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Abstract The Smith-Lemli-Opitz syndrome is an autosomal 
recessive birth defect (frequency 1:20,000-1:40,000) that results 
in profound mental retardation, physical deformities, and 
failure to thrive. It is characterized biochemically by low plasma 
cholesterol and greatly elevated levels of two dehydrocholesterols, 
one of which is the cholesterol precursor 7-dehydrocholesterol. 
To determine whether the block in cholesterol biosynthesis 
affects tissue sterols, we assayed several organs from two affected 
individuals, a female who died at 27 hours and a 20-week male 
fetus. Cholesterol concentrations in abdominal wall, adrenal 
gland, and kidney from two or three unaffected fetuses, who 
served as controls, averaged 2.0, 1.5, and 1.4 mg/g wet weight, 
compared to 0.08, 0.44, and 0.14, respectively, for the homozy- 
gous fetus. Cerebral cortex cholesterol concentrations were 2.2 
mg/g for two 20-22-week fetal controls but only 0.21 and 0.09 
mg/g, respectively, for the homozygous child and fetus. Simi- 
larly, tissue cholesterol levels were abnormally low in the 
homozygous child being less than 1 mg/g in liver, adipose, thy- 
mus, muscle, and adrenal and 6.2 mg/dl in plasma. De- 
hydrocholesterols could not be detected by conventional means 
in any controls but were elevated enough in tissues from affected 
individuals to make total sterol concentrations nearly nor- 
mal. Y These results suggest that a defect in 38-hydroxysterol 
A'-reductase leads to both a profound lack of cholesterol and its 
replacement by dehydrocholesterols. Such a combination may 
be lethal in the most severely affected individuals.-Tint, G. S., 
M. Seller, R. Hughes-Bensie, A. K. Batta, S. Shefer, D. 
Genest, M. Irons, E. Elias, and G. Salen. Markedly increased 
tissue concentrations of 7-dehydrocholesterol combined with low 
levels of cholesterol are characteristic of the Smith-Lemli-Opitz 
syndrome. J. Lipid Res. 1995. 36: 89-95. 
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The  Smith-Lemli-Opitz syndrome (1-3) is a not un- 
common birth defect with an  autosomal recessive mode of 
inheritance (4) and an  estimated frequency of 1 in 20,000 
to 1 in 40,000 (5, 6). It is frequently diagnosed by a dis- 
tinctive dysmorphic facies (1-9) which includes 
microcephaly, ptosis of eyelids, prominent epicanthal 
folds, wide nasal bridge with anteverted nares, low-set 
retroverted ears, a short neck, micrognathia, and a highly 
arched and often cleft palate. Other signs include syndac- 
tyly, usually of the second and third toes, polydactyly, 
valgus foot deformities, cataracts, and hypotonia or 
hypertonia. Most organs, including heart, kidneys, brain, 
central and peripheral nervous system, skeleton, and 
digestive tract are adversely affected while, in males, geni- 
tal malformations including cryptorchidism, hypospa- 
dias, and microphallus are common. In  the most severely 
affected males there can be a complete failure to mas- 
culinize resulting in phenotypic females with a male 
(46,XY) karotype. There is often a severe failure to thrive 
requiring the placement of a gastrostomy tube, while 
spontaneous abortion and early death are common. 

Abbreviations: Cholesterol, cholest-5-en-3@-ol; 7-dehydrocholesterol 
(7-DHC), cholesta-5,7-dien-3P-ol; coprostanol, 5@-cholestan-3fl-ol; des- 
mosterol, cholesta-5,24-dien-3fl-o1; lathosteml, cholest-7-en-3fl-ol; lanosterol, 
4,4'14-trimethyl-5a-cholesta-8(9),24-dien-3~-01; 24,25-dihydrolanosterol, 
4,4 14-trimethyl-5a-~ol~holest-8(9)-en-3~-ol; SLO, Smith-LemliOpitz syndrome. 
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Perhaps the most devastating symptom in those children 'TABLE 1 .  Study subjerts 

Agc (Hecks) 1)iagnosis" 
who do survive is mental retardation. While a few mild 
cases have been reported (5, 10, 11) it is most often quite 

Sut,jr~,  

profound. And, although not usually commented upon, (Child) 1 day SLO, died at 27 h 

many of these children are extremely difficult to control 
and are often violent and self destructive (12). 

