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RESEARCH DESIGN AND METHODS — A cross-sectional study of antibodies to
GAD65 and IA-2ic was performed on a consecutive series of 91 type 1 diabetic patients, 74
type 2 diabetic patients, and 100 control subjects attending a diabetes clinic in Manila, the
Republic of the Philippines. All subjects were ,40 years of age, with a mean age ± SD of 24.8
± 9.8, 34.3 ± 5.8, and 25.8 ± 8.0 years, respectively. Diagnosis of type 1 diabetes was determined
clinically and confirmed by baseline C-peptide.
RESULTS — Of 91 type 1 diabetic patients, antibodies to GAD65 were detected in 25
(27.4%), but antibodies to IA-2ic were found in only 8 (8.8%) (P = 0.002); neither autoantibody was detected in either the type 2 diabetic or control subjects. Of the 25 recently diagnosed
type 1 diabetic patients (disease duration ,2.0 years), autoantibodies to GAD65 were detected
in 14 (56%), but those to IA-2ic in only 4 (16%) (P = 0.007); GAD65 antibodies were detected
in only 4 (6%) of 66 patients with a longer disease duration (P = 0.0004). Comparison with
recently diagnosed European type 1 diabetic patients of age and disease duration similar to that
of the Filipinos indicated that IA-2ic antibodies, unlike GAD antibodies, were significantly less
prevalent in Filipino type 1 diabetic patients (P = 0.0007).
CONCLUSIONS — This is the first study investigating the prevalence and pattern of
humoral immune response in type 1 diabetic patients from the Philippines. Antibodies to IA2ic, unlike GAD antibodies, were infrequent. Patterns of immune responses to type 1 diabetes–associated antigens may differ worldwide, with important implications for prediction of
the disease and the potential for antigen-specific therapy.
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ype 1 diabetes is less frequent in Asia
than in Europe (1,2). The incidence of
type 1 diabetes in Japan and China is

T

,1 case per 100,000 people per year and in
South India, ,10.5 per 100,000 people
per year (3). The prevalence of diabetes in
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OBJECTIVE — Type 1 diabetes is more prevalent in Europeans than it is in Asians. The
disease is associated with autoantibodies to GAD65 and a protein tyrosine phosphatase–like
molecule (IA-2). The frequency of GAD antibodies in Asian patients with type 1 diabetes may
be lower than that in Europeans. No data are available on IA-2 antibodies in Asians. We
tested antibodies to GAD65 and IA-2ic (the intracellular fragment containing the antibody
epitope) in Filipino diabetic patients because this population has mixed European and aboriginal racial origins.

the Philippines in 1975 was 4.1%, with
most of the patients probably having type 2
diabetes. As in other Asian countries, the
frequency of type 1 diabetes in the Philippines is thought to be low, although the
exact level is unknown. The history of the
Philippines differs from that of most Asian
countries. The Philippines are islands, isolated from the mainland, and are, therefore,
less prone to genetic influences due to
migration, as occurs in other Asian countries. The Philippines were colonized by the
Spanish in the 16th century, and their influence prevailed for several centuries, e.g.,
,90% of the population is Catholic. Thus,
in contrast to other Asian countries, the people of the Philippines have mixed Spanish
and aboriginal racial origins.
Type 1 diabetes is associated with antibodies to pancreatic islet cell antigens,
including GAD65, the tyrosine phosphatase–like molecule IA-2, and insulin
(4,5). In patients of European origin with
recently diagnosed type 1 diabetes, up to
95% have autoantibodies to either GAD65
or IA-2 (6–9).
Asian type 1 diabetic patients also have
antibodies to GAD65. Reported frequencies
for GAD65 antibodies in Asian type 1 diabetic patients range from 30% in Korea (10)
and 40% in China (11) to 50% in Thailand
(12) and 57% in South India (13). As with
European patients, the frequency of GAD65
antibodies in Asian patients depends on the
time from diagnosis; as many as 70% of
Japanese type 1 diabetic patients of recent
onset had GAD65 antibodies (14–17). Little
is known about the frequency of IA-2 antibodies in Asians with type 1 diabetes.
Among Europeans, antibodies to IA-2 recognize the intracellular fragment (IA-2ic)
(4). In a small Japanese study of 30 type 1
diabetic patients of short disease duration,
antibodies to ICA512 (itself a part of the
intracellular fragment of IA-2) were detected
in 73% of the patients (15); there are no
studies of IA-2 or IA-2ic antibodies in Asians,
nor are there any studies of either GAD65 or
IA-2ic antibodies in Filipino patients. Therefore, in this study, we determined the frequency of antibodies to GAD65 and IA-2ic
in Filipino diabetic patients.
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RESEARCH DESIGN AND
METHODS

Methods
Blood samples were collected from all subjects included in the study. Serum samples

