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Anti-ZnT8 autoantibodies: A new marker to be screened in patients with anti-adrenal antibodies
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Introduction

Patients with autoimmune Addison's disease (AAD) have higher susceptibility to develop other autoimmune diseases. Thus, along with the classical markers of AAD (anti-adrenal cortex (ACA) or anti-21-hydroxylase (21-OH) autoantibodies) these patients often display other non-adrenal autoantibodies with a prevalence that could reach 88% [START_REF] Betterle | Autoimmune addison's disease[END_REF][START_REF] Betterle | Addison's disease: A survey on 633 patients in Padova[END_REF][START_REF] Betterle | Epidemiology, pathogenesis, and diagnosis of Addison's disease in adults[END_REF]. Among these non-adrenal autoantibodies, anti-insulin (IAA), anti-insulinoma-associated protein 2 (IA-2A) and anti-glutamic acid decarboxylase (GADA) autoantibodies detected in type 1 diabetes (T1D), have been found in 10% of AAD patients [START_REF] Betterle | Addison's disease: A survey on 633 patients in Padova[END_REF][START_REF] Fichna | Positive autoantibodies to ZnT8 indicate elevated risk for additional autoimmune conditions in patients with Addison's disease[END_REF]. The more recent described autoantibodies in T1D, anti-Zinc transporter 8 protein antibodies (ZnT8A), are present in both juvenile-onset and adult-onset T1D. They are considered to be important biomarkers for predicting the clinical onset of this autoimmune disease especially as they are found in 18 to 30 percent of T1D patients without any other autoantibodies [START_REF] Lampasona | Diabetes antibody standardization program: First proficiency evaluation of assays for autoantibodies to zinc transporter 8[END_REF][START_REF] Lampasona | Zinc transporter 8 antibodies complement GAD and IA-2 antibodies in the identification and characterization of adult-onset autoimmune diabetes: Non Insulin Requiring Autoimmune Diabetes (NIRAD) 4[END_REF][START_REF] Wenzlau | Novel diabetes autoantibodies and prediction of type 1 diabetes[END_REF][START_REF] Wenzlau | SlC30A8 is a major target of humoral autoimmunity in type 1 diabetes and a predictive marker in prediabetes[END_REF]. Among the wellestablished T1D associated autoantibodies, ZnT8A and AAD association is the least studied [START_REF] Betterle | Addison's disease: A survey on 633 patients in Padova[END_REF][START_REF] Fichna | Positive autoantibodies to ZnT8 indicate elevated risk for additional autoimmune conditions in patients with Addison's disease[END_REF][START_REF] Erichsen | Clinical, immunological, and genetic features of autoimmune primary adrenal insufficiency: Observations from a Norwegian registry[END_REF]. Moreover, the ZnT8 protein was found in rat adrenal glands [START_REF] Murgia | Diabeteslinked zinc transporter ZnT8 is a homodimeric protein expressed by distinct rodent endocrine cell types in the pancreas and other glands[END_REF], thus ZnT8A could also be a biomarker of autoimmunity pathogenesis against adrenal tissue.

As T1D is frequently associated with AAD and since ZnT8A are rarely studied in AAD patients, the aim of the present study is to evaluate the prevalence of ZnT8A in patients with positive ACA in order to define the usefulness of ZnT8A for prediabetes screening in AAD.

Material and Methods

Patients

The presence of ZnT8A was investigated in 36 patients positive for ACA from 2 different French hospitals (12 were from Toulouse University Hospital and 24 from Hospices Civils of Lyon). Twenty-six women and 10 men were included of which 19 were children (<18 years). The sera of these patients have been obtained between 2001 and 2019 and kept frozen at -20°C in the immunological laboratories of the 2 hospitals.

