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The presence of circulating islet cell autoantibod-
ies distinguishes type 1A diabetes (T1D) from other 
diabetic syndromes and determination of autoantigen 
genes and proteins is instrumental in understanding 
T1D as a clinical entity and in investigating the patho-
genesis of the disease. ZnT8 was recently defi ned as 
a candidate autoantigen based on a  bioinformatics 
analysis focused on discovery of β-cell–specifi c 
proteins associated with the regulatory pathway of 
secretion. The native molecule does not lend itself 
easily to solution-phase autoantibody assays, but 
ligands based on the predicted domain structure and 
molecular modeling have led to robust diagnostic 
procedures showing high specifi cities and sensitivities 
that complement current T1D autoantibody assays 
and add to the predictive value of their measurement. 
The incorporation of genetic and structural epitope 
analysis into ZnT8A determinations adds a further 
dimension to its diagnostic value and understanding 
of its role in the autoimmune disease process.

Introduction
The hallmarks of type 1 diabetes (T1D) are decreased 
peripheral glucose uptake and increased hepatic glucose 
production resulting from marked reduction of insulin 
secretory capacity and insulin defi ciency consequent to 
autoimmune attack directed at the insulin-secreting 
pancreatic β cell. Although more than 80% of cases are 
classifi able as sporadic in nature, there is an underlying 
genetic susceptibility associated with 20 or more genes of 

which common polymorphic variants in the major his-
tocompatibility loci account for more than 40% of the 
inheritability [1,2]. The precise etiology remains unclear 
but could be linked to common environmental factors, 
such as childhood enteroviral infections or dietary behav-
iors. These exert themselves in the context of individual 
determinants associated with inherent defects in critical 
immunomodulatory mechanisms [3] and increase the risk 
of a pathogenic rather than protective immune response to 
self [4]. Irrespective of whether the autoimmune response is 
initiated by an unfortunate mismatch of a nondeleted T-cell 
receptor and a cognate self-peptide, or by a foreign antigen, 
it is clear that islet cell proteins are critical to progression 
from autoimmunity to clinical disease, a process that can 
take more than a decade in most human subjects [5].

Although T1D is primarily considered to result from 
T-cell–mediated destruction of islet cells, the molecular 
targets of diabetic autoimmunity were largely identifi ed 
by serologic studies of circulating autoantibodies. Insulin, 
glutamic acid decarboxylase 65 (GAD65), and the protein 
tyrosine phosphatase proteins ICA512 (IA-2) and phogrin 
(IA-2β) are well-established targets of circulating islet cell 
autoantibodies, and determination of their prevalence 
and titers provide sensitive (> 85%) and specifi c (> 99%) 
diagnostic tests for prediabetes in humans. The combined 
measurement of autoantibodies to insulin (IAA), GAD65 
(GADA), and IA2 (IA2A), although highly predictive of 
T1D susceptibility, fall short of being able to determine 
individual risk in the general population, and the search 
for new molecular targets is an important goal. The induc-
tion of antigen-specifi c immune tolerance provides an 
attractive approach to prevention of the disease and one 
that can be used in combination with approaches based 
on monoclonal antibodies that modulate or temporarily 
deplete broad components of the immune system, such as T 
and B cells. The advent of methodology to interrogate dif-
ferences in levels of gene expression across multiple tissues 
and to distinguish single nucleotide polymorphisms (SNPs) 
across the entire genome introduces new approaches for 
disease and tissue biomarker discovery, including the iden-
tifi cation of tissue and disease-specifi c autoantigens. In 
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this article, we review the application of such approaches 
to the discovery of an independent autoantibody marker 
of T1D, namely the insulin secretory granule zinc trans-
porter, ZnT-8 [6,7••], the product of the SLC30A8 gene 
in humans.

