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OBJECTIVE—We investigated whether measuring autoantibodies against zinc transporter 8
(ZnT8A) and IA-2b (IA-2bA) may improve classification of new-onset type 1 diabetic patients
based on detection of autoantibodies against insulin (IAA), GAD (GADA), and IA-2 (IA-2A). In
addition, we studied the correlation of IA-2bA and ZnT8A with other biological and demo-
graphic variables.

RESEARCH DESIGN AND METHODS—Circulating autoantibodies were determined
by liquid-phase radiobinding assays from 761 healthy control subjects and 655 new-onset
(,1 week insulin) diabetic patients (aged 0–39 years) with clinical type 1 diabetes phenotype
consecutively recruited by the Belgian Diabetes Registry.

RESULTS—At diagnosis, IA-2bA and ZnT8A prevalences were 41 and 58%, respectively. In
IAA-negative, GADA-negative, and IA-2A–negative patients, one IA-2bA–positive and eleven
ZnT8A-positive individuals were identified at the expense of eight and seven additional positive
control subjects (1%), respectively, for each test. ZnT8A or IA-2bA screening increased (P ,
0.001; McNemar) the number of patients with $2 antibodies both under (from 78 to 87% for
ZnT8A and 82% for IA-2bA) and above age 15 (from 51 to 63% for ZnT8A and 56% for IA-2bA)
versus 0% in control subjects. IA-2bA and ZnT8A were preferentially associated with IA-2A, and
with younger age at diagnosis. Unlike ZnT8A, IA-2bA levels were positively correlated with
HLA-DQ8 and negatively with HLA-DQ2. ZnT8A could replace IAA for classification of patients
above age 10 without loss of sensitivity or specificity.

CONCLUSIONS—ZnT8A, and to a lesser degree IA-2bA, may usefully complement GADA,
IA-2A, and IAA for classifying insulin-treated diabetes under age 40 years.
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I t is sometimes difficult to distinguish
type 1 diabetes from other forms of the
disease solely on clinical grounds—

especially in adults—because of the large
age-dependent heterogeneity in terms of
severity of the initial clinical phenotype
and the underlying insulitis and b-cell
loss (1–3). The final classification of an
individual as a type 1 diabetic patient re-
lies heavily on the detection of antibodies
against islet cell autoantigens (1). To this
end, antibodies against insulin (IAA), the
65 kDa isoform of glutamate decarbox-
ylase (GADA), insulinoma-associated an-
tigen 2 (IA-2A), and as yet incompletely
identified cytoplasmic antigens (ICA)
have been widely used (4–8). About 10%
of patients presenting with clinical fea-
tures of type 1 diabetes are scored nega-
tive for these four types of antibodies,
but the overrepresentation of the HLA-
DQ2/DQ8 high-risk genotype in these in-
dividuals with idiopathic type 1 diabetes
suggests that at least some of them have an
immune-mediated disease process (1,9).
Recently, antibodies against IA-2b/phogrin
(IA-2bA; a protein with 79% homology to
IA-2 in the protein tyrosine phosphatase
domain [10–12]) and against zinc trans-
porter 8 (ZnT8A; an isoform largely con-
fined to pancreatic b-cells [8,13]) have
been proposed as independent immune
markers of type 1 diabetes (13–15).

The aim of the current study was to
measure IA-2bA and ZnT8A in a registry-
based representative group of type 1 di-
abetic patients diagnosed under age 40
years and in healthy control subjects,
with the following aims: 1) to improve
the diagnosis of immune-mediated type
1 diabetes by increasing the number of
autoantibody-positive patients (higher
diagnostic sensitivity) and/or the number
of patients with at least two different auto-
antibody specificities, a condition that is
extremely rare in absence of diabetes (3)
(higher diagnostic specificity); 2) to inves-
tigate associations of these additional
autoantibodies with established antibody
markers and with demographic (age and
sex) and genetic (HLA-DQ) characteristics
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that have previously been correlated to
some extent with differences in preva-
lence or levels of autoantibodies, diabetes
incidence, or clinical severity of diabetes
(1–4,9,16–19) to further document dis-
ease heterogeneity and patient subcatego-
ries; and 3) to search for markers that may
advantageously replace IAA, an autoanti-
body test influenced by insulin treatment,
with low sensitivity for onset after age 15
years and with generally only modestly el-
evated levels in case of positivity (3,7,19).
These investigations are also relevant for
the identification of preclinical subjects
who may be enrolled in prevention studies
in the future (13–15).

