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T and B cell reactivity to adrenal antigens in autoimmune Addison’s disease
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SUMMARY

Autoimmune Addison’s disease is a rare condition of uncertain pathogenesis. To delineate potential
autoantigens, an adrenal homogenate was fractioned by SDS-gel electrophoresis and used in
immunoblotting and T cell proliferation assays. Antibodies specific for adrenal proteins with
approximate molecular weights of 70, 55 and 45 were found in five out of 20 consecutive Addison’s
disease patients at routine follow-up. Five sera also reacted with a 52-kD protein shared with liver. T
cells from six out of 10 Addison’s disease patients proliferated in response to a range of adrenal-
specific antigens including one, in particular, with a molecular weight of 18-24 kD. T and B cell
reactivity to adrenal antigens did not appear to correlate and there was no relationship with time since
diagnosis, associated autoimmunity or HLA-DR type. These results show that the autoimmune
response to adrenal antigens in Addison’s disease is heterogeneous and that such autoreactivity can
only be inconsistently documented using these techniques and circulating antibodies or T cells.
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INTRODUCTION

Addison’s disease is a rare condition (prevalence 30-60 per
million in the UK) resulting from adrenal failure. It is caused by
autoimmune adrenalitis in about 80% of British patients [1]. In
European patients with autoimmune Addison’s disease there is
a modest association with HLA-DR3 [2,3]. Histology shows
adrenal cortical atrophy, with variable degrees of lymphocytic
infiltration and fibrosis [4]. However, little is known of the
autoimmune mechanisms which produce disease.

It has not been possible to study the infiltrating lymphocytes.
A high percentage of circulating activated T cells (as judged by
expression of HLA-DR molecules) has been observed in these
patients, in common with many other autoimmune disorders [5].
Sensitization of circulating T cells to an adrenal antigen extract
has been assessed using two methods: by the migration inhibi-
tion assay, reactive T cells were found in 46% of patients [6]; a
similar antigen preparation was unable to stimulate T cell
proliferation in a blastogenesis assay [7].

Adrenal antibodies have usually been measured by immuno-
Tuorescence and have been found in between a half to two-
‘hirds of patients [1,8,9]. Elucidating the nature of the antigen(s)
nvolved has proved difficult, although anatomical localization
0 the microsomes, plasma membrane or both seems likely [10].
3y immunoprecipitation, 57% of patients were found to have
intibodies against an adrenal-specific protein of 55 kD, which
vere also present by immunoblotting [11], although another
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immunoblotting

study using immunoprecipitation reported reactivity against a
38-kD antigen [12].

In view of these conflicting data on T and B cell reactivity in
autoimmune Addison’s disease, we have performed immuno-
blotting studies to identify adrenal autoantigens which bind
antibodies and stimulate T cell blastogenesis in such patients.

SUBJECTS AND METHODS

Patients

Sera were collected from 20 consecutive Caucasian patients with
Addison’s disease (14 women, six men) being followed up in a
single endocrine outpatient clinic; peripheral blood mono-
nuclear cells (PBMC) were obtained from the second half of this
group (n=10). Their mean age was 51 years (range 18-84) and
the mean time since diagnosis 13 years (range 1 month-36
years). Four patients had been identified within the preceding
year. The diagnosis of autoimmune Addison’s disease was based
on the simultaneous presence of other autoimmune disorders
(15 patients), a strong family history of autoimmunity (one
patient), absence of adrenal calcification and exclusion of other
potential causes of adrenal failure (three patients), and in the
last patient serum had been assayed for adrenal antibodies by
immunofluorescence and these were positive. Associated
autoimmune disorders included autoimmune hypothyroidism
(n=9), Graves’ disease (n=4), type I diabetes mellitus (n=2),
pernicious anaemia (n=2) and premature ovarian failure
(n=1). Controls were healthy laboratory staff with no personal
or family history of autoimmune disorders.
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Immunoblotting

