between the presence of abnormal levels or pattern of expression
of the NMO antigenic polypeptide, the subsequently produced NMO-specific autoantibody, and the resulting NMO in
the individuals. This test is most widely applicable to those individuals who present with neurological symptoms such
as blindness, and those individuals who are suspected of having MS or NMO. Detection of a polypeptide is typically
performed using an antibody, referred to herein as an anti-NMO antigen antibody to distinguish such animal- or recom-
binantly-generated antibodies from NMO-specific autoantibodies produced by an individual’s immune system. The in-
vention also provides for the use an antibody, including a monoclonal antibody with specific binding affinity for NMO
antigenic polypeptides.

[0027] Once a sufficient quantity of NMO antigenic polypeptides has been obtained, monoclonal or polyclonal anti-
NMO antigen antibodies having specific binding affinity for the NMO antigenic polypeptide may be produced by techniques
well known to those of ordinary skill in this art. As used herein, anti-NMO antigen antibodies having "specific binding
affinity" for NMO antigenic polypeptides are defined as those antibodies that bind NMO antigenic polypeptides but that
do not bind other polypeptides, for example, other members of a family of polypeptides. As used herein, "anti-NMO
antigen antibody" refers to whole antibodies of any class, i.e., IgG, IgA, IgM, IgE, or any other known class, and also
includes portions or fragments of whole antibodies (e.g., Fab or (Fab), fragments) having the desired specific binding
affinity, an engineered single chain Fv molecule, or a chimeric molecule, e.g., an antibody that contains the binding
specificity of one antibody (e.g., of murine origin) and the remaining portions of another antibody (e.g., of human origin).
[0028] Anti-NMO antigen antibodies used in the present invention may be used with or without modification for the
detection of NMO antigenic polypeptides. Anti-NMO antigen antibodies can be labeled either directly or indirectly, and
a wide variety of labels, including radioisotopes, enzymes, substrates, cofactors, inhibitors, fluorescers, chemiluminesc-
ers and magnetic particles, and conjugation techniques are known and are reported extensively in both the scientific
and patent literature.

[0029] Anti-NMO antigen antibodies prepared as described above can be used in various immunological techniques
for detecting NMO antigenic polypeptides in a biological sample. A "biological sample," as used herein, is generally a
sample from an individual. Non-limiting examples of biological samples include blood, serum, plasma, or cerebrospinal
fluid. Additionally, solid tissues, for example, spinal cord or brain biopsies may be used. The use of antibodies in protein
binding assays is well established. Depending on the nature of the sample, immunoassays (e.g., radioimmunoassays)
and/or immunohistochemical/immunocytochemical staining techniques may be used. Liquid phase immunoassays (e.g.,
competitive inhibition radioimmunoassays) or solid phase immunoassays (e.g., antigen-capture or Western blot analysis)
can also be used to detect NMO antigenic polypeptides in a biological sample. Additionally, enzyme-linked immuno-
sorbent assays (ELISA) are routinely practiced in the art, and may be used for detecting the presence of NMO antigenic
polypeptides in a biological sample.

[0030] Numerous competitive and non-competitive protein-binding assays have been described in the scientific and
patent literature, and a large number of such assays are commercially available. An example of one such competitive
assay for detecting the presence of a NMO antigenic polypeptide in a biological sample such as serum, comprises:
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contacting a NMO antigenic polypeptide (either labeled or unlabeled) with an anti-NMO antigen antibody (either labeled
or unlabeled) and the biological sample. The NMO antigenic polypeptide may be, for example, attached to a solid surface.
Using known amounts of NMO antigenic polypeptide and labeled anti-NMO antigen antibody to generate a standard
binding curve, the relative amount of NMO antigenic polypeptide in a biological sample can be determined.

[0031] Further disclosed is a kit containing anti-NMO antigen antibodies having binding affinity for NMO antigenic
polypeptides or fragments thereof. The kit may also include NMO antigenic polypeptides or fragments thereof to be used
as binding controls or to generate a standardized quantitative curve. The kit may further include a second substance
that provides for detectable label. A kit typically includes directions for using an anti-NMO antigen antibody and/or
practicing a method of the invention (i.e., detecting NMO antigenic polypeptides in a biological sample).

[0032] Also provided by this disclosure is an anti-NMO antigen antibody having specific binding affinity for NMO
antigenic polypeptides conjugated to a detectable marker. Suitable detectable markers include, but are not limited to,
enzymes, radioisotopes, dyes and biotin. This disclosure further provides an anti-NMO antigen antibody having specific
binding affinity for NMO antigenic polypeptides conjugated to an imaging agent. Suitable imaging agents include, but
are not limited to, radioisotopes, such as 32P, 99T¢, 111In and 131I.

Methods of Treating NMO

[0033] Treatmentof NMO requires modulating the neurological symptoms in the individual resulting from NMO-specific
immune mechanisms. Methods of treating an individual with NMO include, without limitation, apheresis and T cell
receptor-based immunotherapy.

[0034] Methods and extracorporeal systems for apheresis (i.e., the process of withdrawing blood from an individual,
removing components from the blood, and returning the blood, or blood depleted of one or more components, to the
individual) are known in the art (see, for example, U.S. Patent Nos. 4,708,713; 5,258,503; 5,386,734; and 6,409,696).
The disclosure provides a method of removing NMO-specific autoantibodies from a body fluid of an individual. The
method involves withdrawing a body fluid from a subject; removing a substantial portion of NMO-specific autoantibodies
from the fluid; and returning the fluid to the subject. Antibodies removed can be of any class, e.g., IgG (such as IgG1,
1gG2, 1IgG3, IgG4), IgM, IgD, IgA, or IgE antibodies.

[0035] As used herein, a "substantial portion" means removing at least 20% (e.g., at least: 20%; 30%; 40%; 50%;
60%; 65%; 70%; 75%; 80%; 85%; 90%; 93%; 95%; 96%; 97 %; 98%; 99%; 99.5%; 99.8%; or even 100%) of the NMO-
specific autoantibodies that were present in the body fluid prior to removal. The body fluid can be blood plasma or any
other body fluid, e.g., lymph or cerebrospinal fluid. According to the methods of the disclosure , depleting NMO-specific
autoantibodies from individuals with NMO will result in a decrease in symptoms.

[0036] Removal of NMO-specific autoantibodies is generally performed by contacting a body fluid with a NMO antigenic
polypeptide. The NMO antigenic polypeptide can be bound to a solid support. Such solid supports can be, without
limitation, membranes, fibers, spherical beads, or granules and can be made with a water-insoluble, preferably porous,
biocompatible material, e.g., organic polymers such as agarose, dextran, and polyacrylamide, or inorganic porous ma-
terials such as porous glass or porous silica gel. Such materials are suitable or can be adapted (e.g., derivatized with
appropriate chemical groups) for attachment of a NMO antigenic polypeptide.

[0037] When the body fluid is blood, the plasma and/or white blood cells can be separated from red blood cells (e.g.,
erythrocytes) and the red blood cells can be returned to the individual with or without white blood cells. Usually, the
blood cells are returned to the individual with artificial rather than their original blood plasma. The "replacement fluid"
(e.g., physiological saline) can be administered to the individual after removal of the fluid. Alternatively, the NMO-specific
autoantibodies can be selectively removed from the blood plasma in the course of apheresis and the blood cells can be
mixed with the NMO-specific autoantibody-depleted plasma and then re-infused as a mixture into the individual.
[0038] The system can be a continuous one in which, for example, blood is pumped out of a blood vessel (e.g., an
artery or a vein) passed over a solid support derivatized with NMO antigenic polypeptides and pumped directly back
into a blood vessel of the subject. As in non-continuous systems, blood cells can be separated from plasma prior to
passing of the plasma over the solid support.

