
HAL Id: hal-03493359
https://hal.science/hal-03493359

Submitted on 17 Oct 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License

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

Chloé Bost, Teoli Jordan, Dechomet Magali, Fortenfant Françoise, Fabien
Nicole

To cite this version:
Chloé Bost, Teoli Jordan, Dechomet Magali, Fortenfant Françoise, Fabien Nicole. Anti-ZnT8 autoan-
tibodies: A new marker to be screened in patients with anti-adrenal antibodies. Clinica Chimica Acta,
2020, 511, pp.1 - 6. �10.1016/j.cca.2020.09.019�. �hal-03493359�

https://hal.science/hal-03493359
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


Anti-ZnT8 autoantibodies: a new marker to be screened in patients with 

anti-adrenal antibodies 

Bost Chloé*
a,
, Teoli Jordan*

b
, Dechomet Magali

b
, Fortenfant Françoise

a
, Fabien Nicole

b
 

* Both authors have contributed equally to this work. 

a. Immunology laboratory, IFB, Toulouse University Hospital, 31000 Toulouse, France 

b. Immunology laboratory, Hospices Civils of Lyon, 69495 Pierre-Bénite, France 

Short title:  ZnT8A in anti-adrenal antibodies positive patients 

Authors:  

Bost Chloé : bost.c@chu-toulouse.fr 

Teoli Jordan : jordan.teoli@chu-lyon.fr  

Dechomet Magali : magali.dechomet@chu-lyon.fr   

Fortenfant Françoise : fortenfant.f@chu-toulouse.fr  

Fabien Nicole : nicole.fabien@chu-lyon.fr  

Corresponding author’s: Dr Bost Chloé : bost.c@chu-toulouse.fr 

Institut Fédératif de Biologie, Laboratoire d’immunologie  

CHU Purpan  

330 avenue de Grande Bretagne  

31000 Toulouse 

Reprint requests should be addressed to:  

Dr Nicole Fabien – Laboratoire d’Immunologie 

CH Lyon Sud 

Chemin du grand revoyet 

69495 Pierre Bénite Cedex 

Declarations of interest: none   

© 2020 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/

Version of Record: https://www.sciencedirect.com/science/article/pii/S0009898120304514
Manuscript_4f3e3f4d83102cf54500167c0ce1b7f5

https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0009898120304514
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0009898120304514


Introduction  1 

Patients with autoimmune Addison's disease (AAD) have higher susceptibility to develop 2 

other autoimmune diseases. Thus, along with the classical markers of AAD (anti-adrenal 3 

cortex (ACA) or anti-21-hydroxylase (21-OH) autoantibodies) these patients often display 4 

other non-adrenal autoantibodies with a prevalence that could reach 88% [1–3]. Among these 5 

non-adrenal autoantibodies, anti-insulin (IAA), anti-insulinoma-associated protein 2 (IA-2A) 6 

and anti-glutamic acid decarboxylase (GADA) autoantibodies detected in type 1 diabetes 7 

(T1D), have been found in 10% of AAD patients [2,4]. The more recent described 8 

autoantibodies in T1D, anti-Zinc transporter 8 protein antibodies (ZnT8A), are present in both 9 

juvenile-onset and adult-onset T1D. They are considered to be important biomarkers for 10 

predicting the clinical onset of this autoimmune disease especially as they are found  in 18 to 11 

30 percent of T1D patients without any other autoantibodies [5–8]. Among the well-12 

established T1D associated autoantibodies, ZnT8A and AAD association is the least studied 13 

[2,4,9]. Moreover, the ZnT8 protein was found in rat adrenal glands [10], thus ZnT8A could 14 

also be a biomarker of autoimmunity pathogenesis against adrenal tissue. 15 

As T1D is frequently associated with AAD and since ZnT8A are rarely studied in AAD 16 

patients, the aim of the present study is to evaluate the prevalence of ZnT8A in patients with 17 

positive ACA in order to define the usefulness of ZnT8A for prediabetes screening in AAD.  18 

 19 

Material and Methods  20 

Patients  21 

The presence of ZnT8A was investigated in 36 patients positive for ACA from 2 different 22 

French hospitals (12 were from Toulouse University Hospital and 24 from Hospices Civils of 23 

Lyon). Twenty-six women and 10 men were included of which 19 were children (<18 years). 24 



The sera of these patients have been obtained between 2001 and 2019 and kept frozen at -25 

20°C in the immunological laboratories of the 2 hospitals. 26 

Clinical diagnosis was obtained for all patients. Autoimmune Addison's disease was 27 

diagnosed according to SFE/SFEDP adrenal insufficiency French consensus criteria [11]. 28 

