Method of Diagnosing myasthenia gravis and kits thereafter DESCRIPTION
OF THE INVENTION Field of the Invention [1] 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
autoimitethodisfddmgryasthgnmaygrsthe nia grandsrahof Kits thereafter  [2]
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 REPHBIRIIONOE JHEANYENVION A THoLOGIC
Fiel AfS S FVDI IEASE 211- 212 (6th ed. 1999); Scofield, "Autoantibodies as
M%e," Lancet 363:1544-1546 (2004). Autoimmunity indicates
al f sejf-tol [ i ' rs are not
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system or tissue. Id. allmark ot autoimmune-disease Is the
an.of hi - oantibodi ) . . y
T B T S B specif
autcﬁ'H]tr?l%%’B 5%%%33%’&%‘%@?‘3%?‘1- 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,
BackyidaraesthBaibentim pathogenic role nor the relationship to the underlying
etiology of disease is known. Id. Nevertheless, the specificity and
patiooggnicAy i anioaetidicdy sespesaiFriomcststaimdiseananesteihfasction or
myasthenia gravis, emphasizes their utility in improving diagnosis,
activitgssiicatics sewlitragpnoptané guactinated el distisdier se it Bgamistesatfntistue,
autoantibodies often appear long before the onset of clinical symptoms, the
therabilityigeiditech audoetithedieptaksrsiaiad/dithutpantiisoaliseirespmesible for
disorders quickly and accurately would enable the use of prophylactic
disetieatotiitgypaiie protire ssionse@bd theeese Aa® ATapeve i Bily PermISEASE 211-
immunological intervention sufficient to prevent the onset of disease entirely.
212 Setifiett], 50@0%. Scofi¢d] Mixakihatibodiesiad Medictem oé dissass;tleancet
disorder caused by immune-mediated loss of acetylcholine receptors at
363 rd4orbseu20 dnctibnn phskeldtaindicates £00TRONETtblersigeataddgiBhe
Estimates of the incidence of MG in populations worldwide range from
mechmisris bielyHiute éhie ouaner shave ety p emaer prot00/O0 A L EEHRWINeEdisorders
AL., supra; Somnier, "Increasing incidence of late-onset antiAChR
mayealndizydiesam Eifettiagnatipen@rgpasisl fiésursd, 6616281984,(a6bjinglesingle
prevalence of MG in the United States is estimated at about fourteen cases
orggrerat§ar0gspampbe tisgheapfatoximately 36,000 cases diagnosed annually
nationwide. Howard, "Myasthenia gravis: a summary," available at
http:/M0G8). myAstadmarkrgfiafdoimtrameudiseasg ikrth @ getoacctesedf Oabkafinity
23, 2005). [5] Early onset myasthenia gravis, defined as arising either
autdaefiibedige dbeotcocdyaregieseld perteim prilabipnsorappabr TAuoardigdiut late
onset MG afflicts men and women equally. COTRAN ET AL., supra (noting
micrbaitr8G femusitiptenrobate cibseatehinfaotcamtiyojte nespsingelssfdvetage Med.
years"); Somnier, supra ("the dichotomy between early- and late-onset MG
8(3)vi2&d Afiih €208Rag S 601%. Mtrastiiggieal grddvaliom theslisagbe huspertadiie be
ages of twenty and forty, while in men, it generally appears between the ages
invobidiftindhe diew| opnoesht i0Eocatictindekissoecliopsassr lEmseridtathwitle vefmrtiatdar
in both sexes. COTRAN ET AL., supra. [6] Clinically, MG typically
appears first as occasional muscle weakness in approximately two-thirds of
patients, most commonly in the extraogular muscles. Id.; Howard, supra.
These initial symptoms eventually worsen, producing drooping eyelids
(ptosis) and/or double vision (diplopia), often causing the patient to seek
medical attention. Id. Muscle weakness is restricted to the ocular muscles in




(2003). Treatment usually begins with the administration of anticholinesterase
agents, 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.
diselgbdVlaintenames pinsithisstoe isatisoglyiacoinidskies reyagitathiab tRpgiengreferlying
the corticosteroids, coupled with the use of "steroid-sparing" agents, such as
etiolazgtbiogideasy imyeawentatdldderthyvssioneyspeyifidity bakfathvganicity of
some cases. Id. [008]MG is characterized by antibodies directed against the
autozn@bodyaesiytaisdn foranadat (isehBesn sughasmatabtfihBbgranipasiapiasizes
Richman et al., supra; Roxanis et al., "Thymic myoid cells and germinal
theicatiliey forimatioing aigasibsisicciiasificatissikziad dleatimeativdgensisisriuhe
Neuroimmunol. 125:185-197 (2002). These antibodies cause loss of
disoadety|ciigliBererep aeramdalitosnsibediecefitor ppemriaidhseforsthe onset of
end-plate of the mature neuromuscular junction, which together lead to failure
clinichhsyrptorasythesigilitl ttantess mutdaatibedide s sscibte huditi s pacikoess
characteristic of generalized MG. Hoch et al., "Auto-antibodies to the receptor
autdiynosine kinstsel dvis § ikl p atreh tscodtia talyewingdi e publastétbeatof prophylactic
acetylcholine receptor antibodies," Nature Med. 7(3):365-368 (2001). The
treaaants @ntientratiencfuasd-&Chst astipadicmagresenidelly paond ipatiemisiogical
with similar degrees of muscular weakness, and therefore cannot be used to
inte vetlicinssvEicig f tih @ rdieeasther ondridiialipedisatsntitelyar8celiptd, supfo09]
Not every patient with symptoms of generalized MG develops antiAChR
antitjodds, hMyastreRexgrasie( ME)Ba hesomusasks, digonpienatised by
patients lack detectable anti-AChR antibodies until several months after
immomsetrEdigiedttoss afraeetyldbotiee. tdcépitrd @hReamtibudies|ar¢uolctiens of
more frequently in patients afflicted with generalized MG compared to those
skelsteferingabely GorracaraMGuapp aixi2é8e =gt frtabé shofsth eviticgiemeaif ddG in
MG, and 54% of those with ocular MG have detectable anti-AChR antibody in
popsktionshiayiahaids magé hiathrea gr@xidoaie jyaineats teutieradgnaontwenty people per
generalized MG never develop detectable anti-AChR antibodies, though as
100,088y E9RAN aff patieswptackiomaet; ABhRasitigadiddaensteall Interessetianti-
auto-antibodies directed to a muscle-specific receptor tyrosine kinase, MuSK.
AChHoahtistcaly-saprppSitixamty as tieriamea vid Semedi fie 92888 (R@ek). The
clustering of AChRs during synapse formation, and is expressed at the
prevaleice néMoninsbalbinivedtBiatetoshestinligtedphabout fo0rtekos;akeseper
remains a need for additional methods of diagnosing the disease. SUMMARY
100060TH+o piey BN Igproximgtedy Bhe0piE senemdaEgivrsprbaitesaihetadivsade.
diagnosing the neuromuscular autoimmune disorder myasthenia gravis
How@kdG“M yasshenéndoavis bassuhamianst avpdabtmahe discovery that many
patients suffering from early stages of MG have autoantibodies specific for
http e 80 Jaly AstitestiackgiinteimaticpsumemantHirodIRBt heaested Ostoledn 23,
("hsp90"), two proteins not previously associated with the etiology and
200pjogression of MG. Accordingly, the invention provides a method of
diagnosing MG in a subject comprising obtaining a biological sample from the
subjEfi@nd Berdyransey apasinania gravisadebmedasaisibg@jtheibefore age
specifically binds an autoantigen characteristic of MG selected from
40, pebefshieckgsr 6Qitet0$HyBaYi MdatesReer iroueimen, bifhateoftget hepaliiots
and heat-shock protein 90, beta isoform (hsp9013). [12] An amount of
merpansLivemetoegUally: HeQiraknat. bsupka(raling theatidMévis amest commonly
guantitative methods. In some embodiments of the invention, an amount of
obsefyediioanaptrRly iviikescesisipg neforeradtot 0 yeare ) chaodiaiestsran (‘the
amount of an autoantibody is detected by enzyme-linked immunosorbent
assays. [13] In another aspect, th;za invention provides a diagnostic kit to
implement the method of the invention. The kits of the invention incorporate
one or more of the above techniques for determining an amount of at least
one autoantibody that specifically binds an autoantigen characteristic of MG.



