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Established Facts

Pneumocystis jiroveci.

o McCune-Albright syndrome (MAS) is caused by postzygotic somatic mutations of the GNAS gene.
o A few cases of Cushing’s syndrome in the context of MAS exhibited resolution with ketoconazole.
o The early mortality in Cushing’s syndrome due to MAS is due to opportunistic infections, especially
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conazole treatment.

o A de novo heterozygous novel missense GNAS mutation in the patient’s peripheral leukocytes was re-
ported. This novel GNAS mutation is the presumed cause of infantile Cushing’s syndrome.
o The patient experienced clinical and biochemical improvement of Cushing’s syndrome during keto-

o Pulmonary and venous thromboembolism with shortened activated partial thromboplastin time indi-
cating a hypercoagulable state was identified in this case. This could be another life-threatening com-
plication in patients with Cushing’s syndrome. Whether thromboembolism prophylaxis in patients
with Cushing’s syndrome is warranted requires further investigation.

o Autonomous ovarian function was apparently suppressed or masked by ketoconazole.
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Abstract

Infantile Cushing’s syndrome is potentially found as part of
McCune-Albright syndrome (MAS) which is caused by
postzygotic somatic mutations of the GNAS gene. MAS is typ-

ically characterized by a triad of polyostotic fibrous dyspla-
sia, café-au-lait skin pigmentation, and precocious puberty
or other endocrine hyperfunction. Here, we describe a
2-month-old female infant with features of Cushing’s syn-
drome without café au lait spots, polyostotic fibrous dyspla-
sia, and clinical evidence of other endocrine hyperfunction.
Investigations demonstrated adrenocorticotropic hormone-
independent Cushing’s syndrome with bilateral adrenal
gland enlargement. Whole-exome sequencing of leukocytes
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identified a de novo heterozygous novel missense mutation
(c.521G>A, p.Cys174Tyr) in the GNAS gene. The patient ex-
perienced clinical improvement of Cushing’s syndrome dur-
ing ketoconazole treatment. Her clinical course was compli-
cated by Pneumocystis jiroveci pneumonia. She also had
shortened activated partial thromboplastin time indicating
a hypercoagulable state and resulting in pulmonary embo-
lism. She eventually manifested gonadotropin-independent
precocious puberty at the age of 13 months after ketoco-
nazole was discontinued. This patient demonstrated that
Cushing syndrome can be the presenting sign of MAS in in-
fancy. A high index of suspicion followed by genetic analysis
is essential in order to establish a diagnosis.

© 2019 S. Karger AG, Basel

Infantile Cushing’s syndrome is potentially found as
part of McCune-Albright syndrome (MAS), which is
caused by postzygotic somatic activating mutations of
GNAS [1]. GNAS encodes the G,a subunit of the G-pro-
tein-coupled receptor. Postzygotic somatic activating
mutations of the GNAS gene lead to a mosaic distribu-
tion of cells bearing constitutively active adenylate cy-
clase [2]. MAS is a heterogeneous disorder which is typ-
ically characterized by the triad of polyostotic fibrous
dysplasia, café au lait macules, and precocious puberty
or other endocrine hyperfunction [2, 3]. However, a
number of atypical or partial presentations in MAS pa-
tients have been reported [2]. Isolated infantile Cush-
ing’s syndrome due to MAS without the classic triad has
been rarely described [2, 4]. Systemic involvements such
as hyperbilirubinemia, hepatomegaly, hepatitis, and
cardiomyopathy were also previously described in in-
fantile Cushing’s syndrome [5-9].

We report on a female infant who initially presented
with isolated Cushing’s syndrome and subsequently
manifested gonadotropin-independent precocious pu-
berty (GIPP) caused by a novel GNAS mutation.

