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Previous reports have noted the presence of anti-
adrenomedullary antibodies in subjects with insulin-
dependent diabetes mellitus (IDDM). We initiated a
study to evaluate the presence of complement-fixing
anti-adrenomedullary antibodies (CF-ADM) in the
following subjects: group 1 (age 4-60 yr), anti-islet cell
antibody-positive (ICA+) subjects at high risk of
developing diabetes, in which 9 (32%) of 28 were
positive for CF-ADM; group 2 (age 6-41 yr), anti-ICA
negative (ICA~) subjects at high risk of developing
diabetes, in which 0 (0%) of 15 were positive for CF-
ADM; group 3 (age 1-58 yr), ICA+ diabetic subjects, in
which 7 (30%) of 23 were positive for CF-ADM; group 4
(age 5-68 yr), ICA~ diabetic subjects, in which 1 (4%) of
24 was positive for CF-ADM; group 5 (age 20-56 yr),
volunteer blood bank donor controls, in which 2 (6%) of
32 were positive for CF-ADM; and group 6, known
healthy controls, in which 0 (0%) of 14 were positive for
CF-ADM. CF-ADM were increased in group 1 compared
with group 2 (P < .02) and both control groups (P <
.02). CF-ADM were increased in group 3 compared with
group 4 (P < .03) and both control groups (P < .03 vs.
group 5, P < .05 vs. group 6). Presence of CF-ADM was
associated with presence of ICA in group 1 (P < .02)
and group 3 (P < .03). In view of these results,
adrenomedullary autoimmunity is emerging as a new
member of the human organ-specific autoimmune
disorders. It occurs before the development of clinically
overt diabetes and is associated with the presence of
ICAs. The functional significance of adrenomedullary
autoimmunity needs to be evaluated. Diabetes Care
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O
rgan-specific autoimmune disorders, such as
the polyglandular failure syndromes, are be-
coming increasingly well studied (1-3). Or-
gan-specific autoantibodies toward target

tissues and cellular antigens, e.g., pancreatic islet cells
(4), adrenal cortex, ovarian steroid cells, gastric parietal
cells, parathyroid cells, acetylcholine receptor of mus-
cle, thyroid-stimulating hormone receptors, micro-
somes, and thyroglobulin of thyroid tissue have been
described. Two or more organ-specific autoimmune dis-
orders may occur in the same individual or within the
same family. This overlap (clustering) may be clinical
or just serological (i.e., presence of autoantibodies with-
out manifesting overt target dysfunction). Inheritance of
this group of diseases is related to the major histocom-
patibility loci (association with allele DR3; ref. 5).

We recently observed immunofluorescent reactions
directed against the adrenal medulla during routine
assays for adrenocortical steroid cell antibodies. In
view of previous reports of the presence of anti-adreno-
medullary antibodies (ADM) in diabetic subjects (6,7)
and the adrenomedullary cross-reactivity of monoclonal
antibodies (MoAbs) initially generated against pan-
creatic islet cells (8), we initiated a systematic study of
the presence of adrenal medullary autoimmunity in sub-
jects with insulin-dependent diabetes mellitus (IDDM)
and in subjects at high risk for developing IDDM.

MATERIALS AND METHODS

SUBJECTS

The study groups were drawn from the Pre-Diabetes
Study of the Joslin Diabetes Center (1965-1987). Group
1 (n = 28, age 4-60 yr) anti-islet cell antibody-positive
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(ICA+) prediabetic subjects, included either ICA+ first-
degree relatives of diabetic index case or ICA+ patients
with clinical predisposition toward development of
IDDM, i.e., intermittently elevated random blood sugars
or glycosuria, impaired oral glucose tolerance test, or
impaired first-phase insulin release (1-min plus 3-min
values) who fall in less than the third percentile after
intravenous glucose tolerance test. Seven of 28 group 1
patients have developed diabetes. Croup 2 (n =
15, age 6-41 yr) included anti-ICA-negative (ICA~)
subjects at high risk for developing IDDM (monozygotic
siblings of an IDDM proband or patients with clinical
predisposition to development of IDDM as defined for
group 1). Four of 15 group 2 patients have developed
IDDM. Group 3 (n = 23, age 1-58 yr) comprised ICA+

IDDM subjects with various durations of illness (new
onset to 30 yr). Group 4 (n = 24, age 5-68 yr) was
ICA" IDDM patients with duration of diabetes 1-25 yr.
Group 5 (n = 32, age 20-56 yr) included volunteer
blood donors (unknown presumably healthy blood bank
controls). Group 6 (n = 14, age 10-41 yr) comprised
known healthy controls.

