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Abstract

Here we present a 24-week fetus with Smith-Lemli-Opitz syndrome (SLOS), alobar
holoprosencephaly (HPE) and cyclopia (synophthalmia). Following birth, we suspected SLOS in
this fetus due to the additional findings of ambiguous genitalia and bilateral 2—-3 toe syndactyly.
The diagnosis of SLOS was confirmed by finding an elevated amniotic fluid 7-dehydrocholesterol
level (9890 ng/mL; normal range = 3-9 ng/mL), and molecularly by detecting two different
mutations in the DHCRY7 gene, the gene causing SLOS. The first mutation was an 1VVS8-1G>T
change and the second was a deletion of exons 3 and 4; this latter mutation has not been reported
previously. The mother carries the deletion, while the father carries the splice-site mutation. Also
of note, the father has an abnormally low total plasma cholesterol level (104—109 mg/dL). This is
the most severe case of HPE described in any patient with SLOS. We postulate that the HPE in
this case resulted from severe impairment of Sonic Hedgehog signaling secondary to abnormal
cholesterol metabolism; however, the unique combination of mutations in the fetus functionally
appears to be no different from other homozygous null mutations reported in DHCR7. Therefore,
there must be other yet to be identified factors that contributed to the severity of HPE in SLOS.
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INTRODUCTION

Holoprosencephaly (HPE) occurs in 5-6% of individuals with Smith-Lemli-Opitz syndrome
(SLOS) [Kelley and Hennekam, 2000; Caruso et al., 2004] and represents the most severe
form of this syndrome. The precise mechanism by which HPE is produced in SLOS is not
proven [Kelley et al., 1996]. Further, there is no specific genotype-phenotype correlation for
the occurrence of HPE in SLOS, but most cases known to us have carried two known or

Corresponding Author: David D. Weaver, M.D., Department of Medical and Molecular Genetics, IB130, Indiana University School of
Medicine, 975 W. Walnut Street, Indianapolis, Indiana 46202-5251, Phone: 317-274-2242, Fax: 317-274-2387, dweaver@iupui.edu.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Weaver et al.

Page 2

predicted null mutations. This observation is consonant with the reported inverse correlation
between the predicted severity of a DHCR7 mutation on enzymatic activity [Witsch-
Baumgartner et al., 2000; Ciara et al., 2004] and the plasma cholesterol level [Cunniff et al.,
1997] and the general severity of SLOS. Here we present a fetus who had SLOS, alobar
HPE, and cyclopia (synophthalmia), the first reported individual with cyclopia in SLOS. The
fetus possessed a splice-site mutation (IVS8-1G>T) and a deletion of the 3" and 4™ exons
of the DHCRY7 gene. The latter mutation has not been reported previously in this syndrome,
and both mutations are predicted to preclude synthesis of functional enzyme. We discuss
this unique case and factors that may have contributed to the unusually severe phenotype.

CLINICAL REPORT

The pregnancy of the fetus reported here was to a 17-year-old, gravida 3, para 1, abortion 1
woman and was complicated by the finding of a low maternal serum estriol level and
ultrasonic abnormalities including hydranencephaly vs. HPE, clubfoot deformity, and a 2-
vessel umbilical cord. Fetal growth was normal. An amniotic fluid cell karyotype was
normal, 46,XY. The only medications taken by the mother were prenatal vitamins and over-
the-counter allergy medication. Delivery was induced at 24 weeks. Birth length was 33 cm
(75th centile), birth weight 581 g (~60th centile), and occipitofrontal circumference (OFC)
18.5 cm (-2 to —3 SD). The fetus had microcephaly, acrocephaly, a one cm midline
proboscis above a single palpebral fissure, two fused globes containing two separate corneae
(synophthalmia), no nose or philtrum, an intact upper lip and palate, a small phallus with
partial labioscrotal fusion, hypospadias, and left talipes equinovarus (Figs. 1, 2). In the
center of the proboscis was a non-patent pit with a scaly attached plug (Fig. 2). At the lateral
aspects of the palpebral fissure there were eyelashes. The ears were normal in structure and
position. Mildly redundant nuchal skin was also noted. Limb abnormalities included short
proximal metacarpals of the thumbs, clinodactyly of the right 2" digit and both 5t digits,
hypoplastic flexion creases of the left 3/ and 4t digits, the foot deformity, and bilateral
partial 2-3 toe syndactyly, but no polydactyly. Additional autopsy findings included a fetus
of appropriate-size for gestational age with absence of the interhemispheric fissure; one
holosphere consistent with alobar HPE; absence of the Sylvian fissures; a fluid-filled, sac-
like structure in the posterior aspect of the cerebrum; absent olfactory bulbs and tracts;
hypoplastic bilobed right and unilobed left lungs; hepatosplenomegaly; short small intestine
(26 cm); distal colonic aganglionosis; and hypoplastic right umbilical artery. The posterior
fossa structures and spinal cord were normal. Other than being enlarged, the liver and spleen
were grossly normal and histologically showed only congestion. The placenta was small and
weighed 116 g (<10th centile — expected weight for 24 weeks = 189 g), and there also was
patchy mild chronic lymphoplasmocytic deciduitis. The postnatally determined amniotic
fluid 7-dehydrocholesterol (7DHC) level was 9890 ng/mL (normal range = 3-9 ng/mL),
confirming the clinical diagnosis of SLOS. The family history is remarkable for Prader-Willi
syndrome in a maternal cousin. The parents are phenotypically normal and deny
consanguinity. They also have a normal daughter born prior to this fetus. The first
pregnancy of the mother ended in miscarriage at 8 weeks of gestation.

