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Abstract

At and before onset, most insulin-dependent diabetics (IDDM)
have islet GAD65autoantibodies (GAD65Ab). Since IDDM
also occurs in older patients where non-insulin-dependent dia-
betes is common, we studied GAD65Ab at onset to classify
diabetes type. Our quantitative immunoprecipitation assay
uses recombinant human islet GAD65 stably expressed in
hamster fibroblasts. Electrophoretic mobility was identical to
native islet GAD65. Like native antigen, recombinant GAD65
migrated as two bands during electrophoresis, but converted to
one under stronger reduction. Immunoprecipitation was linear
with respect to antibody or antigen concentration. In 120 popu-
lation-based diabetic patients of all ages grouped by treatment
at onset and after 18 mo, GAD65Abwere present in 70% on
insulin (n = 37), 10%on oral agent (n = 62, P < 0.0001), 69%
changing from oral agent to insulin (n = 16, P < 0.001), and 1
of 33 controls. 65% with GAD65Ab, versus 8% without,
changed from oral agent to insulin (P < 0.01). The GAD65Ab
quantitative index was remarkably stable, and only 2 of 32 pa-
tients changed antibody status during follow-up. Concordance
between GAD65Aband islet cell antibodies was 93%. Quanti-
tative correlation was approximate but significant. This highly
sensitive, quantitative, high capacity assay for GAD65Abre-
veals treatment requirements better than clinical criteria, per-
haps guiding immunomodulatory therapy. (J. Clin. Invest.
1993. 91:368-374.) Key words: islet cell antibodies * autoimmu-
nity * immunoprecipitation - autoantigen * BHKfibroblasts

Introduction

Increasingly refined measurements of beta cell-directed au-
toantibody markers have led to their increased importance, in
combination with HLA typing and tests of insulin secretion, in
studying the pathogenesis of insulin-dependent diabetes
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(IDDM).' Autoantibodies to an islet protein of M, 64,000
(64K), first described more than a decade ago ( 1, 2), are pres-
ent in most newly diagnosed IDDM patients and prediabetic
first-degree relatives (3,4), may precede other antibody
markers (4, 5), are present in animal models of IDDM(6, 7),
and may have greater sensitivity, specificity, and predictive
value for human IDDM than other established markers (3, 5,
8). The true utility of 64K antibody measurement is unknown,
however, since islet-based immunoprecipitation assays are ex-
pensive and laborious, preventing completion of large studies.
Identification of 64K as the smaller isoform of glutamic acid
decarboxylase (9) has facilitated strategies to overcome these
limitations.

GADhas multiple isoforms encoded by different genes (for
review, see references 10 and 11 ). Although rat islets have sig-
nificant amounts of at least two isoforms ( 12, 13), both North-
ern ( 14) and Western ( 15) blotting have shown that a single
isoform, GAD65, is expressed in human islets and is the 64K
protein (9, 15). Werecently cloned the GAD2gene from hu-
man islets ( 14), and stable expression of the transfected gene in
baby hamster kidney (BHK) fibroblasts has allowed develop-
ment of a large-scale GAD65 immunoprecipitation assay.

Since effective autoimmune intervention strategies will
probably exist soon, identification of autoimmune diabetes be-
fore clinical onset is critically important. Accurate classifica-
tion of diabetes type at onset will at least guide glucoregulatory
therapy. More importantly, it may allow early application of
immunointervention strategies in patients otherwise not con-
sidered to have IDDM. Using a quantitative assay based on
recombinant human islet GAD65, we studied whether
GAD65Ab accurately anticipates clinical course, relative to
conventional tests, in a population-based sample of new-onset
diabetics.