Case Report

A 2-month-old female infant who was vaginally born after an
uneventful pregnancy at gestational age of 36 weeks with a birth
weight of 1,800 g was referred due to generalized edema. Her par-
ents are non-consanguineous and healthy. Physical examination
revealed weight 3 kg (-3.3 SD), length 46 cm (-5.25 SD), head cir-
cumference 33 cm (-4 SD), moon-shaped face, generalized fat ac-
cumulation especially at the dorsocervical and supraclavicular re-
gions, hypertrichosis on the forehead, and hypotonia (Fig. 1). Her
blood pressure was elevated (120/70 mm Hg, above the 95th cen-
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Fig. 1. a, b Clinical manifestations including Cushingoid appear-
ance and hypertrichosis at 2 months of age. ¢ Clinical resolution of
Cushing’s syndrome during ketoconazole treatment at the age of
1 year except for the thin limbs.

tile). Café au lait spots were absent. She did not have breast devel-
opment, violaceous striae, acne, or clitoromegaly. Investigations at
the age of 2 months showed a serum midnight cortisol of 13.4 ug/
dL (<4.4) and an adrenocorticotropic hormone (ACTH) of 2 pg/
mL (7.2-63.3). Overnight low-dose dexamethasone suppression
test (15 pg/kg, 45 pg in this case) [1, 10] showed cortisol at 24.48
pg/dL (<1.8) at 8:00 a.m. the next morning [1]. These results were
consistent with the diagnosis of ACTH-independent Cushing’s
syndrome. An abdominal computed tomography scan revealed bi-
lateral adrenal gland enlargement and medullary nephrocalcino-
sis. She also had severe hypercalcemia (total calcium 14-15 mg/dL,
reference range 8.6-10.2) with a parathyroid hormone level of 12
pg/mL (10-65), 25 hydroxyvitamin D 23.7 ng/mL (>30), and urine
calcium creatinine ratio of 1.31 (<0.8). A skeletal survey did not
identify fibrous dysplasia (Fig. 2). Other laboratory investigations
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were normal including TSH 1.090 uIU/mL (1.7-9.1), free T, 2.06
ng/dL (0.9-2.2), free T5 4.60 pg/mL (1-6.4), phosphorus 4.4 mg/
dL (4-7) with tubular reabsorption of phosphate of 82% (85-95%),
alkaline phosphatase 196 U/L (122-469), blood sugar 104 mg/dL,
AST 34 (8-48), ALT 56 U/L (7-55), total bilirubin 0.18 (<5), and
direct bilirubin 0.05 mg/dL (<0.4). To differentiate the cause of
bilateral adrenocortical hyperplasia, Liddle test was performed at
the age of 3 months, low-dose dexamethasone (30 pg/kg/dose;
maximum 0.5 mg/dose, 90 ug in this case) every 6 h for 8 doses,
followed by the high-dose dexamethasone (120 pg/kg/dose, maxi-
mum 2 mg/dose, 360 ug in this case) every 6 h for 8 doses) [11].
Serum cortisol levels at 8:00 a.m. the next morning were non-sup-
pressible on low- and high-dose dexamethasone suppression tests,
42 and 37 pg/dL, respectively. Urinary free cortisol showed no par-
adoxical increase in cortisol excretion in response to dexametha-
sone (1,458 ug/g Cr on baseline [7-25] and 442 pg/g Cr on high-
dose dexamethasone) (an increase in urine free cortisol values of
50% or more is consistent with primary pigmented nodular adre-
nocortical disease). Echocardiography, which was carried out to
evaluate systemic involvement of MAS, revealed no cardiomyopa-
thy.

Whole-Exome Sequencing

The study was exempted by the Institutional Review Board of
Faculty of Medicine, Chiang Mai University, Thailand. Blood sam-
ples from the patient and her parents were collected. Whole-exome
sequencing (WES) was performed using high-quality genomic
DNA extracted from peripheral leukocytes by Puregene Blood Kit,
Qiagen. The genomic DNA was sent to Macrogen Inc., Seoul, Ko-
rea, for next-generation sequencing. DNA was captured on the
TruSeqExome Enrichment Kit (Illumina) and subsequently se-
quenced on the Hiseq4000 instrument. Sequence reads were
mapped against UCSC hg19 using BWA software (http://bio-bwa.
source forge.net/). The single-nucleotide polymorphisms and In-
dels were detected by SAMTOOLS (http://samtools.source forge.
net/) and annotated by dbSNP&1000G. Trio-WES analysis was
performed, and all SNVs and Indels were filtered by the following
filtering criteria: (1) located in exons or flanking introns of the
genes reported to cause or be related to Cushing’s syndrome, e.g.
AIP, BAGI, BMP-4, CCNA1, CCND1, CCND3, CCNE, CDKNla,
CDKNI1B, CDKN2A, CDKN2B, CDKN2¢c, CMPtk, EGFR, FGFR2,
FR, GADD-45, GNAS, LAPTM4B, MAGE-A3, MEG3a, MENI,
ODC, Pdt-FGFR4, PIK3CA, PKC, PRKARIA, PTAG, PTTG, RAS,
RBI1, WIF-1, ZACI; (2) non-synonymous; (3) rare with 1000G mi-
nor allele frequency of less than 1%, <10 in the Exome Aggregation
Consortium (ExAC) database, and <1% in 1,084 Thai exome con-
trols; (4) predicted to be damaging by SIFT and Polyphen if the
variant is a missense; and (5) related to the phenotype of the patient.
Amino acid conservation was analyzed using Ensembl Orthologue
alignment (https://doi.org/10.1093/database/bav096).

