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Current and Future Clinical Applications of Zinc Transporter-8
in Type 1 Diabetes Mellitus
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Objective: To evaluate the utility of zinc transporter-8 (ZnT&8) in the improvement of type 1 diabetes mellitus (T1DM) diagnosis and
prediction, and to explore whether ZnT8 is a potential therapeutic target in TIDM.

Data Sources: A search was conducted within the medical database PubMed for relevant articles published from 2001 to 2015. The search
terms are as follows: “ZnT8,” “type 1 diabetes,” “latent autoimmune diabetes in adults,” “type 2 diabetes,” “islet autoantibodies,” “zinc
supplement,” “T cells,” “B cell,” “immune therapy.” We also searched the reference lists of selected articles.

Study Selection: English-language original articles and critical reviews concerning ZnT#8 and the clinical applications of islet autoantibodies
in diabetes were reviewed.

Results: The basic function of ZnT8 is maintaining intracellular zinc homeostasis, which modulates the process of insulin biosynthesis,
storage, and secretion. Autoantibodies against ZnT8 (ZnT8A) and ZnT8-specific T cells are the reliable biomarkers for the identification,
stratification, and characterization of TIDM. Additionally, the results from the animal models and clinical trials have shown that ZnT8 is
a diabetogenic antigen, suggesting the possibility of ZnT8-specific immunotherapy as an alternative for T1DM therapy.

Conclusions: ZnT8 is a novel islet autoantigen with a widely potential for clinical applications in T1DM. However, before the large-scale
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clinical applications, there are still many problems to be solved.

Key words: Autoantibodies; Autoimmunity; T Cells; Type 1 Diabetes Mellitus; Zinc Transporter-8

INTRODUCTION

Diabetes is one of the most challenging chronic and
heterogeneous diseases all over the world,!" affecting
more than 10% of Chinese adults.”>¥ Type 1 diabetes
mellitus (T1DM)), although less common than type 2 diabetes
mellitus (T2DM), is the major autoimmune diabetes in
humans.M Approximately 6% adult T2DM subjects are
afflicted with latent autoimmune diabetes in adults (LADA),
a special subgroup of TIDM.™ The treatment or preventive
strategies for patients vary widely depending on the accurate
determination of the specific type of diabetes. For example,
a person with TIDM, but not T2DM, needs to follow
a life-long insulin therapy. Therefore, early, quick, and
accurate diagnosis of TIDM is crucial for treatment decisions
and avoiding complications.

In general, the main diagnostic criteria of TIDM are
based on the clinical manifestations and the conventional
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metabolic biomarkers, such as B cell function. Because
T1DM represents a tissue-specific autoimmune disease,
the markers of autoimmunity are also applicable in TIDM.
Indeed, the histopathologic results from pancreatic biopsies
of patients with recent-onset TIDM (<1 year) have shown
the infiltration of immune cells.”! The following studies
confirmed the presence of a predominantly T lymphocytic
infiltration, especially islet-specific CD8™ T cells.>! Apart
from the islet tissue, islet-reactive T cells are circulating in
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the blood of TIDM patients and exhibit a diverse immune
phenotype.>7 19 Additionally, autoantibodies against islet
autoantigens (AAbs) are also well-accepted immunologic
markers for TIDM.!"

For decades, a number of islet autoantigens have been
identified. The major autoantigens are insulin, glutamic acid
decarboxylase 65 (GADG6S5), tyrosine phosphatase-related
molecules-2 (IA-2), and the zinc transporter-8 (ZnT8).[!!
Researches have demonstrated that these autoantigens are
involved in the secretory pathway,'! and are common targets
of autoantibodies and T cells./'*1® However, the proinsulin/
insulin molecules (especially B9-B23 peptide), but not others,
are considered as a primary target of the autoimmunity.!!'”’
Moreover, these autoantigens show diverse functions in
the secretory pathway of insulin, as well as the metabolism
regulation and the survival of B cells.” These results indicate
that the biochemical nature and immune features of islet
autoantigens may be different with each other.

As anovel islet autoantigen,!! the broad immune features of
ZnT8 will be discussed in this review to evaluate the utility
of ZnT8 in improvement of T1DM diagnosis and prediction,
and to explore whether ZnT8 is a potential therapeutic target.

