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This work aimed to assess the maturation of the humoral
immune response to insulin in preclinical type 1 diabetes by
observing the emergence of various isotypes of insulin autoan-
tibodies (IAA) in children with HLA-DQB1-conferred disease
susceptibility. The series was derived from the Finnish Type 1
Diabetes Prediction and Prevention Study and comprised 15
IAA-positive children who presented with type 1 diabetes during
prospective observation (progressors) and 30 children who re-
mained nondiabetic (nonprogressors). An isotype-specific radio-
binding assay was used to determine isotype-specific IAA
(IgG1-4 and IgA) from samples obtained with an interval of 3–12
mo. The progressors had IAA of subclass IgG3 in their first
IAA-positive sample more often than did the nonprogressors (13
of 15 versus 12 of 30; p � 0.003). Nine progressors had a
dominant IgG1-IAA response initially, and six had a dominant
IgG3-IAA response. The corresponding distribution among the
nonprogressors was that 20 had a dominant IgG1-IAA response,
none had an IgG3-IAA response, and three had a dominant
response other than IgG1- or IgG3-IAA (�2

df � 2 � 12.02; p �
0.002). The progressors had higher integrated levels (area under
the curve) of IgG1-IAA (p � 0.05) and IgG3-IAA (p � 0.002).

Nine progressors had a dominant integrated IgG1-IAA response
and six had a dominant IgG3-IAA response over the observation
period, whereas 22 nonprogressors had a dominant IgG1-IAA
response, six had a dominant IgG2-IAA response, and one an
IgG3-IAA response (�2

df � 2 � 11.23; p � 0.004). Genetically
susceptible young children who progress rapidly to clinical type
1 diabetes are characterized by strong IgG1 and IgG3 responses
to insulin, whereas a weak or absent IgG3 response is associated
with relative protection from disease. (Pediatr Res 55: 236–242,
2004)

Abbreviations
AUC, area under the curve
GAD65, 65-kD isoform of glutamic acid decarboxylase
IAA, insulin autoantibodies
ICA, islet cell antibodies
INF-�, interferon-�
RU, relative units
SDS, SD score
Th1/Th2, T-helper 1/T-helper 2
TNF-�, tumor necrosis factor-�

Type 1 diabetes is perceived as a chronic autoimmune
disease that is thought to result from T cell-mediated destruc-
tion of the insulin-producing pancreatic � cells (1). During an

asymptomatic destructive process of variable duration, various
autoantibodies to islet cell autoantigens can be detected, and
these are useful for the identification of individuals with an
increased risk of clinical disease (2). Several antigens have
been observed to be targets of humoral autoimmunity, the three
major ones being the 65-kD isoform of glutamic acid decar-
boxylase (GAD65), the protein tyrosine phosphatase-related
IA-2 protein, and insulin, the last being the only truly �
cell-specific antigen. Insulin autoantibodies (IAA) are often the
first autoantibodies to appear during the prediabetic phase
(3–5), and they are usually detectable in young children at the
diagnosis of type 1 diabetes (3–7). IAA levels correlate in-
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versely with age, the highest levels being seen in children who
present with diabetes under the age of 5 y (7).

The isotype profile of antigen-specific autoantibodies may
reflect the T-helper 1/T-helper 2 (Th1/Th2) balance of immu-
nity (8), which can change during the prediabetic period. It has
been speculated that islet cell autoimmunity may start out as a
nonpathogenic Th2 response to the � cells that subsequently
turns into a pathogenic Th1 response associated with the
maturation of the humoral immune response to different anti-
gens in some unfortunate individuals who eventually present
with type 1 diabetes (9–12). Th1 immunity is associated with
the generation of IgG2a and IgG3 in the mouse, whereas a Th2
response mainly results in the generation of IgG1 (8, 13), but
the equivalent antibody responses have not been clearly de-
fined in humans. There is some evidence that Th1-dominated
T-cell immunity is associated with the generation of interfer-
on-� (INF-�), tumor necrosis factor-� (TNF-�), and IL-2 and
increased synthesis of IgG1 antibodies, whereas a Th2-
dominated immune response seems to be associated with sub-
class IgG4 and with IgE antibodies stimulated by the cytokines
IL-4 and IL-10 (14–17).

