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Abstract. Autoimmune polyendocrinopathy - candidiasis - ectodermal dystrophy (APECED) is an auto-
somal recessive disease due to mutations in the AIRE (Autolmmune REgulator) gene. The role of pituitary
autoimmunity in APECED is not known. We determined the prevalence of pituitary autoantibodies in a co-
hort of 67 Finnish patients with APECED from 217 serum samples collected over 26 years by one investi-
gator. Overall, autoantibodies to the 49 kDa cytosolic autoantigen, human pituitary enolase were detected in
39 of the 67 patients (58%). On their first sample, 25 patients had autoantibodies compared to 5 of 68 con-
trols (chi-square, 1df=17.11, p< 0.001; OR=7.32), but subsequently 14 patients seroconverted between 10
and 53 years of age. Once seropositive, all but two of the patients maintained their positive autoantibody sta-
tus, even over many years. In the current study all but 7 of the 19 patients known to have high titre anti-can-
didal enolase antibodies had developed autoantibodies directed against human pituitary enolase. Other pitu-
itary autoantibody reactivities were detected against cytosolic proteins of molecular weights 40-, 45-, 60- and
105 kDa in 15%, 16%, 12% and 3% of patients respectively. Autoantibodies to pituitary enolase are mark-
ers of neuroendocrine autoimmunity but seem not to be associated with clinical hypopituitarism in

APECED patients. (www.actabiomedica.it)

Key words: Autoimmune polyendocrine syndrome type 1, autoimmune polyendocrinopathy, candidiasis, pi-
tuitary autoantibodies, enolase, molecular mimicry

Introduction

Endocrine organs are often the target of organ-
specific autoimmune destruction, particularly pan-
creatic beta cells and the thyroid and less commonly
the adrenal, pituitary and parathyroid gland. Suscepti-
bility to such autoimmunity is usually linked to HLA
loci (1). In contrast, autoimmune polyendocrino-
pathy-candidiasis-ectodermal dystrophy (APECED,
also called autoimmune polyendocrine syndrome type
I) (2, 3), is caused by mutations in a single gene pair

AIRE (Autolmmune REgulator) on chromosome
21q22.3 (3, 4). The AIRE protein is expressed in cel-
Is regulating immune tolerance in the thymic medulla
and is a regulator of transcription (5, 6, 6a).

The classical evolution of APECED begins with
mucocutaneous candidiasis in early childhood, fol-
lowed by hypoparathyroidism and then Addison’s di-
sease (2). However, its clinical spectrum and course are
widely variable (7). It may include destruction and hy-
pofunction of up to six endocrine glands, the least
common one being the pituitary gland. Growth hor-
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mone deficiency has been diagnosed in four of 89 Fin-
nish patients (2, 7), and four others are on record (8,
9) one of them with clinical and radiological evidence
of hypophysitis and pituitary autoantibodies (10).

Other organ-specific autoimmune components
may occur, from vitiligo and parietal cell atrophy to
keratopathy, hepatitis and intestinal dysfunction. Mu-
cocutaneous candidiasis appears in most of the pa-
tients. Dental enamel hypoplasia, punctate dystrophy
of nails, and dystrophy of the tympanic membranes
are hallmarks, which help in recognition of the disea-
se (2).

The autoimmune destructive process is presumed
to be T-cell mediated. Recent studies in AIRE
knockout mice have shown an exaggerated prolifera-
tion of peripheral T cells when mice are challenged
with immunization (11). Other studies with AIRE
deficient mice have demonstrated a defect in the ex-
pression of self-antigens and in the deletion of self-
reacting T-cell clones in thymus, establishing failure in
central tolerance mechanisms as a major cause of
APECED (12, 13). In association with this process,
there is multiorgan lymphocytic infiltration and circu-
lating autoantibodies. These autoantibodies are fre-
quently directed against intracellular enzymes. The
role of such autoantibodies in the destruction remains
unclear, but they are important as diagnostic markers
of the autoimmune process and appear commonly
before clinical hormone deficiency.

