
ZnT8 autoantibody titers in type 1 diabetes patients decline
rapidly after clinical onset

FARIBA VAZIRI-SANI1, SHILPA OAK2, JARED RADTKE2, ÅKE LERNMARK1, KRISTIAN
LYNCH1, CARL.-D. AGARDH1, CORRADO M. CILIO1, ÅSA L. LETHAGEN1, EVA
ÖRTQVIST3, MONA LANDIN-OLSSON4, CARINA TÖRN1, and CHRISTIANE S. HAMPE2

1Department of Clinical Sciences, University Hospital MAS, Lund University, Malmö, Sweden
2Department of Medicine, University of Washington, Seattle, WA, USA
3Department of Woman and Child Health, Astrid Lindgren Children’s Hospital, Karolinska
University Hospital, Solna, Stockholm, Sweden
4Department of Endocrinology and Diabetology, University Hospital, Lund, Sweden

Abstract
Autoantibodies to the islet-specific zinc transporter isoform 8 (ZnT8) are detected in the majority
of type 1 diabetes patients prior to and at clinical diagnosis. The presence of ZnT8Ab after
diagnosis has not been investigated. This study analyzed the autoantibody response to ZnT8 in
regard to age at onset and disease duration. Two new onset type 1 diabetes patient cohorts with
different age distributions at onset (2–17 and 15–34 years of age at onset), a longitudinal subset of
the younger type 1 diabetes patient cohort (n = 32), and a cohort of GAD65Ab-positive LADA
patients (n = 47) was analyzed for the presence of autoantibodies directed to the two major
isoforms, ZnT8-Arginine (ZnT8R) and ZnT8-Tryptophan (ZnT8W). The majority of type 1
diabetes patients tested positive for ZnT8Ab to both isoforms. ZnT8Ab titers were significantly
higher in the younger type 1 diabetes patients as compared with the older cohort (ZnT8RAb at a
median of 148 and 29 U/ml, respectively, p < 0.001) (ZnT8WAb at a median of 145 and 58 U/ml,
respectively, p < 0.01). ZnT8RAb and ZnT8WAb titers were significantly lower in the LADA
patients (ZnT8RAb at a median of 14 U/ml, ZnT8WAb at a median of 25 U/ml) as compared with
either type 1 diabetes cohorts. In our longitudinal analysis of type 1 diabetes patients after clinical
diagnosis, ZnT8Ab levels to both isoforms declined significantly during the initial year of disease
(ZnT8RAb from a median of 320–162 U/ml, p = 0.0001; ZnT8WAb from a median of 128–46 U/
ml, p = 0.0011). The antibody titers further declined during the following 4 years (p < 0.0001). We
conclude that ZnT8Ab presents a useful marker for type 1 diabetes, especially in younger patients
at disease diagnosis.
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Introduction
The autoimmune response in patients with type 1 diabetes is often accompanied by the
presence of circulating autoantibodies to autoantigens expressed in the pancreatic beta cells.
Autoantibodies to insulin (IAA), the tyrosine-phosphatase-like protein IA-2 and the smaller
isoform of glutamate decarboxylase (GAD65), are routinely used in the evaluation of the
autoimmune response and risk assessment of individuals (for reviews see [1,2]).

The islet-specific zinc transporter isoform 8 (ZnT8) is a promising new autoantigen in type 1
diabetes [3,4]. This protein is encoded by SLC30A8 [5] and autoantibodies are detected in
new onset type 1 diabetes patients, most importantly in a sizeable percentage (up to 30%) of
type 1 diabetes patients who otherwise test negative for autoantibodies [4]. When using all
four autoantibodies combined, more than 96% of Caucasian type 1 diabetes patients can be
identified at disease onset [3].

Two autoantibody epitopes were identified at the cytosolic C-terminus of the ZnT8 molecule
[6]. One of these epitopes critically depends on the amino acid residue at position 325. A
common polymorphism at this position results in isoforms of the protein that carry either
Arginine or Tryptophan at this position [7]. ZnT8R is the prevalent variant in Europeans and
African-Amercians, while ZnT8W can be found in ~25% of Europeans, ~2% of African-
Americans, and almost 50% of Asians. A third polymorphism at the same amino acid is
caused by a nucleic acid substitution of the second nucleotide of this codon, resulting in
ZnT8Q, which is rare in all populations tested (for review see [8]). A correlation between
autoantibody specificity and the individual’s polymorphism suggests that the response is
directed to self and does not arise from molecular mimicry [9,10].

