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Summary IA-2 has been identified as an autoantigen
that is recognized by immunoglobulins from insulin-
dependent diabetic (IDDM) patients. Using a liquid
phase radiobinding assay, we performed an IA-2-au-
toantibody (IA-2-Ab) assay in 474 IDDM patients
and 482 non-diabetic control subjects aged 0–
39 years. IA-2-Ab were detected in 58% of the pa-
tients and 0.8 % of control subjects. Their prevalence
in patients was lower than that of islet cell autoanti-
bodies (ICA; 73%) or glutamic acid decarboxylase
(Mr 65 kDa)-autoantibodies (GAD65-Ab; 82%) but
higher than that of insulin autoantibodies (IAA;
42%). IA-2-Ab were more frequent in patients under
age 20 years (70%) than between 20 and 40 years
(45%; p < 0.001). In the whole IDDM group, 92%
of patients were positive for at least one of the three
molecular assays, which is higher than the positivity
for the ICA assay (73%). Only 1% was negative in
the molecular assays and positive in the ICA assay.
IA-2-Ab levels were positively correlated with ICA
titres (p < 0.001) and HLA DQ A1*0301 – DQ
B1*0302 (p < 0.003) by multivariate analysis. In a
group of 481 non-diabetic siblings (age 0–39 years)
of IDDM patients only 7 were IA-2-Ab positive

(1.5%). All seven were under age 20 years and posi-
tive for at least two other autoantibodies and for DQ
A1*0301 – DQB1*0302. Four of these seven devel-
oped IDDM during the 6–70-month follow-up pe-
riod. The positive predictive value of IA-2-Ab
(57%) was higher than that of ICA, GAD65-Ab or
IAA alone, or in combination (K 20 %) but these
calculations are restricted by the relatively short ob-
servation period and the small number of cases. The
only IA-2-Ab-negative case of pre-diabetes was also
negative for IAA and GAD65-Ab, while it was strong-
ly positive for ICA. In conclusion, IA-2-Ab show a
high diagnostic specificity for IDDM and are predic-
tive markers of impending diabetes in siblings of pa-
tients. In combination with other molecular antibody
assays they may replace ICA testing in future. Our
data also indicate that other autoantibodies than IA-
2-Ab, GAD65-Ab and IAA contribute to ICA. [Dia-
betologia (1997) 40: 95–99]
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During the past few years, molecular cloning has
identified a family of intracellular and transmem-
brane proteins with protein tyrosine phosphatase
(PTPase)-activity which are believed to play a role
in intracellular and intercellular signal transduction
[1]. Two structurally related transmembrane PTP-
ases, IA-2 (homologous to ICA512) and IA-2b, have
recently been characterized as autoantigens in insu-
lin-dependent diabetes mellitus (IDDM) [1]; they
represent the precursor forms of the previously de-
scribed 37/40 kDa tryptic fragments of islet cell mem-
brane proteins which are recognized by circulating
immunoglobulins from IDDM patients [1–3].

Antibodies to molecularly defined islet antigens
such as IA-2 (IA-2-Ab) and the 65 kDa isoform of
glutamic acid decarboxylase (GAD65-Ab) appear to
contribute most of the islet cell autoantibody (ICA)
reactivity as measured by indirect immunofluores-
cence on cryosections of human blood group-O pan-
creata [4]. Like insulin autoantibodies (IAA), IA-2-
Ab and GAD65-Ab are preferably measured with liq-
uid phase radiobinding assays using radioactively la-
belled human recombinant antigen (fragments) for
substrate [2, 3].

The prevalence and levels of several immune
markers of IDDM (ICA, GAD65-Ab, IAA) vary ac-
cording to age, gender, and the presence of genetic
risk markers both at onset of IDDM and in siblings
of diabetic patients [5]. In the present study we have
examined whether this is also the case for IA-2-Ab,
and, if so, whether detection of this marker adds pre-
dictive value to the currently available tests.

