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Aldosterone-producing adenoma is a rare cause of hypertension in children. Only a limited number of cases of aldosterone-producing adenomas with somatic KCNJ5 gene mutations have been described in children. Blacks are particularly more susceptible to developing long-standing cardiovascular effects of aldosterone-induced severe hypertension. Somatic CACNA1D gene mutations are particularly more prevalent in black males whereas KCNJ5 gene mutations are most frequently present in black females. We present here a novel somatic KCNJ5 p.I157S mutation in an aldosterone-producing adenoma from a 16-year-old black female whose severe drug-resistant hypertension significantly improved following unilateral adrenalectomy. Prompt diagnosis of aldosterone-producing adenoma and early identification of gene mutation would enable appropriate therapy and significantly reduce cardiovascular sequelae.
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Introduction

Primary aldosteronism (PA) is the most common secondary cause of hypertension (HTN) with a prevalence between 5-22% of adult hypertensive patients (1, 2). Two forms of PA are the most common presentations: namely aldosterone-producing adenomas (APA) accounting for 30-70% of patients and bilateral zona idiopathic hyperaldosteronism (IAH also accounting for 30-70% of patients with rare cases of unilateral hyperplasia, aldosterone-producing carcinomas and familial hyperaldosteronism accounting for 1-2% (1). Sporadic cases of PA are rare in the pediatric population (3–5). Only a limited number of cases have been reported in the pediatric literature, most of which have been of the familial type 3 (5–7) or presenting with a mosaicism (8) all bearing a mutation of the potassium voltage-gated channel subfamily J member 5 gene (KCNJ5). A somatic mutation of the KCNJ5 gene mutated at p.L168R was first described in a child with moderate to severe hypertension and hypokalemia and low renin with high aldosterone levels by Uchida et al. (3). In addition to mutations of the KCNJ5 channel, calcium (CACNA1D and CACNA1H) and chloride (CLCN2) channel gene mutations have been reported in adults and in familial cases and somatic mutations of the sodium ATPase pump (ATP1A1) and calcium pump (ATP2A3) mutations in adults have been described (9–12). Using a combination of CYP11B2 immunohistochemistry-guided DNA capture with sequencing has resulted in the identification of somatic mutations in approximately 94% of APAs (13). There is a racial and sex difference in the prevalence of the different mutations with KCNJ5 being more common in East Asians and women (10–13). We report here a novel somatic KCNJ5 mutation in a 16-year-old black female with APA whose HTN significantly improved following unilateral adrenalectomy.



Case report

16-year-old black women was noted to be hypertensive while being evaluated for depression. She was referred a year later for recurrent headaches, chronic drug resistant hypertension and persistent hypokalemia. Her therapeutic regimen consisted in lisinopril 40mg daily, amlodipine 10 mg daily, amiloride 15 mg daily, potassium chloride 40 mEq twice daily, labetalol 500 mg three times per day and minoxidil 5 mg. Family history was positive for a maternal uncle with hypertension. On examination, her weight was 98 kg [> 99%], height 178 cm [94%], BMI 36.00kg/m2, heart rate 88 beats per minute and blood pressure (BP) 155/94 mmHg [> 95%]. Pertinent laboratories: serum sodium 142, potassium 2.8, chloride 106, and CO2 content 26 mEq/L. Serum creatinine was 0.80 (estimated GFR 100 mL/mt/1.73m2), and BUN 10 mg/dL. Plasma aldosterone concentration (PAC) was 27.2 ng/dL and plasma renin activity (PRA) <0.6 ng/mL/h with PAC/PRA ratio of >45 [significant > 20]. Cortisol level was 8.7 [normal range (N) 1.7-14.1] μg/dl. Timed urine aldosterone for estimated urine creatinine of 1980 mg was 20 µg/d [N <12]. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) quantification of 29 steroids in the pre-operatory serum was done (14). Serum levels of 18-oxocortisol and 18-hydroxycortisol were clearly elevated (Table 1) (15). Cardiac echocardiogram showed compaction cardiomyopathy. CT abdomen indicated a 1.3 x 2.7 cm right adrenal nodule measuring -16 Hounsfield units suggesting a benign adrenal adenoma. The contralateral adrenal had normal imagen characteristics. At the time of surgery her serum creatinine was 1.0 mg/dL (estimated GFR of 80 mL/mt/1.73m2). Written informed consent was obtained for surgery and pathological and genome studies. Robotic right adrenalectomy was performed, and pathology was consistent with an adrenocortical adenoma. Immunohistochemistry using a CYP11B2 monoclonal antibody (16) showed diffuse staining of the adenoma (APA) (Figures 1A, B) and the presence of at least one aldosterone-producing micronodule (Figure 1C). Genomic DNA samples from formalin-fixed paraffin embedded right adrenal tissue were sent for sequencing for germline or somatic mutations. CYP11B2 (aldosterone synthase) immunohistochemistry-guided targeted next-generation sequencing (NGS) of APA (11) revealed a somatic mutation in the KCNJ5 gene (nucleotide change c.T470G resulting in amino acid change p.I157S), with a variant allele frequency of 33%. The adjacent adrenal did not have the mutation. The results were confirmed by Sanger sequencing (Figure 1D) (11). Post-operatively PAC was < 3.0 ng/dL. Her headaches resolved; her blood pressure significantly improved to 124/69 mmHg [<90%] with normalization of her serum potassium. Six months after her right adrenalectomy BP was 108/63 mm Hg on a single antihypertensive agent and her serum potassium levels remain normal. Her repeat echocardiogram showed no significant change except for slight improvement in the left ventricular ejection fraction.


