Met hod of Di agnosing nyasthenia gravis and kits
therefor DESCRI PTION OF THE | NVENTI ON Fi el d of the

I nvention [001] The invention relates to the field of
i mmunol ogy, including the devel opnent of

i mmunol ogi cal tol erance, and the pathol ogy of
aut oi mmune di sorders. The invention generally rel ates
to i nproved nethods of diagnosing the organ-specific
aut oi nmune di sease nyast henia gravis. Background of
the I nvention [002] Autoi mmune di seases result from
aber r aMethadeh Diagnasing Avesthenia grayis and kits therefor
causes inappropriately activated T cells to react

agai nst self tissue, thereby trlggerlng production of
cyt oki nes and/ o LA ) bl e for

di sease eti ol N FT Al
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racterization of autoanti body

' e Med. 8(3):295-301 (2002). Sone
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involved in the developnent of cell and tissue damage
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therbB\PridBEGd éfr‘oﬂgct%Wd?lc%@(mgg and/or autoantibodies responsible for disease

etiology and progression. COTRAN FT AL, PaTHOI OGIC BASIS OF DisEasF 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. Autcimmune disorders may be systemic,
affecting multiple organs or tissues, or localized, affecling a single organ, crgan 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



di sease is known. 1d. Nevertheless, the specificity
and pat hogenicity of autoantibody responses for
certain diseases, such as nyasthenia gravis,
enphasi zes their utility in inproving diagnosis,
classification, and treatnent of autoi mune disorders.
Id. Because serum autoanti bodi es often appear |ong
before the onset of clinical synptons, the ability to
det ect aut oanti bodi es associated with specific
mosinaihanihegathcgenidaole nog thecielatioasidp &ctherwndetlyingwotibidgy of
enabl e the use of prophylactic treatnents earlier in
dischhe is loawrs edoNededlede®, trenpbectigiteamnpaibbygnigirariatitoantibody
i mmunol ogi cal intervention sufficient to prevent the
respamses favfcedais eliseases tsucke hy mySsihen il glavis,upmphasjz@dafeir utility in
Myast henia gravis ("M3') is a neuronuscul ar di sorder
impeaigatiadnosis, olassifcatiod] aicidedtmest afavdadmmuneltdidarders. Id.
receptors at neuronuscul ar junctions of skeletal
Becauss serumCGAIRAbEdied\biten appsar iaig U182, th&Eshsetailf efnicdl syetoms,
i nci dence of M5 in populations worldw de range from
the apiptyax deRCEAoambetict astBdigtet MmN spesint supkonlve pigbrders
100, 000. COTRAN ET AL., supra; Somier, "Increasing

quicklyCdrdiener9ély halrr sHaBR tha sk Rgl@btiicbl%h}tments earlier in the
seropositive nmyasthenia gravis," urol . 65:928-930

cou Ks%QQ@)&eagé‘,%rﬂrrﬁyﬁé@ﬂﬁﬁll?fpehﬁl iffmukdiSgitiidted eRlicH Qsfidient to
estimated at about fourteen cases per 100, 000 peopl e,

prevint the GHRT SPdis@iselantidfy, 08& eRS 88p/@i agnosed annual |y
nati onw de. Howard, "Myasthenia gravis: a sunmary,”

aVFjd4jib|'lﬂy§§thenia ravis ("MG") is a neuromuscular disorder caused by
http:7/ww. nyast heni a. org/i nformati on/ summary. him
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myast henia gravis, defined as arising either before
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sero\%gﬁioe %Efﬁgwaygrg\ﬁéﬁe ll\@Brol. 65:928-930 (2005). The prevalence of MG in

the United States is estimated at about fourieen 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.him
(last accessed October 23, 2005).

[005] Early onset myasthenia gravis, defined ags 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 di sease between the ages of twenty and forty,
while in nen, it generally appears between the ages
of fifty and sixty, though it sonetines devel ops
earlier, and may develop later in both sexes. COTRAN
ET AL., supra. [006] Cinically, Mstypically appears
first as occasional nuscle weakness in approxinmately
two-thirds of patients, nobst commonly in the
extraocul ar nuscles. Id.; Howard, supra. These
betweurt ¢aly- ayarztenssa\WMA wagldefinse asage 545). odoaiangypicaltypdavglop
eyelids (ptosis) and/or double vision (diplopia),
the oistase oatwsemthet duespdtweanty ahd fegelwhieohi rnah, it gdrtcealtyi appears
Id. Muscle weakness is restricted to the ocul ar
betwetscthe ages obfifudandlsidty adhoughais esmetiinasdevelspgogaalier, and may
Eventual |y, many patients devel op general nuscul ar
develepkaiesia bothedxespCdrhuctual esupeekl y, daily, or even
nore frequently. 1d. Generalized M5 often affects
F;xdaqes @Ihﬁéall Q‘m_GftPﬂ)icéI@@p@ba@ﬁpﬁt%d@ﬁsioﬁﬁeﬂw%ﬂa weakness in
kin ovm ng, and breathing; before recent
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nost common cause of death. Id. Wth inproved nethods
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intervention, however, more than 95% of patients now survive for five years or more
after diagnosis. /d. 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



i ncluding cholinesterase inhibitors. Id. Treatnent
regi nes generally aimto induce i nmmunol ogic rem ssion
wi th high doses of corticosteroids, frequently in
conjunction with intravenous imunoglobulin or
pl asmapheresis. Id. Miintenance of remssion is
usual Iy acconplished by gradual tapering of the,
corticosteroids, coupled with the use of
"steroid-sparing"” agents, such as azathioprine or
(2003)y Goztrennt wually bebinsTwiintet axinyinisbigtionadismiibioliob$tersievagents,
in some cases. Id. [008] M5is characterized by
includimg chudide sterecie igdbieds. aghiTrsatrtehtragiroes generally aim to induce
acetyl choline receptor (AChR) in approximately 80-85%
immuablopetremigsion iRirchigldosds alcorticostepids, fiRguamtlysn eonjanction with
"Thym c nyoid cells and germ nal center formation in
intraveyasd ivendreoglabutin os plapmaphdresisr df. ddaintenaatd obenesdia) is
J. Neuroi mmunol . 125:185-197 (2002). These anti bodies
usualfeatesmphstiedy @adlal tadeoihy Rétheameitostesoidsccodpled wititbd use of
receptor function at the nuscle end-plate of the
“sterdi®bpérthgn agempLseulagrazathigiringor mwkbpirertotmet ke rTHyestdnay may
failure o neur onuscul ar signal transm ssion that
also pREkd g5 i sond besgsuggl e weakness characteristic of
generalized Ma Hoch et at., "Auto-anti bodies to the
r ﬁ%ﬂ)t oG i¥ ERSabRrizéd PRERIRIRS dirdclatdgaMssthei ridbtinic
nyast henia gravis w thout acetyl choline receptor
ilPRiceStor [ i ‘88685596 6 Bp 41kl ) RicHhan et al.,
a%t@?hr&@?gﬁétgﬁ{%@dﬁaggl%glnnﬁﬁ_@ %R ant?bodi es varies
suprdVrdehis RTBNI TRFANICEASd vhllshardl gBrinial B6@EeBmaionTH $edsienia
weakness, and therefore cannot be used to predict
iSE)HREH i [ "IN HeR 1 2BaTl 2002). These
grawm%@eyro F:Jsu"l BQY\ ggrf@s%‘? b INd RS HeR 1 2BalBE eI 2002)

supr a. Not every patient with synptons
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charélgtérpst_ic of generalized MG. Hoch et al., “Auto-antibodies to the receptor tyrosine
kinase MsSK in patients with myasthenia gravis without acetyleholine recepior
antibodies,” Nature Med. 7(3):365-368 (2001). The serum concentration of anti-AGhR
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



general i zed MG conpared to those suffering only from
ocular MG approximately 74% of those with
generalized M5 and 54% of those with ocular M5 have
detectabl e anti- AChR anti body in serum Howard,
supra. Anot her 10-20% of patients suffering from
generali zed MG never devel op detectable anti-AChR
anti bodi es, though as many as 90% of patients | acking
anti - AGhR anti bodi es i nstead have serum
longeautch-Ami- ADbE iapbodiés aretabdetved anara drebiperttlysc palients afflicted with
receptor tyrosine kinase, MuSK. Hoch et al., supra;
genef@bzahME etm@dred tesihpaasuffdiBl amydirat esulagMch-aprdedmdiely 74%
clustering of AChRs during synapse formation, and is
of thos Witkgredraited NS, mati Bues ofthosewiic utuar MEneve aetedtiddd anti-
et al., supra. [010] Thus, there remains a need for
AChRagekidiode iraseromi. Heslgardf sutiragAonsthag!d-8e% alipaterde suiBMgiRYh
OF THE I NVENTION [011) The present invention provides
genelBENPNIS hdver dbadae 8éiaptablzeantinkCHR artisodicy, traugbiasimary as
di sorder nyasthenia gravis ("M3'). The invention is
90% BRSRdntsaboliRp&ti-AChRANtibENed iMgtedt $Q0¥ eetint Aab-amabydies
patients suffering fromearly stages of M5 have
direc@b & a_ﬂﬁm&@s&%i%%@éﬁtbﬂ%ﬁo@metkﬂﬁm@,OM& BReaocaloak, supra;
protein ("hsp60") and the 90 kD heat-shock protein
Hoxaﬁ%hﬁ RPOsprat NRSRIREGLIRS aBRA-IMILRYY elSleying 3P ACHRE@Mrilg t h
the etiology and progression of Ma Accordingly, the
synabéé‘éfﬁﬂﬁéi%, BROK &eseR Bl R Alrdhanonssdlar jMetioR. #och et al,
subj ect conprising obtalning a biological sanple from
supré he subject and determ ning an anmount ofat |east one
aut oanti body that specifically binds an autoantigen

charpcter St _ - fridl A
507 Rep B M s RBe) Yoraddlie o8 e i e
i .Lpha i sof orm (hsp90a) (SEQ ID NQ2), and heat-shock
Sea%?‘ot ein 90, beta isoform (hsp90R) (SEQ I D NO 3).

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 680 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 diaghosing
MG in a subject comprising obtaining a biclagical sample from the subject and
determining an amount of at least one autoantibody that specifically binds an

autoantigen characteristic of MG selecied from heat-shock protein 60 (hsp60) (SEQ 1D



[012] An ampbunt of an autoanti body may be determ ned
by a variety of qualitative and quantitative nethods.
In sone enbodi nents of the invention, an anpbunt of an
aut oanti body is detected by Western blot. In other
enbodi nents, an anmount of an autoantibody is detected
by enzyne-linked i nmunosorbent assays. [013] In
anot her aspect, the invention provides a diagnhostic
kit to inplement the nethod of the invention. The
NO:1k ineat-siiock ipeoteimva alpba iscicror ﬁnspa(ﬁce) (BRE 16y NG) paref haatehock
above techni ques for determ ning an anount of at | east
proteibrt®, adtadastbinh GehpIOMISEG [eNDE3)cal | y bi nds an
aut oanti gen characteristic of Ma In one aspect, the
kjoti 21 ncAnudmsual df anrsgdgsiibsdy may be edtarmirgetyravaretaof
anount of at | east one autoanti body that specifically
qualitBiivedsnduaniitaias ingesdss eh ecinedniooim e of thedalentiontas amount
60 (hsp6o) (SEQ ID NO 1), heat- shock protein 90,
of an aLR2ALibSRS i9 tBlechnROaksieHFENol. Dn et )emibmaiindragtansdrocint of an
protein 90, beta isoform (hsp90[3) (SEQ ID NO 3).

autodrfldddy BdRidce sy erlyhrCirkeandmadysmbegassafs. t he

invention will be set forth in part in the

desi@] | PhizpBiheasPedt ahé aWenti@ngholide®adiagnobtidlt RtimpRinsent
fromthe description, or may be |earned by practice
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[014] Additional objects and advantages of the invention will be set forih 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 bie realized and attained by means of the elements and combinations particularly
pointed out in the appended claims. Itis 1o be undersiood ihat 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 |ysates
probed with serumfrom patients suffering from
general i zed nyast henia gravis according to the
protocol of Exanple 1, identifying autoantibodies
specific for heat-shock protein 60 (hsp60). Positive
blots are indicated with a dot. Sanples were taken
fromfemal e patients with thym c hyperplasia (HF),
mal e patients with thym c hyperplasia (HVM, fenale
pEXisENt Fhe adcompahying ceavifds), whinhcaremmermatiedrit andcodstitute a
thynmoma (TM. [017] Figure 2 shows Western bl ots of
part of €hi$ spaicdatisn piwlratt sdvehal sebodinferdsof thairnventien and together
suffering fromgeneralized nyasthenia gravis according
with the deberiptiontszew toadxplaixheqprieciplesiod éwt infenting.
aut oanti bodi es specific for heat-shock protein 90
(hsp90o). These experinents did not distinguish
bet ween t he BRIEADESCRIPFIGN GO THEBRAWINGS90. Positive
blots are indicated with a dot. Sanples were taken
f (00| f efflgliee pahdenNeskinn blatheided lystayqsempb@dswah eemym from
mal e patients with thymc hyperplasia (HW, fenale
patiemiatsiierirg fdrd lgeneralirashmyastimnia grayisradcerqug foethe sratpedh of
thymoma (TM). [018] Figure 3 shows the results of
Exanghe y idemtifyikg dulioamiiboaiss dpeoiic iy deept shqokliraiain) 6 hspoR)nmed
with serumfrom patients with generalized MG
Positivel ®idts Bid ingichtep 60th a auic Gatiples Weret thikerpirarh deroblegfatients with
Exanple 2. Bars indicate the nean OD450 val ue. [019]
thymici g be|akizs (HR)Smblkepatiestsivith ibfmiertypeepldsia ked), female patients

i mrunosor bent assays (ELISAs) performed with serum

with thy @BmRATFE R nvalé Patiemenih ittpetbrdsTMdent i fyi ng hsp9o,
7 according to the protocol of Exanple 2. Bars

| i 75 at Rigube 2 FRaRs GRdkber bidisiof cellngsetes roped itk stauntfrom
not di stl ngui sh between the al pha and beta isoforns of

patueﬁﬁ%%@enrﬁ@f?&h dehetaligePrmyhsinenia igaviebaddotdingfo theerotocol of
di agnostic nethods of the invention correctly to

B S R S ety s
expefieARMid RetligihghRRTbebRERMH the @fdhavankl teta RBfRMS of hspo0. 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 immuncsorbent assays
(ELISAs) performed with serum from patients with generalized MG identifying hsp60,
according to the protocol of Example 2. Bars indicate the mean ODaso value.