RESEARCH DESIGN AND
METHODS—Between 5 June 1996 and
4 July 2006, the Belgian Diabetes Registry
(BDR) consecutively recruited 655 dia-
betic patients who fulfilled the following
criteria: 1) were diagnosed with diabetes
before age 40 years according to American
Diabetes Association criteria (1), 2) were
classified as type 1 diabetic patients by
their treating physician on clinical grounds
and treatedwith insulinwithin 7 days after
diagnosis, and 3) had blood sampled
within 7 days after initiation of insulin
treatment. This patient group is consid-
ered representative of the Belgian popula-
tion of type 1 diabetic patients in that age
category (3). The group consisted of 383
males and 272 females (male-to-female
ratio: 1.4) with a median age (interquartile
range) of 15 (9–26) years. The study was
conducted in accordance with the guide-
lines in the Declaration of Helsinki as
revised in 2008 (http://www.wma.net/
en/30publications/10policies/b3/index.
html, accessed 10 February 2011) and ap-
proved by the ethics committees of the
BDR and the participating university hos-
pitals. Blood was sampled at random, di-
vided into aliquots, and stored at 280°C
until analyzed for diabetes-associated
autoantibodies and HLA-DQ genotype.
Sex-matched nondiabetic control subjects
aged 0–39 years (n = 761; median age [in-
terquartile range], 18 [5–26]) were re-
cruited among blood donors, laboratory
personnel, and children attending wards
for minor surgery, including correction of
phimosis. None of the control subjects’
relatives had type 1 diabetes (20).

Analytical methods
Diabetes autoantibodies were determined
by liquid-phase radiobinding assay (IAA,
GADA, IA-2A, IA-2bA, and ZnT8A) (15)

or indirect immunofluorescence assay
(ICA) (9) and HLA-DQ polymorphisms
by allele-specific oligonucleotide geno-
typing (20) as described previously.
cDNAs for the preparation of radioligands
by in vitro transcription-translation were
kind gifts of Drs. Å. Lernmark (when at
University of Washington, Seattle, WA)
for full length 65 kDa GAD, M. Christie
(King’s College School of Medicine and
Dentistry, London, U.K.) for IA-2 (cyto-
solic domain), V. Lampasona (Instituto
San Raffaele, Milan, Italy) for IA-2b (cyto-
solic domain; amino acids 662–1033),
and J.C. Hutton (Barbara Davis Center
for Childhood Diabetes, Aurora, CO) for
the dimeric CW-CR ZnT8 construct in-
corporating the carboxyterminal cytosolic
domains (aa 268–369) of both the Arg 325
(CR) and Trp 325 (CW) allelic variants. In
the Diabetes Antibodies Standardization
Program (DASP) 2009 workshop, diag-
nostic sensitivity and specificity were re-
spectively 74 and 97% for GADA, 40 and
98% for IAA, 66 and 99% for IA-2A, 53
and 98% for IA-2bA, and 68 and 100% for
ZnT8A (CW-CR). Cutoff values for anti-
body positivity were determined as per-
centile 99 of antibody levels in 761
nondiabetic control subjects and corre-
sponded to $0.6% tracer binding for
IAA, $2.6% for GADA, $0.44% for
IA-2A, $0.39% for IA-2bA. As ZnT8A
levels tended to slightly decrease with
age in control subjects (r2 = 0.04; P ,
0.001 by linear regression), cutoff values
(percentile 99) were calculated separately
for the age groups 0–14 years ($1.28%)
and 15–39 years ($1.02%) for ZnT8A.
Between-day coefficients of variation de-
termined for quality control sera at low
and medium levels were respectively 12
and 9% for IAA (n = 413), 10 and 9% for
GADA (n = 427), 11 and 9% for IA-2A (n =
474), 15 and 10% for IA-2bA (n = 156),
and 8 and 13% for ZnT8A (n = 115). Ran-
dom C-peptide levels were determined on
serum samples collected for analysis of
diabetes-associated autoantibodies. The
C-peptide assay was performed with a
commercial kit (125I-human C-peptide
and guinea pig anti-human C-peptide
serum; LINCO, St. Charles, MO; lower
detection limit 20 pmol/L) (9).

