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Abstract

Desmosterolosis, a rare disorder of cholesterol biosynthesis, is caused by mutations in DHCR24, 

the gene encoding the enzyme 24-dehydrocholesterol reductase (DHCR24). To date, 

desmosterolosis has been described in only two patients. Here we report on a third patient with 

desmosterolosis who presented after delivery with relative macrocephaly, mild arthrogryposis, and 

dysmorphic facial features. Brain MRI revealed hydrocephalus, thickening of the tectum and 

massa intermedia, mildly effaced gyral pattern, underopercularization, and a thin corpus callosum. 

The diagnosis of desmosterolosis was established by detection of significant elevation of plasma 

desmosterol levels and reduced enzyme activity of DHCR24 upon expression of the patient’s 

DHCR24 cDNA in yeast. The patient was found to be a compound heterozygote for c.281G>A 

(p.R94H) and c.1438G->A (p.E480K) mutations. Structural and evolutionary analyses showed that 

residue R94 resides at the flavin adenine dinucleotide (FAD) binding site and is strictly conserved 

throughout evolution, while residue E480 is less conserved, but the charge shift substitution is 

accompanied by drastic changes in the local protein environment of that residue. We compare the 

phenotype of our patient with previously reported cases.
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INTRODUCTION

Sufficient cholesterol supply is essential for proper development of the human brain. All cell 

membranes require normal or near normal amounts of cholesterol to develop and function 

properly. Neurons possess distinct cholesterol-based plasma membrane subdomains. 

Moreover, neuronal differentiation, in particular synaptogenesis, is a cholesterol-dependent 

process [Mauch et al., 2001; Pfrieger, 2003]. Animal studies have shown that during the first 

postnatal week desmosterol comprises >30% of the sterol in cerebral hemispheres and 

brainstem, and that this fraction declines rapidly with age [Jurevics and Morell, 1995]. In 

addition, during periods of rapid myelination, all cholesterol and desmosterol accumulating 

in rat brain is synthesized within the brain and not derived from the diet or produced by 

other organs [Jurevics and Morell, 1995]. Cholesterol is a precursor in the synthesis of 

steroids, and it influences activity in the sonic hedgehog pathway, an important signaling 

cascade for the morphogenesis of the brain [Guy, 2000], among many other tissues. 

Decreased intracellular cholesterol levels impair the activity of smoothened, an essential 

component of the hedgehog signaling cascades [Cooper et al., 2003]. Several disorders of 

cholesterol biosynthesis are associated with structural brain abnormalities. Patients with 

Smith–Lemli–Opitz syndrome (SLOS), which represents the most common inherited defect 

of cholesterol biosynthesis, frequently manifest with a spectrum of developmental 

abnormalities of the central nervous system, such as microcephaly, hypoplasia, or agenesis 

of the corpus callosum, and holoprosencephaly.

Desmosterolosis, a rare disorder of cholesterol biosynthesis, is caused by mutations in the 

gene encoding the enzyme 24-dehydrocholesterol reductase (DHCR24). To date, 

desmosterolosis has been described in only two patients. FitzPatrick et al. [1998] reported 

the first patient with desmosterolosis in 1998; a premature female infant of 34 weeks 

gestation with multiple congenital malformations, including cleft palate, total anomalous 

pulmonary venous return, ambiguous genitalia, and rhizomesomelia with generalized 

osteosclerosis [FitzPatrick et al., 1998]. This patient died at 1 hr of life. A 3-year-old patient 

described by Andersson et al. [2002] had microcephaly, absent corpus callosum, submucous 

cleft palate, cutis aplasia, arthrogryposis, and, at age 11 years, exhibits severe to profound 

intellectual disability (H. Andersson, personal communication).

Here we present detailed phenotypic, molecular, and biochemical characterization of a third 

patient with desmosterolosis who presented with brain malformations, dysmorphic facial 

features, and arthrogryposis. We compare the phenotype of our patient with that of the two 

previously reported cases of desmosterolosis.

