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Highlights 

 Twenty four percent of dogs affected with hypoadrenocorticism demonstrated 

autoantibodies against P450 side chain cleavage enzyme 

 The autoantibody status remained consistent in most dogs, but fluctuated in some 

animals 

 There was no relationship between autoantibody persistence and sex 

 

Abstract 

Autoantibodies directed against the P450 side chain cleavage enzyme (P450scc) have been 

recently described in dogs affected with hypoadrenocorticism, consistent with an immune-

mediated pathogenesis of this endocrinopathy. In human autoimmune Addison’s disease, 

autoantibodies may have a predictive value, being detectable before clinical signs developing, 

and have been shown to persist for a period of time after diagnosis. Furthermore, an 

autoantibody positive status post-diagnosis has been associated with successful remission of 

Addison’s disease following B-cell depletion, suggesting active immunopathology in these 

cases. The current study was designed to investigate changes in serum P450scc autoantibody 

status over time in dogs diagnosed with spontaneous hypoadrenocorticism. P450scc 

autoantibodies were measured using a species-specific radioimmunoprecipitation assay in an 

initial cohort of 213 dogs, indicating a prevalence of 24%. Thirty two of these dogs had 

repeat samples (n = 80 in total) available for analysis. Five dogs were consistently P450scc 

autoantibody positive in all samples, for up to 425 days following first sampling. Three dogs 

were initially autoantibody positive, then became seronegative at later time points. One dog, a 

1 year old female entire standard poodle, was initially negative for P450scc autoantibodies, 

but seroconverted 18 months after diagnosis.  The remaining 23 dogs with multiple samples 

available were consistently P450scc autoantibody negative. Persistence was not associated 

with sex (p = 0.673). This study demonstrates persistence of P450scc autoantibodies in a 
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subset of dogs affected with hypoadrenocorticism and seroconversion over one year post-

diagnosis. P450scc autoantibody reactivity in human autoimmune Addison’s disease has been 

associated with sex, with females having a higher prevalence, possibly due to P450scc 

expression in the ovary acting as an additional source of antigenic stimulation. However, 

there was no sex difference in autoantibody persistence in the dogs affected with 

hypoadrenocorticism. Autontibody persistence in dogs with hypoadrenocorticism might 

represent persistent pathology, due to residual antigenic stimulation and autoimmune 

inflammation in the adrenal gland. 

 

Keywords: Dog; Hypoadrenocorticism; Autoantibodies; Radioimmunoassay; Cholesterol 

side-chain cleavage enzyme; Addison’s disease 

 

1. Introduction 

Canine hypoadrenocorticism (Addison’s disease), caused by deficiency of corticosteroid 

hormones production by the adrenal gland, has important health and welfare implications ( 

Scott-Moncrieff, 2015). The condition can be challenging to diagnose due to the waxing and 

waning clinical signs that are not pathognomonic, including lethargy, anorexia, 

polyuria/polydipsia, vomiting and diarrhoea (Hughes et al., 2007; Peterson et al., 1996;; 

Thompson et al., 2007). Hypoadrenocorticism is diagnosed by ACTH stimulation test, 

demonstrating a deficiency in cortisol secretory capacity (Scott-Moncrieff, 2015). 

 

Adrenal glands histopathology from affected dogs indicates that a lymphocytic 

adrenalitis is present, followed by atrophy in end-stage disease (Adissu et al., 2010; Boujon et 

al., 1994; Frank et al., 2013; Hadlow, 1953; Schaer et al., 1986). These changes suggest an 
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autoimmune disorder analogous to human autoimmune Addison’s disease (AAD) (Betterle et 

al., 2002; Mitchell and Pearce, 2012). Genetic evidence supports an autoimmune 

pathogenesis for canine hypoadrenocorticism, with susceptibility linked to immune response 

genes including MHC class II, CTLA4 and PTPN22 (Boag and Catchpole, 2014; Chase et al., 

2006; Hughes et al., 2011; Hughes et al., 2010; Massey et al., 2013; Short et al., 2013; Short 

et al., 2014). 

