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ABSTRACT: Cushing’s syndrome and pheochromocytomas (PCCs) are associated with endocrine hypertension. Cortisol-producing adrenal
adenomas are a major cause of Cushing’s syndrome. Simultaneous occurrence of cortisol-producing adrenal adenomas and PCCs is rare.
Additionally, a PCC generally produces catecholamines in proportion to its size; therefore, micro-PCCs are rarely found in clinical practice. It
is unknown whether micro-PCCs produce excess catecholamines during the pre-biochemical phase. Herein, we report the case of a 53-year-
old woman who was referred to our hospital for further evaluation of left adrenal incidentaloma. She had been suffering from hypertension for
7 years. Endocrine tests indicated autonomous cortisol secretion, and she was diagnosed with cortisol-producing adrenal adenoma. A
laparoscopic left adrenalectomy was performed. The final pathological examination revealed an adrenocortical adenoma measuring 26 X 24 mm.
In addition, a micro-PCC measuring 3 X 2mm was incidentally found near the cortisol-secreting adrenal adenoma in the ipsilateral adrenal
gland. All catecholamine biosynthetic enzymes, tyrosine hydroxylase, aromatic L-amino acid decarboxylase, dopamine B-hydroxylase, and
phenyl ethanolamine N-methyltransferase, were detected in this micro-PCC by immunohistochemical analyses. Although catecholamine levels
were not biochemically elevated, the PCC expressed catecholamine biosynthetic enzymes. This is the first immunohistochemical report to
show that a micro-PCC produces excess catecholamines in the pre-biochemical phase.
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Introduction

Cushing’s syndrome comprises of symptoms and signs associ-
ated with prolonged exposure to inappropriately elevated levels
of free glucocorticoids in plasma. Cortisol-secreting adrenal
adenomas are responsible for approximately 10% to 15% of
Cushing’s syndrome cases.! On the other hand, pheochromo-
cytomas (PCCs) are tumors arising from chromaffin cells of
the adrenal medulla that commonly produce catecholamines
(epinephrine, norepinephrine, and dopamine).? Both Cushing’s
syndrome and PCCs are associated with endocrine hyperten-
sion. However, simultaneous occurrence of a cortisol-secreting
adenoma and PCC in the ipsilateral adrenal gland is extremely
rare.

A PCC generally produces catecholamines in proportion to
its size.> Therefore, micro-PCCs are rarely found, particularly
in non-hereditary patients. Adrenal medullary nodules less
than 1cm in size were previously classified as hyperplasia.*
However, recent molecular analyses suggest that such small
nodules are, in fact, considered micro-PCCs that may exhibit
malignant biological behavior.2>¢

Serological and histological assessments of the production
of adrenaline, noradrenaline, and dopamine are important for
endocrinologists in predicting patient prognosis.” The type of

catecholamine produced is associated with the degree of func-
tional differentiation of tumor cells. PCCs that produce only
norepinephrine and/or dopamine have a low degree of differ-
entiation and are thought to exhibit higher risk of metastatic
events.® In addition, for hereditary PCCs and paragangliomas
(PPGLs), identification of the type of catecholamine produced
helps predict genetic variations.” !

It is unknown whether micro-PCCs produce excess cat-
echolamines in the pre-biochemical phase because clinically
silent micro-PCCs are rarely found in clinical practice. Herein,
we report a case of a small PCC that was incidentally identified
after laparoscopic adrenalectomy for cortisol-secreting adrenal
adenoma. We evaluated the production of catecholamines by
immunohistochemical analysis.

Case Report

A 53-year-old woman was referred to our hospital for further
evaluation of a left adrenal mass that grew from 1 to 2cm in a
year. She had hypertension and dyslipidemia for 7years and
was prescribed amlodipine and pravastatin, for the respective
conditions. She had no history of diabetes mellitus. She had no
family history of endocrine hypertension including Cushing’s
syndrome and PPGLs. In addition, she had no family history
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Figure 1. Chemical shift magnetic resonance imaging (MRI) showing a heterogeneous adrenal mass with a diameter of 23mm. The adrenal mass
showed a mottled loss of signal intensity from the in-phase (a) to opposed-phase (b) MR images.