Statistical analysis
Statistical differences between groups
were assessed by means of the Mann-
Whitney U test for two groups or the
Kruskall-Wallis test for more than two
groups for continuous variables and
by the x2 test using Yates correction or

Fisher exact test for categorical variables.
The McNemar test was used to assess dif-
ferences between paired proportions.
Considering log ZnT8A or log IA-2bA as
dependent variables, parameters that
came out with P, 0.1 in univariate anal-
ysis were further tested in a multivariate
stepwise forward linear regression model.
All statistical tests were performed two-
tailed by PASW statistics for Windows
17.0 (SPSS, Chicago, IL), by EpiInfo ver-
sion 6 (USD, Stone Mountain, GA), or by
GraphPad Prism version 4.00 for Win-
dows (GraphPad Software, San Diego,
CA) and considered significant at P ,
0.05 or, in case of k comparisons, when-
ever P , 0.05/k (Bonferroni correction).

RESULTS

Impact of testing for IA-2bA and
ZnT8A on sensitivity and specificity
of detecting immune-mediated
diabetes
In the present registry-based group of
recent-onset patients with type 1 diabetes
phenotype diagnosed before age 40 years
(n = 655), the prevalences of IAA, GADA,
IA-2A, IA-2bA, and ZnT8A were respec-
tively 51, 75, 57, 41, and 58%when using
percentile 99 of control subjects as cutoff
for positivity. The vast majority of patients
(88%) were positive for at least one anti-
body marker among IAA, GADA, and
IA-2A (302/317 or 95% under age 15
years; 276/338 or 82% above age 15
years). Among the 77 patients that tested
negative for IAA, GADA, and IA-2A, only
1 (1%) was IA-2bA positive (also ZnT8A
positive and under age 15 years). Among
the control subjects, 24 individuals were
positive for IAA, GADA, or IA-2A (none
were double positive). Testing for IA-2bA
identified 8 (1%) additional antibody-
positive control subjects as expected
from the definition of cutoff levels (per-
centile 99). The ZnT8A assay detected
11 additional antibody-positive patients
(14%; not significant by McNemar test),
also at the expense of an extra 7 (1%) pos-
itive control subjects. Most (8/11) solitary
ZnT8A–positive patients were diagnosed
after age 15 years but the prevalence of
ZnT8A in absence of IAA, GADA, and
IA-2A—if anything—tended to be higher
in the age group 0–14 years (3/15 or 20%
vs. 8/62 or 13%).

Four of the eleven patients with soli-
tary ZnT8A positivity also tested positive
for ICA, and one of these four was also
IA-2bA positive. All but one carried
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HLA-DQ2 and/or DQ8. In contrast, none
of the seven ZnT8A-positive control sub-
jects were positive for any other antibody
including ICA, and overall their ZnT8A
levels were significantly lower (median
[interquartile range]: 1.3% [1.1–1.4]
tracer binding) than in patients with soli-
tary ZnT8A positivity (6.7% [2.2–21.3]
tracer binding; P , 0.001).

Screening for IA-2bA or ZnT8A iden-
tified respectively 27 and 70 additional
patients with $2 antibody types among
individuals with solitary positivity for
IAA, GADA, or IA-2A, whereas the con-
trol subjects remained without double
positivity (Supplementary Table A1). The
majority of the additional IA-2bA–positive
patients were also ZnT8A positive (19/27),
and ZnT8A testing increased the fraction
of double antibody-positive individuals
more than IA-2bA, both for onset under
and above age 15 (P, 0.001 byMcNemar
test; Supplementary Table A1). Overall,
the total fraction of individuals positive
for $2 autoantibodies increased from
78% under age 15 years and 51% above
age 15 years to 82 and 56%, respectively,
when testing for IA-2bA in addition to
IAA, GADA, and IA-2A, to 87 and 63%,
respectively, when testing for ZnT8A and
to 88 and 65%, respectively, when includ-
ing both (McNemar test; all P, 0.001 vs.
testing for IAA, GADA, and IA-2A only;
data not shown).