[18] 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
0D450 value. [19] Figure 4 shows the results of enzyme-linked

dichivtomy dsoisiti 8589y atdLEtdNselMGehwidefesdnatiye Boatieny avitbn
generalized MG, identifying hsp90, according to the protocol of Example 2.

typiEaiis dedisiaie tthe dieais 6 Déhlaaiuh e ErRse shtperieaits disHpohehisd g wirin, it
between the alpha and beta isoforms of hsp90. [20] Figure 5 shows the

genekility sy pbardibgnostia thetlaoes of tikeyiavensiaty cehtrgily itcsoategatezedevelops
patients with MG as test-positive and those without as test-negative.

earlieestpo siiie qetiofs |hterdabistargbatie Qbakapeaiicallydpral hsp60
("protein_1") and/or hsp90 ("protein_2"), while test-negative patients lack
hsp§0e@nd hspRdsins dilic aypaijumsiiesrs firs2 Hsiaddasloslzpwie weakness
patients with stage | or stage | la MG who lack AChR autoantibodies exhibit

in apsinoatebp Bbcatlivdstdiqaitisrts, messtuwsechino bl BAbe extiadkliEblendscles.
compares the diagnostic sensitivity of assays specific for (1) AChR; (2)

Id.; Repid(Pursp0r liésaspitia HshsmA0N(S e tRatyhaptSenr tEACHY drooping
hsp90. Assaying for autoantibodies specific for AChR alone exhibited the

eyelidg¢ptasiapiivitiofaiqailentsibavidipisipiad, Idftenlapulity e ToslidD to seek
DESCRIPTION OF THE INVENTION I. Method of Diagnosing Autoimmune

mediabaldtenstion. [28)] M usEaseetndss isvestictqguidodes ovethoasusicles in about
diagnosing myasthenia gravis in a subject, comprising obtaining a biological

10%safrgdedsontawaljestyarad datentiailyy marynuatierds atdeaktippgeneral muscular
autoantibody, wherein the autoantibody specifically binds at least one protein

weakelessdth dtomaldhtctimickvpeetdin 68ilhsp6eyeheabsh felqperttyn 30, hameralized
isoform (hsp90a), and heat-shock protein 90, beta isoform (hsp908).  [24]

MG Afteutffertsime ddesdbaiscantisd dseialr alipoedsiort) afaetarige thikma) evveatiowing,
immune function, and frequently by the presence of autoantibodies. An

and duresthiitigy dyefo srenenirashiaboés proteatriént, atspirefieme thitw s \was the most
"antibody") of any isotype, including 1gGi, 1gG2, IgG3, 1gG4, IgA1, IgA2, IgD,

comigénaralgss, thatesyplecifidalVy itnidspaceegenathiods oferieatifentnean gwitival care
produced by the same organism that produced the Ig protein, or antibody.

intelZratigie hoivevesimmooaéhadis 9% ot hateritrized Isyvinedotibvdigsdansladelore
Addison's disease (autoantibodies against 21-hydroxylase); coeliac disease

afte(aliegmosimdies Ad@iisfrispienthaesgotapangsebytyipenlidiyperolesenderserved in
diabetes mellitus (autoantibodies against GAD-65 and/or insulin); Graves'

appdizaastghypelihofgdisent& o datb adiesraainey tthymidrsé naiagng tomadiost
receptor); Hashimoto's thyroiditis (autoantibodies against thyroid peroxidase

15%antimatgniegldbulin); myasthenia gravis (autoantibodies against nicotinic
acetylcholine receptor and/or muscle-specific receptor tyrosine kinase);
Goolfifedturetopgnigmeuteaiemibddiasadigaitssnay puproretiayih more effective
glomerular basement membranes); pemphigus vulgaris (autoantibodies

use afjainclinrsieregleiin BRirmandumaneyerd ¢hticsdcaeding theiagied that directly
ATPase); primary biliary cirrhosis (autoantibodies against E2 PDS); vitiligo

redyegibenabisiiegtpairss ppnstnasmadiyoitseifeds o mangilcbdbnesisceptors and
(autoantibodies against myelin basic protein and/or myelin oligodendritic

the glycopngiomneyaardRellpuiBc)ibe may Nievaursdatifteitveaninstiong term.
spliceosomal snRNP, Ro/La ribonuclear particle, histones, and/or native

Richman) eSplgrdireadmenbaia Hoidantne divasienia grenia, ribswielead prbdrd 661
and/or muscarinic receptor); and rheumatoid arthritis (autoantibodies against
citrillunated cyclic peptide and/or IgM). Scofield, supra, at 1545.  [25]
"Subject", as used herein, means an animal, including a human or nonhuman
mammal, e.g., a dog, a cat, a mouse, g 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.



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
4C, at -20C, at - 70C, or even in cryogenic liquids, such as liquid nitrogen or
liquid helium. In one embodiment, the biological sample may consist of blood,
(20GB¥UMve gthidas osudyabeties enhenénaimithistiaitdeoital secnplinsxgregasigients,
of amniotic fluid or milk. In still another embodiment, the biological sample
includingashslisester diepahiditiesuddsaMpletinnerit cedisuspgoniomallinzdditdndlice
embodiments of the invention, the biological sample may consist of saliva,
immegelokgispimaidkish lytmhighwedesot usriiyosteidifisjdréaciamiy fhuicogjunction
other clinical specimens and samples.  [027] The term "specifically binds,"
withdnth ékeus@antutiadlbbaln@e plissiaphesesisnplgx Mainie nelateely iaiidsion is
under physiologic conditions (e.g., a stable antigen/antibody complex). The
usuddiynatsainplapRicbhgratest tdpeexgnopibeacortitiosterbidding dpladiwith the use
specific for a particular epitope, which is found on a number of molecules.
of “stémesdaparitigddgendy, spebifazadydtndprinkipemyesphendiateit ihdBHpnagctomy
epitope present in each. Specific binding is characterized by a selective
mayirismbiosifeftéreinckating dcagbsaffinity binding with a low to moderate
capacity. Nonspecific binding usually is a less selective interaction, and may
havét8jw difiBiiy whithracteoitexhtsy tarttigbdiepatiipctéymeainsbthdingitinic
considered specific when the affinity is at least 105 NA-1, 106 M1, 107 NA-1
acefytcHiliidArdcH ptecéASR ) noraspewifia dieldi80-Svbefrpdtients wRlichuthan et al.,
substantially affecting specific binding by varying the binding conditions. Such
supaititiamssaet &ndWhymibergjcindls skiteghanisah ceer iauthvaitecmiques
can select appropriate conditions. The conditions are usually defined in terms
myastvenicegitaxiz rpot aifilib odies imopatshgergthisf thedalutionrengiet 2 5-197
time allowed for binding, concentration of non-related molecules (e.g.,
(2002pcKihgsantibedids amaseuivsal bfiatetytiholiasaiafcptor s @hol thinteished).,
Morgan et al., "The Matrix Effects on Kinetic Rate Constants of
recefitibfshcitortige th b raresdie e R elletet Sfolve mhatigen sieyfain reculemgjuhditin, which
217:51-60 (1998); and Zhuang et al., "Measurement of Association Rate
togetimeTsiead ¢ Aaitile dyf-Aatigemuatelacignal 8ahsivisBasdtiairmanifests as the
Enzyme-Linked Immunosorbent Assay," J. Biosci. Bioeng. 92(4):330-336
mus@e0teakn st ettivacieAstioaitimubeslize d[MEE Détenmietral. afAatoeantiaddies to
autoantibody according to the methods of the invention encompasses both
the mpealpioiviymsihgudnateildsBiéthopstisimde witionyAstjoatitatiyra visewitdtbof
detection simply determines whether a particular autoantibody is present in a
acetyichgjioel renapler Andinadiestiv &/ atett ddest. ddHcdioh-dede(alinés bbiie serum
whether a particular autoantibody is present in a biological sample, and in
conegmdtajiemafyarBefCiRktativedias variesiwsitlenastoogs eftigatiscvidth aimibeas|
known in the art. Such methods include Western blotting, immunoblotting,
degirganiofiusaciaenwes kaesgnarihiteatefoneucrzooh bet ussdye pPrredisisgvanty of
other comparable techniques. 1. Western Blotting  [29] [Western blotting
the disgasenitinglividealroptiendsis Hmparghetw@oteins of interest are separated
on the basis of size and charge by polyacrylamide gel electrophoresis,
foll0Sd byNedresfernopatie pruddinsyirptomes gébrneretidasel etlaveionrs anti-
After the transfer is completed, hybridization begins with a blocking step
AChRhendiiposliasn feewrne birdpxpbitestarl . thuptem bireengreasesksirmptomatic
suppress nonspecific adsorption of antibodies, continues with a primary
patienisolady frigsiaine @biMdh thaibatigs voll aaupsabmonthaatierianset of
secondary antibody incubation wherein the antigen-antibody complex formed
Symgtemg tre e¥endenariubitioAns déiticantipedigs fephseveshiogeaicegrpently in
chemiluminescent means. The secondary antibody is generally specific for
the constant region ("Fc") common to gll 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. [030]To
determine an amount of an autoantibody specific for an autoantigen



