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Kinetics of the Post-Onset Decline in Zinc Transporter
8 Autoantibodies in Type 1 Diabetic Human Subjects

J. M. Wenzlau, M. Walter, T. J. Gardner, L. M. Frisch, L. Yu, G. S. Eisenbarth,
A.-G. Ziegler, H. W. Davidson, and J. C. Hutton

Barbara Davis Center for Childhood Diabetes J.M.W., T.J.G., LLM.F., LY., G.S.E.,, HW.D., J.C.H)),
Anschutz Medical Campus, University of Colorado Denver, Aurora, Colorado 80045; and Diabetes
Research Institute (M.W., A.-G.Z.), Forschergruppe Diabetes e.V., D-80804 Munich, Germany

Context: Zinc transporter 8 (ZnT8) is a newly discovered islet autoantigen in human type 1A dia-
betes (T1D).

Objective: The objective was to document changes in ZnT8 autoantibody (ZnT8A) titer and prev-
alence after onset of disease in relationship to 65 kDa glutamate decarboxylase antibody (GADA)
and islet cell antigen antibody (I1A2A).

Design/Patients: Autoantibody radioimmunoprecipitation assays were performed on sera from
three groups: 21 individuals monitored every 3 months from diagnosis for 2.5 yr; 61 individuals
monitored at six monthly intervals for 5-12 yr; and a cross-sectional study of 424 patients with T1D
of 20-57 yr duration. Circulating C-peptide was determined as an index of residual g-cell function.

Results: ZnT8A titers declined exponentially from clinical onset of T1D with a t,,, ranging from 26
to 530 wk, similar to C-peptide (23-300 wk). Life-table analysis of antibody prevalence to 12 yr
indicated that ZnT8A measured with either Arg325 or Trp325 probes persisted for ashorter interval
thanlA2A. Although prevalence of ZnT8A, IA2A, and GADA were comparable at disease onset (70.4
vs. 73.4 vs. 64%), only 6.7% of individuals remained ZnT8A positive after 25 yr compared with
19.5% for IA2A and 25.9% for GADA. Titers of ZnT8A and IA2A in seropositive individuals de-
creased progressively, whereas GADA remained elevated consistent with periodic reactivation of
GADA humoral autoimmunity.

Conclusions: ZnT8 humoral autoreactivity declines rapidly in the first years after disease onset and
is less persistent than IA2A or GADA in the longer term. ZnT8A determination may be a useful
measure of therapeutic efficacy in the context of immune-based clinical interventions. (J Clin
Endocrinol Metab 95: 4712-4719, 2010)

he major molecular targets of type 1 diabetic autoim-
munity have been identified from investigation of
circulating autoantibodies in humans, and studies of
their molecular and cellular biology have provided in-
sight into the etiology, pathogenesis, and natural his-
tory of the disease. Humoral autoreactivity typically
precedes clinical disease by months or years, and pro-
gression to clinical disease (1, 2) is marked by intramo-
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lecular and intermolecular epitope spreading (3—6). The
number of antibody specificities rather than individual
titers best predicts disease, and positivity to two or more
autoantigens serves as criteria for recruitment to clinical
trials. Autoantibody determinations may also be useful
in assessing the immunological impact of therapeutic
interventions targeting autoreactive T- and B-cells (7-
10). Antibody titer, affinity, and epitope specificity in

Abbreviations: aa, Amino acid; cpm, counts per minute; CQ, codon variant CAG; CR, codon
variant CGG; CV, coefficient of variation; CW, codon variant TGG; CWCR, dimeric con-
struct of CW connected to CR; GADA, 65 kDa glutamate decarboxylase antibody; GAD65,
65 kDa glutamate decarboxylase; IA2A, islet cell antigen antibody; NCW, N-terminal joined
to C-terminal Trp variant via an IgG heavy chain linker; NN, homodimeric construct of the
N terminus; T1D, type 1 diabetes; ZnT8, zinc transporter 8; ZnT8A, zinc transporter 8
autoantibody.
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these instances also provide important metrics of the
immune response (11-13).

