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OF™THE | NVENTION - . . "This invention relates to nethods for the
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and in -parti cular it is directed to a diagnostic - assay which wll
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| nsul i n-dependent (1 DDM and [ﬁ{l_" | ab I1itus (NI DDM are

subt yped physi ol ogi cal I'y accor-s %-&M ' dependence for
survival on treatment with [err] | DDM is attributed to [err] by
reason of di seage associations, autoantibodies 20 to pancreatic islet cell
antigens, simlarities with#animal nodels of | DDM and HLA | i nkages.
The di sease- Bel evant aut oMETHODSHFORTHEDAGNOSIDIORF BEABEEIES 64, 000-

AND PREDIABETIC CONDITIONS

FIELD OF THE INVENTION
This invention relates to methods for the identification of persons who have

10 diabetes or a prediabetic status, and in particular it is directed to a diagnostic
assay which will provide a simple and effective means of screening large
populations of individuals to detect both diabetes and prediabgtes (the early
stages of diabetes prior to the onset of the clinical disease).

15 BACKGROUND OF THE INVENTION
Diabetes mellitus is a heterogeneous disorder. Insulin-dependent (IDDM)

20

unidentified because of low abundance and assay difficulties. Immunoassay for
antibody to the 64,000-M, antigen indicated that it was a specific marker for IDDM
25 and preceded symptomatic onset of disease®. The recognition in cases of the Stiff
Man syndrome of coexisting IDDM and a neural antigen of 64,000-65,000-M,
identified as glutamic acid decarboxylase (GAD) led Baekkeskov et al. ® to
establish the coidentity of their 64,000-M, antigen and GAD. Recently, Rowley et
al.® described a high frequency of positive results by radioimmunoprecipitation
30 assay with IDDM sera and a GAD preparation from pig’brain and proposed
detection of antibodies to GAD as a useful diagnostic test as an autoimmune

2 . -

marker associated with [DDM.
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[err] protein denonstrable by inmunoprecipitation frompancreatic [err] but
hitherto uni dentified because of | ow abundance and assay difficulties.
| mmunoassay for - -antibody to the 64,000[err] antigen indicated that it
was a specific marker for IDDM 25 and preceded synptomatic onset of [err]
The recognition in cases of the Stiff Man syndrone of coexisting | DDM
and a neural antigen of 64, 000-65, 000- M. identified as glutamc acid

decar boxyl ase (GAD) - B ; . |
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di agnosti c test 33gst3RarHsUiBPREC and (FBdikVe SaSRaY 36O i bbBMildhood and

- 2- I nsul i n-dependent diabetes nmellitus is a frequently

occurring di Seaifeadulhtlife. The giseasaritselht IBDMf foscurs gbingheshdredgugnsies, in| tees

t han age 15 yeafs. e, di - S L0 :

or even m o- adopevaiongt HE EEIRERly aqvenced Bl M ng B Theldsithiol
di agnostic and jpeediive fo\dtagrizedDDM &tcthe leBRidst stabef dnd bvérdinathd pradinicabstage
adult life. The disease jtself, IDDM occurs at highest frequencies in_the
devel oped and eB¥fRMHite dispase \FRACRRY reeRENisnd Pycanyeptienaldaberatonydests; s The
hi gh I NCeRMBii i &E@ (p%(baﬁ i i
the preclinical l[étsc,:tb égrgbﬂo‘i'aﬁ e %sr{e t he d¥ égggﬁgéﬁglicarﬁgéé}%g&s@g% aﬁ?%ebxﬁc
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by a routinely appligable, sepnsitive anpd cific. 10 ipmunoass Kit .
wutd Tul i1 1 HeCoRRlan. Rohagtersd bt Thedieiaod dned, spechF cEminaerepeutc.
recogni tion is hejcaBtresed By debaobéd_m&auW%&&%e%}egtésgcofuélwwtM@Eﬁn Ic
procedures will be developed that will arrest the progress of islet ce
destructi on that underlies IDDM, noting that such procedures have aiready been applied
successfully in a model in mice of IDDM. Arrest of the natural progression of
15 IDDM could spare patients years of injections with insulin. The development and
application of an efficient immunoassay for antibodies to GAD, as a diagnostic

procedure for IDDM, would result in an estimated usage of an assay kit in

numbers exceeding one million annually, worldwide.

20 Apart from this, 5-10% of adults presenting with diabetes are initially
diagnosed as having the non-insulin dependent form (NIDDM), however, after a
period ranging from months to years, they convert to IDDM. These patients fall
into a category called latent autoimmune diabetes in aduits (LADA). It has been
shown that 75-80% of this group of patients have detectable levels of antibodies

25 to GAD. ltis likely that this test will become widely used to discriminate these
patients at diagnosis, thus saving them from inappropriate therapy (i.e. diet and
tablets) which could result in failure to control their diabetes with the subsequent
risk of severe complications. Moreover, the test for antibodies to GAD could have
predictive value if applied to individuals at risk by reason of genetic predisposition.

30 The institution of insulin therapy at an early stage, based on the demonstration of
antibodies to GAD would avert this scenario. "
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that underlies IDDM noting that such procedures have already been applied
successfully in a nodel in mce of IDDM Arrest of the natural progression
of 15 | DDM coul d spare patients years of injections with insulin. The
devel o_prrent and application of an efficient inmmunoassay for antibodies
to GAD, as a diagnostic . procedure for I1DDM would result in an '
estimated usage of an assay Kit in nunb8rs exceedi ng one million
annual-ly, worl dwi de. Apart fromthis, 5-10% of adults
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based on the denopnstrati on of anti bodies to GAD woul d avert this
scenari o. could be readily and specifically detected by an immunoprecipitation assay Itis

e conse! T PR kB BREHR S ANOOAE Al i Bk RIS B0y Blodd e
associ at ed disgakb-ralevarardutbantigens; mass netabbe thyraiat pémdndase (n @gimnilnese
I nclude the 64, thyro{d Blord , H" K" ATPase in autoimmune gastritis'', and pyruvate dehydrogenase
in primary biliary cirrhosis'?> . GAD is not species specific and, in fact, cDNAs for

brain GAD from humans'®, rat'*, and cat'’® have such close homology that

15  antibody reactivity could be expected with any mammalian GAD preparation. Also,

the autoantigen is clearly not organ specific because the source used by Rowley

et al. ® was brain. The sequence of GAD from brain and pancreatic islets, the

major sites in which GAD is demonstrable, appears to differ only by allelic

variations'®'?. GAD exists as at least two isoforms'®, and the Rowley et al.. 6

20 preparation contained both representatives, as indicated by data by

polyacrylamide gel electrophoresis (PAGE).

GAD synthesises y-aminobutyric acid (GABA), the principal inhibitory
neurotransmitter in the brain and a putative paracrine signal molecule in pancreatic
25 islets. The enzyme has a restricted tissue distribution and is highly expressed in
the cytoplasm- of GABA-secreting neurons and pancreatic p-cells. The two
isoforms of GAD are referred to as GAD 65 and GAD 67 according to their relative
molecufar masses. These isoforms are the products of two different genes and
differ substantially only in their amino-terminal region.
30
in addition, GAD appears to exist as an integral membrane protein with

hydrophobic properties, and is present as a non-covalently linked dimer of MW
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protein, now recognised as [err], the cytoplasm c | CA denonstrable by 5
[err] and insulin [err] Antibody to the 64,000-[err] - nol ecul e has been
extrenely difficult to assay because of the need to prepare anti gen
fromlarge quantities of islet cell preparations. However, Row ey et [err]

showed that with radiciodine-|abelled GAD prépared frompig brain, the
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arestricted ti 9&3@3qu%%??§ g’fghaﬁﬁapsﬁhé@%ﬁy expressed in t he
cytopl asm of GABA-secreting neurons and pancreatic [err]-cells. The two

i soforms of GAD are referred to as GAD 65 and GAD 67 according to their
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by reason of inheritance and positive for antibodies to B-islet cells of the pancreas

showed that the presence of anti-GAD in serum correlated strongly with later

appearance of IDDMZ. In further studies by the present inventors, anti-GAD has

been present in the first available serum sample from 80% of prediabetic

20 individuals, and even 10 years before the overt onset of diabetes™. Because it is

present years before the onset of diabetes, the GAD autoantibody is a valuable

predictive marker of the disease, and in a study in Finland® based on serum

samples obtained from apparently healthy pregnant women who subsequently

developed IDDM, the predictive capacity for IDOM of a positive test for anti-GAD

25 was remarkably high a relative risk versus a negative test for anti-GAD being 800-

fold. In Melbourne, a study on stored sera from women with gestational diabetes

(diabetes appearing during pregnancy) likewise showed that a positive test for anti-

GAD was predictive of the occurrence later in life of IDDM in such womerf?.

30 international Patent Specification No. PCT/US91/06438 (Publication No.
WO 92/04632) discloses assays for the detection of diabetes or a prediabetic
status relying on exposing patient serum samples to purified ligand capable of
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4 - [err] This purified nenbrane form of GAD has been found to be
reactive with | DDM sera, however no sequence data are yet avail able
for this integral nenbrane [err] 5 The devel opnment of
sinpl e assays for anti-GAD will provide a valuable tool - for diabetes
research, partlcul arly as anti-GAD is not a ttansient reactivity, unlike
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| DDM and in casggeld. recent onset approaches 70-80% but al so the
stability of anti-GAD | evels over a period 10 of [err] In fact, even anobng
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15 SUMMARY OF THE INVENTION.
In accordance with the present invention there is provided a method for
detecting autoantibodies to glutamic acid decarboxylase (GAD) in the serum of a
patient, comprising contacting a serum sample from the patient with a GAD
antigen and detecting binding of autoantibodies to GAD in said sample by said
20 GAD antigen, characterised in that said GAD antigen comprises a GAD preparation
containing an enhanced amount of dimer(s) or oligomer(s) of the 65 kD and/or

67 kD isoforms of GAD.

Whilst the present description of the invention refers specifically to detection

25 of antibodies to GAD in a serum sample, it is to be understood that the term
"serum" is used as a non-limiting term, and that the present invention also extends

to the detection of autoantibodies to GAD in "blood” samples in general, including

blood serum and plasma.

30 As a particularly preferred feature of the present invention, the method of
the invention is carried out under conditions under which the dimeric or oligomeric

form of the GAD is retained and is not broken down into monomeric GAD.
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(di abet es appearing during pregnancy) |ikew se showed that a positive test
for, anti - GAD was predictive of the occurrence later in life of |DDM
in such [err] 30 - I nternational Patent Specification No.