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

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



(" protein_i ") and/or hsp9o ("protein-2"), while
test-negative patients | ack hsp60- and hsp9o-specific
aut oanti bodi es. [021] Table 1 shows that patients with
stage | or stage Ila M5 who | ack AChR autoanti bodi es
exhi bit hsp60 or hsp90 autoanti bodi es as neasured by
ELI SAs. [022] Table 2 conpares the di agnhostic
sensitivity of assays specific for (1) AChR (2)
hsp60; (3) hsp9o; (4) hsp60 + hsp90; (5) AChR + hsp6o;
accomiing(t6)the\Qvco! ohisygaple 2s Shays mgichter thamen®Poodales. These
specific for AChR al one exhi bited the | owest
expesmasgistdid ntyditmguishtbiebries thawiphg aetidgta isc{covalchhIp NG,
BRI EF DESCRI PTI ON OF THE SEQUENCES [023] SEQ ID NO 1
i §020the Bigur®5abods treoahiliig of e dagnestihmathosh of Kiegnetrdion
60 (hsp60). [024] SEQID NGO 2 is the amno acid
correstiyoivaratenonite patiems ita MG he dtdstiposities and Bdse alithbat as test-
i soform (hsp9oa). [025] SEQID NGO 3 is the am no acid
negafies] UBstpositivéd patuntdhieate- Shoakibpdiet ¢hat spS@iicatip bandi spBor m
(hsp90p). S DETAI LED DESCRI PTI ON OF THE | NVENTI ON 1.
("proféat_hochreforPispam 0piowgin Aer aiimeues-ridgativedeatienfs0a6] hdploaed
aspect, the invention provides nethods of diagnosing
hspgﬁkgééih@ﬁbt@anﬂfoﬂﬁss in a subject, conprising obtaining
a biological sanple froma subject, and determ ning

amATouphblel1 sHowsapgtpatiBetsauihaanid berdytageeMd whe hek AChR
aut oanti body specifically binds at | east one protein

autoa?ﬁib@ﬁib@ dxhibR REpERSr a0 luRyaatisddies MREPHEN by RRaSAs.
shock protein 90, alpha isoform (hsp90a), and
hegdo)shoskie® nghdtedihe DR stice 8émuitNity 0hass bpecific for (1)
AChR; (2) hsp60; {3) hsp90; (4) hsp60 + hsp80; (5) AChR + hsp60; or (B) 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 D NO:1 is the amino acid sequence of human heat-shock protein
60 {hsp&0).

[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 (hsp90g).



[027] An autoi mmune di sorder is a disease or disorder
characterized by aberrant inmune function, and
frequently by the presence of autoantibodies. An

aut oanti body is an i nmmunogl obulin protein ("lg," also
referred to as an "anti body") of any isotype,
including 1gG, 1g&, 1g&, 1g&HA, IgA, 1gA2, |gbh

IgE, or IgM that specifically binds a target antigen
derived froma protein produced by the sane organi sm
that prodDEFAILER DI 1BTEOM OFCTHE N Exanpl es
of autoi mmune di sorders characterized by

gihod of Diidgnt sheg Autdimisung\Bifiotrde di sease
aut oant i bodi es agai nst 21-hydroxyl ase);
dil@R8 s eln(agtasRAeh g’tﬁ—‘d

_ l i
pg@tigg Hrovidesynelbpgs of digé)neosin%cmyasthenfa
transgl utam nase); type 1 insulin- dependent diabetes
gravignsl & buljscl( eurmprising eanEY alalogisel TAR!e HorhFERiect, and
insulin); Gaves' disease/hyperthyroid ism .
deier(raning antimsout ekatdeast ase avlepngicslys vhansinaihe fylasstibetve
receptor); Hashinmpto's thyroiditis (autoantibodies
specifigallyrtinds diyeasit dnp erasin dalsstcarfano hO@TFé\'O@b pEREin6])(hsp60), heat
nyast heni a gravis (autoantibodies against nicotinic
shock patigin @ohlioha iscbmapihepdtem cirst heatgbedleprojsit 99, heta isoform
receptor tyrosine kinase); Goodpasture's syndrone
(hsp4GRUL oant i bodi es agai nst Type |V coll agen in
gl omerul ar basenent nenbranes); penphigus vulgaris
( go2anhh hattiremuagaisosder des disghss or @yordpechrradtedired by
anem a (autoanti bodi es against H K ATPase); primary
aber®int inrhyneiunches iaad frRobaalytdydbe peseagabiatio@#RIDPESE, An
vitiligo 9 (autoantibodi es agai nst tyrosinase and/or
autoRModP)s amrhirigiobatih eradsin §°1¢, Aalso aeferbo th asan sydibady”) of any
myelin basic protein and/or nyelin oligodendritic
isotyBé YEARdIAG RIGY, 10GY RIGNgG 194 sIgAe YD higEnboighs that specifically
(aut oant 1 bodi es agai nst spliceosonmal snRNP, Ro/La
bindd h RIHECAMRREN BeFildLhém a fibRirORe8ucatrts e samisi orgarliA)that
Sj ogren' s syndrone (autoantibodi es agai nst Ro/La
orodlbRPME G BRteiR Bt drib6dyA e phiplesisanbiminturead spytiens)chassotkrized
rheumatoid arthritis (autoanti bodi es agai nst
by a@l’g%ﬁt‘?ddi@%@ﬁ&ﬁ’%& Y&ddiSorPeke st @DJantbddd agafitn i ¢lydioxylase);

at 1545. [028] "Subject", as used herein, neans
coelidl oRRhER autddMibsd £ 9gAnftyizBlie fanddRlaminase); 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 thyroglobuliny;
myasthenia gravis (autoantibodies against nicotinic acetylcholing receptor and/or
muscle-specific receptor tyrosine kinase); Goodpasture’s syndrome {autoantibocies
against Type IV collagen in glomerular basement membranesy; pemphigus vulgaris
(autoantibodies against desmoglein 3); pernicious anemia {(autoantibodies against H/K

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



human mamrmal, e.g., a dog, a cat, a nouse, a rat, a
cow, a sheep, a pig, a goat, or a non-human primate,
and expressly includes | aboratory manmal s, |ivestock,
and domestic manmals. In sonme enbodi ments, the nmammal
may be a human; in others, the mammual nay be a
rodent, such as a nouse or a rat. [029] A biol ogi cal
sanple is any biological naterial collected from
cells, tissues, or organs of the subject. The source
(autoahtiidaiie s gy tyeadinasaramdéoriByX-vay; ynultiep ecidiosig (autothibodies
particul ar synptons present in the subject to be
againdt agaskskic glagein Bhaoogiyeidl olRuphditicryydopraeiay; pgsaemic lupus
i medi ately after it is taken, or stored. If stored,
erythéhatosaamlieanmbydiee againki splicedsechahish RNBNRafaribpnicita particle,
storage buffer, and kept at 42C, at - 209C, at -704C,
histofds, HEr hativer DAL IFidyrém’s diritiome Usltoastidodigiadamst Rogan
or liquid helium In one enbodi nent, the biol ogical

ribonSQERH Sarlidy af@BPF mekcnidicestor)S@fdiMeuialdd ashmis 1 n
anot her enbodi nent, the biol ogi cal sanple may consi st

(autoRhtiBHsCidast bikhitinSted Bybile: peohids hhdibr Ighnotdeefield, supra, at 1545.
nbodi nent, the biological sanple nay consist of a

e
bisy - I PSHE LSRR8, Mleand ak Bhimat URAIBHMES @hunidh or non-
a&diti o(r%jlbiégﬁnbgéélfjnent srsgf t%ﬁg ?nvemi on, thge g

humdH Bk 'a‘?,aé.%.z?@?%;eacﬁ?% ntdURe! £tat0h c8f! 4 ¥ideep, a pig, a goat, or a

cerebrospl ui d, ['ynph, sweat, nucus, synovia

von e )y BRIyl pReiitese
domeic Hnhhfse in g@ﬁg%ﬂ@g@éﬁfe& i‘lﬁ@kﬁgﬁhﬁ%éﬁﬂa h@maf MRl @ers,

igt s relatrvely st e under ysi ol'ogi ¢ conditions
e oy B A A 987 A o o) The term

iR 0 AP IRR  pPR fban
o e RAT DE R B A,
cepor e e BRAEL APl R RSIAE B OGS, The
bio!o\é\fcgpsaarlnp;lg Vr%efy%e%%?yrz%& ?m%%ﬁ%%l& gﬂel‘l\lplg ?EH(%?IE &j&ored. 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 liguid helium. in
one embodiment, the biological sample may consist of blood, serum, or plasma. 1n
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 biclogical sample

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

fluid, or other.clinical specimens and samples.
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bi nding usually is a | ess selective interaction, and
may have a low affinity wwth a noderate to high
capacity. Typically, binding is considered specific
when the affinity is at least 105 M', 106 M', 107
M' or 108 W If necessary, non-specific binding can
be reduced w thout substantially affecting specific
bi ndi ng by varying the binding conditions. Such
conditions are known in the art, and a skilled artisan
ufilod rThe ferm “speedicalygpieds, tamnhs dke cheapihapwoandecules form
conditions. The conditions are usually defined in
a com@Eenihaofs relafice iaate wlco phyaidlodio domsitiorisorig, sstrklagt h
of the solution, tenperature, tine allowed for
antigdni/actibogy compieant Tied teom ioBlsb @appliczbé wbenaploeexdragle(an g. |
bl ocki ng agents such as serum al bumn, mlk casein),
antigengingmgfdotdin isSecifie fg.a pdviidugarepitbpalwhich iEHeuriddm a xumber
Effects on Kinetic Rate Constants of Antibody-Antigen
of mdléduisactivansn Ketfdoge imaSapeeiiically\iscositipls Protking wimamio binds to
Meth. 217:51-60 (1998); and Zhuang et al .,

an e;i'itNFé\ senERteagh. SP@@&@biablingms Eadracteonst nnd seigctive interaction,
Anti body- Antigen Interaction in Solution Based on

g d'[ﬁ‘g i ith BIReRHRS@ DSHd¥srateleapBtios Mondpesieng.
Oﬁt:mQZ(%) : g'gﬁ?gg'tyzom) . ﬁ?ﬁffgg{ ecti oenraof y utlggnt?nbsgdi Ies
bindihdddall

Pad £103% BbReHAInRTEMBh, M MAy All@aMW Bty with a
according to the nmethods of the invention enconpasses

moddiQieto A éép%&ii@ﬁl’%ﬂf{%iﬁé aldoneicaRidhpAsifietvhen the affinity is

etection. tative nethod of detection

at Iea%il e - rdggean™ s et fralr ' airRRbédser), @ibﬂ%?bgﬁ@binbmgwahf’oe

resent’in a biological sanple. A quantitative nethod

reduddd WRIES %%I%Sarﬂ@%ﬁ%ﬁ? spﬁéigb %iﬁ@i% b9 apyirpih iy

aut oanti bot esen . bi ol ogi'cal” sanple, and in
condfif SHElogs B ) Epp gl ine
oonEHSP AL YEALIoRLA porHEH 8 oo
term s@@i&ﬁ%ﬁ Stﬁqﬁbﬁ%‘ﬁéhbc?o%js ?otnlibeétre‘f\%EFP@F 1RELEILTGE hahgst8ure Lime
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 Constarits of Antibody-Antigen Interactions Reflect Solvent
Viscosity,” J. Immunol. Meth. 217:51-60 (1998); and Zhuang et al., “Measurement of

Assoociation 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 gualitative and gquantitative methods of detection. A
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[032] Western blotting begins with an el ectrophoresis
step, where proteins of interest are separated on the
basis of size and charge by pol yacryl am de ge
el ectrophoresis, followed by transfer of the proteins
fromthe gel to a charged nenbrane. After the
transfer is conpleted, hybridization begins with a
bl ocki ng step wherein all unreacted binding sites on
the nmenbrane are bl ocked to suppress nonspecific
qualitatheompttoarof abieativn siathhesetemtings whelbena bhrtiaular anmantibody is
anti body incubation to bind a target antigen or
preschiin §BRdfgicRNskepids Anudhtimtise aRifitharof derdatibo dytermines both
i ncubation wherein the antigen-anti body conpl ex
wheth 2 Bhiclid i NiBodrfiBody ispredent Incaibiatogmal samplef et iadvhab yuantity.
r adi ogr aphi ¢, chronogenic, or chem | um nescent neans.
Both §OSitEReMuanaRliVORGINIDS of BeRelicH A vialle@iohindn freyart.huch

constant region ("Fe") common to all immnoglobulin
methBéLineluBe WEILMIESting HARIASHI¥HIAG! iPAMoT B sbshcebémiyrrdinked
roma variety of mammal i an sources, including, but

i b 4R4yd PELIAPPishd oRfteeBmpaRdle ciMigess. and rat .
'mmLF‘g%%] To deye(rym' ne gn anount of an aut oarqni body
specific for an autoantigen characteristic of MG by

Vst erq, Wé&éﬂn@oﬂgqi fied or reconbi nant preparations
of one~or nore o e autoanti gens characteristic of
M@z e Weskim slolingdegihstvithsatiéloctahhdessid stesubiere proteins of
pol yacryl am de gel el ectrophoresis (SDS-PAGE),

interds GRS SHaBatb® of tienBadislon@EdhaetscHztgavel bolyaaylamide géle
art. See, e.g., SAVMBROOK ET AL., 3 MOLECULAR CLONI NG

electfdphbRBERATIGRYd MA\NEALieASE 1R pAReib foR0BE el escharpedg

various reagents and nethods for el ectrophoresis of

memtBLa‘Pfe?iA?%r e AR drASEomplélee, ﬁfbl\ﬂdﬁmﬂtiﬁn bbgihb eith @l blacking step

en transferred to nitrocellul ose, nylon, PVDF, or

r Rdig sfiéd b theswbinphire drobidckadto suppassd
Wher%@e%%%‘??’ﬁﬂgbggéi?andard met hods equal | ym

nonsﬁ@mﬁiﬁ? K0 idr bitd gt?@di%si cORfnes anml £pritiaY anfiBodincubation to

sion, sem - otting, or by other conparable

ons FERRERRRLEpy BT n ] e Shborse sy e
wherein the antigen-antibody-complex formed during the primary incubation is detecied
by radiographic, chromogenic, or chemiluminescent means. The secondary antibody is
generally specific for the constant region {*F¢”) 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 1o sodium dodecyl-

sulfate polyacrylamide gel electrophoresis (8DS-PAGE), according o standard methods

12



aut oanti gens may be spotted directly on

nitrocel |l ul ose, nylon, polyvinylidene fluoride

("PVDF"), or other filter or nenbrane suitable for

fixation and Western blotting. If purified or

reconbi nant preparations of the desired autoantigens

are not available, the autoantigens nay be supplied

in cell lysates or tissue honobgenates prepared with

standard net hods known in the art. [035] Next, the
well-Kridwinain sheoari.mSebr age SARBROGH xed.. toMpresuear CLogsGDA t he

target proteins during the several hybridization,
LADOWERIHYINgANLRN (A SSA(RABMB (23118 peesealipy ivarios redgeitteend methods for

blotting. Fixation may be acconplished by heat,
elect@ipaseslsi gtlpraiginwioy ISDE-PAGE) olTRE cohtiegistof tie gdlaretHeartransferred

conpar abl e net hods known in the art. See, e.g.,

to nitRAYMRRSEK nHBALPYVDE, oMdth&rGhbMABr bl ONIilEH sufiablaBGRAXRGERY and
MANUAL A8.52- A8.55 (describing various reagents and

WesteFi B@ﬁiﬁ?be IstdndBHRRINeLE aGalrwkIdeioast ih @ af. The transfer may
anti gen/anti body conpl exes). [036] Non-specific

be b@mm&@gm, Sd i %!oﬁtii'rtg]‘fér Byloihke cdrhp@eblel rhétBbdOKnIVETRIBS &rT.