[0039] Methodsof T cell receptor therapy are known in the art. See, for example, U.S. Patent No. 5,614,192; Matsumoto
etal.,, 2000, J. Immunol., 164:2248-54; and Mackay, 2000, British Med. J., 321:93-6. Monoclonal or polyclonal antibodies
having specific binding affinity for the antigen(s) expressed by the NMO antigen-receptor or other marker on the T cell
population responsible for inducing and maintaining the production of NMO-specific autoantibodies can be used to
deplete or suppress one or more pathogenic T cells. CDR3 spectratyping of T cell receptors can be used to identify
autoimmune disease-associated T cell receptors (Matsumoto et al., supra; and Jambou et al., 2003, J. Clin. Invest.,
112:254-74). In addition, activation of T cells can be inhibited in an individual by administering a cytokine or an antibody
having specific binding affinity for a cytokine. For example, to decrease a Thl-type immune response, a cytokine such
as interleukin (IL)-4, IL-10, or IL-13, or an antibody specific for a cytokine such as IL-12 or interferon (IFN)-K can be
administered to an individual. Similarly, to inhibit a Th2-type immune response, a cytokine such as IL-12 or IFN-K or an
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antibody specific for IL-4, IL-10, or IL-13 can be administered to an individual.

[0040] Inaddition, atherapeutic method caninclude administering an effective amount of a pharmaceutical composition
(e.g., a NMO antigenic polypeptide or a nucleic acid such as an antisense oligonucleotide or a nucleic acid encoding
an NMO antigenic polypeptide) to the individual. An effective amount is an amount of NMO antigenic polypeptide that
deviates the individual's NMO antigenic polypeptide-mediated immune response, thereby modulating a neurological
disorder in the individual. As used herein, "modulating" a neurological disorder can refer to reducing the severity of one
or more symptoms, eliminating all symptoms, or any level of symptoms therebetween.

[0041] An "antisense oligonucleotide" is an oligonucleotide that can specifically hybridize to a target nucleic acid, and
the modulation of expression of a target nucleic acid by an antisense oligonucleotide is generally referred to as "antisense
technology." The term "hybridization," as used herein with respect to antisense technology, refers to hydrogen bonding,
which can be Watson-Crick, Hoogsteen, or reversed Hoogsteen hydrogen bonding, between complementary regions
of the target nucleic acid and the antisense oligonucleotide. "Specifically hybridizable" is used to indicate a sufficient
degree of complementarity or precise pairing such that stable and specific binding occurs between the antisense oligo-
nucleotide and the target nucleic acid. It is understood in the art that the sequence of an antisense oligonucleotide need
not be 100% complementary to that of its target nucleic acid to be specifically hybridizable.

[0042] The specific hybridization of an antisense oligonucleotide with its target nucleic acid can interfere with the
normal function of the target nucleic acid. For a target DNA nucleic acid, antisense technology can disrupt replication
and transcription. For a target RNA nucleic acid, antisense technology can disrupt, for example, translocation of the
RNA to the site of protein translation, splicing of the RNA to yield one or more mRNA species, catalytic activity of the
RNA, and translation of protein from the RNA. The overall effect of such interference with target nucleic acid function
is, in the case of a nucleic acid encoding a NMO antigenic polypeptide, modulation of disease symptoms associated
with NMO. In the context of the present invention, antisense technology can be used to decrease expression of a gene
encoding a NMO antigenic polypeptide (e.g., due to inhibition of transcription) and/or decrease the cellular levels of the
NMO antigenic polypeptide (e.g., due to inhibition of translation).

[0043] Preferred target sites for antisense oligonucleotides have included the regions encompassing the translation
initiation or termination codon of the open reading frame (ORF) of the target gene. In addition, the open reading frame
has been targeted effectively in antisense technology, as have the 5’ and 3’ untranslated regions. Furthermore, antisense
oligonucleotides have been successfully directed at intron regions and intron-exon junction regions. Additionally, multiple
antisense oligonucleotides can be used that each specifically hybridize to a different region of a target gene.

[0044] Antisense oligonucleotides (e.g., siRNA) useful in methods of the invention are generally from about 10 to
about 50 nucleotides in length (e.g., 12 to 40, 14 to 30, or 15 to 25 nucleotides in length), but can be longer or shorter
so long as the antisense oligonucleotide is able to modulate the symptoms associated with NMO. As used herein,
antisense oligonucleotides include oligonucleotides composed of naturally occurring nucleobases, sugars, and covalent
internucleoside (backbone) linkages, as well as oligonucleotides containing modified backbones (e.g., substituted sugar
moieties) or non-natural internucleoside linkages. Antisense oligonucleotides also include oligonucleotide analogs such
as peptide nucleic acids (PNAs) or chimeric oligonucleotides. Further, antisense oligonucleotides used in the invention
can be modified by chemical linkage to one or more moieties or conjugates that enhance the activity, cellular distribution
or cellular uptake of the oligonucleotide. See, for example, U.S. Patent Nos. 5,218,105 and 5,214,136.

[0045] The ability of an antisense oligonucleotide to inhibit expression and/or production of a NMO antigenic polypeptide
can be assessed, for example, by measuring levels of mRNA or protein in an individual before and after treatment.
Methods for measuring mRNA and protein levels in tissues or biological samples are well known in the art.

[0046] NMO antigenic polypeptides also can be delivered in vivo by administering a vector appropriately expressing
a nucleic acid encoding a NMO antigenic polypeptide to the individual. Vectors for delivering nucleic acids that encode
biologically useful proteins (e.g., a NMO antigenic polypeptide) to an individual are known in the art. Current virus-based
nucleic acid delivery vectors are typically derived from animal viruses, such as adenovirus, adeno-associated virus,
retroviruses, lentiviruses, vaccinia virus, herpes viruses, and bovine papilloma virus. Vectors for nucleic acid delivery
usually have been genetically modified such that the native tropism and pathogenicity of the virus have been altered or
removed. The genome of a virus also can be modified to increase its infectivity and to accommodate packaging of nucleic
acids encoding, for example, a biologically useful protein. In addition, non-viral vectors and methods of using such
vectors for nucleic acid delivery are known to those of skill in the art.

[0047] As used herein, "administering" refers to a method of delivering a composition of the invention (e.g., a NMO
antigenic polypeptide, an antisense oligonucleotide that hybridizes specifically to a portion of the nucleic acid encoding
an NMO antigenic polypeptide, or a nucleic acid encoding a NMO antigenic polypeptide) to the patient. Such methods
are well known to those skilled in the art and include, but are not limited to, oral, nasal, intravenous, intramuscular,
intraperitoneal, subcutaneous, intrathecal, intradermal, or topical administration. The route of administration can depend
on a variety of factors, such as the therapeutic goals. Compositions used in the invention may be administered on a
continuous or an intermittent basis. Methods for formulating and subsequently administering therapeutic compositions
are well known to those skilled in the art. See, for example, Remington, 2000, The Science and Practice of Pharmacy,
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20th Ed., Gennaro & Gennaro, eds., Lippincott, Williams & Wilkins. The dose administered will depend on many factors,
including the mode of administration and the formulation. Typically, the amount in a single dose is an amount that
effectively reduces the level of NMO antigenic polypeptides or NMO-specific autoantibodies in an individual without
exacerbating the disease symptoms.