The use of ZnT8Ab as an independent marker for autoimmune diabetes has been discussed,
and the autoantibodies can be detected in the prediabetic period, where they are usually
preceded by GAD65Ab and IAA [3,10]. The presence of ZnT8Ab after the clinical
diagnosis of diabetes has not been investigated so far.

Our goal was to investigate the humoral response to ZnT8 in regard to age at onset and
disease duration. We analyzed two new onset type 1 diabetes patient cohorts with different
age distributions at onset and a longitudinal cohort of young type 1 diabetes patients for the
presence of ZnT8Ab to both major isoforms ZnT8R and ZnT8W.

Materials and methods
Subjects

Details of the study cohorts are provided in Tables I and II.

2–17-year-old type 1 diabetes cohort—Serum samples from newly diagnosed type 1
diabetes patients (n = 249) aged 2–17 years were obtained as part of a study conducted at the
St Görans Children Hospital, Stockholm, Sweden, and represented 80% of all children
diagnosed in Stockholm during 1992–2002. In a subset of these patients (n = 32), additional
blood samples were obtained 1 year and 5 years after the onset of the disease. The diagnosis
of type 1 diabetes was based on the World Health Organization criteria (WHO).

15–34-year-old type 1 diabetes cohort—Newly diagnosed 15–34-year-old type 1
diabetes patients were registered in 1992–1993 in the Diabetes Incidence Study in Sweden
[11]. The patients were all diagnosed with diabetes mellitus according to WHO criteria. All
types of diabetes: type 1 diabetes, type 2 diabetes, unclassifiable diabetes, and secondary
diabetes were reported, with gestational diabetes as the only exception. Blood samples
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together with clinical classification were obtained in 764 patients at diagnosis and these
patients were classified as follows: 583 type 1 diabetes patients, 110 type 2 diabetes patients,
and 71 patients with unclassifiable diabetes. We analyzed a random subset (n = 343) of the
samples obtained from type 1 diabetes patients.

LADA patients
GAD65Ab-positive LADA patients (n = 47) (30–70 years of age, 39 males) were part of a
controlled clinical trial with injections of alum-formulated recombinant human GAD65
(rhGAD65) [12]. Patients were eligible for the study if they were aged 30–70 years,
diagnosed with type 2 diabetes within the previous 5 years; tested positive for GAD65Ab,
controlled their blood glucose levels with diet, oral hypoglycemic agents, or both, but not
with insulin. GAD65Ab-positive type 2 diabetes patients with the above clinical parameters
are generally classified as LADA patients. Participating females had to be of non-child-
bearing potential. Samples used in this study were collected prior to the initiation of the
injection protocol.

All subjects or their legal guardians gave informed consent. Local institutional ethics
committee approval and subjects’ consent were obtained prior to collection of all serum
samples.

All serum samples were continuously stored at −70°C, antibody titers to GAD65 of
randomly selected samples were stable during the storage time (data not shown).

Generation of ZnT8 expression constructs—The complementary DNA (cDNA)
construct consisting of the C-terminal domain (aa 268–369) from human islet ZnT8 was a
kind gift from Dr J. C. Hutton (Barbara Davis Center for Childhood Diabetes, University of
Colorado at Denver and Health Sciences Center, Aurora, CO, USA). The C-terminal
construct was subcloned into the pTnT™ vector (Promega, Madison, WI, USA) to generate
plasmid pThZnT8R. This construct was used for the expression of ZnT8R. This construct
was used to generate the ZnT8 isoform ZnT8W using Phusion™ site-directed mutagenesis
kit (Finnzymes Oy, Espoo, Finland).

Each construct was confirmed by DNA sequences prior to use.