CLINICAL SUMMARY

The patient was born at 34 weeks gestation to a 20-year-old G2, P1 mother via spontaneous 

vaginal delivery. Apgar scores were 9 at 1 and 5 min. Birth weight was 1,722 g (10–25th 

centile; −1 SD), length 39.5 cm (<10th centile; −2 SD), and FOC 32 cm (50–75th centile; 

+0.5 SD). The prenatal history was significant for late antenatal care. The mother’s first 

prenatal sonographic examination 1 day prior to delivery showed hydrocephalus, agenesis of 

the corpus callosum, arthrogryposis, and retrognathia. Examination at birth showed a female 

Schaaf et al. Page 2

Am J Med Genet A. Author manuscript; available in PMC 2016 August 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



infant in no acute distress with relative macrocephaly, prominent forehead, and metopism. 

Dysmorphic facial features included telecanthus, a short nose with anteverted nares, low-set 

ears, and mild arthrogryposis in all four limbs (Fig. 1A). The patient preferred to hold her 

limbs in flexion, but there was also true limitation of extension of the major joints of both 

upper and lower extremities. In addition, there was bilateral fifth finger clinodactyly, mild 

cutaneous 2–4 toe syndactyly, and proximal placement of the great toes (Fig. 1B).

Postnatal chromosome analysis revealed a normal female karyotype, 46,XX. Radiological 

studies disclosed eventration of the right anterior medial diaphragm, generalized shortening 

of the extremities, and slight heterogeneity of bone mineralization at the metaphyses of 

several long bones. A brain MRI at age 3 days showed an immature (~34 weeks) brain with 

mildly effaced gyral pattern (Fig. 2). There was enlargement of the lateral and third 

ventricles and significant thickening of the tectum and massa intermedia. The lateral 

ventricles were also dysmorphic, particularly in the temporal horns, and the septum 

pellucidum was absent. The fourth ventricle appeared normal in size. The sylvian fissure 

was notably open (underopercularization), perhaps related to the reduced volume of white 

matter and ventriculomegaly hydrocephalus. The corpus callosum was markedly thinned but 

appeared present at the level of the body and genu.

The patient exhibited developmental delay. At the age of 8 months, the patient had limited 

head control, was not able to sit without support, and did not reach for toys, although she 

cooed and babbled in monosyllables. She was noted to have significant shortening of all four 

extremities, which was confirmed by radiographs and measurement of the long bones (Table 

I). Because of progression of a non-communicating hydrocephalus, the patient underwent 

placement of a ventriculo-peritoneal shunt at the age of 8 months.

The combination of congenital anomalies of the central nervous system along with the 2–4 

toe syndactyly suggested the diagnosis of SLOS or other cholesterol biosynthesis defects, 

therefore a plasma sterol panel was ordered.

METHODS

Plasma Sterol Analysis

Plasma sterols were quantified by selected ion-monitoring gas chromatography/mass 

spectrometry (GC/MS) as previously described [Kelley, 1995].

Mutation Analysis

Exons 1–9 and flanking intron sequences of the DHCR24 gene were PCR amplified from 

the patient’s genomic DNA using primer pairs tagged with either −21M13 (5′-
TGTAAAACGACGGCCAGT-3′) or M13rev (5′-CAGGAAACAGCTATGACC-3′) 
extensions followed by sequencing as previously described [Waterham et al., 2001].

Predicted Structural Changes on DHCR24

To evaluate the effect of the amino acid substitutions p.R94H and p.E480K, we used the 

crystal structure of the closest available homolog of DHCR24 and the evolutionary trace 

(ET) method [Lichtarge et al., 1996; Mihalek et al., 2006; Morgan et al., 2006]. The closest 
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homolog structure found was cytokinin dehydrogenase from Arabidopsis thaliana (PDB ID: 

2exr), which shares 20% sequence identity with DHCR24. The root mean square deviation 

between the model and the real DHCR24 structures was estimated to be around 0.2 nm (2 Å) 

suggesting that it can be used for structural modeling of the human DHCR24 [Chothia and 

Lesk, 1986]. The ET method used the structure and an alignment of 140 sequences from 80 

different sources (including animals, plants, bacteria, and viruses). To assay the effect of 

each mutation, we also determined if they belonged to any functional sites and how the local 

sequence (20 closest residues) and structural environment (residues within 1 nm) of each 

mutant change to accommodate sequence alterations during evolution [Ward et al., 2008].

