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Sporadic solitary aldosterone- and cortisol-co-secreting
adenomas: endocrine, histological and genetic findings
In a subtype of primary aldosteronism

Holger S Willenberg!, Martin Spith!, Christiane Maser-Gluth?, Rainer Engers®, Martin Anlauf®,
Gabriele Dekomien?, Matthias Schott!, Sven Schinner!, Kenko Cupisti5 and Werner A Scherbaum!

Adrenal adenomas producing both aldosterone and cortisol (A/CPAs) have been described in only a few cases. Correct subtype
classification is necessary for making therapeutic decisions in primary aldosteronism (PA). Therefore, we studied in detail the
clinical, hormonal and histological features of this entity in two patients with A/CPAs. We describe two patients with A/CPA and
present their endocrine evaluations at baseline, after suppression with fludrocortisone and dexamethasone, after therapy with
spironolactone and after unilateral adrenalectomy. Moreover, the expression of corticotropin (MC2R) and angiotensin Il type 1
(AT1R) receptors and 17a-hydroxylase in the tumors of these two patients was analyzed by immunohistochemistry. Aldosterone,
18-hydroxycorticosterone (18-OH-B) and 18-hydroxycortisol (18-OH-F) were not suppressible with fludrocortisone in either
patient and were partly suppressible with dexamethasone in one of the patients. Adrenal insufficiency developed in both patients
after operation and lasted for more than 6 months. Aldosterone and hybrid corticosteroids returned to normal 8 weeks

after adrenalectomy. In both cases, immunostaining showed weak expression of AT1R and MC2R but strong expression

of 17a-hydroxylase. The most common germline mutations in the aldosterone synthase gene and the aldosterone
synthase/11p-hydroxylase hybrid gene were absent. These two cases document the fact that sporadic A/CPA is a subtype of PA.
The presence of an A/CPA should be considered if a patient has both PA and hypercortisolism.
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INTRODUCTION
Primary aldosteronism (PA) is the consequence of an overproduction
of aldosterone in the adrenal gland and is one of the major causes of
secondary hypertension.!™ PA is characterized by suppressed plasma
renin concentration, inadequately high secretion of aldosterone and an
elevated aldosterone-to-renin ratio. The overproduction of this miner-
alocorticoid derives from diffuse or micronodular hyperplasia of the
adrenal cortex or from unilateral aldosterone-producing adrenocor-
tical adenomas (APA). Rare forms include mainly the three defined
familial forms of hyperaldosteronism and adrenocortical carcinoma.>®
In addition, approximately 34 cases of APA with hypersecretion of
cortisol (A/CPA) have been described in the literature.”2° Here, we
report comprehensive data in two new cases, including clinical
presentation, endocrine function tests and immunohistochemical
findings in the tumors of both patients, who suffered from both
Conn’s and Cushing’s syndromes because of aldosterone and cortisol
co-hypersecretion by sporadic adrenocortical tumors.

METHODS

Case reports

Patient 1. A 57-year-old postmenopausal female who had suffered from a
hypertensive crisis with hypokalemia was referred to our outpatient clinic for
further examination. The patient reported nocturia, dry mouth, sporadic
episodes of vertigo and uneasiness. She was obese with a height of 1.53m,
weight of 74.2kg and a body mass index of 32 kgm~2. Her blood pressure was
200/99 mm Hg and her pulse rate 82b.p.m. More characteristics are given in
Table 1. She exhibited features of Cushing’s syndrome, including truncal
obesity, muscle weakness and hirsutism, along with a mild atrophy of the skin
and osteoporosis. Her laboratory data showed high normal sodium
(145mmoll~!) and decreased potassium (3.3 mmoll~!) levels. Her platelet
count was rather high (573x10tpl). Analysis of a 24-h urine sample showed
elevated secretion of aldosterone-18-glucuronide (17.6 g per 24h, normal
3.5-17.5 pg per 24h) and tetrahydroaldosterone (171.4 ug per 24h, normal
10-70 pg per 24h). Further endocrine workup showed suppressed levels of
corticotropin (ACTH), dehydroepiandrosterone-sulfate (DHEAS) and renin,
along with excessive levels of cortisol and aldosterone (Tables 2 and 3). Notably,
there was no suppression of aldosterone by fludrocortisone or cortisol by
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medium-dose dexamethasone, and levels of 18-hydroxycortisol (18-OH-F)
remained elevated during testing (Table 3). A renal artery stenosis was
considered unlikely by color duplex ultrasound. Subsequent MRI scans showed
a tumor in the left adrenal gland, consistent with an adrenocortical adenoma.
She had no family history of adrenal tumors or arterial hypertension. She had,
however, undergone an operation on the neck for a thyroid nodule that turned
out to be papillary thyroid cancer (pT2(m), pN0(0/2), MX, L0, V0, RO).
After pretreatment with 25 mg per day spironolactone for 3 weeks and 50 mg
per day spironolactone for another 3 weeks, retroperitoneoscopic adrenalect-

