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Abstract
Carney complex (CNC) is an extremely rare genetic syndrome of pigmented skin lesions, endocrine hyperfunction and myxoma. Given its diversity of the clinical manifestation, it is often misdiagnosed. Recognition of some special clinical manifestations and imaging features may help with the diagnosis. Early diagnosis of CNC would alert ongoing surveillance of tumors and complications; the prognosis of CNC may thus be improved by early treatment. Herein, we report two cases of CNC with bone lesions.
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Core tip: Carney complex (CNC) is a very rare disease which is often misdiagnosed because of its diversity of clinical characteristics. The imaging features of bone lesions in these two cases have been summarized. Recognition of some special clinical manifestations and imaging features may help with the diagnosis; the prognosis of CNC may thus be improved by early treatment.
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INTRODUCTION
The Carney complex (CNC) was first described in 1985 by J Aidan Carney, the main clinical features are spotty pigmentation, endocrine overactivity, and myxoma[1].
The mutation of the PRKAR1A gene on chromosome 17q22-24 and another gene called CNC2 on chromosome 2p16 is considered to be associated with the cause of the disease[2,3]. The prevalence of CNC is unknown, only about 750 patients had been reported worldwide with CNC by January 2008, based on reports from the National Institutes of Health and the Mayo Clinic (the United States), and the Hospital Cochin (France)[4,5]. Moreover, the diagnosis is often delayed owing to its rarity and complexity. Although some non-endocrine tumors are rare, they are highly characteristic, such as cardiac myxomas and osteochondromyxomas. Herein, we report two cases of CNC with bone lesions, and related literature is also reviewed.

CASE REPORT
Case 1
A 27-year-old female who had suffered from recurrent fractures for 17 years, visual decline for 12 years, and a gradually rounded face for 7 years was admitted to our hospital. For 17 years, she has often suffered from various fractures (involving almost every part of the body) after mild activity. Twelve years ago, she suffered ocular proptosis, widened eye distance, and decreased binocular vision. In recent years, she has slowly developed a rounded face and her weight has increased significantly. Three years ago, she developed amenorrhea, and both adrenals were found by abdominal computed tomography (CT) to have multiple nodules. Therefore, the patient underwent bilateral adrenalectomy, and primary pigmented nodular adrenocortical disease (PPNAD) was confirmed (Figure 1A). After the surgery, she regained her normal menstrual cycles. Physical examination revealed an overweight female patient with a full moon face, thin skin, multiple purple striae on both sides of the abdomen, and numerous punctate areas of black or brown pigmentation on her lips and buccal mucosa. Detailed enquiry found a family history of “facial asymmetry”, as demonstrated in Figure 2.
Laboratory tests revealed an abnormal rhythm of cortisol secretion and increased urine free cortisol. Both the low-dose and high-dose dexamethasone suppression tests were not inhibited, indicating primary hypercortisolism. The serum adrenocorticotropic hormone (ACTH) was less than 5.00 pg/mL (normal range: 5-50 pg/mL).
Skull CT examination showed that the skull and maxillofacial bones were remarkably enlarged, with both sclerotic and lytic lesions (Figure 3A and B). Head magnetic resonance imaging (MRI) revealed diffused bone lesions in the frontal, occipital and sphenoid bones, with low to intermediate and high signal intensity on both T1-weighted (WI) and T2WI images. Some of these retained high signal intensity on fat saturated T1WI and were markedly enhanced after the injection of gadolinium (Figure 3C-F). Spine MRI demonstrated multiple flatted vertebrae, with patchy bone lesions that were of low signal intensity on T1WI, mixed signal intensity on T2WI, and high signal intensity on fat saturated T2WI, with enhancement on gadolinium enhanced T1WI (Figure 4).