are Dblocked with buffered solutions (e.g.,

pi@ﬁﬂhahﬁ‘enﬁé!ﬁ\feﬂ Sl drecdmbiBEND pr&barkiighs! dfledk or more of the
cont a ["'ock

ining a bl'ocking agent such as, for exanple, 0.5%

autoélrwgépls H&?’b%%kogéd' dirddils oﬁrnit%llﬁl%é’,)nytl?l}/ FG[?viﬁﬁfd'éﬁé fluoride

um n After bl ocking, thé ter or

(“Pv?ﬁ'@ﬁ%@ﬁ%ﬁ!ﬂggﬂﬁ%gﬁﬂﬁeﬁﬁﬁ?k_*B@r fRatioRaNd %&ét?ﬁ%?mng. i

i'S I ncubate

purifigb1 %{Elﬁe?;oﬁ%linan? ﬁf}éfb%?atlgégm ?S%Fﬂlré’&éutbgnttb%ng PO RQSRAINS, the

aut’ol mne sor _ After the prinary

oS4y BURBRIER ch sl Ss 0 nama e fepania
g e A ek AL

R L
oo Bl A MR AR E -0, 4ol g G
West%lgﬁ Eroltt:%gl I!L?fa%glq ?neely éehgcc%rrﬁ%ﬁs%ed%y Y?e%{t,o(frogsr-linking with ultraviolet
light, or by other comparable methods known in the ant. See, e.g., SAMBROOKETAL., 3
MOLECULAR CLONING: A LABORATCRY 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 saling (“PBS”) or the like)
containing & blocking agent such as, for example, 0.5% (w/v) low-fat dry milk or 5%

(w/v) boving serum albumin (“BSA”). After blocking, the filter or membrane then
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fluorescence may be neasured using a | um noneter, a
spectrophotoneter, or other simlar instrunents. It
det ect ed aut or adi ographi cally, the anount of bound
anti body nmay be neasured fromthe exposed x-ray film
using a densitoneter, or simlar instrument. See,
e.g., SAMBROXX ET AL., 3 MOLECULAR CLONING A
LABORATORY MANUAL A8.52- A8.55 (describing various
reagents and nethods for inmmunoblotting and detection
undefifocaniié gemagrdntibodlyincagicexésing HO@8H isSecubated with a biclogical
anti bodies used in qualitative or quantitative nethods
sampld frofel atjéa e babirighesedol ye hotethmone disaakk.onal , nmay
be labeled with a ligand (such as biotin) or a
des3rgt abhe thapkeany( aibbdpmcabdilonpthedittentr gembpareris amshed,
enzyne) using conventional techniques. Suitable
and thaBRdsentd16f adeardtibagy-apidantgon simimenseitmeased using a secondary
el ectron-dense reagents (e.g., silver or gold),

antib8SZ MBBRd wHRkhd B8GSHc, Mawioaenis padhchtlumitigadémaneans.
partners. Enzynmes such as horseradi sh peroxi dase or

Autodtleabi BE10RAR A NN Exesre tierddtabiby coletipetrralpie. .hwitt

activity. For exanple, horseradish peroxidase can be
hors%ﬁ& 86 hebxMash g aMB)i @(leb# N%It)él%tﬂlb@i‘éphy (e.g., alkaline phosphatase).

et ranet hyl benzi di ne o0 a blue pignent,

I det??lgg%gfoiriﬂ@tﬁcgp@,t etbg PERALHPREEEREBIHE amddnn Bf cdter drabl e

S an ctable 14 nmarkers include bhiotin

ﬂuor%&gn@é’ dy 'ng'@e 1 F@aoﬁﬁﬁr‘fdegild?ninbﬁh@e"f‘,@s RoBh&toMetedNét dthér

ner ous itiona ceptor-ligand couples known in

sy 1R SOOI M S s
may B el feifin 1EOPRLPE KTaffintibtg BBt abrsier
s 00 PR SRR RLERL | Pl EUAFRIBNR! St
o S F P P Rl Ry ap
cte]Epiat AP e 8y ek PetRenr g S

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

detected by ifs ability to converi ietramethylbenzidine (“TMB”) 0 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 nethods and
nunmerous others. One of ordinary skill in the art wll

sel ect the appropriate protocol to use, depending on
the autoanti body to be detected, the autoantigen to be
used, the source of autoantigen and/or primry
aut oanti body used in the assay, and any ot her
markesd inylagé biexpand sridinadr grepmvigire gl ant @eseeiant] andnlye otrherous
pernmutations and possibilities wll be readily
addit&ippbdeetpiot-iydndasaples kaven maihg eski Other perihaatant anend
are considered as equivalents within the scope of the
possibiisie Al heneadily apparéht teethinge®f bidiveey skilrinuthe solr bedhare
Assay ("ELISA") [041] Sone ELI SA nethods are
consiierdd dPéduigalets @ihihanhaeesper o tisé implant inlentigpr esence or
absence of a particular antigen or antibody, while
OYhE]S MY EheltABddimahi ofthe inR@fitidnt kh AgoARTHN Alieast one
measur enent of antigen or anti body concentration.

autoBBBLY @hkh%éeciﬁéﬁlyw droaneirfieemsardtecare hyat-shock protein
autonated, ELISAs are commonly used to screen | arge

e : io@s ‘sBodkagrotein 90,
80 (k@'ﬂﬁ@i, F1§a19§‘ho@!i“bf afefersy algﬁa[l %B?dr@liﬁ&%ﬁ{ , ahdaedah karotein

ng speciticity. 1 042] | SA begins with an

beta ROdrHER sﬁ%ﬁ@&ét@%iﬁé@ﬁy WA 'b‘icfiﬁhgt_ar get antigen or

anti gens adsorbed to the wells of a microtiter

A0t - 2 ey B R G T gy vedRSloting
orotdRb R dcR R Ml Qé(r{sﬂ\m%’bgggve@ ShheMRaeBlotih@alethods and

accesse venner di scussing types of

num%@% g)ﬁ-lse'fg LQ%%’E Sn?iir{at%sl#ﬂgfl th® aflwiPAsiectafie WBhlopAdte protocol to

reagen adsorbing proteins to such
s B 00 e PGSR o DA e e
sl S SRE s P2 e B8 v
e G §5Rr B PR, 11803 9 e AR e

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

considered as ecquivalents within the scope of the instant invention.

9. Enzyme-Linked Immunosorbent Assay (“ELISA”

[041] Some ELISA methods are qualitative, used to measure simply the
presence or absence of a parlicutar antigen or antibody, while others are quantitative,
permitting accurate measurement of antigen or antibody concentration. Because they
are eagy 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 nodified or derivatized to permt coval ent

i nkage of proteins to their surface by a variety of

chem cal neans are wi dely available from comrerci al

suppliers. Tinme and tenperature are the nost

i nportant factors affecting the anmobunt of protein

adsorbed. [043] Once the wells of a mcrotiter plate

are coated with the desired antigen or antigens, they

are washed with a bl ocking buffer to bl ock

npaE2§ petn ELIS Almdgitodiyh bn adiigey adsochtion stemimimezethbdarget

positive results. See, e.g., id. at 13-14 (discussing
antigérebhadigcandre ddsagantis ihoweld oicknitgotitesiatei (e, plgat es) .

Commonl y used bl ocking agents are either protein
KIRKESRhHD BPERRY $UebRADRBSANCE ViECERICAYGUuBDEGORELISA 9-13 (2003),

concentrations between 1% and 5% (wv) in PBS,
availdBrE At p /AR -KpRdoralhgme dik# (lasissicasgdohidovemiber 3 20GS)N

conmponent of non-fat dry mlk) qr caseinate (a nore
(disct_&%ﬁdgtl%ﬁeéfﬁfrﬁib%té?fplai%@r Dse P RA8Aetadyelpas fetods and

di gestion wth sodi um hydroxide), normal serum
reagdriy/ i @854 r¥ing SRStk 16 ANGENbIcaS. | TS mbet stpemodifusenddseiption

(v/v)), and gelatin (normally used at concentrations

HeREbVERbodic X078 9o R CHriYonate, pP=02 N 0InNi THiscetiepEEeB8ESand 10
buifef3bi ERibodicafé Jo aln Otbdnate, phi=orERn o A s 0]

mM Wﬂz.“‘?ﬁé&%ﬁf@iﬂo&%ﬁ& ady BrodEheCh g t&@{st bARIEN or

Tity to disrupt low affinity iInteractions between

antig%@slr %@t@n Féteag:ﬁ% g?ébrﬁmg ?hﬁa&&@ftthé ﬁﬂcr@fit_feﬁ Eltgbet, RRites with

ect specific antigen-anti bo

surf-ai)é% r‘?u[)gx%& 8P Serivafifed © p%rmiticgvehléﬁt libftadSol(SHoRMEIS Mkl surface by
net hods g

and reagents tor washing mcCrotiter plates).

a var@ﬂ?&ec}% 13| ISing QPETRIYK, SaRAEE %Fﬁcd?ﬁ}i'élicﬁl QghsRls. Time and

O prevent” denat'uration of antigens and their

temp%o nr%?aie ﬁ'@?ﬂ&éiﬁﬁ%@ﬁﬂt%lﬂ%&%&@?ﬁ@qﬁ% %rr?onuﬁw?pr%?d NddoYoed.

AR HL Y 3B B B e R P gen o
R N S e
are B B SA The dh 50 AR en
reage(nvté \flgr'blci)'crllin%rnqigotﬁe? p?e{tessr-).u %on%n%ﬁl? Lgécp i)ltOXRinEQEéms are either
protein solutions, such as BSA {typically used at concentrations between 1% and 5%
(wiv) in PBS, pH=7.0), non-fat dry milk, casein (ihe main protein component of non-fat
dry milk) or caseinale (a more soluble version of casein, produced by partial digestion
with sodium hydroxide), normai seruin {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 conponents.
(045] After the blocking step, the wells of the
mcrotiter plate are washed, the adsorbed antigen
t hen undergoes the primary antibody incubation, during
which itis incubated with a biological sanple froma
subj ect to be diagnosed for an autoi mmune di sorder.
After the primary antibody incubation, the wells are
washed, and the presence of autoantibody-autoantigen
clpag| ex@ameiohigaised washing reageatoadariectd fobthayr dbiibeloatisrupt
W th chronobgenic (e.g., with horseradi sh peroxi dase

low aflindy hkBhctidnk Wetvesmerdrioc0s reatientbrpbmass tat cdrealfect the ability
al kal i ne phosphat ase) neans. See, e.g.., id. at 15-21

to detedi spRidfisianfgenantihody imeephomt | Sue, @, idsat,14a1% (oReclissisg
comonly used detection nolecules). The anount of

methGdd £Hd rRagéhtd RFrardPMEMIBRIItIDIATESS W ath siRes @ommonly contain
| um nonmeter, a spectrophotoneter, or other simlar

a physibRigideNBife 1o bRABH dérleafdreofMEMe SOk bl Rtk @Rtibolies,
t he standard ELI SA protocol, including conpetitive

and t@ls}e%érveseﬂfﬁg%%jiﬁ{yl FAirepd6LIRLHEES B3I STrL &8RS, orMARIBfe -buffered
ordi nary 7 skill" inthe art wll select the

saline;‘%’fﬁ{ég%i M GrPhRRGRled! Gpdsific bORRS A iBically sd18ctad bhsfiyn

e detected, ‘the antigen to be used, the source of

the m@ 'd%@e%ﬁéﬁ’fo -émgroye@mé BadiyuHegstay] Ivddhen ARAPIhould also
and any other rel evant experinmental parameters. These

- ! RGSRHBON b BE b I b

e T s FEFYA S S o g g2 o

cor oA T RITEEAT ST YO A, o

speci ﬁﬁérggﬁgn @?ﬁ%@m{a%ﬁ%@%&g&?@w heni ¢ patients have

een dri Vi our as classified by

%343@ i"gzgﬂgarﬁge @gﬂg bﬁ gtﬁip%%%é@%f e rﬁicrcﬂﬁgfp%“@ ki@ asia, the

_ a gravis: review o )
acolgtR o P B8R0 Sy Syl Bl B8, o Yiion 1

incubge%vvlv% a b%Yoag'icl:a?gér%p@tfrom 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 fluorescerice may be measured using a
luminometer, a spectrophotometer, or other similar instruments.

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

including competitive ELISA, sandwich ELISA, and numerous others. One of ordinary
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htt p://ww. neurol and. com nnf myas_gra. ht m (| ast
accessed Decenber 1, 2005). Approximately 20% of
patients are diagnosed with Type I M5 30%w th Type
1A 20% with Type 11 13, 11 %wth Type IIl, and 9%
with Type I'V. The remaining 10% of cases are
typically pediatric in origin. Osserman and Genkins,
supra, at 502. [048] In Type I M5 or ocular M5
synptons are generally confined to ocular nuscles of
skill iothe art whiaishecethesapptdpriate prlosgcatioarsez eebdmylingt asihs aatibody to
di plopia, but if synptons do not spread to other
be deiRt3€d, ah@ Boliges taibkhisad ! the sypeae 2f abligch dravonpoifnavicantibody used
usually remains non-progressive. Only 55% of patients
in thevadshy t dnidsaryyieeratleManthexperiaphtabpdralmetires Theggeand inany other
AChR Gssernan, K E. andGenkins, G, supra at 501,

permuMﬂ@ﬁé Qtﬁﬁp@ssﬁﬁmg gl Be Paagily ab;beﬁeﬂttto those of ordinary skill in the art,
hft p: //ww. . neur ol and. conf nm nyas_gra. hi m (| ast

and a?é@@%@é?ed ReeguRglens witiOhe. scbPd 8] thennstymenddntiohs,  or
d, generalized M5 synptons tend to devel op
sI OV\A y, sometinmes beginning with the ocul ar nuscl es,
bg Clirgaldinsselr MeasthenialGravis8 skel etal and bul bar
muscul ature. Respiratory nuscles are usually not
afd47et edduliBhpattherB patidntpbavedraen dividéd B olr gloups.tagpe
have autoanti bodi es specific for AChR In Type Ilb
classi¥ed l9rogsedrambing Ceakias atisaerthaiK. B yamptGerddrsg & rfStudies in
develop slowy, frequently beginning with the ocul ar
myadihsta GSwvisanevigw at davénty ypaeaxpetionakial cvbal 20phtieatdjavlt. Sinai
nmuscul ature. The synptons are typically nore severe
J. Méd188(6) A9paRT eTg % ) wiyasihypia Giriais,”diildig abigai n, the
respil rat ory nmuscles are usually spared. Osserman, K E

hitp: /ﬁMw nearidrdscontim /Gy, graktnbidst @2cesshl Detbebial, 2005).
Gravis," avail able at

fé‘m@aﬁb& duEH MIRSTY@Ea MG et asth Type lIA, 20%
Apprg%@ggﬂégﬂﬂgedg‘gﬁ nber 8%“ [05§I]W]I n Type |11 I\/gip or

with i 8, 144 WA ngé‘gl M 9%’1@"1@ TS8EPE Tise PEMEIERIAG QDY of cases are

vere or acut rapi d onset of synptons in

typic&lkﬁée%‘ieﬁ ic Ahght! @ﬁermﬁﬁ Gh8Genitd, 8@drkyat 502.