PCT/ US91/ 06438 (Publication No. WO 92/ 04632) di scl oses assays for the
detection of diabetes or a prediabetic “8fatus rel yi ng on exposi ng

patient serums. to i fied |i d c bl.e of. . . .
5 bi ndi ngﬂg{?? %aa%t f’%g%!%és @‘Sem%ﬁf%d Pgﬁg‘[’ H'éveéwof?[)'saﬁ%'gﬂt?‘&eHn%?reggrr‘lt
on pancreatic denatdridgrdoneitions, and particularly undeRpaaaealicingcéntitions.ng to the
present invention has now identified the 5 nolecular formin which GAD

functions as an antigen, and hence binds efficiently and effectively

to autoantibodies i“n%niWu&?&ﬁ%ﬂdt?ﬁgtgﬂ'e%t%ﬁaﬁ%eodeté&%npéfe&hailab%%‘Bveen the

stage of diabetes. It IS now evl the nononeric formo IS,

with rare 5 aenaariibodes, ard pther BALD emtigen eisamdicative f of thelmesence ainthe
ot oo e S EiRBelRs i op TS A Sah e adnonth & §Bodeor
ol i gomeric conf ingsHisbdtRconttich ihaAd Idatiedt! 1S now possible to optim se

the formof the antigen used in the detection of autoantibodies to GAD,
| eading to increased sensitivity in assays for the detection of diabetes or

a predi abetic SEaldSinothet 2mbodNER! thd predint NVERND Plovides a non-naturally

10 occurring preparation of GAD antigen which contains an enhanced amount of
dimer(s) or oligomer(s) of the 65 kD and/or 67 kD isoforms of GAD.

The present invention further extends to a diagnostic kit for the detection
of autoantibodies to GAD in the serum of a patient, comprising a GAD antigen and
15 means for detecting binding of autoantibodies to GAD in a serum sample from the
patient by said GAD antigen, characterised in that said GAD antigen comprises a
GAD preparation containing an enhanced amount of dimer(s) or oligomer(s) of the

65 kD and/or 67 kD isoforms of GAD.

20 The references herein to an "enhanced amount” of dimer(s) or oligomer(s)
in the GAD preparation indicate that the amount of dimer(s) or oligomer(s) in the
GAD preparation is greater than the amount of dimer(s). or oligomer(s) in
p}eparations of naturally occurring GAD. Such greater amounts may be achieved
by separation of naturally occurring GAD into fractions having an “enhanced

25 amount” of dimer(s) or oligomer(s), for example by electrophoretic separation on
SDS-PAGE gels or by size exclusion chromatography. Alternatively, such an
“enhanced amount” of dimer(s) or oligomer(s) may be achieved by augmenting the

content of dimeric or oligomeric GAD in naturally occurring GAD.

30 it should also be noted that the references herein to GAD preparaiions
having an enhanced amount of dimer(s) or oligomer(s) also include preparations
of "substantially pure” GAD having greater than 50% by weight, more particularly
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In accordance with the present invention there is provided a nethod for
detecting autoanti bodies to glutam c acid decarboxylase (GAD) in the serum

of--a patient, conprising contacting a serum sanple fromthe patient
with a GAD antigen and detecting bi ndi_ng_of aut oanti bodies to GAD in
said sanple by said 20 GAD antigen, characterised in that said GAD anti gen

conpri ses a GAD i . |, n .enhang, anount | (s
OO aoer o) “GTRERRE %y BR DR B 38 3P5EE AR orthe B S
Wi | st the preseligortiesic forpt bb GAD, withetherty2arideomonehwire GRBCI Suchatdupstamtially
detection 25 of antibodies to GAD, i serum sanple, it is to be .

under st ood t hat PHffe ¢IEIERF of °"9°§‘é?’l9rr%‘“%s"l?é’e?9 £L0duGfsh oY i"RMEVAICt BPRTorsiAte

that the presenpriginedbfRBndthese GADIRI naturallyldecliffhGAB &sirRikritwn separation
autoanti bodies to GAD in "bl ood" sanples in general,” i ncluding bl ood
serum and pl &sntechniges. Alternativglya hpwever uthar tigmesice beroliganesigt (AS dnay e

Condi i ons. ndefVRFARES RLaPiSBrie spstiigesit wxanbie By iding Sihihidtiios
retained and i sofBYy diierRBart) \un naflir Ay GutQrfRig 6r fedBmbinantly produced monomeric
Preferably, therefore, the nethod of the invention is carried out under

non- denaﬁ&@-ng conditions, and particularly under non-reducing
condi tions. It will, of course, be appreciated that the
detection of binding between the '

10 Accordingly, in one particular aspect, the present invention provides a GAD

preparation which comprises substantially pure dimer(s) or oligomer(s) of the 65
kD and/or 67 kD isoforms of GAD, and in particular a GAD preparation which
comprises substantially pure heterodimer or heterocligomer of the 65 kD and 67
kD isoforms of GAD.
15
The dimer(s) or oligomer(s) in the GAD preparation used as antigen in this
invention rhay be an aggregation of one or other of the two isoforms of GAD, or
it may be a heterodimer or heteroocligomer of both isoforms (65 kD or 67 kD) of
GAD. Similarly, the GAD may be either human or non-human mammalian, native
20 or recombinant, and it may be either pancreatic or brain (or other CNS) GAD.

Methods for the isolation of native GAD are well known, and are described,
for example, in International Patent Specification No. PCT/US91/06438 (WO
92/04632). This International specification also describes various methods for the

25 preparation of recombinant GAD. The disclosure of all these methods is

incorporated herein by reference.

Throughout this specification and claims which follow, unless the context
requires otherwise, the word "comprise”, or variations such as "comprises” or
30 “"comprising”, will be understood to imply the inclusion of a stated integer or group

of integers but nat the exclusion of any other integer or group of integers.



5 autoantibodies and the GAD antigen is indicative of the presence of the
aut oanti bodies in the serum sanple, and hence is diagnostic of a diabetic
or predi abetic condition in the patient. : In yet anot her
enbodi nent, the present invention provides agnon- naturally 10 occurring
preparation of GAD antigen which contains an“enhanced anmount of

di mer(s) or o'IigS?ﬁ By /BN i sof orms of GAD.

The present inventi J%épu[?%ﬁggﬁjeﬁégj@%?gg @\@Emt ic kit for the detection
of autoanti bodi es t o TBAGAD préparatiorLweeafin gheabticiehding e SrieddntineMlon was.
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serum sanpl e fr GR@Rgd rom posgine JrainandwasPuriied as: dagerived infiauiey ef ded op@n
that said GAD angigen [ ; t] Nk 3 .
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i sof orms of @ADmMammalian GAD'. Thisprepératiencerstaimed@redaminantly mohameed GAD{&5t "
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than the anmount descriidterabore Othi®! hrapaRIticR) ma) be furtPleP bEs4sddS t@f provide a
natural ly occurring GAD. Such greater amountS may be achi eved b
separation of nB&RRERIAN eeE@iNtgn Gahaneed amaunt i%mﬁmpn@lngameeﬁr@&@e@r%
anount " of di méﬁﬁg%rsbglgéqﬂgggbéfggﬁ: sfggﬁra‘??éﬁ."pl e by el ectrophoretic

separation on Si ze' excl usi on chromat ogr aphy.

Al ternativellg, such an "enhanced anmount" of diner(s) or oligoner(s)
may be achi eved by menging.the content of dinerjc or, oligoneric GAD
in naturally occurri eGAéABg’SSlfolated from nglyrd sources: Hee BeieH onen s

references her eidnbmeRRlEAD SRACHIS %ross-!inﬂéﬁyi!H%@Woﬁ?ﬂ%ﬂﬁ@d%oaﬁmﬂ&eﬂon,
dimer(s) or oligoner(s) also include preparations 0 ubstanti ally
pure" GAD havi nitywasaliscaverdththatbdis the mipiog dirneninyioligqraetic frattion m such naturally
occurring GAD which proves to be the "antigenic” component. Therefore, in order
15 to effectively bind with the autoantibodies present in the sera of diabetic or
prediabetic patients, the GAD must exist in the dimeric or oligomeric form, and it
has been found that for most diabetic sera there is little or no reactivity with

monomeric GAD. This discovery was both unanticipated and unpredictable.

20 | Using a procedure of molecular separation of GAD in gels under non-
denaturing conditions which preserve the native conformation of the molecule, it
has been shown that the molecular weight of the GAD molecule that binds to the

~ autoantibody in IDDM is almost exactly double that of the monomeric form of the
GAD molecule, hitherto believed to be the "diabetes autoantigen”. Itis emphasised

25 that for almost all the diabetic sera tested so far, little or no monomer is bound by
the autoantibody, even in the presence of a 20-fold or greater excess of the
monomeric GAD. 1t therefore follows that the dimeric conﬁguratibn of the GAD
molecule presents an optimal antigen determinant for the autoantibody reaction.
In addition, it is evident that any procedure that augments the amount of dimeric

30 GAD vis-a-vis monomeric GAD will increase greatly the sensitivity of the assay, and
so optimise the utility of preparations of GAD for diagnostic tests on serum for
autoimmune insulin-dependent diabetes mellitus.
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7 greater than 70% by wei ght or even greater than 90% by wei ght, of

the dineric or - oligoneric formof GAD, with the bal ance nononeric .
GAD. Such "substantially pure” dinmeric or oligonmeric GAD may be
produced by renoval of appropriate anpgnts of nonomeric GAD from

natural ly occurring GAD usi ng known separation 5 techni ques.

Alternatively, howeveherdig@rigi F&bPﬁm@ﬁ 1At HABRE hd %ﬁn‘x@'}é Bfms of the GAD exist
synt hesi sed by appr I nking, for exanple by form ng disul phide

OEIel ate cross
bonds or Patuselyen thediesly, end ithas Beery rmdrthagsmh dmImMMUIt}rnerlc

pr oduced nmonomeg | Acgordin art,

Papeot . the proliis SR, pirises prodtes,  Yeac WA OB AV pRR S dies
conpri ses subst présent InysdrureolipdreohS WitArdisthdtaéfe Howevef, thbatdiiiard methaMs of
and/or 67 kD _isofornms of GAD, and in particular a GAD_preparation which
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20 or reconbi nafp,te,mg{éd dutodiitjeRie 8frh R igAIRNCreatic or bral n (or other CNS)
GAD. Met hods for the isolation of native GAD are well known,

and are desdfi bed, for exanple, in International Patent Specification

2'?'5 Opggls grs?%/egtsjgﬁ %gn%e[dn 8@%\49? 383’ tze%ger;l;gl Séh!'«.lpa{[c?ens%s' %??he dPaeg%'ofs{xc(:: E%{[ssay for

autoantibodies to GAD in accordance with the present invention are the use of an
antigen preparation containing an enhanced amount of dimeric or oligomeric GAD
instead of monomeric GAD, together with appropriate reaction conditions which

15 avoid the destruction of the dimers or oligomers.