 

Circulating autoantibodies are regarded as an important indicator of autoimmune 

disease (Blizzard and Kyle, 1963; Lleo et al., 2010; Rose and Bona, 1993), autoantibodies in 

human AAD patients have long been recognised (Anderson et al., 1957). The primary 

autoantigen in human AAD is 21-hydroxylase (21-OH), with specific autoantibodies present 

in 90% of patients at diagnosis and in approximately 50% of patients with longer standing 

disease (Bednarek et al., 1992; Betterle et al., 2005; Husebye and Løvås, 2009). A case report 

of a hypoadrenocorticoid dog with evidence of serum 21-OH autoantibodies has been 

recently published (Cartwright et al., 2016), although 21-OH autoantibodies were not 

identified in a larger cohort of affected dogs (Boag et al., 2015). In contrast, antibodies 

against the cytochrome P450 side-chain cleavage enzyme (P450scc) have been described in 

24% of dogs affected with hypoadrenocorticism (Boag et al., 2015), implicating an 

autoimmune-mediated pathogenesis in at least a proportion of cases. Autoantibodies against 

P450scc have also been described in human AAD, with the highest prevalence in female 

patients also affected with premature ovarian failure (POF), due to suspected autoimmune 

oophoritis (Betterle et al., 2005; Betterle et al., 1999; De Carmo Silva et al., 2000; Falorni et 

al., 2002; Pra et al., 2003). 
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The presence of adrenal autoantibodies has been shown to have a significant 

predictive role in a multivariate analysis of risk factors for development of human AAD 

(Betterle et al., 2005). In healthy humans that are positive for 21-OH autoantibodies, around 

15% will subsequently develop AAD within a six year period (Husebye and Løvås, 2009). 

Similarly, in a cohort of 234 thyroglobulin autoantibody (TGAA) positive dogs, 20% 

progressed within one year to demonstrate clinicopathological evidence of thyroid 

dysfunction (Graham et al., 2001). Autoantibodies are also associated with continued 

inflammatory or autoimmune processes and their persistence may indicate active disease in 

the adrenal gland. Autoantibody persistence has been shown to be associated with a worse 

clinical outcome and progressive disease in humans with latent autoimmune diabetes of 

adults (Huang et al., 2016) and with an increased risk of progressing to Type 1 diabetes 

mellitus in children, when compared to those with reversion of autoantibodies (Vehik et al., 

2016). Use of autoantibody status as a biomarker of active disease has been highlighted in a 

study showing clinical remission following B cell depletion, in a small open label pilot trial in 

humans with AAD, where one of the six patients was able to discontinue steroid therapy and 

had improved dynamic cortisol tests up to 27 months later (Pearce et al., 2012).  

 

Given the potential for autoantibody testing for diagnosis and monitoring of canine 

hypoadrenocorticism, the aim of the present study was to document P450scc autoantibody 

status in a cohort of dogs affected with hypoadrenocorticism, where repeat blood sampling 

had been undertaken. 
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2. Materials and methods 

2.1 Study population 

The study population consisted of 213 dogs affected with hypoadrenocorticism (Boag et al. 

2015). Residual serum samples were obtained following completion of diagnostic testing, 

undertaken either by the Royal Veterinary College (RVC) Diagnostic Service (Hatfield, UK) 

or NationWide Laboratories (Poulton-le-Fylde, UK). All sera included in the current study 

were from NationWide Laboratories.  

 

The Royal Veterinary College Institutional Ethics and Welfare Committee approved 

the use of residual blood samples, taken for diagnostic purposes, for research with informed 

owner consent. NationWide Laboratories has approval for utilising residual clinical samples 

for development of diagnostic assays, provided that UK data protection legislation is 

observed. 

 

2.2 Radioimmunoprecipitation assay 

The autoantibody assay was carried out as previously described (Boag et al., 2015). 

Briefly, radiolabelled recombinant P450scc protein (20,000 CPM radioactivity; 20 µL per 

reaction) diluted in IMP buffer (10 mM HEPES, 150 mM NaCl, 20 mM methionine, 10 mM 

benzamidine, 0.01 % BSA, 2.5 mL 0.5% Triton X-100; all Sigma–Aldrich, Poole, UK) was 

mixed with 10 µL serum in triplicate wells and incubated in V bottomed 96-well plates at 4 

°C for ~18 h. Opaque microtitre filter plates were blocked overnight with 100 µL/well of 2 

mg/mL BSA in phosphate-buffered saline (PBS) and washed twice with IMP buffer prior to 

use. Protein A sepharose (Sigma–Aldrich, Poole, UK) was added (10 l/well) and incubated 

with agitation for 20 min. The immunoprecipitate was transferred to wells of the filter plate 
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and washed with IMP buffer. Following drying, 100 µL/well MicroScint™ (Perkin Elmer, 

Cambridge, UK) was added and a Chameleon™ V plate reader (Hidex, Turku, Finland) used 

to quantify the amount of radioimmunoprecipitate. P450scc autoantibodies have been shown 

at both higher and lower dilutions and inter-assay coefficient of variation does not differ 

substantially with sample dilution; a representative example of dilutional parallelism is 

shown in supplementary figure 1. 

