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Abstract. Glutamic acid decarboxylase GAD65 autoantibodies (GADA) are an established marker for autoimmune diabetes.
Recently, the autoantigen GADG5 itself was proposed as biomarker of beta-cell loss for prediction of autoimmune diabetes and
graft rejection after islet transplantation. Therefore, the GAD65 content in pancreatic islets of different species and its serum
degradation kinetics were examined in this study using a sensitive immunoassay. GAD65 was found in quantities of 78 (human),
43.7 (LEW.1Arat) and 37.4 (BB/OK rat) ng per 1,000 islets, respectively, but not in mouse isleti vitne half-life of porcine

GADG65 and human recombinant GAD65 ranged from 1.27 to 2.35 hours @tiBHhuman serum, plasma and blood, and was
unaffected by presence of GAD65 autoantibodies. After injecting 2,000 ng recombinant human GAD65 into LEW.1A rats, the
in vivo half-life was 2.77 hours. GAD65 was undetectable after 24 hours in these animals, and for up to 48 hours following
diabetes induction by streptozotocin in LEW.1A rats. Estimated from these data, at least 13 islets in rat and 1,875 in human must
be simultaneously destroyed to detect GADG5 in circulation. These results should be taken into consideration in further studies
aimed at examining the diagnostic relevance of GAD65.
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1. Introduction jects [4] and in patients with latent autoimmune dia-
betes of adulthood (LADA) [5]. Apart from the cen-
In 1990, glutamic acid decarboxylase (GAD) was tral nervous system, significant amounts of GADG5 are
identified as an autoantigen in type 1 diabetes [1], with largely restricted to the cytoplasm of islet beta cells.
GADG65 as the main immunogenic form in humans [2, Therefore, the occurrence of GADA is a secondary re-
3]. Autoantibodies to GAD65 (GADA) can be detect-  action after GADG5 release into circulation and expo-
ed in high prevalence in sera of newly diagnosed pa- sure to the immune system. Hence the detection of
tients with type 1 diabetes but also in prediabetic sub- GADG5 in serum could possibly serve as a diagnos-
tic marker for detection of acute beta-cell loss in the
prediabetic phase, preceding and/or accompanying the
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tation using an enzymatic assay format [6]. Howev-

er, compared to enzymatic assays the application of
immunoassays would provide a better sensitivity and
reproducibility as well as a higher throughput.

Whereas several assays for the detection and quan-

tification of GADA using different immunoassay for-
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2. Materialsand methods
2.1. Laboratory animals

Female LEW.1A rats (age 100-110 d) were used in
thein vivo experiments and maintained in our animal

mats and reagents have been described [3-5,7-9] andfacility under conventional conditions. All aspects of

evaluated in the Diabetes Antibody Standardization
Program [10], quantitative determination of the au-
toantigen GADG65 itself has been given less priority.
An enzyme-linked immunosorbent assay (ELISA) us-
ing two monoclonal antibodies has been performed in
a study to characterize purified recombinant GAD65
after expression in insect cells [11], but the sensitiv-
ity of the assay was insufficient to detect GAD65 in
serum. A radioimmunoassay using a polyclonal rabbit
anti-GAD65-serum was described [12], but the authors
concluded that the assay, with a detection limit of 1—
3 ng/ml GADG65, was probably not sensitive enough to
detect circulating GADG5 in serum samples. Anoth-
er recently described magnetic-bead based chemilumi-
nescence assay with a detection limit between 27 and
31 pg/ml used a monoclonal antibody as primary an-
tibody and a polyclonal serum for detection of bound
GADG65 [13]. In addition to the hundredfold better sen-
sitivity compared to the radioimmunoassay mentioned
above, the capture antibody in that assay was specifi-
cally chosen for the only molecular region known to be
not significantly targeted by GADA. It should thereby
avoid interference from these autoantibodies when ex-
amining samples from prediabetic subjects. However,
while the authors demonstrated the compatibility of the
assay with serum and plasma, they did not provide any
results on the kinetics of GAD65 degradationvitro
orinvivo.

Since a number of monoclonal antibodies with a high
affinity and specificity for the GAD65 isoform (anti-
GAD65-MADbs) are available [14,15], we developed
an ELISA based on a set of two anti-GAD65-MAbs
with the sensitivity of 30 pg/ml as the magnetic-bead

the animal experiments were conducted in accordance
with the animal protection law of the Federal Republic
of Germany in its new version of 1 January 1987, with
the principles of care for animals in laboratories (drawn
up by the National Society for Medical Research) and
with the Guidelines for Keeping and Using Laboratory
Animals (NIH Publication No.80-23, revised 1985).