Radioligand binding assay—GAD65Ab were determined using the radioligand binding
assay (RBA) previously described [13]. Briefly, recombinant [35]S-GAD65 was produced in
an in vitro-coupled transcription and translation system with SP6 RNA polymerase and
nuclease-treated rabbit reticulocyte lysate (Promega). Sera (2.5 μl) were incubated
with [35]S-GAD65 (25,000 of TCA-precipitable radioactivity). After an overnight incubation
at 4°C, antibody-bound [35]S-GAD65 was separated from unbound antigen by precipitation
with Protein A Sepharose (Invitrogen, Carlsbad, CA, USA). The immunoprecipitated
radioactivity was counted on a Wallac Microbeta Liquid Scintillation Counter (Perkin Elmer
Life and Analytical Sciences, Inc., Boston, MA, USA).

Antibody levels were expressed as a relative index to correct for interassay variation using
the WHO standard for GAD65Ab [14]. To determine the relative index, positive and
negative control samples were included in all assays. The cut-off for positivity for
GAD65Ab (index of 0.04) was taken at the 98th percentile of the GAD65Ab index of 50
healthy control subjects (non-diabetic individuals without known autoimmune disease and
no family history of diabetes). This cut-off value was confirmed by displacement assays
using recombinant human GAD65 (200 ng/ml) (Diamyd Medical AB, Stockholm, Sweden)
competing with radiolabeled recombinant human [35]S-GAD65 as previously described
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[13,15]. All samples were tested in duplicates and the coefficient of variations was
determined for each sample (average 5.6, lowest 0.4, highest 10).

Antibodies to the islet cell antigen, IA-2, were measured under identical conditions as
described for GAD65Ab. The plasmid containing the cDNA for the cytoplasmic portion of
islet antigen 512 (ICA512bdc amino acids 256–556:630–979) was kindly donated by Dr G.
Eisenbarth, Barbara Davis Research Center. The same WHO standard serum and control
sera as in the GAD65Ab assay were used to correct for interassay variations. The interassay
coefficient of variation for each sample was calculated (average 5.4, lowest 0.1, highest 14).

Our laboratory (#775) participated in the Diabetes Antibody Standardization Program
workshop [16] and the GAD65Ab assay showed a sensitivity of 86% and specificity of 93%,
and the IA2Ab assay showed a sensitivity of 66% and a specificity of 98%.

ZnT8Ab were measured under similar conditions as described for GAD65Ab. The cytosolic
segments (aa268–369) encoded the aa325 codon variants, CGG (T) and TGG (W). Results
for ZnT8Ab were converted into arbitrary units by extrapolation using a panreactive positive
serum from a type 1 diabetes patient with designated 1000 arbitrary units. Cut-off was set at
10 U/ml for autoantibodies to ZnT8R and 18 U/ml for ZnT8W based on the 98th percentile
observed in 162 healthy human controls (non-diabetic individuals without known
autoimmune disease and no family history of diabetes). All samples were tested in
duplicates and the coefficient of variations was determined for each sample (average 6.6,
lowest 0.9, highest 14). For measurements of autoantibodies in longitudinal samples, all
samples of a given patient were analyzed in one assay to avoid interassay variations.

Statistical analysis
Correlations were calculated using the Spearman rank correlation test. Autoantibody levels
between groups were analyzed using the non-parametric analysis of variance (Kruskal–
Wallis test) followed by Dunn’s multiple comparisons test. Significance was defined by p <
0.05.

Results
2–17-year-old type 1 diabetes patients

We found that 80% (200/249) of the type 1 diabetes patients’ sera tested positive for
ZnT8Ab to at least one of the isoforms. Of the ZnT8Ab-positive samples, 83% (n = 166)
were positive for both isoforms, while 10 and 7% reacted with either ZnT8R or ZnT8W,
respectively. Antibody titers of ZnT8R and ZnT8W correlated significantly (p < 0.0001;
Figure 1(a)).

15–34-year-old type 1 diabetes patients
We found 66% (227/343) of the sera in the 15–34-year-old type 1 diabetes patient cohort to
contain ZnT8Ab. Of the ZnT8Ab-positive samples, 66% (n = 151) were positive for both
isoforms, while 23 and 11% reacted with either ZnT8R or ZnT8W, respectively. Antibody
titers of ZnT8R and ZnT8W correlated significantly (p < 0.0001; Figure 1(b)). No
correlation between ZnT8Ab titers or frequencies and c-peptide levels or BMI at onset was
observed.