[0048] In addition, a NMO antigenic polypeptide additionally can contain a pharmaceutically acceptable carrier for in
vivo administration to an individual, including, without limitation, sterile aqueous or non-aqueous solutions, suspensions,
and emulsions. Examples of non-aqueous solvents include, without limitation, propylene glycol, polyethylene glycol,
vegetable oils, and injectable organic esters. Aqueous carriers include water, alcohol, saline, and buffered solutions.
Pharmaceutically acceptable carriers can also include physiologically acceptable aqueous vehicles (e.g., physiological
saline or artificial cerebrospinal fluid) or other known carriers appropriate to specific routes of administration. Additional
compounds can be included with a NMO antigenic polypeptide, such as steroids, mucolytic agents, antiinflammatory
agents, immunosuppressants, dilators, vasoconstrictors, or combinations thereof. Preservatives, flavorings, and other
additives such as, for example, antimicrobials, anti-oxidants, chelating agents, inert gases, and the like may also be
present.

[0049] Methods to deliver a composition to the brain are known in the art. For example, a composition can be modified
by attaching a ligand (e.g., an antibody or antibody fragment) that recognizes a brain-specific or neuron-specific receptor.
In addition, methods of enhancing transport of molecules across the blood-brain barrier are known, and take advantage
of passive diffusion (e.g., using electromagnetic fields, nitric oxide donors or sodium caprate) or receptor-mediated
endocytosis (e.g., attachment of the virus particle to, for example, an anti-transferrin antibody or to putrescine). Expression
of a viral vector carrying nucleic acid sequence encoding a NMO antigenic polypeptide also can be targeted using brain-
specific or neuron-specific promoter and/or transcriptional regulatory elements (see, for example, US Patent Nos.
5,976,872 or 6,066,726). A particularly useful promoter for astrocyte foot process-specific expression of a nucleic acid
encoding a NMO antigenic polypeptide is a glial fibrillary acidic protein (GFAP), which is a marker of astrocyte differen-
tiation.

[0050] Also provided by this disclosure is a method of imaging NMO antigenic polypeptide-expressing cells in a patient.
The method comprises administering to the patient an effective amount of an anti-NMO antigen antibody having specific
binding affinity for a NMO antigenic polypeptide labeled with an imaging agent, for example, 32P, 99T¢, 111In or 1311, to
bind to a NMO antigenic polypeptide released from, or accessible in, cells, and detecting any complex so formed. As is
well known to those of ordinary skill in the art, a suitable amount of an anti-NMO antigen antibody is any amount that is
effective to image cells, for example, about 0.1 mCi to about 50.0 mCi. In addition, an effective amount of the an anti-
NMO antigen antibody may be an amount from about 0.01 mg to about 100 mg. Suitable methods of administering the
imaging agent are as described above an can be targeted (e.g., to the brain) as described above. Methods of imaging
are dependent upon the agent used and are well known to those of skill in this art.

[0051] Also provided by the disclosure is a method of enumerating or isolating NMO antigenic polypeptide-specific T-
lymphocytes in an individual. This method may be used, for example, to monitor an individual’s immune response or for
immunotherapy using NMO antigenic polypeptide-specific cytotoxic T-cells. The method comprises contacting a biolog-
ical sample containing lymphocytes with tetrameric soluble class | or class |l major histocompatibility complex (MHC)
bearing identical NMO antigenic polypeptide fragments. Linker molecules such as avidin and biotin are used to produce
the NMO antigenic polypeptide-MHC tetrameric complex, which can subsequently be labeled with an indicator molecule
such that those T-cells that recognize the NMO antigenic polypeptide-MHC tetrameric complex are enumerated or
isolated (e.g., using FACS analysis). See, for example, Schwartz, 1998, New England J. Med., 339:1076-8, and refer-
ences therein.

Nucleic Acids and Constructs

[0052] Experimental evidence as disclosed herein suggests that the NMO antigenic polypeptide is aquaporin-4. The
term "aquaporin-4" refers to a member of the aquaporin family. The aquaporin family has 10 known members. Aquaporin-
4 is expressed in the astrocytic foot process membrane contacting capillaries in the central nervous system, and also
in the basolateral membrane of renal distal collecting tubules and gastric epithelial cells. Examples of a nucleotide
sequence encoding a human aquaporin-4 polypeptide are shown in GenBank Accession Nos. U63622 and U63623.
The predicted amino acid sequences of representative human aquaporin-4 polypeptides are shown in GenBank Acces-
sion Nos. AAG17964, AAB26957, AAB26958, and 139178. Nucleic acid and amino acid sequences encoding aquaporin-
4 from other organisms (e.g., Mus musculus, Bos Taurus, Rattus norvegicus, and Ovis aries) can be found by searching
the GenBank database (ncbi.nim.nih.gov on the World Wide Web) using "aquaporin-4" as the search word.

[0053] As used herein, nucleic acid refers to RNA or DNA. As used herein with respect to nucleic acids, "isolated"
refers to (i) a nucleic acid sequence encoding part or all of the human aquaporin-4 polypeptide, but free of coding
sequences that normally flank one or both sides of the nucleic acid sequences encoding aquaporin-4 in the human
genome; or (ii) a nucleic acid incorporated into a vector or into the genomic DNA of an organism such that the resulting
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molecule is not identical to any naturally-occurring vector or genomic DNA.

[0054] Inanother aspect, the invention includes uses of fragments of the human aquaporin-4 nucleic acid and polypep-
tide. As used herein, fragments refer to nucleic acids or polypeptides corresponding to less than the entire aquaporin-
4 sequence. Nucleic acid fragments may include those fragments of about 100 nucleotides in length as well as fragments
that are several hundred nucleotides in length of GenBank Accession Nos. U63622 or U63623; or fragments of GenBank
Accession Nos. U63622 or U63623 of about 10 to 50 nucleotides in length. Fragments include, for example, nucleotides
166-266, 283-306, 404-1104, 575-925, 648-698, 712-747, and 891-906 of GenBank Accession Nos. U63622 or U63623.
Such fragments may, for example, encode an aquaporin-4 antigenic polypeptide fragment, or have utility as hybridization
probes or amplification primers.

[0055] Figure 2 shows the relative position of various restriction enzyme sites within a human aquaporin-4 nucleic
acid sequence that, by way of example, define positions, which, in various combinations, can be used to generate useful
nucleic acid fragments. Given the nucleotide sequence of a human aquaporin-4 polypeptide, virtually any nucleic acid
fragment can be generated by known means (e.g., restriction enzyme digestion, the polymerase chain reaction) and, if
sodesired, expressed to produce the corresponding polypeptide fragment. Alternatively, the human aquaporin-4 polypep-
tide can be cleaved (e.g., proteolytically) to directly generate polypeptide fragments.

[0056] A human aquaporin-4 nucleic acid or nucleic acid fragment may have a sequence that deviates from that shown
in GenBank Accession Nos. U63622 or U63623. For example, a nucleic acid sequence can have at least 80% sequence
identity to the nucleotide sequence shown in GenBank Accession Nos. U63622 and U63623. In some embodiments,
the nucleic acid sequence can have at least 85% sequence identity, 90% sequence identity, 95% sequence identity, or
atleast 99% sequence identity to GenBank Accession Nos. U63622 and U63623. See, for example, GenBank Accession
Nos. BC022286, NM_004028, and NM_001650 for variant nucleic acid sequences of aquaporin-4.

[0057] Percent sequence identity is calculated by determining the number of matched positions in aligned nucleic acid
or polypeptide sequences, dividing the number of matched positions by the total number of aligned nucleotides or amino
acids, respectively, and multiplying by 100. A matched position refers to a position in which identical nucleotides or
amino acids occur at the same position in aligned sequences. The total number of aligned nucleotides or amino acids
refers to the minimum number of aquaporin-4 nucleotides or amino acids that are necessary to align the second sequence,
and does not include alignment (e.g., forced alignment) with non-aquaporin-4 sequences, such as those fused to ag-
uaporin-4. The total number of aligned nucleotides or amino acids may correspond to the entire aquaporin-4 sequence
or may correspond to fragments of the full-length aquaporin-4 sequence as defined herein.