Demographic and biological
correlates of IA-2bA and
ZnT8A positivity in new-onset
patients
The prevalence of IA-2bA and ZnT8A de-
creased with age at diagnosis, particularly
after age 20 years, but did not differ ac-
cording to sex (Table 1). IA-2bA was
more frequent in carriers of HLA-DQ8
and ZnT8A in carriers of one or two
HLA-DQ risk haplotypes. The prevalence
of both IA-2bA and ZnT8A increased with
the number of conventional antibodies
present. In patients with the same number
of conventional antibodies (either solitary
positivity or two antibodies) the preva-
lences of IA-2bA and ZnT8A were highest
when IA-2A was also present. Conse-
quently, ZnT8A was preferentially—and
IA-2bA almost exclusively—associated
with IA-2A (Table 1; bottom line). These
associations were observed both for onset
under or above age 15 years (not shown).
In an important subgroup of patients (n =
492) data on random C-peptide at diag-
nosis and ketonuria were available, and
after stratification for age, both parameters

did not vary according to ZnT8A or
IA-2bA status (Supplementary Table A2).
In multivariate analysis, log-transformed
random C-peptide levels were only nega-
tively correlated with the presence of
ketonuria (P , 0.001) and positively
with age (P = 0.027), but not signifi-
cantly with HLA-DQ risk haplotypes,
log-transformed levels of molecular auto-
antibodies (IAA, GADA, IA-2A, and
ZnT8A), or number of antibodies pres-
ent (Supplementary Table A3). In 121
patients, random C-peptide values 2 years
after diagnosis were also available. Using
multiple linear regression analysis, log-
transformed ZnT8A or IA-2bA levels at

diagnosis could not predict a rapid de-
crease of C-peptide within the first 2 years
after onset.

Inmultivariate analysis, log-transformed
IA-2bA and ZnT8A levels were signifi-
cantly correlated, and their correlation
with other antibodies was confirmed
(Supplementary Table A4). This associa-
tion was strongest with IA-2A, particularly
in the case of IA-2bA. After adjustment for
the confounding effect of age, the associa-
tion of ZnT8A levels with HLA-DQ risk
haplotypes was lost, but IA-2bA levels
remained positively correlated with HLA-
DQ8 and negatively withHLA-DQ2 (Sup-
plementary Table A4).

Table 1—Prevalence of IA-2bA and ZnT8A in 655 new-onset diabetic patients
according to demographic data, HLA-DQ genotype, and conventional antibody status

n

Prevalence

IA-2bA ZnT8A

Age at onset (years)
0–9 170 96 (57) 109 (64)
10–19 223 105 (47) 152 (68)
20–29 149 47 (32) 76 (51)
30–39 113 21 (19) 44 (39)
Overall P ,0.001 ,0.001

Sex
Male 383 158 (41) 223 (58)
Female 272 111 (41) 158 (58)
P .0.05 .0.05

HLA-DQ
DQ2/DQ8 173 91 (53) 115 (67)
nonDQ2/DQ8 175 89 (51) 103 (59)
DQ2/nonDQ8 210 59 (28) 122 (58)
nonDQ2/nonDQ8 97 30 (31) 41 (42)
Overall P ,0.001 ,0.001

Number of antibodies*
0 77 1 (1) 11 (14)
1 157 27 (17) 70 (44)
2 229 97 (42) 143 (62)
3 192 144 (75) 157 (82)
Overall P ,0.001 ,0.001

Conventional antibody status
IAA- and GADA- and IA-2A- 77 1 (1) 11 (14)
IAA+ only 23 2 (9) 11 (48)
GADA+ only 103 4 (4) 39 (38)
IA-2A+ only 31 21 (68) 20 (65)
IAA+ and GADA+ 82 5 (6) 36 (44)
IAA+ and IA-2A+ 35 27 (77) 25 (71)
GADA+ and IA-2A+ 112 65 (58) 82 (73)
IAA+ and GADA+ and IA-2A+ 192 144 (75) 157 (82)
Overall P ,0.001 ,0.001
All IA-2A+ patients 370 257 (70) 284 (77)
All IA-2A- patients 285 12 (4) 97 (34)
P ,0.001 ,0.001

Data are n (%) unless otherwise indicated. *IAA+, GADA+, and/or IA-2A+; threshold for significance: P ,
0.05/12 or P , 0.004.
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Potential of ZnT8A and IA-2bA to
replace IAA
When using ZnT8A instead of IAA to
complement an antibody screen with
GADA and IA-2A, the overall diagnostic
sensitivity for positivity for $1 or $2
antibody markers remained unchanged
in the age 0–39 years group (88 and
64%, respectively; not shown). For onset
under age 10, the combination with IAA
tended to be more sensitive than the
combination with ZnT8A particularly
when considering positivity for $2 anti-
bodies, but after age 10 the inverse was
true (Table 2). Replacing IAA by IA-2bA
as a complement of GADA and IA-2A
screening resulted in lower diagnostic
sensitivity (not shown).

