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Purpose: Human X-linked dominant chondrodysplasia punctata (CDPX2) or Happle syndrome is associated with

mutations in the human emopamil binding protein (EBP), a �8-�7-sterol isomerase involved in cholesterol

biosynthesis. The purpose of the current study was to determine the spectrum of EBP mutations in females with

CDPX2 and the utility of biochemical screening for the disorder by analysis of plasma sterols. Methods: Genomic

sequencing of the coding exons of the human �8-�7-sterol isomerase gene was performed on DNA from 26 females

with suspected X-linked dominant chondrodysplasia punctata. Clinical data and sterol analyses were obtained for

24 and 23 of the patients, respectively. Results: Mutations in the human EBP �8-�7-sterol isomerase gene were

found in 22 (85%) of 26 females studied, including 20 (91%) of 22 patients who demonstrated an abnormal sterol

profile. Thirteen of the mutations have not been reported previously. All of the females in whom mutations were

found demonstrated typical skin manifestations of CDPX2, and all but one had a skeletal dysplasia. Conclusions:

Plasma sterol analysis was a highly specific and sensitive indicator of the presence of an EBP mutation in females

with suspected CDPX2, including a clinically unaffected mother of a sporadic case. No clear genotype/phenotype

correlations were ascertained, probably because phenotypic expression is influenced substantially by the pattern

of X-inactivation in an affected female. Genet Med 2002:4(6):434–438.
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Chondrodysplasia punctata is a term used to describe sev-
eral genetic and acquired disorders in which there is abnormal
punctate calcification of the epiphyses of the long bones during
infancy.1 The X-linked dominant form of chondrodysplasia
punctata (CDPX2; OMIM 302960, also known as Conradi-
Hunermann or Happle syndrome) is a rare human develop-
mental disorder. It is characterized by a skeletal dysplasia that
may include asymmetric, often rhizomelic, shortening of the
limbs and scoliosis. The diagnostic radiographic finding of
epiphyseal stippling is usually more widespread in this form of
chondrodysplasia punctata than in others, and it may include
stippling of the vertebral column and tracheal cartilage.1 Skin

abnormalities include a patterned, hyperkeratotic, erythema-
tous eruption that is typically present at birth but partially or
completely resolves in the first few weeks of life. Cicatricial
alopecia, variable ichthyosis, follicular atrophoderma, and re-
sidual pigmentary abnormalities are common. Congenital cat-
aracts and occasional microophthalmia, as well as renal, car-
diac, and central nervous systemmalformations have also been
described in these patients (reviewed by Herman2). The asym-
metry or patterned distribution of the skin findings reflects the
process of random X-inactivation in affected, heterozygous
females.
In 1999 the gene that is altered in CDPX2 was identified

based on the finding of abnormally elevated levels of the cho-
lesterol precursors cholest-8(9)-en-3�-ol and 8-dehydrocho-
lesterol (8-DHC) in affected human patients,3,4 as well as by
homology to the defective gene in the tattered mouse.5 The
enzyme defect occurs in a �8-�7-sterol isomerase involved in
postsqualene cholesterol biosynthesis. The gene encoding this
enzyme, called EBP (OMIM 300205), was originally identified
as a receptor for the calcium antagonist emopamil and is
known to bind a diverse group of compounds, including ta-
moxifen.6 It has been localized to chromosome band Xp11.22-
p11.23.7 Mutations in the EBP gene were initially identified in
13 unrelated CDPX2 females (Refs. 4 and 5; patients 2 and 6 in
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Refs. 4 and 5 being identical). Subsequently, 13 additional fe-
males with EBP mutations have been reported.8–10

To understand the range of mutations in the EBP gene asso-
ciated with CDPX2 and to correlate the sterol abnormalities
and clinical findings with themolecular data, we have analyzed
an additional 26 females with suspected CDPX2. Mutations
were identified in 22 females, and 13 of these mutations are
novel. Elevated 8-DHC and cholest-8(9)-en-3�-ol levels in
plasma or in cultured lymphoblastoid cells were strongly asso-
ciated with the finding of a mutation in the EBP gene.