[048] In Type | MG, or ocular MG, symptoms are generally confined fo ocular
muscles of one or both eyes. It is characterized by piosis 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 ai htip://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 fo the
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i nvol venent of respiratory nuscles. Patients with Type
Il M5 frequently develop thynonas. Di sease
progression is usually conplete within six nonths.
Mortality is high in patients with Type Il M3
Essentially 100% of patients with MG of this type have
aut oanti bodi es specific for AChR GOsserman, K E. and
Genkins, G, supra at 502; "Masthenia Gavis,"
avai | abl e at http://ww. . neurol and. conl nnf nyas_gra. ht m
skelefdl antl bubacmssedatiDer efhdspiratory 2088ps afdGaially nofffsetddy About
M5 or late, severe M5 the di sease becones chronic
80% ahshticaBweatreMG ofphie & deyhaversaitddndibodien syedficsfoaf CoR. dmTgbe b
of Type | or II-like synptons. Approximtely 89% of
MG, pahbgaraie, getdralizedMBy penmidmbaghmwdizvalopadow!y Hodjuestly
specific for AChR Gsserman, K E and Genkins, G,
begir®ihy Wil-edhe = dlar irdgelet heatl gradiidlyispréadav akélatall end Bulbar
http://ww. neurol and. com nnf myas_gra. ht m (| ast
muscafg@es The B9eRMR ark ty 045 moreQeiéreAhan BasdtichisovithyDes 1A
of thym c pathology are regularly observed in patients
MG, BittdhaMotneNeapita1of Ynedcigdadre @Bt SlydipapiayOsemadggEcanof
thym c hyperplasia. 19 Approximately 15% of patients
Genkinee B Uslphy aldsmed @ pMyAMABITE Gravis S avalabRsas, MG may  be
treated successfully by thynectony, which results in

htp:/AHHl AE DM BRI IMPIERYs_Bfa hify (M abBessBd MReembian #90%). of
patients, though it" 15 less effective in ol der

p ireNt 5. , E . o ) Ny eéﬁ I
5@0;3_5&'»'0 § SACEBR actieEruIRndiiteid, e diSeaseSit Piciefdiely

ut oanti gens Assocl ated Wth Mast heni a

seveld @dchid, %ﬁ]ra[tﬁaﬁ%é*%f QyRHicARNhisHeRfl aad Balbat @dsalbd ind early
particul ar aut oi mmune di sorders nay be identified by

invol\?r%rtfﬁg ??%g%to@ﬁ%ﬂ@?%s. LF%EnE}E.d\ivﬁ‘lg Typ&Ii M@F&&u@nt&@el’op

Cri . Patent” Publication .
iSO AR AR5 o A, il s o
m lZH858n 50 7HER' AR, oPHbEH SR A reve
autoclznr{%io\d/f.eg %S«L.'c?ific for AChR. Osserman, K.E. and Genkins, G., supra at 502;
“Myasthenia Gravis,” available at hitp -/hww.neuroland.com/nm/myas_gra.htm (last
accessed December 1, 2005).

[051] In Type IV MG, or late, severe MG, the disease becomes chrenic 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 wth an autoi nmune di sorder of interest,
such as Ma The purified immunoglobulins are
covalently attached to a chronat ographi c medi um and
used to nmake an affinity colum. A protein sanple
i solated froma subject having M5 for exanple, taken
froman organ, tissue, or cell type involved in the
eti ol ogy or progression of the disease, is then
anal yzed. [054] For exanple, to identify candi date
Appraximateiyt 1 5érd pataos ewatrdablijidelelmSihymnompa.otresams eagsiseMG may
fromthe nuscle end-plate of a mature neuronuscul ar
be trgaied siaessfally mhihgmectohy, winphresutisdn atgtdinkd drpprofvement of
acetyl choline receptors charactistic of M5 occurs,
sympibrghin mbes thae 0% ofpstients hibopgloit & lass effguitige woelter paiients.
passed over the columm containing inmunogl obulins
Ossearaah 2 &d afid Genkinkdal, shyraiandit i28ual .- The unbound
proteins are then passed over the colum containing
|nnunoglobullns i solated froma patlent suffering
dviya yayigl col um are
candi dat e autoantlgens that are 20 then eluted from
t 6 ol Gandidalg auiesmtigens apsepigledant partieularsadejmaaunesigorders
exanpl e, mass spectronetry, to identify each isol ated
may pe ddtepilified b5 Sarigy of methast inolddingsies examlenbipguetived described
identified as two novel candidate autoantigens in _
in U.paPalent BublicatiorM®. EB2805/842407deib mstbhighesdon 9, 2005, which
patients with early stage MG (defined as stage | or
is incotpgatetiiheyeih ag kéfagnaat dacariingdd dis methods persint andigodigs are
bind the AChR have autoantibodies that specifically
purifigti Mdrhser66 santplésp@ained from fesdthy intiyiddals anchisorprirdgfieds
of such autoanti bodi es provides a novel nethod of
afflicfticagitiost agioMisnungdisbidenbianieyestsushtasdd@s Tht posfied
stages of the disease who | ack autoanti bodies for
imméMSRbulibd Sreastvaiently gesehet 36 achromatbgrapbis onsditre dindiushd to
the di sease (see, e.g., Figure 5). [056] Candi date

maké&dh %ﬁmty GEREMNTRY pRt&io sbrﬂpledﬁﬂatleﬂ ifeeh & gubietidravingtiMGdor
such as screening cDNA expression libraries, or by

exanSHBHAREH i dphigsn, dissid, Ay cellypé demtvetiyn 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 neurcmuscular junction, at which
the immune-mediated loss of acetyicholine receptors charactistic of MG occurs, might
be used. First, the protein sample would be passed overthe column containing
immunoglobulins isolated from a healthy individual. The-unbound proteins are then
passed over the column containing immunoglobulins isclated from a patient suffering

from MG. All proteins bound to the second column are candidate autoantigens that are
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possi bl e aut oanti gens by these nethods, phage display
or other protein expression libraries are constructed
using NMRNA isolated froman organ, tissue, or cel
type involved in the etiology or progression of MG
(e.g., the nuscle end-plate of a mature neuronuscul ar
junction). Such libraries are then screened with
i mmunogl obulins purified fromserum sanpl es obt ai ned
fromindividuals suffering fromthe autoi nmune
then giuss feeh tied cdlivha e tuse@ idiutther Zredusld, suchoapdorexkaimple, mass
t hose obtai ned using i mmunogl obulins purified from
specHEMENY, I8 MUnERy ciohadongdd braaemheal thy i ndividual s. [057]
There are many additional variations on the standard
ayhsFRNt B s MeEICRS AEIFED AToRSPOO Iviare idendiike 43 o tavet barsiidate
present ed above. One of ordinary skill in the art

autodliitighn$ Bl @ftilbnishathane! ESAKetPishemdlatddhEssatietpattéarty
on t he aut oi mmune di sease being studied, the source

stagPnd RR1iREPLOSaEa I 0P RERS Aaf I@clhg? ﬁ@tb@ﬁlﬂﬁdilé‘s(lhaﬁs@@dihd@tyebind

aut oanti gens, and any ot her evant experi nent al

the A@{Fﬁfl?%feﬁé@ean-ﬁ%@&l@s M spEGiicaAY BBk bedanambpdd. oTrusaawaying

poss ties wll be readily apparent to those of

for th% 0% of EhidH aﬁﬂaﬁt%d%&tprow@é&da AGWR| ARSI Rerasing MG,

U|va ents wthin the scope of the instant invention.

parnéulao[gﬁﬂtpaﬁ’ém& loy B Shss HARShisEhSPRhS 1Bk B ERANLdiSs for AChR,

nrncreases ‘in tenperature or other forms of

the a@&a‘(ﬁnﬂ@% Pt%on%&ﬁ %s?éb YOLAR HLHi88ase @E@'ég Biguld 5).

y con erve protelns cal | 'ed 'heat - shock

pﬁ(gfv@' NEandQhi2 duish @Eﬁg ﬁ':agfais%rb% |B§ﬁﬂf‘e§ 9 D PFRBEEE such

he~ ani no ~ aci equences of e various

e
st okl JSeeTinROELfods o EAEY o
w3 58 sl PRAT TP R 385
invol?/?@n?r&ﬁggﬁélgtp‘% %gr’rogre&slopﬁé% eGanﬁ'Fe mggci ¢3da 6%?9 6D F3dure
neuromuscular junction). Such libraries are then screened with immunaoglobuling
purified from serum samples obtained from individuals suffering from the autcimmune
disorder of interest, and the results compared to those obtained using immunoglobuling
purified from serum samples obtained from healthy individuals.

[057] There are many additional variations on the standard autoantigen
screening protocols, in additien 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 o be screened for candidate

autoantigens, and any other relevant experimental parameters. These and many other
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heat - shock protein famly play different roles in
protecting organisns from environnental stresses. a.
The 60 kD Heat - Shock Protein [059] The 60 kD
heal - shock protein (" hsp60") is found primarily in
the mtochondrial matrix, where it accounts for
approximately 1% f all mtochondrial matrix protein.
Parsell et al., supra at 465. Human hsp60 (SEQ I D
- NO. 1) shares approximtely 60% am no acid sequence
permugasions apd wossibilities vill be geadip mppaignt iartbese of| ardinaggkhl in the art,
proteins share a common ol igonmeric structure,
and grereonsitipieg asfeonivelemig within theescopgwirtierisstani ingentigot
soneti mes observed as a "doubl e doughnut” of two

seven- nenbered rings. Id. Hsp60O has an ATPase
acti vi F_);t_tﬂfitiﬂm#i@ﬂﬂét h increasing tenperature;
the_hindi ng of ATP induces a, significant
cdPR&r nBrIBYRINS EFRAAIQ $pdden jncreases inemRssatyrs gfaagr forms of
1d. 22 [060] Unlike some other heat-shock protein )
enwrparﬁppgai ﬁtﬁﬁgé}ysqynﬁ]gﬁ@mgf%m@u $r1of evgliutinganiy conserved proteins
tenperatures. ld._ at 465-66. It is essential for ]
called hgal-$Nosk PEieing. BpEY1he akie phihe hagheitPokirpsRengARBH dgiamino
_or denatured proteins with high affinity and pronotes
acid seeiances eblbe varesdigaysheek prg@imtamﬂé@@u%@'ﬁraéﬁ ighlyeggnperved
to acquire elenments of secondary structure while
througbowicevotuling p 601 exampigorokarielic and eikamstie healngiogk protein 70
Structural elenments is inhibited. to. b. The 90 kD
(hsp TR are Shprokinrtely 60% ipomtich! atibe amindnadie ivek Hoarkelpelal eiThe
("hsp90") has been found in the cytoplasm and nucl eus
functeh cfiheatshapkpoeieins dx sineasddiesmnce adegranatighantbreactivation of
organel | ar speci es have yet been identified. Parsell
damagedgbroteins,phran. &levaGonelTAEAR7-486 (1983) nigdordusy mepibeshdidhe
isoforms of hsp9o: hsp9oa, the inducible, major form
heat{cheth prdtaNOiaR)ily phaycdifiep@Do8ss it Ipeotecting organisms from

environmental stresses.

a. The 60 kD Heat-Shock Protein

[059] The 60 kD heatl-shock protein (*hsp80”) 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 1D NO:1) shares
approximately 60% amino acid sequence identity with its E. cofi homolog, GroEL. /d.
Both proteins share a common oligomeric structure, cansisting of a single, seven-
membered ring, but sometimes observed as a “double doughnut” of two seven-
membered rings. /d. HspB0 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, mnor form (SEQ I D NO 3).
Sreedhar et al., "Hsp90O isoforns: functions,
expression and clinical inportance,” FEBS Letters
562: 11-15 (2004). Biochem cal separation of the a and
Risofornms is difficult, and so nost experinents
i nvestigating the biological role of hsp90 have been
performed using a mxture of both. [Id. [062] Human
hsp90a shares approxi mately 40% am no aci d sequence
i desa]i t Wniilke $dme btheEheatadhiock pradéin damilt p&nbBes; sepd0 functions
supra. H pGis noderately abundant at nor nal
at ndreaperpetttess. dndct 465-6aglhis essdeldobyrotiatt, allampestmes /d.
essential: deletion of the gene encoding it has no
Hspasf himdd ufoldgd antensturetqrotel nstvétipdglaatiinis andipabnidtéd their proper
effect at high tenperatures. Id. In contrast, hsp9o
folding fah ©ephturde sustiatestheniaintacauios elenenisofesgkandepy stucture
cells, conprising 1-2% of total cellular protein under
whildiegureitib &S E6E anslighi tomsatioRalf &idre Bomblex tshactigpd SRngeneisi N
a eukaryote is lethal, suggesting that eukaryotic
inhibhe® 9%y has acquired 23 a novel, essential function not
present in its prokaryotic honol og. Sreedhar et al.,
supra; Parsell et al., supra. [063] Hsp9O interacts
with many ob.hwheQeIIdDJHeat-gmlePnﬁeini ncl udi ng casein
ki nase I, hene-reqgul ated el F-2a ki nase, various
stjeédi d The e0tbehaatchptkopretein (fospdi' s beshrfogehip the cytoplasm
progest erone, androgen, glucocorticoid, and dioxin
and mEd@pt afra eukagoe rixamirtegrsasian ¢hdughamesgaieliahspaias have yet
famly, calnodulin, actin, and tubulin. Parsell et
beenaibientifiedpParsdl et 4l 1supkex get 100ETHese argigeshajphaytopis@i@ isoforms
plays a variety of roles in cell differentiation and
of hspeyehopatenthe inAwmghla gnajooformeSELAID MO 2)f arlisgploep, the
devel opnent to the regulation of early enbryonic

COnsﬂEM@élﬁ @n@@&.s@n chingragima (BEd ID el(:3d esdebah@Tet apOPispen soforms:
Sreedhar et al supra, at 12. In addition, sone

fu nd%sdw&mw&lm;dahmpdﬁﬁﬂe@" EXBRESHeA 6651 A$S eajoay.ed
several types of tunors, including pancreatic and