Zinc transporter 8 (ZnT8) (14) is a recently discovered
type 1 diabetes (T1D) autoantigen that is a major target of
humoral and cell-mediated autoimmunity in humans (15—
17). ZnTS8, like insulin and IGRP (islet-specific glucose-
6-phosphatase-related protein) (18), is predominantly
found in the pancreatic B-cell and is more restricted in its
tissue distribution than other autoantigens such as GAD2
(65 kDa glutamate decarboxylase) (19), islet cell antigen
(IA2) (PTPrN) (20), and phogrin/IA28 (PTPrN2) (21).
Four major antigenic determinants have been identified in
ZnT8, one in the 74-amino-acid (aa) N-terminal domain
and three in the 101 aa C-terminal cytosolic domain (aa
268-369), the latter characterized by dependence on the
polymorphic aas,s residue (Arg, Trp, or Gln) (15).

The present study investigates ZnT8 autoantibody
(ZnT8A) prevalence, titer, and epitope specificity after
T1D onset, including the 2-3 yr honeymoon period in
which residual endogenous insulin production is evident
and in the longer term when loss of B-cell mass is extensive
though at times heterogeneous (22). Of key interest was
the persistence of humoral ZnT8 autoreactivity and
changes in ZnT8A epitope specificity in relationship to
changes in C-peptide responses and putative effects of ex-
ogenous insulin to suppress residual endogenous B-cell
function or to provide a new immunogenic stimulus (23).

Patients and Methods

Study cohorts and samples

Three groups of T1D patients of predominantly Europid Cau-
casian origin were analyzed: 1) 21 new-onset patients (median
age at diagnosis, 20.3 * 6.2 yr;range, 12.2-34.6 yr) followed for
2.5 yr from within 6 wk of diagnosis with serum samples at
intervals of 3 months (Neurocrine Diabetes Study, NBI-6024-
0101 control subjects; trial registration at www.ClinicalTrials.gov
under identifier NCT00873561);2) 61 T1D new-onset patients
from the Barbara Davis Center (median age at diagnosis, 9.8 =
5.2 yr;range, 1.6-36.7 yr) followed for an average of 7 yr (4.0—
12.3 yr) from within 6 wk of diagnosis with serum samples at 6-
to 12-month intervals; 3) a cross-sectional study group of 424
patients from the Barbara Davis Center with longstanding dia-
betes, including a group 282 of who provided single samples
(median age of diagnosis, 11.4 = 7.6 yr; range, 0.5-52.7 yr) with
disease of 26.3 * 7.6 yr duration (range, 12.0-57.1 yr) and a
second group of 142 (median age of diagnosis, 8.9 = 7.1 yr;
range, 1.0-40.3 yr) with disease of 23.4 * 7.8 yr duration
(range, 6.9-48.4 yr) for whom follow-up samples (3.0-10.9 yr)
were available for analysis.

Control sera were derived from the parents and children in the
newborn cohort of the DAISY study (for Diabetes Autoimmu-
nity Study in the Young) at the Barbara Davis Center (150 in-
dividuals; median age, 13.1 yr; range, 1-55 yr). The male/female
gender ratio in all groups ranged from 0.8 to 1.2. Informed con-

jcem.endojournals.org 4713

sent was obtained from participants and/or parents under ap-
proved Institutional Review Board oversight.