Case 2
A 26-year-old male with a gradually rounded face and increased abdominal circumference for 2 years was admitted to our hospital. For 2 years, he had noticed his face becoming rounder and redder, the abdominal circumference had increased slowly, and more and more purple lines had developed on both sides of the abdominal skin. Right adrenalectomy was performed because of bilateral adrenal nodular hyperplasia and the postoperative pathology proved to be PPNAD (Figure 1B). On physical examination, the patient had a full, sanguineous moon face and scattered spots of pigmentation on his lips and buccal mucosa, which existed at birth and were similar to his father’s (Figure 5).
Laboratory tests confirmed hypercortisolism because both the low-dose and high-dose dexamethasone suppression tests were not inhibited. The ACTH was less than 5.00 pg/mL (normal range: 5-50 pg/mL). An enlarged frontal bone of inhomogeneous density with scattered small lytic lesions was found on skull CT (Figure 6A). The sclerotic lesion on the left part of the frontal bone was of high density on CT and low intensity on T1WI and T2WI MRI. In contrast, the lytic lesion was of low density on CT, low intensity on T1WI and high intensity on T2WI, and was enhanced on gadolinium enhanced T1WI (Figure 6B-D).
Genetic testing was undertaken by both patients to detect the mutation of the PRKAR1A gene which was negative in the first case and positive in the second case. According to the patients’ clinical findings, imaging manifestations, and gene mutation, the diagnosis of CNC was made. Both patients were regularly followed up after discharge, which was uneventful.