Blocﬁ’érﬁﬁﬁﬁ sepafdioniof the @HKE Fiisbiorhf® is alfficult, 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. cofihomolog, HipG. Parsell, supra. HipG 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 litile effect at high
temperatures. /d. In contrast, hsp90 is one of the most abundant proteins in eukaryotic

cells, comprising 1-2% of fotal cellular protein under non-stress conditions. Deletion of

the hsp90 gene in a eukaryote is lethal, suggesting that eukaryotic hsp80 has acquired
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13. In addition, elevated transcription of hsp9o(3 is
associated with system c | upus erythematosus, an
aut oi nmune di sorder characterized by autoanti bodies
directed to spliceosomal snRNP, Ro/La ribonuclear
particle, histones, and/or native DNA. Id. It. Kits
for Di agnosi ng Aut oi mune Di sorders [064] The net hods
of the invention may be inplenented in a diagnhostic
kit that incorporates one or nore of the above

a notve cdasieatis Suidliod abegesenitimds prdadicts htialog. SueadHar eball,y
bi nd at | east one autoanti gen characteristic of

suprgyfasrbélestial, gugral S. For  exanple, in one enbodi nment,
the kit assays an anount of said autoantibody by
Veg3)r n Hapo0 intergets withananyasthectsliulan eratéihs, deatiding easein
multiple test strips on which aliquots of each of the

kinade\D, Hipvetegali@PEIFLBEKSas, vahgus sterert harmonb seiptasdneluding
hsp90a/ hsp90(3, have been fixed. 24 [065] In this

estr@@hpﬁbgi@gbnonbh@dfbgeﬁ, f@[dcb@cﬁrti@@@}ﬁﬁd&ﬁ@xi@ fsep®rs, oncogenic

ant1 bo s specific or each autoantigen, secondary

tyrosiit kiRQHsQs el §r@.¢ér‘_n§/, @aImdadiin etih yaro0bgatregssi éthal., supra at
hor seradi sh peroxi dase or any other agent that aids in

4711 Eﬁpé.f?n?érh?éaé 5ORaPhsdodPla@ W KRl GabrRauw sandifdedyation and

conpl ex, and all necessary tubes,” containers or

deveg@gdrt,%apﬁms%ﬁ{ Rqulkibh 8f Fiuddd dERASRAES th Wﬂeg_a@tib@ of early

0 e“various bl ocking, washing, hybridization,

emb%ﬂicﬁ%&%ﬁgtt@m iﬁrﬁ]cgﬂr?gf]ﬁ‘m@eﬂ‘%éﬂ Sée\(}g,gﬁr. pibdR. GBI et al.,

& provi ih an appropriate
sup@uefxr}ﬂl‘égrlf?%’délﬂ{)%:s%ﬁbnﬁ ?ﬁdéﬁe%ubé{éb%‘ﬂ’la‘t RESHOOMRESsion is associated

_ _ ers and ot her reagents may be
win B8 U iy b R By, o
12, PR, er SRRERIB Y BRBIF SRRl it oy
erve 8081, 80 e Ol 20O B B Ploldililes o

spiicgggqrﬁé%ggﬁlaey&&-_ai( ﬂ%ﬂg&@%@: bgrﬁ&emgttohgé,eanmo? alivd BRA. /0.

Il._Kits for Diagnosing Autoimmune Disorders

[064] The rmethods of the invention may be implemented in a diagnostic kit that
incorporaies 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 navel autoantigens of the invention, hep6Q and hsp@0a/hsp90B, have

heen fixed.
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of the two novel autoantigens of the invention, hsp60
and hsp90a/hsp9Q®. [067] In this enbodi ment, the kit
further conprises control antibodies specific for
each aut oanti gen, secondary antibodies directly or
indirectly conjugated wth horseradi sh peroxi dase or
any other agent that aids in the visualization of the
aut oant i gen-aut oanti body conpl ex, and all necessary
tubes, containers or reaction vessels, buffers and
r §o@Bint i thisgemibedtiment, frer Kiiurthéhmmpaises osnibdl aokivodies specific
washi ng, hybridization, and detection steps of an
for ekt SAoarfi@nc esdohobryamtibbaidy dipsaly @i hslireaily dumjugatenvited
in an appropriate buffer or solvent, or as a
horsénadBhiger@dthspanaay othair aggatrthat, aidshia thdvishalizatiandf the her
reagents nmay be provided prem xed, or in dry formthat
autoantifenReitodriibemstdrple naalltrizeesiey ubks! dumitdihdrs oBredetion
kit may contain other conponents, packaglng,
vesseRSbiiffeds bAd feagehisdbhgifedBlRitomh tHedvatiols biveking! RE$HIRY)
of the autoantibodies. 25 EXAMPLES Exanple 1:

hybrigizenb, fdn@&ie'tédﬂoﬁfste%ﬁto@ameﬁéml 926t Mhe\onirerahtibb®} plolddd can

Serum sanpl es were obtained from 209 nyasthenia gravis

be pﬂfﬂdeﬁﬁﬁ an @bprophhl-BifRe ot QshRink & ’as'Eﬂél&}?rﬁhzeB%%br csigfilarly,

China. The patients were divided i nfo four groups

the tgﬁé éweégérhy My a%%rbah@@werﬁ.md toyw:@fv %Pnpﬁlfa't ﬁlrﬁtstsbe
I spl aye

sonme degreé of thymc atrophy; one hundred

recoh ARMEY bg'ﬂ% rlof HeSkit 1 geavlﬁi rﬂQ??oﬁi WB?H@P co o‘h)énts

pati ent pl ayed sonme degree © ym ¢ rplasi a;

packggﬁ#gﬁ avm.oﬁétdr%meﬁsr#ﬂéra@ aMnK W%téam& aaﬁ;tahﬁﬂxsdwé/s.

-S1'X patient el ghty-one

Tg?&gn llr?‘ﬁncgﬁz%érlr %rﬁ%@l@gﬁtén%an-%@ﬁ# érpamvﬂﬂéf%akjéﬁgﬁn\}igody
o 5 i B B SRR A 000 g
o g A M ol BRI, |

or[ng/] 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 bufféror solvent, or-as a lyophilized powder. Similarly, the
huffers and ather reagents may be provided premixed, orin dry form that must be

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

packaging, instructions, or other material 1o aid the detection of the autoantibodies.
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10691 HepQ&2/ C3A cell lysates were separated on 10%
SDS- PACGE gels |loaded wth 20 pg per |ane of cell
extract and 2 pg per |ane of hsp60 or hsp90 protein.
The sanples were el ectrophoresed at 80V in the
stacking gel and at 120V in the resolving gel.
Fracti onated proteins were transferred to PVDF using a
TE70 Series Sem -dry Transfer Unit (Anmersham
Bi osci ence), according to the manufacturer's
instructions. The transEXAMRIHESr was Towbin Buffer (1
Xis 25 m\/ITrls HCI pH:8 30 192mv| IyC|ne and 20%
Example,}: |dentif adisgrhy Westarnblat were bl ocked

0%
it o 3o 'éfw?@ré% ﬁn%ﬁdgwmaﬂ%@%%g Ealg;ams at
(v/v) Tvveen 20) for 1 hour at roomtenperature,
Shing{eniariefpiald aian. MrpuBicst kbinarethsr Ratieaiswsre chivids! into four
i ncubated in 5% (w v) powdered non-fat mlk in PBST
grougg ppegd o theirdhymia @aﬁ’OPQIOG@”wS?YRW RAficHts ?J&?'ﬁl@ﬁ scyg gpgree of
for one hour at roomtenperature. 26 Foll ow ng
thymigaliarktyi one imdicd ey pRapotians haddgvelenss thﬁﬁeman@gty
~were washed with PBST. The nenbranes were then
patignifcdiBpibred sape gagrendhthyatc hypamplasigpaitelayen patients ird an
secondary anti body, an anti-human 1gG | abeled wth
unkriewinsibyraigi rethqledyo e eyenty -aix patiends had 50! ME; sahtygne had Type
powdered non-fat mlk in PBST buffer. The secondary
Ila; thintyicighd paddype Hor aret faditedn patiensd hiatseitheo Ay At erdl wmd’défl@
anti-human |1gG specific for Fcy (Jackson
NegaliveLovoReSesec Beluabsamples itaken foncliffy-fopu palicmgeat Tagmng
Bi osource International, of Camarillo, CA USA
Vetefartso@endrbiddigspital dil agffaringifromptiiel urreldiedrtisayeersnembranous
detected by enzyne-linked chem | um nescence using the
glomis@lohpiritis (lYCdYbshickatsenad ukimmahain ofdimr maci a Bi ot ech,
according to the manufacturer's instructions. [0711
Thesgles HepG20E3A belbipssup ararsaizsatad ensienBDISAP AG B etssioaded
1 and 2. Sanples were taken fromfenale patients with
with L0y ser harresipk hekieadt Ry 2 pupbee |rat ¢feispB0 or hspQ0 protein. The

samples were electrophoresed at 80V in the stacking gel and &t 120V in the resolving
gel. Fractionated proteins were iransferred to PVDF using a TE70 Series Semi-dry
Transfer Unit (Amersham Bioscience), according io 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 NazHPO4, 20 mM NaH:PQ4, 100 mM NaCl, 0.05%-0.1% (v/v)
Tween-20) for 1 hour at room tempeérature, 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 cne hour at room temperature.
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with thym c hyperplasia (HV), female patients with
thynmoma (TF), and male patients wth thynoma (TM.
Sanpl es positive for autoantibodi es specific for hsp60
or hsp9o are indicated by a dot. These experinents
denonstrate that many patients at |ater stages of MG
have autoanti bodi es specific for hsp60 and hsp90.
Exanpl e 2: Identification of autoantibodi es by
enzyne-|inked i mmunosorbent assay (ELISA) [0721
FolloWihg ihatiSativin withetha exitmarg anjijoeg, tte smamiirades wetexeaagree with
above, were further evaluated by ELISA. M crowel |
PBSELITHA mtabesct Gerdingg indubateBdbenaeisour e vooYo tdmperdlire with the
USA) were coated overnight at 42C with 0.2g of
secdn@agdiitibasy, AnurmrunsroigG 1abeled itk dofdeadish paokitiisodiluted
hsp90 (purified fromS. cerevisiae) in 0.1 M NaHCO3,

1:50001iB5%. (w/ \BovceReOTIM-fapMilk MERBST hoRdr. PThetRicosdame Batibody was
purchased rom Sigma- Al drich Co. The coated plates

t
hors@ﬁo%h R xiNEEhQmhjaldd MBSsd mtﬁﬁ%tﬁo%ﬂ]q@ EgdcifRiTer P&y Wagkson

each, and then incubated wt of bl ocki ng

!mmﬁﬁbﬁéééé?cr( @d&étmlesp% NeughhLED fPJ)r’ﬁ %%u(’ceﬂ%rhatloﬁa?ﬁf
PBST) at 372C for hour. Each wel|l was washed with

CanfZBR], GAXUSA! ”Rﬁto%ﬁﬁbdlﬂ%nﬁﬂuﬁ%‘bﬂmnﬁ%lﬁed NeY¥densi e ddtaties by

were | ncubated wth patient serumdiluted from 1:100

enzynfe- ﬂnk%gcbh'eﬂgl éfé%lf?rﬂﬁ bk T [%mill? @leﬁraﬁé‘ g RPersham

m nut es at After i1ncubation w the primry

phamed;&’a%y ont Bl fo e nuadiner YaglcHsx (imes for

m nu bl ocki ng solutlon and t hen

.th ef%e%&ntstd? %&g&qun@%é BRsivn mfmga%gadanafz

dase- "conj use anti-human 19G specific

o e %%a@%ﬂ%mmm@a@wd i
Wﬁhih erhﬁéérp%s %Stﬁn%{%p%%hﬁ? wh@&@@ﬁ‘ roo ’tenper atsdl%l;ﬁ g nts

wit %vdw%ﬁ%vlﬁ#@fh@@reé'ﬁ% PRPTE o 23Rt e Yorspao gg om0
are ingicm\éldco gL TRROS RIA Gnerftl hihoh ARt HaRY p3fiedtd Gt IEM?’

stages of MG have autoantibodies specific for hsp0 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 (Coming Life Sciences, New York,
NY, USA) were coated overnight at 4°C with.0.2 pg of recombinant human hsp60
(purified from E. co#} or hsp90 {purified from 8. cerevisiae) in 0.1 M NaHCOs;, 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 cne 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 m nutes
at roomtenperature, and then absorbance was neasured
at 450 nmwith an MRXM cropl at e Reader (Dynex
Technol ogi es) according to the manufacturer's
instructions. [073] The results of these experinents
are shown in Figures 3 (hsp60) and 4 (hsp90), which
conpare ELISA results fromthe control group to those
fromthe MG group, which included patients at all

PBSTY apg®Cofortitmudi Eadsaell Wae wagkedgith HBSIT dhatimes &dr onéStinute
nmis indicated by a horizontal |ine. These

eacteXinext e nlaes iveranatutshitsd wihlg patdnt Betuvediuted fremal: ptatoan@00 in
beta i soforns of hsp90. The data shows that patients

blockihig @blutish ft@ @ shout aMB30 ndingteg ui ®200L | Aftediiresibapecwith thefmimary
hsp60 and hsp90. [074] Table 1 shows that MG nay be

antum@um@tpﬂ&ws dergaRae dabecPdk timat Sorwneminlipsach vith Blbeking
M5 t hat | ack AChR autoanti bodi es by assaying for the

soluﬁtﬁrﬁ‘?aﬂﬁ GieerPhculé @A tHrostceAdAr ahtiSRBC hbiseridish pirtkidase-
sp60 or hsp90. Autoanti bodies specific for hsp60 and

conjBEREH mMiRe anfharRd 19% sEhbifidr Fcf QdcksdrafmrmticResearch
twenty-four diagnosed with Type |I 28 M5 and si xt een

Labc?‘aﬁﬂ@@slﬁg ) WidiBa TvRedolin PHST %Wﬁxl BEACai8bAERDEratirkor 1

he prot ocol described in Exa e 2. Absorbance

hou. Jﬂa?%s Wﬁa&&ﬁ%@ﬁ@tﬂjs&@inﬁs%ﬁ PSP Q@rﬁ@ﬁnﬁl@&@ﬁﬁm@bﬁ

stan ods. The cutoff points were: "(1)

tem&a %1 %‘gﬂ?dev%lé?éd %dﬂli%n%?%éﬂi gﬁ?ackegdtegﬁanemgadme

forty patient et ect'ab

(TMELED BApERAF R 3R R TE progiel S e hipdorton of ng TMB
sol uﬁéﬂp {)Ib%%%& idchBaf fd fgrAThmytrﬁls E%g%)t Loo_ﬁ}r%nﬂger&lﬁ réMhB then

urms beI ed

abs b B TETNAAPhS i 1 ek s Rsaog Qyne
TecWogA%%ﬁb%&rﬁﬁgqn%%Eg%%gtureﬁ%?s?ﬂcho Tsabl e 1. Patient

[073] The results of these experiments are shown in Figures 3 (hsp80) 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 patierits with
Type | or lla MG that lack AChR auioantibodies by assaying for the presence of
autoantibodies that specifically bind hsp60 or hsp80. Autoantibodies specific for hspg0

and hsp80 were assayed by ELISA in forly patienis: twenty-four diagnosed with Type |
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& M5 Stage Hsp90 Hsp90 1-1 <0.2 - 0.539 + 0.609 +

1-2 <0.2 - 0.593 4 0.293 4- 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 + 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 + 1-15 <0.2 - 0.321 -
MG andl gisteen diapiosel With Tepesia MG.0AsSw s werg perforagedwith e pagtocol

- 0.246 + 118 <0.2 - 0,309 - 0.236 + 29 1-19 <0.2 -
descpibdd & ExanPe 8. AbstripdcafzeRlingsOverd 8onvedietins protgin21 <0. 2

- 0.293 - 0.344 + 1-22 <0.2 - 0.711 + 0.708 +
concentrations by standard methods. The cutoff points were: (1) ODgsso = 0.2 (AChR);

(2) OD4s0 = 0.375 (hsp60); and (3) OD4se = 0.232 (hsp90). All forty patients lacked
detectable AChR auloantibodies (columné labeled “AChR”"). Twenty-eight patients had
measurable levels of hsp60 autoantibodies (18 of 24 with Type |; 10 of 16 with Type lla;
columns labeled “Hsp680"). Thirly-three patients had measurable levels of hsp90

autoantibodies (21 of 24 with type [; 12 of 18 with type lla; columns labeled "Hsp90”)

Table 1.

