Method of Diagnosing myasthenia gravis and kits therefor DESCRIPTION
OF THE INVENTION Field of the Invention [001] The invention relates to
the field of immunology, including the development of immunological
tolerance, and the pathology of autoimmune disorders. The invention
generally relates to improved methods of diagnosing the organ-specific
autoimmune disease myasthenia gravis. Background of the Invention
[002] Autoimmune diseases result from aberrant immune cell function or
activity,which causes inappropriately activated T. cells to.regct against self
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responsible for disease etiology and progression. COTRAN ET AL.,
PATHOLOGIC BASIS OF DISEASE 21 1-212 (6th ed. 1999); Scofield,
"Autoantibodies as DESZIIRTIONGRFHELNVENIION 544-1546 (2004).
Autoimmunity indicates a loss of self-tolerance, though the mechanisms
Field givtheHinrettiisoccurs are not fully understood. Id. Autoimmune disorders
may be systemic, affecting multiple organs or tissues, or localized,
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Background of the Invention

[002] Autoimmune diseases result from aberrant immune cell function or
activity which causes inappropriately activated T cells to react against self tissue,
thereby triggering production of cytokines and/or autoantibodies responsible for disease
etiology and progression. COTRAN ET AL., PATHOLOGIC BASIS OF DISEASE 211-212 (6th
ed. 1999); Scofield, “Autoantibodies as predictors of disease,” Lancet 363:1544-1546
(2004). Autoimmunity indicates a loss of self-tolerance, though the mechanisms by
which this occurs are not fully understood. /d. Autoimmune disorders may be systemic,
affecting multiple organs or tissues, or localized, affecting a single organ, organ system
or tissue. /d.

[003] A hallmark of autoimmune disease is the production of high affinity
autoantibodies directed against self proteins. Robinson et al., “Autoantigen microarrays
for multiplex characterization of autoantibody responses,” Nature Med. 8(3):295-301
(2002). Some autoantibodies are known or strongly suspected to be involved in the

development of cell and tissue damage associated with a particular disease, but for



disease is known. Id. Nevertheless, the specificity and pathogenicity of
autoantibody responses for certain diseases, such as myasthenia gravis,
emphasizes their utility in improving diagnosis, classification, and
treatment of autoimmune disorders. Id. Because serum autoantibodies
often appear long before the onset of clinical symptoms, the ability to
detect autoantibodies associated with specific autoimmune disorders
quickly and accurately would enable the use of prophylactic treatments
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arising before age 40 years"); Somnier, supra ("the dichotomy 2 between
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develop
muscle. COTRAN ET AL., supra at 1289. Estimates of the incidence of MG in populations
worldwide range from approximately three to more than twenty people per 100,000.
COTRAN ET AL., supra; Somnier, “Increasing incidence of late-onset anti-AChR antibody-
seropositive myasthenia gravis,” Neurol. 65:928-930 (2005). The prevalence of MG in
the United States is estimated at about fourteen cases per 100,000 people, with
approximately 36,000 cases diagnosed annually nationwide. Howard, “Myasthenia
gravis: a summary,” available at http://www.myasthenia.org/information/summary.htm
(last accessed October 23, 2005).

[005] Early onset myasthenia gravis, defined as arising either before age 40,

or before age 50, tends primarily to appear in women, but late onset MG afflicts men

and women equally. COTRAN ET AL., supra (noting that MG is most commonly observed

in women “[w]hen arising before age 40 years”); Somnier, supra (“the dichotomy



the disease between the ages of twenty and forty, while in men, it

generally appears between the ages of fifty and sixty, though it

sometimes develops earlier, and may develop later in both sexes.

COTRAN ET AL., supra. [006] Clinically, MG typically appears first as

occasional muscle weakness in approximately two-thirds of patients,

most commonly in the extraocular muscles. Id.; Howard, supra. These

initial symptoms eventually worsen, producing drooping eyelids (ptosis)
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Treatment usually begins with the administration of anticholinesterase
that meyefhutsiuate weekly, daily, or even more frequently. /d. Generalized MG often
affects muscles that control facial expression, chewing, talking, swallowing, and
breathing; before recent advances in treatment, respiratory failure was the most
common cause of death. /d. With improved methods of treatment and critical care
intervention, however, more than 95% of patients now survive for five years or more
after diagnosis. Id. MG is frequently accompanied by thymic hyperplasia, observed in
approximately 65% of patients, or, less commonly by thymoma, observed in about 15%
of patients. /d.

[007] Long-term outcome of MG patients has improved with more effective use

of cholinesterase inhibitors and improved critical care, but therapies that directly reduce
the autoimmune response or modify its effects on acetylcholine receptors and the

surrounding neuromuscular junction may prove more effective in the long term.

Richman et al., “Treatment of autoimmune myasthenia gravis,” Neurol. 61:1652-1661



including cholinesterase inhibitors. Id. Treatment regimes generally aim to

induce immunologic remission with high doses of corticosteroids,

frequently in conjunction with intravenous immunoglobulin or

plasmapheresis. Id. Maintenance of remission is usually accomplished by

gradual tapering of the corticosteroids, coupled with the use of

"steroid-sparing” agents, such as azathioprine or mycophenolate. Id.
mectomy may also be effective in some cases. Id. {%%%MG IS
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Howard, supra. [009] Not every patient with symptoms of generalized MG
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cases, symptomatic patients lack detectable anti-AChR antibodies until
suprasBesatisnenths ‘Jitgnoo seyaitisyatp tamisy enmexea hcdongeioncafon-A Ghfasthenia

antibodies are observed more frequently in patients afflicted with
gravis; possible roles in pathogenesis,” J. Neuroimmunol. 125:185-197 (2002). These
antibodies cause loss of acetylcholine receptors and diminished receptor function at the
muscle end-plate of the mature neuromuscular junction, which together lead to failure of
neuromuscular signal transmission that manifests as the muscle weakness
characteristic of generalized MG. Hoch et al., “Auto-antibodies to the receptor tyrosine
kinase MsSK in patients with myasthenia gravis without acetylcholine receptor
antibodies,” Nature Med. 7(3):365-368 (2001). The serum concentration of anti-AChR
antibodies varies widely among patients with similar degrees of muscular weakness,
and therefore cannot be used to predict severity of the disease in individual patients.
Howard, supra.

[009] Not every patient with symptoms of generalized MG develops anti-AChR

antibodies, however. Roxanis et al., supra. In some cases, symptomatic patients lack

detectable anti-AChR antibodies until several months after onset of symptoms, or even



generalized MG compared to those suffering only from ocular MG:
approximately 74% of those with generalized MG, and 54% of those with
ocular MG have detectable anti- AChR antibody in serum. Howard, supra.
Another 10-20% of patients suffering from generalized MG never develop
detectable anti-AChR antibodies, though as many as 90% of patients
lacking anti-AChR antibodies instead have serum auto-antibodies
directed to a muscle-specific receptor tyrosine kinase, MuSK Hoch et al.
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supra.
[010] Thus, there remains a need for additional methods of diagnosing the

disease.

SUMMARY OF THE INVENTION

[011] The present invention provides methods for diagnosing the
neuromuscular autoimmune disorder myasthenia gravis (“MG”). The invention is based
at least in part on the discovery that many patients suffering from early stages of MG
have autoantibodies specific for the 60 kD heat-shock protein (“hsp60”) and the 90 kD
heat-shock protein (“hsp90”), two proteins not previously associated with the etiology
and progression of MG. Accordingly, the invention provides a method of diagnosing
MG in a subject comprising obtaining a biological sample from the subject and
determining an amount of at least one autoantibody that specifically binds an

autoantigen characteristic of MG selected from heat-shock protein 60 (hsp60) (SEQ ID



[012] An amount of an autoantibody may be determined by a variety of
qualitative and quantitative methods. In some embodiments of the
invention, an amount of an autoantibody is detected by Western blot. In
other embodiments, an amount of an autoantibody is detected by
enzyme-linked immunosorbent assays. [013] In another aspect, the
invention provides a diagnostic kit to implement the method of the
invention. The kits of the invention incorporate one or more of the above
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reagents required to determine an amount of at least one autoantibody that specifically

binds an autoantigen selected from heat-shock protein 60 (hsp60) (SEQ ID NO:1), heat-

shock protein 90, alpha isoform (hsp90a) (SEQ ID NO:2), and heat-shock protein 90,

beta isoform (hsp90B) (SEQ ID NO:3).

[014] Additional objects and advantages of the invention will be set forth in part
in the description which follows, and in part will be obvious from the description, or may
be learned by practice of the invention. The objects and advantages of the invention
will be realized and attained by means of the elements and combinations particularly
pointed out in the appended claims. It is to be understood that both the foregoing

general description and the following detailed description are exemplary and

explanatory only and are not restrictive of the invention, as claimed.



[016] Figure 1 shows Western blots of cell lysates probed with serum from
patients suffering from generalized myasthenia gravis according to the
protocol of Example 1, identifying autoantibodies specific for heat-shock
protein 60 (hsp60). Positive blots are indicated with a dot. Samples were
taken from female patients with thymic hyperplasia (HF), male patients
with thymic hyperplasia (HM), female patients with thymoma (TF), and

male patients with thymoma (TM). [017] Figure 2 shows Western blots of,
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with thyarospa difichignsimeaiR pegients with thymoma (TM).

[017] Figure 2 shows Western blots of cell lysates probed with serum from
patients suffering from generalized myasthenia gravis according to the protocol of
Example 1, identifying autoantibodies specific for heat-shock protein 90 (hsp90). These
experiments did not distinguish between the alpha and beta isoforms of hsp90. Positive
blots are indicated with a dot. Samples were taken from female patients with thymic
hyperplasia (HF), male patients with thymic hyperplasia (HM), female patients with
thymoma (TF), and male patients with thymoma (TM).

[018] Figure 3 shows the results of enzyme-linked immunosorbent assays
(ELISAs) performed with serum from patients with generalized MG identifying hsp60,
according to the protocol of Example 2. Bars indicate the mean ODys value.