Clinical diagnosis was obtained for all patients. Autoimmune Addison's disease was diagnosed according to SFE/SFEDP adrenal insufficiency French consensus criteria [START_REF] Reznik | SFE/SFEDP adrenal insufficiency French consensus: Introduction and handbook Consensus sur l'insuffisance surrénale de la SFE/SFEDP : introduction et guide[END_REF]. Autoimmune Addison's disease was defined by the presence of ACA associated with a panel of non-specific (except melanodermia) clinical signs and symptoms of hypoadrenalism, with low plasma cortisol and increased ACTH levels at 8am and/or an insufficient increase of plasma cortisol after synacthen administration [START_REF] Reznik | SFE/SFEDP adrenal insufficiency French consensus: Introduction and handbook Consensus sur l'insuffisance surrénale de la SFE/SFEDP : introduction et guide[END_REF][START_REF] Bornstein | Diagnosis and treatment of primary adrenal insufficiency: An endocrine society clinical practice guideline[END_REF][START_REF] Husebye | Consensus statement on the diagnosis, treatment and follow-up of patients with primary adrenal insufficiency[END_REF]. Type 1 diabetes was determined by the original clinician according to the latest American Diabetes Association diagnostic criteria recommendations [START_REF]Classification and diagnosis of diabetes: Standards of medical care in diabetes -2019[END_REF] i.e, the presence of multiple autoantibodies with or without hyperglycemia (stage 2 and 3).

Observational studies conducted in France using data obtained from a retrospective study without any additional therapeutic or monitoring procedure do not require informed consent. This was the case herein as autoantibodies were analyzed as part of diagnostic investigation.

Patient records and information was anonymized and de-identified prior to analysis. The study was approved by the institutional review board and the ethics committee of the Hospices Civils de Lyon and the ethic committee of Southwest and overseas II.

Anti-adrenal cortex autoantibodies detection

The presence of ACA has been analyzed using indirect immunofluorescence technique on primate adrenal tissue (INOVA Lite Adrenal primate IFA, Werfen, Le Pré-Saint-Gervais, France) according to the manufacturer's recommendations (Figure 1).

As the main target of ACA has been described to be 21-OH [START_REF] Winqvist | Kämpe, 21-Hydroxylase, a major autoantigen in idiopathic Addison's disease[END_REF][START_REF] Colls | Immunoprecipitation assay for autoantibodies to steroid 21-hydroxylase in autoimmune adrenal diseases[END_REF], 22 out of 24 patients from Hospices Civils of Lyon were also analyzed for anti-21-OH autoantibodies in the initial diagnostic investigation using an enzyme-linked immunosorbent assay (ELISA) technique (21-OH-AB ELISA, RSR, Cardiff; United Kingdom) or a radio-immunological assay (RIA) (21-OH-AB, RSR, Cardiff; United Kingdom); the cut-off for positivity was chosen according to the manufacturer's recommendations at 0.4 U/mL or 1.1 U/mL respectively. The 2 techniques have been shown to give comparable sensitivity with 87% of concordance on 30 patients in Lyon immunological laboratory (personal data not shown).

Anti-ZnT8 autoantibodies detection

ZnT8A were analyzed using 2 ELISA techniques (ZnT8/96D Elisa, RSR, Cardiff, United Kingdom or Medizym®, Medipan, Dahlewitz, Germany). The cut-off for positivity was chosen according to the manufacturer's recommendations at ≥15 IU/ml in both assays. These two ELISA tests have been compared in Toulouse immunological laboratory and showed the same performance on 32 patients with 100% of concordance between the 2 assays (personal data not shown).

Anti-IA2 and anti-GAD autoantibodies detection assays

In 22 patients, IA-2A and GADA were also analyzed at the time of diagnosis or retrospectively when testing for ZnT8A. IA-2A were detected using 2 ELISA kits (ELISA RSR IA-2 Ab, Cardiff, United Kingdom and Medizym®, Medipan, Dahlewitz, Germany).

The cut-off for positivity was chosen according to the manufacturer's recommendations at ≥7.5 U/mL or ≥10 U/mL, respectively. For GADA detection, 2 ELISA kits were used (ELISA RSR GADAb, RSR, Cardiff, United Kingdom and Medizym® anti GAD, Medipan, Dahlewitz, Germany) with the same cut-off of positivity at ≥5 U/mL. The 2 techniques for both IA2A and GADA antibodies have been shown to give comparable sensitivity and specificity according to the results of Diabetes Antibody Standardization Program [START_REF] Törn | Diabetes Antibody Standardization Program: Evaluation of assays for autoantibodies to glutamic acid decarboxylase and islet antigen-2[END_REF]. When IA-2A and GADA were explored at time of diagnosis a radioimmunoassay could have been employed (cut off positivity at ≥30cpm) (1 patient).