Studies of patients with type 1 diabetes have shown that islet
cell antibodies (ICA) are restricted mainly to subclass IgG1
(18, 19), and the same holds true for GAD65 antibodies (4,
20–22) and IA-2 antibodies (21). Subclass IgG3 and the IgM
and IgE autoantibody isotypes are also detected in the case of
GAD65 and IA-2 but at lower prevalences than IgG1 (21, 22).
There are also a few studies on the isotype profile of autoan-
tibodies to GAD65 in prediabetic individuals who manifest
type 1 diabetes during prospective follow-up and in children
who remain unaffected, and one of these suggested a more
immature isotype distribution in the nonprogressors who had
higher levels of IgE and IgM antibodies than the progressors
(9), but conflicting results have also been reported (21). Little
is known about the immunoglobulin isotype profile of IAA, but
they have been reported to be of either IgG or IgM class (23,
24). In patients with type 1 diabetes, insulin antibodies com-
prise mainly IgG1 antibodies, whereas IgG3 antibodies are
more prevalent before the initiation of exogenous insulin (25).
Findings in the offspring of parents with type 1 diabetes have
suggested that the IAA isotypes are mostly IgG1 and in a few
cases also IgG4, but the presence of the latter was not associ-
ated with protection from clinical disease (4).

The aim of this work was to assess the maturation of the
humoral immune response to insulin in preclinical type 1
diabetes by observing the emergence of various isotypes of
IAA (IgG subclasses and IgA) after the initial appearance of
such antibodies in genetically susceptible young children iden-
tified from the general population. The analysis of autoanti-
body isotypes might provide more sensitive and specific mark-
ers for discriminating between progression and nonprogression
to clinical type 1 diabetes.

METHODS

Subjects. The series was derived from the Finnish Type 1
Diabetes Prediction and Prevention (DIPP) Study, which is a
large ongoing population-based survey of genetically suscep-

tible individuals aimed at studying the natural course of pre-
clinical type 1 diabetes and assessing the predictive value of
various immune and genetic risk markers in the general pop-
ulation (26). According to the study protocol, newborn infants
who carry HLA-DQB1 genotypes conferring susceptibility to
type 1 diabetes [*02/*0302; *0302/x (x�*0301, *0602, or
*0603) and boys who were born in Turku with *02/x] were
observed from birth for the appearance of diabetes-associated
autoantibodies. Blood samples were obtained at birth and
subsequently at intervals of 3–6 mo up to the age of 2 y and
after that at intervals of 6–12 mo. ICA were used for primary
screening of �-cell autoimmunity. When a child seroconverted
to positivity for ICA, IAA, GAD65Ab, and the protein tyrosine
phosphatase-related IA-2 protein (IA-2A) were analyzed in all
available samples from birth. Families with a child who per-
sistently tested positive for autoantibodies (positivity in at least
two consecutive samples) were invited to take part in a ran-
domized controlled intervention trial to assess whether it is
possible to delay or prevent the manifestation of clinical
diabetes by daily administration of nasal insulin. The study
protocol has been approved by the local Ethics Committees,
and the parents of the children have given their written in-
formed consent to participation.