Autoimmune Addison's disease was defined by the presence of ACA associated with a panel 29 

of non-specific (except melanodermia) clinical signs and symptoms of hypoadrenalism, with 30 

low plasma cortisol and increased ACTH levels at 8am and/or an insufficient increase of 31 

plasma cortisol after synacthen administration [11–13]. Type 1 diabetes was determined by 32 

the original clinician according to the latest American Diabetes Association diagnostic criteria 33 

recommendations [14] i.e, the presence of multiple autoantibodies with or without 34 

hyperglycemia (stage 2 and 3). 35 

Observational studies conducted in France using data obtained from a retrospective study 36 

without any additional therapeutic or monitoring procedure do not require informed consent.  37 

This was the case herein as autoantibodies were analyzed as part of diagnostic investigation. 38 

Patient records and information was anonymized and de-identified prior to analysis. The study 39 

was approved by the institutional review board and the ethics committee of the Hospices 40 

Civils de Lyon and the ethic committee of Southwest and overseas II.  41 

Anti-adrenal cortex autoantibodies detection 42 

The presence of ACA has been analyzed using indirect immunofluorescence technique on 43 

primate adrenal tissue (INOVA Lite Adrenal primate IFA, Werfen, Le Pré-Saint-Gervais, 44 

France) according to the manufacturer's recommendations (Figure 1). 45 

As the main target of ACA has been described to be 21-OH [15,16], 22 out of 24 patients 46 

from Hospices Civils of Lyon were also analyzed for anti-21-OH autoantibodies in the initial 47 

diagnostic investigation using an enzyme-linked immunosorbent assay (ELISA) technique 48 

(21-OH-AB ELISA, RSR, Cardiff; United Kingdom) or a radio-immunological assay (RIA) 49 



(21-OH-AB, RSR, Cardiff; United Kingdom); the cut-off for positivity was chosen according 50 

to the manufacturer's recommendations at 0.4 U/mL or 1.1 U/mL respectively. The 2 51 

techniques have been shown to give comparable sensitivity with 87% of concordance on 30 52 

patients in Lyon immunological laboratory (personal data not shown).  53 

Anti-ZnT8 autoantibodies detection  54 

ZnT8A were analyzed using 2 ELISA techniques (ZnT8/96D Elisa, RSR, Cardiff, United 55 

Kingdom or Medizym®, Medipan, Dahlewitz, Germany). The cut-off for positivity was 56 

chosen according to the manufacturer's recommendations at ≥15 IU/ml in both assays. These 57 

two ELISA tests have been compared in Toulouse immunological laboratory and showed the 58 

same performance on 32 patients with 100% of concordance between the 2 assays (personal 59 

data not shown).  60 

Anti-IA2 and anti-GAD autoantibodies detection assays 61 

In 22 patients, IA-2A and GADA were also analyzed at the time of diagnosis or 62 

retrospectively when testing for ZnT8A. IA-2A were detected using 2 ELISA kits (ELISA 63 

RSR IA-2 Ab, Cardiff, United Kingdom and Medizym®, Medipan, Dahlewitz, Germany). 64 

The cut-off for positivity was chosen according to the manufacturer's recommendations at 65 

≥7.5 U/mL or ≥10 U/mL, respectively. For GADA detection, 2 ELISA kits were used (ELISA 66 

RSR GADAb, RSR, Cardiff, United Kingdom and Medizym® anti GAD, Medipan, 67 

Dahlewitz, Germany) with the same cut-off of positivity at ≥5 U/mL. 68 

The 2 techniques for both IA2A and GADA antibodies  have been shown to give comparable 69 

sensitivity and specificity according to the results of Diabetes Antibody Standardization 70 

Program [17]. When IA-2A and GADA were explored at time of diagnosis a 71 

radioimmunoassay could have been employed (cut off positivity at ≥30cpm) (1 patient).     72 

 73 

Statistical analysis 74 



All data are reported as the means ± sem. Sex of patients involved in this study are 75 

indicated in the tables but are not included in statistical analysis of the data. Comparisons 76 

between groups were performed using Wilcoxon rank sum test or two-sided Fisher's Exact 77 

test as appropriate. A p-value <0.05 was considered significant. All data were analyzed using 78 

the R software (v3.6.3). 79 

 80 

Results  81 

Clinical data and anti-adrenal cortex autoantibodies  82 

The cohort included a total of 36 patients (19 children and 17 adults) with an average age 83 

of 21.6 years (mean  sem: 21.6  years)  84 

Thirty-one of 36 patients displaying ACA were diagnosed to suffer from AAD. Most of 85 

them were newly diagnosed; indeed the mean time between AAD diagnosis and ZnT8A 86 

detection was 1.7 years (median of 2 months). Among the 36 positive ACA patients, 22 87 

patients were analyzed for anti-21-OH autoantibodies and were all positive for these 88 

autoantibodies (16 using RIA, mean  sem: 959,6  534,7 and 6 using ELISA, mean  sem : 89 