Although rare, APECED seems to occur in most
populations. Three populations have an exceptionally
high prevalence: Iranian Jews (14), the Sardinians (15),
and the Finns. More than 40 mutations of AIRE have
been reported, and the number keeps growing, see
http://bioinf.uta.fi/AIREbase/. The Iranian Jewish pa-
tients have been reported to have much less candidia-
sis and adrenal insufficiency than other patients (14),
which may relate to their unique mutation.

The aim of this study was to determine the pre-
valence of serum pituitary autoantibodies in a cohort
of Finnish patients with APECED, using an immu-
noblotting method (16). The immunoblotting assay
enables the characterisation of pituitary target autoan-
tigens by molecular weight. Pituitary autoantibody re-
sults were correlated with the clinical phenotypes of
the patients.

Materials and Methods
Patients and methods

Two hundred and seventeen serum samples were
collected from 67 APECED (36 female) patients in
Finland between 1974 and 2000. Two to 4 samples
were obtained from 30 of the patients over 2 to 25
years. Ages at sampling ranged from 4.3 to 57.4 years
(mean 23.4 years). Sera were also obtained from 68
non-APECED controls, including 16 Finnish endo-
crine patients (12 female) with non-autoimmune con-
ditions (age range 9.4 to 28.2 years; mean age 19.7
years), and 52 normal subjects (32 women; age range
19 to 60 years; mean age 29 years whose results have
been reported previously) (17). Approval was obtained
from the Ethics Committee, The Hospital for Chil-
dren and Adolescents, University of Helsinki and the
Human Research Ethics Committees of the Hunter
Area Health Service and University of Newcastle.

Immunoblotting assay

Serum samples were screened for pituitary au-
toantibodies by immunoblotting as previously descri-
bed (16, 17). IgG-depleted human autopsy pituitary
cytosolic proteins were loaded on 10% SDS-polyacry-
lamide gels and separated under reducing conditions.
Separated proteins were transferred to polyvinyl di-
fluoridine membranes (Polyscreen 0.2 wm PVDEF:
NEN Life Sciences, Boston, MA, USA) by a wet elec-
trotransfer technique in the “Mini Trans-Blot” unit
(Bio-Rad, Hercules CA). Non-specific protein inte-
ractions were blocked using 5% BLOTTO (5% skim
milk powder in PBS). PVDF membranes were placed
in a Deca-probe™ apparatus (Hoefer, San Francisco,
CA, USA). Patient and control sera were used at a di-
lution of 1:50 in 1% BLOTTO and incubated at 4°C
overnight. Well-characterized serum from a patient
with clinically suspected lymphocytic hypophysitis
and with high titre autoantibodies (>1:1,000) to hu-
man pituitary enolase, was used as a positive control.
Post-incubation, membranes were washed three times
with 0.05% Tween 20 in PBS followed by PBS. Au-
toantibody reactivity was detected using alkaline pho-
sphatase-conjugated goat anti-human IgG (Silenus,
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Melbourne, Australia) secondary antibody at a dilu-
tion of 1:2,000 in 1% BLOTTO and incubated for 1.5
hours at room temperature. The PVDF membranes
were then washed as above and bands of autoantibody
reactivity detected by a color reaction system. Antibo-
dies to candidal enolase were detected as previously

described (18).
Analysis

Two independent observers assessed the bands of
positive reactivity. Sera were coded and tested blind,
and the code only broken after results had been tabu-
lated. Results between the subject groups were analy-
zed by chi-square test, and the autoantibody reactivi-
ties were correlated with specific clinical manifesta-
tions by chi-square or Fisher’s Test if n <5. Odds ra-
tios (OR) were also calculated.

Results

Pituitary autoantibodies against human pituitary enolase
(49 kDa cytosolic protein)

Autoantibodies to human pituitary enolase were
detected in 25 of the 67 APECED patients in the ear-
liest (i.e. initial) sample of their series, compared to 5
of 68 controls (chi-square, 1df = 17.11, p<0.001; odds
ratio (OR)=7.32). The youngest age at which this
reactivity was seen was 5.6 years. Fourteen APECED
patients had negative early samples but seroconversion
was detected subsequently, as early as 10.3 years of age
and as late as 53.2 years. With the exception of two
patients, once autoantibodies were demonstrated in a
patient, all subsequent samples in that patient remai-
ned positive (Figure 1). These latter two patients had
only two samples each, at intervals of 6.9 and 15.3
years. Thus in total, 39 of the 67 APECED patients
(58%) were positive for pituitary enolase autoantibo-
dies (Table 1).