CONCLUSIONS—In line with previ-
ous reports (10–14), the current study
has confirmed that ZnT8A and IA-2bA
are significantly associated with clinical
onset of type 1 diabetes. It has also been
documented that ZnT8A could be de-
tected in 14% of patients with a type 1 di-
abetes phenotype who lack IAA, GADA,
and IA-2A, thereby slightly increasing the
sensitivity to objectify the presence of
an immune-mediated disease process.
Screening for IA-2bA did not contribute
further to this. In patients with solitary
positivity for IAA, GADA, or IA-2A, addi-
tional testing for IA-2bA and in particular
for ZnT8A increased the number of indi-
viduals positive for $2 autoantibodies,
thus providing more certainty regarding
the existence of an immune-mediated dis-
ease process in these individuals because
such combined positivity had 100% diag-
nostic specificity for type 1 diabetes in our
hands. After adjustment for age, no rela-
tion betweenmetabolic data and antibody

levels or status at diagnosis could be dem-
onstrated. Multivariate analysis con-
firmed the association of IA-2bA and
ZnT8A levels with those of other autoan-
tibodies, especially IA-2A, and in case of
IA-2bA also with the HLA-DQ8 suscepti-
bility haplotype. The antibody levels did
not differ according to sex, and their uni-
variate correlation with younger age at
diagnosis disappeared after adjustment
for HLA-DQ and antibody status. IA-
2bA levels were negatively associated
with HLA-DQ2. Our results suggest that
ZnT8A but not IA-2bA may replace IAA
without loss of diagnostic sensitivity or
specificity for the classification of immune-
mediated diabetes, but only for onset after
age 10 years.

The strengths of this study are the
registry-based recruitment of representa-
tive insulin-requiring new-onset diabetic
patients over a large age range (3) and the
use of multivariate analysis on the group
of participants with a complete data set
with centrally determined genetic and
immune markers including a sensitive
ZnT8A assay (21). We did not determine
ZnT8A in patients with clinical type 2
diabetes, but others did not detect ZnT8A
in such patients (13), while ZnT8A prev-
alence was low in noninsulin requiring
patients with adult-onset autoimmune
diabetes (22,23).

Our results indicate that measuring
IA-2bA in addition to IAA, GADA, and
IA-2A contributes little to the classifica-
tion of diabetic patients because IA-2bA
occurs almost exclusively together with
IA-2A but at a lower prevalence (12,19,24).
In contrast, additional testing for ZnT8A
identified a limited number of solitary
ZnT8A–positive patients, some with adult-
onset and some with childhood-onset

disease. The fact that several of them
were also ICA positive and had on average
higher ZnT8A levels than ZnT8A-positive
control subjects suggests that most of
these patients do not represent “statistical”
positives resulting from the definition of
cutoff levels (percentile 99). In line with
previous findings (13), we observed that
20% of insulin-requiring children without
IAA, GADA, and IA-2A tested positive for
ZnT8A, but this fraction was, if anything,
lower for the more numerous adult-onset
patients, suggesting that classification of
adult-onset diabetes may further benefit
from the discovery and implementation
of yet unknown additional autoantibody
markers. Measurement of ZnT8A at or
after clinical onset of diabetes is also useful
to ascertain the classification of patients
with solitary positivity for IAA, GADA,
or IA-2A, as this increased the number of
patients with double antibody positivity
both for onset under and above age 15.
The differential association of ZnT8A
and IA-2bA levels with HLA-DQ suscepti-
bility haplotypes (none in case of ZnT8A;
positively with DQ8 and negatively with
DQ2 for IA-2bA) suggests the existence
of different subpopulations of patients
(8). The 66 patients that tested negative
for the five molecular autoantibodies
studied should not necessarily consitute
a truly antibody-negative group. Indeed,
3 of these 66 patients tested positive for
ICA (12, 50, and50 JDRFunits, respectively;
not shown), and several candidate auto-
antigens suggested in the literature were
not investigated in the current study (13).