In 1987 Curry et al. (13) gathered data on a number of 

SLO, elective termination F (Fetus) 20 

Fetal controls 
F1 18 
F2 

Fetal Turner syndrome 
19 Anencephalic 

the most severely affected cases, 90% of whom did not F3 10.5 Spina bifida 
survive for more than 1 year, and suggested that these F4 22  Elective termination 

F5 20 Elective termination might represent a separate phenotype: Smith-Lemli- 
Opitz type 11. It is now suspected that these individuals 
represent the lower end of a continuum and may arise 

"SLO, Smith-Lemli-Opitz syndrome. 

from a variant of the basic gene defect rather than being 
a completely new disease (14). 

Although the Smith-Lemli-Opitz syndrome was first 
described in 1964, it could only be diagnosed from its clin- 
ical signs until 1993 when we identified the biochemical 
defect (12, 15-17). At that time, we reported that plasma 
cholesterol levels in homozygous children are abnormally 
low while concentrations of the cholesterol precursor, 
7-dehydrocholesterol, are elevated several thousand-fold 
above normal. In addition to the plasma sterol abnormali- 
ties, we also detected extraordinarily high levels of 7-dehydro- 
cholesterol as well as an isomeric dehydrocholesterol (iso- 
meric dehydrocholesterol 11) in erythrocytes, lens, bile, 
feces, and cultured fibroblasts from a number of homozy- 
gous children. These results suggested that the enzyme 
3P-hydroxysteroid A7-reductase, which saturates the C-7 
double bond of the cholesterol precursors 7-dehydrocho- 
lesterol and cholesta-5,7,24-trien-3P-ol (Fig. l), was 
defective (12, 15-17). Because reduction of the C-7 double 
bond is an obligatory step in the biosynthesis of cholesterol 

HO &- Lathosterol 
Lanosterol 

HO &- HO & 
Cholest-5,7,24-triene-3 B 01 7-Dehydrocholesterol 

Desmosterol Cholesterol 

(18-21), a partial block of that reaction should result in 
reduced cholesterol production and the accumulation of 
7-dehydrocholesterol. 

While we had noted the plasma sterol abnormalities in 
a number ofchildren (12, 15-17), we had no firm evidence 
of the effect of the cholesterol biosynthetic defect on tissue 
sterol levels. In particular, because of the severe mental 
retardation encountered in the Smith-Lemli-Opitz syn- 
drome, a knowledge of sterol composition of brain would 
seem to be especially important. We have recently ana- 
lyzed a number of tissues from two Smith-Lemli-Opitz 
syndrome homozygotes, a newborn child and a fetus. Wr 
report here on their tissue sterol identification and con- 
centration and compare them to sterols from several 
unaffected fetuses. 

METHODS 

Clinical 

All tissues (Table 1) were obtained at autopsy and ap- 
propriate parental and institutional consents were ob- 
tained. The child (C) (Children's Hospital of Eastern On-  
tario, Ottawa, Canada) with the Smith-Lemli-Opitz 
syndrome died 27 h after birth. This girl displayed fea- 
tures and malformations typical for the more severe type 
I1 phenotype including micrognathia, flat nose and an- 
teverted nares, low set ears, syndactyly, valgus foot defor- 
mities, polydactyly, bilateral hydronephrosis, unilobular 
lung, and multiple severe cardiovascular abnormalities. 
Blocks of tissue (2-3 g) were excised during the post mor- 
tem examination, frozen immediately, and maintained at 
-20°C until they were analyzed. The affected fetus (F) 