Man Syndrome and prediabetic sera for
GAD65) were taken as positive. In the latest
IA-2ic (M.I.H., R.D.G.L., unpublished
observations) and GAD65 Antibody Proficiency Workshops, our assays had a sensitivity, specificity, validity, and consistency of
100% (19).
Statistical analysis
Data regarding the frequency of the individual antibodies and their combination are
expressed as n (%) unless otherwise specified. Characteristics of subjects are expressed
as means ± SD. Differences between groups
were assessed using two-tailed Fisher’s exact
test with Yates’ correction. CIs of the odds
ratios were calculated using the approximation of Woolf. P values ,0.05 were considered to be statistically significant.
RESULTS — The results of this study
are summarized in Table 1. Of 91 clinically
identified type 1 diabetic patients, none
had C-peptide levels .1 ng/ml, indicating
that the diagnosis was probably correct
despite the usually mild presentation of
type 1 diabetes in Filipino patients, in
whom ketoacidosis is unusual. Some 28
(30.7%) type 1 diabetic patients had at
least one antibody, but none of the type 2
diabetic or control subjects did. In type 1
diabetic patients, antibodies to GAD65 and
IA-2ic were detected in 25 (27.4%) and 8
(8.8%), respectively.
Of 25 type 1 diabetic patients with diabetes duration ,2 years, antibodies to
GAD65 were detected in 14 (56%), whereas
antibodies to IA-2ic were found in only 4
(16%) (odds ratio [CI] 6.6 [1.8–25.3], P =
0.0007). The frequency of GAD65 antibodies was significantly higher in 25
recently diagnosed type 1 diabetes cases
compared with that in 66 patients with
longer disease duration (56.0 vs. 16.6%, 6.3
[2.3–17.6], P = 0.0004). There was no
significant difference in the frequency of

Table 1—Frequency of antibodies to GAD65 and IA-2ic in diabetic patients and normal control
subjects

Type 1 diabetes
Total
Duration ,2 years
Duration .2 years
Type 2 diabetes
Normal control subjects

n

GAD65

IA-2ic

91
25
66
74
100

25 (27.4)
14 (56.0)
11 (6.6)
0 (0)
0 (0)

8 (8.8)
4 (16.0)
4 (6.0)
0 (0)
0 (0)

Data are n (%) of diabetic patients and normal control subjects positive for each antibody.
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Subjects
A series of 165 consecutive outpatients
attending a diabetes clinic in Manila were
studied. All patients (both type 1 and type
2 diabetic) were included if they were born
in and living in the Philippines and were
aged ,40 years. Their diagnosis and classification of diabetes was based on the
National Diabetes Database Criteria (18).
We studied three groups of subjects:
1) type 1 diabetic patients, 2) type 2 diabetic patients, and 3) normal healthy control subjects. Informed consent was given
by all subjects, and the study was approved
by the local ethics committee.
Type 1 diabetic patients. Our study
included 91 type 1 diabetic patients (mean
age ± SD 24.8 ± 9.8 years, 29 males). All
type 1 diabetic patients were on insulin
treatment and had no past history of oral
hypoglycemic therapy. Diagnosis of type 1
diabetes was confirmed by measuring nonfasting serum C-peptide: levels ,1 ng/ml
were considered to be consistent with
insulin dependence. To assess the impact of
diabetes duration on the frequency of the
antibodies, these patients were further
divided in two subgroups according to their
diabetes duration: 1) 25 patients with diabetes duration of ,2 years (age 23.1 ± 10.7
years, diabetes duration 0.96 ± 0.6 years, 10
males) and 2) 66 patients with diabetes
duration of .2 years (age 25.2 ± 7 years,
diabetes duration 3.6 ± 1.4 years, 19 males).
Overall, the mean age of onset of type 1 diabetes was 17.6 ± 10.0 years.
Type 2 diabetic patients. The study
included 74 type 2 diabetic patients (age
34.3 ± 5.8 years, 40 males). Classification
of type 2 diabetes was based on the following criteria: 1) adequate control of diabetes
on diet alone or oral hypoglycemic agents,
or on insulin with a baseline serum C-peptide level .1 ng/ml and 2) no history of
diabetic ketoacidosis.
Normal control subjects. A control group
of 100 normal healthy subjects (age 25.7 ±
7.9 years, 40 males) were studied. The
subjects were obtained from the local community and had no family history of diabetes and no current illness. All the
subjects had normal fasting blood glucose
values (i.e., ,7.0 mmol/l).