Molecular analysis of the DHCR7 gene of the fetus found an IVVS8-1G>T mutation in one
gene and complete deletion of exons 3 and 4 in the other. Microarray analysis was normal.
Furthermore, molecular analysis of the four most common genes (SHH, ZIC2, SIX3 and
TGIF) associated with HPE showed no disease causing mutations. No plasma 7DHC or total
cholesterol levels were done on the fetus. However, the 7DHC/cholesterol ratios in liver,
spleen and lung tissue were 0.24, 0.26 and 0.46, respectively (normal 0.01-0.11), and on
liver for patients with SLOS, 0.50 [Kelley RI, unpublished data, 2009]. Total fasting plasma
cholesterol levels were 150 and 104 mg/dL (normal = 125-200 mg/dL) for the mother and
the father, respectively. Repeat total fasting plasma cholesterol levels of the parents two
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months later were 137 and 109 mg/dL, respectively. Plasma triglyceride and HDL
cholesterol levels in the mother were 101 mg/dL (hormal 53-104 mg/dL) and 43 mg/dL
(normal 35-135 mg/dL), respectively, and in the father, 136 mg/dL and 37 mg/dL,
respectively.

DISCUSSION

We report here on a 24-week gestation fetus with cyclopia (synophthalmia), alobar HPE,
and Smith-Lemli-Opitz syndrome. To our knowledge, this is the most severe case of HPE
and the first case of cyclopia reported in SLOS. On molecular analysis, the fetus has two
different mutations the DHCR7 gene, a splice-site mutation (IVVS8-1G>T) and a deletion of
the entire 3™ and 4t exons. This latter deletion encompassed all of DHCR7’s exons 3 and 4
and has not been previously reported. According to the Human Gene Mutation Database
(https://portal.biobase-international.com/hgmd/pro/start.php), there have been no deletions
over 100 nucleotides reported in DHCR7. A similar mutation to IVS8-1G>T, 1VS8-1G>C,
has been detected in about 29% of SLOS patients [Kelley and Hennekam, 2000; Witsch-
Baumgartner et al., 2000], and is predicted to be a null mutation [Witsch-Baumgartner et al.,
2000]. That the father had an abnormally low plasma total cholesterol level is not surprising
in view of the lower mean cholesterol level of heterozygote parents of SLOS patients
[Cunniff et al., 1997]. We found no mutations in the four common genes that are associated
with HPE in the fetal DNA. Also, the pregnancy history was unremarkable for any known
teratogen causing HPE.

There have been eight other reported cases of SLOS with HPE [McKeever and Young,
1990; Muenke et al., 1994; Kelley et al., 1996; Cunniff et al., 1997; Kratz and Kelley, 1999;
Nowaczyk et al., 2001]. Of these eight cases, only one has had molecular analysis of
DHCRY and this case was homozygous for 1VS8-1G>C mutation [Nowaczyk et al., 2001],
but other unpublished SLOS fetuses with HPE and two null mutations are known to one of
the authors [RIK]. Although the genotype in these cases and the current case would predict
severe SLOS and might be expected to explain the presence of HPE, there also have been
nine other homozygous IVS8-1G>C cases of SLOS reported [Waterham et al., 1998;
Witsch-Baumgartner et al., 2000; Nowaczyk et al., 2001; Ciara et al., 2004]. Other cases
with other homozygous null mutations in DHCR7 have also been reported but none has had
HPE either [Loffler et al., 2000; Ciara et al., 2004].