An adrenal gland and biopsy from liver were obtained from a
kidney donor and immediately snap frozen. The specimens were
later thawed and homogenized at 4°C in PBS, pH 7-4, contain-
ing protease inhibitors (1 mM TPCK, 1 mm PMSF and 0-5 mm
pepstatin A; Sigma, Poole, UK). Debris was removed by
centrifugation at 500 g for 20 min at 4°C and the supernatants
used for electrophoresis after dilution 1: 1 in sample buffer (0-1 M
Tris—-HCI, 10% pB-mercaptoethanol, 5% SDS; 0-002% bromo-
phenol blue) and boiling for 5 min. SDS-PAGE was carried out
as described in detail elsewhere using a 5-15% gradient [13]. The
antigen concentration run on gels was determined from preli-
minary experiments to give optimal loading; by spectrophoto-
metric estimation, using Coomassie blue G250 [14], 8 mg of each
antigen preparation were loaded per 30 ml gel (combs 13 cm
wide and 1-5 mm thick). Molecular weight standards (Pharma-
cia, Milton Keynes, UK) in the same sample buffer were run on
each gel.

Electrophoretic transfer to nitocellulose paper (NCP) was
performed exacly as detailed elsewhere [13], and the transfer was
verified by amido black staining of the NCP and Coomassie blue
staining of the gel. For immunoblotting with serum, free sites on
the NCP were blocked with PBS, 0-05% Tween 20, 3% bovine
serum albumin and the paper then cut into strips 0-5 cm wide.
Strips were incubated with a 1:20 dilution of serum (in PBS,
0-05% Tween 20) overnight at 4°C, washed and then incubated
with anti-human IgG-alkaline phosphatase conjugate (1:500,
Sigma) for 2 h at room temperature. After further washing, the
strips were incubated with substrate (25 mg o-dianoside tetrazo-
tized, 25 mg B-naphthyl acid phosphate, 1-2 mg MgSO, in 100
ml 0-06 M sodium borate, pH 9-7) according to the method of
Dao [15]. Bands were determined by direct inspection.

T cell proliferation assay

PBMC were isolated by Ficoll-Hypaque gradient centrifuga-
tion and incubated at 105 cells/well (96-well flat-bottomed
plates) in RPMI 1640 containing 10% fetal calf serum (Gisco,
Paisley, UK). Fractioned adrenal and liver antigens were
prepared using the method of Abou-Zeid er al. [16]. Briefly,
antigens were electrophoresed and transferred to NCP as
described above and then the NCP was divided into 4-mm band
fractions by cutting into 14 pieces, each 4 mm deep and 10 mm
wide. The NCP pieces were dissolved in dimethyl sulphoxide
and resuspended, in particulate form, by the drop-wise addition
(with vortexing) of 1 ml carbonate buffer, pH 9-6. The
fractioned antigen suspensions were added in triplicate at 20 ul/
well to the PBMC. NCP without antigen was used as a control.
After 4 days of culture *H-thymidine was added at 1 uCi/well
and the cells harvested onto filters 16 h later. *H-thymidine
incorporation was assessed by liquid scintillation counting and
T cell proliferation expressed as a stimulation index (SI)
according to the formula

__ct/min produced by antigen on NCP

St ct/min produced by NCP alone

HLA-DR typing
This was performed by restriction fragment length polymor-
phism analysis exactly as described elsewhere [3].

Statistical analysis
Differences between groups were analysed using 2 x 2 contin-
gency tables and the y? test (two-tailed).

RESULTS

Immunoblotting

All 10 control and 20 Addison’s disease sera reacted strongly
with three distinct adrenal components with approximate
molecular weights of 100 kD, 75 kD and 50 kD (Fig. 1). In
addition, weaker reactivity was seen with a doublet at 120 kD
and another at 30 kD. Several sera from Addison’s disease
patients (but none from the controls) reacted with additional
components: five sera reacted with a protein at 52 kD, three with
a protein at 45 kD and single patients each reacted with proteins
at 55 or 70 kD. The patient and control sera all reacted with liver
components at 120, 100, 75, 50 and 30 kD; the five sera that
reacted with a protein at 52 kD in the adrenal preparation also
reacted with a similar component in the liver immunoblot; the
additional bands seen with the remaining five sera were unique
to the adrenal immunoblot. These five sera all came from
women whose disease had been diagnosed 6 months, 1 year, 14
years (n=2) and 36 years previously; two had autoimmune
hypothyroidism (with diabetes in one), one Graves’ disease and
another pernicious anaemia. Of note, two patients whose
disease had been diagnosed in the preceding month did not have
antibodies reacting in the immunoblot. Thirteen of the present
patients were tested for adrenal antibodies by indirect immuno-
fluorescence at time of diagnosis and seven (54%) were positive.
Two of these positive samples reacted in the immunoblotting
experiment, with bands at 55 kD and 45 kD. The five patients
who did not react by immunoblotting had all been diagnosed 1-
6 years previously.