Table 1 | LC-MS/MS quantification of 29 steroids in serum.






Figure 1 | Panel (A, B) shows CYP11B2 immunohistochemistry demonstrating relative homogenous expression within the adrenal adenoma. Panel (C) shows the presence of an Aldosterone-Producing Cell Clusters. Panel (D) shows the Sanger demonstration of the mutation of nucleotide. *Site of the mutation.





Discussion

HTN in the black population continues to be a significant cardiovascular (CV) risk factor with an overall increase in morbidity and mortality that has led to race specific clinical guidelines (17). African Americans appear to be more susceptible to the blood pressure effects of aldosterone (17). The prevalence of PA in African Americans in comparison to white individuals is not known. The pattern of somatic mutations in APA is different in the various ethnic groups and between sexes (10–13, 18). KCNJ5 mutations are more prevalent in East Asians, American and European white males and in females, including African Americans (10–13, 18), while CACNA1D mutations appear to be more prevalent in African American males (11).

Mutation in the KCNJ5 gene results in increased intracellular calcium concentration which activates the transcription of the aldosterone synthase gene CYP11B2 leading to autonomous aldosterone production (7, 19). Targeting the entire coding region for sequencing of genes mutated in APAs based on the tumor expression of CYP11B2, required for the final steps of aldosterone production, provides more accurate determination of the APA-related somatic mutations than the conventional mutation hot spot sequencing (10–12). Utilizing this technique, we sequenced DNA from the CYP11B2 positive tumor and CYP11B2 negative adjacent normal tissue and demonstrated the presence of somatic KCNJ5 mutation p.I157S in the tumor and not the adjacent normal area. This mutation has been previously characterized and reported only as a germline mutation in two patients from a single family. Both patients had severe primary hyperaldosteronism, early refractory HTN and bilateral massive adrenal hyperplasia (20) A single heterozygous thymine to guanine (T to G) substitution was noted at nucleotide position 470 (c.T470G) which resulted in isoleucine (I) to serine (S) substitution at the amino acid 157 (p.I157S). This mutation close to the channel pore has been shown to result in loss of potassium selectivity, cell membrane depolarization, increased Ca2 entry in adrenal glomerulosa cells and increased aldosterone production (20). A patient with uncontrolled bilateral aldosteronism treated with bilateral adrenalectomy was found to have 11 different adrenal nodules all of which had a disease-causing mutation in the KCNJ5 gene (p.G151R) and no family history of the mutation (8). Deep sequencing showed that 0.23% of germline DNA carried the same variant as the adrenal nodules (8) demonstrating the presence of a low grade mosaicism that manifested only in the adrenal nodules. We did not do deep sequencing but this is unlikely in this patient that had a single unilateral adenoma.

Kidney damage in APA can occur initially with the aldosterone-induced expansion of the intravascular fluid volume which can result in glomerular hyperfiltration. It can then result in intra glomerular hypertension leading to glomerular damage, albuminuria, and compromised kidney function. Our patient had prolonged persistent severe resistant HTN resulting in compromised kidney function that significantly improved following unilateral adrenalectomy. Mineralocorticoid receptor antagonist (MRA) has been shown to be reno-protective but was not initiated until prior to surgery due to the delay in diagnosis of her APA.

The outcome of patients following adrenalectomy for unilateral PA is found to be better in younger patients who were more likely to show complete clinical recovery when compared to older patients. Women as a whole have a greater chance of complete clinical success than men, however complete or partial success was limited in the presence of higher BMI and prior long standing untoward effects of vascular and renal changes resulting from long standing aldosterone induced HTN (21). In a study of Asian population with APA following unilateral adrenalectomy Nishikawa et al. (22) observed that those with a KCNJ5 mutation taking fewer anti hypertensives and with shorter duration of HTN had complete resolution of HTN with significant improvement in their LV hypertrophy when compared to the wild type. Our patient over a six-month period following unilateral adrenalectomy had significant improvement in her HTN requiring only Lisinopril. Her kidney function has also improved significantly being close to her baseline. However, her compaction cardiomyopathy and her LV ejection fraction continues to remain unchanged. Her BMI continues to remain high with her being black potentially contributing to the substantial delay in her successful clinical improvement.

In conclusion unilateral APA should be considered in any child presenting with drug resistant HTN with or without hypokalemia in order to ensure early diagnosis and adrenalectomy that would prevent significant CV sequelae. The identification of somatic and germline mutations will further provide insight into the mechanism of APA and assist in tailoring appropriate therapy particularly in blacks who appear to have higher CV disease morbidity and mortality resulting from autonomous aldosterone secretion.
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