DISCUSSION
CNC is an autosomal dominant disorder, characterized by multiple endocrine tumors, skin and heart involvement. The diagnostic criteria for CNC are: (1) at least two manifestations out of spotty skin pigmentation with a typical distribution (lips, conjunctiva and inner or outer canthi, vaginal and penile mucosa), myxoma (cutaneous and mucosal), cardiac myxoma, breast myxomatosis, PPNAD, acromegaly due to growth hormone-producing adenoma, large-cell calcifying Sertoli cell tumor, thyroid carcinoma, psammomatous melanotic schwannoma, blue nevus, breast ductal adenoma, and osteochondromyxoma; or (2) one of these manifestations plus one of the supplemental criteria (an affected first-degree relative or an inactivating mutation of the PRKAR1A gene)[6]. Both of the cases reported here have positive family history, typical skin changes, endocrine abnormalities, and one of them has PRKAR1A gene mutation, thus the diagnosis of CNC was made.
These two cases are interesting because both of them have multiple bone lesions. The most common bone lesions in CNC patients are osteochondromyxoma. Osteochondromyxoma is an extremely rare kind of bone tumor, presenting within the context of 1% of CNC cases[7], and is specific for the diagnosis. “Osteochondromyxoma” was used as a key word to search the PubMed database; only 9 cases were identified after exclusion of repeated cases. All of them were CNC combined with osteochondromyxoma, three of which are in Japanese, Russian and Italian, respectively[8-10]; only 6 cases in English literature[11-13]. According to these limited literature, osteochondromyxoma usually presents as painless masses, which are noticed for their compression effects, such as proptosis and nasal obstruction.
Our first case was a young woman whose bone lesions involved the skull and maxillofacial bones; the second case was a young man with only the frontal bone involved. Both of our cases had a mixed pattern of osteosclerotic bone lesions combined with osteolytic lesions, with patient No. 1 affected more markedly. Specifically, the cranial bone lesion in the first patient showed regions with high intensity on fat saturated T1WI and T2WI, which may be the “myxoid matrix”. Furthermore, the enhanced MRI scan revealed marked enhancement of osteolytic regions, for the tumor may contain rich sinusoidal blood vessels. The first patient also has spinal lesions. Golden et al[14] found spinal osteochondromyxoma, presenting with increased T2WI signal intensity and enhancement on post-contrast studies[15] which is similar to our patient. But Patient 1 also has flat vertebral bodies, presumably due to osteoporosis. It is proposed by Golden et al[14] that although little was known about the appearance of osteochondromyxoma, it can be distinguished based on its unique site, symptoms, and radiographic appearance which are different from other bone lesions. So, even though there was no bone biopsy in our two cases, osteochondromyxoma was highly suggested on the basis of the imaging features analysed above.
CNC has been previously called NAME (Nevi, Atrial Myxoma, Ephelides) and LAMB (Lentigines, Atrial myXoma, Blue nevi) syndrome. But it is different from Carney triad, which presents with gastrointestinal stromal tumours, lung chondromas, and paragangliomas. The clinical features of CNC and some similar genetic syndromes associated with lentigines are summarized in Table 1[16-22]. Molecular genetic studies of CNC have shown that it is linked to the regulatory subunit type I alpha of protein kinase A (PRKAR1A) gene located on 17q22–24, referred to as CNC1. CNC1 encodes PRKAR, which plays an important role in the cAMP signaling pathway[2]. In addition, the CNC2 gene located in 2p16 was also detected in CNC, but its role needs to be further studied[3]. The main causes of CNC death are heart related diseases (57%), mainly cardiac myxomas and complications of operation.
CNC with osteochondromyxoma should be differentiated from McCune–Albright syndrome (MAS) clinically and radiologically. MAS is a syndrome characterized by skin pigmentation, precocious puberty, and fibrous dysplasia (FD)[23,24]. It is caused by a mutation in the guanine nucleotide-binding protein, alpha-stimulating activity polypeptide (GNAS) gene, which lies in chromosome 20q13 and whose mutation leads to adenylyl cyclase over-activity and abnormally increased cyclic adenosine monophosphate (cAMP) levels. Both of these diseases involve the dysregulation of the cAMP signaling pathway, which may explain their clinical and radiological similarity. However, the location of disease may help to make the differential diagnosis between FD in MAS and osteochondromyxoma in CNC from imaging findings: FD in MAS is the polyostotic FD type, which may involve almost the whole skeleton, but rarely the spine. In contrast, the spine is a common target for osteochondromyxoma. In addition, the majority of FD is surrounded by a sclerotic border that is of low signal intensity on T1WI and T2WI. However, osteochondromyxoma has no capsule and it may even show an invasive character, thus its boundary is not very clear. Peutz–Jeghers syndrome also has hyperpigmented macules on the lips and oral mucosa, but it at the same time exits benign hamartomatous polyps in the gastrointestinal tract which CNC do not has. Multiple endocrine neoplasia syndromes are inherited as autosomal dominant disorders encompass several distinct syndromes featuring tumors of endocrine glands, each with its own characteristic pattern. CNC also has a variety of endocrine tumors such as thyroid carcinoma, PPNAD, but there are other symptoms at the same time, for example, spotty skin pigmentation and cardiac myxoma.
If osteochondromyxoma can be removed completely, it is considered to be curable. Although there is a possibility of recurrence at the resection site, no distant metastasis has been reported so far. MRI, the highest resolution imaging modality for soft tissues, can identify the osteolytic lesions and indicate the pathological components through detailed analysis of the signal characteristics in various sequences. Therefore, early identification and preoperative assessment by MRI may help patients to achieve a better prognosis.
Admittedly, there is an obvious limitation of these two cases that there was no bone biopsy since both of them concerned about the invasiveness of the procedure. Nevertheless, the diagnosis of CNC is solid based on the diagnostic criteria.
In conclusion, two cases of CNC with bone lesions were reported. Detailed analysis of the imaging manifestations of bone lesions may help in the recognition of this rare and complicated syndrome.

ARTICLE HIGHLIGHTS
Case characteristics
Carney complex (CNC) is a very rare disease with diversity of clinical characteristics. Osteochondromyxoma is an extremely rare kind of bone tumor, presenting within the context of 1% of CNC cases, and is specific for the diagnosis.

Clinical diagnosis
CNC.

Differential diagnosis
Peutz-Jeghers syndrome and McCune-Albright syndrome.

Laboratory diagnosis
Hypercortisolism.

Imaging diagnosis
Osteochondromyxoma.

