
Abstract

Aims/hypothesis. Glutamic acid decarboxylase autoan-
tibodies (GADA) are the most frequent beta-cell-spe-
cific autoantibodies in type 1 diabetes and in latent au-
toimmune diabetes in adults (LADA). The autoim-
mune attack on pancreatic islet cells is associated with
a T helper 1 cell (Th1) response, mainly represented
by IgG1-subclass in humans. It has been proposed that
the presence of IgG4 may be associated with a Th2 re-
sponse. The aim of our study was to compare the
GADA IgG-subclass distribution between adult pa-
tients with type 1 diabetes and LADA.
Methods. Patients with type 1 diabetes (n=45) and pa-
tients with LADA (n=60) were included. Radioimmu-
noprecipitation assay with IgG-subclass specific Se-
pharose (IgG1, IgG2, IgG3 and IgG4) was used to pre-
cipitate the antibody/antigen-complex.

Results. We only detected IgG4-subclass of GADA in
subjects with LADA (26.7%; p<0.001). IgG1 was the
most common GADA-subclass in both groups, howev-
er IgG1 as the solely expressed subclass was more com-
mon among type 1 diabetic patients (77.8%; p<0.05).
The rank order of the frequencies of IgG-subclasses in
type 1 diabetes was IgG1>IgG3>IgG2>IgG4 and in
LADA patients IgG1>IgG4>IgG2>IgG3.
Conclusions/interpretation. The difference in GADA
IgG-subclasses could indicate a different immune re-
sponse, possibly an altered balance between Th1 and
Th2 cytokine profile in pancreatic islets. This differ-
ence could contribute to the slower rate of beta cell
destruction in LADA patients, as reflected by a higher
C-peptide level at clinical onset.
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Introduction

Autoantibodies directed against glutamic acid decar-
boxylase (GADA) and beta-cell-specific tyrosine

phosphatase (IA-2A) are frequently found in patients
with type 1 diabetes mellitus and latent autoimmune
diabetes in adults (LADA). Patients with LADA have
a slower progression of beta cell destruction than pa-
tients with type 1 diabetes, which is reflected by the
higher C-peptide levels found at diagnosis in LADA
patients [1]. The phenotype of LADA tends to resem-
ble classical type 2 diabetes, with patients older at
clinical onset, with higher BMI, no initial requirement
of insulin treatment and more pronounced insulin re-
sistance [2]. Somehow the beta cell destruction in
LADA seems to be less aggressive than in type 1 dia-
betes. The genetics of LADA and type 1 diabetes with
onset in adulthood are similar according to the HLA-
system [3], even though patients with LADA have a
lower frequency of risk genes than patients diagnosed
with type 1 diabetes in childhood [4]. Another differ-
ence between LADA and type 1 diabetes is that
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LADA patients are more often positive for a single
autoantibody, while patients with type 1 diabetes
mostly have several autoantibodies [5, 6].

It is possible that the immune system responds dif-
ferently in the two forms of autoimmune diabetes.
Type 1 diabetes is associated with a T helper 1 cell
(Th1) cytokine profile [7, 8, 9], in which IgG1 is the
dominating GADA-subclass in humans [8, 10]. In
mice beta cell destruction is related to a Th1-associat-
ed response [11], which is associated with the produc-
tion of IFN-γ, TNF and IL-2, but also with the genera-
tion of IgG2a and IgG3 [12]. IgG4 is more likely to ap-
pear together with the cytokines IL-4, IL-5 and IL-13,
which are related to a Th2 response [12, 13, 14]. Our
hypothesis is that the profile of IgG-subclasses will re-
flect the relative balance of T cell subsets and degree
of immunogenicity in the destructive process.

The aim of our study was to determine the IgG-
subclasses of GADA in patients with type 1 diabetes
and LADA and compare the IgG-subclass profile as a
reflection of T helper cell response against beta-cell-
specific antigens in the two types of autoimmune dia-
betes.

Subjects and methods

Subjects. Subjects included in this study were clinical-
ly classified by the treating physician as having either
type 1 or type 2 diabetes. Type 2 diabetic patients with
antibody positivity for either one of GADA, islet cell
antibody or IA-2 were considered to have LADA. All
the patients were above 15 years of age at clinical on-
set and were diagnosed between 1995 and 2001 in for-
mer Malmöhus läns landsting, southern Sweden. The
plasma samples were collected as close to diagnosis as
possible (clinical data, see Table 1). A control group
(n=119; median age 30 years; range 19–65 years) con-
sisting of healthy blood donors was used to determine
the cut-off level for the respective IgG-subclass. All
control subjects signed a form giving informed con-
sent. This study was approved by the Ethical commit-
tee at Lund University (LU-44–95 and LU-526–00).