Table 1 Clinical data of the patients

Patient Age (years) BP (mmHg) Tumor (side) Size (cm) Hypertension
Patient 1 57 200/99 Left 2.9x3.1 Grade 3
Patient 2 49 155/105 Right 3.5 Grade 1
Abbreviation: BP, blood pressure.
Table 2 Hormonal data of the patients

ACTH  DHEAS (ug  F(ugper  DEX-F (ug OP-F (ug
Patient  (pgml~1)  per100 ml) 100 ml) per100 ml)  per100 ml)
Normal 7-46 80-350 6.0-19.0 <1.8 —
range
Patient1 <1.0 <15 14.0 8.4 6.6
Patient2 <1.0 <15 10.1 10.2 2.3

Abbreviations: ACTH, corticotropin; DEX-F, serum cortisol after suppression with 4x0.5mg
dexamethasone for 3 days; DHEAS, dehydroepiandrosterone sulfate; F, serum cortisol; OP-F,
serum cortisol after operation.

omy was performed and the affected adrenal gland was removed. The latter
procedure was followed by treatment with hydrocortisone that was gradually
reduced over 12 months. The blood pressure had returned to normal within 1
year without antihypertensive drugs.

Patient 2. A 49-year-old female was referred to our outpatient clinic for
further investigation of PA. Two months before admission, she had been
hospitalized because of a hypertensive crisis. A pheochromocytoma was
excluded by normal plasma metanephrines and normetanephrines in subse-
quent investigations. An MRI study excluded renal artery stenosis and showed
an adrenal tumor, consistent with a cortical adenoma (Table 1).

The patient suffered from depressive episodes. She had a 2-year history of
elevated blood pressure and weight gain. She reported episodes of dry mouth,
intensive thirst and nocturia. Her blood pressure was 155/105 mm Hg, her skin
was moderately atrophic and she could not perform squats, consistent with
proximal muscle weakness. Her clinical signs of hypercortisolism were
typical but discrete. She had no family history of adrenal tumors or arterial
hypertension.

Her laboratory data showed normal serum sodium (143 mmoll™!),
decreased serum potassium (2.8 mmoll~!), renin, ACTH and DHEAS, along
with excessive serum levels of cortisol and aldosterone that could not be
suppressed with fludrocortisone or medium-dose dexamethasone, respectively.
Details of the endocrine function tests are given in Tables 2 and 3. After
pretreatment with 25mg per day of spironolactone for 6 weeks, retroperito-
neoscopic adrenalectomy of the right adrenal gland was performed. Afterwards,
the patient was put on hydrocortisone therapy that was gradually reduced until
it could be ceased 9 months after surgery.

Methods

Clinical studies were performed according to a Clinical Practice Guideline.>® All
tests were performed under this directive in an outpatient setting. Fludrocorti-
sone at a dose of 0.1 mg was given orally four times a day for 4 days in
combination with 40 mmol potassium three times a day and a salt-enriched

Table 3 Hormonal data of the two patients at baseline, after endocrine function tests and after therapeutic intervention

