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ype 1 diabetes is caused by the destruction of the
insulin secreting islet cells of the pancreas, mediated by T-cells that probably recognize islet (3cell-specific antigens (1). Immune changes,
including the production of antibodies against islet cells and
islet cell proteins, can be detected many months or years
before the onset of diabetes. Multiple islet antigens that have
been identified include insulin, the 65-kDa isoform of glutamic
acid decarboxylase (GAD65), the 37- and 40-kDa trypsinized
fragments of a 64-kDa molecule, and ICA512, a fragment of
a tyrosine phosphatase-like molecule (2-5). The presence of
combinations of antibodies to GAD65and ICAs, for example,
in an individual increases his or her risk of developing type
1 diabetes (4,6). Preliminary studies suggest that tyrosine
phosphatase-like molecules might be an additional important
antigen in type 1 diabetes (5,7-9). It has been found that the
antigenic 37- and 40-kDa proteolytic fragments are derived
from the proteins IA-2(3 and IA-2, respectively, which are
members of the receptor-linked family of protein tyrosine
phosphatases whose mRNA is primarily expressed in islet and
brain tissue (9-11). Moreover, the intracellular fragment of IA2 has sequence homology with ICA512 (amino acids
643-960) (5,11,12). In a preliminary cross-sectional study of
nondiabetic identical twins, we identified antibodies to the 37and 40-kDa fragments as predictive of type 1 diabetes (4). The
realization that antibodies to these fragments and to GAD are
distinct and the development of more sensitive radioimmunoassays using recombinant GAD and a fragment of IA-2
have allowed us to consider for thefirsttime both the features
and the predictive value of combinations of antibodies to
distinct islet antigens in a twin cohort followed prospectively. The aim of the present study is to determine whether
the presence of combinations of antibodies to this tyrosine
phosphatase-like molecule and other antibodies characterizes type 1 diabetes and predicts the disease, using unique
cohorts of monozygotic and dizygotic type 1 diabetic patients
and their nondiabetic twins followed prospectively.
RESEARCH DESIGN AND METHODS
We studied four groups of subjects i ) newly diagnosed type 1 diabetic patients,
2) a cohort of type 1 diabetic twins and their nondiabetic monozygotic twins, S)
a cohort of type 1 diabetic twins and their nondiabetic dizygotic twins, and 4) normal healthy control subjects.
Newly diagnosed type 1 diabetic patients. A consecutive population-based
series of 60 patients of European origin who presented with type 1 diabetes
between 1989 and 1993 in Lazio, a region of Italy, were followed for 1 year in a colDIABETES, VOL. 46, AUGUST 1997
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Islet antigens associated with type 1 diabetes include a
recently identified protein tyrosine phosphatase-like
molecule IA-2, which contains the intracellular fragment IA-2ic. To determine whether combinations of
antibodies including those to IA-2 characterize and
predict type 1 diabetes, we studied antibodies to IA-2,
IA-2ic, glutamic acid decarboxylase (GAD65), and islet
cell antibodies (ICAs) in 1) 60 newly diagnosed type 1
diabetic patients followed for 1 year, £) 31 monozygotic twin pairs discordant for type 1 diabetes followed
up to 12 years (11 twins developed diabetes), #) 18
dizygotic twin pairs discordant for type 1 diabetes, and
4) normal healthy control subjects. Newly diagnosed
type 1 diabetic patients frequently had antibodies to IA2 (62%), IA-2ic (67%), GAD65 (77%), and ICAs (85%).
The intracellular fragment of IA-2 probably contains the
immunodominant epitope as 137 of 143 samples with IA2 antibodies from type 1 diabetic patients also had IA2ic antibodies. Monozygotic twins were usually discordant for antibody specificities. Concordance was higher
in monozygotic than matched dizygotic twins for both
antibody combinations (33 vs. 6%, P < 0.05) and the
development of diabetes (33 vs. 0%, P < 0.01). In
monozygotic twins, all the antibodies were highly predictive of type 1 diabetes (positive predictive values all
>87%), although antibodies were also detected in twins
at low risk of disease. In summary, IA-2 emerges as a
major antigen associated with type 1 diabetes and distinct from GAD65. Type 1 diabetes-associated autoimmunity, which is probably induced by environmental
factors, does not necessarily herald progression to the
disease. However, genetic factors may influence the
development of combinations of disease-associated
antibodies and the progression to type 1 diabetes.
Diabetes 46:1270-1275, 1997
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Comparison of monozygotic and dizygotic twins. From the pool of 22
dizygotic twin pairs discordant for type 1 diabetes, we were able to match 18 pairs
of both monozygotic and dizygotic twins for age (13.3 ± 6.4 and 14.4 ± 6.3 years,
respectively) and disease duration in the index twin (3.2 years [range, 4-29 years]
and 3.4 years [range, 0.2-34.0 years], respectively). Of these twins, 6 of 18
monozygotic but 0 of 18 dizygotic twins developed type 1 diabetes subsequently
(follow-up, 5.3 ± 3.7 and 3.2 ± 2.8 years, respectively).

