
Introduction

Chondrodysplasia punctata (CDP) refers to the ra-
diological finding of punctate calcifications in
epiphyseal cartilage or, alternatively, ‘stippled
epiphyses’. It is a clinically and genetically hetero-
geneous entity and includes an X-linked dominant
form (Conradi-Hünermann-Happle syndrome or
CDPX2), autosomal recessive forms (rhizomelic
chondrodysplasia punctata or RCDP types 1, 2
and 3), and an X-linked recessive brachy-
telephalangic type (arylsufatase E deficiency or
CDPX1). Several milder forms of CDP,
tibia-metacarpal type and humero-metacarpal
type, have also been described (Savarirayan et al.
2004; Fryburg et al. 1996). In addition,
phenocopies of brachytelephalangic CDP occur
with maternal exposure to warfarin in early gesta-
tion, and there are reports of CDP in infants of
mothers with presumed vitamin K deficiency and

with autoimmune diseases (Shanske et al. 2007).
There are also patients with CDP, in which known
etiologies have been exhaustively investigated,
and none has been found (Kumada et al. 2001).

RCDP types 1, 2 and 3 are a group of lethal dis-

orders caused by defective synthesis of ether

phospholipids. RCDP is characterized by

rhizomelic shortening of limbs, congenital

contractures, dysmorphic facial features (includ-

ing a depressed nasal bridge, hypertelorism,

hypoplastic midface, anteverted nostrils, full

cheeks), bilateral congenital cataract, and severe

growth and mental deficiency. Cataract is usually

present at birth or appears in the first few months

of life. A majority of the patients do not survive

the first decade of life. A few individuals have a

milder phenotype, with congenital cataracts and

chondrodysplasia but no rhizomelia, and some

have less severe mental and growth deficiency.
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Radiographic studies show symmetrical shorten-

ing of the humerus and femur, with irregular and

broad metaphyses, punctate calcifications mainly

of the epiphyses, coronal clefts in the vertebral

bodies, cupping of the anterior end of ribs, and

barrel-shaped thorax.

The functions of ether phospholipids, or plas-

malogens, are not well known. The first 2 steps of

their synthesis take place in the peroxisome, and

the enzymes required are dihydroxyacetone phos-

phate acyltransferase (GNPAT) and alkyl-

dihydroxyacetone phosphate synthase (AGPS).

RCDP1, the classical type, is the most common

and is caused by a defect in the peroxisome recep-

tor, PEX7, which targets AGPS to the peroxisome.

It is a disorder of peroxisome biogenesis, since

there are additional enzyme deficiencies. RCDP2

and RCDP3 are caused by single peroxisome en-

zyme deficiencies, in GNPAT and AGPS, respec-

tively. Three biochemical tests of peroxisome

function (erythrocyte plasmalogen content and

plasma concentrations of phytanic and very-

long-chain fatty acids) are done initially to diag-

nose RCDP1. A deficiency of erythrocyte plas-

malogens, increased plasma concentrations of

phytanic acid, and normal very-long-chain fatty

acids, predicts the PEX7 receptor defect in

RCDP1. The metabolite pattern is usually con-

firmed by assays of enzymatic activity in cultured

skin fibroblasts. Diagnosis can also be confirmed

by sequencing the PEX7 gene. We describe 3 in-

fants with RCDP, whose diagnosis was subse-

quently confirmed as RCDP1 by biochemical as

well as molecular analysis.

Materials and methods

Plasmalogen levels, plasma phytanic, and

very-long-chain fatty acids in red blood cells were

determined at the Peroxisome Disease Laboratory,

Kennedy Krieger Institute, Baltimore, MD, USA,

as previously described (Björkhem et al. 1986;

Zenger-Hain et al. 1992). Genomic DNA was iso-

lated from EDTA anticoagulated blood by using

standard methods. Informed consent for the use of

these samples in research was obtained. Mutation

analysis of the PEX7 gene was performed accord-

ing to the published protocol (Braverman et al.

2002). All 10 exons of the PEX7 gene were ampli-

fied and sequenced directly on an ABI machine, in

both directions, in each patient. Exon 1 was also

amplified in the parents of patient 1.

Patients

Patient 1 was a 16-day-old male infant, born to a

consanguineous Hindu Punjabi couple. He had

rhizomelic shortening of all 4 limbs, noted at birth.

Examination revealed disproportionate short stat-

ure with rhizomelia, more in the upper limbs than

in lower limbs. He had camptodactyly and bilat-

eral contractures at the elbows and knees. He had a

flat face with a port-wine stain on the nose, low-set

ears, long smooth philtrum, and hypoplastic nose.

He had spasticity in all limbs and a hammer toe

and short 4th metatarsal on the right foot. The

child did not have cataract. A skeletal survey

showed epiphyseal stippling with metaphyseal

flaring at the shoulder, elbow, hip, and knee joints

(Figure 1b) along with paravertebral stippling,

double calcaneus, and calcification of the larynx.

