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Abstract

Plasmids containing cDNAfor the rat 67- and 65-kD isoforms
of glutamate decarboxylase (GAD-67 and GAD-65) were ex-
pressed in COS-cells, and lysates of I3Silmethionine-labeled
cells were used for immunoprecipitations. Sera from 38 pa-
tients with type 1 (insulin-dependent) diabetes mellitus, which
precipitated a 64-kD antigen from rat islets, reacted with recom-
binant GAD-65 in relation to their anti-64-kD titers. The eight
strongest sera also precipitated recombinant GAD-67, suggest-
ing that certain epitopes are common to both isoforms. Subse-
quently, 135SImethionine-labeled GAD-65 was purified from
COScell lysates and employed in a binding assay with 50 sera
of patients with recent onset of type 1 diabetes mellitus. 38 sera
(76%) precipitated labeled GAD-65 with titers that correlated
with islet cell antibodies (ICA), determined in a standard immu-
nofluorescence assay. 2 sera were GADpositive but ICA nega-
tive, 4 were positive only for ICA, and 6 were negative for both
GADand ICA, as were the sera of 20 controls. The data illus-
trate that antibodies against GAD-65 are present in a majority
of patients with type 1 diabetes mellitus and that autoanti-
bodies against other islet cell antigens also exist. The radioli-
gand-binding assay, which is convenient and sensitive for de-
tecting GADantibodies, will facilitate the screening of individ-
uals with autoimmune islet cell disease. (J. Clin. Invest. 1993.
91:2084-2090.) Key words: autoantigen * autoimmunity * en-
docrine disease * islets of Langerhans * glutamic acid decar-
boxylase

Introduction

Type 1 (insulin-dependent) diabetes mellitus is an autoim-
mune disease, characterized by a progressive destruction of the
insulin-producing ,3 cells and accompanied by the production
of autoantibodies against different antigens in the islets of Lang-
erhans ( 1-4). Antibodies against a 64-kD protein have been
reported to precede the clinical onset of insulin-dependent dia-
betes mellitus (4) and to be an useful predictor of the disease
(4, 5). Baekkeskov and co-workers (6) have recently recog-
nized that the 64-kD antigen represents glutamic acid decarbox-
ylase (GAD)' (6). This enzyme, which catalyzes the conver-
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sion of glutamic acid into gamma-amino butyric acid, has been
found in the brain, 3 cells, kidneys, pituitary gland, thyroid,
ovaries, testes, adrenals, and liver (7). Gamma-amino butyric
acid is an inhibitory neurotransmitter in the central nervous
system but its function in the # cells is not known. A role in the
paracrine signaling between 1 cells and the neighboring a- and
5 cells has been proposed (8), as well as a role in the energy
metabolism of the ,B cells (9).

To date two genetically distinct forms of GAD, GAD-67
and GAD-65, have been identified (10). The role of the two
different isoforms as autoantigens in the immune response
against islets in type 1 diabetes mellitus has not been estab-
lished. Over the years, the precipitation of the 64-kD antigen
has been described in a number of studies using [I35S]-
methionine-labeled lysates of rat or human islets and sera of
patients with type 1 diabetes mellitus. Recently, the binding of
antibodies to the 64-kD antigen was found to be blocked more
efficiently by GAD-65 than by GAD-67 bacterial fusion pro-
teins ( 11). The existence of antibodies against GAD-67 has
been described in studies of GADisoforms produced by recom-
binant DNAtechniques (1 1, 12) and in recent experiments
with immunoprecipitates of labeled islets (12, 13). However,
in previous reports, antibodies recognizing the 64-kD antigen
or fragments thereof have been described repeatedly but not
the presence of precipitating antibodies against proteins with
molecular masses > 64 kD. Thus, the published data on the
autoantibody response against the different forms of GADare
seemingly conflicting.

