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ORTISOL-SECRETING adrenal adenomas
are an uncommon cause of Cushing’s syn-
drome. Little is known about the events
leading to the formation of these tumors, but mo-
lecular defects, including activating mutations of
receptors for corticotropic factors, have been sus-
pected in this process. Structural mutations of the
corticotropin-receptor gene have not been detected
in these tumors,! but some have had gastric inhibi-
tory polypeptide,23 vasopressin,* and more recently,
B-adrenergic receptors.®
In this report, we provide evidence of the involve-
ment of immune cells and one of their cytokine
products in the formation of an adrenocortical ade-
noma in a patient with Cushing’s syndrome. A strik-
ing lymphocytic infiltration of the patient’s adreno-
cortical adenoma led us to examine the effects of
interleukin-1 on the synthesis of cortisol by the ad-
enoma cells and the expression of type I and II in-
terleukin-1 receptors on these cells. Nearly all the bi-
ologic activity of interleukin-1 can be accounted for
by type I receptors. Type II receptors are not signal-
transducing but are probably cleaved enzymatically
to yield soluble interleukin-1-binding protein, which
inhibits interleukin-1 activity.6” We found that inter-
leukin-1, but not corticotropin, increased the secre-
tion of cortisol by the adenoma cells in vitro. In ad-
dition, type I interleukin-1-receptor protein and its
messenger RNA (mRNA) were detected in the tu-
mor cells.
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CASE REPORT

A 62-year-old woman was referred because of weight gain, hy-
pertension, and hirsutism of three years’ duration. Physical exam-
ination revealed an obese woman who weighed 75 kg and was
155 cm tall. Her resting pulse was 68 beats per minute, and her
blood pressure was 160/95 mm Hg. She had facial plethora, hir-
sutism, telangiectasia, and ankle edema. The plasma cortisol con-
centration was 25 ug per deciliter (690 nmol per liter; normal,
7.2 to 18.1 ug per deciliter [200 to 500 nmol per liter]) in the
morning and 19.8 ug per deciliter (547 nmol per liter) in the
evening, and urinary cortisol excretion was 129 ug per day (357
nmol per day; normal, 7 to 36 ug per day [20 to 100 nmol per
day]). The morning plasma corticotropin concentration was un-
detectable (<4.5 pg per milliliter [1.0 pmol per liter]; normal,
9 to 52 pg per milliliter [2 to 11 pmol per liter]). The plasma and
urinary cortisol values did not decrease in response to dexameth-
asone. Computed tomography revealed a 2-cm mass in the right
adrenal gland that was removed surgically, with no complications.
The hypercortisolism and stigmata of Cushing’s syndrome re-
solved after the removal of the tumor.

METHODS

Tissue Processing

Tissue from the patient’s tumor and from cortisol-producing
adenomas from four other patients with corticotropin-independ-
ent Cushing’s syndrome was transferred to prechilled phosphate-
buffered saline, pH 7.6, and kept on ice until immunohistochem-
ical studies (four tumors) and in vitro studies (two tumors) were
performed. Tissue from three patients with adrenal carcinoma
was also studied, along with normal adrenal glands from four pa-
tients who underwent nephrectomy for renal carcinoma.

Immunohistochemical Analysis

Adrenocortical, chromaffin, and immune cells were character-
ized immunohistochemically in paraffin-embedded sections of
adrenal tissue with antibodies to chromogranin A (clone DAK-
A3, Dako, Hamburg, Germany) and 17a-hydroxylase (courtesy
of M.R. Waterman, Nashville), CD45 (clones 2B11 and PD7/26,
Dako), and CD68 (clone KP1, Dako), as previously described.’
The presence of interleukin-1-receptor protein was evaluated by
immunostaining with two mouse monoclonal antibodies to type
I interleukin-1 receptors (clone C-20, Santa Cruz, Heidelberg,
Germany, and Genzyme, Cambridge, Mass.). Bound antibodies
were detected by the linked streptavidin—biotin—peroxidase meth-
od (Dako), and the enzyme reaction was visualized with 3-ami-
no-ethylcarbazole (Dianova, Hamburg, Germany). Monoclonal
mouse immunoglobulin was used as a negative control.

In Situ Hybridization

Single-stranded DNA antisense probes were amplified with the
polymerase chain reaction (PCR) with 3’ primers for type I or
type II interleukin-1 receptors.® Control sense probes were de-
signed in the same manner, with 5’ primers. All probes were pu-
rified with MicroSpin S§-300 HR columns (Pharmacia Biotech,
Heidelberg, Germany) and labeled with use of a reaction in which
deoxyadenosine triphosphate and digoxigenin—deoxyuracil tri-
phosphate were added to the 3’ ends (Bochringer Mannheim,
Mannheim, Germany). The digoxigenin-labeled probes were hy-
bridized to cryostat-fixed sections of adrenal tumor tissue, and
tissue-bound probe was stained with a monoclonal antibody to
digoxigenin (Boehringer Mannheim). Sections of normal human
adrenal tissue served as controls.