MATERIALS AND METHODS

Twenty-six females with a clinical diagnosis of CDPX2 were
referred for study. Fourteen of the patients were ascertained on
the basis of a clinical diagnosis or the presence of radiologic evi-
denceof stipplingof oneormore epiphyses. Twelvewere enrolled
after an abnormal sterol profile analysis performed in theClinical
Mass Spectrometry Laboratory, KennedyKrieger Institute (Balti-
more, MD), and clinical information was subsequently obtained
where possible. Blood or skin samples were obtained formolecu-
lar studies after informed consent and protocols approved by the
appropriate institutional human subjects review boards. Clinical
descriptions of Patients 2 and 10have been reported byDiPreta et
al.11 and Sutphen et al.,12 respectively. For two of the patients, no
clinical information was available. Sterol analyses of plasma or
cultured lymphoblasts were performed in 23 of the cases as previ-
ously described.3,4 GenomicDNAwas extracted from fresh blood
samples or from cultured cell lines using standard protocols. Di-
rect cycle sequencing of PCR-amplified DNA representing the
coding exons (2–5) of the human EBP gene was performed for
each patient sample as described4,5 on an ABI 377 automated se-
quencer. The heterozygous mutations were identified on both
DNA strands and/or confirmed by sequencing of several cloned
PCR products. Exon 1, a 5'-noncoding exon, was scanned for
mutations only if a mutation was not detected in exons 2–5.

RESULTS

Mutations in the EBP gene were found in 22 (85%) of the 26
patients studied (Table 1). In 1999, Kelley et al.3 reported ab-
normal elevated levels of 8-DHC and cholest-8(9)-en-3�-ol in
five females with CDPX2 or sporadic lethal CDP, consistent
with an enzymatic deficiency of �8-�7-sterol isomerase. Sub-
sequently, similar abnormalities of sterol metabolism were re-
ported in four additional females with CDPX2 and EBP muta-
tions.4,9 Twenty of our patients in which amutation in the EBP
gene was detected had a sterol analysis performed. In all, the
typical elevations in 8-DHC and cholest-8(9)-en-3�-ol were
identified (Table 1).
In four females, no mutation in the EBP gene was detected:

Patients 23–25 were reported to have skin and skeletal features
consistent with a diagnosis of CDPX2, and typical, abnormal
sterol profiles were found in the two girls in whom the test was
performed. The only clinical signs in the fourth female (Patient
26) were epiphyseal stippling and asymmetric shortening of

one limb, and she was subsequently found to exhibit a normal
sterol profile. We5 and others9 have previously reported an
absence of EBP mutations in four unrelated females with
puncta and skeletal findings only. Possible explanations for
our inability to detect a mutation in the three females with
“classic CDPX2” would include the presence of a heterozygous
deletion undetectable by our current methods of analysis, a
mutation in a regulatory region of the EBP gene, or, perhaps, a
phenocopy with a mutation in another related gene.
As shown in Table 1, mutations were encountered in all of

the coding exons of the gene, with the majority of mutations,
18 (82%) of 22, in exons 2 and 4. Thirteen of the mutations
have not been previously reported, including three associated
with small genomic rearrangements (deletions and insertions)
and the single mutation involving the donor splice site in in-
tron 4 (Patient 20). We identified nonsense mutations in six
patients, three of which were novel (W61X, R110X, and
W135X). Thesemutations, as well as those in the three patients
with frameshifts and truncated proteins, would be expected to
produce functional null alleles.
There were 12 missense mutations, 6 of which were novel

(R62W, C72Y, G130 V, G157S, G173R, and W196S). Analysis
of the amino acid sequence of the EBP protein predicts that it is
a Type I integral membrane protein with four potential trans-
membrane domains and a potential site for cAMP-dependent
protein kinase phosphorylation (Ref. 6 and see Fig. 1). Se-
quence data for the human, guinea pig, rat, and mouse EBP
genes are available. Significantly, all of the missense mutations
identified in this study alter amino acids that are conserved
across these four species, suggesting that these residues are crit-
ical to the function of the protein. The C72Y residue in mem-
brane-spanning domain 1 is predicted to be in close juxtapo-
sition to either C120 or C127 in membrane-spanning domain
2 such that the mutation C72Y could affect disulfide bridging
and, hence, the three dimensional conformation of the pro-
tein. Finally, Braverman et al.4 have previously demonstrated
the functional significance of the recurrent missense mutation
E80K by its inability to correct abnormal sterol profiles in a
yeast complementation assay.
Five of the mutations were recurrent, including three previ-

ously reported (R63X, E80K, and R147H) and two reported
here for the first time (R62W and W135X). Six of the single
base alterations (R62W, R63X, E80K, R110X, R147H, and
G173R) found in 11 of the patients occurred at CpG dinucle-
otides and represent alterations that could be associated with
the deamination of a methylated cytosine residue. These sites
include all of the recurrent mutations except for W135X and
are likely “hotspots” for mutation.