Fig. 1. Representative immunoblots of sera against adrenal antiger
Lane a, control serum; lanes b-e, individual Addison’s disease ser
showing extra bands at 52 kD (lanes b and ¢), 70kD (lanec), 55 kD (lan
d) and 45 kD (lane €). Molecular weights of standards are shown.
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Fig. 2. T cell proliferation in response to 14 fractions of adrenal antigen. Proliferation is shown as a stimulation index; the open circles
are individual control PBMC cultures and the closed circles are PBMC cultures from patients with Addison’s disease.
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Fig. 3. T cell proliferation in response to 14 fractions of liver antigen. Proliferation is shown as a stimulation index; the open circles are
individual control PBMC and the closed circles are PBMC cultures from patients with Addison’s disease.
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Table 1. Details of patients with Addison’s disease and their PBMC proliferative responses to adrenal
antigen fractions 5-14

Time since Fractions  Fractions

Patient Associated disease HLA-DR giving giving Immunoblot
no. disease (year) type SI>2-0* SI>3-0 reactivity (kD)t

1 GD S 2,3 10,12,14 10,12,14 Nil

2 AH, PA 29 2,3 12, 14 12 Nil

3 POF 0-1 3,4 14 14 Nil

4 GD 15 3,4 5,6 5,6 70, 52

5 AH 31 3,3 10, 14 0 45

6 PA 3 2,3 7 0 52

7 AH, DM 1 3,4 0 0 45

8 Nil 5 2,3 0 0 52

9 GD 15 3,3 0 0 Nil
10 Nil 25 3,4 0 0 52

GD, Graves’ disease; AH, autoimmune hypothyroidism; PA, pernicious anaemia; POF,
premature ovarian failure; DM, type I diabetes mellitus; SI, stimulation index.
* Approximate molecular weights of fractions giving a positive response: 5, 65-71 kD; 7, 54-60

kD; 10, 36-42 kD; 12, 30-36 kD; 14, 18-24 kD.

T Molecular weights of bands giving reactivity with serum antibodies by immunoblot: the 52-kD

reactivity was shared with liver.

T cell proliferation

The results of T cell proliferation in response to fractionated
adrenal and liver antigens are shown in Figs 2 and 3. Because the
two gels were run simultaneously, the molecular weights of the
proteins in each 4-mm fraction of the NCP were similar; the 14
fractions represent a range of molecular weights from 90 kD, in
6 kD decrements. It can be seen that there was a broad range of
reactivity to the adrenal fractions in controls and patients; in
particular, fractions 1-4 stimulated PBMC from both groups.
However, lower molecular weight fractions (numbers 5, 6, 7, 10,
12 and 14) only stimulated the Addison’s disease PBMC.

PBMC from six patients with Addison’s disease responded
with a SI>2-0 to one or more of these fractions, a significant
difference from the lack of any response >2-0 in the nine
controls (y2=7-01, P<0-01). Four of Addison’s disease patients
had PBMC which gave SI > 3-0 with one or more of the adrenal
fractions 5-14 (x*=5-46, P<0-05 compared with controls).
These results and the patients’ characteristics are shown in detail
in Table 1. There were no striking differences between res-
ponders and non-responders in terms of disease duration,
associated autoimmunity or HLA-DR type, although both of
the patients tested with no associated autoimmune endocrino-
pathy failed to respond. There was also no correlation with the
presence of antibodies detected by immunoblotting.