In this study, we used transient eukaryotic expression of
GADto examine the presence of autoantibodies against the
isoforms in sera of patients with insulin-dependent diabetes
mellitus. Since the results indicated GAD-65 to be the primary
antigenic isoform, we devised a rapid and convenient method
for antibody quantitation.

Methods

Subjects. Sera from 88 individuals with type 1 diabetes mellitus and 20
healthy blood donors controls (between 22 and 65 yr of age) were used.
38 sera, previously characterized and found to identify a 64-kD GAD
protein from [35Slmethionine-labeled rat islet lysates, were employed
in the first phase of the study. These sera differed in anti-64-kD titers
from I to 3 on a three-point scale, as estimated from the fluorographic
intensities of the precipitated 64-kD protein bands. The patients were
25 females and 13 males between 6 and 71 yr and with a time course for
the disease between 2 moand 2 yr. In the second phase, sera from 50
consecutive patients with newly diagnosed type 1 diabetes mellitus
were examined for the presence of islet cell antibodies (ICA) in a stan-
dard immunofluorescence assay with frozen sections of human pan-
creas and for anti-GAD antibodies by the radioligand-binding assay.
This group of patients consisted of 26 females and 24 males, between 5
and 44 yr (mean = 17.5 yr) and with a time course for the disease
between 2 and 6 mo.
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Monoclonal antibody and antisera. The GAD-6 monoclonal anti-
body with GAD-65 specificity ( 14) and the GAD-6 hybridoma cell line
were purchased from the Developmental Studies Hybridoma Bank,
University of Iowa (Iowa City, IA). The hybridoma cells were kept in
culture as recommended by the suppliers. The K-2 rabbit antiserum
raised against feline GAD-67 produced by bacterial expression was a
gift from Dr. Alan Tobin, University of California at Los Angeles. This
antiserum is considered specific for GAD-67 (15). A sheep serum
raised against purified rat brain GAD(NIMH 1440) (16), recognizing
both GAD-67 and GAD-65, with a preference for the low molecular
weight form, was a gift from Dr. I.J. Kopin and co-workers at the
Laboratory of Clinical Sciences, NIMH National Institutes of Mental
Health (Bethesda, MD).

Transient expression of GAD. Rat cDNA clones encoding for
GAD-65 and GAD-67 (kindly provided by Dr. Alan Tobin) (O) were
ligated into the HindIII and NotI sites of the pCDM8vector (gift from
Dr. Brian Seed, Massachusetts General Hospital, Boston, MA) ( 17).
COScells ( 18) that had grown to 80% confluence were harvested by a
mild trypsin treatment and transfected by electroporation ( 19) with the
GAD-65 or -67 plasmid. After 48 h of culture in DME(Nord Vacc,
Skarholmen, Sweden) containing 10% FCS, the cells were first incu-
bated for 1 h in methionine-free RPMI medium (Nord Vacc) and then
for 12 h in medium supplemented with [ 35S ] methionine (> 1, 100 Ci/
mmol; Amersham International, Amersham, UK). Cells were har-
vested with a rubber policeman and lysed for 1 h at +40C in a lysis
buffer of 20 mMTris/Cl, pH 8.2, containing 0.2% Triton X-l00 (East-
man Kodak Co., Rochester, NY), 2 mMPMSF(Sigma Chemical Co.,
St. Louis, MO), 20 mMNaCl, and 1%Trasylol® (Bayer AG, Leverku-
sen, Germany). Insoluble membrane components were removed by
centrifugation for 45 min at 100,000 g and the supernatants were used
for the immunoprecipitation experiments and for the purification of
the GAD-65 tracer.

Preparation of islet cell lysates. Islets of Langerhans from Wistar
rats were isolated by hand after collagenase digestion following a previ-
ously described technique (20). The islets were maintained in culture
for 72 h in RPMI medium containing 28 mMglucose and 10% FCS.
Internal labeling with [355]methionine and lysis were performed as
described for the transfected COScells. The lysates were stored at
-70°C for further immunoprecipitations.