Patient No. [ e ]

& MG Stage | NP | ‘ oo
-1 <0.2 + 0.609 +
-2 <0.2 + 0.263 +
-3 <0.2 . - 0.467 +
-4 <0.2 - 0.716 + 0.498 +
-5 <0.2 . 1.063 + 1.088 +
I-6 <0.2 - 0.807 + {.898 +
-7 <0.2 . 0.484 + 0.376 +
-8 <0.2 - 0.724 + 0.644 +
-9 <0.2 - 0.608 + 0.539 +
1-10 <0.2 - 0.61 + 0.495 +
[-11 <02 - 0.96 + 1.156 +
-12 0.2 . 0.412 + (.365 +
1-13 <0.2 : 0.771 + 0.678 +
[-14 <0:2 - 0.769 + 0.743 +
[-15 <0.2 - 0.321 - 0.196 -
i-16 <0.2 . 0.623 + 0.632 +
1-17 <0.2 - 0.197 - 0.246 +
1-18 <0.2 - 0.309 - 0.236 +
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1-23 <0.2 - 0.251 - 0.217 - 1-24 <0.2 - 0.535 + 0.34 +
| la-1 <0.2 - 0.811 + 2.626 + lla-2 <0.2 - 0.542 +
0.497 + l1la-3 <0.2 - 0.306 - 0.306 + Ila-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 +
[la-8 <0.2 - 0.313 - 0.226 - Ila-9 <0.2 - 0.776 +
1.199 + Ila-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
<|O192 0 3@,’1_: 0.258 + |I0a47364 <0.2,- 0.5%%08 (.8 &
198 0- Ha-16 (. 2 - .L.[05L +F
A@Q + T:(ig'“ quf; ; g..ovﬂw t;f‘.lat fhe ’C‘ﬁ"jujg of—the
iIrRlent | on<Qx?OV| de for "gefk?9d ve" and "qpded¥idv +
di2gnos|i s<@P NG " Sensi tli MDL.TW" Ineasur es |t We7d8erlcent agg
gfoypat | enkg.2 di agnosed Wi tchzg\{G who testgdgossit|i ve.for
g oarty UUQ’? that—speci f Ry i md—er[the Spo6U
("' rnf "\ oF hcpoﬂ [ / uL\,i A 2*\ . +
Me-1 " Ef) DEMVROloGY 1N DIGBNE 1331 335 (PBROED
188%) . I'Sp@Liflicity" neasye tihe percent @@ 7of +
pRL3 entjs .gho [did not have) 3g who tested npegnfilve Lor
bflial_‘ilw ilbg&)% ((“Proterm1 d4s%r nSpuU 0.324 N
fa-5 <0.2 0.406 + 0.261 +
fla-8 <0.2 0.169 0.162 -
lla-7 <0.2 0.734 + 0.75 +
la-8 <0.2 0.313 0.226 -
l1a-9 <0.2 0.776 + 1.199 +
lla-10 <0.2 0.214 0.106 -
la-11 <0.2 1.201 + 0.918 +
lla-12 <0.2 0.193 - 0.138 -
la-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 autoantibadies that specifically bind either

hsp60 (“Protein_1") or hsp90 (*Protein_2"). HENNEKENS ET AL., EPIDEMIOLOGY IN

MEDICINE 331-335 (18T ED. 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 ocutar (Type |). or mild, generalized (Type lla) MG lacking

autoantibodies that specifically bind the AChR, 76% have autoantibodies that

30



("Protein-2") autoanti bodies. 1d. This experinent

denonstrates that, of patients diagnosed with ocular

(Type 1) or mld, generalized (Type Ila) MG I acking

aut oanti bodi es that specifically bind the AChR, 76%

have autoanli bodi es that 30 specifically bind hsp60

and 86% have aut oanti bodies that specifically bind

hsp90. In addition, 91 %of patients wthout MG

tested negative for hsp6o autoanti bodi es, and 86% of
speqifipalle hing hapbhend SR havetasidoandgedies that amewsqaﬁxobmd hsp0. In

aut oanti bodies. [076] Table 2 shows that assaying for
additien. Sd i Plradicats witiwut Migeisistadowsiorijvebion Hep&ispaoantivedige, and

hsp6o + hsp9o, AChR + hsp6o, or AChR + hsp90, provides
86%apfrp@iléms yatheutVGgestad Regatve fokeapODiapioagtipediesnt s wi t h

stage | (ocular) MG than by assaying for

aupdant iTabli 2shapeibal dssaiog faGhR artibndies Tad speditically bind

sunmmari zed in Table 2 was obtained from seventy-three
hspgfahispdil, Hspéad &k hsped) A GhRBVBhsptth gr Al FEL h§#90 peaydesradmore

cutoff values as discussed above for Table 1. Table
senshiveAneibad bf igentifging Patignts withtsyagedr(opdan) 4G thani byhasshgigg for

I M5 (% AChR 67.1 Hsp60 78.1 Hsp90 86.3 Hsp60+ Hsp
autoQotiids spaChil for AGHHalo8d. The AGERUMMSNAR0 i9 Table[ D3 obtained

Thus assaying for the presence of hsp6o and/ or hsp90
fromaasiyontptthigePatients wWib\statRs| MGNeWR the ELUIGA by, areinditoff values as

specific nmethod of diagnosing M5 particularly in
discisletieibbge fir Tadld &y St ages of the di sease | acking

aut oanti bodi es for AChR, the clinical

Table 2.

| Autoantigen(s) - ivity 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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mar ker nost commonly associated with the di sease. 31
[078] The specification is nost thoroughly understood
in light of the teachings of the references cited
within the specification. The enbodi ments within the
specification provide an illustration of enbodi nents
of the invention and should not be <construed to limt
the scope of the invention. The skilled artisan
readily recognizes that many other enbodi nents are
enj0@spashedpeyifitdtioni inwest thoroughlyl undeldtoaubibilighisofaimel teachings
patents cited in this disclosure are incorporated by
of theetleratee clitd Whitih theggddiizhlion. Thhd Babodiricetst withiatheany
general dictionary, technical dictionary, or the
spediidation plovideca ipestedtiod ocbgmboéifrenenciehe mventéoh aridsshauld sot be
i nconsistent with this specification, the

congieaitd limathescope! df thesinpettpadahanyillad akisantreadigrecofhixes that
citation of any references herein is not an adm ssion

manl Rdfier SAbdireé s BRCESOATRISEEd BY thalihvdnlioh hall puBkeiibns and
I nvention. [079] Unless otherw se indicated, all

pateftdIRb S BXPHIESESUTE a8 MabipotRSd BY refeirR@be H BBl entirety. To the
reaction conditions, and so forth used in the

exteAPRGT &hC@driepd didtidRhyydicBaniBAIRliconary2betht tnd8ridl itk sdrard by
as being nodified in all instances by the term

refeFt'eﬁEé’ Bbntradiddé 6Pidhdsisient RhtR Hs SpOGHcHiSE, thedpEdicRiion Wil

e contrary, the nunerical paraneters are

sup&?@&é’éﬁm&%&eﬁ??j T'ﬁ@%it&ﬁ%r%?f%?ﬂggfé@%teﬁ Rerid R &R IabRfksion

properties sought to be e present

that 'Fnefr?rgfé{rgnces%rewasrama/mle ent ARENfRL as an attenpt to
rmt e appl

I cation of the doctri he_ of equival ents
LGTPE 3388 et FABHER pAf N Hpeaho gpaeAREtr
oSS A Sl 200 RS K U SRR RO s
ae PRS0, BE bR PR BB B SS |
Accé@ '(?‘,9@,( tgnlyﬁ%hth%gvﬁ%g H{gﬁ%teoqtro-ipg cBRlfy 1Re AGFEHERArt5EBE 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 1o ascertain using no more than routine

experimentation, many equivalents to the specific embodiments of the invention
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experinmentation, many equivalents to the specific

enbodi nents of the invention 32 described herein.

Such equival ents are intended to be enconpassed by the
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34 [099] Zhuang et al., "Measurenent of Association
Rat e Constant of Antibody- Antigen Interaction in
Sol uti on Based on Enzyne-Li nked | nmunosor bent Assay, "
J. Biosc. Bioeng. 92(4):330-336 (2001). 35 WHAT IS
CLAAIMIS : [daim1] A nethod of diagnosing
nmyast henia gravis in a subject as a rodent
conprising: (a) obtaining a biological sanple fromthe
subj ect; and (b) determ ning an anmount of at |east one
auoeant idhodyg ehalt, ideatiremegi dalisseaatidreRalat{eonsiant oshAdtibody-
aut oanti body specifically binds at |east one protein
Antigm! lattradiohrio Sohéan Bahed kn pneyree hirdod Immpinasérbefidkasay,” J.
(hsp90a) (SEQ ID NO 2), and heat-shock protein 90,
Biosbie Béoangod (A NEIhEPRHOBY ).(SEQ | D NG 3); wherein the
presence of said autoantibody in the biological sanple
i ndi cates that the subject has nyasthenia gravis.
[Claim?2] The nethod of claim1, wherein the rodent is
a mouse. [Caim3] The nmethod of claim1, wherein the
rodent is arat. [Caim4] A kit for identifying a
subj ect havi ng nyasthenia gravis conprising reagents
for determ ning an anmount of at |east one autoanti body
t hat
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specifically binds one or nore proteins selected from
heat - shock protein 90, al pha isoform (hsp90a) (SEQ ID
NO 2), and heat-shock protein 90, beta isoform
(hsp90[3) (SEQ ID NO 3), in a biological sanple. 36
[Caim5] The kit of claim4, wherein the biol ogical
WHWT?S@_I' %QMTSe.d from serum blood, plasm, saliva,
. synovial fluid, lacrimal fluid, mlk,
Iyn&ﬂ,ﬂ_ urine, and sweat. [Claim6] The kit of claimb5,
whétdaim ddi d aut oantibody is detected by one or nore
met hods selected from (a) Western blotting; and (b
enzy methodicdddiagnosingonyestheass gravi€in 8Apubjedt@sad mc;x]nt
The kit of claim®6, wherein said subject is a mammal .

cd@paisim@] The kit of claim7, wherein the manmal is a
human. [Claim 9] The kit of claim7, wherein the

mamal(ah)s @btahdabta bidl&htalsdi@bld konkithe Shbjdcti 4nP.
wherein the rodent is a nouse.” [Caim11] The kit ‘of
clai m@) Yi&efnminead 8RRt 'oF aR 1644 ondautoantibody in the
biological sample,
wherein said autoantibody specifically binds at least one protein
selected from heat-shock protein 90, alpha isoform (hsp90a) (SEQ ID
NO:2), and heat-shock protein 90, beta isoform (hsp90p) (SEQ ID NO:3);

wherein the presence of said autoantibody in the biological sample

indicates that the subject has myasthenia gravis.

[Claim 2]

The method of claim 1, wherein the rodent is a mouse.

[Claim 3]

The method of claim 1, wherein the rodent is a rat.

[Claim 4]

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 proteins selected from heat-shock protein
90, alpha isoform (hsp90a) (SEQ ID NO:2), and heat-shock protein 90,
beta isoform (hsp90p) (SEQ ID NO:3), in a biological sample.
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SEQUENCE LI STING <110> Industrial Technol ogy Research
Institute Tseng, Tzu-Ling Liao, Pei-Hsiu Cheng,
Ping-Fu Tsai, Shih-Feng Chiu, Hou Chang <120> Met hod
of Di agnosing Myasthenia Gravis and Kits Therefor
<130> 09708. 0005- 00000 <160> 3 <170> Patentln version
3. 3Clan16} 1 <211> 573 <212> PRT <213> Honp sapi ens
<400> 1 Met Leu Arg Leu Pro Thr Val Phe Arg G n Met

Ar THY kit i cl&igh 4Ak¢eherdibthEdbiblogival sdapld Psdteetetli ffom
Lou Thr Arg Ala Tyr Ala Lys Asp Val Lys Phe 20 25 30,

S R A A el i
iy R D Cahd et Val Ile lle 50 55 60

[Claim 6]
The kit of claim 5, wherein said autoantibody is detected by one or
more methods selected from:
(a) Western blotting; and

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

[Claim 7]

The kit of claim 6, wherein said subject is a mammal.

[Claim 8]

The kit of claim 7, wherein the mammal is a human.

[Claim 9]

The kit of claim 7, wherein the mammal is a rodent.

[Claim 10]

The kit of claim 9, wherein the rodent is a mouse.