ASSAY FOR COMPLEMENT-FIXING ANTI-
ADRENAL MEDULLARY ANTIBODIES (CF-ADM)

Indirect immunofluorescence complement-fixation
technique. Human adrenal gland was obtained at sur-
gery (cadaveric renal-transplant donors) or at autopsy
<6 h after death. Blocks of tissue were immediately
snap-frozen in isopentane dry ice or liquid nitrogen.
Cryostat sections 5 |xm thick were mounted on gelatin
dichromate-coated slides. Sections were stored at -70°C
until use. All sera were kept frozen at -20°C. Each
specimen was coded before testing for presence of CF-

ADM. On the day of assay, sections were removed from
the freezer and allowed to air-dry. Sections were fixed
in acetone for 5 min, and 25-50 |xl human sera were
added to each. Sections were then incubated for 30 min.
Slides were washed in phosphate-buffered saline (PBS)
three times at this stage. Sections were treated with hu-
man complement (25-50 |xl lyophilized fresh human
sera) and incubated for 30 min. Slides were washed in
PBS. Twenty-five to fifty microliters of rabbit anti-human
C3-fluorescein isothiocyanate (FITC; Calbiochem-Behr-
ing, La Jolla, CA) were added at 1:100 dilution in PBS
and incubated for 30 min. Slides were again washed as
above and mounted with AFT mounting media (Behring,
La Jolla, CA) and coverslips. Sections were tested in a
blind fashion and independently scored by two observ-
ers on a scale of 0-10. Positivity was evaluated against
background adrenocortical cell staining. The highest score
among group 6 (known normal controls) was 3. A score
^4 represented a definite positive immunofluorescence
reaction (Fig. 1).

MONOCLONAL ANTI-ICAs

Generation and initial characterization of a library of
monoclonal anti-ICAs has previously been described (3).
Monoclonal ICAs HISL-1, HISL-5, HISL-9, HISL-14 (1:100
of ascites) and the negative control P3X63 (1:100) were
evaluated for their ability to react with antigens present
on the adrenal medulla. Cryostat sections of adrenal
medulla were fixed in acetone for 5 min and air-dried
as described above. Sections were treated with MoAb
preparation (25-50 |xl) and incubated for 30 min. Sec-
tions were washed in PBS (3 times), and 25-50 |xl goat
anti-mouse IgG-FITC (1:100) were added. Sections were
incubated for 30 min, then washed and mounted as
above. P values were calculated with Fisher's exact test.

FIG. 1. Immunofluores-
cent staining of adrenal
medulla (right) and nega-
tive adrenal cortex (left).
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FIG. 2. Fluorescence intensity (y-axis) of adrenal medulla
for group 1, islet cell antibody-positive (ICA*) prediabetic
subjects; group 2, ICA" subjects at high risk for developing
diabetes; group 3, ICA* insulin-dependent diabetic pa-
tients; group 4, ICA" insulin-dependent diabetic patients;
group 5, volunteer blood donors; group 6, healthy control
subjects.

RESULTS

Adrenal medullary immunofluorescence. Sera with
CF-ADM produced a diffuse cytoplasmic staining of all
cells of the adrenal medulla. Nine of 28 (32%) group 1
subjects (ICA+ patients at high risk of developing IDDM)
were positive for CF-ADM [mean fluorescence intensity
(Fl) ± SE2.2 ± 5; Fig. 2]. Presence of CF-ADM in group
1 was significantly increased compared with group 2
(ICA~ patients at high risk of developing IDDM; P <
.02) and both control groups (P < .02 for group 5 and
group 6). Seven of 28 group 1 subjects have developed
IDDM. Of these 7, 5 were CF-ADM positive. Devel-
opment of IDDM occurred between 3 mo and 1.5 yr
after collection of sera for study. None of 15 group 2
subjects were positive for CF-ADM (mean Fl 0.2 ±0.1).
Four of 15 group 2 subjects have developed IDDM.
Development of IDDM occurred 3 mo to 1 yr after col-
lection of sera for study. Seven (30%) of 23 group 3
subjects (ICA+ IDDM) were positive for CF-ADM (mean
Fl 2.3 ± 0.6). One (4%) of 24 group 4 subjects (ICA~
IDDM) was positive for CF-ADM (mean Fl 0.5 ± 0.3).
Two (6%) of 32 group 5 subjects were positive for CF-
ADM (mean Fl 0.7 ± 0.2). None of 14 group 6 subjects
were positive for CF-ADM (mean Fl 0.4 ± 0.2). Pres-
ence of CF-ADM in group 3 subjects was significantly
increased compared with group 4 subjects (P < .03) and
both control groups (P < .03 for group 5, P < .05 for
group 6). Both positive control subjects (group 5) were
women, aged 21 and 33 yr, with blood type O+. Sera
of both CF-ADM-positive blood blank control subjects
were screened for anti-microsomal antibodies, ICAs, anti-
ovarian antibodies, and antiadrenocortical antibodies.
Results of all antibody studies were negative for both
women.