(Guy's Hospital, London) had been aborted at 20 weeks 
following an ultrasound examination that revealed 
reduced liquor volume, abnormal fetal feet, and no detec- 
table kidney or bladder. This fetus had multiple abnor- 
malities which were not inconsistent with the Smith- 

Fig. 1. The biosynthesis of cholesterol ftom lanosterol showing early 
(right-hand side) and late (left-hand side) reduction of the C-24 double 
bond. The symbol x represents the proposed block responsible for the 
Smith-Lemli-ODitz syndrome; a defect in the enzyme YP-hydroxysterol 

Lemli-Opitz syndrome (22). Samples from F had been 
fixed in formalin for 2 months before being analyzed. 
~ o n t r o l  tissue was obtained from five terminated preg- -. 

A7-reductase. nancies, Fl-F5 (Table 1). Tissues from F1-F3 were ob- 
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tained at Guy's Hospital while F4-F5 were collected from 
the New England Medical Center, Boston, MA. The 
material from the first three fetal controls had been 
preserved in formalin for 0.5-24 months. Tissues from F4 
and F5 were available both as frozen and as formalin- 
fixed (1-2 months). 

Analytical 

Tissue sterols were determined as previously reported 
(12, 23). Fixed material was first rinsed in distilled water. 
The tissues were then chopped into small pieces and the 
lipids were extracted by refluxing in 1 N NaOH for 2 h. 
Then, appropriate amounts of 5a-cholestane and 
coprostanol (Steraloids, Wilton, NH) were added as inter- 
nal standards, the sterols were converted to their 
trimethylsilyl ethers and analyzed by capillary gas chro- 
matography on 25 m x 0.25 mm ID nonpolar CP-Si1 
5CB (polysiloxane) and polar CP-Wax 57CB (PEG Car- 
bowax) columns (Chrompack, Raritan, NJ) using flame 
ionization detectors. Chromatographic conditions were 
100°C for 2 min then an increase of 35OC/min to 265OC 
(CP-Si1 5CB) or an isothermal analysis at 225°C (CP-Si1 
57CB) with He as the carrier gas at 1 ml/min. For liquid 
samples, 50 pg of coprostanol was added to 0.1-0.2 ml of 
plasma or bile and the mixture was subjected to 
saponification in 1 N NaOH. Identification was made by 
matching the retention times relative to Sa-cholestane of 
the natural compounds with those of authentic 
7-dehydrocholesterol (Aldrich, Chemical, Milwaukee, 
WI) and cholesterol, desmosterol and lathosterol (Ster- 
aloids, Wilton, NH). 

Kovats retention indices of tissue sterols were calcu- 
lated by comparing the retention times relative to 501- 
cholestane of the dehydrocholesterols to those of the nor- 
mal C3D-C36 hydrocarbons. The nomenclature for the 
aberrant sterols is the same as that used previously (12). 
Retention times relative to 5a-cholestane after injecting 
onto the CP-Si1 5CB and CP-Si1 57CB columns for de- 
hydrocholesterol 11, compound 111 and 7-dehydrocholes- 
terol were 1.40, 1.42, 1.46 and 1.87, 2.03, 2.21, respec- 
tively, while the absolute retention times of 5a-cholestane 
were 14.72 min and 6.70 min, respectively. A comparison 
of the areas of the sterol peaks with that of the internal 
standards yielded the mass. 

Structural confirmation was obtained by gas chro- 
matography-mass spectroscopy using a Hewlett-Packard 
model 5988. 