Subjects and methods

Subjects. A group of 474 Caucasian IDDM patients with diabe-
tes onset before age 40 years were consecutively recruited na-
tionwide by the Belgian Diabetes Registry [5]. Blood was sam-
pled before the start or within 7 days of insulin treatment.

The 481 non-diabetic Caucasian siblings were also consecu-
tively registered and sampled at their first visit since IDDM
onset in the proband (median elapsed time since onset:
4 months; range 0–53 months). During follow up (median fol-
low-up time: 29 months; range 6–70 months) five siblings de-
veloped IDDM. The 482 Caucasian control subjects were re-
cruited in the provinces of Antwerp and Brabant from among
blood donors aged 18–39 years, laboratory personnel aged 18–
39 years and children or adolescents attending emergency de-
partments for minor local surgery [5].

The diagnostic criteria and demographic characteristics of
study subjects were as previously reported [5]. The study was
approved by the ethical committees of the five participating
universities. Informed consent was obtained from the study
subjects.

Autoantibodies. IA-2-Ab were determined by a previously de-
scribed liquid phase radiobinding assay using the 35S-labelled
intracellular domain of recombinant human IA-2 (IA-2ic) as
tracer [2]. The latter was prepared by in vitro coupled tran-
scription/translation of the corresponding cDNA [2] and

purified by ultrafiltration through a Centricon 30 filter (Ami-
con, Brussels, Belgium) to over 95 % precipitability by trichlo-
ro-acetic acid, allowing expression of antibody levels as per-
centage tracer bound, independent of the use of an antibody-
positive standard serum. Likewise IAA and GAD65-Ab were
determined by liquid-phase radiobinding assay [5] with the
use of respectively HPLC-purified recombinant human 125I-in-
sulin and Centricon-purified recombinant human 35S-GAD65
as tracer, hence also allowing expression of results as percent-
age tracer bound. The cut-off for IA-2-Ab positivity was deter-
mined to be greater than or equal to 0.5 % by Receiver-Oper-
ating Characteristics (ROC)-curve analysis [6] of the 474
IDDM patients and the 482 control subjects. The cut-off levels
for GAD65-Ab (L 1.7 %) and for IAA (L 0.7 %) were based
on the analysis of results obtained in over 300 control subjects
and over 300 IDDM patients, belonging to the populations
used for IA-2-Ab cut-off determination. For IA-2-Ab and
GAD65-Ab the linearity range was up to at least 10 % tracer
bound; samples with higher antibody levels were diluted until
they yielded results within the linearity range and the final
level was calculated by multiplication with the dilution factor.
Strongly positive samples could thus display levels well above
100 % tracer binding. For all IAA-positive samples, the per-
centage tracer bound was less than 10 %, thus requiring no
sample dilution for correctly determining the IAA-level. For
an IA-2-Ab-positive control serum (mean level: 2.1 % tracer
bound), both the intra- and inter-assay coefficients of variation
amounted to 7 % (n = 10).

ICA were determined by indirect immunofluorescence and
titres expressed as Juvenile Diabetes Foundation (JDF) units
[5]. The cut-off for positivity was greater than 12 JDF units as
determined by ROC-plot analysis [6]. The antibody prevalence
in the control subjects was 0.8 % for IA-2-Ab, 2.6 % for
GAD65-Ab, 1.2 % for IAA and 1.3 % for ICA. Only one sub-
ject (0.2%) was positive for more than one autoantibody
(high levels of ICA, IA-2-Ab and GAD65-Ab).

The IAA, ICA and GAD65-Ab assays consistently per-
formed well in consecutive external quality control programs
(Immunology of Diabetes Workshops [IDW]- and European
Nicotinamide Diabetes Intervention Trial [ENDIT]-serum ex-
change programs; University of Florida proficiency program).
In the first IA-2-Ab proficiency program from the University
of Florida, our method obtained a 100 % score for laboratory
sensitivity, specificity, consistency and validity.