In the work leading to the present invention, two separate preparations of

GAD derived by entirely different procedures were tested, and with each the
reactivity of sera from patients with IDDM is only with GAD in its dimeric/oligomeric

20 form. Thus there is solid evidence that the major pancreatic islet autdantigen in
i IDDM, exists not as hitherto believed as a reactant of 64 kD but rather a s a
reactant of 120-130 kD (and greater) GAD, interpretable as a dimeric/oligomeric
form of the molecule. Overall, the results set out in Examples 1-8 below establish
clearly that GAD is required to be in this dimeric or oligomeric form to be reactive

25 with the autoantibody to GAD in IDDM sera. It therefore follows that any
procedure that enhances the amount of dimeric or oligomeric GAD in a GAD
preparation would generate an antigenic preparation that would bind even more
strongly and more specifically with anti-GAD present in IDDM sera compared with
preparations used hitherto. This in turn provides to a more sensitive assay with

30 greatly improved diagnostic utility.



g
4

25 preparation of reconbi nant GAD. The disclosure of all these nmethods is

I ncarporated herein by reference. Throughout this
specification and cl ainms which follow, unless the context requires

ot herw se, the word "conprise", or vari atlon such as "conprises” or 30
"conprising”, wll be understood to inply th¥ inclusion of a stated I nt eger

or group  of i ntegeysn b B! dinerFINSHARC HackB S cR U iSled by

group of integers.
DETAI LED DESCRI RTduhbédof ThethoYEI8IAdUY. to one skilled in the BmeofGiDtgin Gjid@t.i Dhese

used in the work |l eading to the present inventjon from
por ci ne brain aﬁ@%’%WFPﬂéthQUH&%'PP%@Q dimesisy al BW%E’%WTS&{%W hich

affinity columg %ﬁa&e SO ﬁ@@ﬁb@ﬂﬁbﬁ@?'oﬁﬂéhgﬁgﬁn%% élcﬁlfréltﬁ)ﬁgbi\-ﬁDﬁlz%S

manmal i an [err] i's pr epa ati1on contal ned predom nant oneric
kD and 67 kDf baffindy shrocuatogiapby, :somcMramonatbgnapmom | The@michment may

descri bed above r epar.at on ma t her processe pr.o

prepar ati on con?‘épﬁerﬁf%éqf g Sé’@s ?{F‘ﬁﬁ?fpsﬁ 'mﬂ?gﬂ? mpn(g[mqﬂ% @gw[ng l&igo Bigr
exanmpl e, by el eﬁinhﬁmro?hb%o'“"@iﬁ@ﬁ@ﬁdr@ﬂreagéﬂts known to form cOh@derititira-folecular

i solated fromnatural sources, the major conponent is nononeri ¢ GAD

whi ch is not cra’dintemmeteculas nrw@rr\nmqtem@aawgtxqr@ this invention, it
was di scovered that it is the mnor dinmeric/oligoneric fraction in such
naturally occurring GAD which proves to be the "antigenic" conponent.
Therefore, 10 order Agart freneftfie @issarmtia) charxdtanstid dfhmaut auraritigedimparraﬁeﬂnt

in the sera of diabetic or predi abetjc patients, Drm§t &)&ist I n
the dimeric or mqtglgmqrberpmpqur}t of dimeric or ohgomenc GAD 65 and/or GAD 67,

the assays of the present invention can be performed using conventional protocols
for immunoassays, such as competitive immunoassays, radio-immunoassays,
enzyme-linked immunosorbent assays, and the like. Further details of suitable
15 assay protocols in accordance with this invention are described, by way of
example, in International Patent Specification No. PCT/USS1/06438 (WO
92/04632), the disclosure of which is incorporated herein by reference.

The present description of the invention shows that {DDM sera react
20 preferentially with dimeric or oligomeric forms of molecular GAD. Hence any
method or procedure that provides a preparation in which the amounts or
proportions of dimeric/oligomeric GAD are enhanced would creaté a more
effective reactant for the serological diagnosis of IDDM. Such methods for the
isolation of GAD include both chemical methods and immunochemical separations
25 such as affinity chromatographic procedures that may be modified to give higher
yields of dimers. Similarly, methods or procedures that resulted in the creation
and stabilisation from monomeric GAD (recombinant or naturally occurring) of
dimeric or oligomeric molecules by appropriate cross-linking, or formation of
disulphide bonds, or other means, will yield a preparation containing dimeric GAD

30 with an enhanced capacity to react with IDDM sera.
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has been found that for nost diabetic sera there is little or no reactivity

wth nmononmeric GAD. This discovery was both unanticipated and
unpr edi ct abl e. 20 Usi ng a procedure of nol ecul ar separation of
GAD i n gel s under non- denat uri ng concii1t1i_ons whi ch preserve the native

conformation of the nolecule, it has been shown that the nol ecul ar

wei ght of the GAD nol e |_.n t e, . sl g ' '

al nost exactly doubl ler?'? ﬁ%tcog‘?g{"hg‘lengagn&qﬁgcq%ﬂ%t%?a%ﬁrﬁgﬁé ké}wwﬁ%@%:‘%
‘hitherto bel i evegptapriate tfolding!tabretzsthaebiopé treae s optintally seatipl adth3sBO0MSera.
that for al nost the diabetic sera tested so far, little or nonomer
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det er mi nant Hor exarmpkeis paoteinadishiphide isamarase (PDI)) GARM itsiroonomeri¢ foray iedbert
t hat any procedure that augnrrent gﬁﬁt Ge amount. of dineric _30,GAD vi Si'ﬁf Vti S+h
mononeri ¢ GAD wiP|3 fHETRRYBENMOIRCHE P 8S Natve (MEneeh MeR PeaSusfPPidig to the
so optim se thetddihbiititented beitiiyRids@ueh @ls FEADsd efeaing @R@FhaAcéE Fdata with
serum f or aut oi nmune i nsul i n-dependent di abetes nellitus.

There is prior M¥Mgarumert sHdrthesitade noted thahath hemagimensandheterasinogrs of
exi st nat @, ' ' : t :

di meric and nul ?ﬁﬁeﬁgha él{ﬁ’Gﬁgﬁér(xs?@??%%%rﬁ&g‘%nﬁﬂ‘ga?é@eﬁ%&rggﬁgb@eﬁﬁ%&mggn
react with tile alGADBSKEADES7 may providss anteactant esfupartiEulare utility Somiserolgical]
However, the standard nethods of 5 detecting this serumreactivity,
which are carriedt®&t in the presence of reducing agents that break
di sul phi de bonds and/or electrostatic or hydrophobic i nteractions,
result in the destruction of diners and oligoners that are not

conpl et el y st abi | i sekurtherdetailsmfnberprésenGhventon wikbe apparedtfrea thetfaliowiogas

Examples and the drawings which are included by way of flustration, not by way
15 of limitation, of this invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the results by autoradiography of **|-GAD that was
precipitated with three representative IDDM sera and analysed by SDS-PAGE
20 under reducing or non-reducing conditions (see text). Lanes 1 and § contain non-
immunoprecipitated '*1-GAD and lanes 2, 3, 4 and 6, 7 8 contain *I-GAD
precipitated with three representative sera from patients with IDDM. 1t is clearly
seen that under reducing conditions there is a strong signal at ~ 864 kD, and weak
signals at 110-130 kD, whereas under non-reducing conditions there is a weak
25 signal at 64 kD and a strong signal at 110-130 kD.

Figure 2 shows end-point titrations for 68 IDDM sera, including one with
Stiff Man Syndrome (SMS), plotted against the value in reference units for ‘the
same sera at a 1:2 dilution. Note that a plot of mean values reaches a plateau
30 corresponding to 5-10% of the total GAD added, indicating that not all of the GAD
in the preparation can be precipitated, even with high potency sera, as judged by

high titre.



the major autoantigenic formof GAD. 10 As noted above, the
essential characteristics of the diagnostic assay for aut oant i bodi es
to 'GAD i n accordance with the present invention are the use of an

anti gen pr eparation containing an enhanced amount of dinmeric or oligoneric

GAD I nst ead of nmononeric GAD, toget her'3i th appropriate reaction
condi ti ons which voi d_the destruction of the dinmers or g%ﬁe
In the work | eadi ng YRS pr e SRAWS the, BBsUits Py avigradiogreaby o;5rei) I Vas
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nmol ecul e. Overall, the results set out in Exanples 1-8 bel ow establi

clearly that @WP&W@%@PW%MW@)W@WWM? gPesiedy R MED tf’Sﬂr’nOﬂ@obe
reactive 25 wi iR &%ﬁé}\?aﬂﬁé%&%m R drditloRE ﬁt‘?ﬁ%veaks r‘%ﬁ‘ﬁfﬁ@@x osure

foll ows that any procedur at enffances t anount o meric or

ol i goneric GAD timeauda8lor this aptaradiogtaptn(avow)d generat e an antigenic
preparation that would bind even nore strongly and nore specifically
with anti-GAD present in | DDM sera conpared with preparations used

hitherto. THps in tug uPéQV' deghdwd 3nd0FRuRCBY! WesterAS BRYtINY tditeB OSDSFRAGEY

| mproved diagnostic utilit
- 10- electrogoresisiaf BAD Usingeantibogiesdd GADR ozised experimentally @¥) andmn

can be achi eved 81¥1ans (B), with serum dilutions of 1:200. (A) Monoclonal mouse antibody GAD-6
raised against GAD 65, and polycional rabbit antibody K2 raised against GAD 67;
(B) lane 1, healthy person; lane 2, patient with SDS and IDDM; lanes 3-10,

15 ' patients with IDDM.

Figure 5 shows the resuits by dot blotting whereby GAD is spotted onto
a nitrocellulose filter and then exposed to the test sera. The upper row (spots 2-
10) shows the reaction of IDDM sera with GAD under non-denaturing conditions
20 (see text), wheréin all sera show strong reactivity, and in contrast, the lower row
(spots 2-10) shows the reaction of the same IDDM sera with GAD treated with ME
and boiling wherein only serum 2, and serum 3 (weak) show reactivity. Spot 1
represents normal serum. The sera depicted here are the same as those depicted

in Figure 4.

25

Figure 6 shows the results by autoradiography of biosynthetically
labelled recombinant GAD (°S-GAD) prepared so as to retain the normal structure
of native GAD by expression using rabbit reticulocyte lysate (RRL); precipitation
. was with a representative positive IDDM serum and a negative serum, and
30 analysed by SDS-PAGE under reducing and non-reducing conditions. In each
case, lane 1 contains the RRL recombinant GAD (19 hour exposure), lane 2
contains RRL-expressed GAD precipitated with [DDM serum (7 day exposure), and
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a nunber of nethods obvious to one skilled in the art of protein biology.
These procedures include the purification of the dineric/oligoneric
forns of GAD which can be acconplished by a nunber of nethods

i ncl udi ng gel f||tration, HPLC, 5 affinity chromatography, ion exchange
chromat ography, etc. The enrichment may 13 -al so be achieved by the

cl assical cross-linking of nononmeric GAD using het er o- bi functi onal
or hono- bi func'ﬁﬂ%r?alcoﬂ@meﬁﬂé %ﬁfﬁﬁﬁeﬂ@*ﬁ@rmﬁe@tﬁﬁﬂﬂde\ﬂﬂh|%ﬂpﬁn%ﬁ@'@m &f day
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t he essenti al of use eSHan antlge prepar a
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67, ‘the gssays of the ent ntion can be performed using
convent i onal pr‘Bi"Sé’cb‘{%mad'm r\":o mn?ﬁ% ssays, such as conpetitive

I mmunoassaysg T adi o-i nmunoassays, enzymne- | i nked i mmunosor bent assays,
and the |like. Further details of suitable 15 assay protocols in
accordance with this invention are described, by way of exanple, in

I nt er nati onal w’h gp{sm fication No. PCT/US91 /06438 (WD 92/ 04632) ,
t he disclosure F I's incorporated herein by reference.