Because desmosterol is poorly resolved from 7-dehydro- 
cholesterol by gas chromatography, it  was necessary to 
separate brain sterols by argentation thin-layer chro- 
matography (24). Silica-gel HL plates (Analtech, Newark, 
DE) were impregnated by dipping in a solution of 5% 
AgNO, in methanol. After drying at 100°C, 50-100 pg of 
brain sterol extract was plated and developed in chloro- 
form-acetone 85:15 (vol/vol) at 5OC in the dark. Relative 

mobilities (RJ) of 7-dehydrocholesterol, dehydrocholesterol 
11, cholesterol, and desmosterol were 0.29, 0.54, 0.72, and 
0.69, respectively. 

Tissues from the homozygous fetus as well as the first 
three controls were available only as formalin-fixed 
material. To assess the effect of fixation on tissue sterols 
we carried out a parallel analysis of frozen and formalin- 
fixed (1-2 months) brain and liver from fetal controls F4 
and F5. 

The detection limit for 7-dehydrocholesterol using the 
CP-Sil5CB column in a Hewlett-Packard model 5890 gas 
chromatograph and our routine aliquot, injection 
volume, and split-ratio is the equivalent of about 0.0005 
mg/g while the lower limit when the CP-Wax 57CB 
column (Hewlett-Packard model 5840) was used was 
0.005 mg/g. The ultimate practical sensitivity for the gas 
chromatographic method using splitless injection is ap- 
proximately 5 ng/g. 

RESULTS 

Using our standard gas chromatographic analysis, we 
were able to detect 7-dehydrocholesterol, dehydrocholesterol 
11, and compound I11 (12, 15-17) in substantial quantities 
in all tissues from both of the homozygotes but in no tis- 
sues from any of the controls (Tables 2, 3). Sterol concen- 
trations, with the exception of brain, from both the 
affected child and the affected fetus as well as sterol levels 
in similar tissues from six control fetuses are shown in 
Table 2. Also listed in Table 2 are plasma and biliary neu- 
tral sterols from the homozygous child. The results for 
brain sterols are given separately in Table 3. 

Retention indices (Kovats) for the two major aberrant 
sterols, dehydrocholesterol I1 and 7-dehydrocholesterol, 
were found in our system to be 3140 and 3180, respec- 
tively. The mass spectrum of compound 111, m/t 440 
(5%), 425 (5%), 350 (80%), 207 (loo%), suggests that it 
is probably not a 3P-hydroxy-cholestadiene (Le., a de- 
hydrocholesterol). 

In the homozygous child (Table 2), cholesterol ac- 
counted for only 16-20% of total tissue sterols (mean + 
SD, 20 2%, n = 7) with most of the remainder being 
the dehydrocholesterols (7-dehydrocholesterol plus dehydro- 
cholesterol 11) so that 7-dehydrocholesterol or dehydrocho- 
lesterol I1 was the major sterol in every tissue. As in the 
newborn homozygote, cholesterol concentrations in the 
tissues of the affected fetus (Table 2) were extremely low 
but, because of the greatly increased content of de- 
hydrocholesterols, total sterol concentrations were often 
comparable to the controls. 

In brain (Table 3), the disparity between control and 
homozygous sterols was even greater. For the two affected 
individuals, cholesterol constituted, at most, 4% of total 
brain sterols while 7-dehydrocholesterol was found to be 
the major sterol. However, as we had noted above, be- 
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TABLE 2. Sterol concentrations and cholesterol as % of total sterols in tissues from child (C) and fetus (F) 
with the Smith-Lemli-Opitz Syndrome and in five fetal controls (Fl-F5) 

l'issuc Cholebterol ( 7 c  )" 7-DHC DHC 11 I11 Total 

m& wet weight 

Affected child (C) 
Muscle 0.46 (20) 0.92 0.68 0.19 2.25 
Adrenal 0.74 (20) 1.13 1.33 0.19 3.39 