[Claim 11]

The kit of claim 9, wherein the rodent is a rat,
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"Thr
<118Pa
I'le
Lys
195
Phe
I'le
230
<120be

<130>
<160>
<170>
<210>
<211l>»
<212>
<213>
<400>
Met Leu

1

Val Leu

Gly Ala

Asp Ala
50

Glu Gln
65

Ala Lys

Gn Ser Trp Ay Ser Pro Lys Val Thr Lys Asp Gy

Thr vVal 65 70 75 80 Ala Lys Ser Ile Asp Lou Lys

Lys Tyr Lys Asn Ile Ay Ala Lys 85 90 95 38 Leu
An Asp Val Ala Asn Asn Thr Asn Gu Gu Ala Ay
Gly 100 105 110 Thr Thr Thr Ala Thr Val Leu Ala

Ser Ile Ala Lys Qu dy Phe 115 120 125 du Lys

Ser Lys Ay Ala Asn Pro Val Qu lle Arg Arg Ay

130 135 140 Met Leu Ala Val Asp Ala Vval Ile A a
Leu Lys Lys G n S&QUNEE LASTIEH 155 160 Pro Val
Thr Pro Qu Qu Ile Ala G n Val Ala Thr Ile Ser

168udt70 al75echsnl @w Rasgakys Ghatiltiged y Asn Il e
BeenPpsyzA-&iMet Lys Lys 180 185 190 val Ay Arg
Gyo VdleiHHgiThr Val Lys Asp Ay Lys Thr Leu Asn

QENP051inAspud u Lou Qu lle Ile Au Ay Mt Lys
Pspl Ardni@-fFedgr |1l e 210 215 220 Ser Pro Tyr Phe
Peiu THiotSE€hahys Ay G n Lys Cys Au Phe An 225

235 2410 Asp Ala Tyr Val Leu Lou Ser GQu Lys Lys

Betrh®krcfl CeaGhps 8ay Myasthenia Gravis and Kits Therefor

09708.0005-00000

3

PatentIn version 3.3
1

573

PRT

Homc sapiens

1

Arg T.eu Pro Thr Val Phe Arg GIn Met Arg Pro Val Ser

Ala Pro His Leu Thr Arg Ala Tyr Ala Lys Asp Val Lys
20 25 30

Asp Ala Arg Ala Leu Met Leu Gln Gly Val Asp Leu Leu
35 40 45

Val Ala Vel Thr Met Gly Pro Lys Gly Arg Thr Val Tle

55 60

Ser Trp Gly Ser Pro Lys Val Thr Lys Asp Gly Val Thr

70 75

Ser Tle Asp Leu Lys Asp Lys Tyr Lys Asn Ile Gly Ala
85 90 95

38

Arg

Phe

Ala

Tle

Val

80

Lys



245 250 255 Ile Val Pro Ala Leu Qu Ile Ala Asn Al a
Hs Arg Lys Pro Leu Val 260 265 270 Ile Ile Ala Qu
Asp Val Asp Gy GQu Ala Leu Ser Thr Leu Val Leu 275
280 285 39 Asn Arg Leu Lys Val Ay Leu @n Val Va
Ala Val Lys Ala Pro Ay 290 295 300 Phe Ay Asp Asn
Arg Lys Asn A n Leu Lys Asp Met Ala Ile Ala Thr 305
310 315 320 Ay Ay Ala vVal Phe Gy Gu Qu Gy Leu
Thr Leu Asn Leu Gu Asp 325 330 335 Val Gn Pro H's
Asp Leu Ay Lys Val Ay GQu Val Ile Val Thr Lys 340
Leu3¥B1360n Asp Asp Ala Met Assu TheurEysG@ wlwadld §LASEp Gly
Lys Ala @GR 1le Qu 355 3600865 Lys Arglle @h du
[lelle GQu A@n Leu Asp Val Thr Thr Ser du 370 375
380 Tyr Gu Lys Qu Lys Leu Asn Gu Arg Leu Ala Lys
Thxl EbrSEnr Asip @hy VEB5L89(RIZ9Br400er Vale Ala Vabk &by G3s Phe
Val Ay5dy Thr Ser Asp Mdl du Val Asn d #2305 410
415 Lys Lys Asp Arg Val Thr Asp Ala Leu Asn Ala Thr
Arg Ala Ala Val 420 425 430
Glu Lys Ile Ser Lys Gly Ala Asn Pre Val Glu Ile Arg Arg Gly Val
130 135 140

Met Teu Ala Val Asp Ala Val Ile Ala Glu Leu Lys Lys Gln Ser Lys
145 150 155 160

Pro Val Thr Thr Pro Glu Glu Ile Ala Gln Val Ala Thr Ile Ser Ala
165 170 175

Asn Gly Asp Lys Glu Tle Gly Asn Tle Ile Ser Asp Ala Met Lys Lys
180 185 190

Val Gly Arg Lys Gly Vel Ile Thr Val Lys Asp Gly Lys Thr Leu Asn
155 200 205

Asp Glu Leu Glu Ile Ile Glu Gly Met Lys Phe Asp Arg Gly Tyr Ile
210 218 220

Ser Pro Tyr Phe Ile Asn Thr Ser Lys Gly Gln Lys Cys Glu Phe Gln
225 230 235 240

Asp Ala Tyr Val Leu Leu Ser Glu Lys Lys Tle Ser Ser Tle Gln Ser
245 250 255

Ile Val Pre Ala Teu Glu Ile Ala Asn Ala His Arg Lys Prg Leu Val
260 265 270

Ile Tle Ala Glu Asp Val Asp Gly Glu Ala Leu Ser Thr Leu Val Leu
275 280 285
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Gu dy Ile Vval

Cys lle
Al a Asn

Ile lle

435 440 445 Pro Ala Leu Asp Seer

Leu Ay Gy Ay Cys Ala Leu Lou
Leu Thr

GQu Asp An Lys Ile @y 450 455 460

Lys Arg Thr

Ala 40 465 470 475 480 Lys Asn Ala Ay Val
GQu Lys Ile Met G n 485 490 495
Ay Tyr Asp Ala Met Ala Ay Asp

Ser Lou
Ser Ser
Val Asn
Pro Thr

Asp Ala Ala Ay Val

Il e Val
d u Val

500 505 510 Met Val

Lys Val

Val Arg Thr Ala 515 520 525

Al a Ser

Lou Lou

Ile

Leu Lys Ile Pro Ala Met Thr

Au

GQu Lys dy lle lle

Leu

"Thr Thr Al a

AsnGrugVaku 530 533 540 LaalcalVaThvald ald Ve lPlgsLyda Gap
G2a0Lys Asp Pro Ay MF Ay Ala 545 55W0555 560 Met
Gy Ay Mt dy dy Gy Mt dy Ay Ay Mt Phe 565
570

3056

<210> 2 <211> 732
Phe<$Q@>A8p Asn Arg Lys Asn

Gly Gly Ala Val

Val

Asp

Lys

Tyr

385

Val

Lys

Glu

Ero

Ile

Gln

Asp

Arg

370

Glu

Ala

Lys

Glu

Ala

450

Glu

Pro His
340

Ala Met

355

Tle &ln

Lys Glu

Val Leu

Asp Arg
420

Gly Ile

435

Leu Asp

Ile Tle

Fhe

325

Asp

Leu

Glu

Lys

Lys

405

Val

Yal

Ser

Bys

310

Gly

Leu

Leu

Ile

Leu

390

Val

Thr

Leu

Leu

Arg

Glu Glu

Gly Lys

Lys Gly
380

Ile Glu
375

Asn Glu

Gly Gly

Asp Ala

Gly Gly
440

Thr Pro
455

Thr Leu

40

Gly

Val

345

Lys

Gln

Arg

Thr

Lieu

425

Gly

Ala

Lys

Leu

330

Gly

Gly

Leu

Teu

Ser

410

Asn

Cys

Asn

Ile

3156

Thr

Gl

Asp

Asp

Ala

395

Asp

Ala

Ala

Glu

Pro

Leu

Val

Lys

Val

380

Lys

Mal.

Thr

Lieu

Asp
460

Ala

Asn

Ile

Ala

365

Thr

Let

&Glu

Arg

Leu

445

Gln

Met

Leu

Val

350

Gln

Thr

Ser

Zal

Ala

430

Arg

Lys

Thr

<212> PRT <213> Honp sapi ens
Gln Ieu Lys Asp Met Ale Ile Ala

Glu

335

Thr

Ile

Ser

Asp

Asn

415

Ala

Cys

Ile

Ile

Gly

Thr

320

Asp

Livs

Glu

Glu

Gly

400

Glu

Val

TIle:

Gly

Ala



Met Pro Gu Gu Thr An Thr Gn Asp Gn Pro Met Qu

GQu du du 1510 15 Val du Thr Phe Ala Phe @n

Ala Gu Ile Ala G n Leu Met Ser Leu 20 25 30 lle lle

Asn Thr Phe Tyr Ser Asn Lys Qu lle Phe Leu Arg Gu

Leu 35 40 45 Ile Ser Asn Ser Ser Asp Ala Lou Asp Lys

Ile Arg Tyr Au Ser Leu 41 5 05 5 60 Thr Asp Pro Ser

Lys Leu Asp Ser Ay Lys Qu Leu Hs Ile Asn Leu 65 70

75 80 Ile Pro Asn Lys A n Asp Arg Thr Leu Thr Ile Va
465Asp Thr Gy Ile 83090 95 dvy Met Tirb Lys Ala Asp Leu 480

Ile Asn Asn Leu Ay Thr Ile Ala Lys 100 105 110 Ser

@y Thr Lys Ala Phe Met Qu Ala Leu G n Ala Gy Al a
LysAspnlika diib vB20G125615eterdVetul Fe GFal Gla Phe Qo Mél Gln

Gy Phe Tyr 8et Ala Tyr Leu Val 49430 135 140 Ala A@ab

Lys Val Thr Val Ile Thr Lys H's Asn Asp Asp Gu dn

Tyr 1.45 150 155 160 Ala Trp Gu Ser Ser Ala Ay Ay
SerSeerPher Thru Vall Alg Thr AA$pAThrMAGRIET G1Y78spClye Glal Asn

Pro Met @00 Arg Ay Thr Lys5val Ile Leu H's Lebldys

Gu

Met Val Glu Lys Gly Ile Ile Asp Pro Thr Lys Val Val Arg Thr Ala
515 520 525

Leu Leu Asp Ala Ala Gly Val Ala Ser Leu Leu Thr Thr Ala G6lu Val
530 535 540

Val Val Thr Glu Tle Pro Tys Glu Glu Lys Asp Pro Gly Met Gly Ala
545 550 555 560

Met Gly Gly Met Gly Gly Gly Met Gly Gly Gly Met Phe
565 570

210> 2
<211> 732
£212> PRT

<213> Homo saplens

<40C» 2

Met Pro Glu Glu Thr Gln Thr Gln Asp &ln Pro Met Glu &lu &lu Glu
1 5 10 15

Val Glu Thr Phe Ala Phe Gln Ala ©lu Ile: Ala Gln Leu Met Ser Leu
20 25 30

Tle Tle Asn Thr Phe Tyr Ser Asn Lys Glu Tle Phe Leu Arg Glu Leu
35 40 45

Ile Ser Asn Ser Ser Asp Ala Leu Asp Lys Ile Arg Tyr Glu Ser Leu
41



18.0
Ile
Phe
215
du
Au
245
du
Ly$§
280
Asn

18:
Lys
I'le
220
Glu
Lys
250
du
Lys
285
Pro

5 190 Asp A n Thr Au Tyr Leu Qu GQu Arg Arg
GQu lle vVal Lys 195 200 205 Lys H's Ser G n
@y Tyr Pro Ile Thr- Lou Phe Val Gu Lys 210
GQu Arg Asp Lys Au Val Ser Asp Asp Gu Ala
Lys Qu Asp 225 230 235 240 42 Lys u Gu
GQu Lys Gu Qu Lys Au Ser Qu Asp Lys Pro

255 Gnlle Au Asp Val Ay Ser Asp Gu Qu

Lys Lys Asp Ay 260 265 270 Asp Lys Lys Lys
Lys Ile Lys &u Lys Tyr Ile AspOG n G u 275

G u Leu Asn Lys Thr Lys Pro Ile Trp Thr Arg
Asp Asp Ile 290 295 300 Thr Asn Au Qu Tyr

ThrGhgp oo Pher Tyrs Lys Bey deou GThr TASNGAsg.eTr fis305e 3 Leu
65 315 320 G u Asp7Bis Leu Ala Val Lys H s Phe Ser Val
Gu dy Gn Leu Gu 325 330 335 Phe Arg Ala Leu Leu

Phe

Val

Pro Arg Arg Ala Pro Phe Asp Leu Phe 340 345

I1e350oGism Asyr Alg Bys Ays Tiys LASNTAsNT1d &aly dshedhTyEly

Val

Arg

Arg V&l . 355 360 365 90 95

Gly Met Thr Lys Ald Asp Leu Ile Asn Asr Leu Gly Thr Ile Ala

Ser Gly

Ser Met
130

Ala Glu

145

Ala Trp

Gly Giu

Asp Gln

Lys His
210

Glu Arg
225

Thr

115

Ile

Lys

Glu

Pro

Thr

195

Ser

Asp

100 1065 110

Lys Ala Phe Mef Glu Ala Leu &ln Ala Gly Ala Asp
120 125 '

Gly Gln Phe Cly Val Gly Phe Tyr Ser Ala Tyr Lieu
135 140

Val Thr Val Ile Thr Lys His Asn Asp Asp Glu &ln
150 155

Ser Ser Ala Gly Gly Ser Phe Thr Val Arg Thr Asp
165 170 175

Met Gly Arg Gly Thr Lys ¥al Ile Leu His Leu Lys
180 185 190

Glu Tyr Leu Glu Glu Arg Arg Ile Lys Glu Ile Val
200 205

Gln Phe Ile Gly Tyr Pro Ile Thr Lea Phée Val Glu
215 299

Lys Glu Val Ser Asp Asp Glu Ala Glu Glu Lys Glu
230 235

42

80

Ile

Lys

Val

Tyr

160

Thr

Glu

Lys

Lys

Asp
240



Phe Ile Met Asp Asn Cys Qu GQu Leu Ile Pro Qu Tyr

Leu Asn Phe 370 375 380 Ile Arg Ay Val Val Asp Ser

GQu Asp Leu Pro Leu Asn Ile Ser Arg 385 390 395 40.0

Gu Met Leu Gn Gn Ser Lys Ile Leu Lys Val Ile Arg

Lys Asn Leu 405 410 415 Val Lys Lys Cys Leu GQu Lou

Phe Thr in Leu Ala Qu Asp Lys Au 420 425 430 43

Asn Tyr Lys Lys Phe. Tyr Qu G n Phe Ser Lys Asn Ile

Lys Lou Gy 435 440 445 |le Hs Au Asp Ser @ n Asn
LysAGgulgsu l9iss Iow Sén Fu dlou GlouLAs gl 5 AB5udBOp Myy Pro

Tyr Thr Ser Al4& Ser Ay Asp G uzbet Val Ser Lou Ly&55

Asp Tyr 465 470 475 480 Cys Thr Arg Met Lys G u Asn

G@n Lys His Ile Tyr Tyr Ile Thr Ay 485 490 495 du
GluThielgdu Asyp Gai Wal Pda 24gn cSer GA s RhesMalLyE UyArasp Gly

Leu Arg 500 505 510 Lys Hi¢6@y Leu Gu Val |£@0Tyr

Net Ile GQu Prolle Asp Au Tyr 515 520 525 Cys Va

G@n An Lou Lys Au Phe u Gy Lys Thr Leu Val Ser
AspVals580s 536 546 L¥hritysil@ aye gliew Gyl dleProp @ln Glu

Asp G d u Gau Lys Lys 48fs 285

Glu Leu Asn Lys Thr Lys Pro Ile Trp Thr Arg Asn Pro Asp Asp Ile
290 295 300

Thr Asn Glu Glu Tyr Gly Glu Phe Tyr Lys Ser Leu Thr Asn Asp Trp
305 310 315 320

Glu Asp His Leu Ala Val Lys His Phe Ser Val Glu Gly Gln Leu Glu
325 330 335

Phe Arg Ala Teu Teu Phe Val Pro Arg Arg Ala Pro Phe Asp Tieu FPhe
340 345 35C

Glu Asn Arg Lys Lys Lys Asn Asn Ilg Lys Leu Tyr Val Arg Arg Val
355 360 265

Phe Ile Met Asp Asn Cys Glu Glu Leu Ile Pro Glu Tyr Leu Asn Phe
370 375 380

Ile Arg Gly Val Val Asp Ser Glu Asp Leu Pro Leu Asn Tle Ser Arg
385 390 395 400

Glu Metr Leu Gln Glh Ser Lys Ile Leu Lys Val Ile Arg Lys Asn Leu
405 410 415

vVal Lys Lys Cys Leu Glu Leu Phe Thr Glu Leu Ala Glu Asp Lys Glu
420 425 430
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545 550 555 56.0 G n Gau Qu Lys Lys Thr Lys Phe dQu
Asn Leu Cys Lys Ile Met Lys 565 570 575 Asp Ile Lou
GQu Lys Lys Val Qu Lys Val Val Val Ser Asn Arg Lou
580 585 590 Vval Thr Ser Pro Cys Cys Ile Val Thr Ser
Thr Tyr Ay Trp Thr Ala 595 600 605 Asn Met Qu Arg
Ile Met Lys Ala A n Ala Lou Arg Asp Asn Ser Thr 610

