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Summary

 

The natural history of preclinical diabetes is partly characterized, but there is
still limited information on the dynamics of the immune response to ββββ

 

-cell
autoantigens during the course of preclinical disease. The aim of this work was
to assess the maturation of the humoral immune response to the protein
tyrosine phosphatase(PTP)-related proteins (IA-2 and IA-2ββββ

 

) in preclinical
type I diabetes (TID). Forty-five children participating in the Finnish Type I
Diabetes Prediction and Prevention (DIPP) Study who had seroconverted to
IA-2 antibody positivity were analysed. Specific radiobinding assays were
used to determine IA-2/IA-2ββββ

 

 epitope-specific antibodies (the juxtamem-
brane (JM) region of IA-2, PTP-like domain and ββββ

 

PTP-like domain) and
isotype-specific IA-2 antibodies. Individual areas under the curve (AUC) over
the observation period were calculated for total IA-2 antibodies, each isotype
and specific epitope responses. The children who progressed to TID tended to
have an initial IA-2 JM epitope response more frequently (

 

P

 

 ====

 

 0·06), and this
response was more often dominant during the observation period (

 

P

 

 <<<<

 

 0·05).
The children who did not progress to TID had IgE-IA-2 more frequently
(70%; 

 

versus

 

 progressors 27%; 

 

P

 

 <<<<

 

 0·05), and had higher integrated titres of
IgE-IA-2 antibodies (

 

P

 

 <<<<

 

 0·05). The occurrence of IgE-IA-2 antibodies was
protective even when combined with positivity for IA-2 JM antibodies
(

 

P

 

 ====

 

 0·002). IgE-IA-2 antibody reactivity may be a marker of a regulatory
immune response providing protection against or delaying progression to
TID among IA-2 antibody-positive young children with HLA-conferred dis-
ease susceptibility.
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Introduction

 

Type I diabetes (TID) is a chronic autoimmune disease char-
acterized by silent destruction of the 

 

β

 

-cells in the pancreatic
islets of Langerhans. During this asymptomatic destructive
process, which usually lasts for years, various autoantibodies
to islet cell autoantigens can be detected as a sign of an ongo-
ing T-cell mediated process, e.g. the related protein tyrosine
phosphatase (PTP)-like molecules, islet antigen (IA)-2 and
IA-2

 

β

 

 [1]. Antibodies to the intracellular portion of the IA-
2/IA-2

 

β

 

 molecule have been shown to be the most predictive
ones in relation to TID [2–4]. Autoantibodies specific for
the IA-2 JM (juxtamembrane) region, the IA-2 PTP-like
domain, and the IA-2

 

β

 

 PTP-like domain have been identi-
fied, as also autoantibodies that are cross-reactive between
the IA-2 and IA-2

 

β

 

 PTP-like domains [2–7].

The changes recognized in the isotype profile of antigen-
specific autoantibodies may also mirror the maturation of
that response, as the isotypes might indirectly reflect the T-
helper 1/T-helper 2 (Th1/Th2) balance of 

 

β

 

-cell autoimmu-
nity [8–10]. It has been speculated that islet cell autoimmu-
nity may start as a nonpathogenic Th2 response to the 

 

β

 

-
cells, but turn into a pathogenic and destructive Th1
response leading to TID [11–13]. The natural history of pre-
clinical diabetes is partly characterized, but still we have lim-
ited information on the dynamics of the immune response to

 

β

 

-cell autoantigens during the course of preclinical disease.
The aim of this work was to assess the maturation of the
humoral immune response to IA-2 antibodies in preclinical
TID by timing the emergence of various isotypes (IgG sub-
classes, IgM, IgA, IgE) of IA-2 antibodies, and observe pos-
sible signs of epitope spreading within the molecule after the
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initial appearance of such antibodies in genetically suscepti-
ble young children identified from the general population.
This could provide more sensitive and specific markers for
discriminating between early and later stages of preclinical
TID.