Adipose 0.90 (20) 1.53 1.84 0.30 4.57 

Kidney 1.18 (21) 2.38 1.74 0.33 5.63 
Liver 0.92 (22) 1.15 1.77 0.34 4.18 

Lungs 1.21 (21) 2.51 1.63 0.36 5.71 
Thymus 0.53 (16) 1.40 1.32 0.15 3.40 
Plasma (mg/dl) 6.25 (20) 12.55 12.70 0.39 31.89 
Rile (mg/dl) 3.49 (16) 19.14 10.39 1.20 34.22 

Affected fetus (F): 
Muscle 0.08 (19) 0.17 0.16 nd 0.42 
Adrenal 0.44 (25) 0.89 0.40 nd 1.73 
Kidney 0.14 (30) 0.15 0.09 0.08 0.46 
Testis 0.29 (12) 1.33 0.87 nd 2.49 

Abdominal wall 2.04 t 0.4 (n = 3) nd nd nd 2.04" 

Muscle 0.75; 1.08 nd nd nd 0.92" 
Adrenal 1.48; 1.54 nd nd nd 1.51" 

Liver 1.26: 1.22 nd nd nd I .24" 

Abbreviations: 7-DHC, 7-dehydrocholesterol; DHC 11, dehydrocholesterol 11: 111, compound 111; nd. not detect- 

"In parentheses, cholesterol as '70 of total sterols 
"Mean of two or three values. 

Fetal controls (Fl-F3): 

Fetal controls (F4; F5): 

Kidney 1.27: 1.59 nd nd nd 1.43" 

ed by usual gas chromatography assay. 

cause the concentration of aberrant sterols was more than 
sufficient to make up for the deficiency in cholesterol, total 
sterol content did not appear to be abnormally low. It 
should be noted that the concentrations of lathosterol in 
homozygous and control fetal brains were comparable but 
that the cholesterol precursor desmosterol was not detec- 
table at all in the brain from the affected fetus. In con- 
trast, desmosterol was found at a concentration of 0.17 
and 0.18 mg/g, respectively, in the two fetal controls. 

TABLE 3. Sterol Concentrations in brain of child and fetus with 
the Smith-Lemli-Opitz syndrome and in two control fetuses 

SLO Fetal Controls 

Sterol Child Fetus F4 F5 

Plasma and biliary sterols in the affected child (Table 2) 
also reflect the biosynthetic defect. Cholesterol constituted 
only 20% and lo%, respectively, of total neutral sterols in 
these fluids with the remainder being dehydrocholesterols. 
The major biliary bile acids were found to be chenodeoxy- 
cholic acid (0.90 mg/ml), cholic acid (0.27 mg/ml), and 
deoxycholic acid (0.13 mg/ml). 

We found no deleterious effect of formalin fixation on 
tissue sterols. The concentrations of cholesterol in 
formalin-fixed sections of liver and brain from controls F4 
and F5 were found to be 1.23 and 2.52 mg/g and 1.12 and 
1.64 mg/g, respectively, compared to concentrations in the 
corresponding frozen tissues (Tables 2 and 3) of 1.26 and 
2.16 mg/g and 1.22 and 2.20 mg/g, respectively. 

mg/g wet weight 

Cholesterol 0.21 0.09 2.16 2.20 
7-DHC 3.12 2.10 nd nd 
DHC I1 1.58 1 .00 nd nd 
Compound 111 0.20 0.25 nd nd 
Desmosterol 0.004 nd 0.17 0.18 
Lathosterol 0.01 0.04 0.02 0.02 

Total 5.13 3.48 2 35 2.40 

Abbreviations: 7-DHC, 7-dehydrocholesterol; D H C  11, de- 
hydrocholesterol 11; nd, not detected by usual gas chromatography assay. 