[019] Figure 4 shows the results of enzyme-linked immunosorbent assays

(ELISAs) performed with serum from patients with generalized MG, identifying hsp90,



("protein_1 ") and/or hsp90 ("protein_2"), while test-negative patients lack
hsp60- and hsp90-specific autoantibodies. [021] Table 1 shows that
patients with stage | or stage lla MG who lack AChR autoantibodies
exhibit hsp60 or hsp90 autoantibodies as measured by ELISAs. [022]
Table 2 compares the diagnostic sensitivity of assays specific for (1)
AChR; (2) hsp60; (3) hsp90; (4) hsp60 + hsp90; (5) AChR + hsp60; or (6)
AChR + hsp90. Assaéing for autoantibodies specific for AChR alone
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of at least one autoan , Wherein the autoantibody specifically binds
hspoRéRAMCAG ApIRIBABieCcted from heat-shock protein 60 (hsp60), heat-

shock protein 90, alpha isoform (hsp90a), and heat-shock protein 90, beta
isofamm IR0 Bhows that patients with stage | or stage lla MG who lack AChR
autoantibodies exhibit hsp60 or hsp90 autoantibodies as measured by ELISAs.
[022] Table 2 compares the diagnostic sensitivity of assays specific for (1)
AChR; (2) hsp60; (3) hsp90; (4) hsp60 + hsp90; (5) AChR + hsp60; or (6) AChR +

hsp90. Assaying for autoantibodies specific for AChR alone exhibited the lowest

sensitivity for patients having stage | (ocular) MG.

BRIEF DESCRIPTION OF THE SEQUENCES

[023] SEQ ID NO:1 is the amino acid sequence of human heat-shock protein
60 (hsp60).

[024] SEQ ID NO:2 is the amino acid sequence of human heat-shock protein
90, alpha isoform (hsp90a).

[025] SEQ ID NO:3 is the amino acid sequence of human heat-shock protein

90, beta isoform (hsp90p).



[027] An autoimmune disorder is a disease or disorder characterized by

aberrant immune function, and frequently by the presence of

autoantibodies. An autoantibody is an immunoglobulin protein ("lg," also

referred to as an "antibody") of any isotype, including 1gG1, 1gG2, IgG3,

1gG4, IgAl, IgA2, IgD, IgE, or IgM, that specifically binds a target antigen

derived from a protein produced by the same organism that produced the

Ig protein, or antibody. Examples of autoimmune disorders characterized

by autoan iboRLAER D RRGRIRHON OE THE NVENTION - 2ing: 21
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primary biliary cirrhosis (autoantibodies against E2 PDS); vitiligo 9

(hsp9Qflitoantibodies against tyrosinase and/or SOX-1 0); multiple sclerosis
(autoantibodies against myelin basic protein and/or myelin oligodendritic
d¥2épromRUsoETERtiBaiserastih arfiaease pagisardpiodiesstpiasd by
spliceosomal snRNP, Ro/La ribonuclear particle, histones, and/or native
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particle and/or muscarinic receptor); and rheumatoid arthritis )
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_ supra, at 1545, [028] "Subject”, as used herejn, means an animal, .
|sotyp97dm%ng rl‘gjﬁiall\g 2n53.f_5| . 19Ga4, 1gA1, 1gA2, IgD, IgE, or IgM, that 'specifically

binds a target antigen derived from a protein produced by the same organism that

produced the Ig protein, or antibody. Examples of autoimmune disorders characterized
by autoantibodies include: Addison’s disease (autoantibodies against 21-hydroxylase);
coeliac disease (autoantibodies against tissue transglutaminase); type 1 insulin-
dependent diabetes mellitus (autoantibodies against GAD-65 and/or insulin); Graves’
disease/hyperthyroidism (autoantibodies against thyroid-stimulating-hormone receptor);
Hashimoto’s thyroiditis (autoantibodies against thyroid peroxidase and/or thyroglobulin);
myasthenia gravis (autoantibodies against nicotinic acetylcholine receptor and/or
muscle-specific receptor tyrosine kinase); Goodpasture’s syndrome (autoantibodies
against Type IV collagen in glomerular basement membranes); pemphigus vulgaris
(autoantibodies against desmoglein 3); pernicious anemia (autoantibodies against H/K

ATPase); primary biliary cirrhosis (autoantibodies against E2 PDS); vitiligo



human mammal, e.g., a dog, a cat, a mouse, a rat, a cow, a sheep, a pig,
a goat, or a non-human primate, and expressly includes laboratory
mammals, livestock, and domestic mammals. In some embodiments, the
mammal may be a human; in others, the mammal may be a rodent, such
as a mouse or a rat. [029] A biological sample is any biological material
collected from cells, tissues, or organs of the subject. The source of the
biglogical sample may vary dependiré%(on the particular symptoms
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suspension. In ad mbodiments of the invention, the biological
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synovial fluid, lacrimal fluid, or other clinical specimens and samples.
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form "a complex that is relatively stable under physiologic conditions (e.g.,
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specifically bind multiple proteins when it binds to an epitope present in
domesidcmdhpecikc bmstinge & ctiadioterirsdhyy raataativeay teractiomanftenothers,

including high affinity binding with a low to moderate capacity. Nonspecific
the mammal may be a rodent, such as a mouse or a rat.

[029] A biological sample is any biological material collected from cells,
tissues, or organs of the subject. The source of the biological sample may vary
depending on the particular symptoms present in the subject to be diagnosed. The
biological sample may be analyzed immediately after it is taken, or stored. If stored, the
sample may be equilibrated with an appropriate storage buffer, and kept at 4°C, at -
20°C, at -70°C, or even in cryogenic liquids, such as liquid nitrogen or liquid helium. In
one embodiment, the biological sample may consist of blood, serum, or plasma. In
another embodiment, the biological sample may consist of amniotic fluid or milk. In still
another embodiment, the biological sample may consist of a biopsy or tissue sample, or
a cell suspension. In additional embodiments of the invention, the biological sample

may consist of saliva, cerebrospinal fluid, lymph, sweat, mucus, synovial fluid, lacrimal

fluid, or other clinical specimens and samples.
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binding usually is a less selective interaction, and may have a low affinity
with a moderate to high capacity. Typically, binding is considered specific
when the affinity is at least 105 M-1, 106 M-1, 107 M-1 or 108 M-1. If
necessary, non-specific binding can be reduced without substantially
affecting specific binding by varying the binding conditions. Such
conditions are known in the art, and a skilled artisan using routine
techniques can select appr riate conditions. The conditions are usually
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of the invention encompasses both qualitative and quantitative methods
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Such methods include Western blotting, immunoblotting,
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and other comparable techniques. 1. Western Blotting
reduced without substantially affecting specific binding by varying the binding
conditions. Such conditions are known in the art, and a skilled artisan using routine
techniques can select appropriate conditions. The conditions are usually defined in
terms of concentration of antibodies, ionic strength of the solution, temperature, time
allowed for binding, concentration of non-related molecules (e.g., blocking agents such
as serum albumin, milk casein), and so forth. See, e.g., Morgan et al., “The Matrix
Effects on Kinetic Rate Constants of Antibody-Antigen Interactions Reflect Solvent
Viscosity,” J. Immunol. Meth. 217:51-60 (1998); and Zhuang et al., “Measurement of

Association Rate Constant of Antibody-Antigen Interaction in Solution Based on

Enzyme-Linked Immunosorbent Assay,” J. Biosci. Bioeng. 92(4):330-336 (2001).

A. Detection of Autoantibodies

[031] Determining an amount of an autoantibody according to the methods of

the invention encompasses both qualitative and quantitative methods of detection. A
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[032] Western blotting begins with an electrophoresis step, where proteins
of interest are separated on the basis of size and charge by
polyacrylamide gel electrophoresis, followed by transfer of the proteins
from the gel to a charged membrane. After the transfer is completed,
hybridization begins with a blocking step wherein all unreacted binding
sites on the membrane are blocked to suppress nonspecific adsorption of
antibodies, continues with a primary antibody incubation to bind a target

qualitafieyBIS KIS RIS CHAR SIMRXHRIY BiRGHYASIRETR OV iRdab Abpantibody is
el B SR ER R SB ST TR AP oy
e o0 S B R AR A
soin SR SFECT SRR BERST DMUMo s

metho’HQH?c?fuGQW&@%%HR@?EE{H?W@%@@?HW&ﬁ&lﬁHF%@BEP&’Q%’%?gﬁ%@linked

for an autoantigen characteristic Western blotting, purifi

immufBSBBRINAILSAEDRANRNS DTAREH e IR 545 AULRRIPRAS

characteristic of MG are first subjected to sodium dodecyl- sulfate

polyacrylamide gel electrophoresis (SDS-PAGE), according to standard

methods.1YestbknBlptimipe art. See, e.g., SAMBROOK ET AL., 3

MOLECULAR CLONING: A LABORATORY MANUAL A8.40-A8.45

(eRR)) (dessieindiaition deginsenithaniaiestrerkolesisisiepopisiesi@eins of

proteins by SDS-PAGE). The contents of the gel are then transferred to
interegfipde SANBEECAIONPYBFS 6f stFe AR RISy IMErSYIRpIg@e!

fixation and Western blotting by standard methods equally well-known in
electrapdefiRSithéolaNerbP YA SR/ ienRicisinsJepmL iy BRIt 8, hrapgesther

comparable methods known in the art. [034] Alternatively, purified or

memt}’@&ﬁmﬁﬁﬁhf"ﬁé%ﬁéﬂ%%%ﬂ@@ﬂ igizRtion begins with a blocking step

wherein all unreacted binding sites on the membrane are blocked to suppress

nonspecific adsorption of antibodies, continues with a primary antibody incubation to
bind a target antigen or antigens, and ends with a secondary antibody incubation
wherein the antigen-antibody complex formed during the primary incubation is detected
by radiographic, chromogenic, or chemiluminescent means. The secondary antibody is
generally specific for the constant region (“Fc”) common to all immunoglobulin protein
isotypes. Secondary antibody may be obtained from a variety of mammalian sources,
including, but not limited to, rabbit, sheep, goat, mouse, and rat.