The present descri ptihgNEdmpleeidniorfitiatéythal autodnkibbdiePiNVsaer fromesdtienBOwith
preferentially with dineric or oligonmeric forms of nol ecul ar GAD. Hence any

met hod or pr ocdBDMe reasitwith dimericd oliggrnesivufermsoBf ipereing dainhEARNBs hewsr by

proportion f a nore
ef fective rs1ed;ct g’#\‘ﬂ‘;&o&%ﬂf& gﬁﬂ%&%@%ﬁ%ﬁ ggﬁgps%@%?’%%ﬁg%gmt hods for
t he i sol ation of GAD i ncl ude bot h chem cal nethods and i munochem cal

separations 25 such,as affin omato aphlc procedures t hat
modi fied to give hi SHBr"amre 0{/{% feacting {7 e radlowawa%gfesﬁmavon

procedures thatgggs %&%édﬁ yhnoﬁreQ :lans was Rve tfgta?éa Iags@nbwg T1TRE" pellet

nononeri ¢ GAD (reconbl nant of natufa occurring di neric or
ol i gonmeri ¢ nol eonsistingof upt;ge@pandaa@tlbndysthat wramde@osmed atternimmuenoprecipitation

di sul phi de n at her ans, .wil| at G | 0

i ot o GAD 330 Wi SRIArERHarREan L wis st o Babiaeiidide gyl i BoRoPebis in
the presence of sodium dodecy! sulphate (SDS-PAGE), and the gel was examined
by autoradiography. The '®1-GAD antigen in the precipitate was compared with
the GAD labelled with **{ that had been initially added to the assay.

20 For electrophoresis, samples were dissolved in a buffer that contained 64
mM Tris-HCI, pH 6.8, 2% SDS, and 10% glycerol with or without 5% 2-mercapto-
ethanol. Electrophoresis was performed on 10% separating gels. The gels were
dried and examined by autoradiography for periods of up to 2 weeks.

25 Typical results obtained from autoradiography are shown in Figure 1. '#I-
GAD was immunoprecipitated with the IDDM serum and the precipitate was
analysed by gel electrophoresis with or without the reducing agent, 2-
mercaptoethanol, i.e. reducing or non-reducing conditions. The gel was exposed
for autoradiography for 2 weeks. In the Figure, lanes 1 and 5 contain non-

30 immunoprecipitated ‘*I-GAD and lanes 2, 3, 4 and 6, 7, 8 contain '®|-GAD
precipitated with three representative sera from patients ‘with IDDM. Under
reducing conditions  (lanes 1-4), the non-precipitated GAD and the



In this context, the GAD nolecule in the dineric formmay acquire the
appropriate "folding" to create the epitope that is optinmally reactive with
| DDM ser a. There exist enzynmes that react with proteins to produce
nol ecul es that are appropriately foI ded for optinal cellular

transport and function, of which one Télrrpl e is protein disul phide

| sonerase (PDl) el th a
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i nfluences of entymeowaveh mePDlon-mauehgaddnamxoae (eame3nE:ey theauinamtecmaﬂed

| DDM serum It is further to be noted that both honodj ners and heterqdi ners

of GAD 65 Gifel 2PREATSASRKP FRIMBPRENS Mt haue aiAIgratioRCYFasRRPdingda M of
heterodimers 10 o, GADBg- G"‘r%%o% REHRHEEE 1Re ‘weecbidibd OfABRhhd %"rﬁ&@txto’qe

utility for serological rther detai

present invergi exclusivelylas appmpenénn‘mcnmsplmedhgltbcaxm of ~110BGhkDes and the
drawi ngs which are included by way of illustration, not by way 15 of
limtation, of this invention. BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure 1 shows t heor qael rimdNoRbigh 64 FEiAPEBFa Othat &fdvk hh@dsitivas result for
precipitated wth three representative | DDM sera and anal ysed by SDS-PAGE

20 under reduciantibedientnGASKItie peried raguiredier weradiegiaphy txgs acleaidsignal

contai n non- ci e es

contain [er] wasp??éng#)e[kgt eQJ{}ﬁr g?ch"r%gy %{5‘95’8?‘% atlléve'gsteh?éa%?%oe%%a??éznt
with | DDM IO i snettgRbbthanal, thesmattéwtpmamhemaf @4 pregpitatedidy IODM tskes that s
a strong signal at - 64 kD, and we nal s at 110 130 kD, whereas

under non-reduc pﬁgtawﬁdmﬂb@ﬁlse& We@éDi Bag a\,@g cular weightpf 564 -k ngien nen-
strong signal apedigl@hditdns in which the molecular configuration of dimers and oligomers

is not altered, only negligibie amounts of iodinated protein with a molecular weight
of ~ 64 kD were precipitated, whereas there was a strong signal that corresponded

15 to an iodinated protein(s) with a molecular weight of ~110-130 kD, together with
a weaker signal that corresponded to components of molecular weight greater
than 200 kD, presumably oligomeric aggregates of the ~ 64 kD material. On the
other hand, when the same '*|-GAD preparation that had been added to the
immunoprecipitation mixture was examined directly using electrophoresis under

20 either reducing or non-reducing conditions, there was a strong signal
corresponding to the presence of an iodinated protein of molecular weight - 64
kD.

EXAMPLE 2

25 This Example demonstrates that diabetic sera immuno-precipitate only a
small fraction of the total amount of iodinated GAD in a test preparation -of affinity-
purified porcine brain GAD, irrespective of the amount or potency of serum used

for the immunoprecipitation.

30 In an affinity purified preparation of porcine brain GAD, only a small fraction
is in an appropriate autoantigenic configuration for reactivity with IDDM serum, as
shown by the consistently repeated finding that it is not possible to



Fi gure 2 shows end-point titrations for 68 | DDM sera, including one with
Stiff Man Syndrone (SMS), plotted against the value in reference units for
thé” sane sera at a 1:2 dilution. Note that a plot of mean val ues
reaches a plateau 30 corresponding to 5-10% of the total GAD added,

I ndicating that not all of the GAD I n fﬂé 'preparation can be

preci pitated, even with hj gh pot ency. ser

| , it
12 - immyuRprecitate. JRekRs thap g éQu’? téu aﬁﬂ%‘r adit &H‘bﬂg ?r Faé?‘?]
that was pfrﬁﬁutﬂﬁﬂr@&xﬁﬁia’mﬂr{ Bsdal)(88sA0OTBhMHSreSBEA 1208 DDRM ¥&r8dedtéd in the

SDS- PAGE under reducl ng and non reducing conditions. Here, and in the
particul ar cont rpresemtoinventors' Halgenatory). imdagir the ptalaameuntpt radwgdmedgbeueuy

Lancs 4 and 5. arterarByBRRRAp i oblsRdled of T sBARBe fds  Pregya

8) has reactigi tyjevalcorrdapoheiig t@@hw it g% dffise {otBHcoifits of radidactutypadurid, wrth
under non-reducing conditions, with a weak signal at the exPosure I me
used for this am%méﬁaﬁgr%ﬁiﬁméﬁrbyom additiqn of furthepjagigunts of D@Moﬁ%’”f‘h@:’gme

result by Weste bl f S el rop S g
antibodies to Gglg raﬁ% Bg?(rge%r&}en@?ﬁy\%&? c} qi‘\ﬁ;t 2 Bﬁénﬁ\?é re%%*tl&‘?‘ ij]thg
serumdi | utions raaco&haﬂaop(e%)pwatnomabsayahremmedarrmn luwlys@[}zmmal dilutiom étdis

agai nst GAD 65, and pol onal . rabbi.t antjhody K2 rais agai nst  GAl 7:
(B 1ane 1, healSrpaIdidhe nssiat tatineis IRy SEapsAeySTipm o uedugoh of

15 patient sy tyy dddMigure 2), indicating that the failure to immunoprecipitate most of the '#}-
GAD in the preparation is not due to any lack of potency in the precipitating

antisera.

EXAMPLE 3
15 This Example shows that the removal of the dimeric and oligomeric forms

of GAD from the GAD preparations abrogates reactivity of IDDM sera with GAD.

in the radioimmunoprecipitation assay, the residual supernatant after
immunoprecipitation of '*1-GAD by IDDM serum reguiarly contains most of the
20 initial radioactivity added (see above). Autoradiography of the residual '*1-GAD
after electrophoresis shows a signal corresponding to a -~ 64 kD component, this
being precisely comparable with the ~-64 kD signal in the original GAD
preparation. There are, however, now no other signals corresponding to
components of higher molecular weights, these components having been

25 completely removed by the first immunoprecipitation.

Experiments were performed to determine the degree to which removal of
the dimeric/oligomeric forms of GAD from the initial preparation of '*-GAD wduld
remove the capacity to react with IDDM sera. Accordingly, the 151.GAD

30 preparation was allowed to react (i.e. absorbed) at 4°C overnight either with a
strongly positive IDDM serum, or with pooled normal sera, then

immunoprecipitation was performed with protein A-Sepharose to remove all
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Figure 5 shows the results by dot blotting whereby GAD is spotted onto
a nitrocellulose filter and then exposed to the test sera. The upper row

(spots 2- 10) shows the reaction of |1 DDM sera with GAD under
non-denat uring conditions 20 (see text), _v%e_r ein all sera show strong
reactivity, and in contrast, the | ower row (spots 2-10) shows the

reaction of th ?rﬂm% w vis AD L te ] rBitshtbQad b

wherein only sernum ,éan e§§§r S’Fn 3%%@2%“ éﬁ@w ﬁé%%@?%%?f.sugggt 1t 2 Ui
represents nor nesedsasramigeT nthe etanddepinuhedoprecipitatian adsay saing eidbet RGN sera
depi cted in Figure 4. 25 Il gure, 6 shows t y
aut or adi ogr aphfro?o‘%?%ﬂ‘rlﬂ"'ﬂat‘?%% I J he resu{t:a\gas'; ﬁgat F%&HBFW&E# ?Ci%wf%r rﬁit?r
prepared so as iffhiriRiprédipitalionAbSGHNSH) Wik W Grongly peSitiveAIDDM debbimbgenerally

expression using rabbit reticulocyte |ysate (RRL); precipitation. was
with a repr dserdigd tpcfupelion Ry &Nl antiges 47 e sfeadar @gﬁqmwr@@r%meﬂa&*ﬁ& aggay-

I d by SD ' - L ng;. [ 1
cace Tane 1 comnaeneBr R P ARG SR BBl 4 D
cont ai ns RRL- exyfiessredutii\Rrprshoivpi inaTayle vi.t Ht kBN SkEs wotdd? thidyaftex e unibigl,
and ' 25 ane

s . . -13 - |
3 contains RRL%%F@@EJ@@HH?@%:P i 1ZEAR with IPOM serymy fugté%me(cprt&ggn with
exposure). Not gppRfserh ihnrﬁlﬁr%ﬁrgbi[:&‘étéé B fho AR BiyGARh abald\seesredipiated
non- reduci ng conditions the major signal corresponds to a MW of
110- 130 kD,10 with a npradlserime Qf the atherghand, alierao fniti@hprecipitation (absorption)
with a normal serum, the number of counts of radioactivity that could be
precipitated from the '®I-GAD preparation by an IDDM serum was precisely
equivalent to the number of counts of radioactivity precipitated using a fresh non-

absorbed preparation of **I-GAD tested under exactly the same conditions.