In an earlier study, 24 of our patients were exami-
ned for antibodies against candidal enolase. Nineteen
of them were found to have a high titre of antibodies
in their serum to recombinant candidal enolase ex-
pressed from Candida albicans (18). Studying the same
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sera we now found 12 of these 19 patients positive for
human enolase antibodies, and seven negative (Table
2). While all these seven were positive for candidal
enolase antibodies, only one of them had a high titre.
Of the total of eight patients with such high titre can-
didal enolase antibodies, the other seven were also po-
sitive for autoantibodies to human enolase. Conver-
sely, human enolase autoantibodies were detected in
all the five of the 19 patients that were negative for the
candidal enolase antibodies, or had only low titres.

Autoantibodies against other pituitary cytosolic proteins

Amongst the 67 APECED patients, 19 had no
serum reactivity against human pituitary cytosolic
proteins. Some of the sera identified several other pi-
tuitary target autoantigens, with 18 patients di-
splaying reactivity to more than one pituitary cytoso-
lic autoantigen. Although the molecular weights of
these autoantigens are known, they have yet to be cha-
racterized further.

Two patients had antibodies directed against a
105 kDa pituitary cytosolic protein, and eight patients
to a 60 kDa cytosolic protein (Table 1 and Figure 2).
The youngest age at which reactivity against the 105
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Table 1. Endocrine and non-endocrine components of APECED and serum pituitary autoantibodies

Age, years 0-5 5-10 10-15 15-20 20-30 30-40 40-50 Over 50 All
No. of endocrine components per patient (percentages)
1 or more 33.8 77.9 92.1 95.6 98.5 100 100 100 100
2 or more 4.4 27.9 50.0 66.2 82.4 91.2 94.1 94.1 73.5
3 or more 1.5 5.8 23.5 38.2 45.6 50.0 54.4 55.9 57.4
None 66.2 221 8.8 4.4 1.5 0 0 0 0
Newly-Diagnosed Endocrine components
Hypoparathyroidism 21 22 9 4 1 0 1 0 58
85.3%
Adrenal failure 5 21 17 4 5 1 1 0 54
79.4%
Diabetes mellitus 1 0 2 3 2 2 2 1 13
19.1%
Hypothyroidism 0 0 0 4 3 2 1 0 10
14.7%
Opvarian failure 0 0 11 4 3 2 0 0 20
(of 36 females) 55.6%
Testicular failure 0 0 1 1 0 2 0 0 4
(of 32 males) 12.5%
Growth hormone deficiency 3
4.4%

Newly-Diagnosed Non-endocrine components

Alopecia 1 7 8 3 2 1 0 0 22
32.4%
Vitiligo 2 1 5 2 2 2 0 0 14
20.6%
Keratopathy 6 8 5 0 0 0 0 0 19
27.9%
Hepatitis 2 3 4 1 0 0 0 0 10
14.7%
Intestinal malabsorption 3 1 2 2 5 1 1 0 15
22.1%
Nephritis 0 0 0 1 1 1 0 0 3
4.4%
Iritis 0 0 0 1 1 0 0 0 2
2.9%
Vasculitis 1 1 0 0 0 0 0 0 2
2.9%
Serum pituitary autoantibodies detected against human pituitary cytosolic proteins
No. Patients tested in age 2 13 24 30 38 24 10 3 67
group
Anti-human pituitary enolase 0 4 9 12 22 1 4 2 36
No. Patients positive 0 30.8 375 40.0 57.9 45.8 40.0 66.7 58

Percentages (%)

40 kDa autoantigen (%) 0 7.7 4.2 6.7 10.5 12.5 40.0 33.3 14.7
45 kDa autoantigen (%) 0 7.7 8.3 10.0 18.4 12.5 10.0 33.3 16.2
60 kDa autoantigen (%) 0 0 8.3 10.0 7.9 8.3 20.0 33.3 11.8
105 kDa autoantigen (%) 0 0 4.2 0 5.3 4.2 0 0 2.9
kDa autoantigen was detected was 12.1 years, and for Autoantibodies to 40 kDa (Figure 2) and 45 kDa

the 60 kDa pituitary cytosolic autoantigen, 13.7 years. cytosolic proteins were detected in sera from 10 and
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Table 2. Correlation of antibodies against two Enolases in the
Finnish APECED cohort