Autoantibody assays

ZnT8A assays were based on immunoprecipitation of *°S-
Met-labeled, iz vitro transcribed and translated probes derived
from human ZnT8 cloned into the pCDNA3.1 directional
TOPO vector (16). Constructs included the N-terminal cytosolic
segment (aa 1-74) or the C-terminal cytosolic segment (aa 268-
369), including the known aa;,s codon variants CGG (Arg),
TGG (Trp), and CAG (Gln) designated CR, CW, and CQ re-
spectively (15). In addition, a series of dimeric constructs were
tested that included the N-terminal (aa 1-74) ZnT8 fragment
fused to the N-terminal joined to C-terminal Trp variant via an
IgG heavy chain linker, designated NCW, and a dimeric con-
struct of CW connected to CR via a hinge sequence derived from
the human IgG heavy chain, designated CWCR (24). A ho-
modimeric construct of the N terminus, designated NN, was
constructed in the same manner with the human IgG heavy chain
linker. The primary objective for developing these constructs
were to combine known epitopes as in the case of CWCR and to
increase the sensitivity of these assays through increasing the
molar-specific radioactivity and molecular size of the probe to
facilitate their purification by gel filtration. Procedures for 96-
well filtration-based radioimmunoprecipitation assays of these
constructs have been detailed previously (16, 25). Samples were
run alongside 16 human controls derived from first-degree rel-
atives of T1D patients without insulin antibodies, GAD auto-
antibodies (GADA), or IA2 antibody (IA2A) and a series of pos-
itive controls including pooled ZnT8A-positive diabetic sera,
and a 1:50 dilution of rabbit anti-ZnT8 antisera directed either
at the 101 aa C terminus (BUN-E) or 74 aa N terminus (Nar-
cissa). Autoantibody levels were calculated as the immunopre-
cipitation index (cpm sample — cpm control)/(cpm positive stan-
dard — cpm control), in which cpm is counts per minute. The
internal cutoff index (typically 0.015-0.020) was based on mean
control values + 5 sp within each assay. These corresponded to the
99th percentile determined within the Diabetes Autoantibody Stan-
dardization Program. Interassay coefficient of variation (CV) was
less than 15% for samples with low antibody titer (index of 0.05-
0.1). Autoantibodies to full-length GAD65 (GADA) and IA2 cyto-
solic domain were performed in a similar manner (25). In cases in
which the IA2A or ZnT8A index exceeded 0.7, patient samples
were diluted 1:25 in control patient serum and reassayed, and the
resulting index was multiplied by 25.

C-peptide assays

In the 2.5 yr follow-up group stimulated C-peptide (2-h peak)
was determined every 3 months with a mixed meal tolerance test
(6 ml/kg Novartis Boost high protein; Novartis, Basel, Switzer-
land) by RIA (Diagnostic Systems Laboratories, Houston, TX)
(reported interassay CV of 5.3% at 0.55 pmol/ml; detection
limit of 0.03 pmol/ml). Random C-peptides were determined
in the 7-12 yr follow-up study on the last sample using a
two-site immunoenzymometeric assay on a Tosoh AIA-1800
autoanalyzer (Tosoh Bioscience, Tokyo, Japan). The interas-
say and intraassay precision analysis CV were less than 10%;
assay sensitivity of 0.02 pmol/ml and normal range of 0.3-1
pmol/ml).

Unless specified, results are expressed as mean = sp. Statis-
tical analyses were performed with the Prism 5 software package
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(GraphPad Software, San Diego, CA). Uncorrected P values are
documented, although the Bonferroni’s multiple comparison test
was applied to interpret analysis of data involving multiple
hypotheses.

Results

Changes in ZnT8A prevalence during the
honeymoon period

To ascertain changes in ZnT8A levels after commence-
ment of insulin therapy, a group of 21 newly diagnosed
T1D subjects were evaluated over a 2.5 yr period at
3-month intervals. At onset, 18 individuals in this group
tested positive to at least one ZnT8A probe (85.7%), 20
were positive for GADA (95.2%),and 19 were positive for
IA2A (90.5%). Eighteen subjects (85.7%) showed all
three autoantigen specificities, two (9.5%) showed two,
and one (4.8 %) showed only one. At the end of the 2.5 yr
follow up, the prevalence of ZnT8A (76.2%) and GADA
(85.7%) were lower, and TA2A (90.5%) was unchanged.
Patients showing all three autoantigen specificities re-
mained high (71.4%), as were those with two (14.3 %) and
one (14.3%), with no individuals being seronegative (Sup-
plemental Table 1, published on The Endocrine Society’s
Journals Online web site at http://jcem.endojournals.org).