Sixty-one (1.4%) children of a total of 4269 had tested
positive for IAA on at least one occasion by the end of May
2000, and 20 of these had progressed to overt type 1 diabetes
during the period of prospective observation. Two of the 61
infants had transplacentally transferred maternal insulin anti-
bodies, which were not considered in the present analysis.
Fifteen of the progressors had an IAA-positive serum sample
available from more than one time point, and these were
included as cases in the present study. Among the remaining 41
subjects, we identified 30 children who had remained nondia-
betic (nonprogressors) and could be matched with the progres-
sors for sex, HLA genotype, and IAA-positive observation
time. All 30 nonprogressors tested positive for IAA in at least
two available samples. The matching concordance achieved
was 90% for both sex and genotype. IAA of various IgG
subclasses and class IgA were analyzed in the serum samples
starting from the time at which IAA were first observed or from
the previous sample onward if available. Samples taken after
the start of the intervention trial were not included in the
present analysis.

The mean age of the 15 progressors at the end of follow-up
was 1.72 y (range 0.9–3.0 y) and at the time of the diagnosis
of diabetes was 2.15 y (range 0.9–4.3 y). Eight (53.3%) of
them were boys. The mean age of the 30 nonprogressors (15
boys; 50%) at the end of the follow-up was 2.14 y (range
0.8–4.0; p � 0.06). Five of the 15 progressors carried the
high-risk genotype HLA-DQB1*02/*0302, nine had the mod-
erate-risk genotype HLA-DQB1*0302/x, and one boy had the
HLA-DQB1*02/x genotype. Among the nonprogressors, 11 of
the 30 matched children had the high-risk genotype HLA-
DQB1*02/0302 and 19 carried the moderate-risk genotype
HLA-DQB1*0302/x. Each child who progressed to clinical
type 1 diabetes during the follow-up was observed either up to
the diagnosis or up to the inclusion in the intervention trial, if
the latter came first, and each nonprogressor up to the sample
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obtained at the corresponding age or up to the inclusion in the
intervention trial. There was no difference in the matched
observation time between the progressors (mean 1.1 y; range
0.4–2.0 y) and nonprogressors (mean 1.1 y; range 0.2–2.0 y; p
� 0.70). The number of samples per subject varied from 3 to
7 (median 4) in the progressors and from 2 to 7 (median 4) in
the nonprogressors (p � 0.92).

Assays for IAA and their isotypes. Total IAA were analyzed
with a radiobinding microassay using 5 �L of serum as de-
scribed previously (27). Immune complexes were precipitated
with protein A Sepharose (Pharmacia Biotech, Uppsala, Swe-
den), and the results were expressed in relative units (RU)
based on a standard curve run on each plate. The cut-off limit
for IAA positivity (1.56 RU) represents the 99th percentile in
371 Finnish children and adolescents. The intra-assay and
interassay coefficients of variation were less than 8% and less
than 12%, respectively. The disease sensitivity of our microas-
say was 44% and the specificity was 100%, based on the 2002
Centers for Disease Control and Prevention-sponsored Diabe-
tes Autoantibody Standardization Program workshop. All sam-
ples with IAA levels between the 97.5th and 99.5th percentiles
were retested to confirm the antibody status. The samples from
children seroconverting to IAA negativity were reanalyzed in
the same assay run to verify the inverse seroconversion.