THE STRUCTURE, EXPRESSION, AND BiocHEMICAL
Function oF ZINc TRANSPORTER-8

ZnT8 is a 369 amino acid trans-membrane protein, encoded
by SLC30A48 at the chromosome 8ql4.11. It contains
six trans-membrane domains, cytoplasmic amino- and
carboxy-terminal tails [Figure 1a]. Due to two single-nucleotide
polymorphisms (SNPs) within SLC30A48, rs13266634 and
rs16889462, the amino acid at position 325 of ZnT8 could
be arginine (R), tryptophan (W), or glutamine (Q). Previous
researches have shown that rs13266634 was associated with
T2DM,™ but not with TIDM,[*2 suggesting that it can
stratify TIDM risk in children with autoantibody against
ZnT8 (ZnT8A) positive.?!! Interestingly, the 12 rare mutations
in SLC3048 (p.Argl38*, p.Lys34Serfs*50, c.71+2T>A,
p.-Met50Ile, ¢.271+G>A, ¢.419-1G>C, p.Trpl52%*,
p.GIn174%*, c.572+1G>A, p.Tyr284*, p.11e291Phefs*2, and
p.Ser327Thrs*55) could reduce the risk of T2DM by 65%.1%!
These indicate that the genotypes of SLC3048 may be the
common genetic triggers of TIDM and T2DM.

ZnT8 is more specifically expressed in insulin-containing
secretory granules than GAD65 and 1A-2.1""" However,
little is known about factors that regulate ZnT8
expression [Figure 1b]. Pound and coworkers observed
that pancreatic and duodenal homeobox 1 (Pdx1) is the main
transcription factor regulating ZnT8 expression.**! Several
studies have shown that ZnT8 expression was down-regulated
by cytokines,?**! hyperglycemia, and Zn** depletion.?
Intriguingly, such factors could also induce f3 cell apoptosis
or necrosis.?*?I This might increase the opportunity of ZnT8
exposure in the islets, raise the risk of islet autoimmunity in
genetically susceptible subjects, and could even trigger or
exacerbate TIDM.!"
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Figure 1: The expression and structure of ZnT8 (a) are adapted from
Kawasaki 2012. The biochemical function and regulation of ZnT8 are
shown (b). The solid lines represent the explicit function, and the dashed
lines represent the unknown or ambiguity function. The Red Cross
presents no effect. GSIS: Glucose-stimulated insulin secretion; IGTT:
Intravenous glucose tolerance test; OGTT: Oral glucose tolerance test;
Pdx1: pancreatic and duodenal homeobox 1; ZnT8: Zinc transporter-8.

The functions of ZnT8 were reviewed recently®?’?* [Figure 1b].
In brief, together with other zinc transporters,?® the
basic function of ZnT8 is maintaining intracellular zinc
homeostasis, which is essential for the structural stability
of insulin and the process of insulin storage and secretion.
However, ZnT8 does not affect islet insulin content, islet
size, and cell composition.?® In addition, the effects of
ZnT8 on glucose-stimulated insulin secretion (GSIS), insulin
sensitivity, and glucose tolerance tests are conflicting. For
example, some people reported ZnT8 could impair GSIS, but
others observed enhanced or unchanged GSIS.?* The role of
ZnT8 on the survival of B cells is also indeterminate.?” The
possible explanation for these discordant results might be
the interaction between ZnT8 and other influential factors,
such as environmental factors, genetic background, gender
and ages, and the subcellular localization of ZnT8.?%

Tue EriToPes oF ZINC TRANSPORTER-8 AS AN

AUTOANTIGEN

When detecting the autoantibodies in TIDM patients’
serum using the different fragments of human ZnTS, only
C-terminus fragment produced the highest sensitivity and
specificity (50.4% and 98%).1'"! The autoantibody against
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ZnT8-COOH (ZnT8A-COOH) was detected in 18.6%
patients with TIDM, while ZnT8A-NH2 was rare.*!
Other studies demonstrated that the dominant epitope(s)
of ZnT8 may be located at aa268-369 of ZnT8§, 273031
which is a conformational rather than linear epitope.’? By
using site-directed mutagenesis in C-terminus of ZnTS§,
researchers revealed that ZnT8 epitopes are critically
dependent on the polymorphism at aa325.031 It has
been shown that among new-onset TIDM patients, the
prevalence of ZnT8A-325R is approximately 50%, which
is slightly more than ZnT8A-325W.13234351 The positive rate
of ZnT8A-325Q in TIDM is nearly 30%.5>% However,
receiver operating characteristic curve of ZnT8A-325Q
indicates that it could not significantly distinguish T1DM
patients from healthy controls, which means ZnT8-325Q is
not a valuable epitope for disease diagnosis.*” Therefore,
the polymorphism at aa325 of ZnT8 C-terminal, especially
ZnT8-325R and/or ZnT8-325W, confers the key antigenicity
and epitope specificity of ZnT8A. Additionally, linear
epitope R,, R, E.. K, K,  contributes another region of
antigenicity."