Test Hormone Normal Patient 1 Patient 2
Baseline Aldosterone (ngl-1) 11-160 278 291
18-OH-B (ng per 100 ml) 12-55 106 170
18-OH-F (ng per 100 ml) 30-130 246 485
Renin (ngl=1) 5.0-25.0 <1.0 23
ARR <33 278 127
Fludrocortisone Aldosterone (ngl—1) <50 442 324
4x0.1 mg per day and salt for 4 days 18-OH-B (ng per 100 ml) — 220 143
18-OH-F (ng per 100 ml) — 480 433
Renin (ngl—1) aim <5.0 1.7 2.1
ARR — 260 154
Dexamethasone Aldosterone (ngl—1) >50 63 260
4x0.5mg per day for 3 days 18-OH-B (ng per 100 ml) — 25 141
18-OH-F (ng per 100 ml) — 225 599
Renin (ngl~1) — 2.9 4.0
ARR — 22 65
Spironolactone Aldosterone (ngl-1) — 84 311
1x25 or 50 mg per day for 6 weeks 18-OH-B (ng per 100 ml) — 8 139
18-OH-F (ng per 100 ml) — 124 481
Renin (ngl~1) 5.0-25.0 2.2 5.6
ARR — 38 56
8 weeks after operation Aldosterone (ngI=1) 11-160 14 20
18-OH-B (ng per 100 ml) 12-55 5 30
18-OH-F (ng per 100 ml) 30-130 39 18
Renin (ngl-1) <25.0 2.2 11.0
ARR <33 6.4 1.8

Abbreviations: ARR, aldosterone:renin ratio; 18-OH-B, 18-hydroxy-corticosterone; 18-OH-F, 18-hydroxy-cortisol.
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diet. After a washout period of 2 weeks, dexamethasone was given at a dose of
0.5 mg four times a day for 3 days.

Immunohistochemical staining. For histological examination of the paraffin-
embedded tumorous tissues (APA, CPA and A/CPA) and normal human
adrenals, we used antibodies against the angiotensin II type 1 receptor
(ATIR) (sc-81671, Santa Cruz Biotechnology, Santa Cruz, CA, USA; final
dilution 1:200), ACTH receptor (MC2R) (sc-13107, Santa Cruz Biotechnology;
final dilution 1:500) and 17a-hydroxylase (sc-46084, Santa Cruz Biotechnology;
final dilution 1:500). For stainings, we used the catalyzed signal amplification
system in combination with the biotin-blocking system (DAKO, Hamburg,
Germany) and 3-amino-9-ethylcarbazole (AEC) as substrate chromogen
(DAKO). The procedure was carried out according to the manufacturer’s
instructions and as described previously.>! All tissues were incubated for
30min at room temperature. For control, material from APAs, CPAs and
normal adrenal glands (NAG) was used.

Hormone measurements. Aldosterone, ACTH, DHEA-S and cortisol were
measured by in-house routine immunoassays from patients’ plasma. Briefly,
ACTH and cortisol were measured by an electrochemiluminescence -immu-
noassay (Elecsys, Roche, Mannheim, Germany). DHEA-S was measured by
chemiluminescence immunoassay (Immulite, Siemens, Bad Nauheim, Ger-
many). Aldosterone was measured by radio-immunoassay (Coat-a-Count,
Siemens). 18-OH-F, 18-hydroxycorticosterone (18-OH-B), aldosterone-18-glu-
curonide and tetrahydroaldosterone were determined by the Steroid Laboratory
of the Department of Pharmacology, University of Heidelberg, by radio-
immunoassay as described elsewhere.??

Southern blot hybridization. For exclusion of a possible chimeric CYP11B1/
CYP11B2 gene, Southern blotting was performed and followed by a long-range
PCR, as described elsewhere.??

Western blot.  Western blotting was performed to control the specificity of the
antibody against 170-hydroxylase and for confirmation of the immunohisto-
chemical stainings in APA and CPA. According to the method of Laemmli,
40 pg protein were extracted from control tissue of APAs and CPAs and
separated by electrophoresis in 10% SDS—PAGE. The adjacent transformation
on an enhanced chemiluminescence (ECL) 0.45pum nitrocellulose membrane
was performed using the Bio-Rad (Munich, Germany) blotting system at
45V for 105min. After 1h of blocking with 2g BSA and 0.2g skim milk
powder in 40 ml TBS buffer, the membrane was incubated with the polyclonal
anti-17a-hydroxylase antibody (sc-46084, Santa Cruz Biotechnology) at a 1:200
dilution at 4 °C overnight. As secondary antibody, a biotinylated polyclonal
rabbit anti-goat immunoglobulin (E 0466, DAKO) was used at a dilution of
1:5000. Visualization was achieved by using the ECL-plus system (Amersham,
Freiburg, Germany). For control, the membrane was incubated with primary
monoclonal antibody against B-actin (Sigma-Aldrich, St Louis, MO, USA).