Patient Age Candida Enolase Human Pituitary Enolase
No Antibodies Antibodies
1 16.5 - -
25.4 + +
2 49.7 ++ +
51.6 ++ +
58.3 . +
3 211 + +
4 27.1 + -
373 + +
5 25.8 + +
29.4 + +
6 34.3 +++ -
44.2 ++ -
7 41.7 - -
48.9 - +
8 16.5 + -
30.7 + -
9 23.6 -
31.3 + -
10 25.6 ++ +
35.4 +++ +
11 28.3 + -
41.5 - -
12 24.0 - +
247 - +
34.7 - +
13 12.3 - +
27.5 - +
14 19.3 ++ -
24.3 + +
30.0 + +
32.6 ++ +
15 23.4 - +
30.3 - +
16 18.7 ++ -
33.9 + +
17 57.4 + -
18 22.9 +
19 17.8 ++ +
20 32.2 + -
21 9.0 - +
22 8.8 ++ +
23 12.5 +++ -
15.7 + -
24.7 + +
24 30.0 - -
31.9 - +
35.2 + +
42.7 - +

11 patients, respectively. The youngest ages at detec-
tion were 8.6 and 5.5 years, respectively. Four control
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Figure 2

subjects had low titre antibodies directed against the
40 kDa cytosolic pituitary protein. No anti-45 kDa

antibodies were found in control subjects.

Discussion

The detection of a range of pituitary autoantibo-
dies in the sera of many APECED patients indicates
that the pituitary can be part of the multi-organ in-
volvement in this disease. The most remarkable featu-
re of this study is the length of follow-up of the cohort
over 26 years by one clinician. This has enabled us to
demonstrate seroconversion in consecutive samples
and the surprising stability of positive pituitary au-
toantibody status once achieved. Circulating organ-
specific antibodies in APECED are highly predictive
of adrenal and ovarian failure, but not of insulin de-
pendent diabetes nor hypothyroidism (2). Although
pituitary reactivity was relatively common in our se-
ries, hypopituitarism was very uncommon. The impli-
cation is that these autoantibodies are rarely pathoge-
nic and may be epiphenomena. Immunoblotting is
known to detect multiple bands of autoantibody reac-
tivity, but some may be low titre “natural antibodies”
and others “true” autoreactivity. We have characterized
the 49 kDa cytosolic protein (discussed below) but
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until the other relevant target autoantigens are further
identified, it would be speculative to comment on
their significance.

The predominant immunoreactivity was against a
49 kDa cytosolic protein. We have reported the asso-
ciation of 49 kDa pituitary cytosolic autoantibodies in
70% of cases of biopsy proven lymphocytic hypophy-
sitis, to a lesser extent in other endocrinopathies (17),
and in 28% patients with idiopathic hypopituitarism
and 28% of their relatives (19). We have since identi-
fied the 49 kDa protein as enolase (20), a ubiquitous
glycolytic enzyme that is highly conserved in evolu-
tion, with yeast enolase sharing 65% homology with
human enolase (21). In the human, enolase exists as a
homodimer or heterodimer of three isoforms, a-, -
and y-enolase. We have recently shown by two-di-
mensional gel electrophoresis that autoimmune sera
from patients with lymphocytic hypophysitis recogni-
se both aa-and yy-enolase in the human pituitary
(22). yy-enolase is neuron and neuroendocrine cell
specific but shares 80% homology with the ubiquitous
aa-enolase. It is likely that there is significant cross
reactivity in patient sera between these forms and also
potentially candidal enolase.