15
TABLE 1
Initial Precipitat;on Second Precipitation (cpm)
IDDM serum Normal serum
IDDM serum 390 252
20 Normal serum 2400 97
| Nil * 2600 78
* Counts precipitated with fresh '®I-GAD using the same volume of the
autoantigen GAD (130 ul) and the same number of initial counts (38,000
25 cpm) as were used with the supernatant after absorption.

In this Example an initial precipitation of '*I-GAD was made either with

IDDM serum or normal serum, with a second precipitation likewise, with resuits
compared with those with no initial precipitation (Nil). The results show that the

30 initial precipitation with the IDDM serum removed the reactive‘éapacity of the GAD
whereas after initial precipitation with normal serum the reactive capacity of the

GAD for IDDM serum was unchanged.
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EXAMPLE 1 Thi s Exanpl e denonstrates that autoanti bodies in
sera frompatients with | DDM react with dineric/oligoneric-forns of
pofcine brain GAD as shown by 10 autoradi ography of inmunoprecipitates

i n SDS- pol yacryl am de gel s. The nature of the GAD antigen
reacting in the radi oi nmunoprecipitation - 17 - assay descri bed by Row ey

et [err] was inwkaﬁed as follows. The pellet consi sting of

antigen and ant & was deposited after imrunoprecipitation 15

wi th Sephar ose- pr ot eTRis AE¥@apI8 XdHOWRNNEP vBR) ¥aLplibAd 882 JPdmEt AL SPBPIG S
I n the presence of sodi um dodecyl “sul phate (SDS-PAGE), and the gel

was exami ned  react witly aamancaakrisgirphy! puridieg ebrajn &AD.gemhe ndendfication and

precipitate was red. w t || ed..wi th

initially addedcﬁ%g?%é’gggiﬂaépmegg o AUy-Hea tsﬁﬁéegéé%ﬁ‘ég?%‘s@?e ?gﬁppfh&
wer e dissol vgd infpdrdnitel 6f thehdimegigrdral Bikgbréric forms oAD" irs didghosisHb{GIDBIM.2%
SDS, and 10% gl }/cerol with or without 5% 2-mercapt o- .. ethanol. .

El ect rophor esi singgedpther Bightygexsertions! Jewaunanreripitation. repgtivifepkthgse sera with

dried and exam &%@t gu?/th %gﬁér%ﬂgrr%wﬂﬂ diprgé'rfcoﬂsol onidtid fbréséﬁr?é@ﬁ itlgrnﬁ]S

Typi cal results ne rom aut or adi ogr aphy are own 1 n
GAD was i nmmunopvaigiafibh af 8@ ddta hetdirethaDibMhedmmunapeeditation assayilDBtbsevaseact

anal ysed by gel el ectrophoresis . w th or wthout the reduci agent, 2-
mer capt oet hanol Ysyalyg .a“PetMBG?‘ngWBIP qf{bllr} @Gd@m‘?&cé@'ﬁﬂ’mq'l‘}n@”qgﬁ@g?&' was

exposed 1g for autoradiography for 2 weeks. In the Figure, lanes 1 and
5 contain non- 30 immunoprecipitated [err] and lanes 2, 3, 4 and 6, 7, 8
contain [err] Apdemiopsirated dbave, lion mestd DB serse theamtiimewin@pfeaipitation

ﬁgtni_ gpteii \FIJV: t Qt -L D%Ma&@\dg{aGA? Ii]sécar?igg 'St Gﬁdercgonnca' oS} angibggﬁ %xcels's?')sUclI\ g'\eat
these sera remain reactive at dilutions of 1:100 or 1:1000 or even higher, yet most
IDDM sera react with only -5-10% of the total iodinated GAD in the preparation.

15
However, although this is the pattern of reactivity observed for the
overwhelming majority of IDDM sera tested, in fact well over 39%, an anomalous
pattern of reactivity has been observed with three sera. Each of these three sera
precipitated more than 10% and up to 30% of the total iodinated GAD in the
20 standard immunoprecipitation assay at a 1:2 dilution. Nonetheless, and despite
| the apparent potency of these three sera, in each case the reactivity in the
immunoprecipitation assay decreased rapidly after dilution of the serum, and thus

the potency according to titration was actually low.

25 immunoprecipitation followed by autoradiography under non-reducing
conditions, as described above, was applied to detect whether these sera were
reacting with dimer/oligomer. The result was that pellets obtained from
immunoprecipitation with these three anomalous sera showed a strong reactivity
with a component corresponding in MW to monomeric GAD but no apparent

30 reactivity with the dimer/oligomeric forms of GAD (Figure 3).



- 14- | munopreci pitated GAD have a simlar mgration correspondi ng
to asMVof - 64 kD. However, under non-reducing conditions (lanes
5-8), the non-precipitated GAD appears as two conponents that have a
m gration corresponding to MV of -64 kD and -110-130 kD, whereas the
precipitated GAD has a mgration 5 exclusi8ely as a conponent
corresponding to a MVof - 110-130 kD. For the

i munopr eci pitates f IHATERETE detpsminpaybetheptameva) of dimarict oliggmeric forms of GAD
ant i bodi es to I | gar
St gnal oo G difbardfiof SR Shecl ind HhRPAY BRIARY ahmlol &k B
presence of 2- mmmpcenmmnhmlrepédted usndgmalﬂmism.rroéef‘ﬁsliw tiviesupernatant
precipitated by cont aj ped apti bodi es to

ol schl o e GHOTAMSR MG B IRURCATeaPTSiarne: AGSQBTR Y Ehen a0 asesH

the nol ecul ars ceRidegbrigdd oS d(sgé EREMDRY). ttﬁlé’é’ﬁ&fe?lmem an 'nrﬁtxé)%s@c‘p‘tx@ﬁ efthe

only negli gi bl e, anmunts of 1odinated protein wth a nolecular weig 125
of - 64 kD wer e BrFeéDmpreparationwity amiDOM sesmatid aotemnve tbegmthmhatthe l-

corresponded 15 |od| at ed_pr W|th no| f.

00150 ko F oger A4S iR ahess ARl SerBahSigH, b ohthed, APk 88 priauy hbws i aia™
conponents of meigaichatly m&é&nar&%ﬁm with all fypfsally PEhdfil |PDRISSEMRDTHe results
ol i goneric aggre?at es of the - kD naterial”. On the ot her hand, when

the same [err] BF BysPypersnentate Sﬁawnb@éﬁﬁlh!ﬁd&ed to the
| nunopr eci p‘l tation mxture was examned directly using el ectrophoresis
under 20 elther reduci ng or non-reduci ng conditions, there was a strong
si gnal corTABREli ng to the presence of an iodinated protein of

D

rml eCUl ar V\Bl gh?&a& FWLF 225 w,
denonstrates th ' Je.sera | nmuno- preci Y mal |
frapt | on of the to@%ﬁg%ﬁaﬁtﬁof I odi GE&H&P éﬂ: tafion SRR
affinity- Atypical Sera

Serum 1 | Serum 2 | Serum 3 | IDDM serum

15 | IDDM serum 12,550 8,756 12,580 2,400
Nil 13,100 6,600 7,800 4,800

In this Example, the results after an initial precipitation of GAD with IDDM

serum or no serum (nif) are shown for three anomalous sera that did react with

20 monomeric GAD. For these sera the reactive capacity was retained after the initial

precipitation. Note that in contrast the reactive capacity of the GAD for a typical
IDDM serum was significantly reduced after the initial precipitation.

EXAMPLE 5
25 This Example shows that the dimeric/oligomeric forms of GAD that contain
both GAD 65 and GAD 67 react with sera from patients with IDDM.

GAD preparations derived from porcine brain contain both GAD 65 and

GAD 67. This indicates that there would be a substantial amount of the

30 heterodimeric form of GAD, GAD 65-GAD 67 in a porcine brain GAD preparation,
given that the monoclonal antibody GAD 1 that is used in the affinity purification



purified porcine brain GAD, irrespective of the anount or potency of serum
used for the i mmunoprecipitation.. 30 In an affinity purified
preparation of porcine brain GAD, only a small fraction is in an
appropriate autoantigenic configuration for reactivity with | DDM serum as
shown by the consistently repeated finding-ttst it is not possible to

i munoprecipitate nore than 5-10% of the total [err] in the radio-

i munopr eci pi t afd wposteddg reattswithyenly GHARDE5 e Thua GAD 67 cobDid\bacarae besnddo ithe

t he present. LNV ors' . Jaboratory). In f .l he total anount of

r adi oi odi ne- | abgfr 5@‘:%”}"% %Bg'r@fwabﬁﬁﬁ%aéﬁgoi%rﬁ?preci pitated by any | DDM
serum reaches a pl ateau at 5 a level corresponding to only 5-1 0% of the

total counts of radiogactivity added, with no i ncrease obtained by the

addi tion of further EMggRes At a bpkredimencf BAJUER and GAD Y is reggfiveowith sera
when | DDM sera ' Lit:] : Cd i .. .
r adi oi mmnop}%ecfr%m?@gxseggg Ea@é gr%\é ?'{arsget Aé‘%fﬂ?rrn %nttcﬁgecfps“&g nf:ttﬁjlelsn’f’tvfrg?h the
di lution, it isantigenic enatddaalt wabathet buperngtapoiobtaibéd raffer dnitialy perfoanipgcimes
beyond a serumgdilution of .10 1:1000 (Figure 2), indicatin t. . the
Pl Lure to i muimpHaePBeRIRIohasEY e et emoteciopsla e B AL st wertsn
IS not due to agyn!@&D é5'° Pox 88IRY the ddi Ikt KB0raised inhel BBBA that i
EXAMPLE 3 15 Thl?s Ex'arrqu ghomsﬁdtxﬂcé‘?{?%gmr’% vaIr of the Si nmeric %tnﬁ
ol i goneric fornstated to reacmy WibrRARS7EADT e esalts areshownirofablie S. rAftartinitalt v
of 1 DDM ser FoW ;Snjgcx%ﬁgﬁon was performed with K2 to remove GAD 67, the reactivity of IDDM sera
with the supernatant was reduced from 2600 cpm obtained without any initial
immunoprecipitation, to 1300 cpm, i.e. about 50%. By contrast, after an initial
precipitation with the monocional antibody GAD 6 that reacts with GAD 65, or with
an initial immunoprecipitation with a potent IDDM serum, there was a reduction of
15 the reactivity by virtually 100%, i.e. to the level observed using serum from healthy

blood donors.