[032]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
patiéngsadtiitesd dith, §ANYRIRLQHETob I parvticERdde SR fE8rmYl bl #om ocular
LABORATORY MANUAL A8.52-A8.55 (describing various reagents and
MG meipedsihoa ey b i envtd eje atiealiob a N @ raa tixryct antdlexeish. ocular
[033]Non-specific antibody binding sites on the fixed filter or membrane are
MG Iblacketbteitiabléfardd/SChRanstitody iphesnimieHukfaredsiiae ERBBErA0-20%
the like) containing a blocking agent such as, for example, 0.5% (w/v) low-fat
of patigndls off&fingvireiroge e sitred b wsue dsldpAdtae biablérngntireGHRr
or membrane then undergoes the primary antibody incubation, during which it
antili®diesptiiedgkithsanielp gis @ anopledftientsl sokieg taotba OitR aetibd dssimstead
autoimmune disorder.  [034]After the primary antibody incubation, the filter
havessrembsate i tiastied diedide foresencelefspdoiictilzadpiautyaotipenkinase,
complexes detected using a secondary antibody labeled with chromogenic,
MuSkioreigehiet at.ckapridy RimestierdtrabangpAutddoSbonedistieanigem-induced
complexes are then detected colorimetrically (e.g., with horseradish
clustEingidaLeChits T g oy psioiaaizdiamp yn@ ig . eapielsse pbo b atade)e | f
detected colorimetrically, or by chemiluminescence, the amount of color or
neufhrotesudacpincipbe Heesetal. usumyra luminometer, a spectrophotometer,
or other similar instruments. If detected autoradiographically, the amount of
boup@®tibddhusdlydre neessined freed thee edddredtkmayHods fidgagnosing the
densitometer, or similar instrument. See, e.g., SAMBROOK ET AL., 3
diselk@l ECULAR CLONING: A LABORATORY MANUAL A8.52-A8.55
(describing various reagents and methods for immunoblotting and detection
of antigen/antibody complexes). [35] Secondary antibodies used in
qualitative or quantitatAYHAMBASOF ddna 1N BEDIFAN- polyclonal or
monoclonal, may be labeled with a ligand (such as biotin) or a detectable
mark&t thucH B BriSBRLJE¥RR PO BV dR:RSIARILGH G IBoRASIID Haf
techniques. Suitable labels include fluorophores, chromophores, o
NeURIAMIRSIGE RLTBAGRE disgrasiivay 8sihsiip @Fﬁ‘ﬂﬁéﬁﬂ%%ﬂ iR dYVRRYPR IS
specific binding partners. Enzymes such as horseradish peroxidase or
baseglgliiRAshissPREIQ8 R ERANY dord Sy P aiisniscaviisrireMSmRpr stages
horseradish peroxidase can be detected by its ability to convert i
of M e AYISERERRFUSE AP AT SRR ARl BIR I (sp60") and the
spectrophotometer. Other suitable ligands and/or detectable markers include
90 Khidipedrrn ackami P G PERARIR:, e RIieinstant Rreviaupl ASRAGBLRd with the
_additional receptor-ligand couples known in the art. Qther permutations and
etiolggy RO AR AN GppirerrdE BhodB ity BIAYidan@ spethng of
. are considered as equivalents within the scope of the instant invention. )
d'39[@%?'&96\49%68&%%?&%W‘ﬂ()@r%ﬁ,"&ﬂ%ﬁﬂlﬂ%%ﬁ{ REPYHIrom the subject

autoantjbody which specifically binds an autoantigen selected from

and ﬁééﬁ%ﬁ%ﬂ%%}élH‘BBQh@éGbB‘?ﬁ%‘B—'&%@H&%@H YONEPRE: éﬁﬁ'ﬂ% binds an
(hsp90a), and heat-sho otein 90, beta isoform (&1@?90%) is(%ﬁt rmi y

Ut LT AN S P AHTE ST LRAHBHAE, BE GO Po0). Reat:
standard stern blotti rotocgl, includipng Far Western hlots, as well a

Shog BIEVA DIBING FRRLBS RS AN IO B e RSB s Sumaorm
t§§ rt will select the appropriate protocol to use, depending on the

(hsp %a)antibody 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 toéhose of ordinary skill in the art, and
are considered as equivalents within the scope of the instant invention. 2.

Enzyme-Linked Immunosorbent Assay ("ELISA™) [38] Some ELISA
methods are qualitative, used to measure simply the presence or absence of