Human DHCR24 cDNA Expression in S. cerevisiae

To study the effect of the mutations on enzyme activity, both mutant proteins were expressed 

in the yeast S. cerevisiae. Total RNA was isolated from the patient’s fibroblasts using Trizol 

(Invitrogen, Carlsbad, CA) extraction and a total cDNA fraction prepared using a first strand 

cDNA synthesis kit for RT-PCR (Roche, Indianapolis, IN). The total cDNA fraction was 

subsequently used to PCR amplify the DHCR24 cDNAs containing the p.R94H and the 

p.E480K mutations. The DHCR24-R94H and DHCR24-E480K cDNAs were first cloned in 

the pGEM-T vector (Promega, Madison, WI) followed by sequence analysis for sequence 

verification and exclusion of PCR-introduced errors. Subsequent cloning of the cDNAs in 

the yeast-expression plasmid pYES vector followed by expression in S. cerevisiae were done 

as described previously [Waterham et al., 2001].

DHCR24 Enzyme-Activity Measurements

The activities of wild-type (DHCR24-WT) and both mutant DHCR24 enzymes (DHCR24-

R94H and DHCR24-E480K) were determined in yeast homogenates by measuring the 

production of cholesterol from desmosterol, as previously described [Waterham et al., 2001].

RESULTS

Quantification of plasma sterols by GC/MS was performed on day of life five. A markedly 

increased level of desmosterol of 738 μmol/L (normal, 2.1 ± 1.2 μmol/L (SD), N = 150) was 

detected, consistent with the diagnosis of desmosterolosis due to DHCR24 deficiency. The 

cholesterol level, 2.41 mmol/L, was slightly above upper limit of normal for a 3-day-old 

infant (1.68 ± 0.31 mmol/L (SD), N = 12). Both 7-dehydrocholesterol [0.10 μmol/L, normal 

of 0.42 ± 0.23 μmol/L (SD), n = 706] and lathosterol [0.88 μmol/L, normal of 2.51 ± 1.24 

μmol/L (SD), n = 177] were in the normal range.

Sequence analysis of all exons and flanking intronic sequences of DHCR24 of the patient 

and her parents revealed compound heterozygosity for two novel mutations c.281G>A 

(p.R94H) and c.1438G>A (p.E480K), in the patient, with c.281G>A inherited from the 

mother and c.1438G>A from the father.

Based on the evolutionary and structural analyses of the DHCR24 protein, both amino acid 

substitutions (Fig. 3A,B) are predicted to have a severe deleterious effect on enzyme 

function. The p.R94H mutation is predicted to be located at the FAD binding site, which is 

almost invariant in DHCR24 orthologs from plantae through animalia. The p.E480K 
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mutation is predicted to be located near a solvent-accessible site of milder evolutionary 

importance (top 50%). Residue E480 is invariant in animalia sequences, but it is replaced by 

other hydrophilic amino acids in Plantea sequences. However, the p.E480K substitution is 

subsequently accompanied by several charge shift changes in the local sequence and 

structural environment.

To test the effect of the mutations on DHCR24 enzymatic activity, we expressed the two 

patient’s DHCR24 cDNAs separately in S. cerevisiae, a eukaryotic organism devoid of 

endogenous sterol-Δ24-reductase activity and thus normally incapable of cholesterol 

synthesis. The cDNAs were PCR amplified from cDNA synthesized using RNA isolated 

from the patient’s fibroblasts, subcloned into a yeast expression vector (pYES) and then 

expressed in S. cerevisiae. Incubation of yeast homogenates with desmosterol revealed a 

significant decrease of enzyme activity as compared to wild-type DHCR24, with the effect 

of the DHCR24-R94H mutation being somewhat more severe than that of the DHCR24-

E480K mutation (Fig. 4).

DISCUSSION

Desmosterolosis is a rare, possibly underdiagnosed disorder of cholesterol biosynthesis. 

Only two patients have been reported in the literature [FitzPatrick et al., 1998; Andersson et 

al., 2002]. Here we report on the third case of desmosterolosis in a female neonate with 

congenital hydrocephalus, dysmorphic features, diaphragmatic eventration, mild 

arthrogryposis, and rhizomesomelic shortening of all four limbs. Brain MRI examination 

revealed hydrocephalus, absent septum pellucidum, thin corpus callosum, mildly effaced 

gyral pattern, and incomplete opercularization. The three cases of desmosterolosis and their 

clinical features are contrasted in Table II.