Isotype- and subclass-specific IAA were analyzed in an
assay based on the same principles as that used for total IAA,
the protein A Sepharose precipitation being replaced by mono-
clonal subclass-specific antibodies linked to streptavidin aga-
rose (Pierce and Warriner, Chester, UK). The volume of serum
used per assay was 5 �L. No competitive inhibition with
unlabeled insulin was performed. The biotinylated monoclonal
mouse antibodies to human IgG1 (clone G17-1), IgG2 (G18-
21), IgG3 (G18-3), IgG4 (JDC-14), IgA (G20-359), IgM (G20-
127), and IgE (G7-26) and to rat IgM (G53-238) were obtained
from PharMingen (San Diego, CA, U.S.A.). The streptavidin
agarose beads were washed thoroughly with PBS [50 mM of
phosphate buffer, 150 mM of NaCl (pH 7.4)] before use, and
the biotinylated antibodies were linked to them by incubating
10 �g of antibody per 15 �L of beads in 50 �L of PBS with
vigorous shaking at 4°C for 1 h. Thereafter, the beads were
washed once with PBS and twice with TBT [50 mM of Tris,
1% Tween-20 (pH 8.0)]. Finally, 15 �L of the beads was
suspended in TBT buffer (total volume of suspension 50 �L)
and used for the precipitation, which was performed at 4°C for
2 h with vigorous shaking. The results were expressed as SD
scores (SDS) calculated from the following equation: SDS �
[�cpm (�IgG subclass or isotype-specific cpm � unspecific
anti-rat IgM cpm) � mean �cpm of control subjects]/SD �cpm
of control samples as described previously (4). Forty-four
nondiabetic young Finnish subjects [mean age 9.5 � 4.1 (SD);
range 0.6–16.6 y] were used as control subjects. The threshold
for positivity was set at 3 SDS. This cut-off limit was exceeded
by one control subject in the IgG1-IAA (4.38 SDS), IgG3-IAA
(3.47 SDS), IgG4-IAA (5.05 SDS), and IgA-IAA (3.27 SDS)
assays. All samples from each individual were analyzed in the
same assay run. The intra-assay coefficient of variation was
less than 18% in the isotype-specific assays. The method used
for the analysis of IAA isotypes is identical to that used for the

detection of GAD65Ab isotypes in our laboratory, and the
sensitivity and specificity of the method have been tested with
IgG1- and IgG3-specific mAb. We have also participated in the
first workshop on GAD65Ab isotypes, the results of which
were presented at the meeting of the Immunology of Diabetes
Society in Chennai, India, in February 2001. Our assay per-
formed well in that workshop. A proportion of both the initially
positive and negative samples was retested blindly to confirm
the antibody status and titers.

Assays for other diabetes-associated autoantibodies. ICA
were quantified by a standard indirect immunofluorescence
method on sections of frozen human pancreas from a blood
group O donor (28). The end-point dilution titers of ICA-
positive samples were recorded, and the results were expressed
in Juvenile Diabetes Foundation units. The detection limit was
2.5 Juvenile Diabetes Foundation units. All samples initially
positive for ICA were retested to confirm antibody positivity.
The sensitivity of the ICA assay in our laboratory was 100%,
and the specificity was 98% in the most relevant international
standardization workshop.

The antibodies to GAD65Ab and to IA-2A were quantified
with specific radiobinding assays as described previously (29,
30). The antibody results were expressed in RU based on a
standard curve constructed from a dilution of a pool of highly
positive samples with a negative sample. The cut-off limit for
GAD65Ab antibody positivity was 5.36 RU and for IA-2A
positivity was 0.43 RU (the 99th percentiles for more than 370
nondiabetic Finnish children and adolescents). The disease
sensitivity of the GAD65Ab assay was 82% and that of the
IA-2A assay was 62%, based on the 2002 Centers for Disease
Control and Prevention-sponsored Diabetes Autoantibody
Standardization Program workshop. The corresponding disease
specificities were 98% and 100%. All samples with antibody
levels between the 97.5th and 99.5th percentiles were retested
to confirm the antibody status.

Data handling and statistical analysis. The unpaired and
paired t tests were used to compare mean ages and age
differences. The Bonferroni correction for multiple compari-
sons was performed, where appropriate. The distribution of
insulin autoantibody isotypes between the various groups was
evaluated by cross-tabulation and �2 statistics. Individual areas
under the curve (AUCs) over the observation period were
calculated for total IAA and each isotype, as previously de-
scribed (31) to avoid the problems associated with multiple
data points. The Mann-Whitney U test was used to compare the
isotype-specific levels and AUCs between the two groups
studied. Correlation analyses were performed with the para-
metric Pearson test (r) when analyzing age associations and
with the nonparametric Spearman test (rs) in the other corre-
lation analyses. A two-tailed p � 0.05 or less was considered
to be statistically significant.