2.2. GADG65 detection in idets extracts

Human islets were kindly donated by the Islet
Transplantation Group of the Department of Medicine,
University of Giessen, Germany (Prof. R.G. Bret-
zel). Islets of neonatal NOD mice, Balb/c mice,
LEW.1A rats and BB/OK rats (all animals were bred
in-house) were prepared by fractionated collagenase
digestion of pancreata. 1,000 islets of human, rat
and mouse, respectively, were sonicated on icex (3
15 sec; SONOPLUS HD70, MS 73; 156 W/émn
in lysis buffer at pH 7.4 containing 25 mM/l sodi-
um phosphate, 0.2 mM/I pyridoxal-5’-phosphate (Mer-
ck, Darmstadt, Germany), 1 mM/I EDTA (Berlin
Chemie AG, Berlin, Germany), 1 mM/I phenylmethyl-
sulfonylfluoride (Sigma, St. Louis, USA), 1 mM/I (2-
aminoethyl)-isothiouroniumbromid (Sigma, St. Louis,
USA) and 1% Triton X-100. The sonicated prepara-
tions were ultracentrifuged once at 100,000xg. To-
tal protein contents were determined using Lowry’s
method.

2.3. Examination of the degradation kinetics of
GADG5 in vitro and in vivo

based assay mentioned above [16]. Based on this assay,

the aim of this experimental study was to analyze the
GADG5 content of pancreatic islets of different species,
and to examine the degradation kinetics andithat-

ro half-life of GAD65 in human serum, plasma and
whole blood samples as well as timevivo half-life in

the circulation of rats. Additionally, we determined the
GADG6S5 level in rat sera after acute beta-cell loss in-
duced by application of streptozotocin. The results of
this investigation should provide first insights to assess
the diagnostic value of GAD65 as a marker of acute
beta-cell loss in prediabetes or transplant rejection.

A pig cerebellum extract was prepared by tissue ho-
mogenization with an Ultra-Turrax (TP 18/10, 100W)
for 5 x 15 sec on ice in the same lysis buffer as de-
scribed above at a 1/5 ratio (w/w).The extract was pre-
cleared at 3,000xg followed by ultracentrifugation (2x)
at 100,000xg. The GADG65 concentration of the ex-
tract was 2,772 ng/ml. Serum, plasma and blood of a
healthy human blood donor were incubated for 24 h by
shaking at 37C and £C with the extract (ratio 1/1).
Samples were taken after 5.5, 11, 22, 45 min, and 1.5,
3.0,6.0,12.0, and 24.0 h and immediately snap frozen.
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Additionally, aliquots of human recombinant GAD65
(Diamyd Medical AB, Stockholm, Sweden) contain-
ing 2,500 ng GAD65/ml were incubated at37 with
serum samples from five healthy human blood donors
and one GADA-positive serum from a patient with type
1 diabetes. Sample drawing followed the same time
schedule as above.

Furthermore, 2,000 ng of human recombinant
GADG5 per 40Qul of 25 mM/I sodium phosphate buffer
containing 0.2 mM/I pyridoxalphosphate, 1 mM/l ED-
TA, 1 mM/I (2-aminoethyl)-isothiouroniumbromid (pH
7.4), was injected i.v. into the tail vein of each of three
rats. Blood was drawn from the retro-orbital sinus af-
ter 2.5, 7, 19, 45 min, and 1.5, 3.0, 6.0, 12.0, and
24.0h. Plasma was separated by centrifugation and im-
mediately snap frozen. Control animals received buffer
alone or a GAD65-free solution which was prepared by
heating GAD65 for 15 min at 7.

2.4. GADG65 detection in serum after beta-cell
destruction

To detect GADG65 in serum after acute beta-cell de-
struction, four rats received one i.p. application of strep-
tozotocin (STZ; 50 mg/kg body weight). Blood was
drawn from the retro-orbital sinus at 0, 8, 24, and 48 h,
and blood glucose levels were determined using an au-
tomatic analyzer. The plasma was separated and im
mediately snap frozen. At a blood glucose level above
20 mmol/l, the animals were considered to be diabetic.