Discovery of ZnT8
Insulin, the fi rst T1D autoantigen identifi ed at the molec-
ular level, was discovered by a candidate gene approach 
[8]; GAD65 (GAD2) by a combination of biochemical 
analysis and fortuitous clinical association of T1D with 
a rare disease affecting GABAergic neurons [9]; IA2 
(PTPrN) [10,11] from screening of islet gene expression 
libraries with T1D patient sera; and IGRP (G6PC2) from 
cloning of β-cell–specifi c genes using a subtractive hybrid-
ization approach [12,13]. A common thread linking these 
discoveries is the relatively specifi c expression of these 
proteins to pancreatic β cells at moderate or high levels 
and intracellular localization of the proteins to the regu-
lated pathway of secretion, often in association with the 
insulin secretory granule. This prompted us to perform a 
multidimensional gene expression analysis initially using 
microarray data from public domain multi-tissue custom 
arrays (Novartis Gene Atlas V2) [14] to defi ne pancreas 
and islet specifi city. This was followed by analysis of 
individual gene expression in a murine βTC3 insulinoma 
line in comparison with the α TC1-6 glucagonoma and 
mPAC ductal cell lines. Additional data pertaining to islet 
specifi city were derived from analysis of the embryonic 
Neurogenin 3 knockout mouse pancreas [15•], which 
develops normally but is devoid of islets. A list of 68 genes 
derived in this way included insulin, GAD65, IA2, IGRP, 
and other documented targets of diabetic autoimmunity 
[7••]. Of the genes that were not previously implicated in 
diabetes, high on the list was ZnT8 [7••], a member of the 
large and evolutionarily conserved family of cation dif-
fusion effl ux proteins. ZnT8 appears largely confi ned to 
the islet, predominantly in the β cell [6], with some lesser 
expression in the α cell [15•,16].

Zinc Biology and Disease Associations
ZnT8 is the product of one of nine known ZnT genes 
(SLC30A1-8 and SLC30A10) that are expressed in 
humans, of which six (ZnT 1, 3, 6, 7, 8, and 10) are 
detectable at the mRNA level in islets. There are an 
additional 14 Zn importer genes of the SLC39A family 
in mammalian cells that act to counter the export of Zn 
or its sequestration in intracellular organelles mediated 
by the SLC30A family members [17]. The genes are often 
tissue-specifi c, have specifi c intracellular localization, 
and are tightly regulated [18]. Inactivation of Slc30A and 
Slc39A family members in mice is associated with various 
pathologies ranging from embryonic lethality (ZnT1-/-) 

[19] and (Zip4-/-) [20] to tissue-specifi c phenotypes such 
as production of Zn-defi cient milk (ZnT4[lm]) [21], 
acrodermatitis enteropathica (Zip4+/-) [22], and impaired 
growth that can be compensated with dietary Zn supple-
mentation (Znt7-/-) [23]. Others such as ZnT3-/- [24] show 
remarkably weak phenotypes in spite of specifi c tissue 
and subcellular distribution. Mice with a triple knockout 
of Zip1, -2, and -3 have no phenotype [25] except under 
conditions of dietary Zn defi ciency [26].

Zinc is an important structural component of many 
proteins; 200 different Zn binding protein motifs that 
mediate in protein/protein interactions, protein/DNA 
interactions, and metal ion–mediated catalysis were 
described. Free Zn2+ reportedly blocks the KATP chan-
nel in the pancreatic α and β cells and were implicated 
in paracrine signaling from the β cell to the α cells and 
the priming of glucagon release stimulated by a decrease 
in extracellular glucose [27,28]. ZnT8 is postulated 
as important for providing Zn to allow for the proper 
maturation, storage, and secretion of insulin [29]. Diet-
induced Zn defi ciency in rats reduces the ability to secrete 
insulin after a glucose tolerance test [30] and Zn-defi -
cient hamsters exhibit reduced glucose tolerance, albeit 
without a change in insulin production [31]. The extent 
to which any of these processes refl ect physiologic events 
remains to be elucidated [32]. In the immunology area, 
Zn defi ciency was implicated in cytokine signaling [33] 
and potentially as an intracellular messenger in its own 
right [34]; free Zn2+ can mimic several events mediated 
by epidermal growth factor, brain-derived neurotrophic 
growth factor, and other growth factor receptors. It 
is conceivable that at the high concentrations associ-
ated with insulin, Zn could affect antigen presentation 
through an aggregation mechanism, and one is reminded 
of the adjuvant effects of Al3+ [35] and the ability of Be2+ 
to form specifi c peptide adducts that, in the context of 
specifi c HLA alleles, can be presented to self-reactive T 
cells and cause pulmonary berylliosis [36,37].

