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Abstract: The clinical and aetiological characteristics of family-clustered primary aldosteronism (PA)
are not fully understood and need further exploration. Our study reported a PA case with a family history
accompanied by unusual concomitant disease and explored the genetic background of the affected family
members, thus providing more evidence of the manifestation and pathogenesis of family-clustered PA. We
studied a family with PA in which the proband and her maternal aunt were diagnosed with aldosterone-
producing adenoma (APA) and primary adrenal hyperplasia (PAH), respectively. Apart from the diagnosis of
APA, the proband also had a history of craniopharyngioma. Both patients achieved desirable blood pressure
control and potassium levels after laparoscopic unilateral adrenalectomy. Multiple-gene panel analysis was
applied in both resected adrenal lesions and peripheral blood of the proband to screen potential genetic
variants. Then, the detected variant was verified by Sanger sequencing in her maternal aunt. No phenotype-
related germline mutation was detected in the two affected patients. One somatic nonsense mutation (L168R)
of KCNJ5 was detected in the DNA of resected APA from the proband, whereas her maternal aunt did not
carry the same somatic mutation. Although no identical mutation was found in the two patients, it remains
unknown whether certain unmeasured genetic or epigenetic factors are involved in the development of
family-clustered PA. Further studies focused on PA cases with complex manifestations or with a family
history will be needed to expand our knowledge of the pathogenesis of PA.
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Introduction hyperaldosteronism (FH) (2). FH type I (FH-I), also called

) iy ) . glucocorticoid-remediable aldosteronism (GRA), is caused
Primary aldosteronism (PA) is the most common cause by an unequal cross-over of the CYP11BI gene (encoding
steroid 11B-hydroxylase) and CYPI11B2 gene (encoding

aldosterone synthase) (3). This unequal cross-over leads

of secondary hypertension and has been strongly linked
to an increased risk of cardiovascular events, diabetes

mellitus and metabolic syndrome (1). PA is characterized by to ectopic synthesis of aldosterone through the regulation

aberrant secretion of aldosterone, irrespective of low renin of adrenocorticotropic hormone (ACTH), which could

and angiotensin levels. Its typical clinical features include be inhibited by glucocorticoid management. FH type III

resistant hypertension and hypokalemia. While most PA
cases are sporadic, approximately 5% of all PA patients

show familial inheritance, which is referred to as familial
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(FH-IIT) has been shown to be associated with mutations
in the KCN75 gene (encoding an inwardly rectifying
potassium channel) (4), which causes sodium influx and
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Figure 1 The abdominal computed tomography (CT) scan of the proband patient. CT showing adenoma (max cross-section 1.4 cm x 0.6 cmy;

yellow arrow) in left adrenal gland.

cell depolarization, resulting in constitutive aldosterone
production. The phenotype of FH-IIT shows variability
due to different KCNJ5 mutations. A severe type of FH-III
usually has childhood onset, displays severe hypertension and
hypokalaemia, and is resistant to antihypertensives, including
aldosterone antagonists, while some cases of FH-III exhibit a
mild phenotype and even lack radiologic findings in adrenals.
Some familial PAs are linked to mutations in other ion
channel genes, such as CACNA1H (encoding T-type calcium
channel subunit Cav3.2) and CACNAI1D (encoding L-type
calcium channel subunit Cav1.3) (5,6). There is another
group of inherited PA, which has been referred to as FH
type II (FH-II). Unlike FH-I, they are nonglucocorticoid-
remediable, and negative for GRA gene mutation testing.
FH-II families may display as aldosterone-producing
adenoma (APA) and adrenal hyperplasia, which is clinically
indistinguishable from sporadic PAs. The molecular basis
of FH-II has been studied for decades. It has been reported
that chromosomal region 7p22 is linked to FH-II (7). More
recently, a germline mutation in the CLCN2 gene, which
encodes the inwardly rectifying chloride channel CLC-
2, was identified in some FH-II cases (8). However, there
still remains a group of inherited cases without the CLCN2
mutation and that cannot be explained by known genetic
causes. Therefore, the aetiology of familial PAs still needs
further exploration.

Herein we reported the genetic analyses in two related
PA patients using multiple-gene panel analyses, aiming to
provide more data on PA cases with a family history.