2.5. Monoclonal GADGE5 antibody based quantitative
GADG65-ELISA

The anti-GAD65-MAb M63/2H3D9 (I9gG4; 45.2+
4.0 mg lg/ml) was obtained after repeated immuniza-
tion of a female Balb/c mouse with a GAD65 sequence
of 91 amino acids from the N-terminus [17]. The anti-
GADG65-MAb M61/7E11 (IgG; 23.3%+ 3.0 mg lg/ml)
was derived from a non-obese diabetogenic (NOD)
mouse by treatment with a single intraperitoneal injec-
tion of a non-diabetic dose of 80 mg/kg body weight
STZ. It recognizes a linear epitope within amino acids
4-17 of the N-terminal region of the GAD65 molecule
and is detectable by Western blot analysis as previ-
ously detailed [15]. Both antibodies do not interfere
with each other as demonstrated by epitope specifici-
ty testing based on comparison of single vs. simul-
taneous binding in an ELISA with solid-phase coat-
ed human recombinant GADG65 [16]. No crossreactiv-
ity to GAD67 was observed for either of these Abs.
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Both anti-GAD65-MAbs were purified by fractionat-
ed ammonium sulphate precipitation (28% and 45%).
1 mg/ml of M61/7E11 was biotinylated with 50g

of biotin-X-NHS (Calbiochem GmbH, Frankfurt, Ger-
many) for 30 min.

The ELISA was performed as described previous-
ly [16]. Briefly, high binding microtiter plates (Greiner,
Nurtingen, Germany) were coated with M63/2H3D9
(25 ug/mlin 50 mM/I sodium carbonate buffer, pH 9.6,
50 ul/well) overnight at £C. After washing twice with
phosphate-buffered saline containing 0.05% Tween 20
(PBST), plates were blocked by 1Q0well PBST/20%
neonatal calf serum (NCS) for 1 h at room tempera-
ture (RT). After washing, dilutions of the standard (re-
combinant human GADG65; 25 ng/ml to 0.011 ng/ml,
dilution factor 2) and samples in PBST/5% NCS were
incubated for 2 h at RT under shaking. After washing,
the biotinylated M61/7E11 was added (dilution 1/1,000
in PBST with 5% NCS, 5Q:l/well) and incubated for
2 h at RT followed by washing and by incubation with
alkaline phosphatase-conjugated streptavidin (1/1,000;
Jackson Immunores. Lab, Wilmington, USA) for 1 h at
RT. After washing, the chromogenic substrate solution
containing 2.7 mM/I p-nitrophenyl phosphate (Sigma,
St. Louis, USA) in 1 M/l diethanolamine/0.5 mM/I
MgCl; buffer (pH 9.8) was added. Optical density
(O.D.) was measured at 405 nm (test wave length) and
630 nm (reference wave length) by a Dynatech reader
MRX Revelation. The detection limit amounted to 30
pg GAD65/ml correspondingto 1.5 pg GAD65 or 0.023
fmol per microtitre plate well [16]. The intraassay-
reliability was 3.8% (20 determinations per plate), and
the interassay-reliability was 9.8% (20 determinations
over 20 days).

2.6. Satigtical analysis

Degradation kinetic curves were generated by non-
linear regression analysis using the GraphPad Prism4
program (GraphPad Software, Inc., San Diego). ihhe
vitroandinvivo half-life are equivalent to the EC50 val-
ues of these curves, and their 95% confidence intervals
(Cl) are given.

3. Results

3.1. GADGS5 detection in idets from different species

Examining the GADG65 content of different species,
the highest amount was found in human islets, 78.0 ng
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Fig. 1. In vitro degradation kinetics of GAD65 by incubation of blood (squares), plasma (triangles) and serum (circles) of a healthy human
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donor with a 100,006 g supernatant of a porcine cerebellum extract containing 2,772 ng GAD65/rAla(fBléd symbols) and atAC (open
symbols; Fig. 1A). After 24 h of incubation at3Z only 3.9% of GAD65 (108 ng/ml) were detectable compared to a recovery of 70.2% (1,947
ng/ml) after incubation at’£C. Data were confirmed by incubation of human recombinant GAD65 (2,500 ng GAD65/ml) with five individual
sera of healthy human blood donors (squares; me&D) and a diabetic patients serum containing GADA (triangles)°& @ig. 1B). The
dashed lines indicate the half-life of human recombinant GAD65. Data are given as mean of three separate experiments.