RESULTS

Positivity for autoantibodies. As defined by the inclusion
criteria, all study children were positive for IAA or some IAA
isotype on inclusion in the series. ICA were initially observed
in eight (53%) of the 15 progressors and in eight (27%) of the
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30 nonprogressors, GAD65Ab in five (33%) progressors and
eight (27%) nonprogressors, and IA-2A in two progressors.
Positivity for three or more antibodies was found initially in
four (27%) progressors and two (7%) nonprogressors (p �
0.06). Seroconversion to IAA positivity occurred at the age of
1.04 y (range 0.3–2.2 y) among the progressors and at the age
of 1.40 y (range 0.6–3.6 y; p � 0.08) among the nonprogres-
sors, the median levels of initial IAA being 10.05 RU (range
1.7–84.4 RU) and 6.00 RU (range 1.6–46.8 RU; p � 0.44),
respectively. IAA remained positive and relatively stable after
their emergence in the progressors, but inverse seroconversions
were seen in seven of the nonprogressors (p � 0.04 relative to
progressors).

Appearance of IAA isotypes in the total series. IgG1-IAA
appeared in 43 children at a mean age of 1.30 y (range 0.2–4.0
y), followed by IgG3-IAA in 33 at a mean age of 1.31 y (range
0.5–3.6 y) and IgG2-IAA in 25 at a mean age of 1.35 y (range
0.3–2.5 y). IgG4-IAA emerged at a mean age of 1.56 y (range
1.0–2.5 y) in 15 children and IgA at a mean age of 1.2 y (range
0.2–3.6 y) in eight children. IgG1-IAA (p � 0.001) and
IgG2-IAA (p � 0.01) appeared earlier than IgG4-IAA in terms
of pairwise comparisons between the isotypes.

Distribution of IAA isotypes in the initial sample. The
frequencies of the various isotypes in initial IAA-positive
samples are shown in Figure 1A, and the corresponding titers in
SDS are shown in Figure 2A. IgG3-IAA were detected more
frequently in the progressors than in the nonprogressors. There
were no significant differences in the titers of isotype-specific
antibodies in the initial sample. The number of isotypes de-
tectable in the first positive sample was significantly higher
among the progressors (median 2) than among the nonprogres-
sors (median 1; p � 0.003).

IgG subclass changes during follow-up. All of the progres-
sors experienced seroconversion to positivity for additional
isotypes, and accordingly they all had both detectable IgG1-
IAA and IgG3-IAA at least once. IgG2, IgG4, and IgA-IAA
were also seen in 10, six, and five subjects, respectively, during
the observation period, and one child had isotype levels fluc-
tuating from positivity to negativity and back to positivity.
Inverse seroconversions occurred in six children, three of
whom had initially tested positive for IgG3. IgG1 was the most
consistent isotype. Positive seroconversions were also seen
among the nonprogressors but not as often. IgG1-IAA (Fig.
1B) were observed in 28 of the 30 nonprogressors, IgG3-IAA
in 18, (p � 0.004 versus progressors), IgG2-IAA in 15, IgG4-
IAA in nine, and IgA-IAA in three (p � 0.05 versus progres-
sors). Both IgG1 and IgG3-IAA appeared earlier in the pro-
gressors than in the nonprogressors (Table 1). There was also
a correlation between the age of appearance of total IAA and
the ages of appearance of the various isotypes. The closest
correlation among the progressors was seen between IgG3-
IAA and IAA (r � 0.96; p � 0.001) and secondly between
IgG1-IAA and IAA (r � 0.66; p � 0.008), whereas among the
nonprogressors, correlations were observed between IgG3-
IAA and IAA (r � 0.95; p � 0.001), IgG1-IAA and IAA (r �
0.94; p � 0.001), IgG4-IAA and IAA (r � 0.88; p � 0.002),
and IgG2-IAA and IAA (r � 0.63; p � 0.01). The progressors
had higher maximum levels of IgG3-IAA during the follow-up