Methods

BHKK77.3fibroblasts. A BHKfibroblast line was derived from Ameri-
can Type Culture Collection #CRL 1632 (BHK tk- ts 13) cells ( 16) by
transfection with human islet GAD2cDNA from plasmids pHIG 11

1. Abbreviations used in this paper: BHK, baby hamster kidney; BMI,
body mass index; GAD, glutamic acid decarboxylase; ICA, islet cell
antibodies; IDDM, insulin-dependent diabetes; ins, insulin; JDF, Juve-
nile Diabetes Foundation; J3ME, f-mercaptoethanol; NC, negative
control healthy serum; NIDDM, non-insulin-dependent diabetes;
OHA, oral hypoglycemic agent; PAS, protein A-Sepharose; PC, posi-
tive control serum.
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and pHIGl.9 (14) cloned into the mammalian expression vector
Zem219b (17), which also expresses dihydrofolate reductase. A cell
line (BHK-K77.3) with stable intracellular production of recombinant
human islet GAD65was selected in DMEcontaining 10%FCS(Gibco
Laboratories, Grand Island, NY) and methotrexate. Immunocyto-
chemistry using GAD-6 mouse monoclonal antibody ( 18) showed that
BHKK77.3 fibroblasts express GAD65 in the perinuclear region, and
rarely, throughout the cell ( 15). Confluent cells biosynthetically la-
beled for 12 h with [35S] methionine (Amersham Corp., Arlington
Heights, IL) were fractionated as described for islets (5, 19). GAD65
was present in both cytosolic and membrane detergent phases from
transfected BHK fibroblasts, but not in cytosolic or membrane
aqueous phases (data not shown). 1.5% of the radioactivity in the
transfected BHK cell membrane detergent phase was precipitable as
GAD65, representing 0.4% of total cellular radioactivity. Correspond-
ing values for nontransfected BHKcells were 0.06 and 0.0 1% of total
radioactivity, respectively.

Human islet isolation. Human islets were isolated, using collage-
nase digestion and Ficoll density gradient purification, from pancreata
obtained with proper consent but for which a matched recipient was
not found. Biosynthetic radiolabeling proceeded as above.

Immunoprecipitation assay for GAD65autoantibodies. The mem-
brane detergent phases of radiolabeled human islets and of radiolabeled
BHKK77.3 fibroblasts were separately preincubated at 4°C for 12 h
with normal human serum not subsequently used in the assay. Immu-
noglobulin was cleared using excess protein A-Sepharose (PAS;
Zymed Laboratories Inc., South San Francisco, CA), and preclearing
was repeated. The final supernatant was diluted in 10 mMHepes buffer
containing 0.25% (wt/vol) BSA, 0.1% (wt/vol) aprotinin (Novo,
Bagsvrrd, Denmark), 0.1 mMPMSF(Sigma Chemical Co., St. Louis,
MO), and 150 mMNaCl, at pH 7.4. For each unknown serum assayed,

- 5 x 105 cpm of BHK-derived antigen mixture in 590 ,l was sepa-
rately incubated with 10 y1 of human serum for 12-16 h at 4°C with
mixing. Immune complexes were precipitated with 80 Ml of 1:2 PAS,
washed at 4°C four times in the above buffer and once with 20 mM
Tris, pH 7.5, eluted into 2x Laemmli buffer/5% fl-mercaptoethanol
(flME; Eastman, Kodak Co., Rochester, NY), and analyzed by electro-
phoresis on 7.5% polyacrylamide gels containing sodium dodecyl sul-
fate (SDS-PAGE). Gels were treated with Entensify (New England
Nuclear, Boston, MA) before fluorography. In some experiments,
,BME or DTT concentrations were varied as described. For Fig. 1 B, a
10% gel with a 1:200 bisacrylamide-acrylamide ratio (rather than the
standard 1:37.5 ratio) was used to better separate GAD65bands.