[033] To determine an amount of an autoantibody specific for an autoantigen
characteristic of MG by Western blotting, purified or recombinant preparations of one or
more of the autoantigens characteristic of MG are first subjected to sodium dodecyl-

sulfate polyacrylamide gel electrophoresis (SDS-PAGE), according to standard methods

12



autoantigens may be spotted directly on nitrocellulose, nylon,
polyvinylidene fluoride ("PVDF"), or other filter or membrane suitable for
fixation and Western blotting. If purified or recombinant preparations of
the desired autoantigens are not available, the autoantigens may be
supplied in cell lysates or tissue homogenates prepared with standard
methods known in the art. [035] Next, the filters or membranes are fixed to

prevent loss of the target proteins during the several hybridization,
well LR RS AP st e ARG Abrebot B CERGh Ay be

o T B 8o o
o ONSTAL ORI U 020 81 et
ton itr%%ﬁﬁpoos% Oﬁs}%ﬂg W@g'{?‘ﬁ@(%"#ﬂ%%ﬁ% éoo%qllt%ﬁggﬁ%é?%@]ﬁggﬁ?gﬁ/ and

Ing sites on the er or membrane are ere
i . ) ine (" . . o
U e S G T A
be by (HHERI¥INESRTHENAIRENG (P B e EbABSKIRE HEHBEE RhBIGMR B art.
then 13 undergoesthe primary antibody incubation, during which it is

ingalptedh MaH RiPNCDIGAHicSATI PI: HRml Mt BiepkiaishdiBoBRERS FAbAIOf the

autoimmune disorder. [037] After the primary antibody incubation, the filter

autoaRligBADRIANBASSPEERE dir e Hie MIRRRINCASE AHRIIR VRSB gEBride

complexes detected using a secondary antibody labeled with

(“PVDEhyosragrsidifsrapgrititbranehsidbiifoe scefibmaatsVestern blotting. If
Autoantibody-autoantigen complexes are then detected colorimetrically

purifie@ @ redtimbiotaerprbphpdiomd ddsheaddsirbtBautodntigatsr ackayraptyileb i, the
alkaline phosphatase). If detected colorimetrically, or by

autoactigemtumnmayase snpg)idtkiacel Uiysafasotortissue homogenates prepared with

standard methods known in the art.

[035] Next, the filters or membranes are fixed to prevent loss of the target
proteins during the several hybridization, washing, and staining steps comprising
Western blotting. Fixation may be accomplished by heat, cross-linking with ultraviolet
light, or by other comparable methods known in the art. See, e.g., SAMBROOK ET AL., 3
MOLECULAR CLONING: A LABORATORY MANUAL A8.52-A8.55 (describing various reagents
and methods for immunoblotting and detection of antigen/antibody complexes).

[036] Non-specific antibody binding sites on the fixed filter or membrane are
blocked with buffered solutions (e.g., phosphate-buffered saline (“PBS”) or the like)

containing a blocking agent such as, for example, 0.5% (w/v) low-fat dry milk or 5%

(w/v) bovine serum albumin (“BSA”). After blocking, the filter or membrane then
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fluorescence may be measured using a luminometer, a
spectrophotometer, or other similar instruments. If detected auto rad iog
raph ical ly, the amount of bound antibody may be measured from the
exposed x-ray film using a densitometer, or similar instrument. See, e.g.,
SAMBROOK ET AL., 3 MOLECULAR CLONING: A LABORATORY
MANUAL A8.52-A8.55 (describing various reagents and methods for

immunoblotting and . detection of antige n/anti body complexes). [038]
U”def@%%%Hb%W'H}ﬂfM@BEQ?é’e@QH%ﬁlémaawaﬁ YhiitherHEAS é"’btﬁ a biological

tection, wheth clonal lonal, may be labeled with a ligand
samp LB SHIBRR) B S REEB® ﬁi%%‘%?ﬁﬁm@@ée@%@%%%roﬁp'%?“an

o G St R TSRS e vasheo.
and v R B T e SRR 'i’%%%gﬁgéé‘é‘%ﬁéﬁﬁézav fycondary

antibo tecte%)ov}h?gg%% clj]: ie! i éﬁl@ﬁ{ﬁgenm Lirt] (Qréé%ﬂi%%%'ﬁ

y Its ability t0’ convert tetramet to a blue

AutoaH%BSV%M?@P'@oMH@é@SF@ﬂ%?P&%&%@B e RRAIR | Q?d%th

and/or detectable 14 markers include biotin and avidin or streptavidin, IgG

horse AR BER bk Na3B G HRETIMBIC RS, agHNahFapRPIZ HIaN Y @ﬁésphatase)

known in the art. Other permutations and possibilities will be readily

If detcRER I iendrasalnf erdipaerkillinife csha)tharantafide@fiordr
equivalents within the scope of the instant invention. [039] In one

fluorestahedimentoef isasiveatiosngra aumenbhwtat, |aapcrie phidtoanitepdyr other

which specifically binds an autoantigen selected from heat-shock protein
similabhéhspoinietitdshocte ¢ mitonadih grigitadatyothe (AspRea)fdselind antibody
heat-shock protein 90, beta isoform (hsp90P) is determined by Western
may belotagured from the exposed x-ray film using a densitometer, or similar
instrument. See, e.g., SAMBROOK ET AL., 3 MOLECULAR CLONING: A LABORATORY MANUAL
A8.52-A8.55 (describing various reagents and methods for immunoblotting and
detection of antigen/antibody complexes).

[038] Secondary antibodies used in qualitative or quantitative methods of
detection, whether polyclonal or monoclonal, may be labeled with a ligand (such as
biotin) or a detectable marker (such as a fluorescent group or an enzyme) using
conventional techniques. Suitable labels include fluorophores, chromophores,
electron-dense reagents (e.g., silver or gold), enzymes, and ligands having specific
binding partners. Enzymes such as horseradish peroxidase or alkaline phosphatase
are typically detected by their activity. For example, horseradish peroxidase can be

detected by its ability to convert tetramethylbenzidine (“TMB”) to a blue pigment,

quantifiable with a spectrophotometer. Other suitable ligands and/or detectable
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[040] There are many common variations on the standard Western
blotting protocol, including Far Western blots, as well as quantitative
blotting methods and numerous others. One of ordinary skill in the art will
select the appropriate protocol to use, depending on the autoantibody to
be detected, the autoantigen to be used, the source of autoantigen and/or
primary autoantibody used in the assay, and any other relevant
experimental parameters. These and many other permutations and
markess JaghififRbi Rﬁf‘ FEFRAHD &6&5@%4&%!@%@8%9{8@'@@ ANEhENgRUmRIous

addltlc%r}%fﬁ%%%d??@%as e%ﬂ%/@gergtgsﬂvwvgglgn h?e%srlt_:lsefgoe[rotagmstant inve £ion 2.

possig e e B AP R SRR T R P e,
cons QS M, WAATYIRT 04 A GE A gpneirton

set ey are easy {o perfo h and readl Butornate , ELISAs are

I d
R SR .%*%Eﬁg*fﬁi e
autoaﬁﬁi&&&B‘Wﬁu&’i%é’&hfé"aﬂ t;‘ftﬁﬁé&%ﬁ ARHgAN M\Q@%%FS@%%%*P&%WB&%
wells of a microtiter plate. See, e.g., KIR GAARD & PERRY

héﬂ%@f)ﬁéﬁ@%% 1tEin §€%%&H#@Ed§@5§ FA& Ak shgshtein 90,

available at http: / www.kpl.com/home.cfm# (last accessed November 3,

beta ig8i8kh (HiREHING deRasrm daieipiRsipiasdamgse in ELISAs, as well as
methods and reagents for adsorbing proteins to such plates). The most

cloap)oniyHesedasdaeipiieonimbarsdosnibodigraiesdaraMVesrdonsistting
pH=9.6; 10 mM Tris-HCI, pH=8.5; and 10 mM PBS, pH=7.2. These

protodalifiacduaion MeelMisteanpiptoieisn svdfl the daryditaintgblotingnigeodsaeand

not readily adsorbed to the surface of the microtiter plate, plates with
numerous others. One of ordinary skill in the art will select the appropriate protocol to
use, depending on the autoantibody to be detected, the autoantigen to be used, the
source of autoantigen and/or primary autoantibody used in the assay, and any other
relevant experimental parameters. These and many other permutations and

possibilities will be readily apparent to those of ordinary skill in the art, and are

considered as equivalents within the scope of the instant invention.