Isolation of RNA and Reverse-Transcription PCR

Total RNA was isolated from 5 million cells with the RNAeasy
Miniprep Kit (Qiagen, Hilden, Germany). Complementary DNA
(cDNA) was synthesized by reverse transcription (Ready-To-Go
T-primed first-strand synthesis kit, Pharmacia Biotech) after treat-
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ment with deoxyribonuclease I (Boehringer Mannheim); cDNA
for either type I or type II interleukin-1 receptor was amplified
as previously described.® The PCR products of the type I and
type II interleukin-1 receptors were verified by digestion with
Mboll and Mspl or Mboll and EcoRI (Promega, Heidelberg, Ger-
many), respectively. As a negative control, genomic DNA or RNA
that was not reverse transcribed was processed in parallel.

Extraction of DNA and Analysis of Clonality

DNA was extracted from frozen tumor tissue and peripheral-
blood lymphocytes from the patient as previously described.!0
The human androgen-receptor gene locus A (HUMARA, Gen-
Bank accession number M21748) was used to identify the clonal
origin of the adenoma.!!

Cell-Culture Experiments

Specimens of adrenal tumors and normal adrenal tissue were
mechanically dissected and digested enzymatically. After being
depleted of macrophages with a monoclonal mouse antibody to
CD68 (KP-1, Dako) and sheep antimouse immunoglobulin
Dynabeads M-450 (Dynal, Oslo, Norway),'? the isolated cells
were cultured in quadruplicate in 24-well plates (100,000 cells
per well) for three days, as described previously.!® The cells were
then washed and incubated with 10-8 M to 10-!2 M human in-
terleukin-18 (Endogen, Cambridge, Mass.) or 10~ M corticotro-
pin (Synacthen, Ciba—Geigy, Wehr, Germany) in serum-free me-
dium for 6, 12, or 24 hours before cortisol concentrations were
measured by radioimmunoassay (Biermann, Bad Nauheim, Ger-
many).

RESULTS
Histologic Examination

Microscopical examination of the patient’s adrenal
adenoma revealed a well-vascularized nodule that
contained adenoma cells with no signs of malignan-
cy and was heavily infiltrated by leukocytes.

Immunohistochemical Analysis

The patient’s adenoma contained many cells that
stained with antibodies to macrophage-specific CD45
and CD68 antigens, which are known to be a major
source of interleukin-1 (Fig. 1A). In contrast, few
cells stained with these antibodies in the other four
specimens of adrenal adenoma, the three samples of
adrenal carcinoma, or the four samples of normal
adrenal gland (Fig. 1B and 1C). Specimens from the
patient’s adenoma stained intensely with antibodies

Figure 1. Immunostaining of Specimens of Adrenal Adenoma
and Normal Adrenal Gland.

Panel A shows intense infiltration of the patient’s tumor tissue
by leukocytes immunostained red with antibodies to CD45
(clone 2B11) (X200). In contrast, there were only a few CD45+
immune cells scattered throughout a representative section of
an adrenal adenoma from another patient (Panel B, X400) and
in the cortex of a normal adrenal gland (Panel C, X400). In Pan-
el D (X200), the patient’s adrenal adenoma expresses type | in-
terleukin-1 receptors (clone C-20) (red staining). In contrast, in-
terleukin-1 receptors are not expressed in a representative
section of an adrenal adenoma from another patient (Panel E,
X400) and are expressed only in immune cells in the cortex of
a normal adrenal gland (Panel F, X400). The reaction was visu-
alized with 3-amino-ethylcarbazole.
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to type I interleukin-1 receptor (Fig. 1D), whereas
the tissues from the other adrenal adenomas and
carcinomas and normal adrenal tissue did not stain
with this antibody (Fig. 1E and 1F).

In Situ Hybridization

A strong signal indicating the presence of type I
interleukin-1-receptor mRNA was detected through-
out the patient’s adrenal adenoma but not in normal
adrenal tissue. In contrast, signals indicating the
presence of type II interleukin-1 receptor mRNA
were detected in perivascular regions of all samples
of adrenal gland (data not shown).

Reverse-Transcription PCR

A reverse-transcription—PCR assay for the inter-
leukin-1-receptor mRNA in cells isolated from the
patient’s adrenal tumor yielded the expected cDNA
fragments of 299 bp for type I receptors and 391 bp
for type II receptors, and enzymatic digestion of the
PCR products confirmed the results (Fig. 2). The
results of this assay were negative in cells isolated
from normal adrenal glands and the other adrenal

1 2 3 4 5 6 7

Figure 2. Reverse-Transcription—-PCR Assay for Type | and Type
Il Interleukin-1 Receptors (IL-1R) in Messenger RNA from the
Patient’s Adrenal Adenoma Cells.