Statistical analysis

All data are reported as the means ± sem. Sex of patients involved in this study are indicated in the tables but are not included in statistical analysis of the data. Comparisons between groups were performed using Wilcoxon rank sum test or two-sided Fisher's Exact test as appropriate. A p-value <0.05 was considered significant. All data were analyzed using the R software (v3.6.3).

Results

Clinical data and anti-adrenal cortex autoantibodies

The cohort included a total of 36 patients (19 children and 17 adults) with an average age of 21.6 years (mean  sem: 21.6  years) Thirty-one of 36 patients displaying ACA were diagnosed to suffer from AAD. Most of them were newly diagnosed; indeed the mean time between AAD diagnosis and ZnT8A detection was 1.7 years (median of 2 months). Among the 36 positive ACA patients, 22 patients were analyzed for anti-21-OH autoantibodies and were all positive for these autoantibodies (16 using RIA, mean  sem: 959,6  534,7 and 6 using ELISA, mean  sem : 71,715,7 U/mL).

For 5 out of 36 patients, Addison's disease diagnosis was not retained; there were 4 children (10, 12, 14 and 15-years-old) and 1 young adult (26 years-old). All 5 patients had other autoimmune disorders: 3 T1D (with one of them associated with ZnT8A and anti-TPO autoantibodies, and one of them associated with only ZnT8A) and 2 hypoparathyroidisms (with one suffering of an autoimmune polyendrocrine syndrome (APS) type 1). Three of these 5 patients displayed anti-21-OH autoantibodies with significant titers above the cut-off of positivity (31 and >100 U/mL using ELISA and 17 U/mL using RIA). Data on anti-21-OH autoantibodies titers for the remained 2 patients were not available.

Concerning T1D status, 27.8% (10 patients out of 36) and 22.6% (7 patients out of 31) within positive ACA patients and AAD cohort suffered from T1D respectively (Table 1, Figure 2) .

Prevalence of ZnT8A

Seven (4 children and 3 adults) of 36 patients (19.4%) had ZnT8A (Table 1). ZnT8A was observed in 5 patients out of 31 with AAD (16.1%) and in 2 patients out of 5 with no AAD (40.0%) (Figure 2) but no statistically significant difference was noticed in prevalence of ZnT8A in AAD versus no AAD patients (p-value = 0.244). Among the 7 positive ZnT8 patients, 71.4% (3 children, 2 adults) suffered from T1D at the time of ZnT8A detection (Table 1, Figure 2). The titers of ZnT8A, when positive, were higher for the T1D patients but there was no statistical difference when compared with patients with no T1D (mean  sem : 348.84 U/mL 170.8, n=5 versus 33.5 U/mL  2.5, n=2, p-value = 0.381 with Wilcoxon rank sum test).

The frequency of T1D was significantly different between patients with positive ZnT8A versus patients with negative ZnT8A (71.4% vs 17.2%, p-value = 0.010) (Table 1).

Characteristics regarding ZnT8A frequency, ZnT8A titer and T1D association were the same in both children and adult population (Table 2).

Concerning the frequency of autoimmune diseases associated with positive ACA other than T1D alone, the differences were not statistically significant (42.9% vs 44.8%) (Table 1).

Anti-IA2 and anti-GAD autoantibodies

Twenty two AAD patients were tested for all the T1D associated autoantibodies. Ten patients were positive for one or more autoantibodies and 5 (22.7%), 9 (40.9%) and 2 (9.1%) of them had ZnT8A, GADA and IA-2A respectively. Two patients positive for GADA and IA-2A were also positive for ZnT8A and they suffered from a T1D. Five patients (3 with T1D, one presenting an APS type 1 and one with anti-TPO and anti-TG antibodies) present only GADA. One positive ZnT8A patient (165.1 U/mL) had positive GADA (3667 cpm) but with no IA-2A and had a T1D and anti-TPO. One positive ZnT8A patient (97.5 U/mL) was weakly positive for GADA (5.8 U/mL) but with no IA-2A

(1.4 U/mL) and had a T1D. One positive ZnT8A (31.0 U/mL) patient had neither GADA (1.0 U/mL) nor IA-2A (1.4 U/mL) and did not suffer from a T1D despite having an AAD evolving for 13 years at the time of the sample collection integrating into an APS type 1. Clinicians continue to monitor his glycaemia due to his young age and ZnT8A status.