The ZnT8 CWCR dimeric probe detected all sera that
were either CW, CR, or CQ reactive. Samples that were
reactive to the NCW probe included 97.4% of CW-reac-
tive samples and 98.1% of NN dimer reactive samples
(98.1%). The CWCR dimeric probe thus integrated all of
the ZnT8A responses that could be measured with the
three separate C-terminal probes. The NN dimer probe
detected an additional 2% of new-onset T1D patients
compared with those reactive with CWCR probe and was
thus not considered further in these studies (Wenzlau,
J. M. and J. C. Hutton, unpublished findings).

Changes in ZnT8A titer and epitope specificity
during the honeymoon period

ZnT8A titers typically declined by 20-60% over the
course of the 2.5 yr follow-up (Fig. 1) (Supplemental Figs.
1 and 2, Supplemental Table 1). No instances were ob-
served of individuals developing ZnT8A after onset, butin
2 ZnT8A-positive individuals (subjects 3 and 9 in Supple-
mental Fig. 1), titers increased in the first 20—40 wk after
onset before declining progressively. When observed, this
biphasic response occurred with all ZnT8A C-terminal
probes and was partly mirrored by IA2A and GADA.
IA2A and GADA titers showed a downward trend of sim-
ilar magnitude to ZnT8A, although there were exceptions
in which titers were unchanged or even increased (Sup-
plemental Fig. 1), particularly in the case of GADA. C-
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FIG. 1. Initial and final autoantibody and C-peptide responses in
the 2.5 yr follow-up group. The detection limit for each assay

(99th percentile for antibodies) is indicated by horizontal bars.
Nonparametric paired statistical analyses (see Supplemental Table 1)
were significant except for the dimeric N-terminal construct (NN). To
enhance resolution, antibody indices are plotted on an exponential
scale.

peptide levels fell by an average of 70% over the 2.5 yr
follow up (Supplemental Table 1 and Supplemental Fig. 1)
(Fig 1), although again there were individuals (subject 7 in
Supplemental Fig. 1) in which ZnT8A declined but C-
peptide levels were sustained.

The progressive decline of ZnT8A, IA2A, and C-pep-
tide responses (3 months to 2.5 yr after onset) in most
individuals were approximated by first-order exponential
decay kinetics (Supplemental Figs. 1 and 2) (Fig. 2). The
median half-lives of the changes of C-peptide (25-300 wk)
and antibody titers (26 -530 wk) were in the same numer-
ical range, but there was wide variation between individ-
uals. Linear regression analysis showed that the half-life of
ZnT8 CWCR reactivity was correlated with those of IA2A
(Fig. 2B) and other ZnT8 constructs, including ZnT8
NCW (Fig. 2C), across the group of 12 individuals with
initial antibody indices more than 0.1. However, there was
no correlation between half-lives of C-peptide and anti-
body levels measured with ZnT8 CWCR or IA2 (Fig. 2, D
and E) despite there being a correlation in the case of each
individual (Supplemental Fig. 2).

ZnT8A responses were further stratified in terms of
restriction to epitopes involving aas,s (15, 17). Four re-
sponses were restricted to Args;,s only (CR-positive,
CWCR-positive, CW-negative, CQ-negative), two to
Trps,5 only (CR-negative, CWCR-positive, CW-positive,
CQ-negative), and 10 to epitope(s) defined by equivalent
reactivity to CW, CR, or CQ constructs. Each individual
appeared to maintain the same pattern of reactivity
throughout the study (Supplemental Fig. 2), suggesting
that major epitope switching or spreading did not occur
during the 2.5 yr follow-up period.