 

Relative autoantibody reactivity was calculated to allow inter-assay normalisation of 

data as follows: (CPMsample - CPMnegative_standard) / (CPMhigh_standard - CPMnegative_standard) × 100. 

The threshold value for autoantibody positivity was set at the mean + 3 × SD of controls (n = 

30) as previously described (Boag et al., 2015). 

 

2.3 Statistical analysis 

Statistical analyses were performed using SPSS© Statistics for Windows, version 20.0 (IBM 

Corp, Armonk, NY, USA). GraphPad Prism version 6.02 (GraphPad Software Inc., CA, 

USA) was used for construction of graphs. Categorical data were analysed using contingency 

tables, with Chi squared or Fisher’s exact test used for comparisons. Continuous data was 

tested for normality by manual inspection of histograms, Q-Q plots and Shapiro-Wilk (Razali 

and Wah, 2011). For normally distributed data, comparisons were made using two-sided 

unpaired Student’s t-tests, or ANOVA with post-hoc Bonferroni correction for multiple 

comparisons. Data not normally distributed were analysed using the Mann-Whitney U test or 

Kruskal-Wallis H test. Significance was accepted at p < 0.05.  

 

3. Results 
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Samples from 213 dogs were previously screened for P450scc autoantibodies, with a 

prevalence of 24% (Boag et al., 2015) . Within this cohort, 32 dogs had between two and six 

repeat blood samples, with 80 samples available overall; collected between two and 787 days 

from the first sample being taken. The mean time from diagnosis for all samples from dogs 

with a known date of diagnosis, was 200 days.  

 

Five dogs were consistently autoantibody positive in all samples analysed, up to 425 

days between sampling times, these comprised one male and four female dogs, and 3 dogs (a 

3 y 11 month old male entire bull terrier, a 4 y 5 month old female neutered beagle and a 2 y 

female entire crossbreed dog) were initially autoantibody positive, then became seronegative 

at later time points (Figure 1). One dog, a 1 y 8 month old female entire standard poodle, 

initially negative for P450scc autoantibodies, seroconverted 18 months after diagnosis 

(Figure 1). The remaining 23 dogs with multiple samples were consistently autoantibody 

negative (Table 1). Persistence of P450scc autoantibodies was not associated with sex (p = 

0.673). 

 

4. Discussion 

This study represents the first longitudinal analysis of autoantibody status in dogs affected 

with hypoadrenocorticism and reveals that autoantibody status varies between individual 

dogs and at different time points post-diagnosis. Five dogs remained autoantibody positive 

throughout the study period. Due to the short lived nature of antibodies without continued 

antigenic stimulation and plasma cell production, this could be explained by the presence of 

long lived plasma cells in these dogs, induced during the initial autoimmune process 

(Amanna and Slifka, 2010). Although lymphocytic adrenalitis typically leads to 

adrenocortical atrophy (Boujon et al., 1994; Frank et al., 2013), it is also possible that 
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residual adrenalitis can persist over a prolonged period, as previously described in one dog 

with long standing hypoadrenocorticism (9 years) which still had evidence of mild 

lymphoplasmacytic adrenalitis (Frank et al., 2013). In humans, plasma cells have been 

associated with the source of inflammation and persistence of autoantibodies in other immune 

mediated diseases including SLE and rheumatoid arthritis (Radbruch et al., 2006).  

Autoantibody persistence can be associated with a worse clinical outcome and disease 

progression in autoimmune endocrinopathy (Huang et al., 2016; Vehik et al., 2016), however 

detailed clinical data for the dogs in this study were not available due to the retrospective 

nature of the sample recruitment approach. 