[40] 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
useqOgEkingrageidararefeithauattibosiutiapbedefeamiBed ity aicallisty of
used at concentrations between 1% and 5% (w/v) in PBS, pH=7.0), non-fat
qualitativglknehgeim(tiveanathiodsn toporenhbbaondatdsf thidkhoesase|raie
(a more soluble version of casein, produced by partial digestion with sodium
amdwyirokisie hutoemebsaiLis dbipictelly bisedeataenisintr atiotisdreimbedih¥érasdan
5% (v/v)), and gelatin (normally used at concentrations between 1% and 5%
amdwivpf an aotcaniib deicikgdetectit b ypemyaaninlad anthlrittsorbd0dddays.
[41] Commonly used washing reagents are selected for their ability to disrupt
low §Ofigity intesmciines dspeeiethetinveatioagiavidespatiagtobtal kidtosiffggement
the ability to detect specific antigen-antibody interactions. See, e.g., id. at
the dvetbpddifthesmgenteshodT e dite af thésiiventshimgontorite bpatasin dkasih the
solutions commonly contain a physiological buffer to prevent denaturation of
abovatigeimsiquekstifieirdetgmaieiag tdvodmeuah dftatiezst weccaaivaatinsiytyhat
Buffers such as PBS, Tris-saline, or imidizole-buffered saline at neutral pH
spedificaligdindsenh Speafitidarfenametdyiztaltf decteddresasipaattaendtindudes
of detection to be employed in a particular assay. Wash buffers should also
all reagedesmenuosit idetetgemis s wrhamdumt en étdé ast D autdantibddyr ttnet
like, at concentrations of between 0.01% to 0.05% (v/v), in order to disrupt
spe dbifica ity d s @m speodittigeer seliects d vradre st atimrk grotpon60téhsp6A2heat-
After the blocking step, the wells of the microtiter plate are washed, the
shoekipoobeid 86tiggrhtheoiomnde(gsplGbe pnohapasstioockyprataivedOnbdtaiizgform
which it is incubated with a biological sample from a subject to be diagnosed
(hsp@®@n autoimmune disorder. After the primary antibody incubation, the wells
are washed, and the presence of autoantibody-autoantigen complexes
detel€ted] using ditsaralmulz e endibd dydisre begbwith ttedmvegéait (éldoeveth forth in
horseradish peroxidase and TMB), fluorescent or chemiluminescent (e.g.,
partaik thie e bogptieiasbicm éalfmySemaig. patt atill b€ bifdisuadssing thetidedgription,
preparation and use, as well as commonly used detection molecules). The
or maydentesioetb bypitactiescehite imag hikome A1 ed jesitscpa duadvantagers af the
spectrophotometer, or other similar instruments.  [43] There are many
inveodiomawitl beriztadize d @ tideadtainear ¢ \ENiSn prok doel e laoheditsgacchapatitiveitions
ELISA, sandwich ELISA, and numerous others. One of ordinary skill in the art
partioillaeyeco thie dyoptopriate qup ercts doclas e sd el és tingeonndher siaidtsbthatdobth the
detected, the antigen to be used, the source of antigen and/or primary
foregatitgrdgnsrad desies ptsvapnanithafyllotving dietaiirtedgssiintintabparyasiplary and
These and many other permutations and possibilities will be readily apparent
explangiosy oflyrairtharskibtinasisictiveantithec e iiidercabagaingdalents within
the scope of the instant invention. B. Clinical Forms of Myasthenia Gravis
[44] [@delt myAsteacemadoytachdiaegs, idbdnetdnanpgretgsjmand constitute
classified by Osserman and Genkins. Osserman, K.E. and Genkins, G.,
a parsrfidieis spesifisgiomailuatrata seivevalfambpeditngrisraitperiavestiaroasd
1200 patients," Mt. Sinai J. Med. 38(6):497-537 (1971); "Myasthenia Gravis,"
togedbanayts thedpsniniinnesesvane. cxmiaimihe asinginlamef ks nsessin
December 1, 2005). Approximately 20% of patients are diagnosed with Type
I MG, 30% with Type A, 20% with Type 1I1B, 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. [045]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, béjt 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



have autoantibodies specific for AChR. Osserman, K.E. and Genkins, G.,
supra at 502; "Myasthenia Gravis," available at
http://www.neuroland.cominm/myas_gra.htm (last accessed December 1,
2005). [48] In Type IV MG, or late, severe MG, the disease becomes
chronic and sev@BRIBPIDESCRIETICN OF THE DRAVWINGS of Type | or
[I-like symptoms. Approximately 89% of patients with this type of MG have
autgaritdodiBigsprectfisHows WVési@psalntsaof selt JywadesS eamkivad @iftsgpraratfrom
502; "Myasthenia Gravis," available at
patiéts: Sufferimg inatauge ceralinednygss iipenimrgriast accesdiod Rettwmivetdsol of
2005). [49] At least two types of thymic pathology are regularly observed
Exaimpletiericentifyivzautbantibodicst spEhitsfoidptay-sbook geoteio 60tlyspicO).
hyperplasia. Approximately 15% of patients eventually develop thymoma. In
Posivedlcisese MGioadgdwitteatddtsUsaayzkslwbyethigkesctony fevhidd padiginds with
in sustained improvement of symptoms in more than 50% of patients, though
thyniigsHgpsretiesitivién) ofdaleppaitiends @dbetinyaric Kypespthsianking, Emalpreatients
515-23. C. Autoanticiens Associated With Mvasthenia Gravis [50]
withCayniiolae diltpeanidenalessiigate wvititipysngeoa BMjoimmune disorders
may be identified by a variety of methods, including, for example, the method
descrifédlin Figupai2ishpwislidéisieMdlats coas| dysate s eprobesiitshesram from
June 9, 2005, which is incorporated herein by reference. According to this
patienésreiffeydngriremt@enisslmedpuyasthoia geavis aceapiéngolodieeprotaeol of
healthy individuals and from individuals afflicted with an autoimmune disorder
Exagfplackeistestibhngsauteamtieosiesisgesifisuion dgleptishe el taieinedyhsp90).
attached to a chromatographic medium and used to make an affinity column.
Thepepesngrirsanisldidvlatstistioguisklisipeeaniivyalta mrekeataprofekes afdiap90.
an organ, tissue, or cell type involved in the etiology or progression of the
Postiive detsarrdndieaiipdaitios tietor Sxanpisie e el dakiepn degraifeneale patients with
autoantigens associated with MG, a protein sample from the muscle
thyraigdapReeptsisientbiitlenneigroatisits avifadeyenc ayvwerelagie (MMLdemeadeinadients
loss of acetylcholine receptors charactistic of MG occurs, might be used.
withghymematdfeinasshipriavriigns passthymasmenel dlumn containing
immunoglobulins isolated from a healthy individual. The unbound proteins are
theld PRk sebigwse B sowsrihe sasaiiitnef ienrYmediobarsnsslarsprRantassays
patient suffering from MG. All proteins bound to the second column are
(EL Il pperdasmed wide se e Biemmaiieniteditroaenesalizied Menderiing hsp6o,
further analysis, such as, for example, mass spectrometry, to identify each
accosgintetpphsidirptocqbof ByamipltéthBarsdpdoatadhespusrinéIPidedfial as
two novel candidate autoantigens in patients with MG. ELISA data
defRdRtrafei@tg hatioms hienessseh GO ¢dBTirRctiByiAgeqrbestafsays
11a) lacking autoantibodies that specifically bind the AChR have o
(ELIaAshRrepsImed ity secHRalipmiRa tirpsouaesiselizea Mizsisantfgrarmspo0,
presence of such autoantibodies provides a novel method of diagnosing MG,
accoysifeLianherrprigsaichEeaniende Portradirigdoame st loRto v ditBese
for AChR, the autoantigen most commonly associated with the disease (see,
eXp%ﬁ@)ﬁPf@Lﬁ@S}Qtd'Tﬁgpéﬁhcﬁéﬁf@ﬁﬂt%ﬁlj&%@ﬁQ}P&I‘s”o'ﬁ@c%@ﬁiﬂEB 0.
other methods, such as screening cDNA expression libraries, or b _ .
slitictiveFiaage aispryystoaduntity %@@M@au%miq@ﬁa%iﬁtﬁgﬁ@ invention
methods, phage display or other protein expression libraries are constructed
corrgefhgithraN@ORHS eaRSHS AMBrikA afsierRt RASbraARd; Withqrkas test-
etiology or progression of MG (e.g., the muscle end-plate of a mature
negabiRon GstariivR Pt dadiRnsanicanip actiessbaistrarlifally bind hsp60
immunoglobulins purified from serum samples obtained from individuals
suffering from the autoimmune disordey of interest, and the results compared
to those obtained using immunoglobulins purified from serum samples
obtained from healthy individuals. [054]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
(“prereiametesndidrassp0d peotyintiZ), peninetatiens gatpqssilkititie ok i@ 60- and

readily apparent to those of ordinary skill in the art, and are considered as
hsp@ospalgfitsauttantbediegpe of the instant invention. 1.Heat-Shock Proteins

[055]O0rganisms respond to sudden increases in temperature or other forms

ofGjronTedsital stresedihay phtesitangithstedleskd ot egBUl®MBIWho lack AChR

conserved proteins called heat-shock proteins. Both the nature of the
autdaenibsliiek exbilsinaeE@BUIdhaspohawoantibgdivses of¢hs wasiobig ELISAS.

heat-shock protein family members are highly-conserved throughout

ejoRzjon. Fablexasyne srekingadia gmosauknysitivineaf-absaispsptatifid Gor (1)