Each fluorogram contained 14C-labeled molecular weight markers
(Amersham Corp.), three control lanes analyzing immunoprecipita-
tions using positive control serum (PC), negative healthy control
serum (NC), GAD-6 mouse monoclonal ascites, and up to 19 test sera.
The positive control serum was obtained at onset from a diabetic child
who is the Juvenile Diabetes Foundation (JDF) world standard for islet
cell antibodies (ICA), tests positive for 64K antibodies in islet-based
assays, and has a moderate GAD65Ablevel compared with the range
seen in new-onset IDDM patients. GAD-6 monoclonal antibody pro-
vides excess antibody binding capacity, and measures the maximum
precipitable antigen per individual assay. Bands at M, 64,000 were
quantified by laser densitometric scanning as integrated area under
each peak (2202 Ultroscan; LKB, Bromma, Sweden) with threshold
set at 8 (defining area < 1 X 106 as zero). Rawdensitometry data, in
arbitrary units measuring integrated area under densitometry curves,
varied from 0 to 4.48 x I07 for unknowns, from 0 to 1.9 x 106 for the
negative control (zero in seven out of nine films), from 0.4 x 107 to 3.3
X 107 for the positive diabetic control, and from 3.0 x 107 to 8.9 x 107
for the positive monoclonal control. Gels with film bands exceeding the
densitometer sensitivity range were re-exposed for less time and re-
scanned. In all individual films, the positive diabetic control:negative
control ratio was always > 10:1, while the positive monoclonal
control:negative control ratio was always > 35:1. GAD65Abindex was
calculated from integrated areas by the formula: index = (unknown
- NC)/(PC - NC). Intra- and inter-assay coefficients of variation

were 26 and 29%, respectively. For qualitative results, any index above
0 was considered positive.

Islet cell antibodies. ICA titration data from immunofluorescence
assay on human pancreas sections has been published (20). Titration
values are converted to JDF units using standard sera (21) .

Diabetic patient recruitment and follow-up. Malmo, Sweden had
230,056 inhabitants in 1986. Most new-onset diabetics of all ages in the
Malmo area are seen at the Diabetes Care Unit of Malmo General
Hospital, but ascertainment was increased even further by recruiting
patients from the departments of Medicine, Endocrinology, and Pediat-
rics at Malmo General Hospital, and from private physicians informed
about the study. The 120 patients described here (age range 6-79 yr,
mean 37.9 yr) were selected from 244 consecutive new-onset diabetics
who entered the study during the 2-yr period between September 1985
and August 1987 (20). The groups are defined by treatment with insu-
lin (ins) or oral hypoglycemic agent/diet (OHA) at 0 and 18 moafter
onset as follows: group 1, ins/ins (n = 37); group 2, OHA/OHA(n
= 62); group 3, OHA/ins (n = 16); group 4, ins/OHA (n = 5). Group
5 consisted of 33 normal healthy controls from Malmo. From the origi-
nal 244 patients, all ins/ins, OHA/ins, and ins/OHA patients were
tested. All five OHA/OHApatients who were ICA positive, as well as
57 additional patients randomly selected from the remaining 188
OHA/OHApatients, were tested. Blood was sampled after an over-
night fast as soon as possible, but always within 3 moof diagnosis and 6
moof first symptomatic hyperglycemia. Patients were characterized by
age, family history, body mass index (BMI), and fasting serum C-pep-
tide, and these data have been described (20). Therapy at 1 wk after
diagnosis was defined as initial therapy, and therapy at 18 mo follow-
up and subsequently (range 18-49 mo) was obtained from patient
records. In a subset of 48 patients, further samples were drawn 1-2 yr
and 2-3 yr later (66 total samples; not every patient was sampled at
every time point). The study was approved by the ethical committee at
the University of Lund, Lund, Sweden.

Statistical methods. Analysis of differences of test criteria between
patient groups used the Chi-square method, and the relationship be-
tween ICA titer and GAD65Ab index was analyzed by linear regres-
sion.

Results
Parallel immunoprecipitations using human islets and trans-
fected BHK fibroblasts allowed comparison of antigen from
the two sources. Fig. 1 A shows a fluorogram based on 200
human islets (lane 3), or on 4 X 104 BHKfibroblasts per lane
(lanes I and 2). Estimating 1,300 beta cells per islet (22), the
amount of immunoprecipitable GADper BHKcell is well over
10-fold greater than that per human beta cell. However, electro-
phoretic mobility of the native (lane 3) and recombinant (lane
1) GAD65 is identical. Recombinant GAD-67 (lane 2) is
shown for comparison. As previously described for islet-der-
ived 64K ( 13, 23), immunoprecipitated GAD65 from trans-
fected BHKfibroblasts migrated as two bands (termed a and
$l) on one-dimensional reducing SDS-PAGE (Fig. 1 B).
Stronger reducing conditions achieved by increasing 3ME
from I to 5 to 15% (lanes 1-3) or DTTfrom 0.05 to 0.2 to 0.5
M(lanes 4-6) appeared to convert recombinant GAD65 to a
single band corresponding to the most rapidly migrating ,B spe-
cies.