In view of the role of T cells in TIDM, the key epitopes of
ZnT8-reactive T cells were identified. Chang and Unanue
first identified ZnT8 as a protein bound to HLA-DQ8
molecules, especially aal66-179 of ZnT8.B% In NOD
mice, ZnT8,, .., and ZnT8 . were presented after
protein immunization by islet antigen presenting cells,
but only the latter was diabetogenic epitope.’” Dang et al.
found that ZnT8 ZnT8 ZnT8 ZnT8

8-22° 15-29° 120-134° 134-148°
ZnT8,, ,.,» ZnT8, ..., and ZnT8 . . = can be bound to
HLA-DR4, while ZnT8 and ZnT8 are HLA-DR3

155-169 323-337
restricted epitopes in humans.!"¥ Although the ZnT8 .,
is the predominant epitope for CD8" T cells in T1DM,®!
ZnT8 5y | Z0T8 ;15 ZnT8, 5 0, and ZnT8,; 5, are
also identified as HLA-A*0201-restricted CD8" T cells
epitopes in TIDM,P** while ZnT8 ., .. was more
frequently recognized in T2DM than T1DM.P¥ Interestingly,
most T cells epitopes against ZnT8 were mapped in
the transmembrane region or the C-terminal, and none

overlapped with the polymorphic region at aa325 of ZnTS8.

CeLLULAR IMmuNITY OF ZINC TRANSPORTER-8 AND
CLINICAL APPLICATION

It has been shown that T-cell responses to islet proteins
can distinguish a subgroup of LADA patients from
AAbs-negative phenotypic T2DM, ! suggesting the utility of
T cells in etiological classification at diagnosis. So far, T-cell
responses against islet autoantigens have been identified in
the peripheral blood of patients with TIDM,!'% including
ZnT8.I*P1ZnT8, . . -specific T cells can accelerate diabetes
in irradiated recipient mice (NOD or NOD.Rag1™).B"! In
humans, ZnT8-sepcific T-cell response was observed in
the majority of TIDM patients (>68%).l*!5] In contrast,
the frequencies of ZnT8-specific T cells are lower in the
healthy population and T2DM patients (<8% and 30%,
respectively).l'3143] Interestingly, as discussed above, the

predominant CD8"* T-cell epitopes of ZnT8 is different
between T1DM and T2DM (ZnT8,,, ,, and ZnT8 _, ,,
respectively).’¥] ZnT8-specific CD4* T cells were tended
to convert into Thl cells in TIDM, but into Th2 and
interleukin-10 producing cells in healthy adults.!'®! These
results indicate that the prevalence and predominant epitope
of ZnT8-specific T-cell response and cytokine release could
be used to distinguish T1DM from T2DM and healthy people.
However, before the clinical application of ZnT8-specific T
cells, the major challenge is the standardized T cells assays,
which is one of the main goals of the T-cell workshop initiated
by the Immunology of Diabetes Society.[*”

CuinicaL APPLICATIONS OF ZNT8A

The features of ZnT8A

As discussed above, autoantibodies against ZnT8-325W
and/or ZnT8-325R (ZnT8A-325R and/or ZnT8A-325W)
contribute to the most ZnT8A positivity in TIDM
patients.*23441 The prevalence and titer of ZnT8A-325R
were significantly associated with T1DM patients carrying a
Callele (CC + CT).2132341 ZnT8 A-325W was more prevalent
in patients with TT and CT genotypes, and the titer was higher
in patients carrying a T allele.*¥ Meanwhile, an unusual
ZnT8A type, ZnT8A-325Q, showed no relationship with the
rs13266634.% The possible reason is that glutamine (Q) at
position 325 of ZnT8 is determined by rs16889462, but not
rs13266634. Additionally, the specificity of ZnT8A had little
or no association with the adjacent rs2466295 and rs6469675
SNPs.1*2 These studies confirm that SLC3048 rs13266634
is a critical determinant for ZnT8A specificity.

