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Smith-Lemli-Opitz syndrome (SLOS), or RSH, is
an autosomal recessive disorder caused by muta-
tions of the gene encoding 7-dehydrocholesterol
reductase (DHCR?7). The utility of maternal serum
screens and ultrasound as prenatal screening
methods for SLOS is presently undetermined. We
report the clinical, cytogenetic, biochemical, and
molecular findings of a stillborn with SLOS. The
diagnosis was made postnatally on the basis of
physical findings and confirmed by biochemical
and DNA analyses of fetal tissue. Although
abnormalities were detected by maternal serum
triple screen and prenatal ultrasonography, a
diagnosis of SLOS was not suspected before
delivery. This study demonstrates that patients
with SLOS may escape prenatal diagnosis despite
the presence of multiple anomalies and abnormal
maternal serum screen results, and lends support
for consideration of prenatal biochemical testing
for SLOS in pregnancies with these findings. As
SLOS is a severe autosomal recessive disorder
with a recurrence risk of 25%, ultrasonographic,
cytogenetic, and biochemical analyses in the
second trimester should be considered if abnor-
mal maternal serum screening results, specifi-
cally low levels of unconjugated estriol, are
detected. © 2005 Wiley-Liss, Inc.
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INTRODUCTION

Smith—Lemli—Opitz syndrome (SLOS), or RSH [OMIM
#268670] is an autosomal recessive Multiple Congenital
Anomalies and Mental Retardation (MCA/MR) syndrome
affecting 1 in 20,000—1 in 40,000 newborn infants and caused
by a deficiency of DHCR7, an essential enzyme in the
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biosynthesis of cholesterol [Tint et al., 1994]. The clinical
severity of SLOS ranges from cutaneous syndactyly of the
second and third toes or minor anomalies to a severe MCA/MR
syndrome, to prenatal lethality [Cunniff et al., 1997].

The best biochemical predictor of clinical severity of SLOS is
the plasma cholesterol to DHC ratio which decreases with
increasing clinical severity [Tint et al., 1995]. It has been
demonstrated also that cultured fibroblasts from typical and
atypical cases of SLOS accumulate 7-DHC when they are
grown in lipoprotein deficient medium [Honda et al., 1997].

Maternal serum unconjugated estriol (uE3) levels in combi-
nation with abnormal sonography may provide useful diag-
nostic information in the absence of a family history of SLOS
[Canick et al., 1997; Bradley et al., 1999; Kratz and Kelley,
1999]. Kratz and Kelley found an inverse relationship between
clinical severity and amniotic fluid 7-DHC and maternal serum
uE3 levels: i.e., the lower the uE3 level, the higher the 7-DHC
level and the severity score [Kratz and Kelley, 1999]. However
at the present time, the utility of interpreting maternal serum
screen results in conjunction with prenatal ultrasonography as
screening methods for SLOS is undetermined.

Our case emphasizes the need for awareness to the severe
prenatal presentation of SLOS especially if associated with
abnormal maternal serum screen results. It also suggests that
it would be reasonable to consider simultaneously measuring
7-DHC levels in the amniotic fluid in pregnancies where SLOS
is suspected and in all pregnancies undergoing amniocentesis
for chromosome analysis where the maternal serum screen
indicates either a low uE3 or an increased risk for trisomy 18.

CLINICAL REPORT

The propositus is a chromosomally male fetus who died at 38
weeks of gestation and was delivered to a 33-year-old gravida 2,
para 0, healthy mother and 41-year-old healthy father, both of
Caucasian ancestry. The couple’s first pregnancy was aborted
spontaneously at 10 weeks of gestation but no genetic testing
was performed. The family history is otherwise noncontribu-
tory. Prenatal history documents vaginal bleeding at 6 weeks
of gestation, decreased fetal movements, and no exposure to
medications, smoking, alcohol or illicit substances.

Specific analyte analysis documented a maternal serum
alpha-fetoprotein (AFP), 0.7 MoM; uE3, 0.53 MoM; and total
human chorionic gonadotropin (hCG), 0.43 MoM. This mater-
nal serum triple screen indicated a 1:4,400 risk for Down
syndrome. Although the three markers were low, they did not
reach the laboratory cut off risk of 1:100 for trisomy 18.
Prenatal ultrasonography at 20 weeks of gestation identified
intrauterine growth retardation, apparently female genitalia,
a cystic mass adjacent to the 5th digit of the left hand, bilateral
club feet, and lower limb polydactyly. Chromosome analysis of
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cultured amniocytes showed 46,XY in 19 of 20 colonies and
47, XY,+6 in one colony (interpreted as culture artifact). Six
weeks prior to delivery, thickened cardiac ventricles with
calcium deposits in the left ventricle were noted by ultrasono-
graphy; however, fetal echocardiography did not detect a major
congenital heart defect.