[0058] Sequences can be aligned using the using the algorithm described by Altschul et al. (1997, Nucleic Acids Res.,
25:3389-3402) as incorporated into BLAST (basic local alignment search tool) programs, available at ncbi.nlm.nih.gov
on the World Wide Web. BLAST searches or alignments can be performed to determine percent sequence identity
between an aquaporin-4 nucleic acid molecule and any other sequence or portion thereof using the Altschul et al.
algorithm. BLASTN is the program used to align and compare the identity between nucleic acid sequences, while BLASTP
is the program used to align and compare the identity between amino acid sequences. When utilizing BLAST programs
to calculate the percent identity between an aquaporin-4 sequence and another sequence, the default parameters of
the respective programs are used.

[0059] A nucleic acid encoding a human aquaporin-4 polypeptide may be obtained from, for example, a cDNA library
made from a human cell line, or can be obtained by other means, including, but not limited to, the polymerase chain
reaction (PCR). PCR refers to a procedure or technique in which target nucleic acids are amplified. PCR can be used
to amplify specific sequences from DNA as well as RNA, including sequences from total genomic DNA or total cellular
RNA. Various PCR methods are described, for example, in PCR Primer: A Laboratory Manual, Dieffenbach & Dveksler,
Eds., Cold Spring Harbor Laboratory Press, 1995. Generally, sequence information from the ends of the region of interest
or beyond is employed to design oligonucleotide primers that are identical or similar in sequence to opposite strands of
the template to be amplified.

[0060] Human aquaporin-4 nucleic acids can be detected by, for example, a variety of hybridization techniques.
Hybridization between nucleic acid molecules is discussed in detail in Sambrook et al. (1989, Molecular Cloning: A
Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY; Sections 7.37-7.57,
9.47-9.57, 11.7-11.8, and 11.45-11.57).

[0061] For oligonucleotide probes less than about 100 nucleotides, Sambrook et al. discloses suitable Southern blot
conditions in Sections 11.45-11.46. The Tm between a sequence that is less than 100 nucleotides in length and a second
sequence can be calculated using the formula provided in Section 11.46. Sambrook et al. additionally discloses prehy-
bridization and hybridization conditions for a Southern blot that uses oligonucleotide probes greater than about 100
nucleotides (see Sections 9.47-9.52). Hybridizations with an oligonucleotide greater than 100 nucleotides generally are
performed 15-25°C below the Tm. The Tm between a sequence greater than 100 nucleotides in length and a second
sequence can be calculated using the formula provided in Sections 9.50-9.51 of Sambrook et al. Additionally, Sambrook
et al. recommends the conditions indicated in Section 9.54 for washing a Southern blot that has been probed with an
oligonucleotide greater than about 100 nucleotides.
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[0062] The conditions under which membranes containing nucleic acids are prehybridized and hybridized, as well as
the conditions under which membranes containing nucleic acids are washed to remove excess and non-specifically
bound probe can play a significant role in the stringency of the hybridization. Such hybridizations can be performed,
where appropriate, under moderate or high stringency conditions. Such conditions are described, for example, in Sam-
brook et al. section 11.45-11.46. For example, washing conditions can be made more stringent by decreasing the salt
concentration in the wash solutions and/or by increasing the temperature at which the washes are performed. In addition,
interpreting the amount of hybridization can be affected, for example, by the specific activity of the labeled oligonucleotide
probe, by the number of probe-binding sites on the template nucleic acid to which the probe has hybridized, and by the
amount of exposure of an autoradiograph or other detection medium.

[0063] It will be readily appreciated by those of ordinary skill in the art that although any number of hybridization and
washing conditions can be used to examine hybridization of a probe nucleic acid molecule to immobilized target nucleic
acids, it is more important to examine hybridization of a probe to target nucleic acids under identical hybridization,
washing, and exposure conditions. Preferably, the target nucleic acids are on the same membrane.

[0064] A nucleic acid molecule is deemed to hybridize to a first target nucleic acid but not to a second target nucleic
acid if hybridization to the first nucleic acid is at least 5-fold (e.g., at least 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 20-fold,
50-fold, or 100-fold) greater than hybridization to the second nucleic acid. The amount of hybridization can be quantitated
directly on a membrane or from an autoradiograph using, for example, a Phosphorlmager or a Densitometer (Molecular
Dynamics, Sunnyvale, CA).

[0065] The present disclosure further includes vectors containing a human aquaporin-4 nucleic acid (see, for example,
GenBank Accession Nos. U63622 and U63623) or the complements thereof, aquaporin-4 nucleic acid fragments or the
complements thereof, and those nucleic acids having at least 80% sequence identity to an aquaporin-4 nucleic acid or
fragments generated therefrom (or the complements thereof).

[0066] Cloning vectors suitable for use in the present invention are commercially available and used routinely by those
of ordinary skill. Vectors may additionally comprise elements necessary for expression operably linked to a human
aquaporin-4 nucleic acid sequence. "Elements necessary for expression" include promoter sequences, and additionally
may include regulatory elements, such as enhancer sequences, response elements or inducible elements that modulate
expression of the human aquaporin-4 nucleic acid sequence. As used herein, "operably linked" refers to positioning of
a promoter and/or other regulatory element(s) in a construct relative to the human aquaporin-4 nucleic acid sequences
in such a way as to direct or regulate expression of the aquaporin-4 nucleic acid. Such constructs are commercially
available (e.g., expression vectors) and/or produced by recombinant DNA technology methods routine in the art. The
choice of expression systems depends upon several factors, including, but not limited to, replication efficiency, selecta-
bility, inducibility, targeting, the level of expression desired, ease of recovery and the ability of the host to perform post-
translational modifications.

[0067] As used herein, the term "host" or "host cell" is meant to include not only prokaryotes, such as E. coli, but also
eukaryotes, such as yeast, insect, plant and animal cells. Animal cells include, for example, COS cells and HeLa cells.
A host cell can be transformed or transfected with a DNA molecule (e.g., a vector) using any of the techniques commonly
known to those of ordinary skill in this art, such as calcium phosphate or lithium acetate precipitation, electroporation,
lipofection and particle bombardment. Host cells containing a vector for use in the present invention may be used for
purpose such as propagating the vector, producing human aquaporin-4 nucleic acid (e.g., DNA, RNA, antisense RNA),
or expressing the human aquaporin-4 polypeptide or fragments thereof.

[0068] In another aspect of the disclosure, methods of producing aquaporin-4 polypeptides are provided. Methods of
producing aquaporin-4 polypeptides include, but are not limited to, culturing host cells containing an aquaporin-4 ex-
pression vector under conditions permissive for expression of aquaporin-4, and recovering the aquaporin-4 polypeptides.
Methods of culturing bacteria and recovering expressed polypeptides are well known to those of ordinary skill in this art.
[0069] Additionally, nucleic acids for use in the present invention may be detected by methods such as Southern or
Northern blot analysis (i.e., hybridization), PCR, or in situ hybridization analysis. Aquaporin-4 proteins are typically
detected by immunocytochemistry in transfected cell lines or by sodium dodecyl sulphate (SDS)-polyacrylamide gel
electrophoresis followed by Coomassie Blue-staining or Western blot analysis using antibodies (monoclonal or polyclonal)
that have specific binding affinity for a human aquaporin-4 polypeptide.

[0070] The invention will be further described in the following examples, which do not limit the scope of the invention
described in the claims.

EXAMPLES

Example 1-Serum preabsorption

[0071] To minimize non-specific staining, each patient’s serum was preabsorbed with liver antigens by mixing 40 mg
of commercial guinea pig tissue powder (Sigma Chemical Co., St. Louis, MO) with 10 pL of serum diluted in 590 pL of
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phosphate-buffered saline (PBS) containing 1% bovine serum albumen. After gently mixing for 1 hour at room temper-
ature, insoluble residue was removed by centrifuging (20,800 xg for 10 minutes). Fresh liver powder (40 mg) was then
immediately added to the serum supernatant, and the process was repeated an additional two times for a total of 3
consecutive absorptions.