Changes in ZnT8 autoreactivity in the 4-12 yr
follow-up group
The fall in ZnT8A titer observed during the 2.5 yr fol-

low up continued in subsequent years, reaching levels be-
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FIG. 2. Half-lives of autoantibodies and C-peptide over the 2.5 yr after
disease onset. The decline of antibody titer and C-peptide were
modeled on first-order exponential decay kinetics (Supplemental Figs.
1 and 2) from 20 of the 21 patients followed for 2.5 yr. Data were
excluded when initial autoantibody titers were low (index <0.07) and
when levels were unchanged or increased (one case each for CWCR,
C-peptide, and IA2, five for GAD). A, The median half-lives and 95%
confidence interval are shown in each measurement. Statistical
significance was determined with Wilcoxon's matched-pairs test
relative to the ZnT8 CWCR probe (ref). B, C, Linear regression analysis
of autoantibody half-lives relative to ZnT8 CWCR. D, E, Linear
regression analysis of autoantibody half-lives relative to C-peptide.

low the level of detection in many cases (Fig. 3) (Supple-
mental Table 2). The prevalence of ZnT8 autoreactivity
(CR, NCW, or CRCW) thus fell from 80.3% at disease
onset to 42.6% by the end of the follow up, values similar
to those with GADA (63.0 down to 32.4%) and IA2A
(73.8downto47.5%). ZnT8A titers determined with CR,
NCW, and CWCR probes dropped by more than 80%.
Random nonfasting C-peptide measurements on the last
sample showed that 16 of 58 individuals (27.6%) had
detectable C-peptide (>0.02 pmol/ml). The C-peptide sta-
tus did not appear to be related to autoantibody preva-
lence whether it was measured by ZnT8 CR (81.3% with
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FIG. 3. Initial and final autoantibody responses in the first 12 yr of
diabetes. The detection limit for each assay is indicated by the
horizontal bars. Nonparametric paired statistical analyses were
significant in all cases (see Supplemental Table 2). To enhance
resolution, antibody indices are plotted on an exponential scale.

C-peptide vs. 62.8% without), ZnT8 NCW (31.3 vs.
55.8%),ZnT8 CWCR (75.0 vs. 67.4%), GADA (75.0 vs.
60.5%), or IA2A (75.0 vs.74.4%).

The kinetics of decline in ZnT8A and IA2A levels could
be modeled by an exponential decay as in the case of the
2.5-yr study, and the corresponding half-lives were similar
in magnitude (data not shown). A correlation was ob-
served between the half-lives of ZnT8 CWCR measure-
ments with CR (r* = 0.291, P < 0.05) and NCW (r* =
0.674, P < 0.001) as previously (Fig. 2).

The observation that a high proportion of individuals
became seronegative after 4 yr or more of follow up pro-
vided a complementary approach to titer measurements in
this group of patients. Conversion over time from an initial
antibody positive to negative status was thus determined
by survival analysis using Kaplan-Meier statistics (Fig. 4).
Autoreactivity to ZnT8 and IA2 both declined progres-
sively, with ZnT8A falling off more rapidly than IA2 (P <
0.002) (Fig. 4) irrespective of the ZnT8 probe used.

Autoantibody persistence of ZnT8A after T1D of
20 yr or more

Within a group of 282 subjects with disease of 26.3 =
7.6 yr duration (range, 12.0-57.1 yr), 60 (21.3%) were
GADA positive, 55 (19.5%) were IA2A positive, but only
6.7% were reactive to the ZnT8 CWCR dimeric probe.
Mean titers of ZnT8 CWCR reactivity in seropositive
samples in this group were 25.9% of the 7 yr follow-up
group at onset, [A2A were 40.1%, whereas GADA lev-
els were comparable at 116%. The proportion of sub-
jects within this group showing all three specificities
was reduced compared with subjects at onset, as were
the numbers showing the combination of ZnT8A and
IA2A (Fig. 5). This indicated that humoral autoimmu-
nity was not just confined to a subset of “highly auto-
reactive” individuals.
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FIG. 4. Kaplan-Meier analysis of declining autoantibody prevalence in
the first 12 yr of diabetes. Statistical significance was determined by
the Gehan-Breslow-Wilcoxon x? test, scored as reversion to antibody-
negative status on two sequential samples. A, The median persistence
of IA2A (dotted line) of 8.5 yr exceeded ZnT8 CWCR (black line) of 6.2
yr (P = 0.026) and GAD (gray line) of 5.7 yr (P = 0.013). B, The
median persistence of CWCR (black line) did not differ from that of
ZnT8 CR (dotted line) of 5.7 yr or ZnT8 NCW (gray line) of 4.9 yr.