We present the following case in accordance with the
CARE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2392).
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Case presentation

A 36-year-old female was referred to our department on 8
Oct. 2018 for an incidentaloma within the left adrenal gland.
She had undergone open surgery for craniopharyngioma
five years before admission. After the operation, she started
to take prednisone (5 mg/day), L-thyroxine (50 pg/day) and
desmopressin acetate (200 pg/day) as replacement regimens.
Hypertension was found two years later during her regular
follow-up. She began to suffer from intermittent lower
extremity weakness, which was caused by hypokalaemia
(with her lowest serum potassium level at 2.83 mmol/L).
Computed tomography (CT) showed a low-density nodule
(maximum cross-section 1.4 cm x 0.6 ¢cm) in the medial
extremity of the left adrenal gland (Figure I). Her mother had
hypertension and died for unknown reasons. Her maternal
aunt (the sister of her mother) was diagnosed with PA at the
age of 64 (Figure 2).

The blood pressure (BP) of the proband was controlled
at 121-138/86-102 mmHg with nifedipine (30 mg/day).
Serum potassium was 2.84 mmol/L on admission,
with urinary potassium excretion at 62.65 mmol/24 h.
She had a high level of plasma aldosterone, with an
aldosterone-renin ratio (ARR) of 56.8 pg/plU (Table 1),
and postoperative anterior pituitary hypofunction was
observed (Table 1). Catecholamines were within the normal
range (Table 1). The saline infusion test (SIT) showed
unsuppressed aldosterone levels (Table 2). Moreover, a
low-dose dexamethasone inhibition test was performed to
preliminarily exclude GRA. No suppression of aldosterone
levels was observed after 2 days of dexamethasone
administration (0.5 mg/6 h) (Tuble 2).

Selective adrenal venous sampling (AVS) indicated
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Figure 2 Pedigree chart. Numbers below the case indicate the onset age and current age (year), respectively. NA, not available.

Table 1 Hormone profiles of the proband

Table 2 Endocrine function tests of the proband

Parameter Value Reference Test Before After
Aldosterone (pg/mL) 318 0-353.0 Dexamethasone suppression test

Renin activity (uIU/mL) 5.6 4.4-46.1 Cortisol (ug/L) 44 9
ARR 56.8 <30 Aldosterone (pg/mL) 307 326
ACTH (pg/mL) 20.9 7.2-63.3 Saline infusion test (SIT)

Urinary metanephrine (ug/24 h) 51.48 38-266 Cortisol (ug/L) 3.44 3.84
Urinary normetanephrine (ug/24 h) 2,427.11 27-561 Aldosterone (pg/mL) 180 289

ARR, aldosterone-renin ratio; ACTH, adrenocorticotropic
hormone.

lateralized secretion of aldosterone from the left adrenal gland,
with a cortisol-corrected aldosterone ratio of 72 relative to
the right. A laparoscopic left adrenalectomy was subsequently
performed. Macroscopic analysis of the resected adrenal
revealed one single yellow nodule (12 mm x 6 mm x 5 mm),
and microscopic analysis showed zona-fasciculata-like cells,
which are part of the diagnosis of APA (Figure 3). After surgery,
the serum aldosterone and potassium levels were restored to
normal ranges (aldosterone at 21 pg/mL and potassium at
4.13 mmol/L), and blood pressure was well maintained
without antihypertensives. The patient also reported relief of
lower limb fatigue and improvement in quality of life.

The proband’s aunt was diagnosed with hypertension at
the age of 59. Despite the combined use of calcium channel
blockers, angiotensin receptor blockers and diuretics, her
blood pressure remained high (150-160/80-90 mmHg). At
the age of 64, she was investigated for possible secondary
hypertension. Abdominal CT revealed nodular hyperplasia
in the left adrenal gland (Figure 44), and the PA screening
test showed a plasma aldosterone level of 479 pg/mL (normal
range <353.0 pg/mL) with an ARR ratio of 41.24 pg/pIU.
Although the patient claimed no symptoms of weakness,
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biochemical tests showed a low serum potassium level
of 3.16 mmol/L. Laparoscopic adrenalectomy revealed
extensive nodular hyperplasia in the left adrenal gland
(Figure 4B). Satisfactory blood pressure was achieved by a
single antihypertensive after surgery.

Concerning family aggregation, we further explored the
genetic profiles in these two patients. A panel of 5,000 genes
involved in endocrine and metabolic diseases was analysed
by exon-capture high-throughput sequencing (EC-HTS)
using the Illumina HiSeq platform (https://cdn.amegroups.
cn/static/public/apm-20-2392-1.xIsx). The results revealed a
somatic KCN75 mutation ¢.503T>G (p. Leul68Arg) in the
resected nodule (Figure 5). No germline mutations related
to PA were detected. Sanger sequencing of DNA samples
from both blood and resected adrenal lesions was applied
to her aunt for verification, and no suspected mutation was
detected.