Twelve patients were negative for all of ZnT8A, GADA and IA-2A; among them only one patient suffered from a T1D.

Discussion

This study confirmed that ZnT8A are present in patients suffering from AAD in both children and adults with an overall prevalence of 19% of the patients tested herein. The presence of ZnT8A in AAD has been demonstrated in other cohorts [START_REF] Fichna | Positive autoantibodies to ZnT8 indicate elevated risk for additional autoimmune conditions in patients with Addison's disease[END_REF][START_REF] Wenzlau | The cation efflux transporter ZnT8 (Slc30A8) is a major autoantigen in human type 1 diabetes[END_REF] although the prevalence was lower with 8% in both studies. It is important to note that the sensitivity of autoantibodies in general varies among reports and this may be mainly explained by differences in the populations studied in terms of age and duration of the disease. An important part of the variation may also be related to the choice of the analytical test for ZnT8A since several ELISA techniques exist; however, this is not the case since all the ELISA techniques have been shown to give comparable performances according to the results of Diabetes Antibody Standardization Program [START_REF] Törn | Diabetes Antibody Standardization Program: Evaluation of assays for autoantibodies to glutamic acid decarboxylase and islet antigen-2[END_REF] and personal data.

The frequency of T1D in our AAD cohort reached 22.6% which is higher than reported in previous studies (ranging from 1.2% to 13% in more recent studies [START_REF] Betterle | Addison's disease: A survey on 633 patients in Padova[END_REF][START_REF] Fichna | Positive autoantibodies to ZnT8 indicate elevated risk for additional autoimmune conditions in patients with Addison's disease[END_REF][START_REF] Erichsen | Clinical, immunological, and genetic features of autoimmune primary adrenal insufficiency: Observations from a Norwegian registry[END_REF][START_REF] Leelarathna | Co-morbidities, management and clinical outcome of auto-immune Addison's disease[END_REF][START_REF] Zelissen | Associated autoimmunity in addison's disease[END_REF]). An interesting issue arising from the present study, which could explain the higher frequency of T1D, is the difference in the population studied particularly the importance of the children population making up more than 50% of our cohort. To the best of our knowledge, the only large AAD cohort reported included few children and did not differentiate them in data interpretation [START_REF] Fichna | Positive autoantibodies to ZnT8 indicate elevated risk for additional autoimmune conditions in patients with Addison's disease[END_REF]. The mean age of 22 years is lower in comparison with other studies with a mean age between 30 and 50 years. The evolution of diagnostic criteria according to the American Diabetes Association classification could also contribute to the higher proportion of T1D observed in our study. Indeed the recent inclusion of latent autoimmune diabetes in adults in T1D [START_REF]Classification and diagnosis of diabetes: Standards of medical care in diabetes -2019[END_REF] and the inclusion of diabetes autoantibodies positivity in diagnostic criteria has modified diabetes classified as T1D and can explain the higher number of T1D patients in comparison to the literature.

The prevalence of ZnT8A has been found to be correlated with the age of diabetes onset in the literature. Anti-ZnT8 autoantibodies seemed to be better markers at diabetes onset between 6 to 17 years of age in comparison with patients of less than 5 years-old and adults [START_REF] Marchand | Very high titres of ZnT8 autoantibodies at type 1 diabetes onset and presence of autoantibodies related to other autoimmune disorders[END_REF][START_REF] Niechcial | Autoantibodies against zinc transporter 8 are related to age and metabolic state in patients with newly diagnosed autoimmune diabetes[END_REF]. This has also been found in other cohorts of patients showing a high prevalence of ZnT8A positive patients between 8-16 years and 10-19 years [START_REF] Salonen | Autoantibodies against zinc transporter 8 are related to age, metabolic state and HLA DR genotype in children with newly diagnosed type 1 diabetes[END_REF][START_REF] Juusola | Positivity for Zinc Transporter 8 Autoantibodies at Diagnosis Is Subsequently Associated with Reduced b-Cell Function and Higher Exogenous Insulin Requirement in Children and Adolescents with Type 1 Diabetes[END_REF][START_REF] Hussein | Zinc transporter 8 autoantibodies assessment in daily practice[END_REF]. We, thus, investigated the age of ZnT8A positive patients but we did not find any statistical difference in comparison with the negative cohort.