Prospective study of monozygotic twins. In the prospective study of the 31

identified by two independent investigators. All samples were tested in duplicate
including positive and negative control standard sera. Each assay for IA-2ic and
GADgg antibodies included serially diluted sera from a stiff-man syndrome patient
and a prediabetic individual (a twin who subsequently developed type 1 diabetes
but was not part of this study) to further evaluate the cutoff level for positivity
for GADgj and IA-2ic. Except for IA-2, values >3 SD above the control population
(values greater than 1:8,000 dilution of both stiff-man syndrome and prediabetic
sera) were taken as positive. In the latest IA-2ic (M.H., R.D.G.L, unpublished observations) and GADm antibody proficiency workshops, our assays had a sensitivity, specificity, validity, and consistency of 100% (16).
Islet cell antibody determination. Undiluted sera were screened for ICAs. The
presence of ICAs was established by testing serum with indirect immimofluorescence on a fresh group O cryofixed human pancreas (4). Positive samples were
then titrated by doubling dilutions in phosphate-buffered saline and end-point titers
converted to Juvenile Diabetes Foundation units (JDF U) with a threshold of detection of 4 JDF U. The results are presented as positive or negative, with positive
tests being >4 JDF U. The ICA assay assessed in the European Nicotinamide in
Diabetes Intervention Trial workshop (M. Shattock, G.F. Bottazzo, unpublished
observations) had a sensitivity and specificity of 100%.
Statistical analysis. Results are expressed as means ± SD or median (range),
where appropriate. The proportions of subjects in each group positive for each antibody, antibody combinations, or progression to type 1 diabetes were compared
using x2, with Fisher's exact test. Standard Kaplan-Meier actuarial life-table methods were used to calculate the cumulative risk of twins remaining free of type 1
diabetes from the initial sample. We estimated 1) the positive predictive value by
calculating the number of twins with antibodies who later developed type 1 diabetes as a percentage of the overall number of twins with the antibodies, 2) the sensitivity by dividing the number of twins with antibodies who developed diabetes
by the overall number of twins who developed diabetes, and 3) the specificity by
dividing the number of twins without an antibody who did not develop type 1 diabetes by the total number of twins who did not develop diabetes. As immune
changes may not be static, the calculated values were determined on the first available sample taken. Changes in the study were considered significant a t f < 0.05.