RESULTS

Patients 1 and 2 exhibited typical clinical and biochemical features of
both Cushing’s and Conn’s syndromes. Urinary excretion of tetrahy-
droaldosterone was 60 pg per day in patient 1 and 210 pg per day in
patient 2 after the fludrocortisone-suppression test and a salt-enriched
diet. The results of the endocrine function tests are given in Tables 2
and 3. After surgery on the adrenal tumors, the hormone-excess
syndromes resolved. Both patients were negative for the hybrid
CYP11B1/CYP11B2 gene.

Immunohistochemistry

The tumors of both patients mainly comprised cells of a zona
glomerulosa type. Remnant adrenal tissue was thin and histo-
logically normal in both cases. We found a strong expression of
17a-hydroxylase in the patients’ tumors, in NAG, APA and CPA
(Figure 1). ATIR protein expression was low in the patients’ tumors
and CPA. Higher protein levels of ATIR were found in APA and NAG
(Figure 1). Low levels of MC2R were seen in the tumors and CPA as
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compared to APA and NAG (Figure 1). As expected, normal adrenal
medullary cells, which served as an internal negative control, did not
react with the antibodies to 17a-hydroxylase, ATIR or MC2R.

Expression of 17a-hydroxylase

Western blotting of APA and CPA tissues with the anti-17a-hydro-
xylase antibody showed the presence of 170-hydroxylase (58 kDa) and
B-actin (42 kDa) protein in both CPA and APA tissue (Figure 2).

DISCUSSION

PA is common among patients with treatment-resistant hypertension
or hypertensive crises.>’ Beginning with the first description in 1979,
an increasing number of cases with hypercortisolism and PA have been
recognized in the recent years,”° mainly in Japan. The majority of the
reported cases have had subclinical autonomous glucocorticoid hyper-
secretion, whereas overt Cushing’s syndrome has been found in only
six patients. The true prevalence of A/CPAs may also be under-
estimated because hypercortisolism is not routinely excluded in
patients with PA at most institutions. However, the removal of
A/CPAs is reported to result in adrenal crisis,'® and our two patients
depended on hydrocortisone replacement therapy after the operation.
In addition, cortisol co-secretion by APA may also lead to the
misinterpretation of hormonal ratios obtained during adrenal venous
sampling because correcting the aldosterone values for autonomously
secreted cortisol levels may give false-negative aldosterone-to-cortisol
ratios at the side of the adenoma and a falsely low cortisol level in the
contralateral vein. This can result in a low selectivity index.

Therefore, we suggest that a dexamethasone-suppression test be
performed on each patient with PA before surgery or selective adrenal
venous sampling. This may be of particular importance for patients
with PA because of the comparatively large adrenal adenomas because
A/CPAs tend to be larger than pure APAs,'%202¢ a tendency that held
true for our patients.

Stowasser and Gordon differentiated between angiotensin II
(AnglIl)-responsive and Angll-unresponsive APAs,>*¢ which can be
distinguished by the production of cortisol, cell type, extent of steroid
suppression with dexamethasone and secretion of hybrid steroids,
including 18-OH-FE. Therefore, mildly elevated levels of 18-OH-F can
be found in ordinary APAs.30 In addition, it has been shown as well
that secreted cortisol can be metabolized to 18-OH-F by zona
glomerulosa cells in normal subjects. Therefore, moderately elevated
levels of hybrid steroids may just be due to hypersecretion of cortisol
or aldosterone and its precursor 18-OH-B. In our patients, however,
we found grossly elevated levels of 18-OH-F.