615 620 44 Met Ay Tyr Met Ala Ala Lys Lys His Leu Qu

Ile Asn Pro Asp His 625 630 635 640 Ser Ile Ile Glu
Thr Lou Arg A n Lys Ala Qu Ala Asp Lys Asn Asp 645
Asn630r66Hs Tlyes PBer TVal G Ly SsiAs phkotieValyd [2esnldlelLbys Tyau
G u TheSAla Leu Leu 660t4665 670 Ser Ser G4¢5Phe Ser

Leu Qu Asp Pro dn Thr H's Ala Asn Arg Ile 675 680
685 Tyr Arg Met Ile Lys Leu Gy Leu Ay Ile Asp GQu
TleAgps ASpu Pxsp B 690 B95 A2G0 LyAl AyAshetAsierThiluSeeu Al
Akaoval Thr Gu Gu &1 Pro Pro Lou G #60705 710 715
720 dy Asp Asp Asp Thr Ser Arg Met A u du Val Asp
725 730 '
Tyr Tyr Thr Ser Ala Ser Gly Asp Glu Met Val Ser Leu Lys Asp
465 470 475

Cys Thr Arg Met Lys Glu Asn Gln Lys His Ile Tyr Tyr Ile Thr
485 490 495

Glu Thr Lys Asp Gln Val Ala Asn Ser Ala Phe Val Glu Arg Leu
500 508 51¢

Lys His Gly Leu Glu Val Ile Tyr Met Ile Glu Pro Ile 2Asp Glu
515 520 525

Cys Val Gln Gln Leu Lys Glua Plie Glu Gly Lys Thr Lei V&l Ser
530 535 540

The Lys Glu Gly Leu Glu Leu Pro Glu Asp Glu Glu Glu Lys Lys
545 580 555

Gln Glu Glu Lys Lys Thr Lys Phe Glu Asn Leu Cys Lys Ile Met
565 570 575

Asp Ile Leu Glu Lys Lys Val 8lu Lys Val Val Val Ser Asn Arg
589 585 590

Val Thr Ser Pro Cys Cys Ile Val Thr Ser Thr Tyr Gly Trp Thr
585 600 605

Asn Met Glu Arg Ile Met Lys Ala Gln Ala Leu Arg Asp Asn Ser
610 515 620

44

Gly

Arg

Tyr

480

Gly

Arg

Tyr

val

Liys

560

Lys

Leu

Ala

Thr



<210> 3 <211> 724 <212> PRT <213> Hono sapi ens <400>
3 Mt Pro Qu Qu Val Hs Hs Ay Qu Gu Gu Val Qu
Thr Phe Ala 1 5 10 15 Phe @dn Ala Ju lle Ala An
Leu Met Ser Leu Ile Ile Asn Thr Phe 20 25 30 Tyr Ser
Asn Lys GQu Ile Phe Leu Arg Qu Leu Ile Ser Asn Ala
Ser 35 40 45 45 Asp Ala Leu Asp Lys Ile Arg Tyr Qu
Ser Leu Thr Asp Pro Ser Lys 50 55 60 Leu Asp Ser Qdy
Lys GQu Lou Lys Ile Asp Ile Ile Pro Asn Pro A n 65 70
75 80 QGu Arg Thr Leu Thr Lou Val Asp Thr Ay Ile Ay
Met Thr Lys Ala 85 90 95 Asp Lou Ile Asn Asn Leu Gy
MetThayvheyAletd yd aSataQiys Thrs s Aba CIOX1E0Bsh1BrPhesp His
625Met Qu Ala Leu @h Ala Ay Ala Aspé3de Ser Met Ile 640
Gy An 115 120 125 Phe Gy Val dy Phe Tyr Ser Al a
Tyr Leu Val Ala Qu Lys Val Val 130 135 140
Ser TIle Ile Glu Thr Leu Arg Gln Lys Ala Glu Ala Asp Lys Asn Asp
645 650 655

Lys Ser Val Lys Asp Leu Val TIle Leu Leu Tyr Glu Thr Ala Leu Leu
660 665 570

Ser Ser Gly Phe Ser Leu Glu Asp Prd Gln Thr His Ala Asd Arg Ile
675 680 685

Tyr Arg Met Ile Lys Leu Gly Leu Gly Ile Asp Glu Asp Asp Pro Thr
690 695 700

Ala Asp Asp Thr Ser Ala Ala Val Thr ¢lu Glu Met Pro BPreo Leu Glu
705 710 715 7290

Gly Asp Asp Asp Thr Ser Arg Met Glu Blu Val Asp
725 730

<21G> 3
<211> 724
<212> PRT

<213> Homoe sapiens

<400> 3

Met Pro Glu Glu Val His His Gly Glu Glu &lu Val &lu Thr Phe Ala
1 5 10 15

Phe Gln Ala Glu Ile Ala &ln Leu Met Ser Leu Ile Ile Asn Thr Phe
20 25 30

Tyr Ser Asn Lys Glu Ile Phe Leu Arg Glu Leu Ile Ser Asn Ala Ser
35 40 45

45



Val Ile Thr Lys H's Asn Asp Asp Qu G@n Tyr Ala Trp

A u Ser Ser 145 150 155 160 Ala Gy Ay Ser Phe Thr

Val Arg Ala Asp HHs Ay Qu Prolle @y 165 170 175

Arg Gy Thr Lys Val Ile Leu His Lou Lys Glu Asp G n

Thr A u Tyr 180 185 190 Leu Gu GQu Arg Arg Val Lys

Gu Val Vval Lys Lys Hs Ser Gn Phe 195 200 205 Ile

@y Tyr Pro lle Thr Leu Tyr Leu Au Lys Qu Arg Gu

Lys Au 210 215 220 Ile Ser Asp Asp Qu Ala Gu du

Glu Lys Ay Qu Lys Gu Gu Qu 46 225 230 235 240

Asp Lys Asp Asp Qu GQu Lys Pro Lys Ile Qu Asp Va
AspGRhyaSesu Asqp 245 25e (AR5 yrGcluGher Aspr ASy Sep By Jeys Lys

ASp Lys Lys Lys Lys 8%r Lys Lys Ile 26® 265 270 Lys

GQu Lys Tyr Ile Asp Gn GQu G3u Lou Asn Lys Thr Lys

Pro Ile 275 280 285 Trp Thr Arg Asn Pro Asp Asp Ile
LeuTBspGher Gy Gys. TYyn Ghy IGsu IPReA290I 29T 1806 ro THen Brs Gln
65 Ser Leu Thr Asn A8p Trp Qu Asp His7deu Ala Val Lys 80

H's 305 310 315 320 Phe Ser Val Gu Gy An Leu Qu

Phe Arg Ala Leu Lou Phe Ile Pro
Glu Arg Thr Leu Thr Leu Val Asp Thr &Gly Tle Gly Met Thr Lys Ala

25 90 95

Asp Leu Ile Asn Asn Leu Gly Thr Ile RAla Lys Ser Gly Thr Lys Ala
100 165 110

Phe Met Glu Ala Leu Gln Ala Gly Ala Asp Ile Ser Met Ile Gly Gln
115 120 125

Phe Gly Val Gly Phe Tyr Ser Ala Tyr Leu Val Ala Glu Lys Val Val
130 135 140

Val Ile Thr Lys His ZAsn Asp Asp Glu §ln Tyr Ala Trp Glu Ser Ser
145 150 155 160

Ala Gly Gly Ser Phe Thr Val Arg Ala Agp His Gly Glu Pro Ile Ely
165 170 175

Arg Gly Thr Lys Val Ile Leu His Leu Lys Glu Asp Gln Thr Glu Tyr
180 185 150

Leu Glu Glu Arg Arg Val Lys Glu Val Val Lys Lys His Ser Gln Phe
195 200 205

Ile Gly Tyr Pro Ile Thr Leu Tyr Leu Glu Lys Glu Arg Glu Lys Glu
210 215 220

Ile Ser Asp Asp Glu Ala Glu Glu Glu Lys Gly Glu Lys Glu Glu Glua
46



325 330 335 Arg Arg Ala Pro Phe Asp Leu Phe Glu Asn
Lys Lys Lys Lys Asn Asn 340 345 350 Ile Lys Leu Tyr
Val Arg Arg Val Phe Ile Met Asp Ser Cys Asp Au 355
360 365 Leu Ile Pro Qu Tyr Leu Asn Phe Ile Arg Ay
Val Val Asp Ser Qu 370 375 380 Asp Lou Pro Leu Asn
lIle Set Arg Qu Met Leu An An Ser Lys Ile 385 390

395 400 Leu Lys Val Ile Arg Lys Asti Ile Val Lys Lys

Cys Leu A u Leu Phe 405 410 415 47 Ser Ju Leu Al a
223 u Asp Lys Qu Asfi Tyr Lys Lys The23yr du Ala 420
425 430 Phe Ser Lys Asn Lou Lys Leu Ay Ile Hs Qu

Asp Ser Thr Asn Arg 435 440 445 Arg Arg Leu Ser Qu

AspléyslLeap Akgp Blu Hls Ihs Ber 1@GsnI1Ser G VEsAs[yad50145%er
460 Gu Met ZAr Ser Leu Ser d @5Tyr Val Ser Arg M5
Lys Gn Thr G n 465 470 475 480 Lys Ser Ile Tyr Tyr
Ile Thr GGy GQu Ser Lys GQu Gn Val Ala Asn 485 490

GluiG8u Sep M Fere GVal LGk LAAY gay‘daLyArTgyd_yfwsArrgralythes
G u Val 3& Tyr 500 505 5265

Lys Glu Lys Tyr Ile Asp Gln Glu Glu Leu Asn Lys Thr Ly$ Pro
275 280 285

Trp Thr A¥g Asn Pro Asp Asp Ile Thr Gln Glu Glu Tyr Gly Glu
290 295 300

Tyr Lys Ser Leu Thr Asn Asp Trp Glu Asp His Leu Ala Val Lys
305 310 315

Phe Ser Val $lu Gly Gln Leu Glu Phe Arg Ala Leu Leu Phe Ile
325 330 335

Arg Arg Ala Pro Phe Asp Leu Phe Glu Asn Lys Lys Lys Lys Asn
340 345 320

Tle Lys Leu Tyr Val Arg Arg Val Phe Ile Met Asp Ser Cys Asp
355 360 365

Leu Ile Pre Glu Tyr Leu Asn Phe Ile Arg Gly Val Val Asp Ser
370 375 380

Asp Leu Pro Leu Asn Ile Ser Arg Gla Met Leu Gln Gln Ser Lys
385 390 395

Leu Lys Val Ile Arg Lys Asn Ile Val Lys Lys Cys Leu Glu Leu
405 410 415
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240

Asp

Ile

Ile

Fhe

His

320

Pro

Asn

Glua

Glu

Ile

400

Phe:



Met Thr Gu Pro Ile Asp Au Tyr Cys Val Gn Gn Lou

Lys A u Phe 515 520 525 Asp Ay Lys Ser Lou Val Ser

Val Thr Lys Gn Gy Leu Qu Lou Pro 530 535 540 Gu

Asp Qu Qu GQu Lys Lys Lys Met Gu Gu Ser Lys Ala

Lys The 545 550 555 560 du Asn Leu Cys Lys Leu Met

Lys Qu Ile Leu Asp Lys Lys Val G n 565 570 575 Lys

Val Thr Tie Ser An Arg Lou Val Ser Ser Pro Gys Cys lle

Val 580 585 590 Thr Ser Thr Tyr Ay Trp Thr Ala Asn
SepvstluGhau Ak e [dler Risp Lys @lw AsBOFyB00yS05/s #8eGlpr ABH:Y Ala

Leu Arg A$30 Asn Ser Thr Met 4@% Tyr Met Met Al 43Lys

Lys 610 615 620 His Leu Qu Ile Asn Pro Asp His Pro

Ile Val Gu Thr Lou Arg A n 625 630 635 640 Lys Ala
Phe@SgrAL#as Asn Lyt Agn Psp Edis TAlealiVal Gly sAsds BelrolihVaksn Arg

Val 6485650 655 Leu Lewt$he A u Thr Al a Lad5Leu Ser

Ser Ay Phe Ser Lou Gu Asp 660 665 670 Pro G n Thr

H's Ser Assn Arg Ile Tyr Arg Met Ile Lys Leu A yLeu
ArorEg686u 685 Ay LehelAsph@ TvAsSPid ThVaflerAlGdAnAbar Gy Asp

G4aCProAsn Al a Al a Vabs 460

Glu Met Thr $Ser Leu Ser Glu Tyr Val Ser Arg Met Lys Glu Thr Gln
4565 470 475 480

Lys Ser Ile Tyr Tyr Ile Thr Gly Glu Ser Lys Glu Gln Val Ala Asn
485 490 495

Ser Ala Phe Val Glu Arg Val Arg Lys Arg Gly Phe Glu Val Val Tyr
500 505 510

Met Thr Glu Pro Ile Asp Glu Tyr Cys Val Gln Gln Leu Lys Glu Fhe
5156 520 5295

Asp Gly Lys Ser Leu Val Ser Val Thr Lys Glu Gly Teu Glu Leu Pro
530 535 540

Glu Rsp Glu Glu Glu Lys Lys Lys Met Glu Glu Ser Lys Ala Lys Phe
545 550 555 580

Glu Asn Leu Cys Lys Leu Met Lys Glu Ile Leu AsSp Lys Lys Val Glu
565 570 575

Lys Val Thr Ile Ser Asn Arg Leu Val Ser Ser Pro Cys Cys Ile Val
580 585 590

Thy Ser Thr Tyr Gly Trp Thr Ala Asn Met Glu Arg Ile Met Lys Ala
565 500 605
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690 695 700 Pro Asp Au lle Pro Pro Leci
705 710 715 720 Qu

Gu Asp Ala
Asp 49

Gln

His

625

Lys

Leu

Pro

Gly

Pro
705

Glu

Ala
510

Leu

Ala

Leu

Gln

Tle

550

As_p

Glu

Leu

Glu

Glu

Phe.

Thr

675

Asp

Glu

Val

Ile

Ala

Glu

560

His

Glu

Ile

Asp.

Set Arg Met

Asn

Agp
645

Thr

Ser

Asp

Preo

Asn

Pro
630

Lys

Ala

Asn

Glu

Pro
718

Ser
615

Asp

Asn

Dew

Arg

Val
695

Lieu

Thy

His

Leu
Ile
6580

Ala

Glu

49

Met

Pro

Lys

Se T

665

Tyr

Ala

Gly

Gly

1le

Ala

650

Ser

Arg

Elu

Asp

Tyr

Val.

635

Val

Gly

Met

Glu

Glu
715

Met
620

Glu

Phe

Ile

Proe

7600

Asp

Au

Met

Thr

Asp.

Ser

Lys
&85

Asn

Ala

Ala

Leu

Leu

Leu

570

Trewr

Ala

Ser

]
)

Liys

Arg

Val

655

Glu

Ala

Arg

Lys

Gln

640

Val

Asp:

Tieu

Val

Met
720