were stored at 220°C. C-peptide was
measured using a commercially available
radioimmunoassay kit (Incstar, Stillwater,
MN). The radioimmunoprecipitation assays
for GAD65 and IA-2ic were carried out on
batched samples by observers blinded to
the clinical status of the subjects.
The radioimmunoprecipitation assays
for GAD65 and IA-2ic both use in vitro
transcription and translation systems (Promega, Madison, WI). Human full-length IA2ic cDNA in pGEM-4Z vector (Invitrogen,
San Diego, CA) and human islet GAD65
cDNA in the vector pB-1882 (gift of Dr.
Thomas Dyrberg, Novo Nordisk, Copenhagen, Denmark) were used to transcribe
and translate the proteins, according to the
manufacturer’s instructions. For both antibody assays between 0.8 and 1.0 µg, DNA
was transcribed and translated with SP6 (IA2ic) and T7 (GAD65) RNA polymerase in a
coupled transcription and translation rabbit
reticulocyte lysate system (Promega) in the
presence of [35S]methionine (0.8 mCi/ml)
(Amersham International, Amersham,
U.K.). Incorporated radioactivity was determined by precipitation with 10%
trichloroacetic acid and scintillation counting. For the immunoprecipitation in each
assay, 50 µl aliquots of [35S]methionine
(50,000–75,000 counts/min) labeled antigen were incubated overnight with 2 µl
serum (final dilution 1:25) in Tris-buffered
saline solution.
The immunocomplexes were isolated
by adding 1 mg protein A-Sepharose and
were counted on a multiwell Wallac counter.
All samples were tested in duplicate including positive and negative control standard
sera. Each assay for GAD65 antibodies
included serially diluted sera from a Stiff
Man Syndrome patient and a prediabetic
individual with GAD65 antibodies to further
evaluate the cut-off level for positivity for
GAD65. Values .3 SD above the control
population (.1:8,000 dilution of both Stiff

Autoantibodies in Filipino type 1 diabetic patients

Table 2—Antibodies to GAD65 and IA-2ic in recently diagnosed type 1 diabetic patients from the
Philippines and Europe

European patients
Filipino patients

n

GAD65

IA-2ic

60
25

46 (75)
14 (56)

34 (57)
4 (16)

Data are n (%). Type 1 diabetic patients from Europe of comparable age and disease duration (mean age 15.5
± 7.5 years, mean diabetes duration 1.0 ± 0.2 years, 37 males) show a significantly higher frequency of antibodies to IA-2ic (P = 0.0007) but not GAD65 (21).

CONCLUSIONS — Autoantibodies to
GAD65 and IA-2ic, which are associated
with type 1 diabetes in patients of European
origin, were also detected in Filipino type 1
diabetic patients. GAD65 antibodies were
more prevalent in recently diagnosed type 1
diabetic patients than were IA-2ic antibodies.
None of the Filipino patients with type 2
diabetes had either GAD65 or IA-2ic
antibodies.
To reduce errors of ascertainment
noted in previous studies of Asian patients,
we examined a consecutive series of
patients attending a diabetes clinic. In addition, we estimated C-peptide levels to avoid
misclassification, which is an important
problem in Asians because type 2 diabetes
may present at a relatively young age.
Indeed, of the patients that we studied with
diabetes under the age of 40 years, 45%
had type 2 diabetes. While none of our 74
Filipino type 2 diabetic patients had
GAD65 or IA-2ic antibodies, a study of
508 British type 2 diabetic patients aged
35–44 years found islet cell antibodies
(ICA) or GAD65 antibodies in 16% (20).
We detected similar frequencies of
GAD65 antibodies in recently diagnosed
Filipino and European type 1 diabetic
patients of comparable disease duration and
age using the same GAD antibody assay.
Autoantibodies to GAD65 are observed in
50–80% of newly diagnosed European type 1
diabetic patients (17,21). Variations in the
antibody frequency may be, in part, due to
differences in the method of detection, age
(reported to show inverse association with
age), sex (reported to have higher percentage in males), and HLA type (more frequent in HLA DR3) of the subjects (5,8,22).
GAD65 autoantibodies in relatives of Euro1460

pean type 1 diabetic patients can predict
the disease with a high degree of certainty
(7,9,21). The observation that GAD65 antibodies are prevalent in recently diagnosed
type 1 diabetic Filipinos suggests that these
autoantibodies may be as valuable in predicting type 1 diabetes in Filipinos as they
are in European subjects.
The frequency of IA-2ic antibodies in
the Filipinos, in contrast to that found in
the European patients, was much lower
than the frequency of GAD65 antibodies.
In our present study, only 16% of recently
diagnosed type 1 diabetes Filipino patients
had IA-2ic antibodies, compared with 57%
of European patients of comparable disease
duration, age range, and sex (21). The low
frequency of IA-2ic antibodies in Filipinos
with type 1 diabetes raises the possibility
that IA-2ic antibodies are less predictive of
type 1 diabetes in this population, and possibly in other Asian populations, than they
are in Europeans (7,21).
Why was there such a striking difference in frequency of IA-2ic antibodies
between the two populations of Filipinos
and Europeans with type 1 diabetes? The
differences in autoantibody frequency cannot be due to the assay because we used the
same IA-2ic antibody assay for both populations, nor can it be related to age or disease
duration because both were comparable in
the two populations. The difference could be
genetically determined, i.e., the European
population may have a higher prevalence of
the HLA DQA1*0301-DQB1*0302 genotype than the Filipinos, and IA-2ic antibody
positivity is associated with this genotype
(8). Furthermore, the environmental factors
inducing type 1 diabetes–associated autoimmunity may differ between European and
Asian populations, although the frequency
of GAD65 antibodies in the Filipinos was
similar to that in European patients.
In conclusion, our study shows a relatively low frequency of autoantibodies to
IA-2ic, but not to GAD65, in type 1 diabetic patients from the Philippines. The
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