Table 1
GADG65 content of 100,000 x g supernatants of pancreatic islet lysates
from different species in ng per 1,000 islets and in ng per mg total
protein. Data are given as mean contentSD of three separate
determinations (n.d= not detectable)

Species GADG5 per 1,000 GADG65 per mg
islets [ng] protein [ng]

Human 78.0+ 7.7 30.1+ 2.7

BB/OK rat 37.4+ 6.3 19.3+4.1

LEW.1A rat 437+ 4.1 20.4+ 4.4

NOD mouse n.d. n.d.

Balb/c mouse nd n.d.

GADG65/1,000 islets equivalent to 30.1 ng GAD65/mg

protein (Table 1). Lower amounts were detected in
islets of neonatal BB/OK rats, 37.4 ng GAD65/1,000
islets equivalent to 19.3 ng GAD65/mg protein, and
islets of neonatal LEW.1A rats, 43.7 ng/1,000 islets
equivalent to 20.4 ng GAD65/mg protein. No GAD65

could be detected in islets of neonatal Balb/c and NOD
mice.

3.2. Degradation kinetics of GAD65 in vitro and in
vivo

The kinetics of GAD65 degradation was measured
in vitro by incubation of a GAD65-containing porcine

cerebellum extract (2,772 ng GAD65/ml) in blood,
plasma and serum of a healthy human blood donor.
The half-life of GAD65 at 37C was 2.16 h, 1.32 h and
1.27 hiin these three situations, respectively, and there-
fore comparably short (Table 2). Only 3.9% (108 ng
GADG65/ml) was detectable after 24 h incubation at
37°C in contrast to 70.2% (1,947 ng GAD65/ml) after
incubation at 4C (Fig. 1A). Comparable results were
found for incubation of human recombinant GAD65
at 377C with individual serum samples of five healthy
human blood donors, with a half-life of 2.35 h, as well
as with a GADA-positive serum from a patient with
type 1 diabetes, with a half-life of 1.93 h, which were
not statistically different (F-tesp = 0.5752; Fig. 1B).
The recovery rate of GAD65 was 97% in serum of
healthy donors and 75% in the serum of the GADA-
positive patient. Thén vivo half-life of human recom-
binant GADG65 in rats was 2.77 hours, and no GAD65
was detectable in the circulation of the rats after 24 h

(Fig. 2).

3.3. GADG5 detection in serum after beta-cell
destruction

In rats treated with a single diabetogenic streptozo-
tocin (STZ) application, the mean blood glucose lev-
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Table 2
Half-life of GAD65 from a porcine cerebellum extractvitro (human blood, plasma,
serum of an individual healthy donor) and human recombinant GABG#&ro (human
sera from five individual healthy donors and one serum from a GADA-positive patient
with type 1 diabetes) aniah vivo (after injection into three LEW.1A rats)

Invitro Half-life [h] ClI (95%)
Porcine GAD65 in whole human blood 2.16 1.75-2.66
Porcine GADG65 in human plasma 1.32 1.23-1.41
Porcine GADG65 in human serum 1.27 1.15-1.41
Human GADG5 in sera from healthy donors 2.35 2.03-2.72
Human GADG5 in serum from a type 1 diabetic patient 1.93 1.55-2.41
In vivo
Human GADSGS5 in circulation of three LEW.1A rats 2.77 1.70-4.52

4. Discussion
100
GADG65, the smaller 65 kDa isoform of glutamic acid
decarboxylase, is a major autoantigen in type 1 dia-
betes, latent autoimmune diabetes of adulthood (LA-
DA) and prediabetes [1-5]. A number of methods for
the detection of autoantibodies against GAD65 (GA-
DA) are available, and the results of measurement are
used for predictive and diagnostic purposes in autoim-
mune diabetes. The aim of this study was to examine