Our data suggest that in order to limit
the number of antibody tests for the
classification of diabetes at diagnosis the
ZnT8A assay may replace IAA as a com-
plement to GADA and IA-2A testing
without loss of diagnostic sensitivity or
specificity for type 1 diabetes, but only
for onset after age 10. This is compatible
with the rapid decrease in IAA prevalence
with age at diagnosis, particularly after
age 10 years (3), while ZnT8A prevalence
did not decrease before age 20 years in
this study. Such replacement may be ben-
eficial because IAA results appear to be
more variable than those of other islet
autoantibodies. IAA levels are often only
borderline elevated, and their interpreta-
tion may be flawed by interference from
hemolysis or antibodies induced by insu-
lin treatment (7,19). Therefore ZnT8A
may provide a useful addition to GADA
and IA-2A for retrospective classification
of insulin-treated patients, although there
are reports that ZnT8A may disappear

Table 2—Prevalence of ‡1 or ‡2 diabetes autoantibodies in 655 new-onset diabetic
patients and 761 control subjects according to the antibody panel tested and to age

Antibody status

Prevalence

Patients Control subjects

Age at onset (years) 0–9 10–19 20–39 0–39
n 170 223 262 761
$ 1 autoantibody positive
GADA, IA-2A, or IAA 164 (96)* 207 (93)* 207 (79)* 24 (3)
GADA, IA-2A, or ZnT8A 162 (95)* 209 (94)* 206 (79)* 21 (3)

$ 2 autoantibodies positive
GADA, IA-2A, and/or IAA 138 (81)*† 154 (69)* 129 (49)* 0 (0)
GADA, IA-2A, and/or ZnT8A 123 (72)* 162 (73)* 139 (53)* 0 (0)

Data are n (%) unless otherwise indicated; threshold for significance: P, 0.05/12 or P, 0.004 (Bonferroni
correction). *P , 0.001 vs. control subjects; threshold for significance McNemar test: P , 0.05/8 or P ,
0.006. †P = 0.011 vs. combination with ZnT8A in same age group.
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relatively soon after diagnosis (24,25).
Moreover, IAA methods are less amena-
ble to harmonization than liquid-phase
radiobinding assays using 35S-labeled an-
tigens produced by in vitro transcription/
translation (7,19). As IAA are often the
first antibodies to appear before onset,
we do not recommend replacing the IAA
assay by ZnT8A testing for preclinical
identification of individuals at risk (2–
7). Last but not least, our results on
ZnT8A in recent-onset patients are in
line with our observations in first degree
relatives where positivity for ZnT8A was
not observed in absence of IAA, GADA,
and IA-2A. Detection of ZnT8A in IAA-
positive or GADA-positive individuals
was associated with more rapid progres-
sion to diabetes, compatible with the gen-
erally later appearance of ZnT8A in the
preclinical phase (15). Altogether, our re-
sults suggest that in the perspective of
enrollment in prevention studies, ZnT8A
could be used as a second-line screening
parameter in individuals positive for one
of the conventional autoantibodies (IAA,
GADA, or IA-2A).

In conclusion, ZnT8A, and to a lesser
extent IA-2bA, may usefully complement
IAA, GADA, and IA-2A for the classi-
fication of both childhood-onset and
adult-onset diabetes. For reasons of effi-
ciency, measurements could be limited to
patients with a type 1 diabetes phenotype
and solitary positivity for, or absence of
other antibody markers. ZnT8A could
also replace IAA without loss of diagnos-
tic sensitivity when used in combination
with GADA and IA-2A for onset after age
10 years.

Acknowledgments—The present work was
supported by grants from the Juvenile Dia-
betes Research Foundation (JDRF Center Grant
4-2005-1327), the European Union (FP-7 pro-
ject 241883), the Belgian Fund for Scientific
Research (FWOVlaanderen projects G.0319.01,
G.0514.04, G0311.07, and G0374.08; senior
clinical research fellowship to C.M., B.K., and
I.W.), the research council of the Brussels Free
University (projects OZR1150, 1149, and 1615),
and the Willy Gepts Fund (projects 3-2005 and
3/22-2007; University Hospital Brussels). J.C.H.
acknowledges the University of Washington
Diabetes Endocrinology ResearchCenter (DERC)
(National Institutes of Health [NIH] Grant
P30-DK-57516), NIH Grant R01-DK-052068,
and JDRF Grant 4-2007-1056. The BDR was
sponsored by the ministries of Public Health
of the Flemish and French Communities of
Belgium.
The BDR was also sponsored by the Belgian