than the nonprogressors (Fig. 2B). The maximum number of
detectable isotypes during the follow-up was higher in the
progressors (median 4) than in the nonprogressors (median 3;
p � 0.02). The only significant difference in the isotype
frequencies between the two groups in the last sample analyzed
was for IgG3-IAA, which was detected in 12 progressors and
in 14 nonprogressors (p � 0.03; Fig. 1C). In the last sample,
higher titers of IgG1-IAA, IgG3-IAA, and IgA-IAA were seen
in the progressors than in the nonprogressors (Fig. 2C), who
had a lower number of detectable isotypes (median 2) than the
progressors (median 4; p � 0.01). When comparing the pro-
portion of positive children between the initial sample and the

Figure 1. Frequencies of IAA subclasses in the samples collected from the
study children during prospective follow-up in 15 progressors (�) and 30
nonprogressors (�). The findings in the first IAA-positive sample (A), in the
follow-up sample containing the maximum number of isotypes (B), and in the
last sample analyzed (C); *p � 0.05, **p � 0.01 (�2 statistics).
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sample with the maximum number of isotypes, a significant
isotype spreading was observed for IgG4-IAA (p � 0.05)
among the progressors. Isotype spreading was also frequent
among the nonprogressors and was observed to be significant
for IgG1-IAA (p � 0.006), IgG2-IAA (p � 0.03), and IgG4-
IAA (p � 0.001). There were correlations between the level of
total IAA and the number of isotypes in the first positive
sample (rs � 0.64; p � 0.01), in the sample with the maximum

number of isotypes (rs � 0.60; p � 0.01), and in the last
available sample (rs � 0.81; p � 0.01).

Dominant isotype responses. Nine progressors had a dom-
inant IgG1-IAA response initially and six had a dominant
initial IgG3-IAA response, whereas the corresponding distri-
bution among the nonprogressors was 20/0/3 (three other than
IgG1- or IgG3-IAA; �2

df � 2 � 12.02; p � 0.002). On calcu-
lating the AUC, we observed IgG1-IAA dominance during the
follow-up period in nine (60%) progressors and 22 (73%)
nonprogressors. IgG3-IAA dominance was seen in six (40%)
progressors but in only one (3%) nonprogressor. IgG2-IAA
dominated in six (20%) nonprogressors, and one nonprogressor
had a dominant IgA-IAA response. The distribution of various
dominant isotypes between the progressors and nonprogressors
was significantly different (�2

df � 2 � 11.23; p � 0.004). The
profiles of total IAA and various IAA isotypes in the six
progressors with a dominant IgG3 response are shown in
Figure 3 in relation to the follow-up time. The pattern was
similar when relating the integrated isotype levels to total IAA.
Most progressors (60%) had IgG1-IAA dominance, and the
remaining ones had IgG3-IAA dominance. Using median val-
ues, we noticed the rank order of the isotypes to be
IgG1�IgG3�IgG2�IgG4 at the beginning and to remain the
same during observation in the progressors, whereas the non-

Table 1. Mean age [years (range)] at the appearance of IAA and
IAA isotypes in 15 progressors and 30 nonprogressors

Progressors
(n � 15)

Nonprogressors
(n � 30) p value

IAA 1.04 (0.3–2.2; n � 15) 1.40 (0.6–3.6; n � 30) 0.08
IgG1-IAA 0.91 (0.2–1.6; n � 15) 1.51 (0.3–4.0; n � 28) 0.003
IgG2-IAA 1.20 (0.3–1.9; n � 10) 1.45 (0.4–2.5; n � 15) 0.26
IgG3-IAA 1.09 (0.5–2.2; n � 15) 1.50 (0.6–3.6; n � 18) 0.05
IgG4-IAA 1.40 (1.0–2.0; n � 6) 1.70 (1.0–2.5; n � 9) 0.19
IgA-IAA 0.68 (0.2–1.6; n � 5) 2.11 (0.99–3.6; n � 3) 0.07

Figure 2. Titers (SDS) of IAA subclasses in the samples collected from the
study children during prospective follow-up in 15 progressors (F) and 30
nonprogressors (E). The findings in the first IAA-positive sample (A), in the
follow-up sample containing the maximum isotype levels (B), and in the last
sample analyzed (C). The lines represent median values; *p � 0.05 (Mann-
Whitney U test).