(hsp70) are approximately 50% identical at the amino acid level. Parse!l et
ACHR;, (THeshBE1i3) hbpeat-Hdupadteinspftst (55 A DifRan o8 peeg @t AxGiRl +

reactivation of damaged proteins,” Ann. Rev. Genet. 27:437-496 (1993).
hsp@dividisalyingrfdrexatobtitibbdassépetifiis dtei A ChiRlgiplay elxffdviattledomwest

protecting organisms from environmental stresses. a. The 60 kD Heat-Shock
sengitiotBifor p4fi6hEneabih tagetIsfathauiditd) ("hsp60™) is found primarily in

the mitochondrial matrix, where it accounts for approximately 1% of all

mitochondrial matrix proteln Parse'l et al., supra at 465 Human hsp60

shares approxthete A ACIAQG N i),
homolog GroEL Id Bot proteins share a common ollgomerlc structure,

‘l@%ﬁi e'%ﬁé%%%&”ﬁﬁ%?ﬁ@eﬂ%@?éﬁé’g% TreliodRRieEBOA e moasthenia

oo SN R A S
so AL el e SRR e
oo SR RSB 0% R 156 RS TR
e S R AR R e

ffounea %ﬁfytoplasm and nucleus of all eukaryotes examined so far, though
iso A species have yet been identified. Parse!l et al., supra at 470.

f fh hs he ind
liﬁé%l%rf AR Bl el B i %??%\r%g%ﬁééalﬁ%xt
L Hsp sof rms: fun tlons eti\gf) ion and C|InIC im ort B % %@
abeffgft} 98025“’3 SepaRfioR O the 8%88% 3 &‘??hs
aut i{t “é‘ei‘ﬁ%%ﬁéﬁ%?&éﬁ%“ﬁ”ﬁi A B e qae ﬁ‘lﬁ%ﬁfﬁ% ol o

resa ro 4 nedet |tsE lr]
anyg 'SO rﬁc{ éng gggenq rﬁﬁp@ m%'&éragédfﬁ P% n’t aE r%rﬁ?taat
uur nd stron |nd ced hy.heat, but j snote enti letion f
speqfics gﬁ e'eﬁéoaé‘}n AR e B %s'rm%ﬁer%peera dt‘ﬁe, e
Ilttlee ed t at high tem atur s. Id. In_contr 90| L most
oo A &oté?ﬁs g RS, SR R S R s e
dlsolréﬂﬁ ré}%} %g/'té gar%ebgtéon%% h dQSpRQ(ﬁggﬁ’é aﬁg kggay??'asntlbodles
sugges |ng a Sk aryo IC"hsp as acquired a novel; essentia
functlon not present in its prokaryotic homolog. Sreedhar et al., supra; Parse!l
et al., supra.  [60] Hsp90 interacts with many other cellular proteins,
including casein kinase Il, heme-regulgted 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. Parsel!l et al., supra at 471.



[I. Kits for Diagnosing Autoimmune Disorders [61] 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
agaipRe 2hpdlinieiist)e ddtasays eusanuutbhntivaidies itaniibotiysbe Western
blotting. In one aspect, the kit comprises multiple test strips on which aliquots
tranefleeemiplse) (yp saviisuliivakigeniaf thabswentiaslitispEimathtibodies against
hsp90a/hsp9013, have been fixed.  [62] In this embodiment, the kit further
GAD®@Hists coRUiDhRGhocies dipealis/ ypeadly@idiEant{aeiosewioodiat against
antibodies directly or indirectly conjugated with horseradish peroxidase or
thyraiaystifien stgrephtirat edsrectptons uadizhtinotofdiieyaviditist{gatoantibvattiesdygainst
complex, and all necessary tubes, containers or reaction vessels, buffers and
thyrodchpentxicsaraddiopeifeoyl the ey oupasibeitig greadhpaitbybtickthtsmgainst
and detection steps of a Western blot. The control antibody proteins can be
nicofirowidedticholapropepterarftio ormalernt pecificadyepidizgtosmeddnase);
Similarly, the buffers and other reagents may be provided premixed, or in dry
Godidpanstoed’s18ph S reeqastivatetiboy ik agminof Typ &itVSeatlagefitimgho ntsmaliar
other components, packaging, instructions, or other material to aid in the
baseleiectioenfaates)tibedphigus 68]daran@byaribodiascnyaihstkiesssagtemn3);
amount of said autoantibody by ELISA. In one aspect, the kit comprises
permivitiys endorii{audatetbooite chgaiin stad HKoA THeave); moirebay tukatigeind osis
the invention, hsp60 and hsp90a/hsp90[3.  [64] In this embodiment, the kit
(autbathibodiesagais SiobR ¢ R8)ibatie® petdfanticehed aghirsitiyersinaseratatior
antibodies directly or indirectly conjugated with horseradish peroxidase or
SOXary pthrer g erddlead sisl $anttantindikzatigai os ttheyalitobasigepreteioaarityodynyelin
complex, and all necessary tubes, containers or reaction vessels, buffers and
oligodagdntgrglycwpcoteipgrsystetinécvapos € bitrekingtosas Hengtoaytitbdidisoagainst
and detection steps of an ELISA. The control antibody proteins can be
spliqgrosated|isrdtiNipRaptiatetouftelearguivide dnisoadgophitizechptivel XNA);
Similarly, the buffers and other reagents may be provided premixed, or in dry
Sjodmnmstisgharost & ¢aeimmmtiiothdsbgghim sisepAfahiokinuBlech padicteagmdiotain
other components, packaging, instructions, or other material to aid the
mustarduitoe of pher pEod mtibodiasoil aAthRIsH S u Bentiptel sl dgaiifistatitrilohated
autoantibodies by Western blot [65] Serum samples were obtained from
cyclzoemtjdsthrdiardgiMis [Safrekl as@hia-kbng4dospital, Taiwan, Republic of
China. The patients were divided into four groups based on their thymic
piXA%) o gy Shinigeteasnusatiehes alis plagacssamanilaate s oludingia htnmsinyor non-
one hundred twenty-one patients had developed thymoma; forty patients
humdisphgensbneegicgidegoftivatnia sl asiat. andele\eahetiBraigdgoat, or a
unknown thymic pathology. Seventy-six patients had Type | MG; eighty-one
nonHadveyperimateirgndighpressipyipellbearnadoatesnmanenasdivesthek, Tame
[ll or Type IV MG. Negative controls used serum samples taken from fifty-four
domesifienzaa Maish ungsVete reimd GHmenis-Htxp eanamsliffeingefaimuman; in others,
unrelated disorder membranous glomerulonephritis (MGN), which is not
the mawimalumayiperigindentjaa]dieasc2ragusedr Iggaies were separated on
10% SDS-PAGE gels loaded with 20 pg per lane of cell extract and 2 pg per
102G h&pb®LdicgiFamplRis. ahcbialogied wate v cptiphtaddeamcslis/ tissues,
the stacking gel and at 120V in the resolving gel. Fractionated proteins were
or otgansartdae:s wojest uBhwyse TERMERtekicgitalsamalesfeay varydeessteing on
Bioscience), according to the manufacturer's instructions. The transfer buffer
the paiquasyBoiesRgIXasSE MNhessipient Has degnosead M gichielogieal
20% (v/v) methanol). [067]The PVDF membranes were blocked in 5% (w/v)
powdered non-fat milk 9