National Lottery,WeightWatchers,Ortho-Clinical

Diagnostics, Novo Nordisk Pharma, LifeScan,
Roche Diagnostics, Bayer, and Eli Lilly. No other
potential conflicts of interest relevant to this
article were reported.
I.V. and I.W. designed research, acquired

data, analyzed and interpreted data, provided
statistical analysis, and reviewed and edited
the manuscript. M.A. acquired data and re-
viewed and edited the manuscript. J.R., L.V.G.,
C.M., and B.K. designed research; obtained
funding; contributed healthy participants, new-
onset patients, and clinical data; and reviewed
and edited the manuscript. V.L., J.M.W., and
J.C.H. contributed new reagents and analytical
tools, contributed to discussion, and reviewed
and edited the manuscript. D.G.P. designed
research, analyzed and interpreted data, con-
tributed to discussion, and reviewed and edited
the manuscript. F.K.G. designed research, ob-
tained funding, supervised the study, analyzed
and interpreted data, and wrote and reviewed
and edited the manuscript.
The expert technical assistance of co-

workers at the central unit of the BDR, Free
University of Brussels (V. Baeten, G. De Block,
T. De Mesmaeker, L. De Pree, H. Dewinter,
N. Diependaele, S. Exterbille, P. Goubert,
C. Groven, A. Ivens, D. Kesler, F. Lebleu,
M. Lichtert, E. Quartier, G. Schoonjans,
U. Vandevelde,M.VanMolle, S. Vanderstraeten,
and A. Walgrave) is gratefully acknowledged.
The authors also thank the different univer-
sity teams of coworkers for their excellent
assistance in collecting samples and orga-
nizing the fieldwork at University Hospital
Antwerp (L. Van Gaal, C. De Block, J. Michiels,
J. Van Elven, and J. Vertommen), at Univer-
sity Hospital Brussels (T. De Mesmaeker,
S. Exterbille, P.Goubert, C.Groven,M. Lichtert,
S. Vanderstraeten, and A. Walgrave), at Uni-
versity Hospital Ghent (J.M. Kaufman, J. Ruige,
A. Hutse, and A. Rawoens), and at University
Leuven (C. Mathieu, P. Gillard, M. Carpentier,
M. Robijn, K. Rouffé, A. Schoonis, and
H. Morobé). The authors sincerely thank all
members of the BDR who contributed to the
recruitment of relatives for the current study.
The list of members is given in Supplementary
Appendix A5.

References
1. Expert Committee on the Diagnosis and

Classification of Diabetes Mellitus. Report
of the Expert Committee on the Diagnosis
and Classification of Diabetes Mellitus.
Diabetes Care 1997;20:1183–1197

2. Leslie RD, Delli Castelli M. Age-dependent
influences on the origins of autoimmune
diabetes: evidence and implications. Di-
abetes 2004;53:3033–3040

3. Gorus FK. Diabetes registries and early
biological markers of insulin-dependent
diabetesmellitus. Belgian Diabetes Registry.
Diabetes Metab Rev 1997;13:247–274

4. Bingley PJ. Clinical applications of dia-
betes antibody testing. J Clin Endocrinol
Metab 2010;95:25–33

5. Knip M, Siljander H. Autoimmune mecha-
nisms in type 1 diabetes. Autoimmun Rev
2008;7:550–557

6. Gianani R, Eisenbarth GS. The stages of
type 1A diabetes: 2005. Immunol Rev 2005;
204:232–249

7. Winter WE, Harris N, Schatz D. Type 1
diabetes islet autoantibody markers. Di-
abetes Technol Ther 2002;4:817–839

8. Wenzlau JM, Frisch LM, Gardner TJ,
Sarkar S, Hutton JC, Davidson HW.Novel
antigens in type 1 diabetes: the importance
of ZnT8. Curr Diab Rep 2009;9:105–112

9. Weets I, Siraux V, Daubresse JC, et al.;
Belgian Diabetes Registry. Relation be-
tween disease phenotype and HLA-DQ
genotype in diabetic patients diagnosed
in early adulthood. J Clin Endocrinol Metab
2002;87:2597–2605

10. Lu J, Li Q, Xie H, et al. Identification of
a second transmembrane protein tyrosine
phosphatase, IA-2beta, as an autoantigen
in insulin-dependent diabetes mellitus: pre-
cursor of the 37-kDa tryptic fragment. Proc
Natl Acad Sci USA 1996;93:2307–2311