Example 2-Substrate reparation

[0072] A frozen composite block of three normal mammalian tissues (e.g., mouse brain (booth cerebellum and mid-
brain), stomach and kidney) was cryosectioned (4 w thickness) onto individual wells of an 8-well microscope slide. These
slides were purchased as a custom product (from MeDiCa, Encinitas, CA) and stored at -70°C in individual sealed
packets containing desiccant. Before opening for use, each packet was equilibrated at room temperature. Chilled de-
tergent (1% CHAPS in PBS) was applied to each section and aspirated after 4 minutes. After 3 washes in chilled PBS
(each wash was for 5 minutes on a shaker), chilled 10% phosphate-buffered formalin was applied and aspirated after
4 minutes. After 3 more 5-minute washes in chilled PBS, PBS containing 10% normal goat serum (at room temperature)
was applied and aspirated after 60 minutes.

Example 3-Immunostaining

[0073] Absorbed, diluted patient and control sera (40 pL volumes) were applied individually to wells containing the
above-described treated tissue sections. After 40 minutes at room temperature, each well was washed thoroughly with
chilled PBS. A commercial fluorochrome-conjugated IgG specific for human IgG (e.g., fluoresceinated goat anti-human
IgG, Southern Biotechnology Assoc., Inc., Birmingham, AL) is then applied at the appropriate dilution. After 35 minutes
at room temperature, the wells were washed thoroughly in chilled PBS and a glass coverslip (#1 thickness) was applied
to each slide with mounting medium containing an anti-fade reagent. The slides were evaluated by fluorescence micro-
scopy (20X objective) for the characteristic NMO pattern of tissue-bound 1gG.

[0074] In the central nervous system (CNS), the NMO antigen was localized on the abluminal face of capillaries in the
cerebellar cortex, midbrain and spinal cord; in optic nerve, the NMO antigen was associated with pia and astrocytic
processes in the region of capillaries amongst axon columns. In optimally treated sections of CNS tissues, immunoflu-
orescence confocal microscopy suggested that the NMO antigen is a component of the blood-brain barrier. Immunore-
activity was inherent in the glia limitans of the astrocytic-pial junction, extending into the Virchow-Robin space to micro-
vessels in white matter and gray matter. Dual immunostaining with affinity-purified antibodies of defined specificity
revealed co-localization of the NMO antigen with aquaporin-4, a mercurial-insensitive water channel protein constituent
of the blood-brain-barrier. The NMO antigen is not detectable in sections of spleen or liver parenchyma but, like aquaporin-
4, it is prominently associated with basolateral membranes of distal collecting tubules in the kidney, and with basal
elements of deep gastric mucosal epithelium.

[0075] By using a limiting dilution of NMO-IgG in a competitive inhibition immunofluorescence assay, immunoreactivity
was demonstrated in the crude membrane fraction prepared from homogenized rat brain after removal of tissue debris
and nuclei by differential centrifugation. This fraction potently quenched the NMO-IgG immunofluorescence pattern. The
cytosol fraction did not absorb the reactivity of NMO-IgG. The crude membrane fraction’s immunoreactivity resisted
extraction in a 2% solution of the non-ionic detergent CHAPS. This observation led to the discovery that treatment of
tissue sections with 1% CHAPS for 4 minutes, before or after fixation for 4 minutes in 10% phosphate buffered formalin,
preserved tissue morphology and enhanced the accessibility ofNMO epitopes to IgG in serum of 70% of patients with
a clinical diagnosis ofNMO.

[0076] Although not bound by any particular theory, the resistance of the NMO antigen to detergent extraction is
consistent with the proposed tethering of the cytoplasmic C-terminus of aquaporin-4 to a PDZ-domain of the scaffolding
adapter protein a-syntrophin, which is a component of the dystrophin protein complex (Neely et al., PNAS 98:14108,
2001). Other components of the blood-brain barrier’s dystrophin protein complex may also be pertinent targets for NMO
autoantivbodies (Neely et al., supra).

Example 4-Interpreting immunohistochemical staining results

[0077] Table 1 shows the characteristic features that were evaluated in each of the indicated tissues:

Table 1

cerebellum | pia, white matter matrix and capillaries, granular layer microvessels, and molecular layer microvessels

midbrain pia, subpia, white matter and microvessels
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(continued)

kidney distal collecting tubules (binds NMO-IgG most avidly)

stomach basal epithelium of deep mucosa (binds NMO-IgG least avidly)

[0078] The staining intensity of each characteristic is graded on a formal score sheet (Figure 1), using the following
scoring system:

negative: - or */-
faint positive, may be equivocal: +
definite positive, strong: =/+, + or 2+

[0079] A positive result requires a minimum of a '+’ score to be assigned to the kidney’s distal collecting tubules and
to cerebellar or midbrain pia or microvessels.

[0080] The presence and intensity of any nuclear, cytoplasmic, membranous or extracellular matrix staining that may
potentially interfere with NMO-IgG interpretation is noted. In particular, staining in any of the tissues indicated in Table
2 is noted for each tissue section examined.

Table 2

cerebellum/midbrain neurons, myelin, arteriolar smooth muscle

stomach mucosal epithelium, enteric neurons, and smooth muscle

kidney Cortical and midzone tubules, glomeruli, arterioles, sympathetic nerves, other

Example 5-Clinical application

[0081] Serum was analyzed from patients classified as "definite" NMO, the Asian opticospinal form of MS, or classical
MS by clinical, imaging and spinal fluid criteria, and from control patients, for autoantibodies that might bind selectively
to CNS tissues. The experiments described herein demonstrate the value of seropositivity for discriminating NMO from
the classic form of multiple sclerosis (MS). Sera (coded at testing) were from patients with definite NMO using diagnostic
criteria of varying grades of stringency (n=45), patients with classic MS (n=19), patients deemed to be at high risk for
MNO (bilateral optic neuritis or single or recurrent attacks of longitudinally extensive myelitis; each associated with
negative brain MRI, i.e., not fulfilling stringent criteria for "definite" NMO classification) (n=35), and patients ultimately
diagnosed with MS but initially presenting with optic neuritis or myelitis (n=22). Indirect immunofluorescence was per-
formed with a standard composite substrate of mouse brain, stomach and kidney; sera were preabsorbed with liver
extract as described above in Example 1.

[0082] IgG in 33 of 45 patients (73%) with NMO yielded a distinctive staining pattern ("NMO-IgG") associated with
microvessels throughout the cerebellar cortex and midbrain, and with pia and a subpial "mesh" (prominent in midbrain).
The microvascular pattern was not seen in gut mucosa, kidney, or liver, and NMO-IgG was not noted in any control
disease group. Sera from 16 out of 35 patients (46%) who were at high risk for NMO yielded the staining pattern distinctive
for NMO-IgG. None of the 19 patients diagnosed with classic MS had detectable staining patterns of NMO-IgG, while
sera from 2 out of the 22 patients (9%) who presented with optic neuritis/myelitis possessed the NMO-IgG.

[0083] Additionally, NMO-IgG was identified incidentally in 14 patients amongst 85 thousand whose sera were sub-
mitted to Mayo Clinic’s Neuroimmunology Laboratory for blinded paraneoplastic autoantibody testing on a service basis.
Their subsequently-obtained histories revealed that 3 fulfilled clinical criteria for the diagnosis of NMO, 9 were classified
as high risk for NMO (7 had longitudinally extensive myelitis and 2 had recurrent optic neuritis), 1 had new onset
myelopathy, and 1 had unclassified steroid-responsive CNS inflammatory disorder.