of multiple endocrine neoplasia type 2 (MEN2) or MEN2-
related diseases, for instance, medullary thyroid carcinoma, pri-
mary hyperparathyroidism, and submucosal neuroma. The
patient did not exhibit features of Cushing’s syndrome. Also,
the patient had no spell-related symptoms or chronic symp-
toms associated with PCC. Her systolic blood pressure varied
from 125 to 155 mmHg, and orthostatic hypotension was not
observed. Her weight was 69kg, and body mass index was
29.8kg/m?. Magnetic resonance imaging (MRI) revealed a
heterogeneous left adrenal mass with a diameter of 23 mm
(Figure 1). »’I-metaiodobenzylguanidine (*2’I-MIBG) scin-
tigraphy did not indicate increased uptake in the adrenal mass.
Laboratory studies revealed that the serum catecholamine and
urinary metanephrine levels were within the normal range. The
serum adrenocorticotropic hormone (ACTH) level was rela-
tively low, and serum cortisol levels were not suppressed after
the 1 mg overnight dexamethasone suppression test (DST). In
addition, after an 8 mg overnight DST, the serum cortisol level
was above 1 pg/dL (Table 1). Neither plasma fractionated cat-
echolamines nor fractionated metanephrines of a spot urine
were elevated, hence the 24-hour-urinary test was not per-
formed according to the guideline in Japan.!? Plasma free
metanephrines was not covered by health insurance in Japan at
the time, so they were not available. These findings indicated a
cortisol-producing adrenal adenoma; hence, a laparoscopic left
adrenalectomy was performed. No hemodynamic instability
was observed during anesthesia induction. Corticosteroid
replacement was initiated immediately after removal of the
adrenal gland. Postoperatively, her systolic blood pressure
improved to 120 mmHg and stabilized.

The final pathology revealed an adrenocortical adenoma
measuring 26 X 24mm, in which clear and dense cells coex-
isted (Figure 2a, b, and d). Lipomatous changes were observed
in some adenoma areas (Figure 2e). The lipomatous elements
were not accompanied by hematopoietic cells, so the diagnosis
of myelolipoma was abandoned.!® The attached adrenal cortex

was atrophic, consistent with the autonomous cortisol secretion
by the adenoma.

In addition to the adrenocortical adenoma, a small nodule,
3 X 2mm in size, was incidentally found in the ipsilateral adre-
nal medulla (Figure 2a, ¢, and f). Chromogranin A-positive
atypical medulla cells proliferated and were arranged in the
“zellballen” pattern (Figure 2g and h). The nodule was diag-
nosed as micro-PCC. Cellularity was moderate (150-
250cells/U), and comedo necrosis was absent. No vascular or
capsular invasion was observed. The Ki67 labeling index was
<1% (Figure 2i). Immunohistochemical analyses of the cat-
echolamine biosynthetic enzymestyrosine hydroxylase (TH;
F-11, sc-25269, Santa Cruz Biotechnology, Dallas, USA), aro-
matic L-amino acid decarboxylase (AADC; 8ES, sc-293287,
Santa Cruz Biotechnology), dopamine B-hydroxylase (DBH;
ab189991, Abcam ple, Cambridge, UK), and phenylethanola-
mine N-methyltransferase (PNMT; C-7, sc-393995, Santa
Cruz Biotechnology) were performed. All of these enzymes
were detected in the micro-PCC (Figure 3). The intensity of
anti-T'H staining was higher in the micro-PCC lesion than in
the normal medulla (Figure 4a), whereas the intensity of anti-
DBH, AADC, and PNMT staining did not differ significantly
between these 2 regions (Figure 4b-d).

Discussion
A micro-PCC was incidentally identified after laparoscopic
adrenalectomy for cortisol-secreting adrenal adenoma. We
could not predict the presence of micro-PCC based on endo-
crinological laboratory tests, and it was too small to be detected
by imaging examinations. The levels of urinary fractionated
metanephrines did not change after surgery; therefore, we
could not retrospectively identify excess catecholamine pro-
ductions. The micro-PCC was considered to be in the pre-
biochemical phase.

In contrast, positive immunohistochemical staining for all
catecholamine biosynthetic enzymes, TH, DBH, AADC, and
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Table 1. Laboratory studies.