 

Subjects and methods

 

Subjects

 

The series was derived from the Finnish Type I Diabetes
Prediction and Prevention (DIPP) Study, which is a large
ongoing population-based survey of genetically susceptible
individuals aimed at studying the natural course of pre-
clinical TID and assessing the predictive value of various
immune and genetic risk markers in the general population
[14]. According to the protocol, all newborn infants carrying
HLA DQB1 genotypes conferring susceptibility to TID
were observed from birth for the appearance of diabetes-
associated autoantibodies. Islet cell antibodies (ICA) are
used for primary screening of 

 

β

 

-cell autoimmunity. If a child
seroconverts to positivity for ICA, antibodies to insulin
(IAA), glutamic acid decarboxylase 65 (GAD65Ab) and the
protein tyrosine phosphatase-related IA-2 protein are anal-
ysed in all available samples from birth, and the children in
all centres are monitored at 3-month intervals after ICA
seroconversion. The protocol has been approved by the local
Ethics Committees, and the parents of the children have
given their written informed consent to participation.

Eighty-four (1·0%) children of a total of 8433 had tested
positive for IA-2 antibodies on at least one occasion 7 years
after the start of the DIPP study, and 16 of these had pro-
gressed to overt TID during the period of prospective obser-
vation. Fifteen of them had an IA-2 antibody-positive serum
sample available from more than one point in time, and
these were included as cases in the present study. Among
the remaining 68 subjects,  we identified 30 children who
had remained nondiabetic (nonprogressors) and could be
matched with the progressors for sex, HLA genotype, age at
the end of observation and IA-2 antibody-positive observa-
tion time. IA-2 antibody subclasses and epitope specificities
were analysed in the serum samples starting from the time at
which IA-2 antibodies were first detected, or from the pre-
vious sample onwards if available (the mean age at serocon-
versation to IA-2 antibody positivity was 2·2 years; range
1·0–4·8 years).

Each child who progressed to clinical TID during the
follow-up was observed up to diagnosis, and each nonpro-
gressor up to the sample obtained at the corresponding age.
The mean age of the 15 progressors at the time of the diag-
nosis of diabetes was 3·5 years (range 2·1–7·0 years), and the
mean age of the 30 nonprogressors at the end of follow-up
was 3·9 years (range 1·4–6·5 years, 

 

P

 

 

 

=

 

 0·34). A total of 465
samples were tested and analysed here, with a mean follow-
up time of 2·0 years (range 0·4–4·5 years). The number of

samples per subject varied from 3 to 16 (median 9) in the
progressors and from 3 to 19 (median 8) in the nonprogres-
sors (

 

P 

 

=

 

 0·32). There was no difference in the matched
observation time between the progressors (mean 1·98 years,
range 0·4–4·3 years) and nonprogressors (mean 1·99 years,
range 0·6–4·5 years; 

 

P

 

 

 

=

 

 0·97).

 

Methods

 

Assays for IA-2 antibodies

 

The antibodies to the protein tyrosine phosphatase-related
IA-2 protein were quantified with a specific radiobinding
assay as described previously [15]. Antibody levels were
expressed in relative units (RU) based on a standard curve
from a pool of highly positive IA-2 antibody samples diluted
in normal human serum (NHS). The limit for IA-2 antibody
positivity was set at 0·43 RU, which represents the 99th per-
centile in 374 nondiabetic Finnish children and adolescents.
The disease sensitivity of this assay was 62% and the disease
specificity 100%, based on the 2002 CDC-sponsored
Diabetes Autoantibody Standardization Programme (DASP)
workshop. All samples with antibody levels between the
97·5th and 99·5th percentiles were retested to confirm the
antibody status.