71,715,7 U/mL).  90 

For 5 out of 36 patients, Addison’s disease diagnosis was not retained; there were 4 children 91 

(10, 12, 14 and 15-years-old) and 1 young adult (26 years-old). All 5 patients had other 92 

autoimmune disorders: 3 T1D (with one of them associated with ZnT8A and anti-TPO 93 

autoantibodies, and one of them associated with only ZnT8A) and 2 hypoparathyroidisms 94 

(with one suffering of an autoimmune polyendrocrine syndrome (APS) type 1). Three of these 95 

5 patients displayed anti-21-OH autoantibodies with significant titers above the cut-off of 96 

positivity (31 and >100 U/mL using ELISA and 17 U/mL using RIA). Data on anti-21-OH 97 

autoantibodies titers for the remained 2 patients were not available. 98 



Concerning T1D status, 27.8% (10 patients out of 36) and 22.6% (7 patients out of 31) within 99 

positive ACA patients and AAD cohort suffered from T1D respectively  (Table 1, Figure 2) . 100 

 101 

Prevalence of ZnT8A 102 

Seven (4 children and 3 adults) of 36 patients (19.4%) had ZnT8A (Table 1). ZnT8A was 103 

observed in 5 patients out of 31 with AAD (16.1%) and in 2 patients out of 5 with no AAD 104 

(40.0%) (Figure 2) but no statistically significant difference was noticed in prevalence of 105 

ZnT8A in AAD versus no AAD patients (p-value = 0.244). 106 

Among the 7 positive ZnT8 patients, 71.4% (3 children, 2 adults) suffered from T1D at the 107 

time of ZnT8A detection (Table 1, Figure 2). The titers of ZnT8A, when positive, were 108 

higher for the T1D patients but there was no statistical difference when compared with 109 

patients with no T1D (mean  sem : 348.84 U/mL 170.8, n=5 versus 33.5 U/mL  2.5, n=2, 110 

p-value = 0.381 with Wilcoxon rank sum test). 111 

The frequency of T1D was significantly different between patients with positive ZnT8A 112 

versus patients with negative ZnT8A (71.4% vs 17.2%, p-value = 0.010) (Table 1). 113 

Characteristics regarding ZnT8A frequency, ZnT8A titer and T1D association were the same 114 

in both children and adult population (Table 2). 115 

Concerning the frequency of autoimmune diseases associated with positive ACA other 116 

than T1D alone, the differences were not statistically significant (42.9% vs 44.8%) (Table 1).  117 

 118 

Anti-IA2 and anti-GAD autoantibodies 119 

Twenty two AAD patients were tested for all the T1D associated autoantibodies. Ten patients 120 

were positive for one or more autoantibodies and 5 (22.7%), 9 (40.9%) and 2 (9.1%) of them 121 

had ZnT8A, GADA and IA-2A respectively. 122 



Two patients positive for GADA and IA-2A were also positive for ZnT8A and they suffered 123 

from a T1D. Five patients (3 with T1D, one presenting an APS type 1 and one with anti-TPO 124 

and anti-TG antibodies) present only GADA. One positive ZnT8A patient (165.1 U/mL) had 125 

positive GADA (3667 cpm) but with no IA-2A and had a T1D and anti-TPO. One positive 126 

ZnT8A patient (97.5 U/mL) was weakly positive for GADA (5.8 U/mL) but with no IA-2A 127 

(1.4 U/mL) and had a T1D. One positive ZnT8A (31.0 U/mL) patient had neither GADA (1.0 128 

U/mL) nor IA-2A (1.4 U/mL) and did not suffer from a T1D despite having an AAD evolving 129 

for 13 years at the time of the sample collection integrating into an APS type 1. Clinicians 130 

continue to monitor his glycaemia due to his young age and ZnT8A status. 131 

Twelve patients were negative for all of ZnT8A, GADA and IA-2A; among them only one 132 

patient suffered from a T1D. 133 

 134 

Discussion  135 

This study confirmed that ZnT8A are present in patients suffering from AAD in both 136 

children and adults with an overall prevalence of 19% of the patients tested herein. The 137 

presence of ZnT8A in AAD has been demonstrated in other cohorts [4,18] although the 138 

prevalence was lower with 8% in both studies. It is important to note that the sensitivity of 139 

autoantibodies in general varies among reports and this may be mainly explained by 140 

differences in the populations studied in terms of age and duration of the disease. An 141 

important part of the variation may also be related to the choice of the analytical test for 142 

