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Conclusion

Carney complex is usually more difficult to be
diagnosed at an early stage in the clinic, and it is
beneficial for clinicians to raise awareness of the disease

for early recognition and timely intervention.
Introduction

Carney complex (CNC) is a rare multiple tumor
syndrome characterized by patchy pigmentation of the
associated with a

skin and mucous membranes

variety of non-endocrine and endocrine tumors,
including Primary Pigmented Nodular Adrenocortical
Disease (PPNAD). Carney complex is an autosomal
dominant multiple tumor syndrome [1]. It has been
reported that most PPNAD or Carney syndrome is
associated with mutations in the PRKAR1A gene, in
addition to mutations in the PDE11A and PDE8B genes
[2, 3]. We report a case of PPNAD-associated Cushing's
syndrome diagnosed as CNC due to a novel genetic
causative locus in PRKAR1A. This is a novel mutation
that has not been publicly reported and it is associated

with PPNAD.
Case Report

A 13-year-old boy presented 2 years ago with
facial rounding and hyperpigmentation of the face,
eyelids and lips. Growth was slow, approximately 3 cm/2
yr. Six months ago, the patient developed acne on the
face. Half a month ago, the patient felt pain in the lower
back and was affected by activity. Past history: postural
lithotripsy was performed in August 2017 and April
2018. Family history: The family complained of
hyperpigmentation on the face and lips of the father,
aunt and grandmother, who did not have a similar obese
body type, but they could live a normal life. Physical
examination: height 148 cm, weight 70 kg (BMI 31.95
kg/mz2, BP 120/80 mmHg, full moon face, obese body
type, upper body measurement 66 cm, lower body
measurement 82 cm, finger spacing 142 cm, patchy

pigmentation visible on mouth, lips and eyelids, facial

acne (Figure 1 BCD), acanthosis nigricans visible on neck
and axillae, breast Tanner stage 3 (Figure 1 E). Pubic hair
growth, short penis, normal testicular development,
Tanner stage 3, red rash was seen in the groin, and the
toes became rough and grayish white. No obvious
abnormalities were found in the heart, lungs and

abdomen.

Laboratory findings showed hypercortisolism,
and cortisol levels remained high after a 1 mg
dexamethasone suppression test (Table 1), suggesting

that Cushing's syndrome is not related to ACTH.

Adrenal computed tomography (CT) showed
multiple small nodules seen in the left adrenal inner
branch and body (Figure 2 A), which were considered to
be adenomas or adrenal tuberculosis; enhanced CT of the
pituitary gland did not show any abnormalities. Magnetic
resonance imaging of the thoracic spine showed a
compression fracture of the thoracic spine (T11) and
whole-body bone SPECT showed a compression fracture
of the 11th thoracic vertebra; echocardiography did not
show any cardiac mucosal tumor. Combined with the
patient's history and physical examination, small adrenal
nodular hyperplasia not dependent on ACTH hyperplasia

is currently considered.

The patient underwent laparoscopic resection of
the left adrenal gland in the Department of Urology and
was sent for pathological examination (Figure 2 B) of the
left adrenal gland, a grayish-yellow tissue measuring
8*6*3.5 cm (Figure 2 D). Genetic analysis of the patient
revealed the mutated gene PPKAR1A variant locus
C.1-2942 G>A (Figure 3). Through a series of tests, the
patient was diagnosed with Carney syndrome and a new
mutated locus for the causative gene was identified. The
patient's ACTH was 0.488 | pg/ml (7-64) and plasma
cortisol was 14.38 ug/dl (4.26-24.85) at the 8 am.
postoperative follow-up on the fourth day. The patient
was treated with prednisone 20 mg Qd after discharge
from the hospital. At 10 months postoperatively, the

patient was followed up and grew 5 cm taller and lost 5
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Table 1. Patient laboratory parameters

0 AM

2 AM

4AM

img
dexamethasone
inhibition test

ACTH 0.392pg/ml (7-64) | 0.958pg/ml (3-32) | 0.71pg/ml (0-32) | 0.714pg/ml (7-64)
Cortisol 25.96ug/dl A\ 24.32ug/dl A\ 24.75ug/dl A\ 25.79ug/dl A
(4.26-24.85) (2.926-17.3) (0-6.72) (4.26-24.85)

Laboratory findings showed excess cortisol, and cortisol levels remained high after al mg

dexamethasone suppression test (Table 1), indicating pro-adrenocorticotropic non-dependent

Cushing's syndrome.

face, lips, oral mucosa and skin pigmentation (CD).