 

Epitope and isotype-specific IA-2 and IA-2

 

β

 

 antibodies

 

Epitope-specific IA-2 and IA-2

 

β

 

 antibodies were analysed
according to a protocol identical with that used for IA-2 anti-
bodies, but using IA-2 PTP

 

687

 

−

 

979

 

, IA-2

 

β

 

 PTP

 

741

 

−

 

1033

 

, IA-2

 

389

 

−

 

779

 

and IA-2

 

601

 

−

 

682

 

/IA-2

 

β

 

737

 

−

 

1033

 

 (juxtamembrane region, JM) as
radioligands. Isotype-specific IA-2 antibodies were analysed
in an assay based on the same principles as that used for total
IA-2 antibodies except that the protein A Sepharose precip-
itation was replaced by monoclonal subclass-specific anti-
bodies linked to streptavidin agarose. The methods and
constructs used have been described in detail previously
[16]. All samples from the same individual were analysed in
the same assay round. The intra-assay and interassay coeffi-
cients of variation were less than 16% and 19% in the
epitope-specific assays and less than 15% and 20% when
measuring isotype-specific IA-2 antibodies.

 

Assays for other diabetes-associated autoantibodies

 

Islet cell antibodies (ICA) were quantified by a standard indi-
rect immunofluorescence method [17,18]. IAA were analy-
sed with a radiobinding microassay [19], and GAD65Ab with
a specific radiobinding assay as described previously [20].

 

Data handling and statistical analysis

 

The unpaired and paired Student’s 

 

t

 

-tests were used to
compare mean ages and age differences. The Bonferroni
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correction for multiple comparisons was performed where
appropriate. The distribution of IA-2 autoantibody positiv-
ities of epitopes and isotypes between the groups was evalu-
ated by cross-tabulation and 

 

χ

 

2

 

–statistics or Fisher’s exact
test. Individual areas under the curve (AUC) over the obser-
vation period were calculated for total IA-2 antibodies, for
each isotype and for specific epitope responses (IA-2 JM, IA-
2 PTP, IA-2 

 

β

 

PTP) to avoid the problems associated with
multiple data points [21]. The Mann–Whitney U-test was
used to compare the specific antibody levels and AUC values
between the two groups studied. Kaplan-Meier life-table sur-
vival analysis and log rank statistics were used to assess pro-
gression to clinical diabetes in relation to various epitope and
isotype-specific IA-2 antibodies. A two-tailed P-value of 0·05
or less was considered to be statistically significant. All the
statistical analyses were performed using the SPSS statistical
software package, version 10·1 (SPSS, Chicago, IL, USA).

 

Results

 

Positivity for autoantibodies

 

As defined by the inclusion criteria, all 45 children were
positive for IA-2 antibodies on inclusion in the series. Sero-
conversion to IA-2 antibody positivity occurred at a mean
age of 1·9 years (range 1·0–4·7 years) among the progressors
and at a mean age of 2·4 years (range 1·0–4·8 years;

 

P

 

 

 

=

 

 0·17) among the nonprogressors, the median levels of
initial IA-2 antibodies being 10·8 RU (range, 0·5–100·6 RU)
and 7·1 RU (range 0·5–247·3 RU; 

 

P

 

 

 

=

 

 0·55) in the two
groups, respectively.

 

Appearance of IA-2/IA-2ββββ

 

 epitope reactivities and 
isotypes

 

The progressors seroconverted to positivity for IgG1-IA-2
antibodies at the same time as total IA-2 antibodies appeared
(at a mean age of 1·9 years), but cross-reactive IA-2 

 

β

 

PTP/
PTP and IA-2 JM antibodies appeared very soon afterwards,

whereas the other epitope and isotype-specific responses
emerged later. The IgA, IgE and IgM-IA-2 class antibodies
appeared as the last ones, and were detected at low frequen-
cies (Table 1). The nonprogressors seroconverted to positiv-
ity for total IA-2 antibodies at a mean age of 2·4 years, and
for IgG1 and specific IA-2 PTP antibodies at a mean age of
2·3 years. The next to appear were cross-reactive and IgG3-
IA-2 antibodies. IA-2 JM antibodies emerged in a second
phase, followed by IgE, IgA, IgG2, IgM and IgG4-IA-2 and
finally antibodies specific to IA-2 