Cholesterol influences the morphogenesis of the human brain and is also known to be an 

important constituent of the central nervous system. In SLOS, the most common disorder of 

cholesterol biosynthesis, structural brain anomalies occur in 37% of cases [Hennekam, 

2005]. Enlarged ventricles, hypoplastic frontal lobes, hypoplastic or absent corpus callosum, 

cerebellar hypoplasia, and holoprosencephaly are among the most commonly reported 

structural defects [Kelley and Hennekam, 2000]. Microcephaly is present in at least 90% of 

patients. The first patient with desmosterolosis reported in the literature was found to have 

macrocephaly, premature gyral pattern, poor development of the corpus callosum, and gross 

dilatation of the ventricles [FitzPatrick et al., 1998], and the second was found to have 

microcephaly with agenesis of the corpus callosum [Andersson et al., 2002]. While isolated 

underopercularization can be observed in premature infants, it is rarely observed in full-term 

neonates, although as noted above, the overall gyral development was equal to 34 weeks 

gestation. Underopercularization has been reported in glutaric aciduria type I, Aicardi 

syndrome, and other neuro-developmental disorders [Amir et al., 1987; Hopkins et al., 

2008]. There are also several cases in the literature of unknown etiology. For example, Levin 

et al. [1993] reported a male neonate with unilateral underopercularization, pachygyria, 

contractures, and genital abnormalities, and compared that case to three other similar cases, 

one of which was the product of a consanguineous relationship.
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Primary defects of cholesterol biosynthesis can present with skeletal abnormalities, of which 

rhizomesomelia is the most common and prominent. Conradi–Hunermann–Happle and 

CHILD (congenital hemidysplasia, ichthyosis, and limb defects) syndromes are associated 

with asymmetric rhizomesomelia or other limb defects. Syndactyly of toes 2–3 is observed 

in most patients with SLOS. Unilateral or bilateral postaxial polydactyly of the hands and/or 

feet is also common in these patients. No syndactyly was reported in the two known patients 

with desmosterolosis. The proposita reported herein displayed mild cutaneous 2–4 toe 

syndactyly, which is an uncommon finding in SLOS and, when present, is structurally 

different than seen in this infant. While, chondrodysplasia punctata is a prominent 

radiological finding in Conradi–Hunermann–Happle syndrome (CDPX2) and CHILD 

syndrome, the skeletal survey in our patient did not show epiphyseal stippling. Plain 

radiographs of our patient also did not show the osteosclerosis described in the first reported 

patient with desmosterolosis [FitzPatrick et al., 1998] but bone mineral density studies were 

not performed.

Diaphragmatic eventration is s a rare congenital malformation. It typically occurs in infants 

with diaphragmatic paralysis, as a consequence of birth trauma, such as brachial plexus 

injury, which was not present in this patient. Diaphragmatic eventration also occurs in Fryns 

syndrome and spinal muscular atrophy with respiratory distress (SMARD). It has been 

reported sporadically in individuals with Poland, Wandering spleen, and Matthew–Woods 

syndromes [Stratton et al., 1993; Chitayat et al., 2007; Golzio et al., 2007; Guenther et al., 

2007; Kulkarni et al., 2007].

Importantly, the patient reported in this manuscript had multiple congenital anomalies, 

including several of the central nervous and skeletal systems. As seen in Table II, the clinical 

features among patients with desmosterolosis are diverse, and not always suggestive of 

disorders of cholesterol biosynthesis, per se. Nevertheless, the combination of central 

nervous system anomalies and peripheral skeletal findings (even atypical and mild as in our 

patient) should suggest a cholesterol biosynthesis defect. Sequence analysis of DHCR24 in 

our patient revealed two novel mutations in trans configuration, as confirmed by parental 

studies. The structural mapping and evolutionary analysis of the respective amino acids 

strongly suggested that these mutations impair DHCR24 function. This conclusion was 

further supported by expression of the patient’s cDNAs in yeast to measure enzyme activity, 

which demonstrated that both mutations decrease DHCR24 activity significantly.