ZnT8A since several ELISA techniques exist; however, this is not the case since all the 143 

ELISA techniques have been shown to give comparable performances according to the results 144 

of Diabetes Antibody Standardization Program [17] and personal data.  145 

The frequency of T1D in our AAD cohort reached 22.6% which is higher than reported in 146 

previous studies (ranging from 1.2% to 13% in more recent studies [2,4,9,19,20]). An 147 



interesting issue arising from the present study, which could explain the higher frequency of 148 

T1D, is the difference in the population studied particularly the importance of the children 149 

population making up more than 50% of our cohort. To the best of our knowledge, the only 150 

large AAD cohort reported included few children and did not differentiate them in data 151 

interpretation [4]. The mean age of 22 years is lower in comparison with other studies with a 152 

mean age between 30 and 50 years. The evolution of diagnostic criteria according to the 153 

American Diabetes Association classification could also contribute to the higher proportion of 154 

T1D observed in our study. Indeed the recent inclusion of latent autoimmune diabetes in 155 

adults in T1D [14] and the inclusion of diabetes autoantibodies positivity in diagnostic criteria 156 

has modified diabetes classified as T1D and can explain the higher number of  T1D  patients 157 

in comparison to the literature.  158 

The prevalence of ZnT8A has been found to be correlated with the age of diabetes onset in 159 

the literature. Anti-ZnT8 autoantibodies seemed to be better markers at diabetes onset 160 

between 6 to 17 years of age in comparison with patients of less than 5 years-old and adults 161 

[21,22]. This has also been found in other cohorts of patients showing a high prevalence of 162 

ZnT8A positive patients between 8-16 years and 10-19 years [23–25]. We, thus, investigated 163 

the age of ZnT8A positive patients but we did not find any statistical difference in comparison 164 

with the negative cohort. 165 

Neither age nor sex seemed to influence the frequency of T1D association or ZnT8A 166 

positivity in positive ACA patients. This is of particular interest if we take into account that 167 

highest prevalence of ZnT8A are mainly reported in T1D children [26]. However, our cohort 168 

is too small to reach conclusions with a statistical power.  169 

In ZnT8A-positive patients, we observed a titer about 10 times higher in T1D patients 170 

versus no T1D patients. Indeed it was already reported that, at onset of T1D, a high proportion 171 



of children who present autoantibodies related to other autoimmune diseases have a very high 172 

ZnT8A titer [21].  173 

In our cohort, most patients with positive ZnT8A had IA-2A and/or GADA and suffered 174 

from a T1D. Two patients had ZnT8A with no other autoantibodies or with a low titer of 175 

GADA. One of these 2 patients already had T1D, but the remaining patient had to be 176 

followed. 177 

Our data also indicate that positive ZnT8A are associated with coexisting T1D in more 178 

than 70% of our patients and that by consequence 30% of the population with positive ZnT8A 179 

did not suffer from T1D at the time of the study.  180 

The zinc transporter 8 localized on the membrane of insulin containing secretory granules 181 

plays an essential role in biosynthesis, storage and release of insulin [27–29]. A previous 182 

report also showed an expression of this protein in rat adrenal endocrine cells [30]. Therefore, 183 

ZnT8A could be a marker of autoimmunity associated to the adrenal gland destruction in 184 

AAD, with no development of T1D; a similar event was reported with GADA in some type 1 185 

APS [2,31,32]. However, since humoral autoreactivity to ZnT8 has been demonstrated to be 186 

an independent marker of disease susceptibility in pre-diabetic patients and associated with 187 

faster development of T1D,  one third of patients with no T1D have to be followed due to the 188 

potential risk of developing T1D [33].  189 

Other autoimmune disorders classically associated with AAD were present in our cohort. 190 

Autoimmune thyroid disorders were present in 25% of the cases, in lower proportion than 191 

already reported [2,9,19], certainly due to the age of our patients. Parathyroid disorders or 192 

APS were present in 11% of the cases. The frequency of associated autoimmune disorders is 193 

higher, although not significantly, in AAD patients with ZnT8A than in patients with no 194 

ZnT8A. However, this trend was no longer observed when T1D patients without other 195 

associated autoimmune disorders were excluded suggesting that T1D represents the main 196 



associated autoimmune disease in ZnT8A-positive AAD patients, as reported in a previous 197 

report [4].  198 

More than ninety percent of patients with AAD develop anti-21-OH autoantibodies  [34]. 199 