in PBST buffer (80 mM Na2HPO4, 20 mM NaH2P0O4, 100 mM NacCl,
0.05%-0.1% (v/v) Tween-20) for 1 hour at room temperature, or overnight at
4C. 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
sampie eyl teeilytetparaddiaidiplsiveny iscakeatoor wibréae pristeyd, the sample
antibody, the membranes were washed with PBST. The membranes were
maytihenageliibasesd ovittnernapp@ipnaie seonpgsdburteyiththReggcestrid@yat -20°C, at -
antibody, an anti-human IgG labeled with horseradish peroxidase diluted
70°Q,; IV én Hoctywdgepismitares naucfeasigut PR duidetiqlie setomdaly one
antibody was horseradish peroxidase-conjugated mouse anti-human IgG
emrrigiBafothEdyidisgikabsdmplemiReseasist babisathriesutne or plashaseth
from Biosource International, of Camarillo, CA, USA. Autoantibody binding to
anothunehilizetireatigehe Watoditartzmipleenzntisistdthemibtivifeiscenadlk. In
using the ECL blotting substrate of Amersham Pharmacia Biotech, according
still tmtithenambadiuiens theihicliogisal sEHpld heaesuolisief diesbieppgamntisisie
are shown in Figures 1 and 2. Samples were taken from female patients with
samibignie byl plasie(idion . nMaladgditients eitibtuimenty péthasiadhtid) , fteale
patients with thymoma (TF), and male patients with thymoma (TM). Samples
biolpuistiveatopiutnantdordics speaiiva faehspfi pinas iG] ahgmpdicatesbibyraudaorts,
These experiments demonstrate that many patients at later stages of MG
syndasefhuido éantrivodictusp emifatier bipkalesmebsndis &xadusaniepkeddentification
of autoantibodies by enzyme-linked immunosorbent assay (ELISA) [69]
Aliopitits of Heetearulsseoificieldydaadstieor ith & Xae) pleehrab that, twerenbleibigies form
evaluated by ELISA. Microwell ELISA plates (Corning Life Sciences, New
a covirlex\ifalus A aterel w stab btk avedamgbit idic gicthdh Aitonsf (@ gonabstaibie
human hsp60 (purified from E. con) or hsp90 (purified from S. cerevisiae) in
anti§ebdniboty@3Nmbie3 6. Butheewois binardjpizabloekhpretdmsexansple, an
purchased from Sigma-Aldrich Co. The coated plates were then washed with
antigBEhindiedgidwmador snepedifiddorac padimltheapitopbatehlictitts 200nol oh a number
blocking solution (5 mg/ml bovine serum albumin ("BSA") in PBST) at 37C for
of mblecute &Eadinuss|bwashtilzcsthe destis (RBSiTally himdsfioltiie pnotebeseablen it binds
Next, the plates were incubated with patient serum diluted from 1:100 to
to an:epidoipebjuelsient solasioh. & pehibiorandidg imichaeschke3C] Byftersaladbiaton
with the primary antibody, the plates were again washed six times for one
interadtiove, ediem withudmgkinig s alfitdty, Einditdgewithcalhawe th witbdika e capdaity .
antibody, horseradish peroxidase-conjugated mouse anti-human IgG specific
Nonfpeaeifjc( bintisgnusnminisRelsssrckleativedtdaeactino, ) aniditmea i HayeGDlow affinity
PBST + 5 mg/ml BSA, at room temperature for 1 hour. The plates were again
withveasioste siketitn dighitapasty .+ Bypigathy, BB g io no teiceceatsrg cifici when the
developed by the addltlon of 1007pl of 3, 3, 5 5 -tetramethylbenzidine
affinfty ig it leakitith?, Wrepae& M, 5tOMMI et oMosplf atecessarh e oniditionifis
the TMB solution, the plates were incubated for thirty minutes at room
bindiegperahe ecdndatiavithbud hstentialynadtesiieg sperdiovinding &y MRXNg the
Microplate Reader (Dynex Technologies) according to the manufacturer's
bindingre@ndiions. [FotTeendiignscirthspewnpeihteart ansshetited sitisaesusing
(hsp60) and 4 (hsp90), which compare ELISA results from the control group
routipeieserfiarneshravsslged ap piaioiatie condidipagiefiseacalnditiapssase tiaually
disease. The average absorbance at 450 nm is indicated by a horizontal line.
defimer de lexmsrph eerceiatition afrnlivhdesviniaisérangin ahthbaalwisorms
of hsp90. The data shows that patients at all stages of MG have
temperfatiiebdmescdipushciasiirgeg sernsepbativT of manerelalasivselrgwes (e.9.,
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 1 MG and sixteen diagnosed with Type lla MG. Assays were performed



AchR AchR Hsp60 Hsp60 Hsp90 Hsp90 1-1 <0.2 0.539

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

[028] Determining an amount of an autoantibody according to the methods of
the invention encompasses both qualitative and quantitative methods of detection. A
qualitative method of detection simply determines whether a particular autoantibody is
present in a biological sample. A quantitative method of detection determines both
whether a particular autoantibody is present in a biological sample, and in what
quantity. Both qualitative and quantitative methods of detection are well known in the
art. Such methods include Western blotting, immunoblotting, immunofluorescence,

enzyme-linked immunosorbent assays (“ELISA”), and other comparable techniques.

1. Western Blotting

[029] [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 antigen or antigens, and ends with a secondary antibody incubation

11



+0.609 + 1-2 <0.2 0.593 + 0.293 + 1-3<0.2 0.328 -

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.

[030] 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 well-known in the art. See, e.g., SAMBROOK ET AL., 3 MOLECULAR CLONING: A
LABORATORY MANUAL A8.40-A8.45 (2001) (describing various reagents and methods
for electrophoresis of proteins by SDS-PAGE). The contents of the gel are then
transferred to nitrocellulose, nylon, PVDF, or other membrane or filter suitable for
fixation and Western blotting by standard methods equally well-known in the art. The
transfer may be by immersion, semi-dry blotting, or by other comparable methods
known in the art.

[031]  Alternatively, purified or recombinant preparations of one or more of
the 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.

12
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[032] 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).

[033] 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
undergoes the primary antibody incubation, during which it is incubated with a
biological sample from a subject to be diagnosed for an autoimmune disorder.

[034] After the primary antibody incubation, the filter or membrane is washed,
and the presence of autoantibody-autoantigen complexes detected using a secondary
antibody labeled with chromogenic, fluorogenic, or chemiluminescent means.
Autoantibody-autoantigen complexes are then detected colorimetrically (e.g., with
horseradish peroxidase and TMB), or by autoradiography (e.g., alkaline phosphatase).
If detected colorimetrically, or by chemiluminescence, the amount of color or
fluorescence may be measured using a luminometer, a spectrophotometer, or other
similar instruments. If detected autoradiographically, the amount of bound antibody
may be measured from the exposed x-ray film using a densitometer, or similar

instrument. See, e.9., SAMBROOK ET AL., 3 MOLECULAR CLONING: A LABORATORY

13
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MANUAL A8.52-A8.55 (describing various reagents and methods for immunoblotting
and detection of antigen/antibody complexes).

[035] 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
markers include biotin and avidin or streptavidin, IgG and protein A, and the numerous
additional receptor-ligand couples known in the art. 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.

[036] In one embodiment of the invention, an amount of at least one
autoantibody which specifically binds an autoantigen selected from heat-shock protein
60 (hsp60), heat-shock protein 90, alpha isoform (hsp90a), and heat-shock protein 90,
beta isoform (hsp90p) is determined by Western blotting.

[037]  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

14
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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”’)

[038] 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.

[039] An ELISA begins with an antigen adsorption step, where the target
antigen or antigens are adsorbed to the wells of a microtiter plate. See, e.g.,
KIRKEGAARD & PERRY LABORATORIES, INC., TECHNICAL GUIDE FOR ELISA 9-13 (2003),
available at http://www.kpl.com/home.cfm# (last accessed November 3, 2005)
(discussing types of microtiter plates for use in ELISAs, as well as methods and
reagents for adsorbing proteins to such plates). The most commonly used adsorption
buffers for antibodies are 50 mM Carbonate, pH=9.6; 10 mM Tris-HCI, pH=8.5; and 10
mM PBS, pH=7.2. These buffers work well for many proteins. If the target antigen or
antigens are not readily adsorbed to the surface of the microtiter plate, plates with
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.