Total RNA was isolated, and cDNA was synthesized by reverse
transcription and identified as coding for type | or type Il inter-
leukin-1 receptors. The results of the assay were confirmed by
enzymatic digestion of the PCR products. Lane 1 shows a 391-
bp fragment confirmed by digestion with EcoRl (lane 2) to be
type Il interleukin-1-receptor mRNA. Lane 3 shows the 100-bp
standard. Lane 5 shows a 299-bp fragment confirmed by diges-
tion with Mboll (lane 4) to be type | interleukin-1-receptor
mRNA. Lane 6 shows a negative control in which no template
was used. Lane 7 shows genomic DNA, which was used as a
negative control for type | interleukin-1 receptor.
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adenomas. No PCR signals were obtained with these
primers when either genomic DNA was used or
RNA isolated from the patient’s adenoma but not
treated with reverse transcriptase was used (data not
shown).

The clonality assay demonstrated that like other
adrenal tumors,!415 the patient’s adenoma was mono-
clonal (data not shown).

Hormonal Measurements

Corticotropin did not stimulate the secretion of
cortisol in cultures of adenoma cells from the patient,
whereas interleukin-18 caused a dose-dependent in-
crease in cortisol secretion (P<<0.001) (Fig. 3A) that
was also time dependent (Fig. 3B). The combination
of 102 M corticotropin and 10-% M interleukin-18
stimulated cortisol production (P<<0.001 for the
comparison with basal secretion) no more than did
10-8 M interleukin-18 alone (P<<0.001) (Fig. 3A).
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Figure 3. Mean (+SE) Cortisol Secretion in Response to Corti-
cotropin and Interleukin-18 in Cultures of Adrenal Adenoma
Cells from the Case Patient and Two Other Patients and Normal
Adrenal Cells.

Panel A contrasts the dose-dependent effect of interleukin-13
on cortisol production by adrenal adenoma cells from the pa-
tient expressing type | interleukin-1 receptors with that of cor-
ticotropin. Panel B shows the time-dependent effect of interleu-
kin-18 and corticotropin on cortisol production by adrenal
adenoma cells from the patient. Panel C shows the effects of
interleukin-18 and corticotropin on adrenal adenoma cells from
the patient, adrenal adenoma cells that did not express type |
interleukin-1 receptor from two other patients, and normal
adrenal cells from two patients. Values are means (+SE) of four
incubation mixtures. P values are for the comparison with ba-
sal cortisol secretion.

In contrast, cultured normal adrenal cells responded
more strongly to corticotropin (P<<0.001 for the
comparison with basal secretion) than to interleu-
kin-18 (P=0.03 for the comparison with basal se-
cretion) (Fig. 3C). Similarly, cells from two other
cortisol-secreting adenomas responded weakly to in-
terleukin-183 (Fig. 3C).

DISCUSSION

This patient’s corticotropin-independent adrenal
adenoma attracted our attention because of its mas-
sive infiltration with CD45- and CD68-containing
leukocytes and macrophages, which are a major
source of cytokines such as interleukin-1. In contrast
to normal adrenal tissue and other adrenal adenomas
or carcinomas, this adenoma expressed type I inter-
leukin-1 receptors, and the cells of this tumor secret-
ed cortisol in response to interleukin-18. In the nor-
mal adrenal tissue, interleukin-1 induced a slight
increase in cortisol synthesis that was independent of
corticotropin. Since interleukin-1 receptors were not
detectable on normal adrenal cells, it is possible that
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this cytokine activates macrophages, fibroblasts, or
adrenomedullary cells to secrete prostaglandins, cor-
ticotropin-releasing hormone, or other factors that
then stimulate the synthesis and secretion of cortisol
by adrenocortical cells.1¢

Infiltration of adrenal tissue by mononuclear cells
has been noted in histologic sections from up to 15
percent of patients with Cushing’s syndrome due to
diffuse and nodular adrenal hyperplasial718 A func-
tional relation of these cells to adrenocortical hyper-
secretion was not suspected or studied, however.

In animals, interleukin-18 induces the prolifera-
tion and regeneration of adrenal tissue.1%20 Yet we
did not find aberrant expression of interleukin-1 re-
ceptors on normal adrenal cells or cells from other
cortisol-producing adrenal tumors. Therefore, it is
unlikely that the expression of interleukin-1 recep-
tors by our patient’s tumor was merely the conse-
quence of unrestrained tumor growth.

High local concentrations of interleukin-1 com-
bined with aberrant expression of type I interleukin-1
receptors by a particular population of adrenocorti-
cal cells, followed by clonal expansion of the latter,
may have provided the basis for tumor formation in
this patient. The tumor cells were not responsive to
corticotropin, and the strong expression of interleu-
kin-1 receptors is consistent with the marked re-
sponse to interleukin-1, leading to hypersecretion of
cortisol. This case, in which aberrant expression of a
cytokine receptor appears to be responsible for hor-
mone secretion, expands the recent concept that
corticotropin-independent adrenal Cushing’s syn-
drome may be due to aberrant adrenocortical ex-
pression of receptors for hormones and neuropep-
tides.
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