 

β

 

PTP (Table 1). The dis-
tribution of humoral IA-2 epitope and isotype responses in
the initial sample did not differ between the groups, as
shown in Fig. 1a. If a single response was seen, it was towards
the IA-2 JM region among the progressors, and towards IA-
2 

 

β

 

PTP/PTP antibodies among the nonprogressors. The
children who progressed to TID tended to have an initial IA-
2 JM epitope response more frequently (

 

P 

 

=

 

 0·06, 

 

versus

 

 non-
progressors), and their IA-2 JM epitope response tended to
appear earlier (Table 1, 

 

P

 

 

 

=

 

 0·08, 

 

versus

 

 nonprogressors). In
the life-table analysis, progression to clinical TID occurred at
about the same rate among the children with or without IA-
2 JM reactive antibodies (Fig. 2a).

 

Spreading of IA-2/IA-2ββββ

 

 reactivity

 

All the progressors experienced seroconversion to positivity
for additional epitopes and isotypes, and accordingly they
all had detectable IgG1-IA-2 antibodies (Table 2). Cross-
reactive IA-2 

 

β

 

PTP/PTP antibodies, IgG2 and IgG3-IA-2
antibodies were seen in 12 children. Most of them had
IgG4-IA-2 and IA-2 JM antibody responses, and some tested
positive for specific IA-2 

 

β

 

PTP, IgA, IgE and IgM-IA-2
antibodies during the observation period (Fig. 1b).

The appearance of additional IA-2/IA-2

 

β

 

 reactivities was
also observed during follow-up among the nonprogressors,
in whom the increase in the number of positive antibodies
was more conspicuous than among the progressors, with an
increased frequency of all isotypes except for IgG1. The latter
were seen in all of the 30 nonprogressors, and cross-reactive

 

Table 1.

 

Mean age (years; range) at the appearance of IA-2 antibodies and IA-2/IA-2

 

β

 

 antibody epitope and isotype-specific responses in 15 progressors 

and 30 nonprogressors.

Progressors (

 

n

 

 

 

=

 

 15) Non-progressors (

 

n

 

 

 

=

 

 30)

 

P

 

-value

IA-2 Ab 1·90 (1·0–4·7) (

 

n

 

 

 

=

 

 15) 2·37 (1·0–4·8) (

 

n

 

 

 

=

 

 30) 0·17

sIA-2

 

β

 

 PTP Ab 1·60 (1·0–2·0) (

 

n

 

 

 

=

 

4) 3·00 (1·2–6·0) (

 

n

 

 

 

=

 

 10) 0·03

IgG1-IA-2 Ab 1·90 (1·0–4·5) (

 

n

 

 

 

=

 

 15) 2·34 (1·0–4·8) (

 

n

 

 

 

=

 

 30) 0·20

crIA-2PTP/

 

β

 

PTP Ab 1·93 (1·0–4·7) (

 

n

 

 

 

=

 

 13) 2·37 (1·0–4·8) (

 

n

 

 

 

=

 

 28) 0·21

IA-2 JM Ab 1·97 (1·0–4·0) (

 

n

 

 

 

=

 

9) 2·84 (1·0–4·5) (

 

n

 

 

 

=

 

 12) 0·08

sIA-2 PTP Ab 2·20 (1·3–4·7) (

 

n

 

 

 

=

 

 12) 2·30 (1·0–4·8) (

 

n

 

 

 

=

 

 23) 0·81

IgG2-IA-2 Ab 2·31 (1·3–5·0) (

 

n

 

 

 