Autoantibodies to ZnT8
Assays for ZnT8 antibodies (ZnT8A) are performed using 
35S Met-labeled ZnT8 produced by in vitro transcription 
and translation in solution phase followed by isolation of 
the immune complexes with protein A agarose beads [7••]. 
The procedures are similar to those that were success-
fully applied to insulin, GAD65, and IA2 and use similar 
amounts of sample (2.5–5 μL of serum) [38]. Bead-bound 
radioactivity is determined by liquid scintillation count-
ing after washing by centrifugation fi ltration procedures. 
Up to 1200 samples can be assayed by a single technician 
over a 2-day period. Nonradioactive procedures are under 
development and considerable interest exists in reducing 
these technologies to a point-of-service assay. ZnT8 pres-
ents some additional challenges for autoantibody assays, 
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50% of the sequence of 369 amino acids that character-
ize the native molecule is embedded in the phospholipid 
bilayer that it spans six times [6]. The fi rst 70 and the last 
100 amino acids are predicted to form globular domains 
with a cytosolic orientation and both possess antigenic 
epitopes. The N-terminus is typically recognized by up 
to 20% of new-onset diabetic sera with 98% specifi c-
ity, and the C-terminus around 70% sensitivity with a 
signifi cantly higher specifi city (99.5%) [7••]. Further 
optimization of the current assays and the introduction of 
multivalent antigen preparations promise to increase the 
sensitivity of the assay to the range of 80% without sac-
rifi ce of specifi city. The sensitivity is comparable to IAA, 
GADA, and IA2A. Also important is the observation that 
ZnT8A provide an independent measure of autoreactivity 
with 25% to 30% of subjects negative for IAA, GADA, 
and IA2 being ZnT8A-positive. It is a more robust assay 
than IAA but does not supplant it because IAA reactivity 
is greater in younger subjects than ZnT8A. Conversely, 
ZnT8A are more prevalent in subjects older than 8 years 
of age [39]. ZnT8A show less of an association with com-
mon diabetes-susceptibility haplotypes than does GADA 
(notably DR3-DQ2) and IA2A (notably DR4-DQ8) 
[40,41], suggesting that it reports on a different subpopu-
lation of individuals. ZnT8A correlates weakly with IA2A 
and not at all with GADA and IAA. Its major strength 
clinically is that when it is measured alongside the classi-
cal T1D autoantibodies, it increases the overall sensitivity 
of detection of autoimmunity to greater than 90% and 
increases predictive value, particularly for individuals 
with a single classical T1D autoantibody who otherwise 
have a risk of disease development only marginally greater 
than controls [7••].

