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Abstract

Nevus comedonicus syndrome (NCS) is a rare epidermal nevus syndrome characterized by ocular, 

skeletal, and central nervous system anomalies. We present a 23-month-old boy with a history of 

a congenital pulmonary airway malformation (CPAM) of the lung and a congenital cataract who 

developed progressive linear and curvilinear plaques of dilated follicular openings with keratin 

plugs (comedones) on parts of his scalp, face, and body consistent with nevus comedonicus. 

MRI of the brain demonstrated an aneurysm of the right internal carotid artery. Genetic testing 

identified NEK9 c.1755_1757del (p.Thr586del) at mean allele frequency of 28% in the nevus 

comedonicus. This same mutation was present in the CPAM tissue. This is the first case of a 
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CPAM in a patient with an epidermal nevus syndrome. This case expands the phenotype of nevus 

comedonicus syndrome to include CPAM and vascular anomalies.
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comedonicus

1 | INTRODUCTION

Epidermal nevi are benign areas of skin overgrowth involving the epidermis that may 

be present at birth or develop later in childhood and usually follow lines of Blaschko. 

These may be syndromic and occur with brain, eye, and skeletal manifestations (Asch & 

Sugarman, 2018). Nevus comedonicus syndrome is a rare variant of epidermal nevus that 

may begin as a linear shiny patch, sometimes noted at birth, and develops into plaques of 

dilated follicular openings filled with keratin plugs early in life, usually before the age of 10 

years old (Tchernev et al., 2013). Nevus comedonicus can be isolated or occur in association 

with ocular, skeletal and/or central nervous system abnormalities in nevus comedonicus 

syndrome and is estimated to affect 1 in 45,000 to 1 in 100,000 people (Engber, 1978; 

Tchernev et al., 2013). The most common of associated features are ipsilateral cataracts, 

scoliosis, fused vertebrae, spina bifida, and developmental delay (Tchernev et al., 2013). 

Patients have also been seen with dysgenesis of the corpus callosum, limb deformities, and 

other skin disorders.

Nevus comedonicus is caused by somatic activating mutations in Never In Mitosis Gene 
A-Related Kinase 9 (NEK9), a serine/threonine kinase (Levinsohn et al., 2016). NEK9 

functions as a checkpoint control and regulator of the cell cycle (Levinsohn et al., 2016). We 

present a toddler with molecularly confirmed nevus comedonicus syndrome, including the 

novel association of congenital pulmonary airway malformation (CPAM) of the lung, and 

aneurysm.

1.1 | Informed consent and data sharing

The patient’s mother provided informed consent for the publication of identifiable 

photographs. The data are not publicly available due to privacy restrictions.

2 | CLINICAL HISTORY

The infant was the product of a natural conception and was the first pregnancy between 

his biological parents. Fetal ultrasound and prenatal screening were normal until 31 weeks 

gestation when a right-sided lung lesion was noted on ultrasound at which point the patient 

was referred to the Center for Fetal Diagnosis and Treatment at the Children’s Hospital of 

Philadelphia (CHOP). Fetal ultrasound at 32 weeks demonstrated a large CPAM measuring 

5.5 × 6.5 × 6.4 cm for a volume of 11.9 cc and a CCAM-volume-ratio (CVR) of 3.8 

(Crombleholme et al., 2002). The CPAM encompassed the majority of the right lung, 

causing significant mediastinal shift and nonimmune hydrops as evidenced by the presence 

of fetal ascites, small bilateral pleural effusions, and skin/scalp edema. Polyhydramnios 
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with an amniotic fluid index (AFI) of 40.6 cm and a deepest vertical pocket of 11.6 

cm was also present. Fetal MRI was consistent with the ultrasound and demonstrated 

a large heterogeneous pulmonary mass occupying the majority of the right hemithorax 

resulting in severe shift of the heart and aorta to the contralateral side. Fetal lung volumes 

were markedly deceased with an observed to expected (O/E) lung ratio of 19%. Fetal 

echocardiogram showed normal cardiac structure and function. The family history was 

noncontributory. The mother declined all prenatal genetic testing. Given the size of the 

lung lesion and the presence of hydrops, the patient was given two courses of maternal 

betamethasone, which have been demonstrated to stop the growth of CPAMs in some cases 

(Peranteau et al., 2007; Peranteau et al., 2016). Ten days after the initial evaluation at CHOP, 

the patient presented in labor and ruptured membranes.

The infant was born by Cesarean delivery at 34 weeks 0 days gestational age due to preterm 

premature rupture of membranes. His APGAR scores were 8 at 1 min and 5 at 5 min. His 

birth length, weight, and head circumference were within normal limits when corrected for 

prematurity (76, 86, and 59%, respectively). Immediately after delivery, a right thoracotomy 

and resection of the right lung lower lobe, which contained the CPAM, was performed. 