DISCUSSION 

Total tissue sterol concentrations in the homozygous 
child (Table 2) are comparable to levels we have reported 
in an 18-year-old male control and in an 18-year-old male 
with sitosterolemia (23). In these two subjects, as in the 
homozygous child, liver was rather more cholesterol-rich 
(4.6 and 4.3 mg/g, respectively) than was muscle at about 
1.5 mg cholesterol/g. Similarly, total brain sterols in the 
newborn homozygote, fetal homozygote, and our fetal 
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controls (Table 3) are not too different from reported con- 
centrations of 6.95 + 0.86 and 7.46 k 0.81 mg/g for small 
and average gestational age term infants, respectively 
(25). Forebrain cholesterol has been determined to range 
between 5.5 and 8.5 mg/g in newborns and to be between 
3.4 and 4.9 mg/g (26) in 20 week fetuses. 

The cholesterol biosynthetic pathway following the for- 
mation of lanosterol is branched (18). That is, the side 
chain C-24 double bond can be saturated immediately 
(right hand side of Fig. 1) or as the final step in the process 
(left hand side of Fig. 1). After early C-24,25 saturation, 
cholesterol precursors include 24,25-dihydrolanosterol, 
lathosterol, and 7-dehydrocholesterol. In contrast, in the 
other arm, cholesterol biosynthesis proceeds through a 
number of intermediates all having an unsaturated side 
chain, such as cholesta-5,7,24-trien-3@-01 and desmosterol. 
It is generally agreed (19-21), however, that the enzymes 
that reduce the (2-24 double bond of either lanosterol or 
desmosterol are, in reality, the same enzyme. Similarly, 
there is probably only a single 3P-hydroxy-A7-reductase 
capable of saturating the C-7 double bond of both 
cholesta-5,7,24-trien-3/3-01 and 7-dehydrocholesterol. Thus, 
if the C-7 reductase were to be defective one would expect 
reduced cholesterol biosynthesis coupled with increased 
levels of the precursor proximal to the reaction (Fig. 1). It 
is for this reason that we have postulated a partial block 
of this particular reaction as the biochemical cause of the 
Smith-Lemli-Opitz syndrome (12, 15-17). 

In further support of our hypothesis concerning the 
defect in cholesterol biosynthesis in the Smith-Lemli- 
Opitz syndrome is our observation (Table 3) that des- 
mosterol was virtually undetectable in the brain of the 
affected fetus, but concentrations of lathosterol were simi- 
lar in both homozygotes and controls. It has been sug- 
gested that A24-reductase is rate-limiting during 
cholesterol synthesis by the early fetal brain but that the 
effect disappears once myelination begins (27, 28). Thus, 
desmosterol is reported to account for up to 6% of total 
brain sterols at 34 weeks gestation but is virtually un- 
detectable at birth (28). In contrast, because C-7 reduc- 
tase is defective in the Smith-Lemli-Opitz homozygotes 
one would predict that they would be able to form des- 
mosterol very slowly but could make lathosterol, an im- 
mediate precursor of 7-dehydrocholesterol, quite readily 
(Fig. 1). Our finding of extraordinarily low cholesterol 
concentrations in brain may well explain many of the neu- 
rological manifestations of the syndrome because it is 
known that 7-dehydrocholesterol is rather poorly incorpo- 
rated into myelin (29). It should be noted, however, that 
because Smith-Lemli-Opitz homozygotes are all 
microcephalic with reduced brain size (1-3), the mass of 
brain sterols in all cases is probably abnormally low, even 
though total sterol concentration is nearly normal. 

The predicted effect of such a defect, that is, reduced 
amounts of cholesterol and elevated levels of 7-dehydro- 