Immunoprecipitation andelectrophoresis. Gradient SDS-polyacryl-
amide gels 9-14% were assembled as previously published (21 ). Im-
munocomplexes were formed (22) with sera and lysates from trans-
fected COScells, rat islet lysates, or purified GADtracer and were
prepared for electrophoresis (22).

Determination of ICA. Titers were determined in an immunofluo-
rescence assay using 6-,um frozen sections of human pancreas. Serial
dilution of sera were added to the sections, which were then incubated
for 18 h in a moist chamber at +4°C. After washing with PBS, the slides
were incubated with 50 Al of FHTC-conjugated rabbit anti-human IgG
diluted 1:20 (Dakopatts, Glostrup, Denmark). The slides were
mounted in Fluoromount (Southern Biotechnology Associates, Bir-
mingham, AL) and scored with regard to end point titers in a fluores-
cence microscope (Microphot FX; Nikon Inc., Garden City, NY).
Titers are expressed in Juvenile Diabetes Foundation (JDF) units ac-
cording to a linear regression between the end point dilutions of ana-
lyzed sera and a international reference serum (Fifth IDW ICA Profi-
ciency Program). The cut-off in the ICA assay is 5 JDF units.

Purification of GAD. The supernatant of GAD-65 lysate ( 1 ml) was
applied on a DEAE-Sepharose (Pharmacia LKB Biotechnology Inc.,
Uppsala, Sweden) column ( 1.0 x 0.5 cm), preequilibrated with 1O vol
of 0.2 M Tris/Cl, pH 8.2, followed by 10 vol of lysis buffer. After
sample application, the column was washed with 20 vol of lysis buffer
and then eluted with this to which NaCl had been added to a final
concentration of 200 mM. Fractions of 0.2 column volumes were col-
lected and the tubes containing the radioactive peak were pooled. Sub-
sequently, the material was purified by affinity chromatography.
CNBr-activated Sepharose (Pharmacia LKB Biotechnology Inc.) was

coupled at a concentration of 5 mgprotein/ ml of gel with mouse anti-
GAD65 monoclonal (GAD-6) purified by ammonium sulphate pre-
cipitation from supernatants of hybridoma cell cultures. The immuno-
sorbent column was prepared according to recommendations from the
manufacturer. The pool from the ion-exchange chromatography was
loaded onto the GAD-6 column at +40C and incubated for 2 h. The
column then was washed with 20 vol of lysis buffer containing 500 mM
of NaCl and elution was performed with 0.2 MNa2CO3, pH 11.0.
Fractions of 0.1 column volumes were collected in 0.01 column vol-
umes of 1.0 MTris, pH 6.8. The eluted material was pooled and passed
through a PD- 10 column (Pharmacia LKB Biotechnology Inc.), equili-
brated in 150 mMTris/Cl buffer, pH 8.2, containing 200 mMNaCl,
0.02% Tween 20 (Sigma Chemical Co.), 2 mMPMSF, and 1%Trasy-
lol®. Finally, the fractions eluted with the void volume were pooled
and saved at -70'C for further use as purified tracer.