the GADG5 content of pancreatic islets from different
species, then vitro andin vivo half-life of GAD65
by determination of its degradation kinetics, and its re-
lease into circulation after streptozotocin-induced islet
destruction as a model for acute beta-cell loss using a
sensitive ELISA. The sandwich ELISA is based on two
monoclonal GAD65-specific antibodies with different
0 - e, epitope specificities, one of them solid-phase bound for
] 1 I I L] I I I T . ..
O 012 032 67515 3 6 12 2 capturing GAD65 and a second biotin-labelled one for
' ' detecting bound GADG65, using alkaline phosphatase-
Tirne [h] labelled streptavidin and a colorimetric substrate [16].
Fio. 2. 1nvivo dearadation Kinetics of GADES after cat This assay allows the detection of GAD65 with a high
1g. 2. In vivo aegradation Kinetics O arter L.v. application P .
of 2,000 ng of human recombinant GADG65 into 100 day-old female sensitivity O,f 30 pg/ml. Contr,ary t(? Fhat’ two p!‘§V|-
LEW.1A rats ¢ = 3; squares) in comparison to control animals (tri- Ously described assays were insufficiently sensitive to
angles) which received 2,000 ng of heat-denaturateti3;706 min) detect GADG65 in serum or plasma [11,12].
human recombinant GADG65 or buffer only. Blood was taken from the Recently new assays for sensitive detection of
retro-orbital sinus and plasma samples were immediately snap frozen GAD65 h ’ b ted. T b d
until GAD65 determination by the ELISA. After 24 h, no GAD65 ave been reported. Iwo assays based on
was detectablén vivo. Furthermore, no GAD65 was found in the  time-resolved fluorescence were shown to be suitable
plasma of control animals. The dashed line indicates the half-life. for detection of GAD65 in serum with sensitivities of
Data are given as meah SD. 0.33 ng/ml and 0.10 ng/ml, respectively [18]. The sen-
sitivity of another assay based on magnetic-beads was
the same as our ELISA, but this novel assay uses a
monoclonal antibody as primary antibody and a poly-

GADES [ngimi]
&

els increased from 7.7 mmol/l before STZ application

to 8.2 mmol/l after 8 h, 20.4 mmol/l after 24 h and 154 serum for detection of bound GAD6S5 [13]. Fur-
23.9 mmol/l after 48 h, indicating a loss of insulin pro-  hermore, the assay uses sophisticated techniques like
duction up to the state of manifest diabetes due to de- capture of the GAD65 protein with magnetic beads and
struction of the vast majority of beta cells. However,no  detection using a chemiluminescent enzyme substrate,
GADG5 was detected in the circulation of these animals which require extensive washing steps and a consid-
over the whole examination period. erable amount of time and hands-on work. While the
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authors demonstrated the usefulness of their assay for time course of GAD65 degradation was comparable
examination of serum and plasma samples, no data on and its half-life in both experiments was not significant-

the kinetics of GAD65 degradatian vitro or in vivo
have been reported so far.

In the present study, we first examined the GAD65
content of isolated islets (Table 1). The highest amount
was found in human islets, 78.0 ng GAD65/1,000,
while lower levels were detected in islets of neona-
tal LEW.1A and BB/OK rats, ranging from 37.4 ng
to 43.7 ng GAD65/1,000 islets, respectively. In con-
trast, no GADG65 could be detected in islets of neona-
tal Balb/c and NOD mice, although the assay allows
us to detect mouse GADG5 in brain tissue [16]. This
result confirms the recent report by Waldrop et al. [13]
as well as immunohistochemical findings that mouse
islets do not express GADG65 in detectable amounts [15,
16]. Thus, considering the detection limit of our assay,
the amount of GAD65 in one mouse islet must be low-
er than 0.015 pg. The GAD65 content of one mouse
islet is therefore at least 2,500 fold lower than that of
one BB/OK rat islet. Contrary to our findings, very
low levels of GAD65 were detected in mouse islets in
another study [19]. In addition, the generation of our
anti-GAD65-MAb M61/7E11 by treatment of a NOD
mouse with STZ and complete Freund'’s adjuvant sug-
gests that GAD65 might be present in mouse islets un-
der certain conditions [15]. However, unlike humans
and rats, GADG65 is not the main isoform of GAD in
mouse islets.

The examination of the GADG65 degradation kinet-
icsinvitro using porcine GADG65 in blood, plasma and
serum of a healthy human blood donor revealed that the
half-life of GAD65 at 3?C was comparably short in
all three situations (Table 2). Furthermore, the GAD65
degradation was greatly diminished &tClcompared
to 37°C (Fig. 1A). Whereas 70.2% of GAD65 were
detectable after 24 h incubation &@, only 3.9% were
found following 37C incubation. The fact that the
kinetics in serum is temperature-dependent indicates
that the clearance of GADG5 in these experiments is
most probably due to enzymatic degradation. Although
there was a difference observed between whole blood
and serum or plasma, the overall degradation kinetics
in the three samples was found to be similar. Com-
parable results were found using human recombinant
GADG65 with individual serum samples of five healthy
human blood donors as well as with a GADA-positive
serum from a patient with type 1 diabetes. Although
the total level of GAD65 found after incubation with
the patient's serum was lower than after incubation
with serum samples from healthy control probands, the

ly different. Furthermore, results from an earlier study
demonstrated that the median level of displacement of
the monoclonal antibody M61/7E11, which was used
as detector in the present study, by GADA-positive sera
did not differ from those of GADA-negative sera. On-
ly 10% (3/30) of GADA-positive serum samples from
newly diagnosed type 1 diabetic patients did show a
moderate level of competition [20]. Taken together,
these results suggest that the presence of GADA might
affect the recovery in our assay but does not influence
the GADG5 degradation kinetics (Fig. 1B). The recov-
ery rates which we observed in these experiments are
in line with the previously reported work of Waldrop et
al. [13].