In our study, 3 patients with positive anti-21-OH autoantibodies showed no AAD. Those 200 

patients were young and should be followed as their titers of anti-21-OH autoantibodies are 201 

high and can thus be predictive for the development of AAD [35,36].  202 

In light of these data and as the onsite implementation of ZnT8A monitoring in the clinical 203 

practice for T1D, it should also be included in the screening panel of AAD population. This 204 

finding is of importance for clinicians as the presence of ZnT8A can identify subjects at high 205 

risk to develop T1D. Further investigation of the role of ZnT8A in AAD with no T1D has also 206 

to be performed. 207 

 208 

Acknowledgments 209 

We gratefully acknowledge the patients and the contributions made by the clinicians of the 2 210 

hospitals for the clinical and biological data and especially Prs. M. Nicolino, F. Borson-211 

Chazot, C. Simon, Drs N. Bendelac, F. Tixier, P. Bretones, S. Reffet, L. Parlant-Pinet, J. 212 

Vouillarmet, M. Moret, L. Parlant-Pinet, A.  Brac-De-La-Perriere (Hospices Civils de Lyon), 213 

T.Tabary, S. François, A.Berger, D. Fellmann, E. Comby (Reims, Dijon, Strasbourg, Caen) 214 

and A. Bennet, J. Martini (Toulouse University Hospital). We also thank Immunobiotec, 215 

CRBSUD, Hospices Civils de Lyon BB003300046 and A. Astier (CPTP research center, 216 

Toulouse) for reading the manuscript. 217 

 218 

Funding information: The author received no specific funding for this work. 

 219 

 220 



References  221 

[1] C. Betterle, L. Morlin, Autoimmune addison’s disease, Endocr. Dev. 20 (2011) 161–222 

172.  223 

[2] C. Betterle, R. Scarpa, S. Garelli, L. Morlin, F. Lazzarotto, F. Presotto, G. Coco, S. 224 

Masiero, A. Parolo, M.P. Albergoni, R. Favero, S. Barollo, M. Salvà, D. Basso, S. Chen, B.R. 225 

Smith, J. Furmaniak, F. Mantero, Addison’s disease: A survey on 633 patients in Padova, Eur. 226 

J. Endocrinol. 169 (2013) 773–784.  227 

[3] C. Betterle, F. Presotto, J. Furmaniak, Epidemiology, pathogenesis, and diagnosis of 228 

Addison’s disease in adults, J. Endocrinol. Invest. 42 (2019) 1407–1433.  229 

[4] M. Fichna, A. Rogowicz-Frontczak, M. Żurawek, P. Fichna, M. Gryczyńska, D. 230 

Zozulińska-Ziółkiewicz, M. Ruchała, Positive autoantibodies to ZnT8 indicate elevated risk 231 

for additional autoimmune conditions in patients with Addison’s disease, Endocrine. 53 232 

(2016) 249–257.  233 

[5] V. Lampasona, M. Schlosser, P.W. Mueller, A.J.K. Williams, J.M. Wenzlau, J.C. 234 

Hutton, P. Achenbach, Diabetes antibody standardization program: First proficiency 235 

evaluation of assays for autoantibodies to zinc transporter 8, Clin. Chem. 57 (2011) 1693–236 

1702.  237 

[6] V. Lampasona, A. Petrone, C. Tiberti, M. Capizzi, M. Spoletini, S. Di Pietro, M. 238 

Songini, S. Bonicchio, F. Giorgino, E. Bonifacio, E. Bosi, R. Buzzetti, Zinc transporter 8 239 

antibodies complement GAD and IA-2 antibodies in the identification and characterization of 240 

adult-onset autoimmune diabetes: Non Insulin Requiring Autoimmune Diabetes (NIRAD) 4, 241 

Diabetes Care. 33 (2010) 104–108.  242 

[7] J.M. Wenzlau, J.C. Hutton, Novel diabetes autoantibodies and prediction of type 1 243 

diabetes., Curr. Diab. Rep. 13 (2013) 608–15.  244 



[8] J.M. Wenzlau, O. Moua, S.A. Sarkar, L. Yu, M. Rewers, G.S. Eisenbarth, H.W. 245 

Davidson, J.C. Hutton, SlC30A8 is a major target of humoral autoimmunity in type 1 diabetes 246 

and a predictive marker in prediabetes., Ann. N. Y. Acad. Sci. 1150 (2008) 256–9.  247 

[9] M.M. Erichsen, K. Løvås, B. Skinningsrud, A.B. Wolff, D.E. Undlien, J. Svartberg, 248 