TABLE 3

Initial Precipitation Second Precipitation (cpm)
20 IDDM serum N Normal Serum

GAD 6 197 232

K2 1296 230

IDDM serum 390 252

Normal serum -] 2427 | 97
25 Nil 2590 78

in this Example, an initial precipitation of a GAD preparation was made with

various reactants, the monoclonal antibody GAD 6 against GAD 65, the polyclonal
rabbit antibody K2 against GAD 67, IDDM serum or normal serum, and followed

30 by a second precipitation with an IDDM serum or normal serum. The results show
that the capacity' of GAD to react with IDDM serum was moderately influenced by
serum K2 and markedly by GAD 6 and the IDDOM serum. From the finding that
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I n the radioi munoprecipitation assay, the residual supernatant after
| mmynoprecipitation of [err] by IDDM serumregul arly contains nost of the
20 initial radioactivity added (see above). Autoradi ography of the

residual [err] after electrophoresis shows a signal corresponding to a
- 64 kD conponent, this bei ng precisel y2genparable with the - 64 kD
signal in the original GAD preparation. There are, however, now no

ot her signal s co@ABspgoank R tase totally caepietiveyyt the oihfdrendeiis indte bamadimernisghnd

t hese conponents_havi pg bee £ ely renoved b first,.
| nunopr eci pi t at t?%ﬁfocnrx]rgers OPG/%‘B 6°/%§%r@%t%’emén ﬂ@géﬁgﬁe‘?%aw @?ﬂ‘ibr?éh
t he degree to Wwdos an®aterédimeres Afecredefid. i c/ ol i goneric forns of GAD from
the initial preparation of [err]-GAD woul d renove the capacity to react

with IDDM sera. Accordingly, the [err] 30 preparation was allowed to

react (i.e. D%S%W)’L@S[e”] overnight either with a strongly
positive | serum or with pooled normal sera, then

I mrunopr eci pi tation Vnis gearmpiensttbws tHat depiatiratich 5é e aoantigenie pooteira GAD

- 16 - i rupe conmpl exes. of r The absorbed supernatant was then
used as antigen "i‘%epﬁéggﬁé?ﬁé‘?’%f Y}Hﬁﬂﬁbm 88%@i t ati on assay using either | DDM
sera or normal human sera. The result was that the supernatant derived

after | munopr eci pi tation (absorption) with a strongly positive | DDM
serumgenerally 5 f{Wektedn' trarfsieromnaunaidotiing asai siandadrd procedurarfomexamining

(raigiagit mg?p{cﬂe géuéée%%h‘%ﬁf @%tmgmhne) séf%gﬁr{hept%%ig ’corr]nopvc\)%\é%{s’, ir%cMa‘?r?g %rt]r%ce u?altjrs
: proteins. This procedure is usually performed under conditions in which the
antigenic protein is denatured by exposure to heat (boiling), a reducing agent (2-

mercaptoethanol) and the detergent sodium dodecy! sulphate (SDS). The

polypeptide epitopes so defined are therefore regarded as “linear” rather than

15 “conformational”, although some degree of renaturation may occur after transfer

of the proteins from the gel to the nitrocellulose filter.

Sera from patients with IDDM react with preparations of GAD by Western
blotting with a component corresponding to a MW of 84-65 kD; however in fact
20 only a small proportion (-10%) of IDDM sera actually do so according to the
experience of the present inventors” and that of others*®% (Figure 4). This
would indicate that IDDM sera usually react with a conformational epitope structure
associated with the GAD molecule that is lost under the usual conditions of
immunoblotting. Consistent with this is the finding that IDDM sera usually do react
25 with the GAD molecule when this is "spotted” onto a nitrocellulose fiter as a dot
blot under non-denaturing conditions, these being the absence of 2-
mercaptoethanol, heating and sodium dodecyl sulphate” (Figure 5). However,
since the dot blotting procedure does not involve the molecular separation in gels
of the reacting protein, there can be no information on the molecular weight of the
30 GAD reactant in the dot blotting procedure. In the dot blotting system, it was
found that 2-mercaptoethanol did not interfere with reactivity, whereas boiling of

the GAD preparation abrogated its reactivity with IDDM sera.



typical results are shown in Table 1. It should be noted that after the
initial precipitation (absorption) of [err] with | DDM serum further
pr<cipitation with - | DDM serum i nmunopr eci pitated no nore radi oactivity
than could be precipitated 10 with a nornmal_serum On the other hand,
after an initial precipitation (absorption)'m' with a normal serum the

nunber of counts of rad oact i that cquld he . reC| t he
[err] preparation by®3 eﬁﬁ'ﬁﬂﬁ% %‘fﬁ @H?fﬁﬁ?@sr%@wwf immu? %aggﬁpg i3 &AD'

nunber of count anPGATRAERACHEN blettrBpS6reBist @i;%i:easwgoa.um BeBANsuIphate ang:
absorbed preparation of [err] tested under exactly the same conditions

TABLE 1 bﬁdmg,amubrétlmet a@bsgnce of 2-mercyyoeinanck eshgws ati @nrr(aqmem
| DDM serum c%réﬁﬁ%ndmd\lm %le@%é@gxght toa dm?g% form Gl GAD (= 1720 kD). ltgl\ii?%os

252 20 Nor mal

2600 5 ascertained thab exposure to mild héaimay, SO‘D(B g6t Rinintied, rdsuled it ahoss
[err] using the sane vol une o{ ut oanti gen GAD(130 [err])
and the same nufiblie 68P3GHY: ph h@ﬁPt@ fegst outh i@DM sera, whereds 2xpoglre tgsed

with the super ”ﬁ\te t@ét Ex? laBFPF\B{ rQ&Lit in lass of cagﬁcr{)ﬁté h%%‘bl\/l APIODM sera.

initial preC|p|tat err| was nade eit serum or
normal serum Mmradxegmhgl updec ngm-reducing d:mricbumrmeoftm inhmuaepdet:mrtated pellets

conpared with th seW| i ni 'aI re i Ni l) sults show
that the 30 |n|? thﬁrz{!(gg? ik a??fg '%Dkﬂ”%%' FoetiAne Eﬁ’ef e yseaty thee
capacity of 1©hein%oprecfﬂﬁ§t"d?ﬁ%s§£§ eéhdvﬂ-!& 'tﬁét EHé?S' whb afehéHtion o her BRteric
serumthe reactive capacity of for |1 DDM serum was unchanged.
structure, indicating that the molecuie in its dimeric configuration appears to be

resistant to reduction in the absence of heating.

It is noted in relation to the results from Western blotting and gel analyses of
15 immunoprecipitates using affinity purified porcine brain GAD, that in the Western
blotting procedure the antigen is exposed to denaturing conditions hefore the
reaction with serum antibody, whereas with gel analyses of immunoprecipitates,
the exposure to denaturing conditions is after the formation of the antigen-antibody

complex.
20
These results indicate that the reactive epitope presented by the GAD
molecule is sensitive to conditions that interfere with the conformational structure
of proteins, and are consistent with this epitope being a construct of GAD
molecules in a dimeric or oligomeric configuration.
25

EXAMPLE 7
This Example shows that recombinant GAD produced in a bacterial

expression system is inactive in the immuno-precipitation assay, although the
recombinant protein has strong enzymatic activity, and hence must retain most of

30 the native configuration of the molecule.
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- 17 - EXAMPLE 4 Thi s Exanpl e shows that very

except i onal sera from cases of | DDM do react with a nononeric form of
putified brain GAD. The identification and characterisation of these

anonal ousl y-reacti ve sera does not derogate_ %éo_mthe 5 inportance of the
dimeric and oligonmeric forms of GAD i n di agn6§i’s of | DDM | ndeed, the
hi ghly exceptional i t ti.vity.of t

GAD i n the nonomeri cmrjrg h%"rn%?’ hB* e [ h@%néeegg H(# ! qnggﬁgr W%E)ef(gynh%gwanona;

strong val isttattuen obfhet ineledalessitios dieractingt oﬁ Iﬁhotsh enrymeslisreadiyt aéstyed

assay, |DDM sera react usual | y and t,g/PI cal Idy with GAD in the
di meri ¢/ ol i goner WOeRJRe SoRfarmational iructure is lost, an ISorRsnpigiely inastivated byr

most | DDM sera, hAgid AP AHUWIOR 4 M. { AkL&HEin EtRle!
carried out under cz)r%‘ﬁlons of anti body exclegg such tfﬁ’hﬁ)ha tﬁfe Olegu?elﬁa
remai n reacti ¥e asualiylapnisidesecbfo axigtdfolded in ﬁsmﬁvez)coefmmamt@ﬁer, yet nmost

| DDM sera react with only - 5-10% of the total iodinated GAD in the

preparation. 15 However, although this is the pattern of
reactivity observed fRgcdmBinant GAm/eswml Prepardiirpind YaeferbPEMbrassiant KteAl
in fact well over 99% an anomal ous attern of reactivity has been

observed with t hpMALs@iey EnglandoBiolabsEe (Thec@cembinant promrema@ shewe tarbave
than 10% and
mnopr et pi t ot AT S AR actihiRs hREREd B i BradichiR of Gadk Ao Yidamare

the appar ent 1potlabeliedokitt ﬁde,sa:cbl'dmgztcstheqqrocedwedescm b#laomwpétlal i% wnd Ithe
t he | m"runoprecL itafjon Eris Greased ra dl%r-lagt er dilution of th
serum and thus SPec t%’vf%toé %‘Loéﬁ?“éﬁrﬁgcrﬁ?"f 6 §teé(§’9%fhltn%/3P?ﬁAf°

25 I m‘runo SRR nagh a réi&k‘é r
condi tions, ecgigirtfl??eggé Egcﬁeéa \évas ap Bhé tgrz) ggﬁg{:t v\/net“':uri:‘gﬁ thﬁce}g?aé@g“ﬁhpg
wer e r eact i B4Dvantigeol |warlaku¢lliegdwt§r' l andeusedsad antigen inlthe staridaed Bnmuno-

obtained from precipitation assay, it proved to be poorly reactive.

15
Recombinant GAD has been used previously with some ciaimed success
in ELISA systems, but the performance of such ELISAs using recombinant GAD
is quite inferior to the performance of radioimmunoprecipitation assays using native
porcine brain GAD, as judged by published results®® and results from the First
20 International GAD Antibody Workshop™. |

Thus, the conformational requirement of the GAD molecule for reactivity with
sera from patients with IDDM differs from the conformational requirement for
enzymatic activity, indicating that the additional conformational requirement for

25 immunoprecipitation is critically dependent on a dimeric/oligomeric configuration
of the GAD molecule.