DISCUSSION

There was no clear evidence of a genotype-phenotype cor-
relation between mutations, levels of sterol intermediates, and
the types of physical abnormalities found in affected females.
Ikegawa et al. have suggested that females with nonsense or
frameshift mutations producing a nonfunctional protein are
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likely to demonstrate the complete phenotype including skin,
skeletal, and ocular manifestations of their disease. They found
that patients with missense mutations did not consistently
demonstrate all clinical features, particularly ocular abnormal-

ities.9 All of the females with EBP mutations listed in Table 1
for whom clinical information was available demonstrated
typical skin abnormalities of CDPX2, and all but one (Patient
8) had skeletal findings. A lack of stippling on x-rays in infancy

Table 1
Summary of patients and mutations identified

Patient
Family
history

Abnormal
sterol

profilea Exon Mutationb Amino acid

Clinical findingsc

OtherSkin Skeletal Cataracts

1 � � 2 c.122delTCTTAG
and c.134insC

Frameshift/truncation � � Bilateral Normal IQ; bilateral sensorineural deafness;
hip and knee contractures

2 � � 2 c.166-167insT Frameshift/truncation � � Right Bilateral clubfeet; right postaxial polydactyly

3 � � 2 c.183G�A W61X � �d Left Mild sensorineural deafness; normal IQ

4 � � 2 c.184C�T R62W � � ? Normal IQ

5 � � 2 c.184C�T R62W � �
(no stippling)

� Normal IQ

6 � � 2 c.187C�T R63X � � Bilateral Hydronephrosis; normal IQ

7 � � 2 c.187C�T R63X � � � Normal IQ; mildly Smith-Lemli-Opitz–like
facies

8 ? � 2 c.215G�A C72Y � � ?

9 � � 2 c.238G�A E80K ? � ?

10 � ND 2 c.238G�A E80K � � �

11 � ND 2 c.268-269insCT Frameshift/truncation � � � Postaxial polydactyly; deceased

12 � � 3 c.328C�T R110X � � Bilateral Normal IQ

13 ? � 4 c.389G�T G130V � � ? Fetus terminated at 28 weeks

14 ? � 4 c.404G�A W135X � �
(no stippling)

?

15 � � 4 c.405G�A W135X � � ? Normal IQ

16 � � 4 c.440G�A R147H ? � ?

17 � � 4 c.440G�A R147H � � Left Microcephaly; developmental delay; seizures

18 � � 4 c.440G�A R147H � � �

19 � � 4 c.469G�A G157S � � Bilateral Tethered cord

20 ? � Intron
4

c.469�1G�A Donor splice site ? ? ?

21 ? � 5 c.517G�A G173R ? ? ?

22 � � 5 c.587G�C W196S � � ? Cervical myelopathy; deceased

23 � ND � � ?

24 � � � � ?

25 � � � � ?

26 � � � � �

Abbreviations and symbols used are as follows: � indicates the feature was present; � indicates that it was absent; ? indicates that no information was available. ND,
not determined.
aPatients with an abnormal sterol profile had significant elevations in 8-dehydrocholesterol (8-DHC) and cholest-8(9)-en-3�-ol [8(9) chl]. The mean cholesterol
level in a total of 53 samples analyzed was 150 mg/dL with a standard deviation of 46.2 and a range of 35.6–244. The mean 8-DHC was 3.8 �g/mL with a standard
deviation of 3.5 and a range of 0–14.9 (normal � 0.1), and the mean 8(9) chl was 9.8 �g/mL with a standard deviation of 10.3 and a range of 0.14–41.3 (normal �
0.1).
bMutations are designated as recommended,18 with the first nucleotide of the initiator methionine numbered as 1.
cThe presence of skin findings included all or most of the following: patterning ichthyosis and/or erythroderma at birth, patchy alopecia, follicular atrophoderma, and
residual pigmentary abnormalities or ichthyosis. Skeletal findings included shortening of the limbs, usually asymmetric, and infantile epiphyseal stippling, unless
otherwise noted.
dThe patient was born in Mexico, where scoliosis, a left cataract, and “scaly skin” were noted. No stippling of the epiphyses was detected when the first x-rays were
obtained in this country at 6 years of age.
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was documented in two cases (Patients 5 and 14), although this
finding is considered a hallmark of the disorder. Unfortu-
nately, complete clinical information, particularly with respect
to ocular findings, was difficult to obtain for many of our cur-
rent cases. However, at least one of our patients with a frame-
shift mutation and truncated protein (Patient 11) lacked cata-
racts. Ikegawa et al.9 demonstrated random X-inactivation in
peripheral blood leukocytes from three CDPX2 patients as well
as from their unaffected mothers. Major effects on the severity
of the clinical phenotype and the expressivity of a particular
mutation are likely to reflect the pattern and timing of X-inac-
tivation as much as or more than the exact mutation itself.