K.J. Fougner, T.J. Berg, J. Bollerslev, B. Mella, J.A. Carlson, H. Erlich, E.S. Husebye, 249 

Clinical, immunological, and genetic features of autoimmune primary adrenal insufficiency: 250 

Observations from a Norwegian registry, J. Clin. Endocrinol. Metab. 94 (2009) 4882–4890.  251 

[10] C. Murgia, C. Devirgiliis, E. Mancini, G. Donadel, P. Zalewski, G. Perozzi, Diabetes-252 

linked zinc transporter ZnT8 is a homodimeric protein expressed by distinct rodent endocrine 253 

cell types in the pancreas and other glands, Nutr. Metab. Cardiovasc. Dis. 19 (2009) 431–439.  254 

[11] Y. Reznik, P. Barat, J. Bertherat, C. Bouvattier, F. Castinetti, O. Chabre, P. Chanson, 255 

C. Cortet, B. Delemer, B. Goichot, D. Gruson, L. Guignat, E. Proust-Lemoine, M.-L.R. 256 

Sanson, R. Reynaud, S. Boustani, D. Simon, A. Tabarin, D. Zenaty, SFE/SFEDP adrenal 257 

insufficiency French consensus: Introduction and handbook Consensus sur l’insuffisance 258 

surrénale de la SFE/SFEDP : introduction et guide, Ann. Endocrinol. (Paris). 79 (2018) 1–22.  259 

[12] S.R. Bornstein, B. Allolio, W. Arlt, A. Barthel, A. Don-Wauchope, G.D. Hammer, 260 

E.S. Husebye, D.P. Merke, M.H. Murad, C.A. Stratakis, D.J. Torpy, Diagnosis and treatment 261 

of primary adrenal insufficiency: An endocrine society clinical practice guideline, J. Clin. 262 

Endocrinol. Metab. 101 (2016) 364–389.  263 

[13] E.S. Husebye, B. Allolio, W. Arlt, K. Badenhoop, S. Bensing, C. Betterle, A. Falorni, 264 

E.H. Gan, A.L. Hulting, A. Kasperlik-Zaluska, O. Kämpe, K. Løvås, G. Meyer, S.H. Pearce, 265 

Consensus statement on the diagnosis, treatment and follow-up of patients with primary 266 

adrenal insufficiency, J. Intern. Med. 275 (2014) 104–115.  267 

[14] American Diabetes Association, 2. Classification and diagnosis of diabetes: Standards 268 

of medical care in diabetes - 2019, Diabetes Care. 42 (2019) S13–S28.  269 



[15] O. Winqvist, F.A. Karlsson, O. Kämpe, 21-Hydroxylase, a major autoantigen in 270 

idiopathic Addison’s disease., Lancet (London, England). 339 (1992) 1559–62.  271 

[16] J. Colls, C. Betterle, M. Volpato, L. Prentice, B.R. Smith, J. Furmaniak, 272 

Immunoprecipitation assay for autoantibodies to steroid 21-hydroxylase in autoimmune 273 

adrenal diseases., Clin. Chem. 41 (1995) 375–80.  274 

[17] C. Törn, P.W. Mueller, M. Schlosser, E. Bonifacio, P.J. Bingley, Diabetes Antibody 275 

Standardization Program: Evaluation of assays for autoantibodies to glutamic acid 276 

decarboxylase and islet antigen-2, Diabetologia. 51 (2008) 846–852.  277 

[18] J.M. Wenzlau, K. Juhl, L. Yu, O. Moua, S.A. Sarkar, P. Gottlieb, M. Rewers, G.S. 278 

Eisenbarth, J. Jensen, H.W. Davidson, J.C. Hutton, The cation efflux transporter ZnT8 279 

(Slc30A8) is a major autoantigen in human type 1 diabetes, Proc. Natl. Acad. Sci. U. S. A. 280 

104 (2007) 17040–17045.  281 

[19] L. Leelarathna, L. Breen, J.K. Powrie, S.M. Thomas, R. Guzder, B. McGowan, P. V. 282 

Carroll, Co-morbidities, management and clinical outcome of auto-immune Addison’s 283 

disease, Endocrine. 38 (2010) 113–117.  284 

[20] P.M.J. Zelissen, E.J.E.G. Bast, R.J.M. Croughs, Associated autoimmunity in addison’s 285 

disease, J. Autoimmun. 8 (1995) 121–130.  286 

[21] L. Marchand, L. Garnier, C. Thivolet, M. Nicolino, N. Fabien, Very high titres of 287 

ZnT8 autoantibodies at type 1 diabetes onset and presence of autoantibodies related to other 288 

autoimmune disorders, Diabetes Metab. 46 (2018) 73–74.  289 

[22] E. Niechcial, A. Rogowicz-Frontczak, S. Piłaciński, M. Fichna, B. Skowrońska, P. 290 