By contrast, there was little T cell reactivity against liver
antigens (Fig. 3) which was assessed using PBMC from eight of
the controls and nine of the patients; there were not sufficient
PBMC available from the other two subjects. One each of the
controls and patients gave proliferative responses greater than
20 to liver fraction 3 (these also gave the highest responses to
adrenal fraction 3). Another patient (number 7 in Table 1)
showed responsiveness to fractions 7, 8,9 and 11. There was no
T cell response against adrenal antigens in this diabetic patient,
who had normal liver function tests.

DISCUSSION

These results demonstrate a heterogeneous T and B cell response
to adrenal antigens in autoimmune Addison’s disease. Adrenal-
specific antibodies were detected by immunoblotting in five
(25%) patients, although five others reacted with a 52-kC
protein shared with liver; this may represent reactivity against ¢
cytoskeletal component such as desmin [11]. In one previous
study, an unstated number of Addison’s disease sera were saic
to precipitate an adrenal-specific antigen of 38 kD [12]; whethe:
this in fact corresponds to the band observed at 45 kD in three o
our subjects is not clear. It is possible that immunoblotting ma:
fail to identify antibodies that do not react with denaturec
antigen, in contrast to immunoprecipitation, but this does no
appear to be the case for the 55-kD antigen reported previousl:
as sera recognized this by both techniques [12]. Only one of th:
20 present sera reacted with an adrenal component at 55 kD, i1
contrast with 57% out of 23 sera tested in that study
Immunoblotting was chosen for the present study, as immuno
precipitation also has limitations, and direct compariso
between the techniques in analysing antibody responses t
infection has shown that immunoblotting reveals a much wide
spectrum of antibody response [17].

The reasons for this discrepancy are unclear, but in previou
studies the procedure for patient selection is not stated. Thu
differences in this and the time since diagnosis may be critical i
determining the frequency of autoantibodies detected. How
ever, the present series of consecutive clinic follow-up patien
included four subjects in whom the diagnosis was made within
year of their sera being tested and only two of these ha
antibodies that reacted with the 45-kD (but not 55-kD) protei
Moreover, adrenal antibodies detected by immunofluorescens
disappear slowly, becoming undetectable in only 17% ¢
patients within 5 years, and may persist for at least 20 years [¢
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There was no obvious correlation between immunofluorescence
results and binding by immunoblotting in the experiments we
performed. This may have been due to the titre of antibody
present. Indirect immunofluorescence assays for adrenal anti-
bodies are often negative in autoimmune Addison’s disease
(approximately 30-40% of patients) and generally require high
concentrations of serum [1,2]. Using higher serum concentra-
tions in the immunoblot experiments created a very high
background and was therefore not pursued. It thus seems likely
that differences in sensitivity account for the varying frequencies
of antibodies reported, although this does not explain the more
heterogeneous B cell response observed in the present study in
which three specific adrenal proteins (70, 55 and 45 kD) were
found to react with Addison’s disease sera.

T cell sensitization to adrenal antigens was found more
frequently than antibodies (60% of patients with a SI >2-0; 40%
> 3-0) and could be detected 0-1-31 years after diagnosis. Once
again there was heterogeneity in the antigens recognized,
although fraction 14 (molecular weight 18-24 kD) produced a
positive response in four out of the six responders. These
proliferative responses appeared to be adrenal antigen-specific
as fractions of liver antigen failed to produce blastogenesis in
parallel cultures of PBMC from the Addison’s disease patients;
one unique response against liver antigens was observed in a
patient with concurrent autoimmune hypothyroidism and type I
diabetes mellitus.

These results confirm and extend previous studies on T cell
sensitization in Addison’s disease using a migration inhibition
assay; 46% of patients gave positive responses and these did not
correlate with the presence of adrenal antibodies [6]. They also
show, in contrast to a previous investigation [7], that the
proliferation assay can be used to detect T cell responses to
adrenal antigens. It is possible that the fractionated (and thus
semi-purified) antigen preparation used, together with its
presentation in particulate form, may have enhanced the
sensitivity of this assay in the present study.

We have detected heterogeneous T and B cell responses in
autoimmune Addison’s disease: several separate adrenal anti-
gens react with autoantibodies and stimulate circulating T cells
in these patients. Knowledge of the number and molecular
weights of these proteins is an important step is identifying the
nature of the key autoantigens in this condition. The lack of T or
B cell responses in some patients may be related to localization
of the autoreactive lymphocyte population within the target
organ; there is a precedent for this in seronegative Hashimoto’s
thyroiditis [18].