ZnT8Ab in LADA patients
We analyzed 47 GAD65Ab-positive LADA patients whose blood were collected within 2
years of diagnosis of diabetes. In this cohort, 42% (n = 20/47) of the patients tested positive
for either ZnT8RAb or ZnT8WAb. Of the ZnT8Ab-positive samples, 75% (n = 15) were
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positive for both isoforms, while 25% reacted with ZnT8R only. No correlation with age and
antibody titer or prevalence was found in this cohort.

Overlap with other autoantibodies
A random subset of the younger patient cohort (n = 163) and all samples of the older cohort
were tested for overlap of ZnT8Ab, GAD65Ab, and IA-2Ab (Figure 2). IAA were not
included in the analysis as for some patients insulin therapy was initiated prior to sample
collection. In the younger type 1 diabetes patient cohort (n = 163), we found that 50% of the
analyzed samples were positive for ZnT8Ab (either specificity), GAD65Ab and IA-2Ab
(Figure 2(a)). The inclusion of ZnT8Ab allowed the identification of an additional four
patients, which otherwise would have been described as autoantibody-negative. In this
cohort, the combined analysis with all three autoanti-bodies allowed the identification of
98% of the patients.

In the older type 1 diabetes patient group, 23% (n = 80) of the patients showed reactivity to
all three autoantigens (GAD65, IA-2, and ZnT8) (Figure 2(b)). While the analysis for
IA-2Ab and GAD65Ab identified 77% of the patients, an additional 13% tested positive for
ZnT8Ab. Only 10% of the patients tested negative for all three autoantibodies.

The prevalence of GAD65Ab in the younger cohort and in the older cohort was similar (71
and 77%, respectively), while both IA-2Ab and ZnT8Ab prevalences were lower in the older
patient group as compared with the younger patients (IA-2Ab: 48 versus 78%, ZnT8Ab: 63
versus 80%).

ZnT8Ab titers are significantly higher in the younger type 1 diabetes patient cohort
We compared the ZnT8Ab titers in antibody-positive samples in both type 1 diabetes patient
cohorts and LADA patients (Figure 3). Median binding to ZnT8R in the young type 1
diabetes cohort was significantly higher compared with the binding in the older cohort
(median 148 and 29 U/ml, respectively; p < 0.001). The same observation was made in
regard to ZnT8Ab binding to the ZnT8W isoform (median 145 and 58 U/ml, respectively; p
< 0.01). When comparing the ZnT8Ab titers at the age overlap between the two cohorts (15–
17 years), no significant difference was observed, indicating that the observed differences
are due to age, not cohort (data not shown). No significant difference between the two
cohorts was observed in GAD65Ab levels (median index of 0.3 and 0.33), while the IA2-Ab
levels in the younger cohort were significantly higher as compared with the older type 1
diabetes patients (median index of 0.4 and 0.05, respectively; p < 0.0001). ZnT8Ab titers to
both isoforms were significantly lower in the LADA patients as compared with either type 1
diabetes cohorts (p < 0.0001).

Correlation of ZnT8Ab titers and age at onset
When analyzing the individual cohorts for a correlation between age at onset and ZnT8Ab
titers, we found no correlation (Figure 4(a),(b),(d),(e)). However, after combining both
cohorts, we observed a significant inverse correlation between age at onset and ZnT8Ab
titers for ZnT8RAb and ZnT8WAb (p = 0.006 and 0.0003, respectively; Figure 4(c),(f)).

ZnT8Ab titers decline significantly after onset
We analyzed ZnT8Ab-positive longitudinal samples obtained from a subgroup of the 2–17-
year-old type 1 diabetes patients (n = 32). For these patients, blood samples were collected
at onset, 1 year, and 5 years after onset. These samples were analyzed for ZnT8Ab to both
isoforms, GAD65Ab, and IA2-Ab (for IA2-Ab only samples taken at onset and at 5 years of
disease duration were analyzed; Figure 5).
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We found that ZnT8RAb levels decreased significantly from 320 (28–3472 U/ml) to 162 U/
ml (9–1000 U/ml) (p = 0.0001) during the initial year after onset of disease. Further decline
was observed during the following 4 years (to 27, 0–817 U/ml) (p < 0.0001). Of the 31
patients that tested positive for ZnT8RAb at onset, 13 (42%) showed a decline below the
cut-off for positivity.