Radioligand-binding assay for detection of reactivity against GAD.
In the initial experiments, basal conditions for a radioligand assay were
examined. Aliquots of 5 gl of sera from patients and controls were
incubated with - 10.000 cpm of the purified GADtracer for 2 h at
room temperature. Incubations overnight at +40C produced similar
results (not shown). Subsequently, 25 ,l of a 20%suspension of Staphy-
lococcus aureus (Cowan strain I) were added, and after 1 -h of incuba-
tion at room temperature, immunocomplexes were collected by centrif-
ugation. In separate experiments with 5-qI aliquots of five different
patient sera, between 10 and 15 !d of 20% bacterial suspensions were
found to achieve a complete precipitation of the GAD-65 tracer (not
shown). The pellets were washed three times with a buffer containing
200 mMNaCl, 0.02% Tween 20,2 mMPMSF, and 1%Trasylol®, and
then were suspended in 4 ml of scintillation liquid (Optiphase Hisafe
II, LKB Scintillation Products, Uppsala, Sweden) and total radioactiv-
ity was counted in an LKB f, counter. The washing of pellets with 0.1 %
Triton X-100 instead of 0.02% Tween 20 was tested and found to give
higher background values (not shown). In each set of experiments,
incubations with a positive patient serum (given the arbitrary titer of
100 U) as well as a negative control were included. The results of
unknown serum samples were analyzed and given in GADunits (U)
on the basis of the following method of calculation: unknown sample
(cpm, mean of duplicate) -negative control (cpm, mean of duplicate)
positive control (cpm, mean of duplicate) -negative control (cpm,
mean of duplicate) x 100. The interassay coefficient of variation deter-
mined from four separate assays was 6.7%. The Spearman's rank corre-
lation test was used for calculations of correlation.

Results

GAD-65 and GAD-67 as autoantigens in type I diabetes melli-
tus. To examine the relative importance of the two different
isoforms of glutamate decarboxylase as autoantigens in type 1
insulin-dependent diabetes mellitus, lysates of [35S]-
methionine-labeled COScells transfected with either the GAD-
67 or -65 plasmids were prepared and incubated with GAD
antisera and patient sera. Whenexamined by SDS-PAGEand
fluorography, the specific GAD-67 rabbit antiserum (K2) im-
munoprecipitated a doublet of the 67 isoform and cross-
reacted weakly with the 65 isoform. The sheep GADanti-
serum, known to react with both GAD-67 and -65, but predom-
inantly with GAD-65, precipitated both the isoforms expressed
in COScells but primarily GAD-65 (Fig. 1). Subsequently,
sera from 38 patients known to have antibodies that precipitate
a 64-kD protein from [35S] methionine-labeled rat islet lysates
were examined (Fig. 2, showing results of 7 out of 38 patients).
33 reacted against GAD-65 and only 8 reacted against GAD-
67. None of the 38 sera had reactivity restricted to GAD-67
alone, but all 8 sera that reacted against GAD-67 also reacted
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Figure 1. Lysates of
[35S] methionine-
labeled COScells trans-
fected with plasmids
containing rat GAD-67
(lanes A, C, and E) and
GAD-65 (lanes B, D,
and F) cDNAs, respec-
tively, were immuno-
precipitated with a rab
bit anti-serum directed
against human MHC
class I antigens reacting
with the simian MHC
class I antigens in COS
cells (lanes A and B),
with an anti-serum
against GAD-67 (rabbit
K2 serum; lanes Cand
D), and with an anti-
serum against GAD-67
(sheep NIMH 1440
serum; lanes E and F).

strongly against GAD-65 (exemplified in Fig. 2 by sera IV and
VII) . These eight sera contained the highest anti-64-kD titers.
In general, a relationship between the anti-64-kD titer and the
precipitation of GAD-65 from cell lysates was apparent. When
these 38 sera were examined by the radioligand-binding assay

described below, all proved positive, including the 5 sera with
the weakest anti-64-kD titer that did not precipitate recombi-
nant GAD-65 from the COScell lysate.

Purification of GAD-65 produced by eukaryotic expression.
Lysates from COS cells that had been transfected with the
GAD-65 plasmid and incubated with ["3S]methionine con-

tained a large number of labeled proteins when examined by
SDS-PAGEand fluorography (Fig. 3). The GAD-65 compo-

nent was discernible as a single band accounting for 2-3% of
the proteins. Purification of the lysate by DEAEion-exchange
chromatography resulted in an enrichment of the protein and,
by using the anti-GAD-65 monoclonal (GAD-6) immunoaffin-
ity column, a purity close to homogeneity in the SDS-PAGE
analysis (Fig. 3, lane C) was obtained. When tested with an

excess of the sheep anti-GAD serum (NIMH 1440), the frac-

tion of labeled material precipitated in each purification step
increased and a > 300-fold purification of the tracer was
achieved. Precipitates formed with patient sera and the tracer
preparation contained only one major component correspond-
ing to the 65-kD protein, in marked contrast to precipitates
from ["S] methionine-labeled rat islet lysates, which typically
included several nonspecific proteins in addition to the 64-kD
doublet (Fig. 4). This indicated that the tracer preparation
would be useful for the detection of GADantibodies in an
assay superior to the standard technique based on labeled rat
islet lysates.