EXAMPLE 8
In this Example, the use of recombinant GAD derived from a rabbit
30 reticulocyte lysate establishes that a dimeric-oligomeric form of the molecule

carries the antigenic reactivity.
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i mmunopreci pitation with these three anonal ous sera showed a strong

reactivity with a conponent corresponding in MNVto nononeric GAD but
no*apparent 30 reactivity with the dimer/oligomeric fornms of GAD (Figure
3). In order to determ ne whether renoval of
dineric/oligoneric fornms of GAD fromthe preparation would affect the
reactivity of these anomal ous sera, the - 23 Fnmunopr eci pi tati on was
repeat ed using as the source of [err]-GAD the supernat ant obt ai ned

after an initial i mﬂﬁaquefcthpielxaeriimant@descrihmm Bxaroplesii- leasrcarmflos:eusmg

5 as descri bed v see 3 n this experinent an initia
Sbsorpton of -y R Brdeifey " Bhinfiaddarftal, Mean PERoRE RIS ey I friokBoe
the reactivity ofssubfed t[haf 8dme of the GAD ithé préagtidbegorhes aaaiatgbeuﬂhmﬁétﬁe
expected and as previously shown, it did significantly reduce t
reactivity with enactionpeegess, anchibet the dimeric g ligomesc sEyature of the molgrculeris s

experi ment are shawd o}l’g@l &téeﬂr of the @%hfog%rrmg GAD! B i assumption,

Preci pi tation Cl p|t
Atypi cal Sera the exclusxve reactlvxty of IDDM sera wrth cﬁaem:ndr %mr&’c G?elbumu'ﬁd

| DDM serum . 15 | DDM s 756 5]
2. 400 Ni |represent an artefact of the prepFrapgnlr@gthod 6'“6'6‘6’ case, 7mg@@menc %’3@0
In this Exanmpl eprbbgrebiasibiner Adtfddsibhduid rbdtt waiHe@IONI@rd.on of GAD with

| DDM
10 It is now established in various laboratories that recombinant GAD produced
in different eukaryotic expression systems can be successfully used to assay for
antibodies to GAD®**%, |f there were an absolute requirement for reactivity that
IDDM sera engage a dimeric/oligomeric form of GAD, then with GAD derived from
these expression systems the material immunoprecipitated by sera from patients
15 with IDDM should, as for native brain GAD, be in a dimer/oligomer configuration.

The above presumption was tested as follows. Recombinant GAD
biosynthetically labelled with 3°S-methionine was prepared using in vitro
transcription with SP6 polymerase, followed by in vitro transiation using rabbit

20 reticulocyte lysate®™. The biosynthetically labelled *S-GAD was analyse'd by SDS-
PAGE under reducing conditions, followed by autoradiography, and shown to be
very pure, consisting almost exclusively of a single protein component with a

molecular weight of -64 kD (Figure 6).

25 This purified, eukaryotically expressed *S-GAD was used as an antigen in
the immunoprecipitation assay with [DDM and normal sera as described
previously. The result was that, as for affinity purified brain GAD, only a small
proportion of the total radioactivity could be immunoprecipitated. The
immunoprecipitated pellet (GAD-anti-GAD) was examined by autoradiography after

30 separation of proteins by electrophoresis under non-reducing conditions and, as
previously, only the dimeric form of GAD was immunoprecipitated. It is important



serumor no serum(nil) are shown for three anonmal ous sera that did react
with 20 nononeric GAD. For these sera the reactive capacity was retained

atter the initial precipitation. Note that in contrast the reactive
capacity of the GAD for a typi cal | DDM, serum was significantly reduced
after the initial precipitation. LE 5 25 Thi s Exanpl e

shows that the dineric/oligo i g5 rlaﬁén GaRtiAithe monommesichfo@AD
65 and GAD 67 rt@artqtexkﬁ‘ﬁfﬁf‘eg °§%?or§f GI“PB ien I‘s W|t GAD

preparations d & oﬁadaepmwmomMm-prmmab@AD 65 and GAD
67. This indicg%*wﬁghaﬁ ?Eﬁ?g woul d be a substantial anount of the 30
het erodi meric formof GAD, GAD 65-GAD 67 in a porcine brain GAD

preparati on, gi ven that the nonoclonal antibody GAD 1 that is used in
the affinity purification is reported to react with only
GAD 65. Thus GAD 67 coul d becone bound to the affinity colum only
through its linkage to GAD 65. Evi dence that a heterodi ner of
GAD 65 and GAD 67 is reactive with sera 5 frompatients with IDDMis
avai l abl e from i nmunoprecipitation studies in which the anti genic

material was the supernatant obtained after initially performng the

i nmunopr eci pitation assay using either the nonocl onal antibody GAD 6 that
reacts with GAD [err] or using the polyclonal antibody K2 raised in
the rabbit that is



stated to react only with GAD'[err] The results are shown in Table 3. After
ifitial 10 precipitation was performed with K2 to renove GAD 67, the
react|V|ty of | DDM sera with the supernatant was reduced fr om 2600 cpm
obt ai ned wi t hout any initial | mmunoprecipitation, to 1300 cpm i.e.
about 50% By contrast, after an initial 25" preci pitation with the
nonocl onal 6 that reacts with GAD 65, or with an initial
I munopr eci p%ﬁ%éﬁ% a potent |1 DDM serum there was a reduction of 15
;Pgmr ﬁg;ﬂﬁ' ty by be:a %Ams ég@a{exzaﬂoﬁ by N?e‘l/ﬁbs Obﬁjﬁafré?%wqa Skipm

y |

dHobpd cgé?{ecéﬂ’/on > Warld Heath ath% aspr) Tgeh.ReflddrNo.727
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- 20 - GAD 6 and K2 are totally depleting, the inference is that
honndi ners and het erodi mers of GAD 65/ GAD 67 are present in the GAD
preparation and both hono- and heterodi neres are reactive. 5
EXAMPLE 6 Thi s Exanpl e shows {hat denaturation of the

autoanti geni C protein GAD influences®its reactivity with | DDM sera.
"Western" transfer, | nobl ot I s_a standar rocedyy.e for e ning 10
the reactivity of f@j‘t‘mg‘ ePg"QXF?tH: griBtei n 6‘%4‘6 yp.ﬁgﬁfﬁrﬁn@un

i ntracel | ul ar 1 Sp _ i s procedure is usual I y perfor med under
conditions in which the - antigenic protein is denatured by exposure to
heat (boiling): aWMékln@-égéﬁ“d(v% W., Gottlighyr Bdpt bbarastasizatiom @f theDNA

det ergent sodi um dodingy forstat pdiutami¢ SOR) deTarboxylase. phblo)Segm iRaes. &18DPRs so
defined are therefftd¥)regarded as "linear" rather than 15

"conformational ", although sonme degree of renaturation may occur after
transfer 150f  idea ésm eYNK4uiaht Da.. Q‘behOAtJ”'e Qlitahé Qbiduliessrbbiyidser -
Sera from patient gpyA; hmtr&agsquuﬁcla BRERTH tArD ez Pnaficdly DictVE ShusioR

blotting with a c en of 64-65 kD, however 1n
fact 20 only a s%@?ﬁpr%gggﬁ%ﬁ (- 1(??2 é?g?@DM sera actually do so

accordi ng to,the d f rr]
(Fioure ). s Karseny %@mﬁﬁe%{’bhﬂwﬁ ‘%R;?gagg?%s bg)gefgg ﬁﬁ
conformati onal ep I‘Aé that
is |ost under the 36)‘155‘8{“”’3 ° &aferm %?;E‘Feﬁ?‘ with
this is the findi ﬁgcarhaxyiam\t{%r%hremipm 68 r@é.'@‘t’ Natl. vﬁqaﬁ
mol ecul e when t hi 8818837430{188d)- onto a nitrocel lulose filter as a dot
bl ot under non-denaturing conditions, these being the absence of 2-
mer capt oet hamdl , hieteisom, 8, Beldrsen, d@de&r;dl §.eMoldr(p; A Dyrberg, THdMedssn,
since the dot bl oOtD nmtbhmdhmmaatumtand\mtomnwm rERbgnitibrmof $8pPRledt | On
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of the reacting protein, there can be no information on the nol ecul ar.
wei ght of the 30 GAD reactant in the dot blotting procedure. In the dot

blotting system it was - found that 2-nercaptoethanol did not interfere

with reactivity, whereas boiling of t he GAD preparation abrogated its

reactivity with | DDM sera. 27 -

- 21 As descri bed .above, autoradiography of inmunoprecipitated
é’g-ij-szmébéﬂ, €olranii um

pel l ets (GAD24.  Beisgher, I‘@%)%W%{Fft%r NEEI“%I'&{BBM%F
dodecy! sul phat e Bif#. Sheedy, ybi Pienglener,ef giHtamie agigsdarasb@sylase antibody and
2- mer capt oet hanol istes refwentibogly ipwamen who havedwad gastationehdiabetesinahadihgr 9 -
wei ght to a di nerwbofrmwrhave Badin-regRBing@iabdtes waabmitted)ascert ai ned t hat
exposure to mld heating, [err] for 2 mnutes, resulted in a | oss of
the capacity2®f [Rételsdn) J.8.aHejiddsh K.RD\BfkkaskdV) €3.caSherapsitafion f dhe
mer capt oet hanol  diighdpdrizafisn ot ghtbrhdls HeRhrtoaPass ! MHsBab§aTjambd 45hASer a.

Aut or adi ogr aphy ug gby.non-reduci ng condi tion$ of the i mmunoprecipitated
pell ets t)ne [err] had been treated with 2-nmercaptoethanol

before use if.th i nop IL.pj tatd o ssa ho t t here was
retention of 'hee’c%"?’%f‘ﬁ'gﬁ . 'L?’ F%Ctgrdé%nﬁo%@ﬁc%ﬁ‘ ‘ga%}gf‘&‘ %I?@ul”% in
its dineric confiYiFg ﬁ":é@%%ln g6 spgyme g a?‘éﬂ@%ﬂﬂ S (8 (6g1 'gﬁ’{“ﬁn t he
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20 These results indicate that the reactive epitope presented by
the GAD ‘mol ecule is sensitive to conditions that interfere with the
conformati onal structure - of proteins, and are consistent with this

epi tope being a construct of GAD mysecul es in adineric or oligomeric
configuration. 25 EXAMPLE 7 This Exanpl e shows t hat

reconbi nant GAD prod Ln.a 2 F?%] S ySy@linl Sinvesict i ve
in the i muno- pr EF%#’PQ‘?‘P ﬁﬁn a+ oué‘h ?’%B&reg ﬁie?igicsgrrbi nant protein
has strong enzynB&ild éc‘teig and hence nust retain nost of 30 the native
configuration of the nol ecul e

-22 - 35. Hagopigs, WA-oMighelsen, E%MKF hﬁi@ Largen, F. Mood A

confornational Grubinst EUct urewsf R-hePaisreatu rta Vértt ar?fthémSt
enzynes is readi |atesibodigedn [DOM pmméﬂthﬁéo%ﬁ? ég Yoldlieqd S

| ost, and GAD i s g7@0o-M} Bbformmat giutamie cadiy decarboxwéa t% %burs at
[err] Accor di ngl 3(19 enzymatl cally active nolecule is usual l'y

consi dered to exi st olded in its native [err]- Reco%,vant
GAD 65 was epa h@leﬁ&FtDeA' Blinchepabaessengey SiNAs are prod