15
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[040] 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™.

[041] Commonly used washing reagents are selected for their ability to disrupt
low affinity interactions between various reaction components that can affect the ability
to detect specific antigen-antibody interactions. See, e.g., id. at 14-15 (discussing
methods and reagents for washing microtiter plates). Wash solutions commonly
contain a physiological buffer to prevent denaturation of antigens and their cognate
antibodies, and to preserve enzyme activity. Buffers such as PBS, Tris-saline, or
imidizole-buffered saline at neutral pH are widely used. Specific buffers are typically
selected based on the method of detection to be employed in a particular assay.

Wash buffers should also include non-ionic detergents such as Tween-20™ | Triton X-
100™ or the like, at concentrations of between 0.01% to 0.05% (v/v), in order to
disrupt low-affinity, non-specific interactions between reaction components.

[042]  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
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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.

[043] There are many common variations on the standard ELISA protocol,
including competitive ELISA, sandwich ELISA, and numerous others. One of ordinary
skill in the art will select the appropriate protocol to use, depending on the antibody to
be detected, the antigen to be used, the source of antigen and/or primary antibody
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.

B. Clinical Forms of Myasthenia Gravis

[044]  Adult myasthenic patients have been divided into four groups, as
classified by Osserman and Genkins. Osserman, K.E. and Genkins, G., “Studies in
myasthenia gravis: review of a twenty-year experience in over 1200 patients,” Mt.
Sinai J. Med. 38(6):497-537 (1971); “Myasthenia Gravis,” 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 IIA,
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20% with Type [IB, 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.

[045] 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).

[046] In Type lla MG, or mild, generalized MG, symptoms tend to develop
slowly, sometimes beginning with the ocular muscles, but gradually spread to the
skeletal and bulbar musculature. Respiratory muscles are usually not affected. About
80% of patients with MG of this type have autoantibodies specific for AChR. In Type
IIb MG, or moderate, generalized MG, symptoms again develop slowly, frequently
beginning with the ocular muscles, and gradually spread to skeletal and bulbar
musculature. The symptoms are typically more severe than in patients with Type [IA
MG, but again, the respiratory muscles are usually spared. Osserman, K.E. and
Genkins, G., supra at 501-02; “Myasthenia Gravis,” available at
http://www.neuroland.com/nm/myas_gra.htm (last accessed December 1, 2005).

[047]  In Type Il MG, or acute, fulminating MG, the disease is moderately
severe or acute, with rapid onset of symptoms in skeletal and bulbar muscles, and
early 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
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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).

[048] 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).

[049] Atleast two types of thymic pathology are regularly observed in
patients with MG. About 50% of patients display some degree of thymic hyperplasia.
Approximately 15% of patients eventually develop thymoma. In some cases, MG may
be treated successfully by thymectomy, which results in sustained improvement of
symptoms in more than 50% of patients, though it is less effective in older patients.

Osserman, K.E. and Genkins, G., supra at 515-23.

C. Autoantigens Associated With Myasthenia Gravis

[050] Candidate autoantigens associated with particular autoimmune
disorders may be identified by a variety of methods, including, for example, the
method described in U.S. Patent Publication No. US-2005/0124076-A1, published on
June 9, 2005, which is incorporated herein by reference. According to this method,
serum antibodies are purified from serum samples obtained from healthy individuals
and from individuals 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
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MG, for example, taken from an organ, tissue, or cell type involved in the etiology or
progression of the disease, is then analyzed.

[051] 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 then eluted from the column and used in further analysis, such as, for example,
mass spectrometry, to identify each isolated protein.

[052] By this method, hsp60 and hsp90 were identified as two novel
candidate autoantigens in patients with MG. ELISA data demonstrated that patients
with early stage MG (defined as stage | or stage lla) lacking autoantibodies that
specifically bind the AChR have autoantibodies that specifically bind hsp60 and
hsp90. Thus assaying for the presence of such autoantibodies provides a novel
method of diagnosing MG, particularly in patients at early stages of the disease who
lack autoantibodies for AChR, the autoantigen most commonly associated with the
disease (see, e.g., Figure 5).

[053] Candidate autoantigens may also be identified by other methods, such
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
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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.

[054] 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 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.

1. Heat-Shock Proteins

[055] Organisms respond to sudden increases in temperature or other forms
of environmental stress by synthesizing a small set of evolutionarily conserved
proteins called heat-shock proteins. Both the nature of the heat-shock response and
the amino acid sequences of the various heat-shock protein family members are
highly-conserved throughout evolution. For example, prokaryotic and eukaryotic heat-
shock protein 70 (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.
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a. The 60 kD Heat-Shock Protein

[056] 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 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. Id.

[057] Unlike some other heat-shock protein family members, hsp60 functions
at normal temperatures. /d. at 465-66. It is essential for growth at all temperatures
Id. Hsp60 binds unfolded or denatured proteins with high affinity and promotes their
proper folding. Id. Denatured substrates begin to acquire elements of secondary
structure while bound to hsp60, though formation of more complex structural elements

is inhibited. /d.

b. The 90 kD Heat-Shock Protein

[058] The 90 kD heat-shock protein (“hsp90”) has been found in the
cytoplasm and nucleus of all eukaryotes examined so far, though no organellar
species have yet been identified. Parsell et al., supra at 470. There are two major
cytoplasmic isoforms of hsp90: hsp90a, the inducible, major form; and hsp90p, the
constitutively expressed, minor form. Sreedhar et al., “Hsp90 isoforms: functions,

expression and clinical importance,” FEBS Letters 562:11-15 (2004). Biochemical
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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. /d.

[059] Human hsp90a shares approximately 40% amino acid sequence
identity with its E. coli homolog, 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. /d. 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 a novel, essential function not present in its prokaryotic homolog.
Sreedhar et al., supra; Parsell et al., supra.

[060] Hsp90 interacts with many other cellular proteins, including casein
kinase Il, heme-regulated 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. Parsell et al., supra
at 471. Experiments suggest that hsp90 plays a variety of roles in cell differentiation
and development, ranging from regulation of muscle development to the regulation of
early embryonic development and programmed cell death, or apoptosis. Sreedhar et
al., supra, at 12. In addition, some evidence suggests that hsp90 expression is
associated 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.
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Il. Kits for Diagnosing Autoimmune Disorders

[061]  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.

[062] 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 a Western blot. 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 in the detection of
autoantibodies.

[063] 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/hsp90.

[064] In this embodiment, the kit further comprises control antibodies specific

for each autoantigen, secondary antibodies directly or indirectly conjugated with
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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.

EXAMPLES

Example 1: Identification of autoantibodies by Western blot

[065] Serum samples were obtained from 209 myasthenia gravis patients at
Shin-Kong Hospital, Taiwan, Republic of China. The patients were divided into four
groups based on their thymic pathology: thirty-seven patients displayed some degree
of thymic atrophy; one hundred twenty-one patients had developed thymoma; forty
patients displayed some degree of thymic hyperplasia; and eleven patients had an
unknown thymic pathology. Seventy-six patients had Type | MG; eighty-one had Type
Ila; thirty-eight had Type llb, and fourteen patients had either Type Il or Type IV MG.
Negative controls used serum samples taken from fifty-four patients at Taichung
Veterans General Hospital, all suffering from the unrelated disorder membranous
glomerulonephritis (MGN), which is not autoimmune in origin.

[066] 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
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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).

[067] The PVDF membranes were blocked in 5% (w/v) powdered non-fat milk
in PBST buffer (80 mM Na;HPO4, 20 mM NaH,PO4, 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.
Following incubation with the primary antibody, the membranes were washed with
PBST. The membranes were then incubated for one hour at room temperature with
the secondary antibody, an anti-human IgG labeled with horseradish peroxidase
diluted 1:5000 in 5% (w/v) powdered non-fat milk in PBST buffer. The secondary
antibody was horseradish peroxidase-conjugated mouse anti-human IgG specific for
Fcy (Jackson ImmunoResearch Laboratories, Inc.), purchased from Biosource
International, of Camarillo, CA, USA. Autoantibody binding to immobilized antigens
was detected by enzyme-linked chemiluminescence using the ECL blotting substrate
of Amersham Pharmacia Biotech, according to the manufacturer’s instructions.