Radioligand-binding assay. In initial experiments we de-
termined the volume of patient sera required for the precipita-
tion of the purified GAD-65 tracer. Fig. 5 shows results ob-
tained with sera from six different patients and two controls. As
can be seen, increasing amounts of serum increased the
amount of radioactivity precipitated up to a maximum of

- 19%. On the basis of this and two additional pilot experi-
ments, a volume of 5 gl of serum was considered optimal for
allowing discrimination between high, moderate, and low titer
for use in routine radioligand-binding assays. The maximum
amount of radioactivity that could be precipitated with the
sheep anti-GAD serum NIMH 1440 varied between 20 and
25% when tested with four different preparations of GAD-65
tracer. Precipitation of the tracer with trichloroacetic acid al-
lowed full recovery of radioactivity, indicating that the prepara-
tion does not contain free or peptide-bound radioactivity. The
most acceptable reason for the partial precipitation when using
specific antiserum might be due to some degree of denatur-
ation caused by the alkaline elution used. Likewise, a tracer
eluted from the GAD-6 immunoaffinity column with 3 M
KSCNwas only partially precipitable (between 18 and 22%)
with the GADantiserum.

The 38 sera used in the initial experiments and known to
precipitate a 64-kD protein from [355]methionine-labeled rat
islet lysates were examined in the radioligand-binding assay.
All, including the five sera that showed no detectable precipita-
tion of GAD-65 from the lysate of the COScells transfected
with the GAD-65 plasmid, were positive in the ligand-binding
assay. 50 other sera from patients with type 1 diabetes mellitus
were examined in the radioligand-binding assay and the results
were compared with measurements of ICA in a standard immu-
nofluorescence assay (Fig. 6). The majority (38/50) of sera

Isoform 65 67 65 67 65 67 65 67 65 67 65 67 65 67 65 67
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Figure 2. SDS-PAGEof immunoprecipitates collected
from [35S] methionine-labeled COScells transfected with
the cDNAencoding for GAD-65 and -67. In the upper
margin the transfected isoform is indicated. In the lower
margin is indicated the serum used in the immunoprecip-
itation, NIMH 1440 sheep anti GAD, K2 rabbit anti
GAD-67, and sera from patients I to VII. Molecular mass

markers are indicated in the left margin.
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Figure 3. A fluorograph
of SDS-PAGEof mate-
rial purified from COS
cells transfected with a
plasmid containing the
GAD-65 cDNA. Crude
lysate of transfected
COScells (lane A); pool
of the eluate after
DEAE-Sepharose chro-
matography (lane B);
pool of the eluate after
immunoaffinity chro-
matography on an anti-
GAD-65 monoclonal
(GAD-6) column (lane
C). Molecular mass
markers are shown on
the left. The arrow on
the right margin indi-
cates the band corre-
sponding to GAD-65.
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Figure 5. Effect of increasing amounts of serum on precipitation of
GAD-65 tracer in a radioligand-binding assay. Six different sera of
patients with type I diabetes mellitus, previously tested for their re-
activity against the 64-kD autoantigen present in rat islets lysate, were
used. The sera A-E had high to low (3 to I on a three-point scale)
anti-64-kD protein reactivity, serum F was anti-64-kD protein nega-
tive but stained all islet cells in a standard immunofluorescence assay
(titer 1/64), sera Gand H were from healthy controls (o A, o B, A C,
o D, v E, i F, i GAH).