Figure 6 shows a compilation of the cross-sectional
data with the first and last samples of the 2.5- and 12-yr
follow-up study and stratification into six groups by du-
ration of disease. The prevalence of GADA appeared to
reach a plateau of approximately 25% by 15 yr, whereas
ZnT8 CWCR and IA2 autoreactivity continued to decline
up to 30 yr after onset. The titer of ZnT8 CWCR and
[A2A-positive individuals dropped rapidly in the first 5 yr
and then leveled off, with ZnT8 CWCR still following a
downward trend for 10-30 yr. In contrast, the mean titer
in GADA-positive individuals did not appear to change in
this analysis, an observation that appeared to be at odds
with the decline in individual titers observed in the 2.5-
and 12-yr follow-up data (Figs. 1 and 3). A possible ex-
planation could be thata significant proportion of initially
GADA-negative patients seroconverted at a later time;
however, analysis of 142 individuals in the cross-sectional
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and 1A2 with diabetes progression. Data are derived from the 12 yr
follow-up study at onset and at 4 yr and the cross-sectional study with
T1D of more than 20 yr (median, 27.4 = 7.1 yr). Both groups
developed disease at similar ages (13.7 £ 5.4,n = 61v5.11.3 + 8.3,

n = 282). Prevalence data are expressed as a percentage of the total
number of subjects shown in parentheses.

ED
N2V N2V
CWCR v IA2 CWCR w

Positive
89.5%

Positive
93.4%

study with multiple samples indicated only a low incidence
of seroconversion (<2%) with any antibody (data not
shown). A more plausible explanation lay in the observa-
tion that GADA-positive individuals frequently showed
increases in titer over time (Supplemental Fig. 3), which
was not seen for either IA2A or ZnT8 CWCR titers. Based
on calculations of the percentage annual change in titer,
ZnT8 CWCR titer changes were both more rapid and less
variable than GADA, with IA2A in an intermediate range.

Discussion

The major objective of these studies was to learn how
ZnT8A prevalence, titer, and epitope specificity change
after disease onset and how this relates to the other major
autoantibodies measurable after onset, namely GADA
and TA2A. Of additional interest was the relationship of
these parameters of autoimmunity with evoked C-peptide
response as a measure of residual B-cell function.
ZnT8A were initially evaluated using a broad range of
probes representing C-terminal polymorphic variants at
aas,s Arg (CR), Trp (CW), or Gln (CQ) and N-terminal
epitopes. Autoreactivity to all C-terminal probes declined
in parallel, although the half-lives of ZnT8A measured
with probes combining multiple epitopes (CWCR) tended
to be longer than with monomeric probes (CR and CW).
This was not reflected in changes in ZnT8A prevalence
evaluated by survival analysis in which autoreactivity de-
termined by the dimeric CWCR construct was only mar-
ginally longer than that measured with individual mono-
meric probes. It is likely that dimeric probes will detect
antibody molecules of lower affinity because such probes
provide more sites for binding and higher probability of
rebinding after dissociation. Other factors that could af-
fect sensitivity are the lower concentration of the poly-
morphic variants but higher specific radioactivity of
dimeric vs. monomeric probes. Combining major epitopes
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FIG. 6. Combined autoantibody prevalence and titer data. Data from the first and last
samples assayed from the 2.5- and 12-yr follow-up studies and from the cross-sectional
dataset were stratified by duration of diabetes as shown. Statistical comparison in prevalence
(Fisher’s exact test) and titer (Mann-Whitney test) were made relative to the 32-wk group
(ref). *, P< 0.05; **, P< 0.01; ***, P < 0.001; #, P < 0.1. Titers are shown as the mean +

95%Cl; n = 82-178.

or multimerizing epitopes in ZnT8A assays is advanta-
geous because it improves precision and reports on a
greater proportion of subjects. A caveat here is that such
assays may be less sensitive in detecting changes in reac-
tivity that is directed to a specific epitope.