Figure 3. The profile of total IAA and IAA isotypes as a function of the
follow-up time in children (n � 6) with a dominant IgG3-IAA response. The
values are medians, and the time points for sampling are shown based on the
means in the six children.
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progressors had the isotypes in identical order at the beginning
(IgG1�IgG3�IgG2�IgG4), but their median levels of IgG3,
IgG2 and IgG4 were markedly lower than in the progressors
and the isotype order changed to IgG1�IgG2�IgG3�IgG4
during the follow-up.

The progressors had significantly higher levels of IgG1-IAA
(p � 0.05) and IgG3-IAA (p � 0.002) based on AUC (Table
2), and the IgG3-IAA AUC remained significantly higher in
the progressors (p � 0.04) when comparing relative levels.
There were no significant differences in the integrated levels of
IgG2, IgG4, or IgA-IAA between the two groups. On dividing
the groups of progressors and nonprogressors into subgroups
according to their total IAA levels (above or below the median
IAA level of 16.5 RU), we observed that the progressors with
high IAA levels also tended to have higher integrated levels of
IgG2-IAA (p � 0.07) than the corresponding nonprogressors.
Sex, HLA DQB1 genotype, and total number of autoantibodies
had no effect on the integrated values.

DISCUSSION

Given that the isotype profile of antigen-specific autoanti-
bodies may reflect either a Th1 or a Th2 immune response, the
aim here was to assess the maturation of the humoral immune
response to insulin in preclinical type 1 diabetes by observing
the emergence of various isotypes of IAA after the initial
appearance of such antibodies in genetically susceptible chil-
dren identified from the general population. We observed that
the number of detectable isotypes was higher and more stable
among those who progressed to clinical type 1 diabetes. There
was some heterogeneity in the IAA isotype response, but most
frequently an IgG1-IAA response was the first to appear,
whereas IgG4-IAA appeared late.

The present series is unique, because the observation started
before or at the time of seroconversion to IAA positivity with
sequential sampling with an interval of 3–6 mo. The children
studied were grouped into progressors and nonprogressors on
the basis of whether they presented with type 1 diabetes or not
during the observation period. Admittedly, this classification

does not exclude the possibility that some of those classified as
“nonprogressors” may later manifest type 1 diabetes. Accord-
ingly, the group of progressors represents those who presented
with clinical diabetes at a very young age. More than 90% of
the progressors and two thirds of the nonprogressors had an
IgG1-IAA response in their first IAA-positive sample. The
initial response more often also included IgG2, IgG3, IgG4,
and IgA-IAA in the case of the progressors than in the non-
progressors. The initial IAA response was characterized by a
dominant peak, which comprised IgG1 in nine progressors and
in 20 nonprogressors, the remaining six progressors having a
dominant IgG3-IAA response, whereas IgG3 dominance was
not seen initially among the nonprogressors. Previous studies
of the IgG subclasses of ICA, GAD65, and IA-2 in patients
with newly diagnosed diabetes and first-degree relatives pro-
gressing to diabetes have shown a similar IgG1 dominance (4,
18–21, 31–33).