BEFORE SURGERY

Blood
Cortisol (0800h) 7.2ug/dL
ACTH 2.2pg/mL
DHEA-Sa 13pug/dL
Adrenaline 0.03ng/mL
Noradrenaline 0.24ng/mL
Dopamine 0.01ng/mL
PRAP 1.6ng/mL/h
PACe (RIA) 741 pg/mL
Calcitonin —
CEAd —
Urine
Metanephrine 0.09mg/gCr
Normetanephrine 0.20mg/gCr
Free cortisol 24 h 63ug/d
Overnight DST (Cortisol)
Low dose (1 mg) 6.69 ng/dL
High dose (8 mg) 7.98 ng/dL

CRH test (ACTH, Cortisol)

Omin 1.7pg/mL, 6.8 ng/dL
15min 5.4pg/mL, 8.1 ug/dL
30min 4.7pg/mL, 10.7 ug/dL
60min 4.4pg/mL, 10.9 ng/dL
90min 4.8pg/mL, 11.1 pg/dL
120 min 4.5pg/mL, 10.3 ug/dL

aDehydroepiandrosterone sulfate.
bPlasma renin activity.

cPlasma aldosterone concentration.
dCarcinoembryonic antigen.

PNMT, indicated the ability of the tumor to produce catecho-
lamines.'* TH, a rate-determining enzyme in the catechola-
mine synthetic pathway, is expressed in proportion to
catecholamine production.? The higher expression of TH indi-
cated that the chromaffin cells in micro-PCC autonomously
produced a larger amount of catecholamines.'>1 In addition, it
can be presumed that the synthesized catecholamine was epi-
nephrine based on the positive immunostaining of PNMT, an
enzyme that converts norepinephrine to epinephrine.’®

The simultaneous occurrence of a cortisol-producing ade-
noma and PCC distantly within the ipsilateral adrenal gland is
extremely rare. To the best of our knowledge, 4 cases have been

AFTER SURGERY REFERENCE VALUES

1.25ug/dL 6.24-18.0 ng/dL
4.9pg/mL 7.2-63.3pg/mL
<2ug/dL 8-188 ug/dL

— 0.00-0.10ng/mL
— 0.10-0.50ng/mL
— 0.00-0.03ng/mL
— 0.2-2.7ng/mL/h
— 29.9-159 pg/mL
<0.5pg/mL <6.5pg/mL
1.1ng/mL 0.0-5.0ng/mL
0.06 mg/gCr 0.04-0.18mg/d
0.47mg/gCr 0.10-0.28 mg/d

_ 26.0-187.0 ug/d

reported in the English literature (Table 2).1720 All patients
were middle-aged, but the reason for this is unclear. Their sex,
clinical presentations, and laboratory data varied.

Regarding the diagnosis of micro-PCC, the 2022 WHO
classification states that adrenal medullary hyperplasia is very
hard to diagnose in the condition of excess glucocorticoids.
This is because adrenal medulla may look diffusely expanded
due to atrophy of the adrenal cortex.? In our case, the lesion site
in the adrenal medulla seemed to be nodular, so we considered
it a micro-PCC.

Whether this patient had a hereditary PCC is a clinically
important issue. Micro-PCCs that look similar to our case are
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Figure 2. (a) Positional relationship of the adrenocortical adenoma (arrow) and micro-pheochromocytoma (arrowhead). Sectional views of (b) the
adrenocortical adenoma and (c) the micro-pheochromocytoma. (d) Hematoxylin-eosin (HE) staining of the adrenocortical adenoma (x200). Clear cells
and dense cells coexisted. (e) Lipomatous changes were observed in some parts of the adenoma (x40). (f) HE staining of the micro-pheochromocytoma
(X20). (g) HE staining of the micro-pheochromocytoma (x200). (h) Chromogranin A expression of the micro-pheochromocytoma (<200). (i) Positive
reactivity for MIB-1 was found in less than 1% of the micro-pheochromocytoma (x400).
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Figure 3. Immunohistochemical staining of the micro-pheochromocytoma with (a) tyrosine hydroxylase (TH), (b) aromatic L-amino acid decarboxylase
(AADC), (c) dopamine B-hydroxylase (DBH), and (d) phenylethanolamine N-methyltransferase (PNMT) antibodies (X100). The primary antibodies were
mouse monoclonal antibodies: anti-TH, F-11, sc-25269; anti-DDC, 8E8, sc-293287; and anti-PNMT, C-7, sc-393995, from Santa Cruz Biotechnology,
Dallas, USA, and the anti-DBH goat polyclonal antibody, ab189991, from Abcam plc, Cambridge, UK. Dashed lines show boundaries between the normal
adrenal medulla (m) and micro-pheochromocytoma (p). The letter c indicates the adrenal cortex.
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Figure 4. Catecholamine biosynthetic enzyme expression in the normal medulla and micro-pheochromocytoma (PCC). Values are shown as percentages
of the stained area. Panels (a), (b), (c), and (d) correspond to those in Figure 3.
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Table 2. Review of 4 cases of cortisol-producing adenoma and pheochromocytoma in the same gland (compared to the present case).