 

The majority of dogs in this study (23/32) were initially, and remained, autoantibody 

negative. Since many of these samples were from dogs that had been diagnosed previously, 

an average of 200 days later, it is possible that there was a period of autoantibody positivity 

during the early stages of their autoimmune disease process and that these antibodies 

subsequently waned over time or that the immune focus in these cases is against another 

target in the adrenal gland such as 21-OH. Autoimmune destruction of the adrenal glands is 

thought to be a T cell-mediated process, and not all human patients are autoantibody positive 

(Husebye and Løvås, 2009). By comparison, in canine lymphocytic thyroiditis, prevalence 

estimates for TGAA are between 20-50%, with up to 85% reported in some breeds (Dixon 

and Mooney, 1999; Graham et al., 2007; Nachreiner et al., 1998; Patzl and Möstl, 2003). 

Whilst breed differences for P450scc autoantibodies are not particularly apparent, P450scc 

positivity does seem to be associated with DLA class II-type (Boag et al., 2015). Some of 

these dogs may not have had an autoimmune pathogenesis, neoplastic infiltration of the 

adrenal glands (Kook et al., 2010; Labelle and De Cock, 2005), infiltration with 

histoplasmosis (Frank et al., 2013) and bilateral abscessation have also been described (Korth 
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et al., 2008) as relatively rare causes of primary hypoadrenocorticism. It is also possible that 

they had secondary hypoadrenocorticism, which is not associated with lymphocytic 

adrenalitis (Boujon et al., 1994; Peterson et al., 1996). 

 

Three dogs were initially P450scc autoantibody positive and reverted to autoantibody 

negative, which is commonly described in human AAD (Mitchell and Pearce, 2012). In dogs 

with lymphocytic thyroiditis, the likelihood of being TGAA positive at the time of diagnosis 

decreases with age, as does the autoantibody titre and those positive dogs can revert to being 

TGAA negative over time (Graham et al., 2007). This is likely due to diminished antigenic 

stimulation of B cells, following complete destruction of the endocrine tissue. This 

progression in the disease process, from early active inflammatory disease to atrophy of the 

organ (Table 2) has been suggested previously for hypothyroidism in dogs (Graham et al., 

2007) and Addison’s disease in humans (Mitchell and Pearce, 2012).  

 

One dog, a female entire standard poodle, seroconverted for P450scc autoantibodies 

over a year after diagnosis (as evidenced in two serum samples). This might be considered 

unexpected in the context of adrenal pathology, as most of the cortex is typically thought to 

be destroyed before the onset of clinical signs, thus removing the source of antigenic 

stimulation. This seroconversion could represent a reactivation of memory B cells, if the dog 

had been previously P450scc autoantibody positive before diagnosis. Since the dog was 

female entire, this might represent something similar to APS type 2 in humans, or progression 

to premature ovarian failure, with subsequent immune-mediated oophoritis. Since the ovary 

expresses the greatest amount of p450scc (Luu-The et al., 2005) this tissue would be the most 

likely source of p450scc antigenic stimulation in an animal with adrenocortical atrophy. 

Autoimmune oophoritis has been described in dogs (Nickel et al., 1991), although no 
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additional clinical information was available for this particular dog, to allow further 

investigation of this line of enquiry. Further investigation of reproductive parameters in 

female entire dogs affected with hypoadrenocorticism is clearly warranted. Since a large 

proportion of dogs are routinely neutered and female entire dogs affected with 

hypoadrenocorticism are not usually used for breeding purposes, this could be an under-

reported endocrinopathy (O’Neill et al., 2013). 

 

The study was designed as a longitudinal cohort study with passive sample 

recruitment, which meant that there was no control over the cases from which samples were 

available, nor when those samples were taken by veterinary surgeons during routine 

monitoring and diagnostics. Therefore the time between first and last samples was somewhat 

short for some cases and, not surprisingly, no change in autoantibody status was observed. 

However, the lack in change over such short time periods in these cases, increases the 

confidence in the biological validity of the autoantibody assay and therefore strengthens the 

conclusions regarding persistence, reversion and seroconversion in other cases. A further 

limitation imposed by the sample collection strategy and availability of patient data (while 

conforming with UK data protection legislation), is the absence of case detail, regarding the 

course of the clinical disease in these dogs. 