= 12) 3·02 (1·3–5·8) (n = 23) 0·10

IgG3-IA-2 Ab 2·41 (1·3–5·7) (n = 11) 2·58 (1·3–4·8) (n = 20) 0·72

IgG4-IA-2 Ab 2·55 (1·2–4·7) (n = 11) 3·17 (1·3–6·0) (n = 18) 0·19

IgA-IA-2 Ab 2·84 (1·8–5·5) (n = 7) 2·97 (1·2–5·4) (n = 22) 0·81

IgE-IA-2 Ab 2·94 (1·8–4·7) (n = 4) 2·95 (1·3–4·8) (n = 21) 0·97

IgM-IA-2 Ab 2·95 (1·7–5·2) (n = 4) 3·02 (1·6–6·0) (n = 18) 0·93
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IA-2 βPTP/PTP and specific IA-2 PTP antibodies in 77–90%
of the 30 nonprogressors. The frequency of IgE-IA-2 anti-
bodies was higher (70%) than that seen among the progres-
sors (27%; P < 0·05; Fig. 1b), and a significantly higher
proportion of the nonprogressors who were positive for IA-
2 JM antibodies also had IgE-IA-2 antibodies (83% versus
11%; P = 0·002). The frequencies of IgA and IgM-IA-2 anti-
bodies tended to be increased among the nonprogressors
(P = 0·08 for IgA; and P = 0·06 for IgM; Fig. 1b). Life-table
analysis  revealed  a  significantly  lower  risk  of  progression
to clinical TID among those with an IgE-IA-2 response
(P < 0·05, Fig. 2b), while no other differences were seen (data
not shown). The integrated IgE-specific IA-2 antibody

response was significantly higher among the nonprogressors
than among the progressors (P < 0·05; data not shown), but
the titres were low in both groups. The nonprogressors had a
higher maximal number of epitope and isotype responses
during the follow-up (median 4 and 5) than the progressors
(median 3 and 4), and higher maximal titres of total IA-2
antibodies, but the differences remained nonsignificant.
According to the life-table analysis, a multiple epitope or iso-
type response during the follow-up was not related to an

Fig. 1. Frequency of various epitope and isotype-specific IA-2 anti-

bodies in (a) the first positive sample, (b) the maximum response seen 

during follow-up (the total number of epitopes and isotypes detected) 

and (c) in the last sample taken at diagnosis in the 15 children who 

progressed to clinical type I diabetes during prospective observation 

(�) and at the corresponding age in the 30 children who remained 

unaffected (�). X = βPTP/PTP cross-reactive antibodies, *P < 0·05 

(χ2-statistics).
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Fig. 2. Probability of remaining nondiabetic among 45 IA-2 antibody-

positive children. (a) IA-2 JM antibodies in the first IA-2 antibody-

positive sample, and (b) IgE-class antibodies positive at least once versus 

never during the total observation period. The number of individuals 

remaining at each time point is indicated under the x-axis. Differences 

between groups were determined by Kaplan-Meier survival analysis 

(P < 0·05; log rank test).
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Table 2. Sequence of the appearance of the various epitope and isotype-specific IA-2 antibodies: The data are given as months in relation to age at 

seroconversion to positivity for IA-2 antibodies.

Case no. Sex

HLA-DQB1

genotype

Age at first

IA-2 A 

sample (year)

Appearance of IA-2/IA-2β antibody epitopes and IA-2 antibody isotypes related to age at first 

IA-2 A (months) 