ZnT8A detected at the time of disease onset show little 
or no crossreactivity with their nearest orthologues ZnT3 
or ZnT4, even though the two are expressed in islets [15•]. 
More distantly related ZnT members are likewise not 
reactive. Autoantibodies reactive with ZnT8 probes were 
undetectable in type 2 diabetes, rheumatoid arthritis, 
lupus erythematosus, and multiple sclerosis but present 
in low frequency in patients with Addison’s disease and 
celiac disease, two conditions associated with increased 
risk of T1D development [7••]. Similarly, patients with 
Stiff Man Syndrome who have an elevated risk of develop-
ing T1D and show a high prevalence and titers of GADA 
[42] had low titers of ZnT8A and IA2A in 2 of 12 cases 
(Solimena and Hutton; Unpublished data). Because ZnT8 
is not expressed in the tissues primarily affected in these 
diseases (adrenal cortex, small intestine, and GABAergic 
neurons of the musculature), we would surmise that these 
individuals had an underlying pancreatic insulitis. This is 
consistent with the observation that ZnT8A are detected 
in a high proportion of patients followed prospectively to 
T1D and may precede clinical disease from 6 months to 
more than 15 years. The common feature in this instance 

is likely to share common genetic risk factors that predis-
pose to autoimmunity.

ZnT8A Epitope Mapping and 
SLC30A8 Genetics
Identifi cation of the amino acid sequences and conforma-
tions recognized by autoantibodies is important in terms 
of assay optimization and providing critical information 
relevant to understanding the presentation of the antigen 
to B cells and potentially in the design of antigen-specifi c 
therapeutic agents. These studies are facilitated in the case 
of ZnT8 by the availability of the crystal structure of the 
bacterial iron transporter Ziip [43••] and the fact that the 
C-terminal region of the mouse ZnT8 molecule, which 
is more than 80% identical in sequence, does not react 
signifi cantly with human autoantibodies. Incidentally, 
the nonobese diabetic mouse, a useful T1D experimental 
model does not exhibit antibodies to human or mouse 
ZnT8 (Wenzlau, Davidson, and Hutton; Unpublished 
data). A three-dimensional model of the C-terminus of 
ZnT8 was generated with the PHYRE server (Structural 
Bioinformatics Group, Imperial College London, UK; 
http://www.sbg.bio.ic.ac.uk/phyre) and used to direct 
site-directed mutagenesis studies to better defi ne the 
residues responsible for binding of human autoantibodies. 
A remarkable fi nding from these investigations was the 
observation that a single amino acid substitution in mouse 
ZnT8 (Gln324 > Arg) is suffi cient to restore reactivity for 
a subset of T1D ZnT8 autoreactive sera. The equivalent 
amino acid residue in humans is polymorphic, Arg in 
75% of European Caucasians, 98% African Americans, 
and 50% Asians, or alternatively Trp (SNP rs13266634). 
An additional nonsynonymous SNP exists in the same 
aa position because of variation in the second nucleotide 
of the same codon (C > A encoding Arg325 > Gln; SNP 
rs16889462) and occurs in less than 1% of Europeans, 
in about 9% of African Americans, and in 1% to 2% of 
Asian populations.

Recombinant human ZnT8 probes with Arg, Trp, 
or Gln at aa325 each proved recognizable by sera from 
new-onset T1D and prediabetic individuals, although the 
prevalence of antibodies measured with these variants 
show a consistent quantitative and sometimes qualitative 
variation, typically 50% with Arg325, 45% with Trp325, 
and 40% with Gln325 (Table 1; Fig. 1). About 15% of indi-
viduals react only with Arg325 probes, 7.5% with Trp325, 
and none with Gln325 alone within the assay sensitivity 
limits. Quantitative analysis of the response levels fi ts the 
hypothesis that a restricted number of ZnT8 antibody epi-
topes exists, one of which is dependent on the presence 
of Arg at aa325, another on Trp, and a third class that is 
unaffected by aa325 and can bind probes with Arg, Trp, 
or Gln in this position equally well. It is conceivable that 
the naturally occurring Gln325 variant may be targeted in 
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individuals bearing that allele in non-Caucasian popula-
tions, which warrants further investigation because it 
was also apparent that autoreactivity to the specifi c aa325 
variant was dependent on its encoding by the genome. 
In these terms, immunologic autoreactivity to ZnT8 is 
truly reactivity to a self-encoded antigen, an observa-
tion that is contraindicative of the commonly held view 
that autoreactivity arises through a process of molecular 
mimicry initiated by epitopes in foreign proteins that are 
similar but not identical to self. These conclusions based 
on the prevalence of autoreactivity to the three aa325 
probes against the genotype determined by analysis of 
SNP rs13266634 are further reinforced by quantitative 
analysis of the levels of antibodies observed in new-onset 
T1D patients, notably whether heterozygous individuals 
encoding both antigenic variants of ZnT8 are tolerized by 
the presence of the alternative allele or equally likely to 
develop autoreactivity to either allele.