monozygotic twin pairs, the nondiabetic twins were tested for oral or intravenous
glucose tolerance, if possible, at least annually and more often if they showed
immune or metabolic changes. Eleven twins developed type 1 diabetes (age at entry,
13.4 ± 3.6 years; 6 male subjects) and 20 remain nondiabetic (age on entry, 16.8 ±
8.4 years; 11 male subjects). The 11 prediabetic twins were followed for a median
of 24 months (range, 5-132 months), and sufficient sample for the assays in this
study was obtained on 56 occasions before they developed diabetes. The 20 twins RESULTS
who remain nondiabetic were followed for a median of 71 months (range, 19-153 Newly diagnosed type 1 diabetic patients. Of 60 newly
months), and sufficient sample was obtained from them on 69 occasions.
Normal healthy control subjects. To validate the antibody assays, 100 normal diagnosed type 1 diabetic patients, antibodies were found to
healthy control subjects were tested (mean age, 25 years; range, 16-71 years). IA-2 in 37 (62%), IA-2ic in 40 (67%), GAD65 in 46 (77%), and
These subjects were negative in all the antibody tests. A negative test was defined ICAs in 51 (85%) (Table 1) (for all antibodies P < 0.0001, comas >3 SD above their mean control level, except for ICAs and whole IA-2 (see pared with 100 control subjects). Four (7%) patients had
below). All the antibody specificities were then tested in an additional 38 normal
none of the antibodies. Antibodies to both IA-2 and GAD^ and
control subjects (mean age, 22 ± years; range, 7-42 years; 20 male subjects),
ascertained from the community in Britain and not attached to a hospital, who IA-2ic and GAD65 were detected in 32 (53%) and 34 (57%),
were followed during the same period as the twins. These normal control subjects respectively, and to either antibody in 52 (87%) for both comwere selected to achieve a similar distribution for age and sex as the twins. They binations (Fig. 1). Only three patients with ICAs did not have
had no family history of diabetes, were taking no drugs, and had no clinical signs
IA-2, IA-2ic, or GAD65 antibodies. Both IA-2 and IA-2ic antiof illness. Limited sera were available and only the initial sample was tested for
bodies
were more prevalent in patients <15 years of age (23
this study in these control subjects. The subjects or their parents gave informed
and 25 of 30 positive, respectively) than those > 15 years of age
consent, and the study was approved by the ethical committees at St.
Bartholomew's Hospital, Westminster Hospital, King's College Hospital, and Uni(13 and 15 of 30 positive, respectively; P < 0.02 for both); antiversity of Rome, La Sapienza.
body positivity was not related to sex. In general, antibody
Sera were stored at -20°C and all samples were analyzed when sufficient volpositivity at diagnosis persisted at 1 year after diagnosis and
ume was available for each antibody assay. Analysis was performed on batched
did not differ significantly; antibodies at 1 year were found to
samples by observers blinded to the clinical status of the subjects.
IA-2, IA-2ic, and GAD65 assays. The radioimmunoprecipitation assays for IA- IA-2 in 36 (60%), IA-2ic in 34 (57%), GAD65 in 45 (75%), and
2 whole molecule (amino acids 1-979), IA-2ic (amino acids 603-979), the putative ICAs in 50 (83%). Patients who were antibody-positive close
intracellular fragment, and GADgg all employ in vitro transcription and translation to diagnosis tended to remain so at 1 year postdiagnosis
systems (Promega Madison, WI). Human full-length IA-2 cDNA in pCRll vector
(Table 1), although some became negative at 1 year: for IA-2
(Invitrogen, San Diego, CA) (11,12) and IA-2ic cDNA in pGEM4Z (10) were in vitro
in
only 1 case (2%), IA-2ic in 6 (10%), GAD^ in 1 (2%), and ICAs
transcribed and translated. Human islet GADgg cDNA in the vector pB 1882 (gift
in 4 (7%). In one patient, antibodies not detected at diagnoof Dr. Thomas Dyrberg, Novo Nordisk, Denmark) was used according to the
manufacturer's instructions (Promega, Madison, WI). For all three antibody
sis were detected at 1 year to IA-2ic, IA-2, and ICAs but not
assays between 0.8 and 1.0 ug, DNA was transcribed and translated with SP6 (for to GAD. Of 143 samples from type 1 diabetic patients (twins
IA-2 and IA-2ic) and T7 (for GADgg) RNA polymerase in a TNT coupled rabbit reticand singletons) and prediabetic twins who were IA-2 antiulocyte lysate system (Promega, Madison, WI) in the presence of ^S methionine
137 were also IA-2ic antibody-positive.
body-positive,
(0.8 mCi/ml) (Amersham, U.K.). Incorporated radioactivity was determined by preType 1 diabetes and nondiabetic twins
cipitation with 10% trichloroacetic acid and scintillation counting. For the
immunoprecipitation in each assay, 50-ul aliquots of antigen labeled with 35SCross-sectional study. We studied 1) 31 pairs of monozymethionine (50,000-75,000 cpm) were incubated overnight with 5 ul serum (final gotic twins discordant for type 1 diabetes and 2) 18 pairs of
dilution 1:10) in Tris-buffered saline. The immunocomplexes were isolated by
adding 1 mg protein A-Sepharose and counted on a multiwell Wallac counter. For monozygotic and 18 pairs of dizygotic twins matched for age
the determination of IA-2, the immunocomplexes were boiled in sodium dodecyl and disease duration in the type 1 diabetic index twin.
sulfate sample buffer before separation on 8% sodium dodecyl sulfate-polyaOf the 31 type 1 diabetic monozygotic twins, 30 were
crylamide gel electrophoresis and autoradiography; IA-2 bands (-106 kDa) were tested initially at the same time as the nondiabetic twins,
DIABETES, VOL. 46, AUGUST 1997
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laborative study. The patients were selected because 1) they had type 1 diabetes
defined according to standard guidelines (13), 2) their age at diagnosis was <35
years (mean age, 15.5 ± 7.5 years; range, 5-31 years; 37 males), 3) their duration
of clinical disease was <4 weeks, and 4) they had no other autoimmune disease
or chronic illness.
Type 1 diabetic twins. We followed a consecutive series of type 1 diabetic
twins of European origin from the U.K. and 1) their 31 nondiabetic monozygotic
twins referred within 4 years of the diagnosis of the index twin and 2) their 22 nondiabetic dizygotic twins. Both sets of twins were tested between June 1982 and
February 1996. Twins were ascertained from June 1982 to June 1994. Monozygosity
was established in the monozygotic twin pairs as previously described (14,15).
Nondiabetic twins had oral glucose tolerance tests (glucose was given as 75 g or
1.75 g/kg, whichever was the least) to confirm that they were not diabetic both
initially and at intervals thereafter; diagnosis of type 1 diabetes was made according to standard guidelines (13). Blood was taken initially from both the index type
1 diabetic twin and the nondiabetic twin for comparison in 30 of 31 monozygotic
and all of the dizygotic pairs. The 30 type 1 diabetic monozygotic twins were 16.2
± 7.3 years of age at sampling, when sufficient sera was available for assay of all
antibodies; their median duration of diabetes at the time of sampling used in this
study was 1.9 years (range, 0-10 years).