The plasma cholesterol levels in this patient were not decreased, suggesting that the residual 

activity of the patient’s DHCR24 still allows normal postnatal synthesis of cholesterol, 

although this was associated with clearly elevated levels of desmosterol. A similar 

observation was made in the other previously reported and still living patient with 

desmosterolosis [Andersson et al., 2002], and a normal plasma cholesterol level is common 

in patients with milder presentations of SLOS and in almost all patients with CDPX2, 

CHILD syndrome, and sterol-C4-methyl oxidase-like (SC4MOL) deficiency. However, the 

ability to maintain a normal cholesterol level, which in blood is largely determined by 

hepatic cholesterol synthesis, might not exit in other tissues, especially brain and cartilage, 

which must synthesize all cholesterol in situ. Moreover, because the rapid cell growth 

characteristic of the embryonic period probably demands faster rates of cholesterol synthesis 
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than in the postnatal period, deleterious deficiencies of cholesterol or toxic levels of sterol 

intermediates might occur in some tissues only during the embryonic period. Indeed, as 

shown in Anderson et al. [1998], SLOS lymphoblasts in stationary phase with near normal 

7DHC levels show striking increases in their 7DHC levels when subcultured in fresh 

cholesterol-free medium and induced to grow rapidly.

While differences in embryologic rates of cell division and the inability of certain tissues to 

benefit from exogenous cholesterol from hepatic cholesterol synthesis or maternal 

transplacental supply could explain both the rhizomelia and hypoplastic corpus callosum 

seen in our patient, it is difficult to speculate on the cause of many other desmosterolosis 

malformations, which cannot be explained by decreased hedgehog signaling or other 

consequences of low cellular cholesterol levels. Moreover, although knockout mice for sterol 

synthesis enzymes are imperfect models for human sterol teratogenesis because of higher 

rates of maternal cholesterol transfer to the fetus, the absence of brain, visceral, and skeletal 

malformations despite the essential absence of cholesterol in DHCR24 knockout mice 

[Wechsler et al., 2003; Mirza et al., 2006] casts doubt on the possibility that high levels of 

desmosterol are teratogenic. These embryological considerations and the greatly differing 

phenotypes of the three known cases of desmosterolosis necessarily suggest the possibility 

that the biochemical abnormality in desmosterolosis is a bias of ascertainment or a necessary 

but not sufficient cause of the three different desmosterolosis phenotypes described in Table 

I. In that case, the patients would be better described as having desmosterolemia.

No definitive treatment for disorders of cholesterol biosynthesis is available to date. For 

SLOS, treatment strategies to increase bioavailability of cholesterol or to decrease the 

accumulation of 7-dehydrocholesterol have been studied. Cholesterol supplementation has 

been tried often, but improvement of neurobehavioral and developmental outcomes remains 

mostly anecdotal [Elias et al., 1997; Nwokoro and Mulvihill, 1997; Sikora et al., 2004; 

Tierney et al., 2010]. A combination of cholesterol supplementation and simvastatin, a 3-

hydroxy-3-methylglutaryl-coenzyme A reductase inhibitor, has been tested in children with 

SLOS and found to lower 7-dehydrocholesterol levels. However, a positive effect on 

anthropomorphic measurements and behavior has not been observed [Haas et al., 2007; 

Chan et al., 2009].

DHCR24 is an FAD-dependent oxidoreductase that is strictly dependent on the presence of 

reduced NADPH [Waterham et al., 2001]. We therefore asked whether or not optimizing 

FAD and NADPH levels might increase the residual DHCR24 activity in our patient. FAD is 

synthesized from riboflavin in 2 ATP-dependent catalytic steps by riboflavin kinase and 

FAD-pyrophosphatase. The second important cofactor of DHCR24, NADPH, is synthesized 

from NAD through phosphorylation by NAD-kinase. The major source of NADPH in human 

metabolism is the oxidative pentose phosphate pathway. Transketolase, a key enzyme of the 

pentose phosphate pathway, is dependent on thiamine (vitamin B1) in the form of thiamine 

diphosphate as a cofactor of the reaction. We therefore reasoned that supplementation of 

thiamine might increase NADPH production, with supplemental nicotinamide augmenting 

the production of NAD. Accordingly, we hypothesized that treatment of desmosterolosis 

with riboflavin, nicotinamide, and thiamine might augment DHCR24 activity in patients 

with desmosterolosis. While treatment in our patient was initiated with riboflavin 15, 
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nicotinamide 100, and thiamine 15 mg/kg/day, there were major concerns regarding non-

compliance and a follow-up sterol analysis by GC/MS at 13 months of life showed no 

significant decrease in desmosterol levels and the cholesterol level stayed close to the normal 

range. The desmosterol/cholesterol ratio had decreased slightly to 0.24 (as compared to 0.30 

at the time of diagnosis), a change that was not statistically significant. Additional studies 

investigating the effect of vitamins and cofactors in desmosterolosis and other sterol 

biosynthesis defects may be considered, but may not be conclusive due to the small number 

of patients and the severe congenital malformations associated with these conditions. 