The dynamics of ZnT8A has also been reported by some
studies. They found that ZnT8A typically appeared by 3 years
of age in children with high risk for TIDM, and no child
seroconverted to ZnT8A positivity at age 3 or 6 months. 444
In addition, ZnT8A titers were usually low before 2 years
of age but increased gradually in the following 2 years.['!
Interestingly, ZnT8 A-COOH developed at a median age of
3.2 years, which was earlier than ZnT8A-NH, (6.3 years).*"
After TIDM onset, the progressive decline curves of ZnT8A
were approximated accordance with first-order exponential
decay kinetics,**! with a half-life ranging from 26 to
530 weeks.[*1 Nevertheless, ZnT8A could be detected within
25 years after T1DM onset (6.7%), and even in patients with
T1DM for more than 50 years.[“74

ZnT8A is a necessary complement for the classification
and diagnosis of type 1 diabetes mellitus

The distributions of ZnT8A depend on the types of diabetes and
ethnics!!3435054] [Table 1]. As reported by Wenzlau et al. the
prevalence of ZnT8A was 60-80% in new-onset T1DM, <3%
in T2DM and <2% in normal population in Caucasian."! Our
researches suggested that ZnT8A positivity in TIDMP!U and
phenotypic T2DM patients (including LADA) were lower
in Chinese (24.1% and 1.99%, respectively), and it was 17.4%
in fulminant TIDM.! In Japanese, the positive percentage
of ZnT8A in childhood-onset T1DM, adult-onset T1DM, and
fulminant TIDM were 58%, 34%, and 0%, respectively.5>%3
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Table 1: The distributions of ZnT8A in different types of diabetes subjects

Ethnicity  Childhood-onset TIDM (%) Adult-onset TIDM (%) Fulminant TIDM (%) LADA* (%) T2DMt (%) FDR (%) Reference(s)
USA 60.00-80.00¢ - - - <3.00 0.90 [11,58]
Japan 58.00 34.00 0.00 - - - [52,53]
China 24.10% - 17.40 10.70 0.40 - [51,54,55]
Finland 63.00 18.70 - 34.30 - - [56]
Norway 8.70 22.00 - 6.20 - - [57]
Sweden 80.00 66.00 - 42.00 - - [46]
Argentinian - - - 23.50 8.90 - [43]
Belgium 58.00¢ - - - - 1.46 [59,60]

*T2DM with GADA'; 'T2DM with GADA; ‘T1DM regardless of age. FDR: First-degree relative; LADA: Latent autoimmune diabetes in adults;
T2DM: Type 2 diabetes mellitus; TIDM: Type 1 diabetes mellitus; GADA: Autoantibodies against to GAD65.

However, the results are variable in Europe. For instance,
ZnT8A was more prevalent in LADA than adult-onset TIDM
in Finland (34.3% vs. 18.7%),° which was opposite in
Norway (6.2% vs. 22%).57 It is recommended that all patients
with diabetes should detect the ZnT8 A regardless of the ethnicity.

It has been shown that at least 93% of the TIDM patients
were autoantibody positive, based on autoantibodies
against to GAD65 (GADA), IA-2 (IA-2A), insulin (IAA),
and ZnT8A.I1 ZnT8A was found in nearly 30% other
islet autoantibodies negative patients.l''! According to
our previous data, the diagnostic sensitivity of TIDM and
LADA was 65.5% and 8.62%, respectively, based on GADA,
IA-2A, and ZnT8A .53 With the addition of ZnT8A to ICA,
GADA, and IA-2A increased the diagnostic sensitivity from
79.3% to 83.1% in newly diagnosed diabetic patients.®”
Furthermore, ZnT8A is a valuable marker to differentiate
clinical phenotypes in a proportion of patients with LADA, ]
especially based on the detection of GADA and ZnT8A.*!