 

This study is the first to undertake a longitudinal assessment of P450scc autoantibody 

status in canine hypoadrenocorticism and demonstrates individual variability in persistence, 

reversion and seroconversion. Whilst P450scc autoantibodies are more prevalent in affected 

female dogs (Boag et al., 2015), there was no significant association between sex and 

persistence. Further work is required in a larger number of dogs to determine whether the 

presence of P450scc autoantibodies is associated with reproductive dysfunction in affected 
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female dogs and whether measurement of circulating P450scc autoantibodies could be of use 

as part of the diagnostic approach for canine hypoadrenocorticism. Furthermore, 

autoantibody status of a more rigorously phenotyped population would allow autoantibody 

status and disease severity or progression to be assessed.  

 

Declaration of interests 

The authors declare no financial or commercial conflicts of interest in relation to the content 

of this article. The project was part-funded by Dechra Ltd. as the industrial partner for a 

BBSRC industrial CASE PhD studentship, but the company played no role in the study 

design, data analysis, or decision to publish or preparation of the manuscript. 

 

Acknowledgements 

This work was supported by the Biotechnology and Biological Sciences Research Council 

(grant number: BB/G0169921), Dechra Ltd. as the industrial partner and the Petplan 

Charitable Trust (grant number: 09-04). 

 

References 

Adissu, H.A., Hamel-Jolette, A., Foster, R.A., 2010. Lymphocytic Adenohypophysitis and Adrenalitis in 
a Dog With Adrenal and Thyroid Atrophy. Veterinary Pathology 47, 1082-1085. 

Amanna, I.J., Slifka, M.K., 2010. Mechanisms that determine plasma cell lifespan and the duration of 
humoral immunity. Immunol Rev 236, 125-138. 

Anderson, J.R., Goudie, R.B., Gray, K.G., Timbury, G.C., 1957. Auto-antibodies in Addison's disease. 
Lancet 272, 1123-1124. 

Bednarek, J., Furmaniak, J., Wedlock, N., Kiso, Y., Baumann-Antczak, A., Fowler, S., Krishnan, H., 
Craft, J.A., Smith, B.R., 1992. Steroid 21-hydroxylase is a major autoantigen involved in adult 
onset autoimmune Addison's disease. FEBS letters 309, 51-55. 

Betterle, C., Coco, G., Zanchetta, R., 2005. Adrenal cortex autoantibodies in subjects with normal 
adrenal function. Best Practice & Research Clinical Endocrinology & Metabolism 19, 85-99. 

Betterle, C., Dal Pra, C., Mantero, F., Zanchetta, R., 2002. Autoimmune adrenal insufficiency and 
autoimmune polyendocrine syndromes: autoantibodies, autoantigens, and their applicability 
in diagnosis and disease prediction. Endocrine Reviews 23, 327-364. 

ACCEPTED M
ANUSCRIP

T



13 

Betterle, C., Volpato, M., Pedini, B., Chen, S., Smith, B.R., Furmaniak, J., 1999. Adrenal-cortex 
autoantibodies and steroid-producing cells autoantibodies in patients with Addison's 
disease: comparison of immunofluorescence and immunoprecipitation assays. The Journal 
of Clinical Endocrinology and Metabolism 84, 618-622. 

Blizzard, R.M., Kyle, M., 1963. Studies of the adrenal antigens and antibodies in Addison's disease. 
The Journal of Clinical Investigation 42, 1653-1660. 

Boag, A.M., Catchpole, B., 2014. A Review of the Genetics of Hypoadrenocorticism. Topics in 
Companion Animal Medicine 29, 96-101. 

Boag, A.M., Christie, M.R., McLaughlin, K.A., Syme, H.M., Graham, P., Catchpole, B., 2015. 
Autoantibodies against Cytochrome P450 Side-Chain Cleavage Enzyme in Dogs (Canis lupus 
familiaris) Affected with Hypoadrenocorticism (Addison's Disease). PLoS One 10, e0143458. 

Boujon, C.E., Bornand-Jaunin, V., Schärer, V., Rossi, G.L., Bestetti, G.E., 1994. Pituitary gland changes 
in canine hypoadrenocorticism: a functional and immunocytochemical study. Journal of 
Comparative Pathology 111, 287-295. 

Cartwright, J.A., Stone, J., Rick, M., Dunning, M.D., 2016. Polyglandular endocrinopathy type II 
(Schmidt's syndrome) in a Dobermann pinscher. J Small Anim Pract. 