The half-lives of the ZnT8A, GADA, and IA2A after
disease onset exceed the half-life of human Ig molecules in
the circulation, suggesting that the decline in autoanti-
body titer reflects waning of autoreactivity rather than
cessation of autoantibody production at disease onset.
The half-lives of ZnT8A determined with different
epitope-sensitive probes were correlated, indicating that
no major changes in ZnT8A epitope specificity occurred
after disease onset. ZnT8A half-life was correlated to that
of IA2A but not GADA, which may reflect the finding that
IA2A and ZnT8A in the prediabetic phase typically occur
around the same time (2 yr after insulin antibodies and
GADA) and that titers of ZnT8A and IA2A at disease
onset are weakly correlated (15-17).

C-peptide responses declined alongside the titers of
ZnT8A andIA2A over the first 2.5 yr, indicating a possible
link between autoreactivity and a decline of B-cell mass.
The latter could result from persisting cell-mediated im-
mune attack, but other components of the metabolic dys-
function need to be considered, namely glucotoxicity and
oxidative stress (26). Insulin therapy in itself is likely to
suppress endogenous $-cell function and the expression of
islet autoantigens, such as ZnT8, IA2, and IGRP that are
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and clonality of the responses may all
interact. GADA is a case in point in
this regard in which there is evidence
of episodic elevation in antibody titer
and differences in the persistence of
autoantibodies depending on the tar-
geted epitope not to mention the pos-
sibility of variation in antiidiotypic
responses to the antigen (30) and epitope specificity
(12). As observed previously (31, 32), GADA preva-
lence decreased progressively yet titers remained high in
seropositive individuals.

Given the high tissue specificity of ZnT8 (33, 34), the
question arises as to whether ZnT8A might provide a sur-
rogate measurement of residual B-cell antigen that would

Duration (yr)

reflect B-cell number, granulation, or functional mass. The
lower prevalence of ZnT8A in long-term diabetic subjects
and faster decline in ZnT8A in the medium term is con-
sistent with the loss of an islet antigen source as a driver of
residual autoimmunity. However, the lack of concordance
with the detection of residual C-peptide and ZnT8A and
the lack of correlation between the half-lives of C-peptide
and ZnT8A across the patient population argues against
it. The latter analysis is complicated by the absence of
proportionality of antibody titer with antigen in any in-
dividual because the autoantibody index is a composite
measurement dependent on antibody avidity, concentra-
tion, epitope specificity, and B-cell receptor clonality. Ad-
ditional studies are clearly needed.

Intervention trials in new-onset patients typically rely
on a short period of intensive treatment followed by 1-2
yr of follow up with monitoring of C-peptide production
as the primary endpoint and insulin requirements and he-
moglobin A, assecondary parameters (7-10,35-37). Au-
toantibody levels have been reported in few instances (36),
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although itis clear that major responses can occur as in the
case of anti B-lymphocyte CD20 monoclonal antibody
(Rituximab) treatment (37) in which a decrease in anti-
body production and isotype switching to a neoantigen
(phiX174) was observed (38). Considering the current ob-
servations as baseline data, then profiling of the initial
trajectory of ZnT8A decline from 3 to 6 months after onset
would provide the best means to evaluate response to
treatment. However, this may be acceptable given that
patients with higher C-peptide levels appear to respond
better to therapeutic intervention (8, 36), and current em-
phasis is to commence therapy as soon as possible after
diagnosis.

Conclusion

The determination of ZnT8A at 3-month intervals after
onset of T1D can provide a reliable metric of the decline
of ZnT8-specific humoral autoimmunity for a period of
up to 5 yr after onset of T1D. There is little evidence of
changes in ZnT8 epitope specificity after disease onset,
and assay of ZnT8A using a single dimeric C-terminal
construct will suffice to capture the response in most in-
dividuals. ZnT8A responses were distinguishable from
those of GADA and TA2A and C-peptide in both the
shorter (5 yr) and longer term.
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