Genetic markers. DNA-polymorphisms at the HLA-DQ and
CTLA-4 (cytotoxic T-lymphocyte-associated protein-4) gene
loci and the 5′flanking region of the insulin gene (5′INS) were
determined as before [5, 7].

Statistical analysis

Differences in prevalence were analysed by chi-square test
with Yates’ correction or Fisher’s exact test whenever appro-
priate. Multivariate analysis was performed by logistic forward
stepwise regression analysis after log-transformation of au-
toantibody levels in the IA-2-Ab-positive population. Differ-
ences were considered significant whenever p < 0.05 or, in
case of k comparisons, whenever p < 0.05/k (Bonferroni). If
the overall p -value for comparing differences between groups
was smaller than 0.05/k, the p -values for significance between
individual groups were calculated and again corrected for the
number of comparisons made. All statistical tests were per-
formed by “SPSS for Windows 6.1” (SPSS, Chicago, Ill.,
USA) and “Epi-Info 5” (USF, Stone Mountain, Ga., USA) sta-
tistical package for personal computers.
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Results

IDDM patients. IA-2-Ab were detected in 276 of
474 patients (58%), but only in 4 of 482 non-diabetic
control subjects (0.8%). They were overall less prev-
alent than GAD65-Ab (391 of 474 or 82%) and ICA
(344 of 474 or 73%) but more frequent than IAA
(197 of 474 or 42 %). Unlike GAD65-Ab but similar
to IAA and ICA, IA-2-Ab were more frequent at
clinical onset under age 20 years (70 vs 45% between
age 20 and 40 years; p < 0.001) (Table 1). Incidentally,
the four IA-2-Ab-positive control subjects were be-
tween 6 and 20 years old. When positivity for at least
one of the three molecular assays (IA-2-Ab, GAD65-
Ab or IAA) was considered, 434 of 474 patients
(92%) were scored as positive which is markedly
higher than the positivity reached with the immuno-
histochemical reaction (ICA-positivity in 73 %) (Ta-
ble 1). Among the 8% of subjects who were negative
for these three markers, only a minority (5 of 40 sub-
jects) tested ICA-positive; the prevalence of ICA-
positive patients who were negative for one of the
three molecular assays, was highest in the age group
younger than 10 years (3.1 vs 0.6% in 10–19 years
and 0.4% in 20–39 years) (Table 1). Conversely,
among the 27% ICA-negative patients (n = 130)
many were positive for IA-2-Ab (n = 33), GAD65-
Ab (n = 85) (Table 1) or both (n = 93; not shown).
The prevalence of ICA-negative but GAD65-Ab-pos-
itive patients was highest in the group aged 20–
39 years.

Overall, 386 patients (81%) were positive for at
least two of the four types of autoantibodies tested
as compared to only 1 of 482 control subjects (0.2%)
(see methods), with a significantly higher frequency
in patients under age 20 years (227 of 255 or 89% vs
159 of 219 or 73% in the group aged 20–39 years;
p < 0.001) (Table 1).

According to multivariate analysis in IA-2-Ab
positive patients, IA-2-Ab levels were positively asso-
ciated with ICA-titres (p < 0.001) and HLA
DQA1*0301-DQB1*0302 (p < 0.003), but not with
GAD65-Ab levels, female gender, IAA, HLA DQ
A1*0501-DQB1*0201 or other genetic risk markers
(5′INS 1/1 genotype or CTLA-4 G-allele).

Siblings of IDDM patients. Among the 481 siblings
tested, 7 (1.5%) were positive for IA-2-Ab, 43 (9%)
for GAD65-Ab, 27 (6%) for ICA, 26 (5%) for IAA
and 20 (4%) for at least two types of antibodies. The
seven IA-2-Ab-positive siblings were all under age
20 years and positive for HLA DQA1*0301-
DQB1*0302 and at least two other types of antibod-
ies (Table 2).