Figure 1 and Table 1 show that reactivity to the 
rare Gln325 variant construct was unaffected by the 
SNP rs13266634, consistent with the premise that the 
epitope is not dependent on which residue is at aa325. 
Responses only to the Arg325 construct were principally 
confi ned to individuals with the CC genotype and simi-
larly Trp325-only responses with the TT genotype and to 
a lesser extent, heterozygotes. Calculation of the Arg325 
and Trp325-restricted responses (defi ned by the numerical 
difference between Arg325 or Trp325 probe reactivity and 
Gln325 probe reactivity) were distributed somewhat differ-
ently in that they revealed that heterozygous individuals 
had signifi cant levels of antibody responses directed at the 
Arg325 or Trp325 isoepitopes. The levels of Arg325-restricted 
antibodies were signifi cantly higher in homozygous 
CC individuals than in heterozygotes, suggestive of an 
effect of expression level of the antigen isoepitope on the 
strength of the response; however, this was not the case 
for Trp325-restricted antibodies. In essence, about 30% 
of patients responded to non-aa325 epitopes, 30% had 
antibodies restricted to Arg325, and 15% to 20% were 
restricted to the Trp325 isoepitope, the latter responses 

being determined by the frequency of the corresponding 
encoding allele. Collectively, about 60% responded to any 
epitope in this group.

The heterogeneity of the ZnT8A responses poses 
important questions regarding the design and performance 
of assays. The precision of the Arg325 or Trp325-restricted 
autoantibody measurements are affected by the magnitude 
of the responses themselves, the response relative to other 
isoepitope reactivity of the sample, and the dynamic range 
and calibration of the assays. The Arg325 or Trp325-restricted 
signals can be quenched by adding recombinant Arg325 or 
Trp325-C-terminal proteins to the assays, which should pro-
vide the basis of future assays that involve measurement of a 
difference signal with a single probe rather than a compari-
son of different probes. Linear peptides are ineffective as 
competing agents, indicating that the epitopes are confor-
mational in nature, and further investigation is required to 
map the other amino acids in the C-terminus that contrib-
ute to the reactivity and the avidity of antibody binding. 
For many studies, the issue of complexity of the epitopes 
will be unimportant and a single assay that can integrate 
the signals coming from the different isoepitopes will be 
of greater interest. Current approaches include incorporat-
ing multiple, individually synthesized probes in a single 
assay or the generation of hybrid molecules, such as the 
N-C terminal construct and the generation of multimeric 
constructs based on tandem repeats of the immunoreactive 
forms separated by a suitably fl exible linker. Preliminary 
data with the latter indicate that the sensitivity of ZnT8A 
measurements can be increased from 50% to levels above 
70% without sacrifi cing assay specifi city (> 99.5%) by 
improving the avidity of binding of the autoantibodies. 
ZnT8 naturally exists as a dimer and further indications 
show new epitopes that bridge monomers may also be 
detectable by this strategy [43••].