Physical examination of this stillborn fetus documented
multiple congenital anomalies and dysmorphic features
(Fig. 1). Head circumference was 31 cm (<5th centile), weight
was 2,493 g (10—25th centile), and length 42.5 cm (<10th
centile). Craniofacial abnormalities included hypertelorism,
broad nasal root, bilateral epicanthal folds, flat and broad nasal
root and flat nasal bridge, a short and upturned nose with
hypoplastic alae nasi, a long smooth upper lip with downturned
mouth and micrognathia. There was a midline cleft of the hard
and soft palate, broad alveolar ridges, and multiple, white
lingual nodules. The neck was short and webbed with
thickened and redundant posterior skin folds. The ears were
low-set, posteriorly angulated, with thick and simplified
helices. There was tetramelic rhizomelic shortness with
contractures of the large joints, axillary ptyergia (mild),
bilateral postaxial polydactyly of the hands and the right foot,
bilateral 5th finger clinodactyly, an infarcted pedunculated
2 cm mass connected by a thread-like segment to the remnant
of left sixth finger, cutaneous syndactyly of the 2nd and 3rd toes
bilaterally, smooth palms and soles with absence of creases on
the right thumb, and nail hypoplasia (Fig. 2). There was a
shallow sacral dimple and indistinct gluteal folds. The fetus
had a microphallus, vaginal pouch, labial scrotal folds, and
non-palpable testes. Autopsy examination documented micro-
cephaly (brain weight 246 g; expected weight 400 g) with small
frontal lobes and abnormal orientation of the temporal gyri.
There were no major intercranial malformations and the

Fig. 1.

corpus callosum was present. Examination of the heart and
great vessels revealed tetralogy of Fallot with anomalous,
retroesophageal right subclavian artery. The fetus also had
pulmonary hypoplasia with unilobed lungs, small accessory
spleen, and hypoplastic left kidney with reduced number of
medullo-calyceal units and focal dysplasia. Postmortem
radiographs showed fusion of L5-S1 and short bones in all
four limbs.

MATERIALS AND METHODS

Sterol concentrations in cultured fibroblasts were measured
by gas chromatography-mass spectrophotometry as described
previously [Kelley, 1995]. After growth in cholesterol deficient
medium for 5 days, 51% of total sterols were 7-DHC.
Cholesterol, 8-DHC, and lathosterol accounted for 28%, 2%,
and 19% of total sterols, respectively. These results are
consistent with sterol profiles obtained from other previously
confirmed cases of severe SLOS (personal communication,
FDP).

In order to establish a molecular diagnosis, DNA was
isolated from parental blood and fetal fibroblasts according to
standard methods. The common splice acceptor site mutation,
IVS8-1G > C, was identified using a fluorogenic probe based
allelic discrimination assay in DNA obtained from the affected
fibroblasts. DNA sequencing identified a ¢.452G > A (W151X)
mutation and confirmed the IVS8-1G>C mutation. The
W151X mutation was confirmed using a PCR-RFLP assay in
which the mutant allele is specifically digested using Alul.
Sequencing of the parental DNA showed that the father
was heterozygous for the nonsense mutation W151X,
and the mother was a carrier for the splice-site mutation
IVS8-1G > C.

Stillborn fetus with Smith—Lemli—Opitz syndrome (SLOS). A: Note rhizomelic shortness of limbs. B: Facial appearance: hypertelorism, flat nasal

bridge, very short and upturned nose with hypoplastic alae nasi, long and smooth philtrum with downtenting of mouth. C: Note micrognathia and low-set
ears. D: Posterior thickening of webbed neck. E: Midline cleft palate. F: Thick, broad alveolar ridges with several lingual nodules which were noted to be

adipose tissue on histology.
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Fig. 2. A: Nodular mass connected to the remnant of left 6th finger.
Histological examination showed near complete devitalization with islands
of cartilage in the center and epidermal surface suggestive of torsion and
subsequent infarction of the digit (not shown). B: Bilateral club feet and
polydactyly with Y-shaped cutaneous syndactyly of the 2nd and 3rd toes.