2. Enzyme-Linked Immunosorbent Assay (“ELISA”)

[041] Some ELISA methods are qualitative, used to measure simply the
presence or absence of a particular antigen or antibody, while others are quantitative,
permitting accurate measurement of antigen or antibody concentration. Because they
are easy to perform and readily automated, ELISAs are commonly used to screen large

numbers of antibodies or antigens for a particular binding specificity.
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surfaces modified or derivatized to permit covalent linkage of proteins to
their surface by a variety of chemical means are widely available from
commercial suppliers. Time and temperature are the most important
factors affecting the amount of protein adsorbed. [043] Once the wells of a
microtiter plate are coated with the desired antigen or antigens, they are
washed with a blocking buffer to block non-specific antibody binding and
to minimize false positive results. See, e.g., id. at 13-14 (discussing
htibds Ahd BREISMAIB A HAE AESOPRIRR SteRmiBay s B get

o e B A e  Sgts,

Kk BRI O Sl SHG by Dt A G O 2005

_ . : | .y .
avai B R e e AT 200800
iseu s e s o S ] S e £ Fotnols anc
reageﬁé%@%%ﬁ?ﬂ%i}@@%m&pﬂi%égﬁi%’ﬂnmm%l RI&H Y orption

between various reaction components that can affect the ability to detec

bufferSREFHIRBHLS Ara2bdRONYARIBEAIRNBHEEEE £19- il Atid44ER, (SHRC8'SSIAAd 10

methods and reagents for washing microtiter plates). Wash solutions

mM PSBNEIYCoMERBe d i AlRicHnUER Frigny prstalfie NRtwa Ry &f antigen or

antigens and their cognate antibodies, and to preserve enzyme activity.

antigdBefigesichasiy BEsotbsdswlifits onriraddizalehduiieretiespinaphgsdraiith
pH are widely used. Specific buffers are typically selected based on the

surfaceethodiiiédetedtidvatizbe eneloyit davalgrartiitkdgeassaptdiasio bhbiersirface by
should also include non-ionic detergents such as Tween-20TM, TritonX_J
a vari€Ddibethiedikecan are andelti@vaitd i e tikearcoOrom éscial G OEBhersv)] ime and
order to disrupt low-aff inity, non-
temperature are the most important factors affecting the amount of protein adsorbed.
[043] Once the wells of a microtiter plate are coated with the desired antigen or
antigens, they are washed with a blocking buffer to block non-specific antibody binding
and to minimize false positive results. See, e.g., id. at 13-14 (discussing methods and
reagents for blocking microtiter plates). Commonly used blocking agents are either
protein solutions, such as BSA (typically used at concentrations between 1% and 5%
(w/v) in PBS, pH=7.0), non-fat dry milk, casein (the main protein component of non-fat
dry milk) or caseinate (a more soluble version of casein, produced by partial digestion
with sodium hydroxide), normal serum (typically used at concentrations between 1%

and 5% (v/v)), and gelatin (normally used at concentrations between 1% and 5% (w/v)),

or non-ionic detergents, such as Tween-20™ and Triton X-100™.,
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specific interactions between reaction components. [045] After the
blocking step, the wells of the microtiter plate are washed, the adsorbed
antigen then undergoes the primary antibody incubation, during which it is
incubated with a biological sample from a subject to be diagnosed for an
autoimmune disorder. After the primary antibody incubation, the wells are
washed, and the presence of autoantibody-autoantigen complexes
detected using a secondary antibody labeled with chromogenic (e.%.y, with
(

OAHradfsAPRIXUHSERHASHIE) SRR R B7IeHErhiRIHIRERRIAY Eoflisrupt

R T T
T .col - fl d usi . :
o s RS PR TSR s
T, . variati h I .
o A AR A R oy gomar

a phygég@%@:%u]rﬁeﬂﬂ' 'd%%%@é%ﬁ%@%‘ﬁ&ﬁ @%ﬁﬁg&%@@% {?{&fg%sﬁé&&’ﬁ htibodies,

Ing on the antibo etecte e antigen to

and to°BHISEDS RABYRTL ARGHAN PN SSHIBRAS 589, Wigjgaﬂﬁé‘?‘l‘ﬁr LFNe-buffered

other relevant’experimental parameters. These and many other

salineRTABUREAPA ans nrReNPiIERS Vb dsrieaditarpargpidalllesrefer ¢iassy on

skill in the art, and are considered as equivalents within the scope of the

the mEBERNbIMERBEREN b SdiRigH I 6RMm e phrastineniasaiaviy e e should also

myasthenic patients have been divided into four groups, as classified by

includ® sPeHBAIR AetcRIMkES.EPSee MIRTBK2B AT aenking 08, o Sislie® it
myasthenia gravis: review of a twenty-year experience in over 1200

concepatiginiss dfibeBieain D.Med. 13 ©)649 Tvh3 /iflerde), tiiisstbelow-&ifmitg, non-
available at

specific interactions between reaction components.

[045] After the blocking step, the wells of the microtiter plate are washed, the
adsorbed antigen then undergoes the primary antibody incubation, during which it is
incubated with a biological sample from a subject to be diagnosed for an autoimmune
disorder. After the primary antibody incubation, the wells are washed, and the presence
of autoantibody-autoantigen complexes detected using a secondary antibody labeled
with chromogenic (e.g., with horseradish peroxidase and TMB), fluorescent or
chemiluminescent (e.g., alkaline phosphatase) means. See, e.g., id. at 15-21
(discussing antibody preparation and use, as well as commonly used detection
molecules). The amount of color or fluorescence may be measured using a
luminometer, a spectrophotometer, or other similar instruments.

[046] There are many common variations on the standard ELISA protocol,

including competitive ELISA, sandwich ELISA, and numerous others. One of ordinary
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http://www.neuroland.com/nm/myas_gra.htm (last accessed December 1,
2005). Approximately 20% of patients are diagnosed with Type | MG,
30% with Type IIA, 20% with Type 1113, 11%with Type 111, and 9%with
Type IV. The remaining 10%o0f cases are typically pediatric in origin.
Osserman and Genkins, supra, at 502. [048] In Type | MG, or ocular MG,
symptoms are generally confined to ocular muscles of one or both eyes.
It is characterized by ptosis and diplopia, but if symptoms do not spread

skill '”tH‘&tﬁétr%'béEl@%r@@p%%ﬁﬂﬁH%Woo%‘&%o'tmélﬁﬁwﬁ%?Wé'%BﬁlW?&Hﬁﬁ%dy to

be deli e IO SEId0 S et ie SoULEh LA RIB 2 BeRHE antigprl used
) 01; h Gravi vailabl
i the Bs38% a0 AL SIHee BEN L SYOEAME N8l peraruptots. s R0t Mgy pther

permuégpgﬁ [gﬁ ] 5'3&’6% g%‘\'/\v/lﬁ; grr@bdw%ﬁﬁ%ﬁetg mgSeSX%)E? tesrllqlt’% the art,

evelop s oW , some mes eginning € ocular muscles
and aPé%% allyePRYe ?sdéﬁ/ 81& §'§ﬁﬁé ﬁ'tﬂ@dsé’ ’P‘r@ﬁ‘n’éFéHf Yfé%%g'ﬁatory
musc es are usually not affected. About 80% of patients wit of this
type have autoantibodies specific for AChR. In Type llb MG, or moderate,
oBh s WernssBpMysagsiiaieyalas slowly, frequently beginning
with the ocular muscles, and gradually spread to skeletal and bulbar
nidsscllathokul TTThgesthgricmatéstsyipica peaordi\gdedranth douingratipatsis
with Type IIA MG, but again, the respiratory muscles are usually spared.
classifssbyrigsexmnand Genking, ©sseramt el -axd Geyddnseia Siadies in
available at http://www.neuroland.com/nm/myas_gra.htm (last accessed
myasthegiengihayis; 2008y M50 IwWeTypear mecaereein, quahitdhgaientsheMt. Sinai
disease is moderatel rﬁ{l} severe or acute, with rapid onset of symptoms in

J. Medi 344 har eddd © SCMgagt,kp@@gr@raws available at

http://www.neuroland.com/nm/myas_gra.htm (last accessed December 1, 2005).

Approximately 20% of patients are diagnosed with Type | MG, 30% with Type lIA, 20%
with Type 1IB, 11% with Type Ill, and 9% with Type IV. The remaining 10% of cases are
typically pediatric in origin. Osserman and Genkins, supra, at 502.

[048] In Type | MG, or ocular MG, symptoms are generally confined to ocular
muscles of one or both eyes. It is characterized by ptosis and diplopia, but if symptoms
do not spread to other muscle groups within two years, this form of MG usually remains
non-progressive. Only 55% of patients with this type of MG have autoantibodies
specific for AChR. Osserman, K.E. and Genkins, G., supra at 501; “Myasthenia
Gravis,” available at http://www.neuroland.com/nm/myas_gra.htm (last accessed
December 1, 2005).

[049] In Type lla MG, or mild, generalized MG, symptoms tend to develop

slowly, sometimes beginning with the ocular muscles, but gradually spread to the
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involvement of respiratory muscles. Patients with Type Ill MG frequently
develop thymomas. Disease progression is usually complete within six
months. Mortality is high in patients with Type Ill MG. Essentially 100% of
patients with MG of this type have autoantibodies specific for AChR.
Osserman, K.E. and Genkins, G., supra at 502; "Myasthenia Gravis,"
available at http://www.neuroland.com/nm/myas_gra.htm (last accessed
December 1, 2005). [051] In Type IV MG, or late, severe MG, the disease

skeletgiapehBulRAr RS EHAT L&y RS SR AN Ttie R A aws ki SQlriiasiRdt dout
80% MRS T LN DAL LR IO RS RRC R SHRAR IR AR R Type
Ki o heni vis," ilabl
MG, o AR TR A L A S A D b ovuf seauaml 1
. 5)..[052] At | f i I larly Qb d
vean T SIS SS S PIBraasy uETen i
muscléRTed laﬁ% W&%%&%‘.éﬂ" Oﬂgﬁaé'gvné?eet%%'ﬁui‘r"f‘%ﬁ&\(faslg\mh Type lIA
ome cases, ma ully by

thymoma. In be treated success

MG, IVVAIEHIO MY WEIRISSMIER B RUSIANGS MNP YE NEs SYAMIORIE 1Bind

more than 50% of patients, though it is less effective in older patients.

Genkif$SEIMabrif &t 5Rd0B eMf{then GRS D bvzdbie dutoanticiens

Associated With Wasthenia Gravis [053] Candidate autoantigens
http:/A@aRFIBLAE M RARISHIAN PASO TRATMAS (HSPEReEs J8aDBedARIEHIE DY ).

variety of methods, including, for example, the method described in U.S.
Regn)t Publiggiéon MG LE5-26006/04R4i0 468 Mablish e easduisarthdzhgfly

which is incorporated herein by reference. According to this method,
severseinacastiniith espideo e eifafd jropteasuim sidieiés 2 0t taittesr fradhes[tnd early

individuals and from individuals
involvement of respiratory muscles. Patients with Type Ill MG frequently develop
thymomas. Disease progression is usually complete within six months. Mortality is high
in patients with Type lll MG. Essentially 100% of patients with MG of this type have
autoantibodies specific for AChR. Osserman, K.E. and Genkins, G., supra at 502;
“Myasthenia Gravis,” available at http://www.neuroland.com/nm/myas_gra.htm (last
accessed December 1, 2005).