Fichna, D. Zozulińska-Ziółkiewicz, Autoantibodies against zinc transporter 8 are related to 291 

age and metabolic state in patients with newly diagnosed autoimmune diabetes, Acta 292 

Diabetol. 55 (2018) 287–294.  293 



[23] K.. Salonen, S. Ryhänen, T. Härkönen, J. Ilonen, M. Knip, Autoantibodies against zinc 294 

transporter 8 are related to age, metabolic state and HLA DR genotype in children with newly 295 

diagnosed type 1 diabetes, Diabetes. Metab. Res. Rev. 29 (2013) 646–654.  296 

[24] M. Juusola, A. Parkkola, T. Härkönen, H. Siljander, J. Ilonen, H.K. Åkerblom, M. 297 

Knip, Positivity for Zinc Transporter 8 Autoantibodies at Diagnosis Is Subsequently 298 

Associated with Reduced b-Cell Function and Higher Exogenous Insulin Requirement in 299 

Children and Adolescents with Type 1 Diabetes, Diabetes Care. 39 (2016) 118–121.  300 

[25] H. Hussein, F. Ibrahim, E. Sobngwi, J.F. Gautier, P. Boudou, Zinc transporter 8 301 

autoantibodies assessment in daily practice, Clin. Biochem. 50 (2017) 94–96.  302 

[26] L. Garnier, L. Marchand, M. Benoit, M. Nicolino, N. Bendelac, C. Wright, P. Moulin, 303 

C. Lombard, C. Thivolet, N. Fabien, Screening of ZnT8 autoantibodies in the diagnosis of 304 

autoimmune diabetes in a large French cohort, Clin. Chim. Acta. 478 (2018) 162–165.  305 

[27] M. Seve, F. Chimienti, S. Devergnas, A. Favier, In silico identification and expression 306 

of SLC30 family genes: An expressed sequence tag data mining strategy for the 307 

characterization of zinc transporters’ tissue expression, BMC Genomics. 5 (2004).  308 

[28] F. Chimienti, S. Devergnas, F. Pattou, F. Schult, R. Garcia-Cuenca, B. Vandewalle, J. 309 

Kerr-Conte, L. Van Lommel, D. Grunwald, A. Favier, M. Seve, In vivo expression and 310 

functional characterization of the zinc transporter ZnT8 in glucose-induced insulin secretion, 311 

J. Cell Sci. 119 (2006) 4199–4206.  312 

[29] T. Kambe, Molecular Architecture and Function of ZnT Transporters, Curr Top 313 

Membr. 2012;69:199-220. 314 

[30] C. Murgia, C. Devirgiliis, E. Mancini, G. Donadel, P. Zalewski, G. Perozzi, Diabetes-315 

linked zinc transporter ZnT8 is a homodimeric protein expressed by distinct rodent endocrine 316 

cell types in the pancreas and other glands, Nutr. Metab. Cardiovasc. Dis. 19 (2009) 431–439.  317 



[31] M. Gylling, T. Tuomi, P. Björses, S. Kontiainen, J. Partanen, M.R. Christie, M. Knip, 318 

J. Perheentupa, A. Miettinen, Beta-Cell Autoantibodies, Human Leukocyte Antigen II Alleles, 319 

and Type 1 Diabetes in Autoimmune Polyendocrinopathy-Candidiasis-Ectodermal Dystrophy, 320 

J. Clin. Endocrinol. Metab. 85 (2000) 4434–4440. 321 

[32] A. Söderbergh, A.G. Myhre, O. Ekwall, G. Gebre-Medhin, H. Hedstrand, E. 322 

Landgren, A. Miettinen, P. Eskelin, M. Halonen, T. Tuomi, J. Gustafsson, E.S. Husebye, J. 323 

Perheentupa, M. Gylling, M.P. Manns, F. Rorsman, O. Kämpe, T. Nilsson, Prevalence and 324 

Clinical Associations of 10 Defined Autoantibodies in Autoimmune Polyendocrine Syndrome 325 

Type I, J. Clin. Endocrinol. Metab. 89 (2004) 557–562. 326 

[33] E. Kawasaki, ZnT8 and type 1 diabetes, Endocr. J. 59 (2012) 531–537.  327 

[34] E. Proust-Lemoine, R. Reynaud, B. Delemer, A. Tabarin, D. Samara-Boustani, Group 328 

3: Strategies for identifying the cause of adrenal insufficiency: diagnostic algorithms, Ann. 329 