The immunoprecipitation assay showed linearity with re-
spect to GAD65Abamount, over a range from 0.6 to 10 ,ul of a
strongly reacting diabetic serum (Fig. 2, lanes 3-7). In these
experiments, normal human serum was added to maintain Ig
concentration equivalent to 10 il serum. The assay also demon-
strated linearity with respect to BHK-derived antigen concen-
tration, over a range of starting radioactivity from 2.5 x 105 to
2 x 106 cpm (Fig. 2, lanes 9-12), representing specific GAD65
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Figure 1. (A) Comparison of immunoprecipitated GAD65 from human islets (lane 3) to recombinant GAD65 from transfected BHKfibroblasts
(lane 1). For comparison, GAD-67 from another transfected fibroblast line is also shown (lane 2). Antibodies used were: GAD-6 monoclonal
antibody to GAD65 (lanes 1 and 3) and rabbit polyclonal antiserum K2 against GAD-67 (lane 2). (B) Effect of reducing conditions on GAD65
double bands. Recombinant antigen was precipitated with GAD65 specific monoclonal antibody, boiled in sample buffer with increasing
amounts of j3ME ( 1, 5, and 15% in lanes 1, 2, and 3, respectively) or DTT (0.05, 0.2, and 0.5 M in lanes 4, 5, and 6, respectively) and electro-
phoresed. Lanes 7 and 8 used 5% flME on precipitations using diabetic and healthy control human sera, respectively. The two GAD65bands
are designated a and (3(1 3)