Chase, K., Sargan, D., Miller, K., Ostrander, E.A., Lark, K.G., 2006. Understanding the genetics of 
autoimmune disease: two loci that regulate late onset Addison's disease in Portuguese 
Water Dogs. International Journal of Immunogenetics 33, 179-184. 

De Carmo Silva, R., Kater, C.E., Dib, S.A., Laureti, S., Forini, F., Cosentino, A., Falorni, A., 2000. 
Autoantibodies against recombinant human steroidogenic enzymes 21-hydroxylase, side-
chain cleavage and 17alpha-hydroxylase in Addison's disease and autoimmune 
polyendocrine syndrome type III. European Journal of Endocrinology / European Federation 
of Endocrine Societies 142, 187-194. 

Dixon, R.M., Mooney, C.T., 1999. Canine serum thyroglobulin autoantibodies in health, 
hypothyroidism and non-thyroidal illness. Research in Veterinary Science 66, 243-246. 

Falorni, A., Laureti, S., Candeloro, P., Perrino, S., Coronella, C., Bizzarro, A., Bellastella, A., 
Santeusanio, F., de Bellis, A., 2002. Steroid-cell autoantibodies are preferentially expressed 
in women with premature ovarian failure who have adrenal autoimmunity. Fertility and 
Sterility 78, 270-279. 

Frank, C.B., Valentin, S.Y., Scott-Moncrieff, J.C.R., Miller, M.A., 2013. Correlation of Inflammation 
with Adrenocortical Atrophy in Canine Adrenalitis. Journal of Comparative Pathology 149, 
268-279. 

Graham, P.A., Lundquist, R.B., Refsal, K.R., Nachreiner, R.F., Provencher, A.L., 2001. A 12-month 
prospective study of 234 thyroglobulin antibody positive dogs which had no laboratory 
evidence of thyroid dysfunction. Journal of Veterinary Internal Medicine, 298. 

Graham, P.A., Refsal, K.R., Nachreiner, R.F., 2007. Etiopathologic Findings of Canine Hypothyroidism. 
Veterinary Clinics of North America: Small Animal Practice 37, 617-631. 

Hadlow, W.J., 1953. Adrenal cortical atrophy in the dog; report of three cases. The American Journal 
of Pathology 29, 353-361. 

Huang, G., Yin, M., Xiang, Y., Li, X., Shen, W., Luo, S., Lin, J., Xie, Z., Zheng, P., Zhou, Z., 2016. 
Persistence of glutamic acid decarboxylase antibody (GADA) is associated with clinical 
characteristics of latent autoimmune diabetes in adults: a prospective study with 3-year 
follow-up. Diabetes Metab Res Rev 32, 615-622. 

Hughes, A.M., Bannasch, D.L., Kellett, K., Oberbauer, A.M., 2011. Examination of candidate genes for 
hypoadrenocorticism in Nova Scotia Duck Tolling Retrievers. The Veterinary Journal 187, 
212-216. 

Hughes, A.M., Jokinen, P., Bannasch, D.L., Lohi, H., Oberbauer, A.M., 2010. Association of a dog 
leukocyte antigen class II haplotype with hypoadrenocorticism in Nova Scotia Duck Tolling 
Retrievers. Tissue Antigens 75, 684-690. 

ACCEPTED M
ANUSCRIP

T



14 

Hughes, A.M., Nelson, R.W., Famula, T.R., Bannasch, D.L., 2007. Clinical features and heritability of 
hypoadrenocorticism in Nova Scotia Duck Tolling Retrievers: 25 cases (1994-2006). Journal 
of the American Veterinary Medical Association 231, 407-412. 

Husebye, E., Løvås, K., 2009. Pathogenesis of primary adrenal insufficiency. Best Practice and 
Research Clinical Endocrinology and Metabolism 23, 147-157. 

Kook, P.H., Grest, P., Raute-Kreinsen, U., Leo, C., Reusch, C.E., 2010. Addison's disease due to 
bilateral adrenal malignancy in a dog. The Journal of Small Animal Practice 51, 333-336. 

Korth, R., Wenger, M., Grest, P., Glaus, T., Reusch, C., 2008. Hypoadrenocorticism due to a bilateral 
abscessing inflammation of the adrenal cortex in a Rottweiler. Kleintierpraxis 53, 479-483. 