From a clinical perspective, it will be interesting to 
look at the emergence of epitope-specifi c responses in 
populations of differing ethnic origin because it is clear 
that the allele frequencies encoding ZnT8 aa325 vary sig-
nifi cantly within European populations [44] and between 

Table 1. ZnT8 autoantibody responses in new-onset patients stratifi ed by aa325 reactivity and specifi city*

Rs13266634 
genotype

Arg325 
reactive

Arg325 
restricted

Arg325 
only

Trp325 
reactive

Trp325 
restricted

Trp325 
only

Gln325 
reactive

Gln325 
only

Any 
probe

Patients, n 
(% total)

425 208 (48.9) 125 (29.4) 70 (16.5) 157 (29.9) 69 (16.2) 23 (5.4) 120 
(28.2)

2 (0.5) 240 (56.4)

CC 220 (51.8) 121 (58.2) 81 (64.8) 62 (88.6) 53 (33.8) 1 (1.4) 1 (4.3) 57 (47.5) 1 (50) 125 (52.0)

CT 177 (40.0) 79 (38.0) 43 (34.4) 8 (11.4) 80 (51.0) 47 (68.1) 7 (30.4) 53 (44.2) 1 (50) 91 (37.9)

TT 35 (8.2) 8 (3.8) 1 (0.8) 0 (0) 24 (15.3) 21 (30.4) 15 (65.2) 10 (8.3) 0 (0) 24 (10.0)

P chi-squared — 0.064 0.002 < 0.0001 0.0004 < 0.0001 < 0.0001 0.796 NS 0.596

*Samples obtained within 2 weeks of diagnosis (age, 12.5 ± 8.5 years; range, 0.53–65 years) were assayed with ZnT8 C-terminal probes 
(aa265–369) and stratifi ed as outlined in the Figure 1 legend. The number and percentage of individuals in each category is shown in the fi rst row 
and subdivided into genotypes in subsequent rows. Statistics are based on a 3 × 2 chi-squared analysis of genotypes (Prism 5 software).
NS—not signifi cant.
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Figure 1. Levels of aa325-restricted and non-
restricted ZnT8 autoantibody in new-onset 
patients. Antibody responses were deter-
mined as outlined in Table 1 and expressed 
as the immunoprecipitation index (diabetic 
sample counts per minute [cpm] minus 
control cpm)/(total assay cpm minus control 
cpm) for each individual assayed with 
probes encoding Gln325, Arg325, or Trp325. A, 
Data are stratifi ed by genotype and aa325 
probe reactivity index alone. B, Shows signal 
differences between Arg325 and Gln325 probe 
signals and Trp325 and Gln325 probe signals 
(Gln325 reactivity is displayed for reference). 
C, Data are shown where a response to a 
single probe was observed (Gln325, Arg325, or 
Trp325). P values are derived from Mann-
Whitney nonparametric tests and are shown 
where signifi cant.
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more distantly separated ethnic groups. Data from a small 
Japanese population clearly demonstrated the existence of 
Arg325 or Trp325-restricted responses within new-onset T1D 
patients and those with disease of longer duration [45]. By 
contrast, no ZnT8A were found in individuals with “ful-
minant diabetes,” which may have a different etiology. 
The major allele frequency for SNP rs13266634 (75% C) 
in the principally Europid-Caucasian population we stud-
ied is similar to that in control European populations, and 
no dramatic skewing toward one allele or another exists 
in terms of diabetes incidence or ZnT8A response [46••]. 
However, an indication exists that the homozygous CC 
allele may be overrepresented in individuals who develop 
clinical disease at an early age (< 4 years) than those who 
become diabetic more typically around the age of puberty 
[47•]. High ZnT8A levels usually do not appear before 5 
years of age, and a trend toward Arg325-restricted versus 
Trp325-restricted responses exists, which is consistent with 
the reported skewing toward CC homozygosity of the 
rs13266634 SNP in this subgroup. It will be interesting to 
study the emergence of ZnT8 aa325-restricted antibodies in 
prediabetes prospectively in homozygous and heterozygous 
populations because it may provide clues to the mechanism 
of epitope spreading and possible role of B-lymphocyte 
populations in the process.