[068] The results of these experiments are shown in Figures 1 and 2. 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.
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Example 2: Identification of autoantibodies by enzyme-linked immunosorbent
assay (ELISA)

[069]  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 ug of recombinant human
hsp60 (purified from E. coli) or hsp90 (purified from S. cerevisiae) in 0.1 M NaHCOs3,
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 PBST) at 37°C for 1 hour. Each well was washed with PBST six times for
one minute each. Next, the plates were incubated with patient serum diluted from
1:100 to 1:800 in blocking solution for 1 hour and 30 minutes at 37°C. After incubation
with the primary antibody, the plates were again washed six times for one minute each
with blocking solution, and then incubated with the secondary antibody, horseradish
peroxidase-conjugated mouse anti-human IgG specific for Fcy (Jackson
ImmunoResearch Laboratories, Inc.) diluted 1:10,000 in PBST + 5 mg/ml BSA, at
room temperature for 1 hour. The plates were again washed six times with PBST + 5
mg/ml BSA at room temperature, and developed by the addition of 100 ul of 3, 3', 5,
5'-tetramethylbenzidine (“TMB”) solution, prepared in 50 mM citrate phosphate. 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.

[070] 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
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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.

[071] 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 | MG and sixteen diagnosed with Type lla MG. Assays 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) OD4sp = 0.375 (hsp60); and (3) OD4s0 = 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 I; 12 of 16 with type lla; columns labeled

“Hsp90”)
Table 1.
Patient
No. & MG | AchR AchR Hsp60 Hsp60 Hsp90 | Hsp90
Stage
-1 <0.2 - 0.539 + 0.609 +
-2 <0.2 - 0.593 + 0.293 +
-3 <0.2 - 0.328 - 0.467 +
-4 <0.2 - 0.716 + 0.498 +
-5 <0.2 - 1.063 + 1.088 +
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-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 +
[-10 <0.2 0.61 + 0.495 +
1-11 <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 +
[-15 <0.2 0.321 - 0.196 -
I-16 <0.2 0.623 + 0.632 +
[-17 <0.2 0.197 - 0.246 +
I-18 <0.2 0.309 - 0.236 +
I-19 <0.2 0.476 0.398 +
[-20 <0.2 0.708 0.175 -
[-21 <0.2 0.293 - 0.344 +
[-22 <0.2 0.711 + 0.708 +
[-23 <0.2 0.251 - 0.217 -
[-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 +
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 +
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0.642 +1la-16 <0.2 - 1.051 + 0.783 + [72] 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

("orregin_FipardSpeib (Ve rbikgtith @ th ety KN Snkdntibn BrioNeMEpLEeaitive”
IN MEDICINE 331-335 (1sT ED. 1987). "Specificity" measures the

and Pepesvifiaydiapatizngs MB didemiithane Measle sepie pegatingdf @tirints
hsp60 ("Protein_1") or hsp90 ("Protein_2") autoantibodies. Id. This

diagexeidnmatt N whaiteliste dhebsiivesiieriatdmatitnsdid svitaospéif(dapeind either
mild, generalized (Type | la) MG lacking autoantibodies that specifically bind
hsp@0e(AChHi8in/ 6%) banepdiqanihedtie thaHspacKeakyshind. NEpakawl 86Y0N
have autoantibodies that specifically bind hsp90. In addition, 91% of patients
MEeDigthe B33 36tEsir ey D&Y jor Beraffisitjo aébsdies, thah8aermbpatisfrpatients
without MG tested negative for hsp90 autoantibodies.  [73] Table 2 shows
whothid ass#ying fdGanteatdiiedias dativefecidithby hepb 0B tbsP90) bspEH90
hsp90, AChR + hsp60, or AChR + hsp90, provides a more sensitive method
(“Profdnteraifymngozatitudiagth /staghis(expeiind@ tandnstassayitrgafoof patients
autoantibodies specific for AChR alone. The data summarized in Table 2 was

diagohisdaedifroot skeveitypth ieemaildntpewdlatitage(Thie UsihkeaEkisA assay

and cutoff values as discussed above for Table 1. Table 2. Autoantigen(s)
autoantibodies that specifically bind the AChR, 76% have autoantibodies that
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 patients without MG tested negative for hsp90 autoantibodies.

[073] Table 2 shows that assaying for autoantibodies that specifically bind
hsp60, hsp90, hsp60 + hsp90, AChR + hsp60, or AChR + hsp90, provides a more
sensitive method of identifying patients with stage | (ocular) MG than by assaying for
autoantibodies specific for AChR alone. The data summarized 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

30




Sensitivity for patients with stage | MG (%) AChR 67.1 Hsp60 78.1 Hsp90
86.3 Hsp60 + Hsp 90

Hsp90 86.3
Hsp60 + Hsp 90 98.6
AChR + Hsp60 91.7
AChR + Hsp90 95.9

[074] 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.

[075]  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 encompassed by the invention. All publications and
patents cited in this disclosure are incorporated by reference in their entirety. To the
extent that any general dictionary, technical dictionary, or the material incorporated by
reference contradicts or is inconsistent with this specification, the specification will
supersede any such material. The citation of any references herein is not an
admission that such references are prior art to the present invention.

[076] 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
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98.6 AChR + Hsp60 91.7 AChR + Hsp90 95.9 [74] Thus assaying for the
presence of hsp60 and/or hsp90 autoantibodies provides a novel, sensitive,
and specific method of diagnosing MG, patrticularly in patients at early stages
of the disease lacking autoantibodies for AChR, the clinical marker most
obtatestmyniicapresérieimvetiitie diseasaery 1¢48], el mscHicaciitenosd limit the
thoroughly understood in light of the teachings of the references cited within
applicatipeoifitasidocirine @nbqdivasnttswihitetbectreoffi¢rionipieyisecamumerical
illustration of embodiments of the invention and should not be construed to
pardiméténeisoaebef tomstentiimiidhteoskiled aritsenoesidiyfieatgtigies dhdtordinary
many other embodiments are encompassed by the invention. All publications
rouratidgoatetaactied.in this disclosure are incorporated by reference in their
entirety. To the extent that any general dictionary, technical dictionary, or the
m@ETial inconpesattiddnwiksidrelicateonthadietandiis dasthpisieadinglatisies of
specification, the specification will supersede any such material. The citation
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9.The method of claim 1, further comprising: (b) determining an amount of at
least one autoantibody in the biological sample, wherein said autoantibody
specifically binds the nicotinic acetylcholine receptor (AChR); and (c)
comparing the amount determined in (b) to a cutoff value for autoantibodies
specific for AChR determined from negative controls not suffering from

WHAT 4StER AV S

1. A method of diagnosing myasthenia gravis in a subject comprising:

(a) determining an amount of at least one autoantibody in a biological sample
from the subject, wherein said autoantibody specifically binds at least one protein
selected from heat-shock protein 90, alpha isoform (hsp90a) and heat-shock protein
90, beta isoform (hsp90), wherein an amount determined in (a) above a cutoff value
for autoantibodies specific for hsp90 indicates that the subject has myasthenia gravis,
the cutoff value being determined from negative controls not suffering from

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 1, wherein the at least one 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 1, 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.
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9. The method of claim 1, further comprising:

(b) determining an amount of at least one autoantibody in the biological sample,
wherein said autoantibody specifically binds the nicotinic acetylcholine receptor
(AChR); and

(c) comparing the amount determined in (b) to a cutoff value for autoantibodies
specific for AChR determined from negative controls not suffering from myasthenia

gravis.
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