Analysis of IgG-subclass antibodies. Plasma from the
subjects was incubated with in vitro translated recom-

binant 65 Mr GAD65 labelled with 35S-methonine
(20–7149–50, Amersham Biosciences Europe, Frei-
burg, Germany). Total GADA was analysed with 
a radioimmunoprecipitation assay [15]. The sensiti-
vity and specificity of this method are 81% and 
95% respectively [16]. Biotin-conjugated antibodies
directed against specific human IgG-subclasses
(IgG1[35052D], IgG2[35072D], IgG4[35092D]; BD
Biosciences, PharMingen, San Diego, Calif., USA;
IgG3[05–3640], Zymed Laboratories, San Francisco,
Calif., USA) were incubated with streptavidin Sepha-
rose high performance (17–5113–01; Amersham Bio-
sciences Europe) to form a specific IgG-subclass Se-
pharose. The plasma was incubated with the IgG-sub-
class-specific Sepharose at 4 °C for 90 minutes,
washed and dried before the counts per minute (cpm)
were measured in a beta counter. Quadruplicates of in-
house positive and negative standards and duplicates
of each sample were used. The results were expressed
as indexes to compensate for background radiation
and were calculated in the following way:

where Std stands for standard.
The upper limit for negativity for IgG1 was an in-

dex of 0.04, for IgG2 an index of 0.12, for IgG3 0.11,
and for IgG4 an index of 0.06, and was calculated as
mean + 3 standard deviations. The inter-assay varia-
tion coefficients were determined as 19% for IgG1,
17% for IgG2, 24% for IgG3 and 21% for IgG4. The
intra-assay variations for each subclass were deter-
mined as 10% for IgG1, 6% for IgG2, 13% for IgG3
and 12% for IgG4.

Analysis of C-peptide. We analysed C-peptide using a
commercial radioimmunoassay kit (Euro-Diagnostica,
Malmö, Sweden) at the Department of Clinical Chem-
istry, University Hospital of Lund, Sweden. The intra-
assay variation was 5% in the measurement interval
0.5–3.5 mmol/l and total variation (sum of intra- and
inter-assay variation) was 7% in the same measure-
ment interval. The detection limit was 0.13 nmol/l and

Table 1. Clinical characteristics of adult patients with type 1 diabetes (T1DM) and patients with latent autoimmune diabetes in
adults (LADA) at clinical onset

T1DM (n=45) LADA (n=60) p

Age: median; range (years) 31; 16–67 49; 23–80 <0.01
C-peptide: median; range (nmol/l) 0.28; 0.13–0.98* 0.57; 0.19–2.3a <0.01
Duration: median; range (days) 2; 0–39 2; 0–114 NS
Men/women 28/17 28/32 NS
BMI: median; range (kg/m2) 22; 17–27b 26; 18–47c <0.01

*n=42, a n=55; b n=31; c n=39
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the reference interval was 0.25–1.0 nmol/l. Some of
the patients were analysed in the fasting state, while
others were analysed after eating. However, there is
no marked difference in fasting and non-fasting C-
peptide levels in patients with autoimmune diabetes
[17].

Statistical methods. The antibody status, age and type
of diabetes were analysed by the statistical package
for social sciences (SPSS for Windows version 11.5;
SPSS, Chicago, Ill., USA) and Statistics for Biomedi-
cal Research (MedCalc for Windows version 7.2).
Differences between frequencies were estimated with
the chi square test or fisher’s exact test. Differences in
autoantibody levels between groups were compared
with the Mann–Whitney U test. The Spearman rank
correlation test (rs) was used to test for correlations in
levels. Results were considered significant when two-
sided p values were less than 0.05.

Results

IgG4 was the second most frequent subclass detected
in LADA patients (26.7%) while it was not detected
at all in patients with type 1 diabetes (p<0.001) (Ta-
ble 1; Fig. 1). The rank order of the frequency 
of GADA IgG-subclasses in LADA patients was
IgG1>IgG4>IgG2>IgG3, whereas in patients with
type 1 diabetes it was IgG1>IgG3>IgG2>IgG4. The
distribution of IgG2 and IgG3 was similar in both
groups (10.0–13.3%) (Table 2). IgG1 was the most

frequently occurring subclass in GADA-positive pa-
tients in both groups, found in 83.3% (50/60) of the
patients with LADA and in 95.6% (43/45; p=NS)
(Table 2) of the patients with type 1 diabetes. When
IgG1 was the only subclass, it was less common in
patients wih LADA (56.7%, 34/60) than in those
with type 1 diabetes (77.8%, 35/45; p<0.05) (Ta-
ble 3). There was no significant difference in total
GADA between LADA patients (median 0.77; range
0.2–1.47) and type 1 diabetic patients (median 0.78;
range 0.08–1.61).