Elevated levels of 18-OH-F are also a typical finding in patients with
familial hyperaldosteronism type 1 (FHA-I). FHA-I is a rare form of
PA and may be diagnosed in patients with a family history of
hypertension.>”38 FHA-I is caused by an unequal cross-over between
the CYP11B1 (11B-hydroxylase) and CYP11B2 (aldosterone synthase)
genes.>®*0 This results in a chimeric CYP11B1/CYP11B2 gene, which
puts aldosterone synthase activity under the control of corticotropin.
As a result, hyperplastic adrenals of individuals with this chimeric gene
can produce 18-OH-F from 18-OH-B.*! Notably, very high levels of
18-OH-F have also been found in FHA type 3 (FHA-III).*? The
underlying genetic defect for this form of PA has not been identified.
Yet, the family histories of our patients were negative, and a CYP11B1/
CYP11B2 hybrid gene could not be identified.

Aldosterone is secreted by the adrenal glands in response to multi-
ple stimuli (reviewed in Willenberg et al.**). Our two patients had
undetectably low basal plasma levels of ACTH. The binding of ACTH
to its receptor results in increased intracellular levels of cyclic AMP

Hypertension Research



A/CPAs in primary aldosteronism
HS Willenberg et al

470

case 1

case 2

APA

CPA

NAG

Figure 1 Immunohistochemical analysis of corticotropin receptor (MC2R), angiotensin Il type 1 receptor (AT1R) and 17a-hydroxylase (CYP17) expression in
the patients’ adenomas (a—f) compared to aldosterone- (APA; g—i) and cortisol-producing adenomas (CPA; j-I) and normal human adrenal gland tissue (NAG;
m-p). A positive immunoreaction is indicated by red staining, except for brown in the normal human adrenocortex stained for the ACTH receptor (lower left
panel). The control inset represents a section of normal human adrenal cortex that was treated as the other tissue sections but without adding primary

antibody.

control APA  CPA
— 58KkDa, CYP17A

— 42 kDa, p-actin

Figure 2 Western blot with antibodies to 17a-hydroxylase and B-actin
proteins. Pure cortisol-producing adenomas (CPA) showed a typical band for
17a-hydroxylase (right lane). Pure aldosterone-producing adenomas (APA)
also expressed the 17a -hydroxylase protein.

and expression of steroidogenic factor-1, both of which positively
regulate MC2R.*+*> Therefore, the low ACTH plasma concentrations
in the two patients may explain the low levels of MC2R protein in
both adenomas. Interestingly, the loss of sensitivity of adrenocortical
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cells from CPAs to their tropic stimulus ACTH has also been
demonstrated in vitro,*® whereas in APAs, decreased AT1R expression
and high MC2R expression was observed by us and also by others.*”~>0

The levels of 17a-hydroxylase protein were high in both patients,
pointing to a zona fasciculata cell type. The expression of 17q-
hydroxylase in the tumors of patients with A/CPA has also been
noted by others.?%%¢ In addition, 170-hydroxylase activity is reported
to be similar in APA tissues as compared to normal human adrenal
cortical tissue.’! This is in line with our experimental data showing
that 170-hydroxylase protein immunoreactivity was nearly as high in
patients with A/CPA as in APAs, cortisol-producing adenomas and
normal adrenal cortex. In a study that analyzed RNA expression levels,



however, a higher ratio of CYP17/CYP11B2 messenger RNA was
found in the patient’s A/CPA tumor and in CPAs compared to pure
APAs.% Unfortunately, we were not able to perform expression studies
at the RNA level.

The emergence of an APA from pure zona glomerulosa cells has been
reported on rare occasions only.”> Therefore, immunohistochemistry
for 17a-hydroxylase expression will most likely not result in specific
detection of an A/CPA subtype of PA, as suggested by others.?
Instead, we suggest that laboratory criteria be applied for diagnosing
A/CPA. The presence of an A/CPA should thus be considered if a
patient exhibits both PA, substantiated by confirmatory testing®* and
non-suppressible cortisol in the dexamethasone-suppression test,
elevated urinary free cortisol secretion or suppressed levels of cortico-
tropin.>?

In conclusion, these two cases lend support to the view that A/CPA
constitutes a separate subtype of PA, with specific characteristics to be
heeded during diagnostic and therapeutic procedures.
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