Labelle, P., De Cock, H.E.V., 2005. Metastatic tumors to the adrenal glands in domestic animals. 
Veterinary Pathology 42, 52-58. 

Lleo, A., Invernizzi, P., Bin Gao, B., Podda, M., Gershwin, M.E., 2010. Definition of human 
autoimmunity — autoantibodies versus autoimmune disease. Autoimmunity Reviews 9, 
A259-A266. 

Luu-The, V., Pelletier, G., Labrie, F., 2005. Quantitative appreciation of steroidogenic gene expression 
in mouse tissues: new roles for type 2 5alpha-reductase, 20alpha-hydroxysteroid 
dehydrogenase and estrogen sulfotransferase. The Journal of Steroid Biochemistry and 
Molecular Biology 93, 269-276. 

Massey, J., Boag, A., Short, A.D., Scholey, R.A., Henthorn, P.S., Littman, M.P., Husebye, E., Catchpole, 
B., Pedersen, N., Mellersh, C.S., Ollier, W.E., Kennedy, L.J., 2013. MHC class II association 
study in eight breeds of dog with hypoadrenocorticism. Immunogenetics 65, 291-297. 

Mitchell, A.L., Pearce, S.H.S., 2012. Autoimmune Addison disease: pathophysiology and genetic 
complexity. Nature reviews. Endocrinology 8, 306-316. 

Nachreiner, R.F., Refsal, K.R., Graham, P.A., Hauptman, J., Watson, G.L., 1998. Prevalence of 
autoantibodies to thyroglobulin in dogs with nonthyroidal illness. American Journal of 
Veterinary Research 59, 951-955. 

Nickel, R.F., Okkens, A.C., van der Gaag, I., van Haaften, B., 1991. Oophoritis in a dog with abnormal 
corpus luteum function. The Veterinary Record 128, 333-334. 

O’Neill, D.G., Church, D.B., McGreevy, P.D., Thomson, P.C., Brodbelt, D.C., 2013. Longevity and 
mortality of owned dogs in England. The Veterinary Journal 198, 638-643. 

Patzl, M., Möstl, E., 2003. Determination of autoantibodies to thyroglobulin, thyroxine and 
triiodothyronine in canine serum. Journal of Veterinary Medicine. A, Physiology, pathology, 
clinical medicine 50, 72-78. 

Pearce, S.H., Mitchell, A.L., Bennett, S., King, P., Chandran, S., Nag, S., Chen, S., Smith, B.R., Isaacs, 
J.D., Vaidya, B., 2012. Adrenal steroidogenesis after B lymphocyte depletion therapy in new-
onset Addison's disease. J Clin Endocrinol Metab 97, E1927-1932. 

Peterson, M.E., Kintzer, P.P., Kass, P.H., 1996. Pretreatment clinical and laboratory findings in dogs 
with hypoadrenocorticism: 225 cases (1979-1993). Journal of the American Veterinary 
Medical Association 208, 85-91. 

Pra, C.D., Chen, S., Furmaniak, J., Smith, B.R., Pedini, B., Moscon, A., Zanchetta, R., Betterle, C., 2003. 
Autoantibodies to steroidogenic enzymes in patients with premature ovarian failure with 
and without Addison's disease. European Journal of Endocrinology / European Federation of 
Endocrine Societies 148, 565-570. 

Radbruch, A., Muehlinghaus, G., Luger, E.O., Inamine, A., Smith, K.G., Dorner, T., Hiepe, F., 2006. 
Competence and competition: the challenge of becoming a long-lived plasma cell. Nat Rev 
Immunol 6, 741-750. 

Razali, N.M., Wah, Y.B., 2011. Power comparisons of shapiro-wilk, kolmogorov-smirnov, lilliefors and 
anderson-darling tests. Journal of Statistical Modeling and Analytics 2, 21-33. 

Rose, N.R., Bona, C., 1993. Defining criteria for autoimmune diseases (Witebsky's postulates 
revisited). Immunology Today 14, 426-430. 

ACCEPTED M
ANUSCRIP

T



15 

Schaer, M., Riley, W.J., Buergelt, C.D., Bowen, D.J., Senior, D.F., Burrows, C.F., Campbell, G.A., 1986. 
Autoimmunity and Addison's disease in the dog. Journal of the American Animal Hospital 
Association 22, 789-794. 