A clinical diagnosis of RCDP was made. Subse-

quent biochemical analysis showed a marginally

high phytanic acid level of 3.15 µg mL–1 (normal

0.48±0.43 µg mL–1), normal very-long-chain fatty

acid levels, and decreased erythrocyte

plasmalogen/fatty acid ratio C16: DMA/C16:0 FA

0.005 (normal 0.051–0.090). Mutation analysis of

the PEX7 gene showed that this patient was homo-

zygous for 64_65delGC (exon 1) (Figure 1d) and

both parents were heterozygous for this change.
Patient 2 was a 4-month-old male child, born

to a third-degree consanguineous Muslim couple.
He presented with congenital cataract, joint
contractures, and developmental delay. There was
no history of any drug exposure or maternal dis-
ease, and no family history of a child with a similar
problem. Antenatal ultrasound was not done. On
examination, his weight was 4 kg and length was
54 cm (<3rd percentile). He had a flat face, smooth
long philtrum, thin upper lip, bilateral congenital
cataract, symmetrical rhizomelic shortening of all
4 limbs, and joint contractures at the elbows and
knees (Figure 1a). Other clinical features were
normal. A skeletal survey showed rhizomelic
shortening, epiphyseal stippling, and metaphyseal
flaring. In regards to a diagnosis, blood was sent
for biochemical analysis of peroxisome metabo-
lites and showed high phytanic acid, 6.75 µg mL–1,
normal very-long-chain fatty acids and decreased
erythrocyte plasmalogen/fatty acid ratio C16:
DMA/C16:0 FA 0.012. DNA amplification and
sequence analysis of the PEX7 gene showed that
the patient was homozygous for 540_541insT
(exon 6) (Figure 1d). Parental DNA was not evalu-
ated.

Patient 3 was a 10-day-old female child, born
at full term to a nonconsanguineous Hindu couple.
She presented with feeble cry, respiratory distress,
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rhizomelic shortening, and joint contractures at
birth. Examination showed normal birth weight
but length of 48 cm (5th percentile) and head cir-
cumference of 33 cm (3rd percentile). Her facial
features showed flat nasal bridge, antimongoloid
slant, micrognathia, prominent philtrum, and
overfolding of earlobules. She had symmetrical
rhizomelic shortening of all 4 limbs, with
contractures of knee and ankle joints in the lower
limbs, while camptodactyly and limited
supination in the upper limbs. She also had a gen-
eralized ichthyotic rash, worse on the lower limbs
and back (Figure 1d). A skeletal survey showed
rhizomelic shortening, epiphyseal stippling, and
metaphyseal flaring. Biochemical analysis
showed very high plasma phytanic acid
(16.29 µg mL–1) (normal 0.54±2.9) and normal
very-long-chain fatty acids, confirming the diag-
nosis of CDP. Next, DNA amplification and se-
quence analysis of the PEX7 gene showed that she
was homozygous for 64_65delGC (exon 1). Pa-
rental DNA could not be evaluated, as the family
did not return after confirmation of diagnosis.

Discussion

RCDP is an autosomal recessive disorder with se-

vere forms presenting with skeletal, developmen-

tal and ocular manifestations in the first 6 months

of life. Definitive diagnosis in a patient with sus-

pected RCDP1 can be made by biochemical analy-

sis, followed by PEX7 gene mutation analysis. To

date, approximately 43 unique PEX7 alleles have

been identified; of these, L292X accounts for 51%

of alleles, while other relatively common alleles are

IVS9+1G>C, G217R, A218V, and Y40X (see the

PEX gene mutation database www.dbPEX.org). A

founder effect in the Northern European Caucasian

population is responsible for the high frequency of

the PEX7-L292X allele (Braverman et al. 2000).

This is the first report of mutations in PEX7 in

Indian patients, and both PEX7 alleles are novel.

Homozygosity for the 64_65delGC allele is identi-

fied in 2 of the 3 Indian patients. Both of these

families were from North India and Hindu. On re-

visit, we directly asked the parents of patient 1

about the possibility of them being related to pa-

tient 3, but they denied such a possibility. The par-

ents of patient 1 were consanguineous. This allele

was present on a single haplotype in both patients,

as determined by polymorphic markers in exon 1,

intron 1, and exon 10. These markers, used for

haplotyping the PEX7 gene, were already reported

earlier (Braverman et al. 2000). The patients were

homozygous for –95T/T, the absence of

130+54insGGGGCC and of 1229insAGT. In con-

trast, the haplotype for the 540_541insT allele in-

cludes –95C/C and presence of

130+54insGGGGCC. Additional Indian patients

will need to be genotyped to determine if there is a

founder effect related to the 64_65delGC allele.
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Figure 1. The clinical phenotype of patient 2, with typical face and rhizomelic shortening of limbs (a), the radiograph

showing flared metaphysis and epiphyseal stippling in patient 1 (b), and ichthyotic skin lesions in patient 3 (c).

The sequencing data are shown in 1d.



Though antenatal ultrasound can detect the
rhizomelic shortening and punctate stippling in
the second half of pregnancy (Hertzberg 1999), it
remains difficult to diagnose RCDP definitively
by antenatal ultrasound (Krakow et al. 2003;
Basbug et al. 2005). Prenatal diagnosis is possible
by either assay of plasmalogen biosynthesis in cul-
tured chorionic villi, obtained by chorionic villus
sampling at 10–12 weeks, or cultured amniocytes,
obtained by amniocentesis at 16–18 weeks. In
contrast, mutation analysis of the PEX7 gene can
be done directly on chorionic villi, amniotic fluid
or fetal blood DNA, and would be assisted by prior
knowledge of the mutant PEX7 allele in the
proband.

Our subjects had characteristic features of
RCDP, which were later confirmed by biochemi-
cal and molecular analysis. This report highlights
the importance of precise genetic diagnosis to pro-
vide accurate genetic counseling and prenatal di-
agnosis for future pregnancies in that particular
family.
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