Four of the IA-2-Ab-positive siblings belonged to
the group of five siblings who developed IDDM with-
in 6 to 36 months after initial blood sampling. The
three other IA-2-Ab-positive siblings were young
boys showing positivity for multiple IDDM markers
and hence expected to develop diabetes within the
next few years (Table 2). Five of the eight pre-dia-
betic or IA-2-Ab-positive siblings were sampled
twice or more during diabetes-free follow-up (6–
36 months) and tested consistently positive for multi-
ple antibodies on these occasions. The pre-IDDM
subject number 5 (Table 2) with borderline IA-2-Ab
levels became IA-2-Ab negative at IDDM onset.
The only pre-diabetic sibling who was IA-2-Ab-nega-
tive at first sampling was also negative for IAA and
ICA but strongly ICA-positive, indicating that other
autoantigens may contribute to ICA. From the num-
ber of marker-positive pre-diabetic siblings (Table 2)
and the total number of marker-positive siblings, a
positive predictive value can be calculated for subse-
quent development of IDDM; this value is higher for
IA-2-Ab (57%) than for ICA (15%), GAD65-Ab
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Table 1. Prevalence of autoantibodies or combinations of autoantibodies according to age at clinical onset of IDDM

Antibody marker Prevalence p valuea

0–9 years
(n = 97)

10–19 years
(n = 158)

20–39 years
(n = 219)

IA-2-Ab 69 (71)c 109 (69)d 98 (45) < 0.001
IAA 69 (71)de 67 (42)f 61 (28) < 0.001
GAD65-Ab 67 (69)eg 139 (88) 185 (85) < 0.001
ICA 77 (79)d 127 (80)d 140 (64) < 0.001

IA-2-Ab or GAD65-Ab 84 (87) 148 (94) 192 (88) > 0.05
IA-2-Ab or GAD65-Ab or IAA 87 (90) 151 (96) 196 (89) > 0.05
IA-2-Ab or GAD65-Ab or IAA or ICA 90 (93) 152 (96) 197 (90) > 0.05

ICA-negative/IA-2-Ab-positive 11 (11) 9 (6) 13 (6) > 0.05
ICA-negative/GAD65-Ab-positive 7 (7)d 24 (15) 54 (25) < 0.001

L 2 autoantibodies 87 (90)c 140 (90)d 159 (73) < 0.001

Results are n (%); a overall chi-square test; to correct for mul-
tiple comparisons (Bonferroni method) tests were considered
significant whenever p < 0.05/10 or p < 0.005, in which case, in-
dividual chi-square tests between age groups were performed

which were also corrected for multiple comparisons and con-
sidered significant whenever p < 0.05/3 or p < 0.017.
e p < 0.001 vs 10–19 years; d p < 0.001; g p < 0.002; f p = 0.003;
c p = 0.007 vs 20–39 years



(9%), IAA (8%) or for a combination of at least two
of these four assays (20%). However, these calcula-
tions are restricted by the small number of cases and
the short duration of follow-up in the siblings (range
6–70 months).