11. Hawkes CJ, Wasmeier C, Christie MR,
Hutton JC. Identification of the 37-kDa
antigen in IDDM as a tyrosine phosphatase-
like protein (phogrin) related to IA-2. Di-
abetes 1996;45:1187–1192

12. Kawasaki E, Eisenbarth GS, Wasmeier C,
Hutton JC. Autoantibodies to protein ty-
rosine phosphatase-like proteins in type I
diabetes. Overlapping specificities to phog-
rin and ICA512/IA-2. Diabetes 1996;45:
1344–1349

13. Wenzlau JM, Juhl K, Yu L, et al. The cation
efflux transporter ZnT8 (Slc30A8) is a
major autoantigen in human type 1 dia-
betes. Proc Natl Acad Sci USA 2007;104:
17040–17045

14. Achenbach P, Bonifacio E, Williams AJ,
Ziegler AG, Gale EA, Bingley PJ; ENDIT
Group. Autoantibodies to IA-2beta im-
prove diabetes risk assessment in high-risk
relatives. Diabetologia 2008;51:488–492

15. De Grijse J, Asanghanwa M, Nouthe B,
et al.; Belgian Diabetes Registry. Predictive
power of screening for antibodies against
insulinoma-associated protein 2 beta (IA-
2beta) and zinc transporter-8 to select first-
degree relatives of type 1 diabetic patients
with risk of rapid progression to clinical
onset of the disease: implications for preven-
tion trials. Diabetologia 2010;53:517–524

16. Kyvik KO, Nystrom L, Gorus F, et al. The
epidemiology of Type 1 diabetes mellitus
is not the same in young adults as in
children. Diabetologia 2004;47:377–384

17. Weets I, Truyen I, Verschraegen I, et al.;
Belgian Diabetes Registry. Sex- and season-
dependent differences in C-peptide levels at
diagnosis of immune-mediated type 1 di-
abetes. Diabetologia 2006;49:1158–1162

18. Rønningen KS, Keiding N, Green A;
EURODIAB ACE Study Group. Europe
and Diabetes. Correlations between the in-
cidence of childhood-onset type I diabetes

1764 DIABETES CARE, VOLUME 34, AUGUST 2011 care.diabetesjournals.org

ZnT8A and IA-2bA in diabetic patients



in Europe and HLA genotypes. Diabetologia
2001;44(Suppl. 3):B51–B59

19. Pihoker C, Gilliam LK, Hampe CS,
Lernmark Å. Autoantibodies in diabetes.
Diabetes 2005;54(Suppl. 2):S52–S61

20. Van der Auwera B, Schuit F, Lyaruu I, et al.
Genetic susceptibility for insulin-dependent
diabetes mellitus in Caucasians revisited:
the importance of diabetes registries in dis-
closing interactions between HLA-DQ- and
insulin gene-linked risk. Belgian Diabetes
Registry. J Clin Endocrinol Metab 1995;80:
2567–2573

21. Wenzlau JM, Liu Y, Yu L, et al. A common
nonsynonymous single nucleotide poly-
morphism in the SLC30A8 gene deter-
mines ZnT8 autoantibody specificity in type
1 diabetes. Diabetes 2008;57:2693–2697

22. Lampasona V, Petrone A, Tiberti C, et al;
Non Insulin Requiring Autoimmune Di-
abetes (NIRAD) Study Group. Zinc trans-
porter 8 antibodies complement GAD
and IA-2 antibodies in the identification
and characterisation of adult-onset auto-
immune diabetes (NIRAD) 4. Diabetes Care
2010;33:104–108

23. Vaziri-Sani F, Oak S, Radtke J, et al. ZnT8
autoantibody titers in type 1 diabetes pa-
tients decline rapidly after clinical onset.
Autoimmunity 2010;43:598–606

24. Achenbach P, Bonifacio E, Koczwara K,
Ziegler A. Natural history of type 1 di-
abetes. Diabetes 2005;53 (Suppl. 2):S25-
S31

25. Wenzlau JM, Walter M, Gardner TJ, et al.
Kinetics of the post-onset decline in zinc
transporter 8 autoantibodies in type 1
diabetic human subjects. J Clin Endo-
crinol Metab 2010;95:4712–4719

care.diabetesjournals.org DIABETES CARE, VOLUME 34, AUGUST 2011 1765

Vermeulen and Associates