.o Figure 2. Effect of antigen
61 and antibody concentra-
- ~~~~~~~~~~~~~~~~~tionon the immunopre-92.5K- 42cipitation assay. (Left)

9 ~~~~~~~~~~~~~~~~~~~Immunoprecipitations
, using 0.63, 1.25, 2.5, 5,

- fO. and 10 A.l of one

5, 6, and 7, respectively.
Lane 2 shows immuno-

69K- precipitation using 10 Al
normal human serum
only, and lane 1 contains

double41bR-6 4 K radiolabeled molecular
weight markers. (Inset)
Densitometric scanning
of lanes 2-7 plotted ver-
sus volume of diabetic
serum. Density is given in
arbitrary units. (Right)
Decreasing amounts of

LANE *r, 3 4 6 7 8 9 1,0J:112ipit4radiolabeled BHKcell
LANE1234 5 6 7 8 9 10 11 12 13 14 ~~~~~~~membrane detergent ex-

tract from 2, 1,0.5, and
0.25 x106 CpMin lanes 9, 10,1!1, and 12, respectively, were precipitated with 0.A1 of strongly positive diabetic serum. Lane 14 uses 10 Al healthy
control serum. Lane 13 shows reprecipitated supematant from the lane 10 immunoprecipitation. (Inset) Densitometric scanning of lanes 9-13
plotted versus starting antigen amount.
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radioactivity of - 4 X 103-3 x 104 cpm, from - 15,000-
120,000 fibroblasts, respectively. Lane 13 shows reprecipita-
tion of supernatant from the immunoprecipitation of lane 9,
illustrating that the first reaction quantitatively precipitated all
antigen.

Using the GAD65Abassay, we analyzed sera drawn at on-

set from the population-based sample of 120 diabetic patients
grouped by treatment type at onset and 18 molater. The quan-

titative GAD65Abindex derived by densitometric scanning of
fluorograms is shown for samples drawn at onset from each of
the four diabetic treatment groups and for the healthy control
group in Fig. 3 A. There are clear differences in the GAD65Ab
index between these groups, with mean index±SEM being
1.77+0.41, 0.29±0.15, 1.35±0.47, 0.012+0.013, and 0.013
±0.013 for the five groups, respectively. As shown in Fig. 3 B,

GAD65Abat onset was strongly associated with insulin treat-
ment 18 molater (x2 = 45; P< 0.0001) . For example, 11 of 17
patients (65%) initially treated with oral agent, but with
GAD65Ab at onset, required insulin treatment by 18 mo,
while only 5 of 61 patients (8%) initially on oral agents, but
without GAD65Abat onset, later required insulin therapy (x2
= 26.0; P< 0.01). By 36 moafter onset, three more GAD65Ab
positive patients (total 14 of 17, 82%) required exogenous insu-
lin.

Table I shows the prevalence of several clinical parameters
(age, BMI, and family history), secretory function (fasting C-
peptide), and antibody markers (ICA and GAD65Ab) in the
four diabetic and one control groups. This table also estimates
the ability of each of these criteria to detect group 3 patients
among those in groups 2 and 3, and thus to predict insulin
requirement in patients initially diagnosed with non-insulin-
dependent diabetes (NIDDM). Although BMI, and especially
C-peptide, also differ significantly between those requiring and
not requiring insulin therapy, the ICA and GAD65Ab tests
clearly have the best predictive value. In the current assay,
GAD65Ab are as good as, but not better than, ICA for this
prediction.

In addition to serum obtained at onset, 48 patients had sera
drawn once or twice more during the next 3 yr. The percentage
of GADAbpositivity is summarized for each patient group and
time interval in Fig. 4 A. Qualitative GAD65Abpositivity in
this subset was generally similar to that found in the onset
samples from all patients (see text and Fig. 3 A), although
slightly higher in group 2 due to small sample size. These data
are shown primarily to establish the stability ofGAD65Ab prev-
alence over time. In fact, 31 of 33 patients tested at multiple
time points (94%) were always positive or always negative.
Each line in Fig. 4 B shows quantitative GAD65Ab levels in
serial samples from the same patient during the 3 yr after onset.
Although some patients lost or gained autoantibody levels over
time, most had remarkably stable GAD65Abindices through-
out the study.

Comparison of serum samples positive for GAD65Abwith
those with ICA 2 2 JDF units (Table II) reveals extensive quali-
tative concordance (93%) between the two tests. The few dis-
cordant sera are mostly GAD65Abpositive and ICA negative
(7 of 153, 5%), perhaps due to the high sensitivity of the GAD
immunoprecipitation assay, or in cases of high GADAbindex,

Table I. Prevalence (Percent) of Clinical Parameters Such as Age, BMI, and Family History (FH); of Secretory Function Measured
by Fasting CPeptide (Cpep); and of Antibody Markers Such as ICA and GAD65Ab, in the Four Diabetic and One Control Groups

Group 3 vs. groups 2 and 3
Group Group I Group 2 Group 3 Group 4 Group 5

treatment I/I 0/0 0/I I/O Control p (x2) Sens Spec PPV NPV

Age < 35 24/37 (65) 4/63 (6) 5/16 (31) 1/5 (20) 12/33 (36) 0.04 0.31 0.94 0.56 0.84