Results

A de novo heterozygous novel missense ¢.521G>A
(p-Cys174Tyr) mutation in the GNAS gene was identified
in leukocytes by trio-WES analysis. This ¢.521G>A muta-
tion leads to an amino acid substitution in codon 174
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Fig. 2. Skeletal survey in this case did not demonstrate fibrous dys-
plasia.

(NM_000516.5) from cysteine to tyrosine. Several lines of
evidence suggest this variant as a disease-causing muta-
tion. It was not identified in the 1,084 in-house Thai
exomes. The cysteine residue at codon 174 is located in
the domain involved in the interaction with the adenylate
cyclase and highly conserved (Fig. 3). PolyPhen-2 pre-
dicted the ¢.521G>A (p.Cys174Tyr) to be probably dam-
aging with a score of 0.996. In addition, SIFT predicted it
to be damaging with a score of 0.002.

Treatment and Clinical Course

Events prior to Definite Diagnosis and Treatment

Severe hypercalcemia which was the complication of
Cushing syndrome [1] was treated with calcitonin at the
initial dose of 4 units/kg subcutaneously every 6 h for 1
day followed by 6 units/kg every 6 h for 2 days, and then
gradually tapered off. Calcium levels remained normal af-
ter calcitonin discontinuation. Hypercalcemia resolved
before specific treatment of the hypercortisolism was ini-
tiated. Her hypertension was controlled with amlodipine
and enalapril. During the admission, she developed respi-
ratory distress with severe hypoxia requiring intubation
and ventilator support at the age of 3 months. Chest radi-
ography revealed diffuse ground glass appearance. The
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Fig. 3. A de novo heterozygous novel missense ¢.521G>A (p.Cys174Tyr) mutation in the GNAS gene. The cyste-
ine residue at codon 174 is located in the domain involved in the interaction with adenylate cyclase. The previ-
ously reported mutations associated with infantile Cushing’s syndrome and McCune-Albright syndrome include
p-Arg201Cys and p.Arg201His in the peripheral leukocytes and p.Arg201Cys, p.Arg201His, and p.Arg201Gly in

adrenal tissue and buccal mucosa.

diagnosis of Pneumocystis jiroveci pneumonia was estab-
lished by identification of this organism from bronchoal-
veolar lavage with an elevated LDH level of 1,428 U/L
(100-250). Trimethoprim/sulfamethoxazole was given
for 3 weeks and continued with prophylactic dose.

Initiation of Specific Treatment

The definite diagnosis was established at the age of 4
months when the genetic test results became available.
The patient underwent medical treatment of Cushing’s
syndrome with ketoconazole. Since ketoconazole can
cause hepatotoxicity, the dose was initially started at 5
mg/kg/day and gradually increased to 20 mg/kg/day with
liver function test surveillance. She was oxygen depen-
dent after extubation due to pulmonary embolism sec-
ondary to catheter-related right internal jugular vein
thrombosis which was diagnosed at the age of 5 months.
Her prothrombin time was 9.8 s (11.5-15.3) (INR 0.91),
activated partial thromboplastin time 32.5s (33-41), and
D-dimer 337 ng/mL (110-420). She required enoxaparin
treatment for 4 months with complete resolution of pul-
monary embolism and right jugular vein obstruction.
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Effects of Ketoconazole Treatment

During ketoconazole treatment without hepatotoxic-
ity, the patient experienced resolution of some features of
Cushing’s syndrome including disappearance of moon-
shaped face, buffalo hump, hypertrichosis, hypertension
except for the thin limbs and mild hypotonia (Fig. 1). Her
midnight cortisol levels were decreased from 23.1 ug/dL
at the beginning of ketoconazole treatment to 5.3 ug/dL
(<4.4) at the age of 12 months.