There was a high correlation between detection of the char-
acteristic abnormal sterol metabolites 8-DHC and cholest-
8(9)-en-3�-ol and identification of a mutation in the EBP gene
(20 mutations identified in 22 females with abnormal sterol
profiles or 91%). Thus sterol analysis of females with suspected
CDPX2 is a useful screening tool with a relatively high speci-
ficity and sensitivity. It may be particularly helpful in differen-
tiating the rhizomelic form of chondrodysplasia punctata
(RCDP; OMIM 215100), which is associated with peroxisomal
abnormalities, elevated plasmalogen levels, and a much poorer
prognosis,13 from CDPX2. In fact, one of the patients studied
here (Patient 6) was originally suspected to have RCDP based
on the presence of severe, symmetric rhizomelia at birth. How-
ever, plasmalogen studies were normal and subsequent plasma
sterol levels were compatible with CDPX2 as was her clinical
course (G. Herman, unpublished, 2000).

In the majority of familial cases of CDPX2, the severity of the
physical manifestations increases in succeeding generations
(anticipation).2,12,14 This phenomenon appears to be ex-
plained, at least in part, by the finding of gonadal and/or so-
matic mosaicism in at least two families.8 In addition, somatic
mosaicism has been reported in two males with features of
CDPX2, normal karyotypes, and heterozygous mutations in

the EBP gene.15,16 Finally, a single male with microcephaly and
significant neurologic impairment, a unilateral cataract,
patchy hypopigmentation, renal anomalies, but no epiphyseal
stippling or skeletal dysplasia was found to have a novel hemi-
zygous EBP missense mutation, L18P.17 Only one of our cases
was known to be familial (Patient 10). Clinical features in three
generations of affected individuals in this family, including an
affected male with a 47,XXY karyotype, have been reported.12

A plasma sterol analysis was performed on the mothers of seven
of the females with sporadic CDPX2 listed in Table 1. For four of
the cases (Patients 2, 7, 16, and 22), a normal plasma sterol profile
was obtained, and no mutation was detected in DNA prepared
from the mother’s peripheral blood leukocytes (data not shown).
The mother of Patient 3 had an abnormal sterol profile, and the
heterozygous G183A mutation was detected in her peripheral
blood DNA. She was clinically unaffected. In addition to her af-
fected daughter, she had delivered a healthy boy and girl and had
a history of one miscarriage.

There were no inconsistencies between the ability to detect
an abnormal sterol profile in an apparently unaffected mother
and the detection of a mutation in the same individual. How-
ever, the number of samples studied is small. The mothers of
Patients 9 and 15 had normal and abnormal sterol profiles,
respectively, but no DNA was available for confirmation of the
presence of a mutation. Finally, no mutation was detected in
DNA from peripheral blood of the mothers of Patients 4, 6, and
17, and sterol analyses were not performed. Since germline
mosaicism has been reported in this disorder,8 the inability to
detect a mutation in the mother of a sporadic case does not
completely eliminate the risk of recurrence for a woman who
has an affected daughter.

In summary, we have detected mutations in the human �8-
�7-sterol isomerase gene in 22 females with CDPX2, extending
the total number of confirmed mutations in unrelated females
to 48.4,5,8–10 This study represents the first in which extensive
analysis of plasma sterols was used and demonstrates its utility
as a screening method, including the detection of an asymp-
tomatic carrier female (mother of Patient 3). More detailed
clinical studies and long-term follow-up will be necessary to
ascertain whether any genotype-phenotype correlations exist
in this disorder and to examine further the utility of biochem-
ical screening in asymptomatic mothers of sporadic cases.
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