Most patients with type 1 diabetes expressed IgG1
only, and only 17.8% (8/45) of them had several sub-
classes of GADA IgG, compared to 28.3% (17/60) of
patients in the LADA group (Table 2). This was most-
ly due to the higher frequency of IgG4 in LADA pa-
tients, 16 of whom were IgG4-positive.

Some patients had very low concentrations of
GADA antibodies when analysed with our standard
method for total GADA IgG. Consequently, in 4.4%
(2/45) of the type 1 diabetic and in 13.3% (8/60) of
the LADA patients, IgG-subclasses were not de-
tectable (Table 3).

The C-peptide levels were higher in patients with
LADA (n=56; median 0.57 nmol/l; range
0.14–1.80 nmol/l) than in patients with type 1 diabetes
(n=45; median 0.28 nmol/l; range 0.13–2.50 nmol/l;
p<0.001). Patients with LADA also had a higher me-
dian age (see Subjects). However, in IgG4-positive pa-
tients there was no correlation either between the lev-
els of IgG4 and C-peptide (rs=−0.148; p=NS) or be-
tween IgG4 and age (rs=0.374; p=NS).

Table 2. Frequencies of IgG-subclasses against GAD65 in newly diagnosed patients with latent autoimmune diabetes in adults
(LADA) or type 1 diabetic patients (T1DM)

GADA-subclass T1DM (n=45), n (%) LADA (n=60), n (%) p

IgG1 43 (95.6) 52 (86.7) NS
IgG2 5 (11.1) 8 (13.3) NS
IgG3 6 (13.3) 6 (10.0) NS
IgG4 0 16 (26.7) <0.001

Table 3. IgG-subclass combinations against GAD65 in newly diagnosed Swedish patients with type 1 diabetes (T1DM) or latent
autoimmune diabetes in adults (LADA)

GADA-subclass combination T1DM (n=45) LADA (n=60) p
n (%) n (%)

IgG1 only 35 (77.8) 35 (58.3) 0.04
IgG1 and IgG2 2 (4.4) 0 NS
IgG1 and IgG3 3 (6.7) 1 (1.7) NS
IgG1 and IgG4 0 7 (11.7) 0.019
IgG1, IgG2 and IgG3 3 (6.7) 0 NS
IgG1, IgG2 and IgG4 0 4 (6.7) NS
IgG1, IgG3 and IgG4 0 1 (1.7) NS
IgG1, IgG2, IgG3 and IgG4 0 4 (6.7) NS
Not detectable 2 (4.4) 8 (13.3) NS



with non-progressing diabetes [10, 13], corresponding
with the milder T cell response that is thought to occur
in these subjects.

In contrast to our finding that GADA IgG4 was de-
tectable only in LADA patients, this subclass has pre-
viously been found in early type 1 diabetes [8, 10, 13].
This could be explained by the possible influence of
different methods on the finding of IgG4 in low titres.
One study showed that 90% of Chinese type 1 diabet-
ic patients exhibited two or more IgG-subclasses di-
rected against IA-2 [19], while we found that it was
more common for patients with type 1 diabetes to ex-
press GADA IgG1 only.

In some patients (two in the type 1 diabetes group
and eight in the LADA group) IgG-subclasses were
not detected at all, even though all the patients with
non-detectable GADA IgG-subclasses had low titres
of total GADA (index 0.08–0.19; limit for negativity
<0.08). This might be explained by the presence of
many different subclasses in levels below the detec-
tion limit.