CSc FEATURES

BIOCHEMICAL
CS

BIOCHEMICAL
PHEOH

REFERENCE

AGE SEX SYMPTOMS HT2
1 55 M Yes Yes Yes
2 54 M Unknown Unknown Unknown
3 43 F Yes No No
4 51 F No Yes Yes
5 53 F No Yes No
aHypertension.

bDiabetes mellitus.
°Cushing’s syndrome.
dPheochromocytoma.

commonly observed in MEN2.2 We did not consider our case
to be MEN2 because of the lack of family history and the
absence of medullary thyroid carcinoma, which is usually
observed from younger age with high-penetrance.

The adrenal cortex and medulla interact with each other in
the local environment.?!"23 In our case, glucocorticoids secreted
by the adrenocortical adenoma could have contributed to the
formation of micro-PCC in the medulla. On the other hand,
excess catecholamines produced by micro-PCC may have
stimulated the adrenocortical adenoma and increased gluco-
corticoid production. Consequently, increased glucocorticoids
could have contributed to the formation of lipomatous changes.
We can only state that this micro-pheochromocytoma was
catecholamine-producing by the fact that immunohistochemi-
cal markers are positive for catecholamine biosynthetic
enzymes. If catecholamine over-secretion of this micro-PCC
had been proven, we could make this hypothesis more certain.
However, excess of catecholamine secretion cannot be proved
because it was not detected in laboratory and imaging exami-
nations preoperatively. Unfortunately, we could not determine
catecholamine over-secretion postoperatively.

It is unclear whether micro-PCCs produce catecholamines
in the pre-biochemical phase because a silent micro-PCC is
rarely found in clinical practice. This is the first immunohisto-
chemical report of a micro-PCC in the pre-biochemical phase
that produced catecholamines.

Declarations

Ethics Approval and Consent to Participate
At the author’s institution, case reports are deemed not to con-
stitute research, and ethics approval is not required.

Consent for Publication

Informed consent for publication of this manuscript was
obtained orally from the patient in the doctor’s office. It was
clearly explained to the patient that her past medical history,
the results of examinations, and her operation records. The
patient fully agreed about the case report. Informed consent

Yes, mild Unknown Unknown Nakada et al'®
Unknown Unknown Unknown Tumer et al'®
No Yes No Cope et al'”

No Yes Yes Bisceglia et al'®
No Yes No Current report

was obtained orally because, although the author intended to
write a case report, she did not know exactly when she would
do so.

Author Contributions

Kimiko Sakai: Conceptualization; Data curation; Writing—
original draft. Mai Asano: Project administration; Writing—
review & editing. Masahide Hamaguchi: Methodology;
Supervision; Writing—review & editing. Hidefumi Taniguchi:
Investigation. Osamu Ukimura: Investigation; Supervision.
Michiaki Fukui: Project administration; Supervision.

Acknowledgements
We would like to thank Editage (www.editage.com) for their
English language editing.

Awvailability of Data and Materials

All data generated during this study are included in this pub-
lished article.

ORCID iD

Kimiko Sakai https://orcid.org/0000-0002-8901-2723

REFERENCES

1. Samuels MH, Loriaux DL. Cushing’s syndrome and the nodular adrenal gland.
Endocrinol Metab Clin North Am. 1994;23:555-569.

2. Mete O, Asa SL, Gill AJ, Kimura N, de Krijger RR, Tischler A. Overview of the
2022 WHO classification of paragangliomas and pheochromocytomas. Endocr
Pathol. 2022;33:90-114.

3. Kimura N, MiuraY, Nagatsu I, Nagura H. Catecholamine synthesizing enzymes
in 70 cases of functioning and non-functioning phaeochromocytoma and extra-
adrenal paraganglioma. Virchows Arch A Pathol Anat Histopathol. 1992;
421:25-32.

4. Carney JA, Sizemore GW, Sheps SG. Adrenal medullary disease in multiple
endocrine neoplasia, type 2: pheochromocytoma and its precursors. Am J Clin
Pathol. 1976;66:279-290.