Discussion

This study documents that, overall, the present IA-2-
Ab assay yields a less sensitive IDDM marker than
the assays for GAD65-Ab and ICA. However, the di-
agnostic sensitivity of the various antibody tests we
investigated tends to vary according to age at diabe-
tes onset, being relatively higher in children for ICA
and IA-2-Ab, and higher in adults for GAD65-Ab.
Moreover, the diagnostic sensitivity of a given mar-
ker in the prediabetic state may differ from that at
clinical onset and is difficult to assess at present, espe-
cially with respect to IDDM-onset in (late) adult-
hood. On the other hand, positivity for IA-2-Ab rep-
resents a more specific marker than the other autoan-
tibodies tested, in view of its lower frequency in non-
diabetic control subjects (0.8%), siblings of IDDM
patients (1.5%) and non-diabetic patients with other
organ-specific autoimmune diseases (0.9%) [8], and
in view of its higher positive predictive value in sib-
lings, especially when clinical onset was under age
20 years. Like GAD65-Ab [9], IA-2-Ab occur in asso-
ciation with ICA and the HLA DQ A1*0301-
DQB1*0302 risk haplotype in new-onset patients, in
line with previous findings in first-degree relatives
[10]. At variance with GAD65-Ab [9], IA-2-Ab are
more prevalent at clinical onset under age 20 years
and their levels are not correlated with the presence
of the HLA DQ A1*0501-DQB1*0201 risk hap-
lotype or with the highest genetic risk as deter-
mined by the interaction of HLA DQ- and 5′INS-
linked risk. Moreover, IA-2-Ab levels were not corre-
lated with GAD65-Ab- and IAA levels. Thus, IA-2-
Ab usefully complement the latter two molecular

radiobinding assays for the classification and predic-
tion of diabetes. Regardless of age, 92 % of patients
were positive for IAA, GAD65-Ab or IA-2-Ab; only
an additional 1% were ICA-positive. Conversely, a
considerable fraction of ICA-negative subjects
(72%, corresponding to 20% of all patients) were
positive for either IA-2-Ab or GAD65-Ab.

In siblings, IA-2-Ab appeared to have a higher
positive predictive value for impending IDDM than
any other single antibody test or even than the com-
bined positivity for at least two antibody types. A
longer follow-up period on a larger group of siblings
is required to determine more precisely the positive
predictive value of the various combinations of auto-
antibodies tested in the present study. Nevertheless,
our results are in agreement with the findings of
Verge et al. [10] in a larger but partly selected group
of first-degree relatives, where the positive predictive
values of the different antibodies tended, however, to
be higher probably because of the longer follow-up
and the inclusion of a selected group of ICA-positive
relatives. Only one of five pre-diabetic siblings in our
study was IA-2-Ab-negative before clinical onset. In-
terestingly, this individual was negative for IAA and
GAD65-Ab, but was strongly ICA positive suggesting
that other autoantibodies besides GAD65-Ab, IA-2-
Ab or IAA must also contribute to ICA. In this re-
spect, the IA-2b PTP-ase may represent an additional
relevant islet cell autoantigen [1].

In conclusion, IA-2-Ab are IDDM markers with a
high diagnostic specificity, which complement
GAD65-Ab and help predict impending IDDM in sib-
lings of patients. In combination with other molecular
autoantibody assays such as IAA and GAD65-Ab,
IA-2-Ab may replace ICA testing for IDDM predic-
tion in the future.
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Table 2. Clinical and biological data in prediabetic siblings of IDDM patients (n = 5) and in IA2-Ab-positive but non-diabetic sib-
lings (n = 3)

Subject Age
(years)

Gender Time to
onset
(months)

IA-2-Aba

(%)
IAAa

(%)
GAD65-
Aba

(%)

ICAa

(JDF units)
HLADQA1*-B1*
0301-0302

Pre-IDDM F1 17 Male 27 72.2 0.5 1.9 400 present
F2 12 Male 18 0.6 1.3 226.3 50 present
F3 6 Male 36 0.0 0.4 0.5 400 present
F4 12 Female 6 25.8 0.3 508.9 200 present
F5 8 Male 6 0.5 0.8 25.2 0 present

IA-2-Ab positive F1 5 Male ? 0.7 0.8 279.2 6 present
F2 5 Male ? 2.9 2.4 165.4 200 present
F3 4 Male ? 0.9 7.2 12.9 100 present

a Values above the threshold for positivity for immune markers
are indicated in bold; five of the eight prediabetic or IA-2-Ab-
positive siblings tested consistently positive for these markers

during diabetes-free follow-up (6–36 months), the pre-IDDM
subject F5 with borderline IA-2-Ab levels became IA-2-Ab
negative at IDDM onset
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