[051] InType IV MG, or late, severe MG, the disease becomes chronic and
severe, typically more than two years after onset of Type | or ll-like symptoms.
Approximately 89% of patients with this type of MG have autoantibodies specific for
AChR. Osserman, K.E. and Genkins, G., supra at 502; “Myasthenia Gravis,” available
at http://www.neuroland.com/nm/myas_gra.htm (last accessed December 1, 2005).

[052] At least two types of thymic pathology are regularly observed in patients

with MG. About 50% of patients display some degree of thymic hyperplasia.
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afflicted with an autoimmune disorder of interest, such as MG. The
purified immunoglobulins are covalently attached to a chromatographic
medium and used to make an affinity column. A protein sample isolated
from a subject having MG, for example, taken from an organ, tissue, or
cell type involved in the etiology or progression of the disease, is then
analyzed. [054] For example, to identify candidate autoantigens
associated with MG, a protein sample from the muscle end-plate of a

ApproxiaiaiehhaveRlRRIRNRNIRIHALY WRYGICRIEYMRTIAC-Ih Saik43888: G may

o e B R Tt o

immunoglobylins i ted fram a healthy individual. . The unbound protein
sympIGIER LT GTSL0 SO (eI EEHAMING (e USRI R R e
0 ti j 0 : ins bound to the second
Osserg}é ur’nE}rgp[e;ell'reS Qér%#(gﬁ{[a@%u 0’§14é’§na£t ggf%r%é 20 then eluted from the
column and used in further analysis, such as, for example, mass
SeeCN@HBEHYgENS Ak cREBdWRIE MpaRBiBnd GlRishis method,
hsp60 and hsp90 were identified as two novel candidate autoantigens in
p@hShts Witinditatdhiton dige meassnsicadedvihhizatients wittomarty nstatisorders
MG (defined as stage | or stage lla) lacking autoantibodies that specifically
may beindentiGeti®yR vavietzabareibodse snitlatisge diicakgrbpiel, hispGletmabl described
hsp90. Thus assaying for the presence of such autoantibodies provides a
in U.Sndasenidthbbcatiaiadieodisg 0/ Padiddaiy inyalikirad anekume Sage@fwhich
the disease who lack autoantibodies for AChR, the autoantigen most
is incasppiirienIersio SutedaiptctheArserdiagdedhis. gretgdre®yoaaiibodies are
Candidate autoantigens may also be identified by other methods, such as

purifiegchaenirey WDNATRRISE SIS RErHRES NSRS IskALH3IS BRAJECHIsPRYY RIS

identi
afflicted witr];yan autoimmune disorder of interest, such as MG. The purified

immunoglobulins are covalently attached to a chromatographic medium and used to
make an affinity column. A protein sample isolated from a subject having MG, for
example, taken from an organ, tissue, or cell type involved in the etiology or progression
of the disease, is then analyzed.

[054] For example, to identify candidate autoantigens associated with MG, a
protein sample from the muscle end-plate of a mature neuromuscular junction, at which
the immune-mediated loss of acetylcholine receptors charactistic of MG occurs, might
be used. First, the protein sample would be passed over the column containing
immunoglobulins isolated from a healthy individual. The unbound proteins are then
passed over the column containing immunoglobulins isolated from a patient suffering

from MG. All proteins bound to the second column are candidate autoantigens that are
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possible autoantigens by these methods, phage display or other protein
expression libraries are constructed using mRNA isolated from an organ,
tissue, or cell type involved in the etiology or progression of MG (e.g., the
muscle end-plate of a mature neuromuscular junction). Such libraries are
then screened with immunoglobulins purified from serum samples
obtained from individuals suffering from the autoimmune disorder of
interest, and the results compared to those obtained using

then &jyied HosTbairQURRiASY HERT 48 IHANSA ARASISHEHIB AT FEaMRJe. Mass

individualsHJOSY There .ar%marg additional variations on the standard
SpeclromEH¥ fRIFLUINRATY HIBESE Helddition to those presented above.

0B 5h i o Aot AL BSE RO b Gt RRnacate
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er relevant experimen al parameters. ese an

. ilitios i " . e |
stage R e e Bl iDbina
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sudden increases in temperature or other forms of environmental stress

for thdPpravamhestzing ch HnRbpabebROHEoRRL Y %@%@H@ﬁw@%@@iﬁg‘?@@ﬁ% MG,
heat-shock proteins. Both the nature of the heat-shock response and the

partic@BHyan aifle3re e ReRS afdges/aripiisdianisthank RiekeH {Ganil 5eRsBIABFACHR,

are highly-conserved throughout evolution. For example, prokaryotic and

the agukangeticrhestcimetoniptaisotintétsnitd) taceduuoxi(eats . g0 Fiddesthal
at the amino acid level. Parsell et al., "The function of heat-shock proteins

ifcg6dss Chedidats degractajions andyrebcivatidenificthbyagibe proseiogs, such

Ann. Rev. Genet 27:437-496 (1993). Individual members of the
as screening cDNA expression libraries, or by subtractive phage display. To identify
possible autoantigens by these methods, phage display or other protein expression
libraries are constructed using mRNA isolated from an organ, tissue, or cell type
involved in the etiology or progression of MG (e.g., the muscle end-plate of a mature
neuromuscular junction). Such libraries are then screened with immunoglobulins
purified from serum samples obtained from individuals suffering from the autoimmune
disorder of interest, and the results compared to those obtained using immunoglobulins
purified from serum samples obtained from healthy individuals.

[057] There are many additional variations on the standard autoantigen

screening protocols, in addition to those presented above. One of ordinary skill in the
art will select the appropriate protocol to use, depending on the autoimmune disease

being studied, the source of the biological sample to be screened for candidate

autoantigens, and any other relevant experimental parameters. These and many other
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heat-shock protein family play different roles in protecting organisms from
environmental stresses. a. The 60 kD Heat-Shock Protein [059] The 60 kD
heat-shock protein ("hsp60") is found primarily in the mitochondrial
matrix, where it accounts for approximately 1 % of all mitochondrial matrix
protein. Parsell et al., supra at 465. Human hsp60 (SEQ ID NO:1) shares
approximately 60% amino acid sequence identity with its E. coli homolog,
GroEL. Id. Both grotelns share a common oligomeric structure, consistin

permypatiogs siad iesnwirea Frapil ARRARANR dosel et ey ¢llsdhe art
oughnyt” of two seven b 60 h ATP
and alf GOy AR ORI A 6 ToRRSe LT MG B NG B
induces a significant conformational change in structure of the oligomer.

Id. 22 [G60] qufggtsgnbethp%Q(fﬁg shock protein family members, hsp60

functionS atnormatr temperatares. 1d. at 465-66. It is essential for growth

Josblempjahisass|teshisd®hindasmiptdedsesde tatserhRirteinswéhforms of

high affinity and promotes their proper folding. Id. Denatured substrates
envirdp@gdnigl eteul ®elomenisiahgecendirgstoldustutivhieilheonddoybansidteins
though formation of more complex structural elements is inhibited. Id. b.
calledTHemB8hkiokHeratehivo cB G hotieennfioite DhehehkBxiseatkheskqrredeand the amino
("hsp90") has been found in the cytoplasm and nucleus of all eukaryotes
acid segartined sbilfer vihamughheateshaok ibaotsde taasilyavepbersesr ighlyfiednserved
Parsell et al., supra at 470. There are two major cytoplasmic isoforms of
throughspaGVelona, fres exaromis, preeryoimy St RrKTiCeatsegopiatein 70
the
(hsp70) are approximately 50% identical at the amino acid level. Parsell et al., “The

function of heat-shock proteins in stress tolerance: degradation and reactivation of
damaged proteins,” Ann. Rev. Genet. 27:437-496 (1993). Individual members of the
heat-shock protein family play different roles in protecting organisms from

environmental stresses.

a. The 60 kD Heat-Shock Protein

[059] The 60 kD heat-shock protein (“hsp60”) is found primarily in the
mitochondrial matrix, where it accounts for approximately 1% of all mitochondrial matrix
protein. Parsell et al., supra at 465. Human hsp60 (SEQ ID NO:1) shares
approximately 60% amino acid sequence identity with its E. coli homolog, GroEL. /d.
Both proteins share a common oligomeric structure, consisting of a single, seven-
membered ring, but sometimes observed as a “double doughnut” of two seven-
membered rings. /d. Hsp60 has an ATPase activity that increases with increasing
temperature; the binding of ATP induces a significant conformational change in

structure of the oligomer. /d.
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constitutively expressed, minor form (SEQ ID NO:3). Sreedhar et al.,
"Hsp90 isoforms: functions, expression and clinical importance," FEBS
Letters 562:11-15 (2004). Biochemical separation of the a and [3 isoforms
is difficult, and so most experiments investigating the biological role of
hsp90 have been performed using a mixture of both. Id. [062] Human
hsp90a shares approximately 40% amino acid sequence identity with its
E. coli homolog, HtpG. Parsell, supra. HtpG, is moderately abundant at