With anin vivo half-life of 2.77 hours, the degrada-
tion of human recombinant GADG5 in the circulation
of rats was comparable to thevitro data (Fig. 2). A
similarly short half life was found previously for other
cytosolic enzymes which are discharged into the circu-
lation following tissue injury, such as cardiac troponin
Tin human (2 h) or lactate dehydrogenase ranging from
0.5 hin rats to 3.2 h in rabbits [21,22]. While excre-
tion, or liver catabolism as found for other cytosolic
enzymes [22], might play a role in the clearance of
GADG65 from the circulation, the fact that tha vi-
vo kinetics data are comparable to timevitro results
indicates that degradation in serum is most likely the
main process responsible for the rapid disappearance of
GADG65. The slightly higher half-lifén vivo can prob-
ably be explained by the time required for distribution
in the circulation before GAD65 reaches measurable
levels at the site of blood sampling.

In rats which were treated with a single diabetogenic
streptozotocin (STZ) application, we observed an in-
crease of their mean blood glucose levels over 48 hours
up to the state of manifest diabetes indicating a loss of
insulin production. In previous studies it was described
that the majority of beta cells undergoes necrosis and
lysis within twenty-four hours after a single high-dose
application of STZ [23-25]. Furthermore, first visible
histological lesions, a distinctincrease in serum insulin
and a dramatic decrease in the islet content of gamma-
aminobutyric acid, the product catalyzed by GAD, was
already observed after seven hours [24]. However, in
the time schedule used in our experiments, no GAD65
was detected in the circulation of STZ-treated LEW.1A
rats over the whole examination period. A possible
reason is the elimination of GADG65 on site along with
the described clearance of the remnants of destroyed
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beta cells by macrophages [25]. An alternative ex-
planation might be that the GAD65 which is released
from destroyed beta cells is transported mainly to the
lymphnodes. In that case a detection of GADG65 in the
circulation is unlikely. Therefore, it would be interest-
ing in future studies to locate the fate of GAD65 after
beta-cell destruction.

Considering a total blood volume of approximately
20 ml per rat and a GAD65 content of 43.7 pg in one rat
islet (Table 1), the expected maximum GADG65 serum
concentration after destruction of one islet would be 5
about 2.2 pg/ml. Taking the assay’s detection limit
into account, the total GAD65 content of at least 13
simultaneously destroyed islets would be required to
detect GADG5 in the circulation. In an average human
being with a body weight of 70 kg and a blood vol- [4]
ume of 69 ml/kg body weight, the theoretical GAD65
concentration in serum after destruction of one islet
with a GAD65 content of 78 pg (Table 1) would be |5
about 0.016 pg/ml. Thus, the total GAD65 content of
at least 1,875 simultaneously destroyed islets, equiva-
lent to about 0.2% of total islets of an average human
being, would be required to detect GAD65 in human  [6]
serum. In addition to this estimation, the short half-
life of GADG5 at physiological conditions must also be
taken into account. In this regard, a direct implication
of the current study for future investigations is the im-  [7]
portance of immediate cooling of the blood and serum
samples and handling at low temperatures during the
analytical proceduresin order to reduce the degradation
of the GADG5 protein. (8l

An experimental study of islet transplantation using
a dog model already indicated that an elevation of the
GAD enzymatic activity in serum can precede graft re-
jection [6]. Therefore, GAD65 determination by sen- [
sitive immunoassays to detect graft rejection after islet
transplantation should be the subject of further inves-
tigations. Additionally, studies involving the examina-
tion of sera from high-risk prediabetic subjects charac- [10]
terized by a genetic predisposition as well as multiple
autoantibodies to islet antigens such as GADG65, pro- [11]
tein tyrosine phosphatase IA-2 and insulin, will help to
assess the diagnostic relevance of GAD65 serum levels
in the context of autoimmune diabetes.
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