[0084] These results indicated that the NMO-IgG autoantibody is the first specific biological marker of NMO and is
able to distinguish NMO from MS.

Example 6-Western blot

[0085] A GST fusion protein containing recombinant rat aquaporin-4 (C terminal residues 249-323; Alamone Labs,
Jerusalem, Israel) was electrophoresed in a 10% polyacrylamide gel in standard Laemmli SDS buffer containing -
mercaptoethanol, and a Western blot was performed using NMO patients’ and immune rabbit's serum as a positive
control to determine whether or not the patients’ IgG would bind to the 38 kDa GST-aquaporin-4 fusion protein. The blot
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was contacted with human sera (1:50 dilution), which included 4 NMO patients, 3 normal persons, 1 control myelopathy,
2 patients with classic MS, and 3 patients with miscellaneous neuropsychiatric disorders. Serum from the four NMO
patients and from the immune rabbit, but none of the sera from the control patients or from patients exhibiting the other

10

15

20

25

30

35

40

45

50

55

disorders, bound the 38 kDa aquaporin-4 fusion protein.

SEQUENCE LISTING

[0086]

<210>1
<211> 1152
<212> DNA
<213> Homo sapiens
<400> 1
ggggcaggca atgagagctg cactctggct ggggaaggca tgagtgacag acccacagcea 60
aggcggtggg gtaagtgtgg acctttgtgt accagagaga acatcatggt ggctttcaaa 120
ggggtctgga ctcaagcttt ctggaaagca gtcacagcgg aatttctgge catgcttatt 180
tttgttctcc tcagcctggg atccaccatc aactggggtg gaacagaaaa gcectttaccg 240
gtcgacatgg ttctcatctc cctttgettt ggactcagca ttgcaaccat ggtgcagtge 300
tttggccata tcagcggtgg ccacatcaac cctgcagtga ctgtggccat ggtgtgcace 360
aggaagatca gcatcgccaa gtctgtcttce tacatcgcag cccagtgect gggggccate 420
attggagcag gaatcctcta tctggtcaca cctcccagtg tggtgggagg cctgggagte 480
accatggttc atggaaatct taccgctggt catggtctcece tggttgagtt gataatcaca 540
tttcaattgg tgtttactat ctttgccagce tgtgattcca aacggactga tgtcactggce 600 .
tcaatagctt tagcaattgg attttctgtt gcaattggac atttatttgc aatcaattat 660
actggtgcca gcatgaatcc cgcccgatcc tttggacctg cagttatcat gggaaattgg 720
gaaaaccatt ggatatattg ggttgggccc atcataggag ctgtcctcecge tggtggectt 780
tatgagtatg tcttctgtcc agatgttgaa ttcaaacgtc gttttaaaga agccttcage 840
aaagctgccc agcaaacaaa aggaagctac atggaggtgg aggacaacag gagtcaggta 900
gagacggatg acctgattct aaaacctgga gtggtgcatg tgattgacgt tgaccgggga 960
gaggagaaga aggggaaaga ccaatctgga gaggtattgt cttcagtatg actagaagat 1020
cgcactgaaa gcagacaaga ctccttagaa ctgtcctcag atttecttec acccattaag 1080
gaaacagatt tgttataaat tagaaatgtg caggtttgtt gtttcatgtc atattactca 1140
gtctaaacaa ta 1152
Claims

1.

<110> Mayo Foundation for Medical Education and Research

<120> Marker for Neuromyelitis Optica

<130> 07039/497WO1

<140> PCT/2004/39710
<141> 2004-11-24

<150> 10/723,180
<151>2003-11-25

<160> 1

<170> FastSEQ for Windows Version 4.0

A method of detecting the presence or absence of a NMO-specific autoantibody in a biological sample from an

individual, comprising the steps of:
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contacting said biological sample with a NMO antigenic polypeptide or fragment thereof, wherein said NMO
antigenic polypeptide is aquaporin-4; and

detecting the presence or absence of binding of said NMO antigenic polypeptide to said NMO-specific autoan-
tibody in said biological sample.

The method of claim 1, wherein the presence of said NMO-specific autoantibody in said biological sample is asso-
ciated with vision impairment, weakness, numbness, spasms or abnormal or painful sensations, and/or loss of

bladder and/or bowel control in said individual.

The method of claim 1, wherein the presence of said NMO-specific autoantibody is associated with NMO in said
individual.

The method of claim 1, wherein said NMO antigenic polypeptide is a recombinantly-expressed NMO antigenic
polypeptide.

The method of claim 1, wherein said NMO-specific polypeptide is in a solid tissue selected from the group consisting
of brain, spinal cord, optic nerve, kidney, or stomach.

The method of claim 1, wherein said biological sample is selected from the group consisting of blood, serum, plasma
and cerebrospinal fluid.

A method of detecting the presence or absence of a NMO antigenic polypeptide in a biological sample from an
individual, comprising the steps of:

contacting said biological sample with an anti-NMO antigen antibody, wherein said NMO antigen is aquaporin-
4; and

detecting binding of said anti-NMO antigen antibody to said biological sample, wherein binding is indicative of
the presence of said NMO antigenic polypeptide in said biological sample.

The method of claim 7, wherein the presence of the NMO antigenic polypeptide in said biological sample is indicative
of NMO in said individual.

The method of claim 7, wherein said individual is partially or completely blind.

The method of claim 7, wherein said biological sample is selected from the group consisting of blood, serum, plasma,
cerebrospinal fluid, brain biopsy and spinal cord biopsy.

Use of an NMO antigenic polypeptide for in vitro diagnosis of NMO in an individual, wherein said NMO antigenic
polypeptide is aquaporin-4.

The use of claim 11, wherein the NMO antigenic polypeptide is used to detect an anti-NMO antigen autoantibody
in said individual.

The use claim 11, wherein the NMO antigenic polypeptide is used in conjunction with a monoclonal antibody having
specific binding affinity for a NMO antigenic polypeptide.

The use of a NMO antigenic polypeptide in the manufacture of a medicament for the treatment of NMO, wherein
said NMO antigenic polypeptide is aquaporin-4.

A use as claimed in claim 14, wherein the medicament is for oral, intravenous or parenteral administration.

The use of a nucleic acid encoding a NMO antigenic polypeptide in the manufacture of a medicament for the treatment
of NMO, wherein said NMO antigenic polypeptide is aquaporin-4.

A nucleic acid encoding a NMO antigenic polypeptide for use in the treatment of NMO, wherein said NMO antigenic
polypeptide is aquaporin-4.
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Patentanspriiche

1.

10.

11.

12

13.

14.

15.

16.

Verfahren zum Detektieren der Anwesenheit oder Abwesenheit eines NMO-spezifischen Autoantikdrpers in einer
biologischen Probe eines Individuums, welches die Schritte umfasst:

Kontaktieren der biologischen Probe mit einem NMO-antigenen Polypeptid oder einem Fragment davon, wobei
das NMO-antigene Polypeptid Aquaporin-4 ist; und

Detektieren der Anwesenheit oder Abwesenheit einer Bindung des NMO-antigenen Polypeptids an den NMO-
spezifischen Autoantikérper in der biologischen Probe.

Verfahren nach Anspruch 1, wobei die Anwesenheit des NMO-spezifischen Autoantikérpers in der biologischen
Probe mit Sichtbehinderung, Schwéache, Taubheitsgeflhl, Krampfen oder abnormalen oder schmerzhaften Emp-

findungen und/oder mit Verlust der Blasen- und/oder Darmkontrolle des Individuums in Zusammenhang steht.