All of the progressors had IgG1- and IgG3-IAA responses
during prospective observation, whereas the IgG3-IAA re-
sponse in particular was less frequent in the nonprogressors.
Upon calculating the integrated levels (AUC), we observed
IgG1-IAA dominance in approximately half of the progressors
and in close to 75% of the nonprogressors, whereas IgG3-IAA
dominance was seen in six (40%) of the progressors but in only
one (3%) nonprogressor. Comparison of the isotype propor-
tions in relation to total IAA yielded a similar pattern, two
thirds of the progressors having IgG1 dominance and the
remainder having IgG3 dominance. The relative AUC for
IgG3-IAA remained significantly increased in the progressors,
excluding the possibility that the observed difference was only
a consequence of the fact that the progressors tended to have
higher levels of total IAA than the nonprogressors. The rank
order of IgG3 decreased in the nonprogressors from position 2
to position 3 among the IgG subclasses during the follow-up,
whereas the rank order remained unchanged in position 2
among the progressors. These observations suggest that a weak
or absent IgG3-IAA response could be a protective sign in
IAA-positive individuals. No particular isotype switching pat-
tern was seen during the follow-up, but positive seroconver-
sions were more frequent among the progressors and the
isotypes were more stable. Samples taken after randomization
to the controlled intervention trial of the DIPP study with
intranasal insulin were not included in the present analysis, as
treatment with intranasal insulin may potentially have on effect
on the isotype profile of IAA. Such data, however, cannot be
generated before the codes of the intervention trial are broken.

Approximately half of both the progressors and the nonpro-
gressors developed a low IgG4-IAA response during the fol-
low-up period, indicating that IgG4-IAA cannot discriminate
nonprogressors from progressors. This observation is consis-
tent with the finding in offspring of parents who are affected by
type 1 diabetes in the German BABYDIAB study (4). Con-
trasting results supporting the hypothesis that IgG4 isotypes
reflect a Th2 response have been reported for GAD65Ab in one
paper, where IgG4 and/or IgG2 was associated with nonpro-
gression to disease in older first-degree relatives (20), but in
that case, the detection was based on the ELISA technique.

Table 2. Absolute integrated levels of IAA and IAA isotypes and
relative (total IAA-corrected) AUC values of IAA isotypes over the
observation time in 15 progressors and 30 nonprogressors based

on AUC analysis

Progressors
(n � 15)

Nonprogressors
(n � 30) p value

Absolute AUC values
IAA 18.9; 4.6–40.2 7.3; 3.9–17.0 0.07
IgG1-IAA 17.0; 8.3–28.2 6.5; 4.3–15.9 0.05
IgG2-IAA 4.1; 0.8–10.5 1.7; 0.6–4.2 0.15
IgG3-IAA 7.0; 2.8–23.0 1.7; 0.6–3.9 0.002
IgG4-IAA 0.6; 0.1–6.1 0.8; 0.1–2.8 0.95
IgA-IAA 0.2; 0.1–3.6 0.4; 0.0–0.6 0.37

Relative levels
IgG1-IAA/total IAA 0.89; 0.72–1.20 0.92; 0.72–1.10 0.98
IgG2-IAA/total IAA 0.14; 0.08–0.44 0.21; 0.08–0.33 0.77
IgG3-IAA/total IAA 0.53; 0.21–1.12 0.28; 0.15–0.49 0.04
IgG4-IAA/total IAA 0.02; 0.00–0.08 0.07; 0.02–0.21 0.17
IgG5-IAA/total IAA 0.03; 0.00–0.13 0.03; 0.00–0.11 0.99

Data are medians; interquartile ranges.
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The present data show that genetically susceptible young
children who progress to clinical type 1 diabetes are charac-
terized by strong IgG1 and IgG3 responses to insulin, indicat-
ing a powerful insulin-specific Th1 response. A weak IgG3-
IAA response or the total lack of such a response is associated
with relative protection against clinical disease, because one
third of the nonprogressors had no detectable IgG3 response
during follow-up and the IgG3 response was dominant in only
one nonprogressor. This indicates that nonprogressors are char-
acterized by a weak IgG3 response to insulin, possibly reflect-
ing attenuated insulin-specific Th1 reactivity.
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