Discussion

proved positive in both assays and a moderate but significant
correlation was determined (r, = 0.45, P < 0.001). Sera of 20
healthy blood donors did not contain any detectable ICA and
all showed low background precipitation of the GAD-65 tracer
in the radioligand-binding assay. Two sera did bind GAD-65 in
the ligand assay but were negative in the ICA test. Four sera

were ICA positive but GAD-65 negative. These sera, when
tested following a procedure described by Genovese and co-

workers (23), stained the islets in a non-e cell-restricted fash-
ion, i.e., all islet cells did stain (examined in light microscopy of
peroxidase-labeled rabbit anti-human IgG; not shown). The
results with these two latter groups of sera were confirmed
when repeated testings were carried out. Six patient sera did not
have any autoantibodies detectable in the GAD-65 assay or the
ICA assay.

A B C D E F G H
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Figure 4. A fluorograph
of SDS-PAGEof im-
munoprecipitates with
four patient sera con-

taining antibodies
against the 64-kD islet
cell antigen, reacting
with [I35Sj methionine-
labeled rat islet lysates
(lanes A-D) and puri-
fied GAD-65 tracer
(lanes E-.H), respec-
tively. The mobilities of
molecular mass

markers are indicated
in the left margin.

In the first part of this study, the different roles of the two
isoforms of GADas autoantigens in type 1 diabetes mellitus
were examined. A set of patient sera known to contain GAD
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Figure 6. Comparison of autoantibody determinations in sera of pa-

tients with newly onset type I diabetes mellitus. Sera were examined
in a radioligand GAD-65-binding assay (vertical) and a standard im-
munofluorescence islet cell antibody (ICA) assay using frozen sec-

tions of human pancreas (horizontal). Results for the radioligand
GAD-65 assay are presented in GADU according to the text, and
results of the ICA detection assay are in Juvenile Diabetes Foundation
(JDF) units. The dashed line indicates the upper normal limit in the
GAD-65 assay (mean of controls + 2 SD). A correlation between ICA
and GAD-65 titers is apparent. Note, however, that two sera scored
positive in the GAD-65 assay but were ICA negative. Four sera scored
positive in the ICA test but negative in the GAD-65 assay (these sera

showed staining of all islet cells in the ICA test) (o Patients; Con-
trols).
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antibodies as determined by their capacity to precipitate the
64-kD protein from rat islet lysates (3) was used, and their
interaction with GAD-67 and -65 proteins produced separately
by transient expression was studied. Rat cDNAcoding for the
two isoforms was inserted into eukaryotic expression vectors
and the respective proteins were efficiently synthesised in a
COScell system. The amino acid sequences of the respective
rat proteins display a homology > 95% when compared with
that of the human counterparts (24) and the rat cDNA was
therefore chosen for comparison with the reference method
hitherto used, i.e., immunoprecipitation from rat islet lysates.
In SDS-PAGEanalysis, the GAD-65 protein migrated as a sin-
gle component whereas the GAD-67 isoform, for reasons un-
known, appeared as a doublet. Both isoforms were readily rec-
ognized by specific antisera. The K-2 rabbit antiserum, raised
against bacterially produced feline GAD-67 and considered spe-
cific for GAD-67, identified the GAD-67 protein doublet. This
serum also reacted, though less avidly, with the GAD-65 pro-
tein. As expected, the rabbit serum raised against GADpurified
from rat brain (NIMH 1440) reacted with both isoforms of
GADbut displayed a clear preference for the GAD-65 protein.