Similarly, autoantibody levels to ZnT8W decreased significantly from 128 (28–2960 U/ml)
to 46 U/ml (0–1300 U/ml) (p = 0.0011) in the initial year after onset of diabetes. Further
decline was observed during the following 4 years (to 24, 0–1000 U/ml) (p < 0.0001). Of the
29 patients that tested positive for ZnT8WAb at onset, 12 (41%) declined below the cut-off
for positivity during the first 5 years of disease duration.

Of the samples that were initially positive for both antibodies (n = 28), 32% (n = 9) declined
below cutoff, 17% (n = 5) lost only one antibody and 50% (n = 14) remained positive for
both autoantibodies. No significant change in GAD65Ab titer in the GAD65Ab-positive
samples (n = 28; Figure 5(c)) was observed during the entire followup period, while the
IA2Ab titer declined significantly (Figure 5(d); p < 0.0001).

Discussion
Our analysis of ZnT8Ab in type 1 diabetes patients and LADA patients showed the presence
of this novel autoantibody in the majority of type 1 diabetes patients, while fewer LADA
patients tested ZnT8Ab positive. As in previous studies, positivity for ZnT8RAb and
ZnT8WAb strongly correlated [8,10]. ZnT8Ab binding to ZnT8 R325 and ZnT8 W325
isoforms is somewhat regulated by the individual’s polymorphism at position 325 [8].
ZnT8Ab obtained from individuals with homozygous SLC30A8 genotypes are often
restricted to their respective ZnT8 isoform, indicating that amino acid 325 greatly affects a
major antibody epitope [8]. However, this restriction is not absolute, suggesting that
ZnT8Ab recognize also other epitopes [8,10]. We conclude that either the majority of the
here analyzed patients were heterozygote for the SLC30A8 polymorphism encoding ZnT8R
or ZnT8W, or that a large proportion of ZnT8Ab binds to an epitope independent from
amino acid residue 325. SLC30A8 genotypes of the patients were not available to address
this question.

Previously a correlation of age at onset and ZnT8Ab prevalence in <1–18-year-old type 1
diabetes patients was demonstrated, followed by a decline of ZnT8Ab prevalence in 23–30-
year-old type 1 diabetes patients [3]. While we could not observe a direct correlation
between age at onset and ZnT8Ab prevalence in the younger patient cohort, we found a
significant inverse correlation between age and ZnT8Ab when combining both cohorts,
reflecting the decrease of ZnT8Ab prevalence in older patients [3]. Moreover, the ZnT8Ab
frequency and titer in type 1 diabetes patients with an older age at onset was significantly
lower. The lack of a direct correlation of ZnT8 prevalence and age at onset in the younger
patient cohort may be due to a different age distribution between our patient cohort and the
earlier study [3]. It is of interest that IAA and IA-2Ab show an inverse correlation with age
at onset, while GAD65Ab show no and in some studies, even a positive correlation with age
at onset [17]. We found similar prevalences of GAD65Ab in the younger cohort and in the
older cohort, while both IA-2Ab and ZnT8Ab prevalences were lower in the older patient
group, supporting the understanding of the latter antibodies to be negatively correlated with
age at onset. It remains to be determined what causes these differences in age-antibody
correlations. Our observation of low frequency and titers of ZnT8Ab in LADA patients may
be due to the advanced age of these patients or the relatively long disease duration.
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In our longitudinal cohort of young type 1 diabetes patients, we found that ZnT8Ab titers
and IA2Ab titers declined rapidly after onset of disease, while GAD65Ab levels appeared
stable. These findings are in agreement with earlier studies suggesting that GAD65Ab
persist over many years after clinical onset [17]. Previous studies showed a decline in ICA
and IA-2Ab levels after clinical onset of type 1 diabetes [18,19], while others reported stable
IA-2Ab frequencies [20,21]. The persistence of autoantibodies, despite the loss of beta cells
as the antigen source after disease onset, has been attributed to continuous beta cell
regeneration, protein mimicry, incomplete destruction of the beta cells, release of
autoantigen from other sources, cross-reactivity [22], or the existence of an antigen-
independent memory through autoantibody-specific anti-idiotypic antibodies [23,24].