5. Korpershoek E, Petri B], Post E, et al. Adrenal medullary hyperplasia is a pre-
cursor lesion for pheochromocytoma in MEN2 syndrome. Neoplasia.
2014;16:868-873.

6. Falhammar H, Stenman A, Calissendorff ], Juhlin CC. Presentation, treatment,
histology, and outcomes in adrenal medullary hyperplasia compared with pheo-
chromocytoma. J Endocr Soc. 2019;3:1518-1530.

7. Lenders JWM, Duh QY, Eisenhofer G, et al.; Endocrine Society. Pheochromo-
cytoma and Paraganglioma: an endocrine society clinical practice guideline. J
Clin Endocrinol Metab. 2014;99:1915-1942.


www.editage.com
https://orcid.org/0000-0002-8901-2723

Sakai et al

10.

11.

12.

13.

14.

15.

Korevaar TI, Grossman AB. Pheochromocytomas and paragangliomas: assess-
ment of malignant potential. Endocrine. 2011;40:354-365.

Eisenhofer G, Huynh TT, Hiroi M, Pacak K. Understanding catecholamine
metabolism as a guide to the biochemical diagnosis of pheochromocytoma. Rew
Endocr Metab Disord. 2001;2:297-311.

Eisenhofer G, Lenders JWM, Timmers H, et al. Measurements of plasma
methoxytyramine, normetanephrine, and metanephrine as discriminators of
different hereditary forms of pheochromocytoma. Clin Chem. 2011;57:
411-420.

Burnichon N, Cascén A, Schiavi F, et al. MAX mutations cause hereditary and
sporadic pheochromocytoma and paraganglioma. Clin Cancer Res. 2012;18:
2828-2837.

Naruse M, Katabami T, Tanabe A. Clinical practice guideline of pheochromo-
cytoma and paraganglioma. Folia Endocrinologica Japonica. 2018;94(suppl):1-90.
Jan C, Carl CJ, Anders S, Irina B, Henrik F. Adrenal myelolipomas. Lancet
Diabetes Endocrinol. 2021;9:767-775.

Isobe K, Nakai T, Yukimasa N, Nanmoku T, Takekoshi K, Nomura F. Expres-
sion of mRNA coding for four catecholamine-synthesizing enzymes in human
adrenal pheochromocytomas. Eur J Endocrinol. 1998;138:383-387.

Nakada T, Furuta H, Katayama T. Catecholamine metabolism in pheochromo-
cytoma and normal adrenal medullae. J Urol. 1988;140:1348-1351.

16.

17.

18.

19.

20.

21.

22.

23.

Timer N, Brown JW, Carballeira A, Fishman LM. Tyrosine hydroxylase gene
expression in varying forms of human pheochromocytoma. Life Sci. 1996;59:
1659-1665.

Cope O, Labbe JP, Raker JW, Bland EF. Pheochromocytoma and adrenal
cortical adenoma; report of a case with both tumors and discussion of their
relation. J Clin Endocrinol Metab. 1952;12:875-880.

Bisceglia M, Nirchio V, Attino V, Di Cerbo A, Mantovani W, Pasquinelli G.
“Black adenoma” associated with medullary nodular hyperplasia in the ipsilateral
adrenal gland. Case report and review of the literature regarding “mixed”
cortico-medullary pathology. Pathologica. 1998;90:306-312.

Kastelan D, Ravic KG, Cacic M, et al. Severe postoperative hypoglycemia in a
patient with pheochromocytoma and preclinical cushing’s syndrome. Med Sci
Monit. 2007;13:CS34-CS37.

Hwang WR, Ma WY, Tso AL, Pan CC, Chang YH, Lin HD. Pheochromocy-
toma and adrenocortical adenoma in the same gland. J Chin Med Assoc. 2007,
70:289-293.

Van Nederveen FH, de Krijger RR. Precursor lesions of the adrenal gland.
Pathobiology. 2007;74:285-290.

Haase M, Willenberg HS, Bornstein SR. Update on the corticomedullary inter-
action in the adrenal gland. Endocr Dev. 2011;20:28-37.

Constantinescu G, Langton K, Conrad C, etal. Glucocorticoid excess in
patients with pheochromocytoma compared with paraganglioma and other
forms of hypertension. J Clin Endocrinol Metab. 2020;105:¢3374-¢3383.