Neither age nor sex seemed to influence the frequency of T1D association or ZnT8A positivity in positive ACA patients. This is of particular interest if we take into account that highest prevalence of ZnT8A are mainly reported in T1D children [START_REF] Garnier | Screening of ZnT8 autoantibodies in the diagnosis of autoimmune diabetes in a large French cohort[END_REF]. However, our cohort is too small to reach conclusions with a statistical power.

In ZnT8A-positive patients, we observed a titer about 10 times higher in T1D patients versus no T1D patients. Indeed it was already reported that, at onset of T1D, a high proportion of children who present autoantibodies related to other autoimmune diseases have a very high ZnT8A titer [START_REF] Marchand | Very high titres of ZnT8 autoantibodies at type 1 diabetes onset and presence of autoantibodies related to other autoimmune disorders[END_REF].

In our cohort, most patients with positive ZnT8A had IA-2A and/or GADA and suffered from a T1D. Two patients had ZnT8A with no other autoantibodies or with a low titer of GADA. One of these 2 patients already had T1D, but the remaining patient had to be followed.

Our data also indicate that positive ZnT8A are associated with coexisting T1D in more than 70% of our patients and that by consequence 30% of the population with positive ZnT8A did not suffer from T1D at the time of the study.

The zinc transporter 8 localized on the membrane of insulin containing secretory granules plays an essential role in biosynthesis, storage and release of insulin [START_REF] Seve | In silico identification and expression of SLC30 family genes: An expressed sequence tag data mining strategy for the characterization of zinc transporters' tissue expression[END_REF][START_REF] Chimienti | In vivo expression and functional characterization of the zinc transporter ZnT8 in glucose-induced insulin secretion[END_REF][START_REF] Kambe | Molecular Architecture and Function of ZnT Transporters[END_REF]. A previous report also showed an expression of this protein in rat adrenal endocrine cells [START_REF] Murgia | Diabeteslinked zinc transporter ZnT8 is a homodimeric protein expressed by distinct rodent endocrine cell types in the pancreas and other glands[END_REF]. Therefore, ZnT8A could be a marker of autoimmunity associated to the adrenal gland destruction in AAD, with no development of T1D; a similar event was reported with GADA in some type 1 APS [START_REF] Betterle | Addison's disease: A survey on 633 patients in Padova[END_REF][START_REF] Gylling | Beta-Cell Autoantibodies, Human Leukocyte Antigen II Alleles, and Type 1 Diabetes in Autoimmune Polyendocrinopathy-Candidiasis-Ectodermal Dystrophy[END_REF][START_REF] Söderbergh | Prevalence and Clinical Associations of 10 Defined Autoantibodies in Autoimmune Polyendocrine Syndrome Type I[END_REF]. However, since humoral autoreactivity to ZnT8 has been demonstrated to be an independent marker of disease susceptibility in pre-diabetic patients and associated with faster development of T1D, one third of patients with no T1D have to be followed due to the potential risk of developing T1D [START_REF] Kawasaki | ZnT8 and type 1 diabetes[END_REF].

Other autoimmune disorders classically associated with AAD were present in our cohort.