Engl and Bi oI gl cFr f BaRnkd RIDNAS. N NbRS AdidsvReso 1@?@57 070
strong enzymatl c %g as neasured by the production of GABA from

gl ut anat e 1 4 4)ed with [err] according to the procedure described by
Rowl ey et [err], and the specific activity of the reconbi nant protein
was nmuch greater than the specific activity of the purified porcine
.brain GAD. Nonet hel ess, when the reconbi nant
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GAD antigen was | abelled with [err] and used as antigen in the standard
| mino- precipitation assay, it proved to be poorly reactive. 15
Reconbi nant GAD has been used previously with sone elatrfwretd—success

in
ELI SA systens, but the performance of such_ ELI SAs usj { 4 - D
is quite inferior to the performance of radroi anpL‘iﬁ!&@E ‘Wﬂ l VS
usi ng native rcine brain GAD, as judged by pubfk L[ efr]s am _

r
results from t%@ﬁ‘ﬁst 20 International GAD Antibody [err]

Thus, the conformational requirenent of the GAD nol ecule for reactivity
Wi th sera frompatients with IDDM differs fromthe confornational
requi renent fol- A resthpgatarcdetecting aytoantigedies ita ggiutamic tanid degarhanytase

; ; | . - e : LR &
Gependent o ol CADERSRNh 4 anehEMAMSRE k8l SEoh chP bmane
EXAMPLE 8 patient witha GADanByempahe detel&ﬁn?mmdﬁfg sfenaoimtibadie s BAR in yad

froma rabbit 30 reti cul_o%ls I g/_sat e establishes that a dineric-oligoneric
form of the notaEeRiedy said GAD jagtigemchamaterisadcinthak$3idi @40 antigen comprises

- 23 - =Y. | SRR e SR ; ?atgg)tl, 5 S
carried out usal1 %D pgﬁgp%%fﬂ %%%‘Qf@ y I mrﬁﬁochedr%ﬁ?gld rﬁr%’?s f r@r%ﬁr%ecg?%\i@e
brain. It m ghthelsd kD and/or 67 kD isoforms of GAD.

2. A method for diagnosing a diabetic or prediabetic condition in a patient,

which comprises:

(i) obtaining a serum sample from the patient; and

(i) detecting the presence of autoantibodies to GAD in said sample as
diagnostic of a diabetic or prediabetic condition in the patient;

wherein:

(i) the presence of said autoantibodies in said sample is detected by
contacting said sample with a GAD antigen and detecting binding of
autoantibodies to GAD in said sample by said GAD antigen, characterised
in that said GAD antigen comprises a GAD preparation containing an
enhanced amount of dimer(s) or oligomer(s) of the 65 kD and/or 67 kD
isoforms of GAD. '

3. A method according to claim 1 or claim 2, wherein said method is
performed under conditions under which the dimeric or oligomeric form of GAD

is retained.

4. A method according to claim 3, wherein said method is performed under

non-denaturing conditions.

5. A method according to claim 4, wherein said method is performed under

non-reducing conditions.



assumed ‘that some of the GAD in the preparation becones damaged during the
ext raction process, and that the dineric or oligoneric structur

nol'ecul e is 5 protective of the antigenicity of the ‘mtm m‘ &“&m ng
GAD. On this assunption, t he exclusive_ reactivity

di neric or oligorreric GAD coul d represent an artefact of the
preparation net

th
met hods shoul d eactA We[tthacﬁ B(é%ﬁ%r?g}ga noige%1 orc a"?tz'l"%‘%fﬁ 3 e&ﬁ@ﬁ@gm i

various | abor atseldcted tHoat HUPRAHTIOF NRIM-hiMEh RhARHEREN, natived Br %éérﬁbﬁl@ht and
eukaryotic expression systens can be successfully used to assay f

anti bodi es to [RaNETeatic aripin oicetbenNSo &MUt e requi renent for react ivity

t hat | DDM sera engage a dineric/oligoneric formof GAD, then with GAD
derived from t hese expression systens the material inmunoprecipitated
by sera from pati enfasnigthodvidachotdiigvits lotaiindy @rsclhion 2) awhereinbsaidnGABDantigen N
a di ner/oligoner confi '

atiqQ The abov r tion, wa
tested as fol | GREWPISRE Hhﬁ aﬂv by rygp GAD °°BF%%Q5%§‘PE§]£&/§QS# YVE‘G*‘?/\P?WG

[err] was prepgifsridist Md tdrfhs of GADY anscription with SP6 pol ynerase,
fol | oned by in vrﬁtr'oat reg%drﬁ%t‘? on SSQI ng rabbit 20 reticulocyte [err] The

bi osynthetically |labelled [err] was anal ysed by SDS- PAGE under

duci di d d .shown t . ver
bure.  consisti Ry al RoSESRt Arer IS, Ko painoF o b & iFBBnst R0 el
nol ecul ar wei gbbmptises Qﬁnléf()sﬂ oF Ahgemdt(s) of Zne or other bhitle 8% kbl &84 67 kD
eukaryotically expressed [err] was used as an antigen in

i munopr eci pi t §PfASMSa@GHDwARG/ qrmraﬁmanfﬁ)mhes@noaha@,ma@(gb@ﬁ %@B isoforms.
previously. The result was that, as for affinity purified brain GAD, only a
smal | proportion of the tot al radi oacti vi ty could be

| nmrunopr eci pi tat ed. A pfémratxon ohGADoMtigen gohtdirtng pal dntantédhBrrmunt oldibler(sys

exam ned by autoradi o after_ 30 par of prateins by
el ectrophoresi & B'fﬂ%?g@rpfytaﬁéél% @ﬁ 02?1’(!17,‘3 Qg&A% previously, only
the dineric formof GAD was i nmunopr eci p| tated. It is inportant

10. A preparation according to claim 9 wherein said GAD antigen is selected

from human or non-human mammalian, native or recombinant, and pancreatic or
brain or other CNS, GAD.

11. A preparation according to claim 9, wherein said GAD antigen cbmprises
substantially pure GAD containing greater than 50% by weight of the dimeric or
oligomeric forms of GAD.

12. A preparation according to claim 9, wherein said GAD antigen comprises
dimer(s) or oligomer(s) of ane or other of the 65 kD and 67 kD isoforms of GAD,

and/or heterodimer(s) or heterooligomer(s) of both isoforms.

13. A GAD preparation which comprises substantially pure dimer(s) or
oligomer(s) of the 65 kD and/or 67 kD isoforms of GAD.

14. A GAD preparation which comprises substantially pure heterodimer or
heterooligomer of the 85 kD and 67 kD isoforms of GAD.
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- 24- to note that nost of the [err] in the preparation was in the
nonqneric form yet this major proportion proved to be non-precipitable.
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(1984) .. CLAI MB: - 25 1. A net hod for
dBtecting autoanti bodies to glutanic acid decarboxyl ase (GAD) in the serum
of a patient, conprising contacting a serum sanple from t hpF=ge=
GAD antigen and detecting binding of autoantibodies to GADji'k
by said GAD antigen, characterised in that said GAD anti ge
preparation containing an-enhanced anmount of diner(s) or ofT o™
65 kD and/or 67 kD isofornms of GAD. 2. A nmet hod for diagnhosing a

~diabetic or prediabetic condition in a pati whi ch conprises: (i)
obtaining a serumsanple fromthe patient; (ii) detecting the presence
of - autoanti bodies to GAD in said sanple as ' di agnostic of a diabetic
or prediabetic condition in the patient; wherein: (iii) the presence of
sai d autoanti bodies in said sanple is detected by . contacting said
sanple with a GAD anti gen and detecting bindi ng of aut oanti bodies to
GAD in said sanple by said GAD anti gen, characterised in that said
_GAD antigen conprises a GAD preparation containing an enhanced anount
of dinmer(s) or oligomer(s) of the 65 kD and/or 67 kD i sof orms of GAD
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3 - A nmethod according to claim11 or-clai'm2, wherein said nmethod is
,Qerformed under conditions under which the dinmeric or oligoneric form of

“ GAD is retained. 4, A nmet hod according to claim3, wherein said nethod
IS perfor med under non-denaturing conditions. 5. A nmet hod according to
claim4, wh L Ld nethod is perfornmed under non-reduci ng conditions.

- 30 - Eé—gmw accordi ng to claiml or claim2, wherein said GAD

antigen is _selected fromh non- h manmal i an, native

T econbi nantT'Té-ﬁoOFdHerEt"EHQN) orMﬁﬂ'&lqpﬁrF%tﬂiE @%GNQQS OF WABEXEﬁet hod
according to claim1 or clai m 2ANBhBREDIABETIC QQNQH'#OU& conpri ses
substantially pure GAD contai ning greater than 50% by wei ght of the
dinmeric or oligoneric fornms of GAD. 8. A net hod according to claim1

or clai m 2, AviethetdfordétdcHing attbaritiiodieOmgILERRicUciEdéSarbekyRsb9GmD) () of
one or other of the 65 kD and 67 kD

in the serum of a patient as diagnostic of a diabetic or prediabetic condition

in the patient, comprises contacting a serum sample from the patient with

a GAD antigen and detecting binding of autoantibodies to GAD in the sample

by the GAD antigen, wherein the GAD antigen comprises a GAD preparation

containing an enhanced amount of dimer{s) or oligomer(s) of the 65 kD

and/or 67kD isoforms of GAD. A diagnostic kit is also disclosed.



I sof orms of GAD, and/or heterodiner(s) or heterooligoner(s) of both

| sof or ns. 9. A preparation of GAD antigen containing an enhanced
anmount of diner(s) or oligonmer(s) of the 65 kD and/or 67 kD isoforns of
GAD. 10. A preparation according to cla|n19 wherein said GAD antigen is
sel ected from human or non-human na native or reSubdtitutentSheahd
pancreatic or brain or other CNS, GA . 1. A preparafibity 4886rding to
claim9, wherein sai D antigen conprises substantially pure GAD
cont ai ni ng greater tg%@ : ' c forns
of GAD. 12. A pr AD
antigen conprises diner 65 kD and

67 kD isoformnms of of both
| sof or ns. 13. Afﬁgggp : bur e
di mer(s) or oligoner(s) [ ) 14.
A GAD preparation which g& Dr
heterooligonmer of thegg>
a3 ;
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-31 15. A diagnostic kit for the detection of autoantibodies to GAD in the
serum of a patient, conprising a GAD antigen and neans for detecting

bi ndi ng of aut oantibodies to GAD in a serum sanple fromthe patient by said
GAD antigen, characterised in that sai antigen conprises a GAD
preparation containing an enhanced anﬁﬁ di mer (s) or S&bﬁ’ijmrfé@etof t he
65 kD and/or 67 kD isoforns of GAD. di agnostic I # ul¥ K964 ng to
claim 15, wherein said GAD antigen is selected from human or non-human
manmal i an, native or reconbinant, and pancreatic or brain or other CNS,
GAD. 17. A diagnostic kit according to claim15, wherein said GAD
antigen conprises subst antially pure GAD cont ai n| ng great er than 50% by

wei ght of the dineri cMWoli A di agnostic kit

according to claim 15(|$m di mer(s) or
ol i goner(s) of one or e—of GAD, and/ or
het erodi mer (s) or het eygg
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