CrβPTP/PTP sβPTP sPTP JM IgG1 IgG2 IgG3 IgG4 IgA IgE IgM

Progressors

630 A F *02,*0302 4·74 0 0 -3 3 12 0 9 0 6

2176 A M *02,*0302 1·32 3 18 3 15 3 15 15 18

3899 A M *02,*0302 1·02 9 9 9 0 3 3 3 9

6935 A F *02,*0302 1·02 0 0 9 0 0 27 27 27

7801 A F *0302/x 4·02 0 0

8069 A F *02,*0302 1·08 6 0 0 6 12

11619 A F *02,*0302 1·77 3 3 12 0 6 12 9

12155 A M *0302/x 2·53 0 0 0 3 3 3 3 3

15709 A M *02,*0302 1·95 0 0 0 0 0 0 3 0 6 0

31875 A M *0302/x 1·47 0 0 0

35160 A F *0302/x 1·41 0 0 0 15 15 15

35386 A M *0302/x 1·02 3 9 3 0 0 12 3 9 9

36584 A F *0302/x 1·58 3 3 0 0 9

38521 A F *0302/x 1·90 -3 -3 3 0 0 6

65067 A M *0302/x 1·49 3 3 12 0 3 3 9 3

Non-progressors

272 A M *0302/x 4·52 0 0 0 0 0 6 3 6 -3 -3

579 A F *0302/x 4·77 0 15 0 0 12 15 0 15

771 A F *02,*0302 2·27 -3 -3 6 6 18 6 24

1427 A F *0302/x 3·98 6 6 6

3688 A F *02,*0302 1·04 0 0 0 6 6 6 6 12 12

3755 A M *0302/x 1·58 3 3 12 0 18 39

4233 A M *02,*0302 2·99 0 0 0 0 24 21 12 27 21 21

5948 A F *02,*0302 3·04 0 0 3 3 3 3 3 3

6753 A M *0302/x 1·85 0 0 0 0 3

7998 A M *02,*0302 1·74 3 3 0 6 6 6 6 9

8955 A F *02,*0302 2·18 3 3 -3 9 18

11417 A M *0302/x 1·27 0 0 0 3 0 3 3 30 3

12047 A F *02,*0302 2·25 0 0 3 0 3 0 6 3 9 3

12547 A F *0302/x 2·19 6 6 12 0 9 9 12

13262 A M *0302/x 2·27 0 0 -3 0 3

13594 A M *02,*0302 2·75 0 0 6 6 6 6

15542 A F *0302/x 1·53 0 0 0 9

30303 A F *0302/x 2·60 3 0 9 −3 9 3

31537 A F *0302/x 4·62 0 -3 0 0 0 0

31765 A F *0302/x 4·19 0 0 0 0 0 0 0 0 0 0 0

35006 A F *0302/x 2·28 0 6 0 0 15 24 27 24 18

36809 A M *0302/x 1·45 0 0 3 0 9 0 12 12 15 12

39161 A M *02,*0302 2·03 0 0 0 0 6 3 6

39233 A M *0302/x 2·98 0 0 0 -18 0 3 0 3

42305 A F *0302/x 2·27 0 0 3 0 0 3 −9 0

43655 A F *02,*0302 1·56 0 0 0 6

43704 A F *0302/x 1·00 0 3 3 0 0 3 15 3 3 3 9

44550 A M *0302/x 1·16 0 0 0 0 3 0

62926 A M *0302/x 1·30 0 0 9 0 9 0 3 9 3 9

67949 A M *02,*0302 1·51 0 0 3 0 3 3 6 3 6

Cr or s in front of the epitope-specific antibodies indicates cross-reactive or specific epitope reactivities. Italic font marks samples that fluctuate,

and non-bold font represents the occurrence of the response in a single sample. x ≠ *02, *0602, *0603.
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increased risk of progression to clinical TID (data not
shown).

Inverse seroconversions occurred less frequently among
the nonprogressors than among the progressors, but the iso-
type samples fluctuated more. The IgG3 and IgE-IA-2 anti-
body responses disappeared most often, in 10 (33%) and
nine (30%) cases, respectively, while the decrease in the fre-
quency of the other isotypes varied from 3 to 13% (Fig. 1c).
The only difference between the two groups in the epitope
and isotype profiles in the last analysed sample that tended
to be significant was related to IgA-IA-2 antibodies, which
were detected in 18 nonprogressors and four progressors
(P = 0·06; Fig. 1c). IgE- and IgM-IA-2 antibodies also tended
to be more frequent among the nonprogressors, 40% and
47% of whom had such responses compared with 13% and
20% among the progressors (P = 0·09 for IgE and P = 0·11
for IgM). The nonprogressors had a higher number of iso-
type responses (median 4·5 versus 2 isotypes; P < 0·05) in the
last sample.