Verfahren nach Anspruch 1, wobei die Anwesenheit des NMO-spezifischen Autoantikérpers mit NMO beim Indivi-
duum in Zusammenhang steht.

Verfahren nach Anspruch 1, wobei das NMO-antigene Polypeptid ein rekombinant exprimiertes, NMO-antigenes
Polypeptid ist.

Verfahren nach Anspruch 1, wobei das NMO-spezifische Polypeptid in einem Festgewebe vorliegt, ausgewahlt aus
der Gruppe bestehend aus Gehirn, Rickenmark, Sehnerv, Niere oder Magen.

Verfahren nach Anspruch 1, wobei die biologische Probe ausgewahlt ist aus der Gruppe bestehend aus Blut, Serum,
Plasma und Zerebrospinalflissigkeit.

Verfahren zum Detektieren der Anwesenheit oder Abwesenheit eines NMO-antigenen Polypeptids in einer biologi-
schen Probe eines Individuums, welches die Schritte umfasst:

Kontaktieren der biologischen Probe mit einem anti-NMO-antigenen Antikdrper, wobei das NMO-Antigen Aqua-
porin-4 ist; und

Detektieren der Bindung des anti-NMO-antigenen Antikdrpers an die biologische Probe, wobei die Bindung flr
die Anwesenheit des NMO-antigenen Polypeptids in der biologischen Probe indikativ ist.

Verfahren nach Anspruch 7, wobei die Anwesenheit des NMO-antigenen Polypeptids in der biologischen Probe fir
NMO beim Individuum indikativ ist.

Verfahren nach Anspruch 7, wobei das Individuum teilweise oder vollstéandig blind ist.

Verfahren nach Anspruch 7, wobei die biologische Probe ausgewahlt ist aus der Gruppe bestehend aus Blut, Serum,
Plasma, Zerebrospinalflissigkeit, Gehirnbiopsie und Riickenmarksbiopsie.

Verwendung eines NMO-antigenen Polypeptids zur In-vitro-Diagnose von NMO bei einem Individuum, wobei das
NMO-antigene Polypeptid Aquaporin-4 ist.

Verwendung nach Anspruch 11, wobei das NMO-antigene Polypeptid verwendet wird, um einen anti-NMO-antigenen
Autoantikérper beim Individuum zu detektieren.

Verwendung nach Anspruch 11, wobei das NMO-antigene Polypeptid in Verbindung mit einem monoklonalen An-
tikérper mit einer spezifischen Bindungsaffinitat gegentiber einem NMO-antigenen Polypeptid verwendet wird.

Verwendung eines NMO-antigenen Polypeptids bei der Herstellung eines Medikaments zur Behandlung von NMO,
wobei das NMO-antigene Polypeptid Aquaporin-4 ist.

Verwendung nach Anspruch 14, wobei das Medikament zur oralen, intravendsen oder parenteralen Verabreichung
vorgesehen ist.

Verwendung einer Nukleinsaure, die fiir ein NMO-antigenes Polypeptid kodiert, bei der Herstellung eines Medika-
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ments zur Behandlung von NMO, wobei das NMO-antigene Polypeptid Aquaporin-4 ist.

Nukleinsaure, die fiir ein NMO-antigenes Polypeptid kodiert, zur Verwendung bei der Behandlung von NMO, wobei
das NMO-antigene Polypeptid Aquaporin-4 ist.

Revendications

1.

10.

11.

12,

13.

Procédé de détection de la présence ou de I'absence d'un autoanticorps spécifique de la neuromyélite optique
(NMO) dans un échantillon biologique provenant d’un individu, comprenant les étapes consistant a :

faire entrer en contact ledit échantillon biologique avec un polypeptide antigénique de la NMO ou un fragment
de celui-ci, dans lequel ledit polypeptide antigénique de la NMO est de I'aquaporine-4 ; et

détecterle présence oul'absence de liant dudit polypeptide antigénique de la NMO audit autoanticorps spécifique
de la NMO dans ledit échantillon biologique.

Procédé selon la revendication 1, dans lequel la présence dudit autoanticorps spécifique de la NMO dans ledit
échantillon biologique est associée a la diminution de la vue, la faiblesse, 'engourdissement, des spasmes ou des
sensations anormales ou douloureuses, et/ou la perte de contréle de la vessie et/ou des intestins chez ledit individu.

Procédé selon la revendication 1, dans lequel la présence dudit autoanticorps spécifique de la NMO est associée
a la NMO chez ledit individu.

Procédé selon larevendication 1, dans lequel ledit polypeptide antigénique de la NMO est un polypeptide antigénique
de la NMO exprimé de maniére recombinante.

Procédé selon la revendication 1, dans lequel ledit polypeptide spécifique de la NMO se trouve dans un tissu solide
sélectionné dans le groupe composé du cerveau, de la colonne vertébrale, du nerf optique, du rein ou de I'estomac.

Procédé selon la revendication 1, dans lequel ledit échantillon biologique est sélectionné a partir du groupe composé
du sang, du sérum, du plasma et du fluide cérébrospinal.

Procédé de détection de la présence ou de I'absence d’un polypeptide antigénique de la NMO dans un échantillon
biologique provenant d’'un individu, comprenant les étapes consistant a :

faire entrer en contact ledit échantillon biologique avec un anticorps d’antigene anti-NMO, dans lequel ledit
antigéne de la NMO est de I'aquaporine-4 ; et

détecter le liant dudit anticorps d’antigéne anti-NMO audit échantillon biologique, dans lequel le liant est un
indicateur de la présence dudit polypeptide antigénique de la NMO dans ledit échantillon biologique.

Procédé selon la revendication 7, dans lequel la présence du polypeptide antigénique de la NMO dans ledit échan-
tillon biologique est un indicateur de la présence de NMO chez ledit individu.

Procédé selon la revendication 7, dans lequel ledit individu est partiellement ou complétement aveugle.

Procédé selon la revendication 7, dans lequel ledit échantillon biologique est sélectionné a partir du groupe composé
du sang, du sérum, du plasma, du fluide cérébrospinal, de biopsie du cerveau et de biopsie de la colonne vertébrale.

Utilisation d’'un polypeptide antigénique de la NMO pour un diagnostic in vitro de la NMO chez un individu, dans
laquelle ledit polypeptide antigénique de la NMO est de I'aquaporine-4.

Utilisation selon la revendication 11, dans laquelle le polypeptide antigénique de la NMO est utilisé pour détecter
un autoanticorps d’antigéne anti-NMO chez ledit individu.

Utilisation selon la revendication 11, dans laquelle le polypeptide antigénique de la NMO est utilisé en conjonction

avec un anticorps monoclonal présentant une affinité de liaison spécifique pour un polypeptide antigénique de la
NMO.
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Utilisation d’'un polypeptide antigénique de la NMO dans la fabrication d’'un médicament pour le traitement de la
NMO, dans laquelle ledit polypeptide antigénique de la NMO est 'aquaporine-4.

Utilisation selon la revendication 14, dans laquelle le médicament est destiné a une administration par voie orale,
intraveineuse ou parentérale.

Utilisation d’un acide nucléique codant un polypeptide antigénique de la NMO dans la fabrication d’'un médicament
pour le traitement de la NMO, dans laquelle ledit polypeptide antigénique de la NMO est I'aquaporine-4.