ZnT8A is the most sensitive AAbs for predicting type 1
diabetes mellitus

It has been shown that AAbs, especially multiple AAbs
positive, can help to screen people with high risk of
T1DM.!'" In fact, among the first-degree relative (FDR)
of TIDM, 6.1% person is persistently IAA*, GADA",
IA-2A", and/or ZnT8A", but only 34% of those persistently
AAbs-positive FDR had developed T1DM within a median
63 months follow-up period.[®) In FDR positive for IAA,
GADA, or IA-2A, the 4- and 5-year risk of TIDM were 7%
and 17%, respectively.’®) When ZnT8A was added, the
4- and 5-year cumulative risk increased to 31% and 47%,
respectively?®>1 [Figure 2]. However, for ZnT8A, the 5-year
diabetes cumulative risk in the 58 ZnT8A-COOH-positive
children was 48%, but ZnT8A-NH2 cannot stratify the
T1DM risk.2! Notably, screening for IA-2A and ZnT8A
is a more cost-effective strategy to identify progressors
to TIDM.[%I Tt allowed identifying up to 78% of FDR
developing diabetes within 5-year, especially under the age
0f 40.15260831 Additionally, the presence of CC or TT genotype
of SLC30A48 1513266634 SNP could also increase the risk
of TIDM in ZnT8A-COOH-positive children.?'4 These
mean ZnT8A, either alone or in combination with IA-2A,
is a highly sensitive biomarker for the prediction of TIDM.
Therefore, it is recommended that all of the FDR of TIDM
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Figure 2: The 5-year cumulative risk of diabetes in relatives of
T1DM patients according to the AAbs patterns (a) and age (b).
FDR: First-degree relatives; GADA: Autoantibodies against glutamic
acid decarboxylase 65; IA-2A: Autoantibodies against insulinoma
antigen 2; 1A-2BA: Autoantibodies against insulinoma antigen 2;
IAA: Autoantibodies against insulin; T1IDM: Type 1 diabetes mellitus.

should screen for ZnT8A and IA-2A. If needed, genotypes
of SLC30A48 and other islet autoantibodies, such as GADA
and TAA, should be detected as well.

The associations between ZnT8A and £ cells function
It has been shown that the high level of ICA, GADA,
and/or IA2A at diagnosis in adult-onset TIDM predicts
a future complete B cells failure.[**) Meanwhile, the
persistent autoantibody negative TIDM patients have
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slower B cell destruction.[’ Actually, the multiple islet
autoantibodies (IAA, IA-2A, or ZnT8A) are considered as an
independent risk factor for insulin requirement and appear to
be better than GADA titer and GAD65-specific epitopes.[*s In
contrast, for ZnT8A, initial higher titer (especially the level
of ZnT8A-325R) was associated with higher concentrations
of stimulated C-peptide, which means the better 3 cells
function, during the 12 months follow-up in T1D patients.[*”!
Some studies also found a concurrent decline in ZnT8A titers
and stimulated C-peptide.*”’%) A possible explanation for
this discrepancy could be that a better 3 cell function might
cause more ZnT8 antigen to be exposed.! In addition to
the titer of autoantibodies, other biomarkers can be used for
the prediction of {3 cells function. For example, decreases
in TA-2A and ZnT8A-325W levels, but not ZnT8A-325R,
can predict a lower residual 3 cell function at 3—6 years
after diagnosis.”!! Furthermore, the C allele of SLC3048
rs13266634 SNP was associated with residual § cells
function during the first year after diagnosis.[®7% This
SNP could account for 3.8% of the variance in the doses
of insulin treatment.” Taken together, the biomarkers for
the prediction of B cell function decline include the lower
level of ZnT8A-325R, decreased ZnT8A-325W and IA-2A
and the TT genotype of SLC30A48 rs13266634 SNP. These
also suggest that it is better to detect ZnT8A-325W and
ZnT8A-325R in all diabetic patients, especially in LADA
patients.

Is ZnT8A suitable for therapeutic monitoring?

So far, anumber of biomarkers, such as metabolic biomarkers,
AADs and T cells, are used for therapeutic monitoring in
T1DM.P1 Because of the weak diabetogenic role of ZnT8F7
and the methodological limitations,” ZnT8-specific T cells
may not be suitable for routine monitoring of T1DM patients
receiving treatment. Additionally, the presence of AAbs,
such as GADA, IA-2A, and ZnT8A, is the frequently-used
inclusion criteria for intervention trials in T1DM.[
However, GADA and [A-2A fail to reflect the progression
of TIDM.P! Although ZnT8A is positively associated with
the loss of B cell function in TIDM,! the anti-CD20
monoclonal antibody rituximab had only slight effects on
ZnT8A, as well as GADA and TA-2A." Taken together,
these results suggest ZnT8A may be suitable for screening
T1DM patients, rather than therapeutic monitoring.

ZiNc TRANSPORTER-8: A PoTENTIAL THERAPEUTIC
TARGET?