Body Measurements and Neurodevelopment

Weight and height were 3.6 kg (-7.73 SD) and 50 cm
(-5 SD) at the age of 6 months and 3.9 kg (-6.9 SD) and
56 cm (-5 SD) at the age of 11 months, respectively. She
had delays in motor skills. She was able to sit with support
but could not stand or walk at the age of 12 months. The
patient experienced separation anxiety, responded to her
name, understood simple commands, and could wave
goodbye. Hypotonia and wasting of extremity were also
observed. Poor height gain, delays in motor skills, hypo-
tonia, and wasting of extremity could be features of con-
tinuing hypercortisolism.
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Events after Discontinuation of Ketoconazole

At the age of 13 months, the latest age at observation,
when her mother stopped ketoconazole for 1 month by
her own, the patient developed breast enlargement with
markedly elevated estradiol of 600 pg/mL (normal <15)
and a suppressed LH level of 0.27 mIU/mL (pubertal lev-
el >0.3) indicating GIPP. An abdominal ultrasound dem-
onstrated enlarged uterus and ovaries with a few cysts
ranging from 1 to 3 cm in size. Her midnight cortisol went
up to 13.06 pg/dL (<4.4). Ketoconazole was restarted
since the patient had ongoing features of hypercorti-
solism, elevated midnight cortisol, and GIPP. Her estra-
diol level was rapidly decreased to 30 pg/mL 1 week after
ketoconazole was restarted. She also experienced vaginal
bleeding during this period indicating estrogen with-
drawal. However, she did not develop any other signs of
endocrine hyperfunction. Café au lait spots remained ab-
sent. Surveillance of other clinical manifestations of MAS,
e.g. repeated skeletal survey and thyroid function tests,
was performed. However, all tests were negative. This
would indicate mosaicism of affected tissues which could
become clinically significant later in life.

Discussion

This case presented initially with isolated features of
Cushing’s syndrome at the age of 2 months without other
features of MAS. A study by Brown et al. [9] demonstrat-
ed the median age at diagnosis of 3.1 months ranging
from birth to 44 months in 30 cases of Cushing’s syn-
drome as part of MAS. Clinical features of Cushing’s syn-
drome in MAS include Cushingoid facies (66.7%, 20/30),
failure to thrive (60.0%, 18/30), small for gestational age
(50%, 15/30), hypertension (33.3%, 10/30), nephrocalci-
nosis (30.0%, 9/30), hirsutism (26.6%, 8/30), hyperglyce-
mia (20.0%, 6/30), and linear growth arrest (10%, 3/30)
[9]. Additionally, consequences of hypercortisolism, e.g.
hypokalemia, hypercalcemia, and hyperglycemia, were
observed [1]. This patient had severe hypercalcemia
which required calcitonin treatment; however, she did
not develop hypokalemia or hyperglycemia.

MAS involves postzygotic somatic mutations in the
GNAS gene resulting in mosaicism [12]. Traditionally,
the genetic testing requires affected tissues. A study of 113
patients with MAS resulted in identification of mutations
in affected tissues in 90% (9/10) of patients with classic
triad, 94% (15/16) in patients with two signs, and 89%
(16/23) in patients with one sign [2]. The GNAS muta-
tions associated with infantile Cushing’s syndrome and
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neonatal MAS include p.Arg201Cys, p.Arg201His, and
p-Arg201Gly, which were identified in adrenal tissue, and
buccal mucosa [6, 13-15]. The mutation was detected in
46% (11/24) of blood samples in patients with the classic
triad, whereas this figure fell to 21% (7/33) and 8% (3/40)
in patients with two and one sign, respectively [2]. The
GNAS mutations associated with Cushing’s syndrome
(p-Arg201Cys and p.Arg201His) identified in the periph-
eral leukocytes have been previously described in 3 cases
[16-18]. We were fortunate to identify a novel GNAS mu-
tation, ¢.521G>A (p.Cys174Tyr), in the patient’s periph-
eral leukocytes.