DISCUSSION

Mutations in the gene DHCR7 cause SLOS by blocking the
conversion of 7-DHC to cholesterol and subsequently leading
to low tissue content of cholesterol and increased content of
7-DHC.

Cholesterol is a key regulator of eukaryotic membranes and
a precursor in the synthesis of steroids and other sterols. It
also has an important role in the activation of the Hedgehog
proteins which are cell signaling molecules critical for
embryonic growth, patterning and morphogenesis [Ingham
and McMahon, 2001]. Interestingly, the disorder known as
Pallister—Hall syndrome shares many manifestations with
SLOS and is due to mutations in the GLI3 gene which encodes a
signaling factor downstream of the sonic hedgehog pathway
[Kang et al., 1997]. Low levels of cholesterol in the fetus also
results in steroid precursor deficiencies which presumably
contribute to decreased uE3 in maternal circulation [Shackleton
et al.,, 1999]. There are several case-reports and series of
pregnancies in which, in the presence of an affected fetus,
undetectable to low levels of uE3 in maternal serum were found
[McKeever and Young, 1990; Blitzer et al., 1994; Canick et al.,
1997; Angle et al., 1998; Kratz and Kelley, 1999; Shackleton
et al., 1999] and occasionally, a characteristic pattern of low
uE3, low hCG, and low AFP in these pregnancies indicating an
increased risk for trisomy 18 [Palomaki et al., 1995] was seen
[Bradley et al., 1999] (Table I). Bradley et al. [1999] showed

results for 26 pregnancies resulting in a child with SLOS. The
median uE3 in this study was 0.23 MOM (range 0.1-0.52),
corresponding to <1% of the level in normal pregnancies. Kratz
and Kelley [1999] diagnosed SLOS postnatally in three of four
pregnancies with a low uE3 and an SLOS-type fetal abnorm-
ality (e.g., polydactyly, ambiguous genitalia) however, none of
the pregnancies were tested for SLOS prenatally.

In another series, approximately 30% pregnancies affected
with SLOS screened positive for trisomy 18 based on low levels
of all analytes [Bradley et al., 1999], thus lending further
credibility to specific prenatal testing for SLOS in the setting of
low uE3 marker analysis. Therefore, the combination of
ambiguous genitalia in a chromosomally male fetus, multiple
congenital anomalies with low maternal serum markers were
highly indicative for SLOS in the case presented. Although
the frequency of SLOS in pregnancies with low maternal
estriol levels or multiple congenital anomalies is unknown, the
diagnosis of SLOS should, nevertheless, be considered in both
clinical settings. Fetal disorders that are associated with low
maternal serum estriol and multiple congenital anomalies
include chromosomal abnormalities, steroid/multiple sulpha-
tase deficiency and anencephaly [Glass et al., 1998]. Bick et al.
[1999] reported on 26 pregnancies that had low maternal
estriol, 9 of which ended in spontaneous miscarriage but none
of live born children was clinically diagnosed with SLOS.
Several other studies found a high fetal loss rate associated
with low maternal serum level of estriol, with and without low
levels of AFP and beta hCG but none of these studies evaluated
the frequency of SLOS among pregnancies with low estriol
[Schleifer et al., 1995; Santolaya-Forgas et al., 1996]. In fact,
one study has debated the utility and the cost-effectiveness of
maternal serum screen as a screening tool for SLOS [Schoen
et al., 2003]. In this study, of the total of 103 women with
unexplained low uE3, only two SLOS cases were detected: one
infant who died soon after birth and a fetus with SLOS,
diagnosed after therapeutic abortion for severe oligohydram-
nios. Interestingly, intrauterine fetal death occurred in 39
pregnancies [Schoen et al., 2003]. It is important to note,
however, the authors of the study did not perform sterol
analysis in the amniotic fluid or fetal tissues to rule out the
possibility of SLOS.