In mice, IFN-γ and IL-2 from Th1 lymphocytes
stimulate the production of IgG2a and IgG3, whereas
IL-4 and IL-10 from Th2 lymphocyte stimulates the
synthesis of IgG1 and IgG2b [7, 11]. In humans there is
no well-defined relation between IgG2 and IgG3 and
specific T cell subsets or cytokines. However, it has
been suggested that IgE and IgG4 are associated with
a Th2 -response [7, 13]. Therefore, results from animal
experiments cannot be used directly to interpret find-
ings in human subjects and we cannot conclude
whether the immune response in human diabetes is
Th1- or Th2-related merely on the basis of the IgG-
subclass distribution. One way of further clarifying
the results would be to measure the cytokine concen-
trations, as well, but this would have to be performed
in the local organ, since analyses in sera or plasma do
not elucidate where the cytokines originate. Th1 and
Th2 coexist in the same individual [20] and may influ-
ence cytokine findings in blood. For example, a virus
infection that is Th1-dominated results in the release
of Th1-related cytokines such as TNF and IFNγ. Aller-
gy and asthma on the other hand are Th2-dominated
and patients with coexisting allergies might have ele-
vated levels of IL-4, IL-5 and IL-13 in sera. If cy-
tokines are used as markers for Th1/Th2 dominance,
they should preferably be measured directly in the tis-
sue where the cytokines are released and not systemi-
cally in the circulation.

We found a dominance of IgG1 in type 1 diabetic
and LADA patients, and this is likely to reflect a dom-
inant Th1 response against GAD65 in pancreatic tissue.
Differences in IgG-subclass distribution against
GADA and IA-2A among patients with type 1 diabe-
tes have been reported and IgG1 is the most frequently
occurring subclass in all studies so far [8, 13, 19, 21,
22]. However, little is known about the IgG-subclass-
es in patients not classified as type 1 diabetic. The lev-
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Discussion

We found that the IgG4-subclass of GADA was more
prevalent in LADA patients than in adult patients with
type 1 diabetes, with IgG4 found in about 30% of the
former, but being absent in type 1 diabetic patients.
However, when IgG4 was found, it was always co-ex-
pressed with IgG1-subclass. IgG1 was detected in all
(i.e. type 1 and LADA) patients in whom subclasses
were identified.

To our knowledge, the present study is the largest
one to analyse IgG-subclass against GAD65 in LADA
patients and in adult type 1 diabetic patients. The
method used, however, has not yet been subjected to
international standardisation. Previous studies on IgG-
subclasses against GAD and IA-2A have been done in
type 1 diabetic patients and in autoantibody-positive
first degree relatives of such patients [7, 8, 10, 13, 18],
but only limited data from LADA patients have been
reported [10]. Since both GAD65 and IA-2 are ex-
pressed in beta cells and exposed to the same immune
cells, the isotype restriction can be expected to be sim-
ilar. IA-2A restricted to the IgG4-subclass have been
shown to be associated with protection from type 1 di-
abetes [18] and GADA IgG4 have been shown to be
associated with slower progression to clinical diabetes
[8], as our study confirms. GADA IgG4 have also
been found in pre-diabetic patients and individuals

Fig. 1. GADA IgG4–subclass distribution in patients with type
1 diabetes (T1DM; n=45) and in patients with latent autoim-
mune diabetes in adults (LADA; n=60). IgG4 directed against
GAD65 was found in 16 patients with LADA while this sub-
class was not detected at all in patients with type 1 diabetes
(p<0.001). Patients with an index below −0.05 are not shown
in the figure. The cut-off level for negativity was fixed at 0.06
(represented by a dotted line). The median index levels in each
group are shown in the figure as −0.02 for type 1 diabetes and
0.02 for LADA



el of IgG3 varies considerably between studies, which
could be partly explained by the fact that this subclass
is not as stable as the other subclasses. In vivo IgG1,
IgG2 and IgG4 circulate for about 21 days while IgG3
degrades after about 7 days. The handling time of the
sample could vary and influence the level of IgG3 to a
greater degree than for the other subclasses.

Even if the Th1/Th2 paradigm were an oversimplifi-
cation [23, 24], it is highly likely that Th1 cells and
their related cytokines accelerate the destruction of
pancreatic beta cells. Some studies have suggested
that the Th2 profile in some way is protective against
the aggressive damage inflicted on the insulin-produc-
ing cells [25, 26, 27, 28, 29]. Furthermore, in our
study the LADA patients, who expressed more IgG4,
also had better preserved beta cell function at clinical
onset. Of course, this could be because patients with
LADA have higher expression of Th2 cytokines in the
pancreatic tissue, not high enough to be entirely pro-
tected but sufficient to slow down progression to beta
cell failure. It is still unclear whether the presence of
IgG4 predicts better preserved beta cell function in
LADA patients in the time after clinical onset, and
further studies will be needed to clarify this.

We conclude that in some patients with LADA the
presence of the IgG4-subclass against GAD65 is an in-
dication of a more balanced immune response in the
pancreatic tissue. The dominance of IgG1 in type 1 di-
abetes represents a more aggressive Th1-dominated re-
action.
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