A number of the APECED patients in the cur-
rent study were also involved in a research study
looking at their antibody responses to Candida albi-
cans infections, which are almost universal in this syn-
drome. Patient sera were used to immunoscreen a can-
didal cDNA expression library (18). Four cDNA clo-
nes were identified and found to be enolase, heat
shock protein 90, pyruvate kinase and alcohol dehy-
drogenase. The reactivity to these antigens was stu-
died by immunoprecipitation assays with in vitro-
transcribed and translated proteins. Several cDNA
clones encoding enolase were expressed in E. co/i and
studied by immunoblotting, with 84% of sera reacting
with the recombinant candidal enolase. These results
indicate that candidal enolase is a major antigen in
APECED patients. It is possible that reactivity to hu-
man pituitary enolase is an epiphenomenon related to
mucosal candidiasis, yet not all patients with candida
antibodies had pituitary antibodies and vice versa.

However, the intriguing question is whether this
cross-reactivity could represent a possible mechanism

for autoimmunity in APECED patients through mo-

lecular mimicry. Some evidence already exists that an-
tibodies directed against Candida can cross-react with
mammalian tissues (23). Patients with thyroid, ovarian
and adrenal, tissue-autoantibodies, exhibited signifi-
cantly higher levels of Candida antibodies (60%), com-
pared with tissue antibody negative sera (7.5%) and se-
ra from healthy controls (10%). When sera containing
high levels of Candida antibodies were pre-absorbed
with tissue antigens, a 10-15% reduction in antibody
titres was noted. Similarly, pre-absorption of thyroid
antibody-positive sera with C. Albicans caused a reduc-
tion in thyroid antibody levels (23). The current study
may offer a further demonstration of immunological
cross reactivity between Candida and human endocri-
ne tissues. Ultimately, further studies could indicate a
possible pathogenic role of Candida Albicans in the de-
velopment of autoimmune diseases in the genetically
susceptible individuals affected by APECED.

The detection of pituitary autoantibodies, in pa-
tients with APECED suggests that the pituitary may
be part of the multiorgan involvement and/or it shares
antigens or cross-reactive epitopes with other target
tissues in this disease. The one well characterised au-
toantigen so far is neuron specific enolase but it is not
organ-specific, even if it is a marker of neuroendocri-
ne autoimmunity. A possible link with candidal enola-
se is intriguing. The clinical significance of these au-
toantibodies in APECED remains to be determined
as hypopituitarism is uncommon. Although pituitary
autoimmune disease could develop over time in au-
toantibody-positive patients, the 26 year follow-up in
our study makes this quite unlikely.

Acknowledgments

Supported by National Health and Medical Research
Council of Australia Project Grants: 030392, 951053 &
100952, the John Hunter Children’s Hospital Research Foun-
dation Inaugural PhD Scholarship and Serono Australia. A
special thanks to Mr Alan Benson for his support of our work.

References

1. Halonen M, Eskelin P, Myhre AG, et al. Autoimmune regu-
lator and human leucocyte antigen genotypes as determi-
nants of the autoimmune polyendocrinopathy-candidiasis-



254

D.T. O’'Dwyer, P. McElduff, P. Peterson, J. Peheentupa, P.A. Crock

6a.

7.

ectodermal dystrophy phenotype. J Clin Endocrinol Metab
2002; 87 (6): 2568-74.

. Perheentupa J. APS-I/APECED: The clinical disease and

therapy. In: Autoimmune Polyendocrine Syndromes, Ei-
senbarth G, Ed., Clinics in Endocrinology and Metaboli-
sm of North America 2002; 31(2): 295-320.

. Consortium TF-GA. An autoimmune disease, APECED,

caused by mutations in a novel gene featuring two PHD-
type zinc-finger domains. Autoimmune Polyendocrino-
pathy-Candidiasis-Ectodermal Dystrophy. Naz Genet
1997; 17: 399-403.

. Nagamine K, Peterson P, Scott HS, et al: Positional cloning

of the APECED gene. Nat Genet 1997; 17: 393-8.

. Pitkiinen J, Doucas V, Sternsdorf T, et al. The autoimmune

regulator protein has transcriptional transactivating proper-
ties and interacts with the common CREB-binding pro-
tein. J Bio/ Chem 2000; 275: 16802-9.

. Bjorses P, Halonen M, Palvimo J]J, et al. Mutations in the

AIRE gene: effects on subcellular location and transactiva-
tion function of the autoimmune polyendocrinopathy-can-
didiasis-ectodermal dystrophy protein. Am | Hum Genet
2000; 6: 378-92.