Pathological diagnosis
Primary pigmented nodular adrenocortical disease.

Treatment
Surgery.

Related reports
Nine cases were CNC combined with osteochondromyxoma, three of which are in Japanese, Russian and Italian, only 6 cases in English literature.

Term explanation
CNC.

Experiences and lessons
This case will contribute to improvements in our understanding of the clinical and imaging features especially osteochondromyxoma of CNC. In clinical practice, osteochondromyxoma should be taken into account in patients with CNC complicated with skeletal lesions. Early diagnosis will help to improve the prognosis of patients.
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Figure 1 Histopathology (H and E stain, × 100) A: The left adrenal lesion of Patient 1 conforms to primary pigmented nodular adrenocortical disease (PPNAD); B: The right adrenal lesion of Patient 2 conforms to PPNAD with local myelolipoma like change.
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Figure 2 Pedigree chart of Patient 1. Many of the patient’s family members have “facial asymmetry”. The circle represents the female; the square represents the male. Graphic filling black represents “facial asymmetry”.
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Figure 3 Computed tomography and magnetic resonance imaging images of Patient 1. A and B: Axial and sagittal skull computed tomography images showing that the skull and maxillofacial bones were remarkably enlarged with both sclerotic and lytic lesions; C-F: Coronal T1-weighted image (C) and T2-weighted image (D) showing bone lesions with heterogeneous signal intensity in the temporal and sphenoid bones; hyperintensity in the frontal bone was found on the fat saturated T1-weighted image (E, arrow), indicating mucus; the bone lesions were markedly enhanced after enhancement (F).
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Figure 4 Spine magnetic resonance imaging of Patient 1. A-F: Patchy bone lesions that were of low signal intensity on T1WI (A), mixed signal intensity on T2WI in sagittal (B), axial (E) and coronal images (F), and high signal intensity on fat saturated T2WI (C) with enhancement on gadolinium enhanced T1WI (D).
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Figure 5 Pigmentation spots on the lips of patient 2 and his father. A: Patient 2 has multiple scattered pigmentation spots on the lips; B: His father has similar spots.



[image: ]
Figure 6 Computed tomography and magnetic resonance imaging images of Patient 2. A: Axial skull computed tomography image. It shows the thickened frontal bone with both sclerotic lesion (arrow head) and lytic lesion (arrow); B: Axial T1-weighted imaging, both the sclerotic lesion and the lytic lesion were hypointense; C: Axial T2-weighted imaging, the sclerotic lesion was hypointense and the lytic part was slightly hyperintense; D: Sagittal post-contrast T1-weighted imaging. The lytic lesion was remarkably enhanced on sagittal post-contrast T1-weighted imaging (arrow).


Table 1 Clinical features of Carney complex and some similar genetic syndromes
	
	Clinical features
	Estimated incidence[7-13]

	Carney Complex
	Lentigines
Blue nevi
	70%-80%
40%

	
	Cutaneous myxomas
	Less than 50%

	
	Primary pigmented nodular adrenocortical disease
	25%-45%

	
	Asymptomatic growth hormone hypersecretion
	66%

	
	Large cell calcifying Sertoli cell tumors
	75% of male patients

	
	Thyroid nodules
	75%

	
	Cardiac myxomas
	30%-72%

	
	Psammomatous melanotic schwannomas
	18%

	
	Benign breast tumor
	14% of female patients

	
	Osteochondromyxomas
	< 1%

	Peutz-Jeghers syndrome
	Mucocutaneous pigmentation
	More than 95%

	
	Hamartomatous polyps
	Most of the patients

	McCune-Albright syndrome
	Peripheral precocious puberty
	50% in females at 4 yr in de Sanctis C’s research

	
	Irregular café-au-lait skin pigmentation
	Almost all the patients in de Sanctis C’s research

	
	Fibrous dysplasia of bone
	50% at 8 yr of age in de Sanctis C’s research
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