ANTIBODIES TO TYROSINE PHOSPHATASE

TABLE 1
Antibodies to IA-2 and IA-2ic in 1) 60 patients at diagnosis of type 1 diabetes and 2) at follow-up after 1 year, 3) 30 monozygotic
type 1 diabetic twins, and 4) 38 normal healthy control subjects
Subjects
Type 1 diabetic patients (at diagnosis)
Type 1 diabetic patients (at follow-up)
Type 1 diabetic monozygotic twins
Control subjects

Number
of tests

IA-2+

IA-2ic+

GAD65+

ICAs >4 JDF U

60
60
30
38

37 (62)
36 (60)
20 (67)
1(3)

40 (67)
34 (57)
24 (80)
0

46 (77)
46 (75)
26 (87)
0

51 (85)
50 (83)
23 (76)
0

Data are n (%).

Comparison of monozygotic and dizygotic twins. In 12
of 18 monozygotic twin pairs, one twin had at least one of the
antibodies, while the other twin did not Similarities for the presence or absence of antibodies were detected in only 6 of 18
monozygotic pairs (in these six pairs, both twins had at least
one antibody) and 4 of 18 dizygotic pairs (in two pairs, both
twins had at least one antibody, and in two pairs, neither twins
had any antibody). In the 18 nondiabetic monozygotic and 18
nondiabetic dizygotic twins, antibodies were detected to IA-2
(in five and two pairs, respectively), GADgg (in four and two
pairs, respectively), and ICAs (in five and four pairs, respectively) and to any one antibody in 6 of 18 monozygotic and 6
of 18 dizygotic twins (Table 2). More monozygotic than dizygotic twin pairs were concordant for combinations of more
than one antibody: IA-2, GAD65, or ICAs (6 of 18 vs. 1 of 18, P
< 0.05). The six nondiabetic monozygotic twins, all with a
combination of more than one antibody, developed type 1 diabetes, but none of the dizygotic twins have done so (P < 0.01).
Prospective study of monozygotic twins. Of the 31 nondiabetic monozygotic twins tested prospectively, 11 developed
type 1 diabetes and were therefore prediabetic during the
study period.
Prediabetic monozygotic twins. Of 11 prediabetic twins
tested, antibodies were found initially to IA-2 in 10 (91%), IA2ic in 10 (91%), GAD^ in 7 (64%), and ICAs in 11 (100%) (for all
antibodies P < 0.001, compared with antibodies in initial sample in 20 twins remaining nondiabetic). Antibodies to IA-2, IA2ic, and GAD^ were all detected in the initial sample in six cases
(55%) and to any one antibody in 11 (100%). On follow-up, 56
samples were taken from the 11 prediabetic twins; antibodies
were found to IA-2 in 51 of 56 (91%), IA-2ic in 48 of 56 (85%),
GADgg in 30 of 56 (53%), and ICAs in 49 of 56 (88%) (Table 3).
Antibodies to IA-2 and GAD65 or IA-2ic and GAD65 were
detected in 25 (45%) and 22 (39%), respectively, and to either
in 56 (100%) of the 56 samples.
Nondiabetic monozygotic twins. Of 20 nondiabetic twins
tested, antibodies were found initially to IA-2 in one and, in
a different twin, to GAD65 in one, but none of the twins had
1272