Figure 1. (ABCDEF) Physical signs of the patient before adrenalectomy. Cushing-likefeatures

include moon face before surgery (BC), central obesity (F), breast development (E), spots on the
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Figure 2. Computed tomography of the patient's adrenal gland showed multiple small nodules in the left
adrenal inner branch and body (Figure A), considering adenoma or adrenal tuberculosis. The patient's left
adrenal gland macroscopically showed a piece of grayish-yellow tissue measuring 8*6*3.5 cm, including an
adrenal gland measuring 6.5*2.5*0.3 cm, with multiple small nodules of 0.2-0.7 cm in diameter attached
to the surface (C). Microscopic examination of the patient's left adrenal gland showed multiple nodules in the
adrenal cortex, without envelope, partially protruding from theadrenal gland, with clear cytoplasm and
eosinophilic cells (D).

PREARLA: C.1-2942G>A,
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Figure 3. DNA sequence detection: variant gene PPKAR1A variant locus C.1-2942G>A, associated disease:
Cushing's syndrome (primary pigmented nodular adrenocortical disease type 1, PPNAD1).
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Kg in weight compared to the time of admission . At 18
months postoperatively, the patient's ACTH and plasma
cortisol had normalized at the time of review, and he had

reached a height of 158 cm and a weight loss of 68 kg .
Discussion

In the above case report, we describe a patient
with typical features such as patchy pigmentation of the
face, lips and oral mucosa, compression fractures of the
thoracic spine leading to osteoporosis and PPNAD, and
the discovery of the PPKAR1A variant gene by genetic

testing, meeting the diagnostic criteria for CNC (Figure 3).

PPNAD is a rare non-adrenocorticotropin-
dependent Cushing's syndrome [4]. It has a characteristic
histological presentation of multiple small (<1 cm) dark
brown nodules scattered throughout the cortex, and the
diagnosis is difficult to make without histological
examination, as PPNAD has mostly normal or even small
adrenal glands on adrenal imaging [5], and this patient's
left adrenal gland showed multiple small nodules on CT
in the inner branches and corpora. Treatment
recommendations for PPNAD vary, with many authors
recommending bilateral adrenalectomy [6-8], while
others believe that in some cases, unilateral
adrenalectomy can achieve clinical and biochemical
improvement, and that removal of a second adrenal gland
should be considered when cortisolism recurs [6, 9].
Meanwhile, the Endocrine Society's 2015 clinical practice
guidelines recommend one-stage surgical resection for
bilateral adrenal disease [10], and our patient opted for
left adrenalectomy due to being in the growth phase, and
was given a postoperative hormone replacement regimen
with continued follow-up at a later stage and

contralateral adrenalectomy if necessary.

PPNAD is one of the manifestations of Carney
complex (CNC), which was first reported by JA Carney in
1985 [1]. Already in 2000, it was shown that inactivating
germline mutations in the PRKAR1A gene encoding the
protein kinase A (PKA) 1a regulatory subunit (Rla) were
found in most CNC and PPNAD patients, resulting in

increased PKA activity due to PRKAR1A mutations in CNC
[11,12]. CNC is a rare multiple tumor with additional
clinical features of skin pigmentation, cardiac mucinous
tumor, neurological and endocrine tumors can be
diagnosed from the patient's clinical presentation,
laboratory findings and/or genetic examination in a
13-year-old boy patient with histological confirmation of
PPNAD in resected left adrenalectomy and inactivated
PRKAR1A alterations in genetic sequencing Carney
complex. Pathogenic variants in the PRKAR1A gene are
present in more than 70% of CNC patients and up to 80%
of PPNAD patients with combined Cushing's syndrome
[13], the PRKAR1A gene is located on chromosome
17q24.2, and there are at least 140 known types of
PKAR1A (http://
prkarla.nichd.nih.gov/hmdb/intro.html), most of the