Autoimmune thyroid disorders were present in 25% of the cases, in lower proportion than already reported [START_REF] Betterle | Addison's disease: A survey on 633 patients in Padova[END_REF][START_REF] Erichsen | Clinical, immunological, and genetic features of autoimmune primary adrenal insufficiency: Observations from a Norwegian registry[END_REF][START_REF] Leelarathna | Co-morbidities, management and clinical outcome of auto-immune Addison's disease[END_REF], certainly due to the age of our patients. Parathyroid disorders or APS were present in 11% of the cases. The frequency of associated autoimmune disorders is higher, although not significantly, in AAD patients with ZnT8A than in patients with no ZnT8A. However, this trend was no longer observed when T1D patients without other associated autoimmune disorders were excluded suggesting that T1D represents the main associated autoimmune disease in ZnT8A-positive AAD patients, as reported in a previous report [START_REF] Fichna | Positive autoantibodies to ZnT8 indicate elevated risk for additional autoimmune conditions in patients with Addison's disease[END_REF].

More than ninety percent of patients with AAD develop anti-21-OH autoantibodies [START_REF] Proust-Lemoine | Group 3: Strategies for identifying the cause of adrenal insufficiency: diagnostic algorithms[END_REF].

In our study, 3 patients with positive anti-21-OH autoantibodies showed no AAD. Those patients were young and should be followed as their titers of anti-21-OH autoantibodies are high and can thus be predictive for the development of AAD [START_REF] Falorni | 21-hydroxylase autoantibodies in adult patients with endocrine autoimmune diseases are highly specific for Addison's disease[END_REF][START_REF] Laureti | Levels of adrenocortical autoantibodies correlate with the degree of adrenal dysfunction in subjects with preclinical Addison's disease[END_REF].

In light of these data and as the onsite implementation of ZnT8A monitoring in the clinical practice for T1D, it should also be included in the screening panel of AAD population. This finding is of importance for clinicians as the presence of ZnT8A can identify subjects at high risk to develop T1D. Further investigation of the role of ZnT8A in AAD with no T1D has also to be performed. 
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 1 Figure 1: Anti-adrenal cortex autoantibodies positive sample detected by indirect
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 2 Figure 2: Flowchart according to the presence of autoimmune Addison's disease, ZnT8A and

Table 1 :

 1 Comparison between the ZnT8A-positive and ZnT8A-negative group among positive anti adrenal cortex autoantibodies patients (mean± sem or effective (percentage of patients).

	ZnT8A-positive group	ZnT8A-negative group	P-value
	Patients' characteristics		

Table 2 :

 2 Comparison of children and adult populations, with positive ZnT8A status (mean± sem or effective (percentage of patients)).

		Children <18 years (n=19)	Adults ≥ 18 years (n=17)	
		ZnT8A-	ZnT8A-	ZnT8A-	ZnT8A-	P-value †
		positive group	negative group	positive group	negative group	
		Patients' characteristics			
	n	4 (21.1%)	15 (78.9%)	3 (17.6%)	14 (82.4%)	1.000
	Sex (women/men)	3/1	11/4	2/1	10/4	1.000
	Age (years) at ZnT8A dosage	12.0 ± 2.1	11.9 ± 0.9	28.7 ± 1.5	33.3 ± 3.8	NA
	ZnT8A titer (U/mL)	181.7 ± 110.7	5.3 ± 1.0	361.5 ± 295.2	2.2 ± 0.5	0.629
		Auto-immune diseases			
	Addison disease diagnosis at time of ZnT8A dosage	2 (50.0%)	13 (86.7%)	3 (100.0%)	13 (92.9%)	0.429
	Total T1D	3 (75.0%)	3 (20.0%)	2 (66.7%)	2 (14.3%)	1.000
	Total autoimmune disorders associated or not with AAD:	4 (100.0%)	10 (66.7%)	2 (66.7%)	8 (57.1%)	0.429
	T1D alone with or without AAD	2	3	1	2	
	Other autoimmune disorders	2 hypothyroidism) (whose 1 T1D +	7	hypothyroidism) + 1 (whose 1 T1D	6	

Without other autoimmune disorders associated with AAD 0 (0.0%) 5 (33.3%) 1 (33.3%) 6 (42.9%) 0

  .429 † P-values concerning comparison between ZnT8A-positive group in children versus ZnT8Apositive group in adults.

AAD : autoimmune Addison's disease ; NA: not applicable T1D: type 1 diabetes ; ZnT8A : zinc transporter type 8 autoantibodies.
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