antibodies to IA-2ic or ICAs. On follow-up, 69 samples were
taken from the 20 twins remaining nondiabetic; antibodies
were found to IA-2 in 1 of 69 (1%), GAD65 in 4 of 69 (6%), and
ICAs in two other samples (3%), but none of the 69 samples
had antibodies to IA-2ic.
Normal healthy control subjects. 100 controls were, by
definition, negative for IA-2ic and GAD65 antibodies and also
for IA-2 antibodies. Of the 38 controls followed during the
same period as the twins, antibodies were found to IA-2 in one
subject (3%), but none of these control subjects had antibodies to IA-2ic, GAD65, or ICAs (Table 1).
Predictive values. The cumulative risk of twins developing
type 1 diabetes within 12 years of the index twins' diagnosis
by life-table analysis was 43% (95% CI30-59). In this cohort,
the positive predictive value, specificity, and sensitivity for IA2 antibodies in the initial sample were 91,95, and 91%, respectively; for IA-2ic antibodies, 100,100, and 91%, respectively; for
GAD65 antibodies, 88,83, and 64%, respectively; and for ICAs,
100,100, and 100%, respectively. The positive predictive value
for each one of the antibodies when positive on two consecutive occasions from the initial sample was 100%, except for
GAD65, which was 83%. The positive predictive value, speci-

GAD65

IA-2

ICA

FIG. 1. The number of 60 newly diagnosed type 1 diabetic subjects positive for autoantibodies to GAD, IA-2, and ICAs. Intersecting regions
indicate the number of patients positive for different combinations of
autoantibodies. Four subjects did not have GAD, IA-2, IA-2ic, or ICA
antibodies.
DIABETES, VOL. 46, AUGUST 1997
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and in t h e m antibodies w e r e found t o IA-2 in 20 (67%), IA-2ic
in 24 (80%), GAD 65 in 26 (87%), a n d ICAs in 23 (76%) (for all
antibodies P < 0.0001, compared with 38 control subjects).
Only o n e twin (3%) with ICAs did n o t have IA-2, IA-2ic, or
GAD 65 antibodies (see Fig. 2), and only one (3%) had n o antibodies. T h e antibody frequencies in these twins did n o t differ significantly from those in the newly diagnosed type 1 diabetic patients (Table 1; Fig. 2). In the 31 nondiabetic monozygotic twins, antibodies w e r e found initially t o IA-2 in 11
(35%), IA-2ic in 10 (32%), GAD 65 in 8 (26%), and ICAs in 11
(35%); 18 (58%) twins h a d n o antibodies.

M. HAWA AND ASSOCIATES

IA-2

GAD65

FIG. 2. The number of 30 type 1 diabetic monozygotic twins positive
for autoantibodies to GAD, IA-2, and ICAs. Intersecting regions indicate the number of patients positive for different combinations of
autoantibodies. One twin did not have GAD, IA-2, IA-2ic, or ICA antibodies.

ficity, and sensitivity for the combination of either IA-2 and
GAD'65
fif: antibodies or IA-2ic and GAD65'
fi= antibodies in the initial
sample was the same for both: 100,81, and 55%, respectively.
DISCUSSION

These observations indicate that a protein tyrosine phosphatase-like molecule is a major antigen in type 1 diabetes;
antibodies to it were a feature of newly diagnosed type 1 diabetic patients and were sensitive and specific predictors of type
1 diabetes in monozygotic twins. The frequency and predictive
value of antibodies to this tyrosine phosphatase-like molecule
are similar to those for antibodies to GAD65, suggesting that
it has comparable significance to GAD65 as an type 1 diabetes-associated antigen (17). Antibodies to either IA-2 (and
its intracellular fragment) or GAD65 were detected in 87% of
newly diagnosed type 1 diabetic patients and in all 56 prediabetic samples from 11 twins. Even though our present study
is the only population-based study of IA-2ic antibodies in
newly diagnosed type 1 diabetic patients, there was a remarkable consistency in the frequency of IA-2ic and GAD antibodies in type 1 diabetic patients from Europe, irrespective of
their country of origin. Thus, antibody frequencies of IA-2ic
were similar, not only in the Italian (67%) and British (80%) type
1 diabetic patients we studied, but also in other studies of
recent onset Italian (61%), Spanish (65%), and Belgian (58%)
patients (18-20). Factors associated with an increase in IA-2
antibody frequencies in these type 1 diabetic patients include