cholesterol, which we had noted previously in the plasma 
of these children is evident in every tissue (Tables 2 and 
3). It is apparent, however, that the remainder of the 
cholesterol biosynthetic pathway is fully intact because to- 
tal tissue sterols, that is the sum of cholesterol and the de- 
hydrocholesterols, are often within the normal range. 
Thus, sufficient quantities of 7-dehydrocholesterol and the 
dehydrocholesterol I1 are synthesized to make up for the 
deficit. However, because of the clinical (1-11, 13) and 
histological (29-31) abnormalities of the central and 
peripheral nervous systems (mental retardation, hypoto- 
nia, hypertonia, poor enervation of the digestive tract, 
etc.) it is unlikely that the dehydrocholesterols are ade- 
quate functional replacements for cholesterol (30). Also, it 
is probably defective local tissue synthesis of cholesterol 
and not merely an abnormally reduced circulating 
plasma cholesterol level (12, 15-17, Table 2) that is respon- 
sible for the malformations seen in the Smith-Lemli- 
Opitz syndrome. Homozygotes with the codominant 
genetic disorder hypobetalipoproteinemia, a disease caused 
by truncations of apolipoprotein B, can have plasma total 
cholesterol concentrations as low as 13-18 mg/dl(32). Yet, 
these individuals have a normal appearance and are not 
usually developmentally impaired. They are affected 
primarily with fat malabsorption and with neuropathies, 
pigmentary retinopathies and a red blood cell acanthocy- 
tosis directly attributed to deficiencies of the fat-soluble 
vitamins E, A, and K. Unlike patients with the Smith- 
Lemli-Opitz syndrome there is no accumulation of aber- 
rant sterols and their cholesterol synthesis is elevated 
2-fold above normal (33). In contrast to these latter in- 
dividuals, are fetal, embryonic, or pregnant rats treated 
with AY 9944, a pharmacological inhibitor of sterol C-7 
reductase. In these animals, cholesterol biosynthesis is 
suppressed, 7-dehydrocholesterol accumulates in most tis- 
sues, and a number of malformations develop that are 
analogous to the functional and physical deformities 
noted in Smith-Lemli-Opitz homozygotes (12, 30, 31, 34, 35). 

Biliary bile acids in the homozygous newborn were also 
abnormal because the concentration of chenodeoxycholic 
acid (0.90 mg/ml) was three times greater than that of 
cholic acid (0.27 mg/dl). In contrast, studies in normal fe- 
tal bile (36) and in meconium (37, 38) suggest that this ra- 
tio should normally be somewhat less than 1.0. The 
finding of deoxycholic acid is not unusual in newborns 
and fetuses, but the source of this secondary bile acid is obscure. 

The identity and origin of dehydrocholesterol I1 is still 
not entirely clear but its mass spectrum suggests that it is 
one of the trace dehydrocholesterols first identified by Ax- 
elson (39) in normal adult plasma. Following his chromato- 
graphic analysis, the measured retention index of 3140 for 
dehydrocholesterol 11, compared to an index of 3180 for 
7-dehydrocholesterol, suggests that dehydrocholesterol I1 
is most likely cholest-5,8diene-3P-o1. In contrast, the mass spec- 
trum of the trimethylsilyl ether derivative of compound I11 in- 
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dicates that it is probably not a diunsaturated derivative of 
cholesterol (dehydrocholesterol). We often find it as a minor 
(about 5%) impurity in commercial 7-dehydrocholesterol. 

Lowry and Young ( 5 ) ,  after examining birth records in 
British Columbia for the period 1964-1971, concluded 
that the frequency of the syndrome was between 1:20,000 
and 1:40,000. However, because of our discovery of the bi- 
ochemical cause of the syndrome, we feel that the above 
estimate must be carefully reevaluated. Thus, only in- 
dividuals with elevated plasma or tissue dehydrocholesterol 
levels in addition to the major clinical signs should be di- 
agnosed as having the Smith-Lemli-Opitz syndrome. It 
has been our experience that children can exhibit some of 
the clinical features of the syndrome without demonstrat- 
ing the biochemical defect so that there must be other bi- 
ochemical diseases that give rise to clinical signs reminis- 
cent of the Smith-Lemli-Opitz syndrome. 

We also suggest that the very low tissue cholesterol 
levels in the newborn who was able to survive for only one 
day might be indicative of a cholesterol biosynthetic 
defect of such magnitude as to be incompatible with life. 
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