Cushing’s syndrome in MAS always occurs in the neo-
natal period, which parallels the involution of the fetal
adrenal gland [15]. In the study of Brown et al. [9], 56.7%
(17/30) of these patients underwent adrenalectomy. Of
these, 76.5% (13/17) had a successful outcome, and 23.5%
(4/17) died after the surgery. Cardiac and liver involve-
ment which is a poor prognostic factor may indicate the
need for prompt adrenalectomy [9]. Thirty-three percent
(10/30) of patients exhibited resolution (8 cases sponta-
neously and 2 cases with medical treatment). This spon-
taneous resolution may reflect the rapid degeneration of
the fetal zone of the adrenal cortex which broadly ex-
presses GNAS. Medical treatment for Cushing’s syn-
drome in MAS aiming to avoid adrenalectomy includes
ketoconazole and metyrapone [1, 9]. Ketoconazole inhib-
its steroid biosynthesis by blockade of cytochrome P450
enzymes in adrenal cortex including CYP17A1, CYP-
11A1, CYP11B1, and CYP11B2; however, it is associated
with idiosyncratic hepatotoxicity [1, 9, 19]. A few cases of
Cushing’s syndrome in MAS successfully treated with ke-
toconazole until the age of 12-19 months were previous-
ly reported [17, 20, 21]. In MAS patients who have chole-
static hepatitis, metyrapone is preferred [22]. Because
metyrapone is not available in Thailand and our patient
did not have cardiac or liver involvement indicating that
she did not require immediate adrenalectomy, we opted
for ketoconazole. Monitoring liver function is recom-
mended during ketoconazole treatment [19]. The patient
exhibited clinical improvement of Cushing’s syndrome
with decreased cortisol levels without hepatotoxicity dur-
ing treatment.

Cushing’s syndrome in the context of MAS is associ-
ated with increased and early mortality [7, 9]. In the study
of Brown et al. [9], 20% (6/30) of cases died, mostly after
adrenalectomy. The mean age at diagnosis of patients who
died was 2.4 1.6 months compared to 7.1 £10.1 months
for survivors. A poor prognostic indicator for survival was
the presence of heart disease. A trend toward lower likeli-
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hood of spontaneous resolution in patients with liver dis-
ease was reported [9]. Our patient presented with early
onset of Cushing’s syndrome and did not have poor prog-
nostic indicators, cardiomyopathy, or liver involvement.
The early mortality in Cushing’s syndrome in the context
of MAS is due to opportunistic infections, notably P. jir-
oveci [7]. van Halem et al. [23] reported a strong associa-
tion between the development of P. jiroveci pneumonia
and the degree of cortisol excess. This patient experienced
P. jiroveci pneumonia, which emphasized the importance
of prophylactic treatment before the definite diagnosis or
treatment could be initiated. Prophylaxis against Pneumo-
cystis pneumonia in children includes trimethoprim-sul-
famethoxazole (TMP-SMX), dapsone, dapsone with pyri-
methamine and leucovorin, aerosolized pentamidine, and
atovaquone [24]. In this case, secondary prophylaxis with
TMP-SMX against Pneumocystis pneumonia was given to
prevent recurrence. Moreover, patients with Cushing’s
syndrome have increased risk of developing venous
thromboembolism secondary to a hypercoagulable state
[25]. In our case, venous thromboembolism resulting in
pulmonary embolism was identified. The patient had
shortened activated partial thromboplastin time indicat-
ing a hypercoagulable state and associated with venous
thromboembolism [26]. Whether thromboembolism
prophylaxis in patients with Cushing’s syndrome is war-
ranted requires further investigation [25].

The patient developed GIPP at the age of 13 months.
The age at onset of GIPP in MAS can be as early as during
the first few months of life or as late as age 6 or 7 years. Ke-
toconazole has also been reported to successfully treat
GIPP in MAS girls [27]. During ketoconazole treatment,
our patient did not have any signs of GIPP. However, the
patient developed GIPP when ketoconazole was discontin-
ued. This could be the apparent suppression or masking of
GIPP by ketoconazole. Our patient had features of ongoing
hypercortisolism including wasting of extremities, hypoto-
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