Discussion

Cell-mediated immunity is thought to play a major role in
the destructive islet inflammation that leads to selective β-
cell damage. An autoimmune process of variable duration
precedes clinical TID, and even though the autoantibodies
specific to islet antigens such as the related PTP–like auto-
antigens IA-2 and IA-2β do not play any pathogenic role,
they have been confirmed as markers of an ongoing auto-
immune process and as being useful for assessing the risk of
developing clinical TID [1,15].

Despite increasing knowledge of specific autoantibodies
and genetic disease susceptibility, it is not possible to predict
accurately whether a given child will develop TID, or when
the clinical manifestation will occur. There is a need to iden-
tify additional markers facilitating disease prediction on an
individual basis among subjects with an increased risk for
progression to diabetes, and this study was performed to
analyse epitope spreading and isotype and IgG subclass dis-
tribution as a sign of the maturation of the humoral immune
response to IA-2. As far as we are aware, this is the first time
these parameters have been analysed in parallel in the same
risk subjects, and the first time that the appearance of such
antibodies has been reported in detail based on frequent
sequential samples taken from the time of seroconversion in
young children with increased HLA-conferred TID suscep-
tibility identified from the general population.

The subjects studied here were grouped into progressors
and non-progressors according to whether they presented
with TID or not during the observation period. Admittedly
this classification does not exclude the possibility that some,
or maybe most, of those classified as ‘non-progressors’ may
later present with TID, since they all already had a suscepti-
ble HLA genotype and multiple TID-associated autoanti-
bodies, including IA-2 antibodies, at a very young age, these

being well-known risk factors for TID. IA-2 antibody titres
are related to progression to clinical disease, too [1,15], and
accordingly individuals at increased risk tend to have higher
IA-2 antibody levels, which must be taken into account when
comparing the numbers and levels of various epitope and
isotype-specific IA-2 responses.

We observed that the response was primarily directed
towards the JM epitope and secondarily towards the cross-
reactive βPTP/PTP – like domains of the IA-2 molecule
among the progressors, whereas the order was the opposite
among the nonprogressors. The number of isotypes
increased consistently as a function of the duration of the
response among the nonprogressors, and accordingly it was
significantly broader among the nonprogressors than among
the progressors at the time of diagnosis of clinical TID. Espe-
cially the frequencies of those isotypes implicated as reflect-
ing Th 2-like immunity, i.e. IgA and IgE antibodies, were
higher. A considerable loss in the number of isotype
responses was seen during the follow-up, particularly among
the progressors, and one might speculate that the inverse
seroconversions and decreasing isotype titres are related to
progression to overt T1D, since it is well established that a
strong Th1 response suppresses antibody production [9].

There was some heterogeneity in the isotype-specific IA-2
antibody response, although the IgG1-IA-2 antibodies dom-
inated over the other isotypes in terms of both frequency and
levels in every sample collected. The IgG1-IA-2 antibodies
were the first to appear even before the first epitope-specific
responses, and in a few cases before the detection of total IA-
2 antibodies, and the IgG1-IA-2 response was also the most
stable. In contrast to the BABYDIAB study [22], in which the
IgG1-IAA-dominated peak response occurred concurrently
with presentation of clinical diabetes, we could not find any
correlation between any specific IgG subclass and progres-
sion to TID. However, the IgG3-IA-2 antibodies, defined
rather as Th1-associated antibodies, appeared earlier than
autoantibodies to IgG2-IA-2 among the nonprogressors,
which suggests that Th1–type immunity is also prevalent in
the nonprogressors at the time of IA-2 antibody seroconver-
sion. Regulatory and protective responses may appear later,
however, since IgE, IgA, and IgM IA-2 antibodies emerged in
subsequent samples among the nonprogressors.