Following surgery, the patient was admitted to the NICU where he remained intubated with 

ventilatory support until the day of life 31. He was discharged home without additional 

respiratory support at 3 months of age. Pathologic evaluation of the resected right lower 

lobe revealed a lobulated, predominantly solid mass with central branching airway structures 

that occupied the majority of the lobe (Figure 1a). Histologically, the lobular nature of 

the mass was maintained with central malformed airway surrounded by parenchyma with 

short columnar epithelium lining relatively abundant mesenchyme and a peripheral rim 

of abnormal but more mature parenchyma characterized by decreased mesenchyme and 

flattened epithelium (Figure 1b,c). Goblet cells were not present. This pattern is most 

suggestive of a Stocker type 3 CPAM, which is a very rare form of CPAM (Victoria et 

al., 2018). After birth, he was noted to have several areas of hypopigmentation including 

an area along the sternum, along with the left upper back/shoulder extending in a linear 

fashion down the left arm and a larger hypopigmented region on left lower back below a 

surgical scar in a Blaschkoid distribution. Dermatological evaluation concluded these areas 

to be epidermal nevi. Ophthalmology was consulted due to the epidermal nevi and identified 

a right congenital cataract. Genetic evaluation at that time included SNP microarray, which 

was a normal male. His evaluation was also notable for an aberrant right subclavian artery 

identified on chest CT and glucose-6-phosphate-dehydrogenase deficiency identified by 

newborn screening.

He represented to dermatology at 16 months of age with widespread linear and curvilinear 

patches of open comedones and mild hypopigmentation on the central face, right cheek, 

trunk, arms, right leg and groin that had been present for 4 months. These lesions had 

increased in size since they first appeared and had been asymptomatic. There were no prior 

evaluations or treatments for this condition.

Given the clinical suspicion for nevus comedonicus syndrome, he was referred back to 

genetics at 20 months of age. He also had a history of gastroesophageal reflux, constipation, 

limited and inconsistent oral acceptance, and nasogastric-tube feeds. At that time, he had 
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delayed fine motor and language development. He spoke five words and was receiving 

early intervention. On examination, height was 84.5 cm (46%), weight was 10.4 kg 

(20%), and head circumference was 49 cm (80%). He was a nondysmorphic child with 

comedones present on the face at midline and right cheek extending to hairline, trunk and 

back, bilateral arms and legs (Figure 1d–g). There were areas of scant hair, especially on 

the lateral forehead. There was an area of wooly hair with lighter color on the occiput 

confirmed on light microscopy (Figure 1h). He also had a scar on his flank. Punch biopsy 

of a nevus demonstrated papillomatosis and hyperkeratosis in the epidermis (Figure 1i–k). 

There were multiple areas consistent with comedones, including epidermal invaginations 

with associated hyperkeratotic keratin, consistent with the nevus comedonicus type of 

epidermal nevus. Clinical single gene testing by next-generation sequencing from the nevus 

identified a heterozygous variant in NEK9 c.1755_1757delAAC (p.Thr586del) with mean 

allele frequency of 28% in the skin. Sanger sequencing demonstrated this variant was also 

present in CPAM tissue. The p.Thr586del variant in exon 15 of the NEK9 gene is a deletion 

from nucleotides 1,755–1,757. This is predicted to result in an inframe single amino acid 

deletion within the regulator of chromosome condensation (RCC1) domain of this gene. The 

variant has not been reported in the scientific literature, ClinVar or the Genome Aggregation 

Database (gnomAD).

Follow up at 23 months old showed progressive comedones in a beard-like distribution. He 

has been treated for six months with 0.1% adapalene gel and for 1 month with 0.025% 

tretinoin cream with minimal success and continued progression of the areas of nevus 

comedonicus. He continued to have no history of seizures.

Brain MRI was recommended due to the structural brain differences associated with nevus 

comedonicus syndrome and demonstrated a 10 mm aneurysm of the right internal carotid 

artery lacerum segment, mild central volume loss, thickening of the sphenoid bone and 

clivus as well as focal thickening of the right orbital roof, and the right posterior inferior 

cerebellar artery was not visualized and thought to be an anatomic variant (Figure 1l).

3 | DISCUSSION

Nevus comedonicus syndrome is a rare variant of epidermal nevus syndrome characterized 

by nevus comedonicus, ocular, skeletal, and/or central nervous system abnormalities 

(reviewed in Table 1). This patient’s syndrome was characterized by nevus comedonicus, 

congenital cataract, CPAM, developmental delay, brain anomalies, and aneurysm. CPAM 

has never been reported in association with any epidermal nevus syndrome. This patient’s 

CPAM and aneurysm may be an expansion of the phenotype of this syndrome.

Exome sequencing of nevus comedonicus in unrelated patients identified somatic, 

heterozygous mutations in NEK9 as the molecular etiology (Levinsohn et al., 2016). These 

activating mutations are associated with loss of follicular differentiation, demonstrated by 

expansion of keratin-15 positive cells and ectopic expression of keratin 10 (Levinsohn et 

al., 2016). Although the genetic etiology was reported in 2016, no molecularly confirmed 

cases have since been reported. Our patient’s mutation is novel but localizes to the same 

RCC1 repeat domain found in two of three patients previously reported (Levinsohn et al., 
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2016). This case provides additional support for NEK9 as the molecular etiology for nevus 

comedonicus syndrome.