Several theories have been advanced to explain the occurrence of HPE in SLOS [Kelley and
Hennekam, 2000]. Kelley et al. [1996] proposed that HPE in SLOS is related to abnormal
sterol metabolism and the function of Sonic Hedgehog protein. Stone et al. [1996] have
proposed that there is interaction between low cholesterol and/or elevated 7DHC and
signaling proteins such as SHH, PTCH-1 and PTCH-2, or their receptors, although later
studies by Cooper et al. [1998] showed strong evidence that the PATCH receptor,
Smoothened, is the signaling protein affected by the low sterol levels in SLOS. Concomitant
mutations in DHCR7 and one of the genes causing HPE, such as SHH, could be another
mechanism. However, there is as yet no published case supporting this reasonable
possibility [Nowaczyk et al., 2001]. Silve et al. [1998] suggested impaired signaling of SHH
by interference in the lamin B receptor, which has a similar sterol binding domain to
DHCRY7, although sterol levels may have no role in the function of Lamin B. Mutations in
megalin, the LDL receptor in embryonic neuroepithelium involved in the transport of
maternal placental LDL, have also been shown to produce HPE in rodents [Willnow et al.,
1996]. Deficiency of cholesterol could also interfere with embryonic plasma membrane
function and cell-to-cell interaction [Dehart et al., 1997]. Other mechanisms could include
impaired transplacental transport of cholesterol, environmental factors, other maternal or
fetal genes [Nowaczyk et al., 2001], cholesterol levels in the affected fetus and/or mother, or
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a combination of these factors [Kelley and Hennekam, 2002; Witsch-Baumgartner et al.,
2004].

This case provides evidence that elevated levels of 7DHC are not involved in the formation
of HPE and the severity of the HPE facial phenotypes in individuals with SLOS. This
appears to be such since reported levels of amniotic fluid 7DHC in cases of SLOS have a
mean value of 7,300 ng/mL with a range of 1,800-12,800 ng/mL [Kratz and Kelley, 1999].
The amniotic fluid 7DHC level in our case was well within the range of other SLOS cases,
and thus would not explain the presence of HPE and the severity of the facial findings in our
case. However, Kratz and Kelley [1999] did find a strong correlation between levels of
amniotic fluid 7DHC and clinical severity of affected fetuses, but not a correlation between
levels of amniotic fluid cholesterol levels and clinical severity. In part this is because there is
a more than 10-fold range of cholesterol levels in amniotic fluid of apparently normal
pregnancies, which indicates a poor correlation between the fetal and amniotic fluid
cholesterol levels [Kratz, LE and Kelley RI, unpublished data].

From a molecular stand point, the second mutation in this fetus, deletion of exons 3 and 4 in
DHCR7, would be predicted to block the function of this gene, resulting in no cholesterol
production determined by this gene. The father’s abnormally low levels of cholesterol (104
and 109 mg/dL) likely is not related to the severity of the HPE in the case here since other
individuals with SLOS have been reported with null mutations in DHCR7 with and without
HPE [Waterham et al., 1998; Witsch-Baumgartner et al., 2000; Nowaczyk et al., 2001; Ciara
et al., 2004]. Likely the HPE in our case resulted from severe impairment of Sonic
Hedgehog signaling secondary to abnormal cholesterol metabolism. The unique
combination of mutations in this fetus functionally appears to be no different from other
homozygous null mutations reported in DHCR7. Therefore, there must be other unidentified
factors that contributed to the severity of HPE in SLOS.
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Figure 1.
Frontal view of 24-week-old fetus. Note cyclopia (synophthalmia), ambiguous genitalia and
partial syndactyly of 2" and 3'd toes on the right. Note also hypercoiled u. cord.
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Figure 2.

Facial view of fetus. Observe the proboscis with central pit and scaly plug; centrally located,
single palpebral fissure with two fused globes; separate corneas; absent nose; smooth
philtrum and intact lip.
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