pathogenic mutations
germline mutations were located in exons, especially
exons 2, 3, 5, 7 and 8, and a few (20%) were located in
intron sequences, affecting splicing [14]. This patient was
detected with a variant in the PRKAR1A gene at locus
c.1-2924G > A. A 1-locus variant occurred, consistent
with primary pigmented nodular adrenocortical disease
type 1, which is autosomal dominant, and a heterozygous
locus variant was detected in the PRKAR1A gene
associated with it, which is rare and has been poorly
studied, so pathogenicity is unclear, but The possibility of

causing the disease cannot be excluded. A search of public
databases such as ClinVar showed that the c¢.1-2924G>A

variant is located in the UTR region, and this variant is
not included in the Chinese population of the
Thousands Project, the East Asian population of the EXAC
database, the East Asian population of the gnomAD
database, or local databases. Groussin L et al [15]
reported this locus and 11 patients with carney complex
participated in the study, all of whom had symptoms of
primary pigmented nodular adrenocortical disease of
Cushing's syndrome. They were genetically tested and
the locus was detected in 1 patient, and this paper

indicates that the variant forms a new start codon. West-

ern blotting was performed using the mouse pri-
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mary antibody Rla subunit, and PCR cloning
methods were used to construct wild-type and exon
1B mutant expression structures. sequencing of
PRKAR1A exon 1B revealed a heterozygous mutation
that created an upstream, out-of-frame RlalB mRNA
within the consensus sequence of the ATG codon for
translation initiation, and according to a scanning
model of eukaryotic translation, the new ATG should
initiate translation of a truncated protein and reduce
translation of the codon from the wild type start. The
PRKAR1A defects reported so far are all functional
defects a pair of null mutations, and all sequence
changes are predicted to result in a premature
termination codon except for one mutation that alters
the transcription initiation site (ATG codon). It was
subsequently demonstrated that mutant mRNAs
carrying premature termination codons are unstable
as a result of nonsense-mediated mRNA decay (NMD),
but the most important finding in the study was that
altered PRKAR1A function (not only its complete
deletion) is sufficient to enhance PKA activity, leading
to tumorigenesis in CNC-affected tissues [15]. Gene
sequencing revealed a new pathogenic variant in the
PRKAR1A gene due to sequencing, our patient was
found to have a new shifted code pathogenic variant
(c.1-2942G>A) leading to the formation of a new start
codon, he had PPNAD and some scattered
hyperpigmentation, but the current clinical history and
examination did not match other features of CNC, and
even then should be considered in all PPNAD CNC
should be considered in all patients with PPNAD, and
timely diagnosis and regular monitoring of CNC
manifestations may help to prevent complications of
the disease, In particular, complications from cardiac
tumors, cardiac mucinous neoplasms affect 20-40% of
CNC resulting in embolic stroke, heart failure and
arrhythmias. Recommendations for CNC screening
tests include echocardiography (annually or every two
years depending on the history of cardiac mucinous

neoplasms), skin assessment, thyroid ultrasound,

pituitary MRI, testicular/ovarian ultrasound, and

growth hormone, insulin-like growth factor 1 and pro-

lactin serum measurements [16].
Conclusion

Our cases increase the number of reported
cases of CNC, a disease with the potential for late
development of cardiac mucinous tumors, and these
patients must be evaluated clinically followed by
long-term follow-up. Also our current cases of
Cushing's syndrome, in which the diagnosis of CNC is
established due to a novel predicted inactivating
pathogen in the PRKAR1A gene, have led to an
emphasis on this gene mutation and improved
eugenics. The early diagnosis of endogenous
cortisolism remains a diagnostic challenge, increasing
awareness of the disease and improving clinicians'
knowledge of the disease, facilitating early
identification and timely intervention of the disease.
The novel mutations presented in this paper are
considered to be causative factors of PPNAD, and
timely diagnosis of CNC and careful surveillance can
help prevent potentially fatal complications of the

disease.
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