Acide nucléique codant un polypeptide antigénique de la NMO pour I'utilisation dans le traitement de la NMO, dans
lequel ledit polypeptide antigénique de la NMO est 'aquaporine-4.
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Figure 1
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Figure 2-1

GT'mk_AC (0 Err) - 2.Fragment(s)
909°

G_GGCC'C (0 Err) - 2 Fragment(s)
750

G'GATC_C (0 Err) - 2 Fragment(s)
952

G'AATT_C (0 Err) - 2 Fragment(s)
809

A'AGCT_T (0 Err) - 2 Fragment(s)
1017

cCc's_GG (0 Err) - 2 Fragment(s)
956

C'CATG_G (0 Err) - 4 Fragment(s)
135 288 669

C_TGCA'G (0 Exr) - 3 Fragment(s)
366 449

CAG'CTG (0 Err) - 2 Fragment (s)
582

G'TCGA_C (0 Err) - 2 Frégment(s)
910 .

near Map of Sequence:

ggggcaggcaatgagagctgcactctggetggggaaggcatgagtgacagacccacagea
cccecgtocegttactctcgacgtgagaccgaccecetteegtactcactgtctgggtgtegt
~ * ~ " ~ > ~ * ~ * ~ »

aggcggtggggtaagtgéggaccttcgtgtaccagagagaacatcatggtggct:tcaaa
tccgccaccccactcacacctggaaacacatggtctctcttgcagtaccaccgaaagttt
-~ » » * ~ " - - ~ Y ~ »

HindIIl

\
ggggtctggactcaagctttetggaaagcagtcacagecggaatttctggcecatgettatt
ccccagacctgagttcgaaagacctttcgtcagtgtcgecttaaagaccggtacgaataa

~ - - - -~ » A~ » -~ P

- Y

BamHI
\
tttgttctcoctcagecctgggatccaccatcaactggggtggaacagaaaagectttaceg
aaacaagaggagtcggaccctaggtggtagttgaccccaccttgtettttcggaaatgge
~ * ~ * -~ * ~ * ~ " ~ *

Sall

18

60

120

180

240
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Figure 2-2

Accl . Ncol

\\ : \

gtcgacatggttctcatotecctttgetttggactcagecattgcaaccatggtgcagtge

cagctgtaccaagagtagagggaaacgaaacctgagtcgtaacgttggtaccacgtcaeg
- - ol » - * ~ * ~ * - *

Pstl Ncol
\ \
tttggccatatcagecggtggccacatcaaccctgecagtgactgtggccatggtgtgeace
aaaccggtatagtcgccaccggtgtagttgggacgtcactgacaccggtaccacacgtgg
-~ » ~ - - P9 - - - - -~ -~

aggaagatcagcatcgccaagtctgtcttctacatcgcagececagtgeetgggggecate
tccttctagtegtageggttcagacagaagatgtagegtecgggtcacggacececeggtag
~ » - - ~ 'Y ~ - -~ - . -~ M -~

attggagcaggaatcctcetatctggtcacaccteccagtgtggtgggaggectgggagte
taacctcgtecttaggagatagaccagtgtggagggtcacaccaccetecggaccectcag
"~ » -~ - - - A - A~ - -~ »

Ncol
\
accatggttcatggaaatcttaccgctggtcatggtetectggttgagttgataatcaca
tggtaccaagtacctttagaatggecgaccagtaccagaggaccaactcaactattagtgt
~ * - * -~ - e » ~ * - *

Pvull
\
tttcaattggtgtttactatctttgccagctgtgattccaaacggactgatgtcactgge
aaagttaaccacaaatgatagaaacggtcgacactaaggtttgectgactacagtgaceg
-~ - -~ - -~ » -~ - -~ - ~ »

tcaatagctttagcaattggattttctgttgcaattggacatttatttgcaatcaattat
agttatcgaaatcgttaacctaaaagacaacgttaacctgtaaataaacgttagttaata
~ Y -~ - ~ * . - ~ -

- o

Pstl
\
actggtgccagcatgaatcccgceccgatectttggacctgcagttatcatgggaaattgyg
tgaccacggtcgtacttagggcgggctaggaaacctggacgtcaatagtaccctttaace
-~ - -~ * -~ - -~ - A~ - -~

-

Apal
\
gaaaaccattggatatattgggttgggcccatcataggagctgtectcgetggtggectt
cttttggtaacctatataacccaacccgggtagtatcctcgacaggagcgaccaccggaa
~ ~ * ~ » ~ -

] - -~ » A

EcoRl
\
tatgagtatgtcttctgtccagatgttgaattcaaacgtecgttttaaagaagecttcage
atactcatacagaagacaggtctacaacttaagtttgcagcaaaatttcttcggaagteg
~ » ~ * ~ - - ~ - - »

-
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Figure 2~3

aaagctgcccagcaaacaaaaggaagctacatggaggtggaggacaacaggagtcaggta
tttcgacgggtegtttgttttccttegatgtacctcecacctectgttgtectcagtedat
-~ 'Y - - -~ -~ - -~

* -~ * -

NciI
\
gagacggatgacctgattctaaaacctggagtggtgcatgtgattgacgttgaccgggga
ctctgcctactggactaagattttggacctcaccacgtacactaactgcaactggececect
~ » ~ . - » ~ » ~ - - N

gaggagaagaaggggaaagaccaatctggagaggtattgtcttcagtatgactagaagat

ctcctcttettcccectttctggttagacctectccataacagaagtcatactgatettcta
-~ - -~ - -~ Y -~ - ~ - -~ -

cgcactgaaagcagacaagactccttagaactgtectcagatttecttccacccattaag
gcgtgactttegtctgttctgaggaatcttgacaggagtctaaaggaaggtgggtaatte
-~ » ~ - ~ - ~ » » » ~ »

gaaacagatttgttataaattagaaatgtgcaggtttgttgtttcatgtcatattactca
ctttgtctaaacaatatttaatctttacacgtccaaacaacaaagtacagtataatgagt
~ - * ~ - -~ * »~ -

-~ » a

gtctaaacaata
cagatttgttat
~ -

~ » ~ » ~ » ~ * ~ "

-------------------- End of Analysig ~----c-c-m-cmemcmccennaan
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Espacenet

ggggcaggea atgagagety cactctgget ggggaaggca tgagtgacag acccacagea 60
aggcggtggg gtaagtgtgg acctttgtgt accagagaga acatcatggt ggctttcaaa 120

ggggtetgga ctcaagettt ctggaaagea gtcacagegq aatttetgge catgettatt 180

tttgttetee teageetggg atecaccate aactggggty gaacagaaaa gectttaccy 240
gtcgacatgg ttctcatcte cetttgettt ggactcagea ttgcaaccat ggtgeagtge 300
tttggecata tcageggtgg ccacatcaac cctgeagtga ctgtggecat ggtgtgeace 360
aggaagatca gcatcgccaa gtctgtctte tacatcgeag cccagtgect gggggccatce 420
attggageag gaatcctcta tetggtcaca ccteccagtg tggtgggagy cetgggagte 480
accatggtte atggaaatct taccgetggt catggtctee tggttgagtt gataatcaca 540
tttcaattgy tgtttactat ctttgccage tytgatteea aacggactga tgtcactgge 600
tcaatagett tagcaattgg attttctgtt geaattggac atttatttge aatcaattat 660
actggtgeca geatgaatce cgeccgatce tttggacctg cagttatcat gggaaattgg 720
gaaaaccatt ggatatattg ggttgggece atcataggag ctgtcetege tggtggectt 780
tatgagtatg tcttctgtce agatgttgaa ttcaaacgtc gttttaaaga agecttcage 840
aaagctgece agcaaacaaa aggaagetac atggaggtgy aggacaacag gagtcaggta 900
gagacggatg acctgattct aaaacctgga gtggtgeaty tgattgacgt tgaccgggga 960
gaggagaaga aggggaaaga ccaatctgga gaggtattgt cttcagtaty actagaagat 1020
cgcactgaaa gcagacaaga ctecttagaa ctgtcctcag atttecttce acccattaag 1080
gaaacagatt tgttataaat tagaaatgtg caggtttgtt gtttcatgtc atattactca 1140

gtctaaacaa ta
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