ZnT8 and Type 2 Diabetes
A series of recent genome-wide association studies show a 
signifi cant association of the same polymorphism at aa325 
with human type 2 diabetes [48••,49] in which the major 
Arg325-encoding C allele confers a minor risk (odds ratio, 
1.08–1.12) of disease. In a large group of subjects with a 
family history of T2D but no apparent disease, the minor 
Trp325-encoding T-allele was correlated with increased 
insulin resistance measured by hyperinsulinemic-eugly-
cemic clamp but was attributable to greater abdominal 
adiposity. No differences in oral glucose tolerance were 
observed with any of the SLC30A8 genotypes, although 
subjects homozygous for the C allele exhibited a decreased 
insulin response in intravenous glucose tolerance tests 
compared with heterozygote and TT homozygotes. An 
increased plasma proinsulin-to-insulin ratio during oral 
glucose tolerance tests of individuals at increased risk of 
type 2 diabetes was also associated with the risk-confer-
ring Arg325, C allele [44]. The latter observation fi ts with 
in vitro studies in rat insulinoma cells transfected with 
human ZnT8 cDNAs, which showed that proinsulin secre-
tion was enhanced relative to processed insulin by the 
Arg325 variant, and that secretory responses to overexpres-
sion of Arg325 or Trp325 variants were increased [50]. One 
could conceive that alteration of the level of expression or 
intrinsic differences in the ZnT8 ion transporter activity 
could have profound effects on the biogenesis of secretory 
granules and composition of the secretory products or 

susceptibility of the β cell to an unfolded protein response 
and thus endoplasmic reticulum stress; all factors that may 
affect the antigenicity of the β-cell constituent proteins and 
thus susceptibility to autoimmune attack [51]. However, 
T1D susceptibility loci were not documented on chromo-
some 8 in the region where SLC30A8 is located, neither in 
humans nor in the syntenic region in mice. Without being 
associated with incidence or initiation of autoimmunity, 
the polymorphism might still affect the disease severity by 
affecting the susceptibility of the islet to metabolic stress 
that appears with the loss of fi rst-phase insulin secretion 
and emerging glucose intolerance that accompanies the 
T1D onset. In such a scenario, increased susceptibility to 
β-cell failure and β-cell death would aggravate the meta-
bolic disturbance and further contribute to insulitis by 
additional recruitment of infl ammatory mediators. This 
could be manifest in a more rapid progression of β-cell loss 
and residual β-cell secretory capacity after clinical onset.

Conclusions
The discovery of ZnT8 as a fourth major diabetes auto-
antigen in humans provided an additional metric for 
disease incidence and progression, a potential new target 
for evaluating cell-based autoimmunity, and a poten-
tial biomarker of islet β-cell mass and function. The 
relationship between kinetics of ZnT8A emergence and 
progression of autoimmunity differ from those of insu-
lin, GAD65, and IA2A, and ZnT8A is not associated 
the same as with diabetes susceptibility genes within 
HLA loci; thus, measurement of ZnT8A provides an 
independent disease marker and adds predictive value to 
autoantibody measurements in prediabetes. The existence 
of a nonsynonymous SNP that acts as a determinant of 
the specifi city of antibodies provides an intriguing link 
to the genetics of type 2 diabetes as well as highlighting 
the oligoclonality of the B-cell response, a phenomenon 
that deserves further scrutiny. ZnT8A measurements are 
rapidly being incorporated into selection criteria for cur-
rent clinical studies and trials. The sensitivity of ZnT8A 
assays is likely further enhanced by epitope mapping and 
molecular engineering, and new assay formats need to be 
developed for clinical applications outside of a laboratory 
setting. Currently, little evidence exists of spontaneous 
autoimmunity directed against ZnT8 in animal models, 
such as the nonobese diabetic mouse, but potential exists 
for using “humanized” mice in further investigation of 
the cell-mediated responses alongside direct studies in 
human subjects.
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