The carrier frequency (2pq) of the most common mutation
(IVS-1G > C), which accounts for approximately one third of
the ascertained SLOS mutant alleles is 1.1%, thus predicting a

TABLE I. Smith—Lemli—Opitz Syndrome (SLOS) Cases Associated With Abnormal Maternal Serum Screen

Reference Number of cases Comments

McKeever and Young [1990] 2 Undetectable uE3 during the late stages of pregnancy

Blitzer et al. [1994] 2 Maternal serum uE3, AFP, and hCG levels were low

Hyett et al. [1995] 1 Low uE3, 46,XY karyotype, female genitalia with nuchal fluid accumulation by fetal

ultrasonography

Rossiter et al. [1995] 1
Canick et al. [1997] 2
Angle et al. [1998] 1

Maternal serum uE3, AFP, and hCG levels were low
Maternal serum uE3 (MOM): 0.44; AFP and hCG levels were unremarkable
uE3, 0.44 MoM; AFP, 0.77 MoM; hCG, 2.11 MoM, antenatal ultrasound was

abnormal, amniocentesis demonstrated a normal 46, XY karyotype

One out of 26 pregnancies with estriol level 0.25 MoM had SLOS, 46,XY karyotype,

female genitalia and mid-trimester intrauterine growth retardation by
ultrasound examination

The median uE3 measurement (0.23 MoM) is lower than the 1st centile of control

pregnancies (P < 0.001); 24 of the 26 uE3 measurements are below the 5th centile

Of the four pregnancies with low uE3 and SLOS-type fetal abnormalities, three

were confirmed to have SLOS, of the seven pregnancies with low uE3 and normal
sonographic testing, none were affected with SLOS

Undetectable uE3, abnormal sonography, amniotic fluid confirmed SLOS,

termination at 18 weeks

Bick et al. [1999] 1
Bradley et al. [1999] 26
Kratz and Kelley [1999] 3
Shackleton et al. [1999] 1
Schoen et al. [2003] 2

Two of 103 pregnancies with unexplained low uE3 were diagnosed with SLOS
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3%—4% carrier frequency for all mutant alleles and a disease
incidence of 1/2,500 to 1/4,400 [Battaile et al., 2001; Nowaczyk
et al.,2001]. This discrepancy between calculated and observed
frequencies most likely represents undiagnosed mild cases,
misdiagnosed severe cases, death prior to diagnosis, and
intrauterine fetal demise and lack of diagnosis. Underascer-
tainment of severely affected cases likely accounts for at least
part of the estimated and the observed birth incidence of SLOS.
In fact, in approximately 25% of reports of biochemically
confirmed SLOS, the initial diagnosis was in error [Cunniff
et al., 1997]. Fortunately, biochemical analysis of 7-DHC is a
highly sensitive and specific method for the prenatal and
postnatal diagnosis of SLOS [Rossiter et al., 1995], and
mutation analysis of DHCR7 is clinically available and positive
in more than 80% of SLOS patients. We speculate that a
prudent utilization of these diagnostic methods would correct
the ascertainment bias that is significantly contributing to the
discrepancy between the calculated and observed frequencies.

Both W151X and IVS8-1G > C are null alleles. It has been
shown in genotype—phenotype correlation studies that
patients with two functional null DHCR7 alleles have the
most severe phenotypes that results in intrauterine or
perinatal lethality [Witsch-Baumgartner et al., 2000]. IVS8-
1G > C disrupts a splice acceptor sequence. Using of a cryptic
splice acceptor site results in the insertion of 134 intronic
nucleotides into the DHCR7 mRNA. Thus, at the protein level,
this mutation results in a frame shift and a truncated product.
W151X is a nonsense mutation that predicts truncation of the
DHCRY7 protein. However, a recent study has demonstrated
that the DHCR7 W151X transcript undergoes nonsense
mediated decay [Correa-Cerro et al., 2005]. It is notable that
these two null mutations (IVS81G >C and W151X) were
among the five most frequent SLOS mutations identified
and accounting for over one-third of all SLOS mutations
[Correa-Cerro and Porter, 2005].

Currently, many pregnant women in the United States have
multiple marker serum screening for chromosomal syndromes
and neural tube defects. As the prenatal diagnosis of SLOS is
clinically available and highly sensitive and specific, testing for
7DHC in addition to chromosome analysis should be standard
of care when the uE3 is low even if multiple anomalies are not
detected on prenatal US. In the future, a maternal urine test
for 7TDHC derived steroids may provide a non-invasive method
of prenatal diagnosis [Shackleton et al., 2001]. The accurate
postnatal diagnosis in this stillborn infant not only provided an
explanation for the IUFD and physical abnormalities, but was
essential for giving an accurate recurrence risk and offering
prenatal diagnosis in future pregnancies for this couple. While
prenatal diagnosis can be made biochemically following
amniocentesis, DNA analysis can allow for preimplantation
diagnosis for carrier couples.
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