While IA-2 and GAD65 are expressed in small quantities in tissues other than pancreatic
beta cells [25,26], ZnT8 is expressed in beta cells and alpha cells only [27,28]. A tight
correlation of declining ZnT8Ab titers and autoimmune destruction of pancreatic beta cells
may suggest the antibody as a potential marker for islet destruction as has been discussed
[3]. Such a marker would indeed be of extreme interest, because current assessments of beta
cell mass by insulin or C-peptide levels do not only necessarily reflect the number of beta
cells, but also their functional state [29]. However, a previous study reported no change in
ZnT8Ab levels during the prediabetic period, when the beta cell mass is likely to decline [3].

In conclusion, our study confirms ZnT8Ab as promising markers for type 1 diabetes,
especially in younger patients. This new marker allows the detection of type 1 diabetes with
increased sensitivity, as also evident from our study. Screening protocols for the
identification of individuals at risk for type 1 diabetes and characterization of autoimmune
diabetes should include ZnT8Ab, while the significant decline in autoantibody titer after
clinical onset of type 1 diabetes may limit its use after diagnosis. Whether the ZnT8 antigen
may be used in tolerance induction for the prevention of type 1 diabetes, as demonstrated for
insulin and GAD65 in NOD mice (for review see [30]) and to some extent in humans
[12,31,32], will need to be established.
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Figure 1.
ZnT8Ab titers to ZnT8R and ZnT8W correlate. Serum samples obtained from (a) 2–17-year-
old and (b) 15–34-year-old new onset type 1 diabetes patients were tested for their binding
to ZnT8R and ZnT8W. Antibody titers are shown as U/ml. R 2 and p-values for r 2 values
are shown.
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Figure 2.
Overlapping prevalence of ZnT8Ab, GAD65Ab, and IA-2Ab at onset. Serum samples
obtained from (a) 2–17-year-old and (b) 15–34-year-old new onset type 1 diabetes patients
were tested for autoantibodies to ZnT8R and/or W (combined), GAD65, and IA-2.
Frequencies of antibodies and their overlap with other autoantibodies are shown as
percentage and total number of samples.

VAZIRI-SANI et al. Page 11

Autoimmunity. Author manuscript; available in PMC 2014 January 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
ZnT8Ab titers to both ZnT8 isoforms are significantly higher in the younger type 1 diabetes
patient cohort. Serum samples obtained from 2–17-year-old (open symbols) and 15–34-year-
old (black symbols) new onset type 1 diabetes patients, and LADA patients (gray symbols)
were tested for their binding to ZnT8R (circles) and ZnT8W (squares). Median binding is
indicated. Note that the ZnT8Ab titer is displayed on a logarithmic scale.

VAZIRI-SANI et al. Page 12

Autoimmunity. Author manuscript; available in PMC 2014 January 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
ZnT8Ab titers correlated with age at onset. Correlation between ZnT8RAb titers (a, b, c) and
ZnT8WAb titers (d, e, f) with age at onset was tested in the 2–17-year-old cohort (a, d), the
15–34-year-old cohort (b, e), and the combined cohort (c, f). R 2 and p-values for r2 values
are shown.
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Figure 5.
Longitudinal titers of ZnT8Ab decline shortly after disease onset. Longitudinal samples
from type 1 diabetes patients were obtained at onset, 1 and 5 years after onset. Samples were
analyzed for (a) ZnT8RAb, (b) ZnT8WAb, (c) GAD65Ab, and (d) IA2Ab. Antibody-
positive samples were analyzed for their respective antibody titer in respect to disease
duration.
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Table I

Characteristics of study cohorts.

2–17 type 1 diabetes 15–34 type 1 diabetes LADA

N 249 343 47

Gender 119 (F) 123 (M) 223 (M) 125 (F) 39 (M) 8 (F)

Age at onset (median and range) (years) 10 (2–17) 25 (15–34) 30–70

Duration (median and range) (months) Onset Onset 3 (1–17)

F, Female; M, Male. Samples were taken at time of clinical diagnosis.
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Table II

Characteristics of longitudinal subset for 2–17-year-old type 1 diabetes patients.

Longitudinal subset 2–17 type 1 diabetes

N 32

Gender 13(F) 19(M)

Age at onset (median and range) (years) 10 (2–16)

F, Female; M, Male.
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