However, an N-of-1 clinical trial could be evaluated in an attempt to find the best possible 

treatment for a particular patient.

To conclude, we suggest considering desmosterolosis and other defects of cholesterol 

biosynthesis in the differential diagnosis of individuals with brain malformations, global 

developmental delay or intellectual disability, diaphragmatic eventration, limb contractures, 

or arthrogryposis.
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FIG. 1. 
Clinical photographs. A: Patient at age 3 weeks. Note flexion of all four extremities, 

consistent with arthrogryposis. Relative macrocephaly, prominent forehead, and widely open 

metopic suture were noted. B: AP view of the face highlights the short nose and anteverted 

nares. C,D: The patient’s feet shows mild cutaneous 2–4 toe syndactyly and proximally 

placed great toes. E: Patient at age 8 months. Note rhizomesomelic shortening of the 

extremities. F: Profile at 8 months is significant for progressive relative macrocephaly with 

frontal bossing. Head circumference was at the 95th percentile for age, while length was 4.5 

SD below the mean. Note again the short nose with anteverted nares.
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FIG. 2. 
T2-weighted MRI images of the brain. A: Coronal view at 3 days of age. Note dilatation of 

the lateral ventricles and absence of the septum pellucidum. B: Ventriculomegaly, abnormal 

opercularization, and mildly effaced gyral pattern at age 3 days. C: Progression of 

hydrocephalus at age 8 months. D: Similar brain abnormalities were still evident at 8 months 

of age.
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FIG. 3. 
Structural model of DHCR24. Mapping of the patient’s mutations (p.R94H and p.E480K) 

onto the closest homologue for which structural data is available (cytokinin oxidase/

dehydrogenase; CKX) from Arabidopsis thaliana (PDB id: 2exr). A: Mapping provides 

information about evolutionary importance of respective amino acids, with red being most 

highly conserved and purple being least conserved. B: Depiction of the two affected amino 

acids in red and mutations of previously reported patients are shown as light purple sticks. 

An FAD molecule is represented as green balls, illustrating that the p.R94H substitution 

affects the FAD binding domain of the protein. The figure was generated by using PyMOL 

(DeLano Scientific LLC, Palo Alto, CA) and the Protein Data Bank file: 2exr.
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FIG. 4. 
Yeast expression studies. cDNAs of the patient’s mutations were cloned into a yeast 

expression vector (pYES). Production of cholesterol from desmosterol was measured in 

yeast homogenates. pYES: empty vector control; DHCR24-WT: wild-type DHCR24 

activity, set at 100%; DHCR24-R94K and DHCR24-E480K: patient’s mutations.
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TABLE I

Measurement of Long Bones Based on Radiographs at Age 8 Months

Bone Patient (8 months) Mean (6 months) Range (6 months)

Humerus 7.52 8.74 8.22–9.12

Radius 5.45 6.74 6.37–7.14

Ulna 6.13 7.58 7.09–7.92

Femur 10.05 11.15 10.57–11.58

Tibia 7.97 8.87 8.20–9.48

Fibula 7.40 8.52 7.74–9.00

All values are provided in centimeters. Right and left sides were measured and the mean of both sides is shown. Patient’s measurements (at 8 
months of age) are compared to normal female controls at 6 months of age (8-month values not available) [Maresh, 1955].
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TABLE II

Clinical Features of Desmosterolosis

FitzPatrick et al. [1998] Andersson et al. [2002] This report

Sex Female Male Female

Karyotype 46,XX 46,XY 46,XX

Viability No Yes Yes

Developmental delay/intellectual disability N/A Yes Yes

Brain malformations Immature gyration Agenesis CC Hydrocephalus

Dilated ventricles Hypoplastic CC

Hypoplastic CC Absent septum pellucidum

Underopercularization

Skeletal anomalies Osteosclerosis Talipes equinovarus Congenital contractures

Rhizomesomelia Mild contractures of bilateral hands Rhizomesomelia

Syndactyly None Not reported Mild, but present 2–4 toe 
syndactyly

Facial features Frontal bossing Downslanting palpebral fissures Prominent forehead

Depressed nasal bridge Bilateral epicanthal folds Short nose

Microstomia Micrognathia Anteverted nares

Low-set, abnormal ears Telecanthus
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