HWB@&RH@S"% B3 BN iRl ATl BERTRsHB: REREAfunctions

ton of the

at ”Off[%ﬂfﬁ%’i%?ﬁFEE“ 7&?53?%%? Wi %‘?ﬁféa?lfarﬁg% et AP eiauss 1o
Hp6 bR LA 5; 28 aa%?pégie!”ff%@ S S B s s froper
f0|dln§e?§ "E)(?Ee%lf é(%ﬁ?p'én‘&f@éﬁo 10¢ r&ﬂj &S&%%&qg %}? Qggﬁ ?Ys structure

a nove essent|a resent in its proka
while BBUH?JQQ h§ ng{ﬁ‘ orrﬁ"ﬁ'ﬂfﬁ‘t 5’%@ %‘bﬁ\ 18 %’ﬁu&ﬂﬁ%l %éﬂ?@n ? is
Interacts WI many other cellular proteins, inclu ng casein kinase
inhibitBeM&gregulated elF-2a kinase, various steroid hormone receptors,
including estrogen, progesterone, androgen, glucocorticoid, and dioxin
receptors, oncogenic tyrosine kinases of the src family, calmodulin, actin,
and tubulin. Pasalhetg0. kBUHeakSHddk Prpssiments suggest that hsp90
plays a variety of roles in cell differentiation and development, ranging
filom! legUlaadid dilrestiskieske ppteen( ‘s B9 relgasatieendiosadyin the cytoplasm
embryonic development and programmed cell death, or apoptosis.
and ngplesgreiradt ekasiprs examinackseifitsntissiae eigrelageretiemhaave yet
hsp90 expression is associated with several types of tumors, including
been W@f@g{ic%@fgﬂp@g@ﬂ PR B (ehieregarg two major cytoplasmlc isoforms

of hsp90: hsp90a, the inducible, major form (SEQ ID NO:2); and hsp90B, the

constitutively expressed, minor form (SEQ ID NO:3). Sreedhar et al., “Hsp90 isoforms:
functions, expression and clinical importance,” FEBS Letters 562:11-15 (2004).
Biochemical separation of the a and 3 isoforms is difficult, and so most experiments
investigating the biological role of hsp90 have been performed using a mixture of both.
Id.

[062] Human hsp90a shares approximately 40% amino acid sequence identity
with its E. colihomolog, HtpG. Parsell, supra. HtpG is moderately abundant at normal
temperatures, and strongly induced by heat, but is not essential: deletion of the gene
encoding it has no effect on growth at normal temperatures, and little effect at high
temperatures. Id. In contrast, hsp90 is one of the most abundant proteins in eukaryotic
cells, comprising 1-2% of total cellular protein under non-stress conditions. Deletion of

the hsp90 gene in a eukaryote is lethal, suggesting that eukaryotic hsp90 has acquired
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13. In addition, elevated transcription of hsp90[3 is associated with
systemic lupus erythematosus, an autoimmune disorder characterized by
autoantibodies directed to spliceosomal shRNP, Ro/La ribonuclear
particle, histones, and/or native DNA. Id. Il. Kits for Diagnosing
Autoimmune Disorders [064] The methods of the invention may be
implemented in a diagnostic kit that incorporates one or more of the
above techniques to detect autoantibodies that specifically bind at least
a novel, eSqeliR Y BRIANPALRISSEAUIHS MG U AN YIB- eRERRARAN I fle
e bod'lmenli, the kit assays an amount of said autoantibody by Western
supr; ab%fﬁ‘uﬂ. fih BreSHBRct, the kit comprises multiple test strips on which

' f h of the tw vel i f the invention,.h d
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estrog%‘?{,a&jg?égt&roﬂgy%Eg%%lg@)gzamgda%%%aiﬁ@fﬁqgggp%Fg,eonco enic

autoantigen-autoanti , and necessary tubes, containers or

tyrosiﬁ%l‘?GHSé‘eé’ BFIRES s RUIRTHA FRBEEHHS JEMITESHIRUBEI B RGN WS supra at

blocking, washing, hybridization, and detection steps of a Western blot.

71. Egﬁf%ﬁ%@&&&y PrABEIS0BARaPE RRAALRAJNBRERPENIERRHHRILBA and
v

nt, or as a lyophilized powder. Similarly, the buffers and other

develdpRESNITANGN GBS YilRAadeITIX asli syl drade fopm dhatamHstBgulation of early
reconstituted by the user of the kit. Such a kit may contain other

embreAitneNsPrRAtkagi ngotratimians| dedferonapwirb isaidisdbear et al.,
detection of autoantibodies. [066] In another embodiment, the kit assays

supragat d@olmudtitad, avioendNiddyco s lidd Sdts iihanespSpentptbeshin is associated
comprises multiple microtiter plates coated with each

with several types of tumors, including pancreatic and breast, and with leukemia. /d. at

13. In addition, elevated transcription of hsp90p is associated with systemic lupus

erythematosus, an autoimmune disorder characterized by autoantibodies directed to

spliceosomal snRNP, Ro/La ribonuclear particle, histones, and/or native DNA. [d.

Il._Kits for Diagnosing Autoimmune Disorders

[064] The methods of the invention may be implemented in a diagnostic kit that
incorporates one or more of the above techniques to detect autoantibodies that
specifically bind at least one autoantigen characteristic of myasthenia gravis. For
example, in one embodiment, the kit assays an amount of said autoantibody by
Western blotting. In one aspect, the kit comprises multiple test strips on which aliquots
of each of the two novel autoantigens of the invention, hsp60 and hsp90a/hsp90p, have

been fixed.
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of the two novel autoantigens of the invention, hsp60 and
hsp90a/hsp90[3. [067] In this embodiment, the kit further comprises
control antibodies specific for each autoantigen, secondary antibodies
directly or indirectly conjugated with horseradish peroxidase or any other
agent that aids in the visualization of the autoantigen-autoantibody
complex, and all necessary tubes, containers or reaction vessels, buffers
and reagents required to perform the various blocking, was

NS zalbiis A BeHT: §@p§'UPéW‘ELQ§ﬂpW%S&9rﬂV&'%EBBH§?S specific
oA R b“ﬁﬁ@%ag@gsﬁmm
e R BT B
Wbk e e

vesse TR AN i %ﬁﬁ%ﬁﬁ?ﬁ? R W%&%@%?%%ﬁe (e
hybriof450 G (RHARHERhased ardligi BT ICTRIRBIARY ARKDLEF KiBteins can

patients displayed some degree of thymic atrophy; one hundred

be préWEBY/PBA BRHFEIHARDLUMEE OPSSVENMEME JafypRAERTSSHRRIAY Sthilarly,

some degree of thymic hyperplasia; and eleven patients had an unknown

the bU¥reIsRANIRKITE ageN R Y25 b O PietigctasdvibR i MipireiBh tenend@ehust be
Type lla; thirty-eight had Type Ilb, and fourteen patients had either Type

reconstitatetybg the MSer diapatikie @UErOiSKISEr PetiBasike S takeorksars,

fifty-four patients at Taichung Veterans General Hospital, all suffering
packafyiony, tinstrusidate cod isthrelemate ridb tanaidSn ghenustglciimpbfitist@d@idpdies.
which is not autoimmune in origin.

[066] In another embodiment, the kit assays an amount of said autoantibody
by ELISA. In one aspect, the kit comprises multiple microtiter plates coated with each
of the two novel autoantigens of the invention, hsp60 and hsp90a/hsp90p3.

[067] In this embodiment, the kit further comprises control antibodies specific
for each autoantigen, secondary antibodies directly or indirectly conjugated with
horseradish peroxidase or any other agent that aids in the visualization of the
autoantigen-autoantibody complex, and all necessary tubes, containers or reaction
vessels, buffers and reagents required to perform the various blocking, washing,
hybridization, and detection steps of an ELISA. The control antibody proteins can be
provided in an appropriate buffer or solvent, or as a lyophilized powder. Similarly, the
buffers and other reagents may be provided premixed, or in dry form that must be

reconstituted by the user of the kit. Such a kit may contain other components,

packaging, instructions, or other material to aid the detection of the autoantibodies.
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[069] HepG2/C3A cell lysates were separated on 10% SIDS-PAGE gels
loaded with 20 pg per lane of cell extract and 2 pg per lane of hsp60 or
hsp90 protein. The samples were electrophoresed at 80V in the stacking
gel and at 120V in the resolving gel. Fractionated proteins were
transferred to PVIDF using a TE70 Series Semi-dry Transfer Unit
(Amersham Bioscience), according to the manufacturer's instructions.
The transfer buffer was Towbin Buffer (1 X is 25 mM Tris-HCI, pH=8.30,
192 mM glycine, and 20% (VIVME&:QQ [070] The PVIDF membranes
i / L

re onsfatumilk. in PBST buffer (80 mM

Exam %‘ ; fIC Z] " 00 viN " ; ii 9 ~L70 (V/V) Tween-20)
668 CUS B RPEASIRAAIE AALEITIAN A rhasTHEPIGHERAR patients at
membranes were then incubated in 5% (w/v) powdered non-fat milk in

Shin-Kéhg He4RA CPAREHNREPLILHE P GHm&nm@Eaﬁ@h&ewmfaw&j by falur
room temperature. 26 Following incubation with the primary antibody, the

group86A3RERDASHERT hWARNESNGIBg Y Bihitty [ srepalienie 218818 tESome degree of
incubated for one hour at room temperature with the secondary antibody,

thymi@atesphiruonarhigislab eveshvyitbnzopatieadishaecdexiclaped thwetb iR 36y
5% (w/v) powdered non-fat milk in PBST buffer. The secondary antibody

patienisagisptagedasbsinepdzgredasicioon|o deteet prasiseamotichevaapagénsp beidi@an
for Fcy (Jackson ImmunoResearch Laboratories, Inc.), purchased from
unknoBiogbuntie patholatynabeyErdusiamiidicds, a8 A ypatbbittibeightyiodiadad Type
immobilized antigens was detected by enzyme-linked chemiluminescence
Ila; thiireiginichac T netiikg b idktesst patiershdiad riiemarie Bibesdhpe IV MG.
according to the manufacturer's instructions. [071] The results of these
Negatiug epintciisuars SesWR frmpeeRemiiom BhinipiPaksateaiehai@ing
female patients with th?/mic hyperplasia (HF), male patients
Veterans General Hospital, all suffering from the unrelated disorder membranous
glomerulonephritis (MGN), which is not autoimmune in origin.