As anovel islet autoantigen, an intriguing question is whether
ZnT8 can be used as a therapeutic target for TIDM. It has been
shown that zinc, which is regulated by ZnT8, could modulate
gene expression within the immune cells, such as T cells and
natural killer cells,[™ and prevents cytokine-induced 3 cells
destruction.?”! Additionally, CD4" T cells could recognize
ZnT8 peptide presented by islet antigen presenting cells
in NOD mice,B” indicated that ZnT8 directly participates
in the development of islet autoimmunity. Moreover,
antibodies recognizing ZnT8 could cross-react with

Mycobacterium avium subspecies paratuberculosis (MAP)
epitopes, such as ZnT8 . (VAANIVLTV) and
MAP3865c,,, ,,, (LAANFVVAL),ZnT8 . . (MIIVSSCAV)
and MAP3865c .. .. (MIAVALAGL),"" which means that
ZnT8 may be a target protein after viral infections. Thus,
ZnT8 treatment might inhibit the islet autoimmunity, and

ZnT8 may be a potential therapeutic target for TIDM.F

The next question is how ZnT8 can be “druggable” targeted?
First, a number of clinical trials of immunomodulatory
therapies based on islet autoantigens, including oral and
nasal insulin or alum-formulated recombinant human
GADG65, are undergoing in TIDM patients.[””! Although
there are no relevant literature about the ZnT8-specific
immunotherapy in T1DM, ZnT8 might induce immune
tolerance as well as GAD65, which is supported by the
diabetogenic role of ZnT8 in NOD mice.B” Second, ZnT8
transporter activity increment and ZnT8 pharmacological
inhibitors would be a useful therapeutic option.[’”]
However, ZnT8 inhibitors not only inhibit ZnT8 activity,
but also down-regulate insulin biosynthesis, storage, and
secretion.” The direct function of ZnT8 in metabolism and
[ cell survival is still uncertain.”®! Thus, regulating ZnT8
function to prevent or treat T1 DM needs more evidence. The
third possible strategy is zinc supplementation. Recently, a
meta-analysis found that zinc supplementation (3—240 mg/d,
median 30 mg/d) significantly reduced fasting glucose
concentrations and HbA I¢, but not insulin concentrations,
in diabetic patients in the overall, ungrouped analysis.”®
However, zinc supplementation seems to have no effect on
glucose metabolism in TIDM patients.” There are many
problems to be solved, such as the dose and the timing
of zinc supplementation before the large scale clinical
application. Finally, no matter what ZnT8-specific therapy
plan is chosen, one of the first issues to consider is patient
selection. The positive rate of ZnT8A in Asians is lower,
which means ZnT8 might not be the major diabetogenic
autoantigen in Asians. Therefore, the disparity caused
by ethnicity must also be taken into consideration before
choosing ZnT8-specific therapy for TIDM.

ConcLusIoNS

Asanovelisletautoantigen, ZnT8 has widely clinical applications
in TIDM. (1) For the general population, the genotypes of
SLC30A8 help to evaluate the risk of the different types of
diabetes (T1DM and T2DM) progression. (2) ZnT8-specific
T cells response, especially Thl response, contribute to
distinguish TIDM from T2DM. Combined ZnT8A and
ZnT8-sepcific T-cell response yield higher diagnostic sensitivity
of TIDM. (3) Among FDR, early detection of ZnT8A and
other islet autoantibodies, especially [A-2A, is recommended.
If positive, the 5-year diabetes risk is nearly 50%. (4) For
LADA patients, ZnT8A is a valuable biomarker for the better
[ cells function, especially the high level of ZnT8A-325R.
Additionally, decreases in ZnT8A-325W and the TT genotype
of SLC30A48 1513266634 SNP are also the risk factors for
insulin therapy. (5) ZnT8A may be suitable for screening and
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diagnosing T1DM, rather than therapeutic monitoring. (6)
Due to the function of ZnT8 in maintaining intracellular zinc
homeostasis and the diabetogenic role of ZnT8 in T1DM, ZnT8
may be a potential therapeutic target for TIDM.

Nevertheless, many challenges still lie ahead. First, a
thorough evaluation of clinical and immune features, such
as genetic background and the antibody affinity, should
be done in ZnT8A positivity subjects. Second, what is the
optimal screening and diagnostic strategy for TIDM based
on AAbs and other biomarkers, such as biochemical and
metabolic biomarkers, islet autoantigens-specific T cells
response, and genetic background? However, optimization
and establishment of a more sensitive and accurate detection
method for ZnT8A and ZnT8-specific T cells is still required,
in particular, to achieve synchronous detection of multiple
AAbs in a single assay. The purpose of this is to standardize
the detection protocol among labs. The strategy and clinical
efficacy of ZnT8-specific therapy for TIDM are other
concerns that need to be addressed. Further challenges
include the understanding of the in-depth mechanism
of ZnT8 and ZnT8-specific T cells in the pathogenesis
of diabetes, which could open up new avenues for the
prevention and/or cure of TIDM.
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