Patient sera containing anti-GAD antibodies reacted pri-
marily with GAD-65 and precipitated this protein from COS
cell lysates to the same extent as they were able to precipitate a
64-kD protein from rat islets. None of the 38 sera examined
contained antibodies against the GAD-67 protein alone and all
8 sera with reactivity against GAD-67 displayed a much
stronger reactivity against GAD-65. This suggests that the
GAD-65 protein may act as the primary immunogen in type 1
diabetes mellitus. The GAD-65 and -67 proteins are homolo-
gous but display major amino acid differences in the first 100
amino acids at the NH2 terminal, where only 20 amino acids
are identical (10). The ensuing almost 400 amino acids of the
two proteins are very similar with only 22% amino acid ex-
changes, many of them conservative. The COOH-terminal
part of the proteins contains a commonpyridoxal phosphate-
binding site with the consensus sequence Asn-Pro-His-Lys also
present in DOPAdecarboxylase and probably contains the ac-
tive site of the enzyme. The pronounced autoantibody discrimi-
nation between the GAD-65 and -67 gene products suggests
that the dominant epitopes are present near the NH2 terminal
of the GAD-65 protein.

The description of antibodies recognizing the GAD-67 iso-
form in sera of patients with type 1 diabetes mellitus has re-

cently taken place. Kaufman et al. (11) reported that antibod-
ies against both forms of GADare found in patients at the
onset of the disease and that the antibodies disappear with
time, with the interesting exception of long-standing disease
associated with neuropathy. Antibodies against both forms as
well as individual sera reacting with only one of the two iso-
forms in an immunoblotting assay with bacterial fusion pro-
teins were described. The fusion protein GAD-65 was found to
block all reactivity against the 64-kD protein precipitating
from [SIS]methionine-labeled rat islet lysates whereas a 10
times greater amount of bacterial fusion protein GAD-67 only
produced a partial inhibition. Their data are compatible with
the suggestion that autoantibodies are primarily formed against
GAD-65 in type 1 diabetes mellitus and that anti-GAD-67 anti-
bodies merely reflect cross-reactivity with common epitopes.
Certain sera that recognize only the GAD-67 have been re-
ported, however, and it is difficult to reconcile this finding with

the former suggestion. This phenomenon requires further elu-
cidation.

GAD-67 antibodies have also been reported by Michelsen
et al. (12) who used transient expression of GAD-67 in COS
cells as well as lysates of [35S] methionine-labeled rat islets. All
10 sera selected for recognizing the 64-kD islet cell antigen were
found to bind to the transiently expressed GAD-67 protein and
to identify a 67-kD component in the islets. However, it is
difficult to assess to what extent this system measured cross-
reactivity with GAD-67 since no comparison of the autoanti-
body reactivity against transiently expressed GAD-65 was per-
formed. Christgau et al. (13) have described GAD-67 antibod-
ies in a study of [IS] methionine-labeled rat islet lysates,
incubated with patient sera, and analyzed by SDS-PAGE. The
system used had been used in several previous reports without
any mention being made of an antigenic component with a
mobility slower than that of the 64-kD component. Further-
more, in a previous paper describing the 2-D resolution of rat
and human islet antigens, a separation of the 64-kD compo-
nent into an a and a /3 form was described, but no evidence
of a component corresponding to a GAD-67 protein was pre-
sented (25).

Interesting observations on GADmRNAshave been made.
The GAD-67 and -65 genes are localized on separate chromo-
somes and give rise to 3.7- and 5.6-kb transcripts, respectively
(1O). In addition, a major transcript of 2.5 kb has been found
in mRNAfrom testis (26). The expression of the mRNAs
differ among tissues and also species differences seem to exist.
Both the GAD-67 3.7-kb and the GAD-65 5.6-kb transcripts
have been found in the brain tissue of different species. In hu-
man islets only the GAD-65 5.6-kb transcript has been found
(27). In contrast, both forms of GADseems to be expressed in
rat islets, since the GAD-65 mRNAis present (26) and also a
GAD-67 cDNAhas been isolated from a rat islet library (12).