Scott-Moncrieff, C., 2015. Hypoadrenocorticism, In: Feldman, E.C., Nelson, R.W. (Eds.) Canine and 
Feline Endocrinology. Elselvier, pp. 485-520. 

Short, A.D., Boag, A., Catchpole, B., Kennedy, L.J., 2013. A Candidate Gene Analysis of Canine 
Hypoadrenocorticism in 3 Dog Breeds. The Journal of Heredity 104, 807-820. 

Short, A.D., Catchpole, B., Boag, A.M., Kennedy, L.J., Massey, J., Rothwell, S., Henthorn, P.S., Littman, 
M.P., Husebye, E., Ollier, B., 2014. Putative candidate genes for canine hypoadrenocorticism 
(Addison's disease) in multiple dog breeds. Vet Rec 175, 430. 

Summers, J.F., Diesel, G., Asher, L., McGreevy, P.D., Collins, L.M., 2010. Inherited defects in pedigree 
dogs. Part 2: Disorders that are not related to breed standards. The Veterinary Journal 183, 
39-45. 

Thompson, A.L., Scott-Moncrieff, J.C.R., Anderson, J.D., 2007. Comparison of classic 
hypoadrenocorticism with glucocorticoid-deficient hypoadrenocorticism in dogs: 46 cases 
(1985-2005). Journal of the American Veterinary Medical Association 230, 1190-1194. 

Vehik, K., Lynch, K.F., Schatz, D.A., Akolkar, B., Hagopian, W., Rewers, M., She, J.X., Simell, O., 
Toppari, J., Ziegler, A.G., Lernmark, A., Bonifacio, E., Krischer, J.P., Group, T.S., 2016. 
Reversion of beta-Cell Autoimmunity Changes Risk of Type 1 Diabetes: TEDDY Study. 
Diabetes Care 39, 1535-1542. 

 

ACCEPTED M
ANUSCRIP

T



16 

Table 1. Signalment and sample information for dogs persistently P450scc autoantibody 

negative. Sex defined as male (M) or female (F) followed by neuter status entire (E), neutered 

(N) or unknown (U). 

 

Breed Sex 
Number of 
samples 

Days between first and last 
samples 

Rottweiler MN 2 2 

West Highland white 
terrier 

MN 3 22 

Labradoodle FN 4 34 

Crossbreed FN 2 787 

Cocker spaniel MU 2 42 

Standard poodle MN 2 56 

Weimaraner FU 2 13 

Portuguese water dog MU 3 111 

Springer spaniel FU 2 19 

Staffordshire bull terrier FE 2 37 

Border collie MN 2 2 

Springer spaniel FU 3 158 

Bearded collie MN 3 26 

Standard poodle FE 2 2 

West Highland white 
terrier 

FU 2 109 

Labradoodle FN 3 354 

Springer spaniel FN 3 63 

Staffordshire bull terrier FE 2 294 

Crossbreed FN 2 380 

Standard poodle MN 2 361 

Border collie FU 2 6 

Crossbreed ME 6 544 

Crossbreed MN 2 69 
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Table 2. General hypothetical model of autoimmune disease progression (adapted from 

Graham 2007 and Mitchell and Pearce 2012) 

 

Stage Pathology Autoantibodies Clinical picture 

1 
Focal lymphocytic 
infiltration 

Negative (antigen 
release) 

Normal 

2 
Fully developed 
lymphocytic infiltration 

Positive Subclinical disease 

3 
Majority of the target 
organ destroyed 

Positive to negative Overt disease 

4 Atrophic gland Negative Overt disease 
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FIGURE LEGEND 

Figure 1. p450scc autoantibody status over time. Time from first sample is on the x axis 

(days) and P450scc autoantibody reactivity, as measured by radioimmunoprecipitation.assay, 

on the y axis. The dotted line represents the threshold for positivity (mean + 3×SD of control 

sera).  Dogs signalment was as follows; Dog1: FE poodle; Dog 2: ME bull terrier; Dog 3: FN 

beagle; Dog 4: FE crossbreed ; Dog 5: ME English springer spaniel; Dog 6: FU Dogo 

Argentino; Dog 7: FN crossbreed; Dog 8: FN crossbreed; Dog 9: FN Crossbreed. Sex defined 

as male (M) or female (F) followed by neuter status entire (E), neutered (N) or unknown (U). 
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