[069] HepG2/C3A cell lysates were separated on 10% SDS-PAGE gels loaded
with 20 ug per lane of cell extract and 2 ug per lane of hsp60 or hsp90 protein. The
samples were electrophoresed at 80V in the stacking gel and at 120V in the resolving
gel. Fractionated proteins were transferred to PVDF using a TE70 Series Semi-dry
Transfer Unit (Amersham Bioscience), according to the manufacturer’s instructions.
The transfer buffer was Towbin Buffer (1X is 25 mM Tris-HCI, pH=8.30, 192 mM
glycine, and 20% (v/v) methanol).

[070] The PVDF membranes were blocked in 5% (w/v) powdered non-fat milk
in PBST buffer (80 mM NasHPO4, 20 mM NaH2PQO4, 100 mM NaCl, 0.05%-0.1% (v/v)
Tween-20) for 1 hour at room temperature, or overnight at 4°C. The blocked

membranes were then incubated in 5% (w/v) powdered non-fat milk in PBST buffer

containing a 1:1000 dilution of patient serum for one hour at room temperature.

26



with thymic hyperplasia (HM), female patients with thymoma (TF), and
male patients with thymoma (TM). Samples positive for autoantibodies
specific for hsp60 or hsp90 are indicated by a dot. These experiments
demonstrate that many patients at later stages of MG have
autoantibodies specific for hsp60 and hsp90. Example 2: Identification of
autoantibodies by enzyme-linked immunosorbent assay (ELISA) [072]
Aliquots of the serum samples described in Example 1 above, were

Follov{figharuoalipaedtByhe REmakyi aRef: LS AMATBLES g MRshed with
BT A A AR A e TV i o
seconighy SR BrotaAe i B BB B Al SR AN o5 e glded
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six times forone minute each. Next, plates were Incubate

Immuﬁgﬁe%%%%ﬁ PERBREbisd e &#&%&a:ﬁeﬂni%@eam@; MRS, bf

our and 30 minutes at 379C. After incubation with the primary antibody,
CamalfiiR PRICIERAIE AURENESHE SintiAENBS RN OPR BN L W R EWby
solution, and then incubated with the secondary antibody, horseradish

enzynReIMKEaererRiiHIAtaddneE IR RGIBIFED asiipResifisiens oy ARekstdim
ImmunoResearch Laboratories, Inc.) diluted 1:10,000 in PBST + 5 mg/ml

PharnizeA, Bioteen) txapeiatie tes harmuacilredatesugienagain washed six
times with PBST + 5 mg/ml BSA at room temperature, and developed by

the7agiditidineofes0Qpobiiase expbitatraiy elfeydivemmdmEidlifddB padl@tion,
prepared in 50 mM citrate phosphate. After the addition of the TMB
Samples were taken from female patients with thymic hyperplasia (HF), male patients
with thymic hyperplasia (HM), female patients with thymoma (TF), and male patients
with thymoma (TM). Samples positive for autoantibodies specific for hsp60 or hsp90

are indicated by a dot. These experiments demonstrate that many patients at later

stages of MG have autoantibodies specific for hsp60 and hsp90.

Example 2: Identification of autoantibodies by enzyme-linked immunosorbent
assay (ELISA)

[072] Aliquots of the serum samples described in Example 1 above, were
further evaluated by ELISA. Microwell ELISA plates (Corning Life Sciences, New York,
NY, USA) were coated overnight at 4°C with 0.2 pg of recombinant human hsp60
(purified from E. coli) or hsp90 (purified from S. cerevisiae) in 0.1 M NaHCOg3, pH 8.6.
Both recombinant heat-shock proteins were purchased from Sigma-Aldrich Co. The
coated plates were then washed with PBS three times for one minute each, and then

incubated with 200 pl of blocking solution (5 mg/ml bovine serum albumin (“BSA”) in
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solution, the plates were incubated for thirty minutes at room temperature,
and then absorbance was measured at 450 nm with an MRX Microplate
Reader (Dynex Technologies) according to the manufacturer's
instructions. [073] The results of these experiments are shown in Figures
3 (hsp60) and 4 (hsp90), which compare ELISA results from the control
group to those from the MG group, which included patients at all stages
of the disease. The average absorbance at 450 nm is indicated by a

PBSThatizdntallfind. A s-@ehemRiones fiasRRtitR RS sixiigess fﬂg%ﬂﬁﬂﬁi”“te
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concentrations by standard methods. The cutoff points were: (1) OD450 =

Labor@t@riéCIHR)) dRdtedP 30 B8b3I PESPEOL RABBOR ARG 50M 28m HasRRie for 1

All forty patients lacked detectable AChR autoantibodies (columns

hour. |lahelpfhtéChE s abarniasi ey SRtrALs hath PESTUaDiRdaveSSA BSRGSM
autoantibodies (18 of 24 with Type I; 10 of 16 with Type lIla; columns

tempdahiated 2hts el op b tyytieepalivnts heobmeasslah|s |ovedsraifsahPBenzidine

autoantibodies (21 of 24 with type I; 12 of 16 with type lla; columns
(“TMB3rditHspRparédbie5D Rddientdiophosphate. After the addition of the TMB
solution, the plates were incubated for thirty minutes at room temperature, and then
absorbance was measured at 450 nm with an MRX Microplate Reader (Dynex
Technologies) according to the manufacturer’s instructions.

[073] The results of these experiments are shown in Figures 3 (hsp60) and 4
(hsp90), which compare ELISA results from the control group to those from the MG
group, which included patients at all stages of the disease. The average absorbance at
450 nm is indicated by a horizontal line. These experiments did not distinguish between
the alpha and beta isoforms of hsp90. The data shows that patients at all stages of MG
have autoantibodies specific for hsp60 and hsp90.

[074] Table 1 shows that MG may be accurately diagnosed in patients with
Type | or lla MG that lack AChR autoantibodies by assaying for the presence of

autoantibodies that specifically bind hsp60 or hsp90. Autoantibodies specific for hsp60

and hsp90 were assayed by ELISA in forty patients: twenty-four diagnosed with Type |
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AchRAChRHsp60Hsp60Hsp90Hsp90 & MG Stage 1-1<0.2-0.539+0.609+
1-2<0.2-0.593+0.293+ 1-3<0.2-0.328-0.467+ 1-4<0.2-0.716+0.498+
1-5<0.2-1.063+1.088+ 1-6<0.2-0.907+0.898+ 1-7<0.2-0.484+0.376+
1-8<0.2-0.724+0.644+ 1-9<0.2-0.608+0.539+ 1-10<0.2-0.61+0.495+
[-11<0.2-0.96+1.156+ 1-12<0.2-0.412+0.365+ 1-13<0.2-0.771+0.678+
1-14<0.2-0.769+0.743+ 1-15<0.2-0.321-0.196- 1-16<0.2-0.623+0.632+

1-17<0.2-0.197-0.246+ 1-18<0.2-0.309-0.236+ 29 1-19<0.2-0.476+0.398+
MG and-gixigenlingpesec with _byre) Hadvkas ssays were performed with the protocol

described in Example 2. Absorbance readings were converted to protein
concentrations by standard methods. The cutoff points were: (1) ODyso = 0.2 (AChR);
(2) OD4s5p = 0.375 (hsp60); and (3) OD4so = 0.232 (hsp90). All forty patients lacked
detectable AChR autoantibodies (columns labeled “AChR”). Twenty-eight patients had
measurable levels of hsp60 autoantibodies (18 of 24 with Type I; 10 of 16 with Type lla;
columns labeled “Hsp60”). Thirty-three patients had measurable levels of hsp90

autoantibodies (21 of 24 with type |; 12 of 16 with type lla; columns labeled “Hsp90”)

Table 1.
Patient No. AchR AchR Hsp60 Hsp60 Hsp90 | Hsp90
& MG Stage
-1 <0.2 - 0.539 + 0.609 +
-2 <0.2 - 0.593 + 0.293 +
-3 <0.2 - 0.328 - 0.467 +
I-4 <0.2 - 0.716 + 0.498 +
I-5 <0.2 - 1.063 + 1.088 +
I-6 <0.2 - 0.907 + 0.898 +
-7 <0.2 - 0.484 + 0.376 +
-8 <0.2 - 0.724 + 0.644 +
-9 <0.2 - 0.608 + 0.539 +
I-10 <0.2 - 0.61 + 0.495 +
I-11 <0.2 - 0.96 + 1.156 +
I-12 <0.2 - 0.412 + 0.365 +
1-13 <0.2 - 0.771 + 0.678 +
I-14 <0.2 - 0.769 + 0.743 +
I-15 <0.2 - 0.321 - 0.196 -
I-16 <0.2 - 0.623 + 0.632 +
I-17 <0.2 - 0.197 - 0.246 +
[-18 <0.2 - 0.309 - 0.236 +
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1-22<0.2-0.711+0.708+ 1-23<0.2-0.251-0.217- 1-24<0.2-0.535+0.34+
lla-1<0.2-0.811+2.626+ lla-2<0.2-0.542+0.497+ lla-3<0.2-0.306-0.306+
lla-4<0.2-0.498+0.324+ 1la-5<0.2-0.406+0.261+ lla-6<0.2-0.169-0.162-
lla-7<0.2-0.734+0.75+ lla-8<0.2-0.313-0.226- 11a-9<0.2-0.776+1.199+
lla-10<0.2-0.214-0.106- lla-11<0.2-1.201+0.918+ lla-12<0.2-0.193-0.138-
lla-13<0.2-0.351-0.258+ lla-14<0.2-0.552+0.8+ lla-15<0.2-0.498+0.642+

lla-16<0,2-1.051+0.783+ [075] Figure 5 shows that the methods of the
lid¥ention préfkie for "sensitive” |afti4E&pecific” d"raqnoﬁiijs B398, +
I*S@nsitiyity<measpres the percent@ge0ef patients diagnho8gdsvith MG
[veho tested gmsitive for autoantibodiesghial specifically pinglgjther hsp60
~JArotein 1 r nsp90 ("Protein NEKENS E