BMI < 25 27/32 (84) 9/61 (15) 9/16 (56) 2/5 (40) 21/32 (66) 0.008 0.56 0.77 0.39 0.87
FH DM 20/32 (63) 33/59 (56) 7/16 (44) 3/5 (60) 0/33 (0) 0.39 0.44 0.44 0.18 0.74
FH IDDM 9/32 (28) 14/59 (24) 3/16 (19) 0/5 (0) 0/33 (0) 0.78 0.19 0.76 0.04 0.78
Cpep < 0.35 31/36 (86) 10/63 (16) 10/14 (71) 0/5 (0) ND 0.0008 0.71 0.84 0.50 0.93
ICA 25/37 (68) 5/63 (8) 10/15 (67) 0/5 (0) 0/33 (0) 0.0002 0.67 0.92 0.67 0.92
GAD65Ab 26/37 (70) 6/63 (10) 11/16 (69) 1/5 (20) 1/33 (3) 0.0002 0.69 0.92 0.65 0.92

Prediction of progression to insulin therapy (group 3) in patients initially diagnosed as NIDDM(groups 2 and 3). The observed prevalence of
IDDM among newly diagnosed NIDDMpatients was 16 of 181 (9%). X2, Chi square test; Sens, sensitivity; Spec, specificity; PPV, positive
predictive value; NPV, negative predictive value.
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Figure 4. (A) Qualitative GAD65 antibody positivity plotted by
serum sampling time after onset and by treatment group, in a subset
of patients from whommultiple samples were drawn. Not every pa-

tient is sampled during every time interval. Group 1, ins/ins (55
samples from 23 patients); group 2, OHA/OHA(18 samples from
12 patients); group 3, OHA/ins (28 samples from 1 I patients); group

4, ins/OHA (6 samples from 2 patients); group 5, healthy controls
from the same population (Ctl, n = 33). (B) Quantitative GAD65Ab
index at onset versus index 1-2 and 2-3 yr later for the 33 diabetics
in A. Each line represents a single patient followed over time. (C)
GAD65Abindex versus ICA titer in JDF units (r = 0.298, P < 0.01).
1 19 data pairs were analyzed, but for graphical detail the five with
highest titers are not shown.

to variable expression of some GADepitopes in standard ICA
tissue sections. Other ICA antigens have been described (24-
26), and it is not surprising that at least some sera (3 of 153,
2%) are ICA positive and GAD65Abnegative. However, as

shown in Fig. 4 C, plotting quantitative GAD65Ab index at
onset (range 0-9.23) versus ICA titer at onset (range 0-5,520
JDF units) reveals limited but significant correlation between
the two tests (r = 0.298, P < 0.01).

Discussion

We show here that GAD65 autoantibody status at onset of
diabetes is a good predictor of subsequent clinical course.
These antibodies can differentiate, in patients clinically diag-
nosed as NIDDM, a subset that has active autoimmunity and
often progresses to insulin requirement. This study reveals that
18 of 191, or - 9%, of these patients have markers of autoim-
munity. Although BMI and especially C-peptide also differ sig-
nificantly between those with and without autoimmunity, the
ICA and GAD65Abtests clearly have the best predictive value.

IDDM occurs more frequently in families with a strong
history of NIDDMthan in the general population (27). This
reflects the inability of conventional clinical criteria to separate
them, perhaps because the two pathophysiologic mechanisms
can coexist. Beta cell-directed autoimmunity may contribute
to the insulin insufficiency present in patients classified as
NIDDM (28), and insulin resistance may unmask latent
IDDM. Not all autoimmune patients need progress to insulin
therapy, since there is evidence in both first-degree relatives of
IDDM patients and in NIDDM patients that autoimmunity
may stably remit after partial destruction of beta cell mass
(4, 29).

Heterogeneity of diabetes in older individuals has long been
appreciated. While in the simplest analysis clinicians noted
thin older patients with new-onset diabetes who often had ke-
tonuria and eventually required exogenous insulin, studies
measuring body mass (30) and endogenous insulin/C-peptide
secretion (31) objectively separated patients into groups with
different characteristics. Furthermore, insulin autoantibody
(32) or islet cell antibody (29) testing in NIDDM indicated
beta cell-directed autoimmunity, and successfully revealed pa-
tients requiring insulin treatment (20) and having low endoge-
nous insulin secretion (33). Epidemiologic evidence measur-
ing cumulative incidence of IDDM reveals that although peak
incidence is at ages 12-14 yr, - 30% of autoimmune diabetes
manifests after age 35(34). Estimating - 10-fold greater preva-
lence of maturity-onset versus juvenile diabetes, and estimat-
ing that 9% of maturity-onset patients have autoimmune
markers as in this study, we again calculate that almost as much
autoimmune diabetes occurs in maturity-onset patients as in
younger ones. That these individuals often do well on diet or
oral agents for years before requiring insulin suggests that the
autoimmune process may occur more slowly in older patients.
At presentation, these patients may still have enough beta cell
mass to maintain normoglycemia if immunointervention can
effectively halt further loss, and they should be considered for