In rat islets, both the GAD-67 and -65 proteins are ex-
pressed with the GAD-65 form as the predominant one. Thus,
the GAD-6 monoclonal antibody against the 65-kD form
stains human /3 cells and brain sections to an equal extent,
whereas the rabbit antisera K-2, considered specific for GAD-
67, stains islets less than brain tissue. The K-2 serum also stain
human islets (1 1). The stain is however markedly different
from the strong stain obtained with brain sections (28). The
weak human islet cell stain may be due to anti-GAD-67 anti-
bodies cross-reacting with GAD-65 in human islets. Further-
more, we have found that sera of patients precipitate a single
band from labeled human islet lysates corresponding to GAD-
65 but no band corresponding to GAD-67 (29). In summary,
the data from the precipitation experiments in labeled islets,
transiently expressed isoforms in COScells, the distribution of
mRNAin islets in different species, and the immunohistochem-
ical stainings strongly indicate that the immunogenic isoform
of GADin type 1 diabetes mellitus is the GAD-65 component
and that, in cases where GAD-67 is recognized, cross-reactive
GAD-65 autoantibodies react to epitopes commonto both iso-
forms.

In the second part of this study, we devised a radioligand-
binding assay to detect antibodies against the GAD-65 form.
All sera known to precipitate 64 kD were readily detected in the
radioligand assay and correlated well to the anti-64-kD titer. 5
of the 38 sera with low anti-64-kD titers did not precipitate
GAD-65 from COScell lysates but proved positive in the radio-
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ligand-binding assay. In the sera of 50 patients with newly on-
set type 1 diabetes mellitus, we noted that 2 of 50 sera proved
positive in the ligand assay but were ICA negative when exam-
ined on sections of human pancreas. In this context, it could be
mentioned that Christie et al. (30) have reported that when a
64-kD antigen preparation was modified by trypsin treatment,
previously negative sera became antibody positive, presumably
by recognizing epitopes hidden in the native antigen. In all, the
present data suggest that the ligand-binding assay is not only
more convenient but also more sensitive than using analysis by
SDS-PAGE and fluorography of immunoprecipitates from
[IS] methionine-labeled islet lysates.

Two sera were ICA negative and GAD-65 positive as men-
tioned above and four sera were strongly ICA positive but still
GAD-65 negative. The ICA-positive/GAD-65-negative sera
stained all islet cells, i.e., the stain was not confined exclusively
to the insulin-producing f3 cells, which is often found with sera
having high titers of GADantibodies in patients with type 1
diabetes mellitus and typically in stiff-man syndrome (6). The
sera did not precipitate any specific component from ["S]-
methionine-labeled rat islet lysates, suggesting that the antibod-
ies are directed against a nonprotein component present in all
islet cells. The nature of this antigen remains obscure.

As shown by many investigators (4, 5), autoantibodies
against 64 kD/GAD have a high predictive value when assess-
ing the risk of developing diabetes. Initial observations on the
presence of long-standing GADautoantibodies in cases with
severe neuropathy have also been made ( 12). Thus, a simple
assay for GADantibodies would be of great value not only for
predicting the risk of developing diabetes in relatives but also
for estimating the risk in patients of developing complications.
It may also be useful in monitoring future immunotherapy in
newly diagnosed patients or individuals at high risk of develop-
ing the disease. Recently, an assay for the determination of
GADantibodies based on the iodination of a GADpreparation
from pig brain (31 ) and an assay based on enzyme trapping
have been published (32). The iodination of a semipure anti-
gen can result in a heterogeneous tracer and reduce sensitivity.
A method based on enzyme trapping will produce falsely low
values if antibodies reactive with the active sites are present.
This is not unlikely, since autoantibodies inhibiting the func-
tion of enzymes have been described (33, 34). The radioligand
assay of the present study based on a recombinantly produced
internally labeled radioligand permits an easily repeated test,
correlates well with previously used ICA determinations, and is
extremely sensitive. The test will facilitate screening for individ-
uals with an ongoing destruction of islet cells and help in moni-
toring the course of the autoimmune response in type 1 dia-
betes mellitus.
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