Congenital pulmonary airway malformations are developmental abnormalities of the lung 

that consist of a spectrum of cystic and noncystic lung lesions. The incidence of CPAMs 

is estimated at 1 in 11,000 to 1 in 35,000 live births (Gornall, Budd, Draper, Konje, & 

Kurinczuk, 2003; Laberge et al., 2001; Leblanc et al., 2017). CPAMs are usually sporadic 

and do not recur in families. Previously, it was thought that CPAMs were associated with 

other structural birth defects (up to 15–20% of cases had been associated with anomalies 

including cardiac and renal malformations; Sfakianaki & Copel, 2012). However, advances 

in prenatal imaging now allow for the diagnosis of CPAMs that would have otherwise been 

asymptomatic after birth; demonstrating that CPAMs are more common than previously 

thought and have few associated developmental anomalies. A recent study of tissue from 

58 infants with surgically removed CPAMs demonstrated dysregulation of the Ras and 

PI3K–AKT–mTOR pathways (Swarr et al., 2018). CPAM has not been described with 

an epidermal nevus syndrome previously. The presence of the mutation in the affected 

lung tissue suggests this mutation may play a role in the etiology of this malformation 

in this patient. NEK9 may interact with any of the known pathways important in lung 

morphogenesis or perhaps this could be due to its role in cell cycle regulation (Fry, Bayliss, 

& Roig, 2017). However, given the lack of any obvious normal lung tissue in the resected 

specimen, we were unable to perform genetic analysis in normal lung tissue for direct 

comparison to abnormal tissue.

There is no uniformly effective treatment for nevus comedonicus. Previously reported 

treatments to include topical medications such as keratolytics and/or retinoids, sometimes 

used in combination with topical corticosteroids, a combination of a 1,450-nm diode laser 

and a 1,550-nm erbium-doped fiber laser, or surgical removal (Tchernev et al., 2013). 

Activated vitamin D3 ointment did not lead to improvement (Ito et al., 2013). Although 

there was previously reported successful treatment of nevus comedonicus with adapalene, it 

did not lead to an improvement in this patient (Mahran, Abdelsamea, & Mekkawy, 2017). 

Further clinical studies are needed to determine the best treatment.

In conclusion, we present an infant with molecularly confirmed nevus comedonicus 

syndrome characterized by nevus comedonicus, congenital cataract, developmental delay, 

skeletal involvement, and expand the phenotype of this syndrome to include CPAM and 

aneurysm. The novel finding of the aneurysm, suggests MR angiogram should be considered 

when imaging the brain for congenital malformations in nevus comedonicus syndrome. This 

case emphasizes the importance of a multidisciplinary team including dermatology, genetics, 

ophthalmology, and neurology in caring for patients with epidermal nevus syndromes, which 

often involve neurocutaneous and ophthalmologic phenotypes.
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FIGURE 1. 
Clinical and pathologic patient features. (a–c) CPAM. (a) Gross pathology shows a solid, 

lobulated mass occupying the majority of the lobe of lung (outlined in green). The 

peripheral, better-fixed part of the lesion is tan-brown while the center unfixed area is red. 

There are multiple central branching airway structures without prominent cystic change. 

(b) The low power view of a lobule shows a central branching airway-like structure (*) 

surrounded by malformed parenchyma with increased mesenchyme (outlined by dotted line) 

with peripheral malformed lung with a more mature appearance (H&E, 0.8×). (c) High 

power view shows the junction between the two areas with low columnar epithelium lining 

abundant mesenchyme in septa between small airspaces (left) and (d) more mature but still 

enlarged alveoli with decreased mesenchyme and flattened epithelium (right; H&E, 13.4×). 

(e,f) Beard like distribution of comedones. (g) Comedones at midline face. (h) Area of 

wooly hair. (i–k) Nevus comedonicus biopsy specimen. (i) Scanning view of this punch 
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biopsy specimen demonstrates a sparse inflammatory infiltrate, and the epidermis shows 

hyperkeratosis and papillomatosis. There are multiple areas consistent with comedones, 

with small cystic areas that contain hyperkeratosis. The focal hemorrhage in the adipose 

tissue is related to the surgical procedure to obtain the specimen (H&E, 20×). (j) Medium 

power view demonstrates the epidermal changes consistent with an epidermal nevus, with 

epidermal papillomatosis and hyperkeratosis. The areas consistent with comedones are also 

shown, with cystic areas containing hyperkeratotic keratin (H&E, 50×). (k) This high power 

view demonstrates an area of the specimen with features of comedones. There are areas 

of cystic epithelium which contain hyperkeratotic keratin (H&E, 100×). (l) Brain MRI 

demonstrating a 10 mm aneurysm of the right internal carotid artery lacerum segment (white 

arrow) and absent right posterior inferior cerebellar artery (small orange arrow) [Color figure 

can be viewed at wileyonlinelibrary.com]
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