Goodnow CC, Sprent J, de St Groth BF, Vinuese CG. Cel-
lular and genetic mechanisms of self tolerance and autoim-
munity. Nature 2005; 435 (7042): 590-7.

Ahonen P, Myllarniemi S, Sipila I, Perheentupa J. Clinical
variation of autoimmune polyendocrinopathy-candidiasis-
ectodermal dystrophy (APECED) in a series of 68 pa-
tients. N Engl ] Med 1990; 322: 1829-36.

. Franzese A, Valerio G, Di Maio S, Iannucci MP, Bloise A,

Tenore A. Growth hormone insufficiency in a girl with the
autoimmune polyendocrinopathy-candidiasis-ectodermal
dystrophy. J Endocrinol Invest 1999; 22: 66-9.

. Betterle C, Greggio NA, Volpato M. Clinical review 93:

Autoimmune polyglandular syndrome type 1. J Clin Endo-
crinol Metab 1998; 83: 1049-55.

10. Ward L, Paquette J, Seidman E, et al. Severe autoimmune

11.

12.

polyendocrinopathy-candidiasis-ectodermal dystrophy in
an adolescent girl with a novel AIRE mutation: response to
immunosuppressive therapy. J Clin Endocrinol Metab 1999;
84: 844-52.

Ramsey C, Wingyist O, Puhakka L, et al. Aire deficient
mice develop multiple features of APECED phenotype
and show altered immune response. Hum Molec Gener 2002;
11 (4): 397-409.

Anderson MS, Venanzi ES, Klein L, et al: Projection of an

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

immunological self shadow within the thymus by the Aire
protein. Science 2002; 298 (5597): 1395-401.

Liston A, Lesage S, Wilson ], Peltonen L, Goodnow CC.
Aire regulates negative selection of organ-specific T cells.
Nat Immunol 2003; 4: 350-4.

Zlotogora J , Shapiro MS. Polyglandular autoimmune syn-
drome type I among Iranian Jews. | Med Genet 1992; 29:
824-6.

Rosatelli MC, Meloni A, Meloni A, et al: A common mu-
tation in Sardinian autoimmune polyendocrinopathy-can-
didiasis-ectodermal dystrophy patients. Hum Genet 1998;
103: 428-34.

Crock P, Salvi M, Miller A, Wall ], Guyda H. Detection of
anti-pituitary autoantibodies by immunoblotting. J Immu-
nol Method 1993; 162: 31-40.

Crock PA. Cytosolic autoantigens in lymphocytic hy-
pophysitis. J Clin Endocrinol Metab 1998; 83: 609-18.
Peterson P, Perheentupa J, Krohn KJ. Detection of candidal
antigens in autoimmune polyglandular syndrome type I.
Clin Diagn Labor Immunol 1996; 3: 290-4.

. Strémberg S, Crock P, Lernmark A, Hulting AL. Pituitary

autoantibodies in patients with hypopituitarism and their
relatives. J Endocrinol 1998; 157: 475-80.

O’Dwyer DT, Smith AI, Matthew ML, et al. Identification
of the 49 kDa autoantigen associated with lymphocytic hy-
pophysitis as alpha-enolase. J Clin Endocrinol Metab 2002;
87 (2): 752-7.

Verma M , Dutta SK. DNA sequences encoding enolase are
remarkably conserved from yeast to mammals. Life Sciences
1994; 55: 893-9.

O’Dwyer DT, Clifton V, Hall A, Smith R, Robinson PJ,
Crock PA. Pituitary autoantibodies in lymphocytic hy-
pophysitis target both o and 3 enolase — a link with pre-
gnancy? Archives Physiol Biochemn 2002; 110 (1-2): 94-8.
Vojdani A, Rahimian P, Kalhor H, Mordechai E. Immuno-
logical cross reactivity between Candida albicans and hu-
man tissue. / Clin Labor Immunol 1996; 48: 1-15.

Correspondence: Dr. Patricia Crock
Pediatric Endocrinology and Diabetes,
John Hunter Children’s Hospital,
Locked Bag 1, Newcastle 2310,

New South Wales, Australia

Tel. +61-2-4921-3080

Fax +61-2-4921-3599

Email: patricia.crock@newcastle.edu.au



	Button1: 