Endocrinol. 78 (2017) 512–524.  330 

[35] A. Falorni, S. Laureti, A. Nikoshkov, M.L. Picchio, B. Hallengren, C.L. Vandewalle, 331 

F.K. Gorus, C. Tortoioli, H. Luthman, P. Brunetti, F. Santeusanio, 21-hydroxylase 332 

autoantibodies in adult patients with endocrine autoimmune diseases are highly specific for 333 

Addison’s disease, Clin. Exp. Immunol. 107 (1997) 341–346.  334 

[36] S. Laureti, A. De Bellis, V.I. Muccitelli, F. Calcinaro, A. Bizzarro, R. Rossi, A. 335 

Bellastella, F. Santeusanio, A. Falorni, Levels of adrenocortical autoantibodies correlate with 336 

the degree of adrenal dysfunction in subjects with preclinical Addison’s disease, J. Clin. 337 

Endocrinol. Metab. 83 (1998) 3507–3511.  338 

 339 

 340 

  341 



Figure 1: Anti-adrenal cortex autoantibodies positive sample detected by indirect 342 

immunofluorescence on primate adrenal tissue sections (INOVA Lite Adrenal primate IFA, 343 

Werfen, Le Pré-Saint-Gervais, France) with FITC anti-Human IgG. IgG stain with a diffuse 344 

pattern on cytoplasm of the cells of the three layers of the adrenal cortex at a) x20 345 

magnification b) x40 magnification.346 



Figure 1 347 



 348 
Table 1: Comparison between the ZnT8A-positive and ZnT8A-negative group among 349 

positive anti adrenal cortex autoantibodies patients (mean± sem or effective (percentage of 350 

patients). 351 

 
ZnT8A-positive 

group 

ZnT8A-negative 

group 
P-value 

Patients’ characteristics 

n 7 29 NA 

Sex (women/men) 5/2 21/8 1.000 

Age (years) at ZnT8A dosage 19.1 ± 3.6 22.2 ± 2.7 0.968 

ZnT8A titer (U/mL) 258.8 ± 131.4 3.8 ± 0.6 NA 

Auto-immune diseases 

Addison disease diagnosis at time of ZnT8A dosage 5 (71.4%) 26 (89.7%) 0.244 

Total T1D 5 (71.4%) 5 (17.2%) 0.010* 

Total autoimmune disorders associated or not with 

ACA: 
6 (85.7%) 18 (62.1%) 0.384 

    T1D alone (with or without AAD) 3 (42.9%) 5 (17.2%) 0.168 

    Other autoimmune disorders:  3 (42.9%) 13 (44.8%) 1.000 

- Anti-TPO and/or anti-Tg with or without 

hypothyroidism 

2 (whose 2 

associated T1D) 
6  

- Graves’ disease 0 1  

- Parathyroid disorders or APECED syndrome 

(APS type 1) 
1 3  

- APS type 2 with no T1D 0 1  

- Goodpasture syndrome 0 1  

- Autoimmune ovaritis 0 1  

Without other autoimmune disorders associated with 

AAD 
1 (14.3%) 11 (37.9%) 0.384 

*Significant at 0.05 threshold 352 

AAD : autoimmune Addison’s disease ; APECED: auto-immune polyendocrinopathy candidiasis 353 

ectodermal dystrophy; APS :  autoimmune polyendrocrine syndrome ; NA: not applicable T1D:  type 354 

1 diabetes; TPO : thyroperoxidase ; Tg : thyroglobulin ; ZnT8A : zinc transporter type 8 355 

autoantibodies.   356 



Table 2: Comparison of children and adult populations, with positive ZnT8A status (mean± 357 

sem or effective (percentage of patients)).  358 

 359 

 

Children <18 years (n=19) Adults ≥ 18 years (n=17) 

P-value
†
 

ZnT8A-

positive group 

ZnT8A-

negative group 

ZnT8A-

positive group 

ZnT8A-

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 

(whose 1 T1D + 

hypothyroidism) 

7 

 

 

1 

 (whose 1 T1D 

+ 

hypothyroidism) 

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 ZnT8A-360 

positive group in adults. 361 

AAD : autoimmune Addison’s disease ; NA: not applicable T1D:  type 1 diabetes ; ZnT8A : 362 

zinc transporter type 8 autoantibodies.   363 



Figure 2: Flowchart according to the presence of autoimmune Addison’s disease, ZnT8A and 364 

T1D. 365 

 366 

 367 
ACA, anti adrenal cortex antibodies ; AAD, autoimmune Addison’s disease; ZnT8A, zinc 368 

transporter type 8 autoantibodies; T1D, type 1 diabetes. 369 