immunointervention trials.

Immunoreactivity of islet GADis easily lost during islet
isolation due to high levels of proteolytic enzymes, and during
electrophoresis or electroblotting presumably due to denatur-
ation. Our methods improve assay accuracy by utilizing more
antigen than islet-based assays, allowing less contaminating
proteases, labeling antigen in a way not altering native struc-
ture, and avoiding solid-phase steps prone to denaturation.
Most importantly, since antigen is available in larger amounts
than obtainable from islets, GAD65Ab can be measured in
many hundreds of sera (219 in this study) to assess the patho-
physiologic role of GAD65Abin autoimmune diabetes, to eval-
uate screening strategies for general populations in which most
new IDDM arises (35), and to classify etiology in new-onset
patients, as shown here.
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Table II. Relationship of the Islet Cell Antibody Test to the GAD65AbTest

Group Concordant GAD+ICA- GADindex ICA+ GAD- ICA JDFU

1 32/37 (86%) 3/37 (8%) 0.15, 2.51, 0.36 2/37 (5%) 73, 13
2 62/63 (98%) 1/63 (2%) 0.27 0/63 (0%) None
3 13/15 (98%) 1/15 (7%) 0.21 1/15 (7%) 47
4 4/5 (80%) 1/5 (20%) 0.06 0/5 (0%) None
5 32/33 (97%) 1/33 (3%) 0.42 0/33 (0%) None

Total 143/153 (93%) 7/153 (5%) Mean = 0.57 3/153 (2%) Mean = 44

For those positive for GAD65Abalone, or for ICA alone, quantitative indices or titers, respectively, are shown.

Recombinant GAD65, cloned from human islets and ex-
pressed in hamster fibroblasts, is well recognized by diabetic
autoantibodies. Expression of recombinant antigen in mam-
malian cells (versus in vitro expression or expression in bacte-
rial hosts) may allow posttranslational processing more similar
to that occurring in beta cells, and thereby increase assay sensi-
tivity. Positivity in new-onset diabetic sera using islet-derived
64K antigen in immunoprecipitation assays has ranged from
71 to 89%, and is higher when using human rather than rat
islets (3, 5, 8, 23) despite the 96%amino acid sequence homol-
ogy between GAD65of the two species (36). However, results
from our laboratory suggest that the nascent polypeptide pro-
duced by in vitro transcription and translation of the human
islet GAD2gene is precipitated by - 75%of new-onset IDDM
sera (37). These similar percentages suggest that most anti-
genic epitopes of GAD65 are in the primary, secondary, and
tertiary structure of the protein itself, rather than at sites cre-
ated after cellular translation.

In this study and previously, we and others have observed
remarkable persistence of 64K antibody and GAD65Ablevels
for up to 5 yr after onset (38-40). This is distinct from the
often transient ICA positivity (29, 38). Whether neuronal
GAD, antigen mimicry from persistent viral infection, or a
lingering few endocrine cells provide antigen to sustain autoan-
tibody production remains to be investigated, although plasma
C-peptide after onset (from remaining beta cells) does not cor-
relate with GAD65Abpersistence (40).

GAD65Abprobably contributes to ICA assay positivity.
This assay, using immunofluorescence of pancreatic tissue sec-
tions to detect anti-islet antibodies, is time consuming, suffers
from lack of availability of human pancreatic substrate, and is
difficult to standardize as emphasized by the latest interna-
tional workshop (21). In comparison, this GAD65Abassay
uses standardized reagents and has future potential for high
efficiency and rapidity. While current inter- and intra-assay
coefficients of variation are > 20%, these compare favorably
with the twofold dilutions used to generate ICA titers (steps of
50% in antibody quantitation). Fig. 4 Cand Table II suggest
that antigens other than GAD65also contribute to ICA positiv-
ity. Others have also found disparity between ICA and GAD
autoantibody markers (41 ) and evidence for multiple ICA an-
tigens (24-26). The ICA assay may provide predictive infor-
mation distinct from GAD65Ab. Efforts to identify, clone, and
express other ICA antigens may provide useful adjuncts to
GAD65Abnot dependent on tissue-based methods.

Efficient tests screening for autoantibodies to multiple de-
fined islet antigens, along with PCR-based HLA typing, may
increase predictive value to identify high-risk individuals from
the general population for beta cell function testing and im-

munointervention. The higher prevalence of islet autoimmu-
nity in new-onset NIDDMversus that in the general popula-
tion gives GAD65Aba high positive predictive value in these
patients, who are also excellent candidates for immunointer-
vention. Wefind here that patients presenting with maturity-
onset diabetes are, like relatives of IDDM patients, a high risk
group for IDDM. GAD65Ab can reveal this IDDM within
NIDDM.
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