:%%iDEI“V |O'E8‘J§ i‘g i‘v‘l(EPiCh\l'_ jrg']g]go (ST _l:u 19 %g?gpc ifiui{fy"

measuraes t nart\onfann of-pat :

24 | [ T 0535 ¥ 0.34 +
lla-1 <O.2 - 0.811 + 2.626 +
lla-2 <0.2 - 0.542 + 0.497 +
lla-3 <0.2 - 0.306 - 0.306 +
lla-4 <0.2 - 0.498 + 0.324 +
lla-5 <0.2 - 0.406 + 0.261 +
lla-6 <0.2 - 0.169 - 0.162 -
lla-7 <0.2 - 0.734 + 0.75 +
lla-8 <0.2 - 0.313 - 0.226 -
lla-9 <0.2 - 0.776 + 1.199 +
lla-10 <0.2 - 0.214 - 0.106 -
lla-11 <0.2 - 1.201 + 0.918 +
lla-12 <0.2 - 0.193 - 0.138 -
lla-13 <0.2 - 0.351 - 0.258 +
lla-14 <0.2 - 0.552 + 0.8 +
lla-15 <0.2 - 0.498 + 0.642 +
lla-16 <0.2 - 1.051 + 0.783 +

[075] Figure 5 shows that the methods of the invention provide for “sensitive”

and “specific” diagnosis of MG. “Sensitivity” measures the percentage of patients
diagnosed with MG who tested positive for autoantibodies that specifically bind either
hsp60 (“Protein_1") or hsp90 (“Protein_2”). HENNEKENS ET AL., EPIDEMIOLOGY IN
MEDICINE 331-335 (1STED. 1987). “Specificity” measures the percentage of patients
who did not have MG who tested negative for either hsp60 (“Protein_1") or hsp90
(“Protein_2”) autoantibodies. Id. This experiment demonstrates that, of patients
diagnosed with ocular (Type I) or mild, generalized (Type lla) MG lacking

autoantibodies that specifically bind the AChR, 76% have autoantibodies that
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who did not have MG who tested negative for either hsp60 ("Protein_1 ")

or hsp90 ("Protein-2") autoantibodies. Id. This experiment demonstrates
that, of patients diagnosed with ocular (Type I) or mild, generalized (Type
lla) MG lacking autoantibodies that specifically bind the AChR, 76% have
autoantibodies that 30 specifically bind hsp60 and 86% have

autoantibodies that specifically bind hsp90. In addition, 91 % of patients
_without MG tested negative for hsp60 autoantibodies, and 86% of

Spec'fb?ﬂilé!rﬁg‘%fﬂﬁBﬁpl@l@dtgé?/éd‘ﬁéﬁéﬁ%%?%% harrHbcaty feerseafe In

that assayin
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using assay and cutoft values as disclisse z; ove
PO P B Ut I oot P ALRR . e
S O T B L e ey S or
autoaf8sHiERPRGHObHIRBREE Y GTRaESHA MIMarized in Table 2 was obtained
from seventy-three patients with stage | MG using the ELISA assay and cutoff values as

discussed above for Table 1.

Table 2.

Autoantigen(s) Sensitivity for patients with stage | MG (%)
AChR 67.1
Hsp60 78.1
Hsp90 86.3

Hsp60 + Hsp 90 98.6

AChR + Hsp60 91.7

AChR + Hsp90 95.9

[077] Thus assaying for the presence of hsp60 and/or hsp90 autoantibodies
provides a novel, sensitive, and specific method of diagnosing MG, particularly in
patients at early stages of the disease lacking autoantibodies for AChR, the clinical

marker most commonly associated with the disease.
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patients at early stages of the disease lacking autoantibodies for AChR,
the clinical marker most commonly associated with the disease. 31 [078]
The specification is most thoroughly understood in light of the teachings
of the references cited within the specification. The embodiments within
the specification provide an illustration of embodiments of the invention
and should not be construed to limit the scope of the invention. The
skilled artisan readily recognizes that many other embodiments are
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sought fo be obtained by the present invention. At the very least, and not
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scope of the claims, each numerical parameter should be construed in
superdgbt eirheuummbgieahsidrikcainitibgitt angd ardinaiyesaudingsampraaciBaission

[080] Unless otherwise indicated, the term "at least" preceding a series of
that setemefisiercts becundarsitd ool tteerpfeséntevegntitement in the series.
Those skilled in
[079] Unless otherwise indicated, all numbers expressing quantities of
ingredients, reaction conditions, and so forth used in the specification, including claims,
are to be understood as being modified in all instances by the term “about.”
Accordingly, unless otherwise indicated to the contrary, the numerical parameters are
approximations and may vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of the claims, each numerical
parameter should be construed in light of the number of significant digits and ordinary
rounding approaches.
[080] Unless otherwise indicated, the term “at least” preceding a series of
elements is to be understood to refer to every element in the series. Those skilled in

the art will recognize, or be able to ascertain using no more than routine

experimentation, many equivalents to the specific embodiments of the invention
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the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the
invention 32 described herein. Such equivalents are intended to be
encompassed by the following claims. REFERENCES [081] COTRAN ET
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method of diagnosing myasthenia gravis in a subject comprising: (a)
obtaining a biological sample from the subject; and (b) determining an
amount of at least one autoantibody in the bioI,ogicaI sam&le, wherein

s@%géuto%%%%@f%ﬁ%i%@ﬁ%@’ﬁﬂbﬁ%%ﬂé tﬂ%t%ﬁq% eBRlatQfAntibody-
. heat- shock protein 60 (hsp60) (SEQ ID NO:1), heat-shock protein 90,
At RIS O T SbE0) RRESS O 6T e T TKE CHB LIRS LR bOSRat, o
. isaf S | :3); wherein th f said
Bioscly g A B e atoe that e sioiact has

myasthenia gravis. 2. The method of claim 1, wherein the biological
sample is selected from serum, blood, plasma, saliva, amniotic fluid,
synovial fluid, lacrimal fluid, milk, lymph, urine, and sweat. 3. The method
of claim 2, wherein the autoantibody is detected by one or more methods
selected from: (a) Western blot; and (b) enzyme-linked immunosorbent
assay (ELISA). 4. The method of claim 3, wherein the subject is a
mammal. 5. The method of claim 4, wherein the mammal is a human.
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6. The method of claim 4, wherein the mammal is a rodent. 7. The
method of claim 6, wherein the rodent is a mouse. 8. The method of claim
6, wherein the rodent is a rat. 9. A kit for identifying a subject having
myasthenia gravis comprising reagents for determining an amount of at
least one autoantibody that specifically binds one or more 36 proteins
selected from heat-shock protein 60 (hsp60) (SEQ ID NO:1), heat-shock
protein 90, alpha isoform (hsp90a) (SEQ ID NO:2), and heat-shock protein

t Egr (hsp90p) (SEQ ID NO:3), in a biological sample. 10. The
WHAﬁgf@lﬂu{ﬁ% i)
rein the biological sample is selected from serum, blood,
1. pﬁ?ﬁ%@%oﬁf‘BY%«édﬂBh‘?H%ﬂH@s%ﬁéﬂ gtduidiacsma dudnipgidympn,

urine, and sweat. 11 it of claim 10, wherein said autoantibody is

dRIE B IANGNE N6 IBKER BXaHMES SRIaRd FpBE: @ yVestern blotting;

and (b) enzyme-linked immunosorbent assay (ELISA) 12. The kit of claim

1b) Wheaeeiniamg sHRiIp@UAOMANAN ods alifaktitfoy aimhb2bivlogiein sample,

the mammal is a human. 14. The kit of claim 12, wherein the mammal is
whereinredignrautdbaniibedyitspbelfivallibindicseie dsedod @nbisia semized Hom heat-

kit of claim 14, wherein the rodent is a rat. 37
shock protein 60 (hsp60) (SEQ ID NO:1), heat-shock protein 90, alpha isoform (hsp90a)
(SEQ ID NO:2), and heat-shock protein 90, beta isoform (hsp908) (SEQ ID NO:3);
wherein the presence of said autoantibody in the biological sample indicates that
the subject has myasthenia gravis.
2. The method of claim 1, wherein the biological sample is selected from serum,
blood, plasma, saliva, amniotic fluid, synovial fluid, lacrimal fluid, milk, lymph, urine, and
sweat.
3. The method of claim 2, wherein the autoantibody is detected by one or more
methods selected from:

(a) Western blot; and

(b) enzyme-linked immunosorbent assay (ELISA).

4. The method of claim 3, wherein the subject is a mammal.

5. The method of claim 4, wherein the mammal is a human.

6. The method of claim 4, wherein the mammal is a rodent.

7. The method of claim 6, wherein the rodent is a mouse.

8. The method of claim 6, wherein the rodent is a rat.

9. A kit for identifying a subject having myasthenia gravis comprising reagents for

determining an amount of at least one autoantibody that specifically binds one or more
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proteins selected from heat-shock protein 60 (hsp60) (SEQ ID NO:1), heat-shock

protein 90, alpha isoform (hsp90a) (SEQ ID NO:2), and heat-shock protein 90, beta

isoform (hsp90B) (SEQ ID NO:3), in a biological sample.

10.

The kit of claim 9, wherein the biological sample is selected from serum, blood,

plasma, saliva, amniotic fluid, synovial fluid, lacrimal fluid, milk, lymph, urine, and sweat.

11.

The kit of claim 10, wherein said autoantibody is detected by one or more

methods selected from:

12.

13.

14.

15.

16.

(a) Western blotting; and

(b) enzyme-linked immunosorbent assay (ELISA).
The kit of claim 11, wherein said subject is a mammal.
The kit of claim 12, wherein the mammal is a human.
The kit of claim 12, wherein the mammal is a rodent.
The kit of claim 14, wherein the rodent is a mouse.

The kit of claim 14, wherein the rodent is a rat.
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