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the ethics committee of Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology
(IRB ID: TJ-C20210103) and with the Helsinki Declaration
(as revised in 2013). Written informed consent was obtained
from the patient.

Ann Palliat Med 2021;10(7):8378-8383 | http://dx.doi.org/10.21037/apm-20-2392


https://cdn.amegroups.cn/static/public/apm-20-2392-1.xlsx
https://cdn.amegroups.cn/static/public/apm-20-2392-1.xlsx

Annals of Palliative Medicine, Vol 10, No 7 July 2021 8381

AR e Mo A

ISR e AR CH T Py

Figure 3 The photograph of surgical specimen of the proband patient. Hematoxylin and eosin (H&E) stain of paraffin embedded adenoma
tissue (x100).

Figure 4 The abdominal computed tomography (CT) scan and photograph of surgical specimen of the maternal aunt of the patient. (A) CT
showing nodular hyperplasia in the left adrenal gland (yellow arrow). (B) Hematoxylin and eosin (H&E) stain of paraffin embedded resected
adrenal tissue showing nodular hyperplasia of the adrenal cortex (x100).
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Figure 5 Gene analysis on the resected adenoma tissue of the proband. Gene analysis of KCN75 revealed a missense mutation from CTC to

CGC at codon 168, leading to a substitution of leucine to arginine.

Discussion no germline mutation was found in this family, a somatic

Currently, the genetic causes of a great number of familial KCNJ5 mutation (L168R) was detected in one of the

PA cases are still unknown. In our study, we investigated affected cases with APA.

the genetic alterations in a family affected by PA. Although Regarding FH, it is expected that the affected family
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members share the same germline mutation. However, no
pathogenic germline mutation was detected in our cases,
and thus it could not explain the hereditary pattern in
this family. Our observation was in line with the study by
Mulatero et al. (9), which investigated KCNJ5 mutations
in several European families with nonglucocorticoid
remediable form of FH. They observed only somatic
mutations, instead of germline mutations, in certain
patients other than their affected family members. One
possible explanation is that those patients in one family
were occasionally sporadic forms of PA. For a long time, the
diagnosis of FH-II was made based on two or more affected
family members suffering PA without identified pathogenic
gene mutations. Currently, as more accessible and efficient
screenings are being performed, the incidence of PA has
been largely underestimated (10). In our report, there is no
sufficient evidence for these two cases being familial. Thus,
they could possibly be sporadic PAs. Nevertheless, genetic
factors cannot fully explain the inheritance of PA. Previous
studies have shown aberrant DNA methylation status
in adrenocortical adenoma and APA (11-14), indicating
epigenetic factors could be taken into consideration during
the etiological investigations.

In our report, the patient with APA showed a complex
clinical presentation, as she had a prior diagnosis
of craniopharyngioma and followed postoperative
hypopituitarism. Currently, no evident connection has
been made between craniopharyngioma and PA, and
further evidence will be needed to explore the possible link
between these two diseases. Moreover, hypopituitarism
may worth consideration in the reported case, as several
pituitary hormones have been shown to be involved in the
coordination of aldosterone secretion. Notably, ACTH is
one of the physiological regulators of aldosterone production
in addition to potassium and angiotensin II. Several studies
have demonstrated endogenous ACTH as an important
aldosterone secretagogue in PA (15), and a low-dose
dexamethasone application (0.75-2.0mg/d for 2 days) could
decrease aldosterone levels by a mean of 49% in a group
of 15 patients with APA (16). In addition, vasopressin and
TSH both have stimulating effects on aldosterone secretion
(17,18). In the current APA patient, low pituitary hormones,
including ACTH, TSH and vasopressin, were expected
and reflected by symptom manifestation and laboratory
tests. Despite the usage of a low-dose vasopressin analogue,
it is speculated that this physiological dosage might not
significantly affect aldosterone secretion, especially its
reaction to SIT. Therefore, the PA diagnosis seems not to

© Annals of Palliative Medicine. All rights reserved.

be affected by hypopituitarism. However, whether these
hormone changes trigger subsequent pathologic changes and
drive APA formation still needs further exploration.

Our study suggests that further studies focusing on
PA cases with unusual presentations warrant further
exploration.
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