IgG4-IA-2 subclass antibodies were detected only in a
small proportion of the first IA-2 antibody-positive samples
and appeared usually as the last antibodies during the fol-
low-up, but their frequency increased at similar rate in both
groups. Neither the frequency nor the integrated levels of
IgG4-IA-2 antibodies differed between the progressors and
nonprogressors, as reported recently by Seissler et al. [23] in
32 IA-2 antibody-positive siblings of children with TID,
where the presence of IgG4-IA-2 antibodies was interpreted
as being associated with protection from TID, since IgG4-IA-
2 antibodies resulted in a reduced progression rate to clinical
diabetes in a life-table analysis. According to life-table anal-
yses, the IgG4-IA-2 response showed no association with a
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reduced risk of TID in the present series, although the IgG4-
IA-2-negative children tended to present with overt diabetes
somewhat earlier than the IgG4-IA-2-positive ones. Our
recent findings in IA-2 antibody-positive siblings of children
with TID recruited from the DiMe study [16], with a cohort
quite similar to that of Seissler et al. [23] were more in line
with the German results, since the nonprogressing siblings
with a mean age of 10 years tended to have a higher fre-
quency of IgG4-IA-2 antibodies. It is possible that the fre-
quency of IgG4-IA-2 antibodies increases among older
children who remain diabetes-free for a longer time. The
IgG4-subclass of GAD65 antibodies turned out to be associ-
ated with protection from clinical diabetes even at young age
among GAD65Ab-positive DIPP children (Ronkainen et al.
unpublished observations), whereas IgG4-IAA were unable
to discriminate progressors from nonprogressors in either
the DIPP study [24] or the BABYDIAB study [22].

The most interesting finding made here was based on the
co-occurrence of IA-2 JM and IgE-IA-2 antibodies. In accor-
dance with previous reports, the presence of IA-2 JM anti-
bodies was associated with an increased risk of progression
to clinical TID, since such antibodies tended to appear more
frequently and earlier among the progressors than among
the nonprogressors, and were present at higher levels than
most other epitope-specific antibodies during the whole fol-
low-up period until the diagnosis of TID in the progressors.
Likewise, when comparing the integrated levels (AUC),
dominance of IA-2 JM-specific antibodies was significantly
more common among the progressors than among the non-
progressors. The nonprogressors who were positive for IA-2
JM antibodies usually also had IgE-class IA-2 antibodies,
which according to our data might be linked to relative pro-
tection from overt disease, since these were present more
than twice as often among the nonprogressors than among
the progressors during the follow-up, and integrated IgE
antibody levels were significantly higher among the non-
progressors than among the progressors. Our observation
among the progressors that the children positive for IgE-
class IA-2 antibodies were somewhat older than those who
were negative for IgE antibodies at the time of diagnosis of
clinical disease (4·2 years versus 3·5 years) supports the
hypothesis that an IgE antibody response to IA-2 may be a
sign of protective or regulatory antigen-specific autoimmu-
nity in young children. The protective sign of IgE-subclass
seems to be specific for the IA-2 antigen, since we could not
detect such a response among GAD65Ab-positive siblings
[25], nor among the IAA-positive young children in the
DIPP study [24].

The present study has a limited statistical power, since
there were only 15 progressors available for the analysis.
Therefore we combined the present series with the sibling
cohort from the DiMe study published earlier [16]. When
analysed together the progressors tested initially significantly
more often positive for JM antibodies (47% versus 17%;
P < 0·004) and the higher frequency of IgE class antibodies

among the nonprogressors during the follow-up turned
highly significant (64% versus 19% in the progressors;
P < 0·001). Accordingly to two studies provide conspicu-
ously consistent results.

The present data show that genetically susceptible young
children who progress to clinical TID are characterized by a
broad epitope response and strong JM reactivity to the IA-2
antigen, reflecting an aggressive immune response, which
rapidly leads to progression to clinical disease. The emer-
gence of an IgE antibody response to IA-2 is associated with
relative protection against overt TID, even in the case of pos-
itivity for IA-2 JM antibodies. Accordingly, IA-2 antibodies
of the IgE class may reflect a regulatory or protective auto-
immune response in young children carrying HLA-
conferred susceptibility to TID.
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