ACKNOWLEDGMENTS

This work was supported by the Wellcome Trust.

REFERENCES

1 Irvine WJ, Barnes EW. Addison’s disease, ovarian failure and
hypoparathyroidism. Clin Endocrinol Metab 1975; 4:379-434.

2 Latinne D, Vandeput Y, De Bruyere M, Bottazzo F, Sokal G,

Crabbe J. Addison’s disease: immunological aspects. Tissue Anti-

gens 1987; 30:23-4.

Weetman AP, Zhang L, Tandon N, Edwards OM. HLA associ-

ations with autoimmune Addison’s disease. Tissue Antigens 1991;

38:31-3.

4 Irvine WJ, Stewart AG, Scarth L. A clinical and immunological

study of adrenocortical insufficiency (Addison’s disease). Clin Exp

Immunol 1967; 2:31-70.

Rabinowe SL, Jackson RA, Dluhy RG, Williams GH. Ia positive T

lymphocytes in recently diagnosed Addison’s disease. Am J Med

1984; 77:597-601.

6 Nerup J, Bendixen G. Anti-adrenal cellular hyper-sensitivity in
Addison’s disease. II. Correlation with clinical and serological
findings. Clin Exp Immunol 1969; 5:341-53.

7 Nerup J, Anderson V, Bendixen G. Anti-adrenal cellular hyper-
sensitivity in Addison’s disease. IV. In vitro and in vivo investigation
of the mitochondrial fraction. Clin Exp Immunol 1970; 6:733-9.

8 Blizzard RM, Kyle M. Studies of the adrenal antigens and
antibodies in Addison’s disease. J Clin Invest 1963; 42:1653-60.

9 Sotsiou F, Bottazzo GF, Doniach D. Immunofluorescence studies
on autoantibodies to steroid-producing cells, and to germline cells,
in endocrine diseases and infertility. Clin Exp Immunol 1980; 39:97-
111,

10 Bright GM, Singh I. Adrenal autoantibodies bind to adrenal

subcellular fractions enriched in cytochrome-c reductase and 5'-

nucleotidase. J Clin Endocrinol Metab 1990; 70:95-9.

Furmaniak J, Talbot D, Reinwein D, Benker G, Creagh FM, Rees

Smith B. Immunoprecipitation of human adrenal microsomal

antigen. FEBS Lett 1988; 231:25-8.

12 Banga JP, Pryce G, Hammond L, Roitt IM. Structural features of
the autoantigens involved in thyroid autoimmune disease: the
thyroid microsomal/microvillar antigen. Mol Immunol 1985;
22:629-42.

13 Weetman AP, Nutman TB, Burman KD, Baker JR, Volkman DJ.
Heterogeneity of thyroid autoantigens identified by immunoblot-
ting. Clin Immunol Immunopathol 1987; 43:333-42.

14 Rylatt DB, Parish CR. Protein determination on an automatic
spectrophotometer. Anal Biochem 1982; 121:213-14.

15 Dao ML. An improved method of antigen detection on nitrocellu-
lose: in situ staining of alkaline phosphatase conjugated antigen. J
Immunol Methods 1985; 82:225-31.

16 Abou-Zeid C, Filley E, Steele J, Rook GAW. A new simple method
for using antigens separated by polyacrylamide gel electrophoresis
to stimulate lymphocytes in vitro by converting lines cut from
Western blots to antigen bearing particles. J Immunol Methods
1987; 98:5-10.

17 Hussain R, Kaushal NA, Ottesen EA. Comparison of immunoblot
and immunoprecipitation methods for analyzing cross-reactive
antibodies to filiarial antigens. J Immunol Methods 1985; 84:291—
301.

18 Baker JR, Saunders NB, Tseng YC, Wartofsky L, Burman KD.
Seronegative Hashimoto thyroiditis with thyroid autoantibody
production localised to the thyroid. Ann Int Med 1988; 108:26-30

w

w

1

—