Monoclonal antibodies and adrenal medulla. Islet cell
monoclonal antibodies (MoAb-ISL) HISL-1, 5, 9, and 14
all produced a strong diffuse adrenomedullary cell stain-
ing similar to that produced by human sera with anti-
adrenal medullary antibodies. P3X63 (control) did not
produce staining.

DISCUSSION

O
ur findings indicate the presence of CF-ADM
in IDDM subjects and in subjects at high risk
of developing IDDM. Presence of CF-ADM
was associated with the presence of anti-ICAs

with 32% of the group 1 (ICA+ high risk of developing
IDDM) and 30% of the group 3 (ICA+ diabetic) subjects
expressing both antibodies. Absence of ICA was asso-
ciated with absence of CF-ADM, with 0% of group 2
(ICA- high risk of IDDM) and 4% group 4 (ICA~ IDDM)
expressing CF-ADM. CF-ADM were present not only in
subjects with clinically overt IDDM but also in asymp-
tomatic subjects at high risk of developing IDDM who
were identified to be ICA+ through prospective screen-
ing. Seven of 28 group 1 subjects have already pro-
gressed to IDDM. Anti-adrenomedullary autoimmunity
has never previously been assessed in the prediabetic
population.

The presence of autoimmune reactions directed against
the adrenal medulla has not been well investigated and
documented. In a letter to the editor, Schopfer et al. (6)
found ADM in 40% of ICA+ children with new onset
IDDM. Twenty-one percent of these patients were pos-
itive for CF-ADM.

Shared antigenic determinants have been postulated
as a possible mechanism for polyendocrine autoimmu-
nity. This is illustrated by the studies of MoAb-ISL that
cross-react with CF-ADM. Absence of a one-to-one cor-
relation between ICA and CF-ADM suggests that there
may be separate circulating autoantibodies reacting with
different antigenic determinants. Isolation of the anti-
gen(s) and subsequent absorption studies are necessary
to resolve this postulate.

The functional significance of CF-ADM needs to be
evaluated. Autoantibodies can block or stimulate recep-
tors. They may cause a cytolytic process or be present
as "innocent bystanders." Adrenomedullary hypofunc-
tion may be partly responsible for the defective coun-
terregulation or "brittle diabetes" that is seen in some
IDDM patients. Patients with long-standing IDDM and
autonomic neuropathy exhibit decreased epinephrine
secretion with subsequent retardation of glucose recov-
ery in response to insulin-induced hypoglycemia (9,10).
Glucose recovery is markedly impaired in patients with
both glucagon and epinephrine deficiency (11). Patients
with defective glucose counterregulation may be at in-
creased risk of hypoglycemia when undergoing inten-
sive insulin therapy (12,13). The cause of these defects
is not clear. It is unclear whether an autoimmune pro-
cess plays a role in the pathogenesis of these disorders.
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Some forms of orthostatic hypotension may be related
to organ-specific autoimmunity. Anti-sympathetic gan-
glia antibodies have been described in 66% of patients
with Parkinson's disease compared with 20% of controls
(14). Lymphocytic and plasmacytic infiltrates have been
noted in the sympathetic ganglia of five IDDM subjects
studied at autopsy. These diabetic subjects had devel-
oped clinical evidence of autonomic dysfunction (15).
The functional significance of CF-ADM in patients with
IDDM needs to be delineated.
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