TABLE 2
Comparison of humoral immune changes at a single time point in 18 monozygotic and 18 dizygotic twin pairs obtained from the total
group of 31 monozygotic and 22 dizygotic twin pairs and matched for both age and disease duration in the index twin

Monozygotic type 1 diabetic twins
Monozygotic nondiabetic twins
Dizygotic type 1 diabetic twins
Dizygotic nondiabetic twins
DIABETES, VOL. 46, AUGUST 1997

btal

IA-2

IA-2ic

GAD66

ICAs >4 JDF U

18
18
18
18

13
5
9
2

16
5
9
2

15
4
9
2

12
5
15
4
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ICA

young age at diagnosis and the presence of human leukocyte
antigen DR4 (18).
We determined antibody reactivity in type 1 diabetes to 1)
the whole molecule IA-2 (amino acids 1-979) and 2) the
intracellular portion of IA-2, designated IA-2ic (amino acids
603-979). We have observed a striking association between
positivity for antibodies to IA-2 and the intracellular portion of that molecule, strongly supporting the proposal that
the carboxy-terminal of the intracellular fragment contains
the immunodominant epitope (10,12,21). Epitopes recognized by IA-2 antibodies are likely to be different from those
recognized by GAD65 antibodies, since a number of subjects
had antibodies to only one of the antigens. In line with this
argument, other studies of a probable fragment of IA-2, designated ICA512, also found antibody positivity in some type
1 diabetic patients to the protein but not to GAD65 (22). We
cannot determine the sequence, if any, of autoantibody production in the prediabetic period from this study; those prediabetic twins with these antibodies already had them when
ascertained. Antibodies detected in the initial sample were
remarkably stable thereafter, being detected throughout the
prediabetic period in most twins. Variation in positivity
occurred infrequently. For example, in 47 IA-2 antibody-positive subjects (twins and singletons), only two became IA-2
antibody-negative on follow-up. Antibodies occurred with
similar frequency in newly diagnosed type 1 diabetic
patients, type 1 diabetic patients at 1 year, and type 1 diabetic
identical twins.
Significantly, more monozygotic than dizygotic twin pairs
were concordant for antibody combinations. Thus, the detection of antibody combinations may indicate a genetically
determined expansion of the altered humoral immune
response. The striking discordance for the presence of ICAs,
GAD65, IA-2, and IA-2ic antibodies between identical twins
suggests that antibody production was not entirely genetically
determined. The detection of a similar frequency of these antibodies in monozygotic and dizygotic twins (whether diabetic
or nondiabetic) is consistent with a common environmental
effect. The detection of autoimmune changes in twins who
remain nondiabetic and at low disease risk (nondiabetic dizygotic twins have ~ 10% disease risk) would also be consistent
with the proposal that the frequency of type 1 diabetes-associated autoimmunity in selected subjects can be higher than
the frequency of overt diabetes (1,4,15,22,23).
The observation that GAD65 and IA-2 are major type 1 diabetes-associated antigens has practical implications. In particular, it could enhance our capacity to predict type 1 diabetes.
Previous studies have demonstrated the value of ICAs as a predictor of type 1 diabetes (4,6,15). However, ICAs are a technically difficult to assay, requiring human pancreatic tissue, and
as such, not readily applicable to large scale analysis (25). A
positive ICA reaction may reflect the presence of antibodies

ANTIBODIES TO TYROSINE PHOSPHATASE

TABLE 3
Humoral immune changes in 11 prediabetic monozygotic twins during follow-up before the onset of type 1 diabetes
Twin number
1
2
3
4
5
6
7

8
9
10
11

Sex
F
F
F
M
F
M
M
F
M
M
M

Total number
of tests

IA-2+

2
12
7
8
2
5
3
1
5
10
1

2
12
7
8
2
5
3
1
0
10
1
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