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Abstract Infants with the cholesterol synthesis defect Smith-
Lemli-Opitz syndrome (SLO) have reduced activity of the en-
zyme 7-dehydrocholesterol-7-reductase and accumulate 7-
dehydrocholesterol, with the highest concentration in the brain.
As a result of the generally reduced content of cholesterol,
plasma levels of oxysterols would be expected to be reduced.
24S-hydroxycholesterol is almost exclusively formed in the
brain, whereas 27-hydroxycholesterol is mainly formed from
extrahepatic and extracerebral cholesterol. In accordance
with the expectations, sterol-correlated plasma levels of 24S-
hydroxycholesterol were reduced in infants with SLO (by
about 50%). In contrast, the sterol-correlated levels of 27-
hydroxycholesterol in the circulation were markedly increased.
No side-chain oxidized metabolites of 7-dehydrocholesterol
were detected in the circulation. Recombinant human CYP27
had markedly lower 27-hydroxylase activity toward 7-dehydro-
cholesterol than towards cholesterol. HEK293 cells express-
ing 24S-hydroxylase active toward cholesterol had no signifi-
cant activity towards 7-dehydrocholesterol. The plasma levels
of 3

 

b

 

,7

 

a

 

-dihydroxy-5-cholestenoic in the patients acid were
reduced, suggesting a generally reduced metabolism of 27-
oxygenated steroids.  It is concluded that the accumulation
of 7-dehydrocholesterol in the brains of patients with SLO re-
duces formation of 24S-hydroxycholesterol. The condition is
associated with markedly increased circulating levels of 27-
hydroxycholesterol, most probably due to reduced metabo-
lism of this oxysterol. We discuss the possibility that the circu-
lating levels of 24S-hydroxycholesterol may be used as a
marker for the severity of the disease.

 

—Björkhem, I., L. Starck,
U. Andersson, D. Lütjohann, S. von Bahr, I. Pikuleva, A.
Babiker, and U. Diczfaulsy.
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The Smith-Lemli-Opitz syndrome (SLO) is an autosomal-
recessive, severely debilitating disorder caused by a block
in the last enzymatic step in cholesterol biosynthesis (1–

 

3). The mutations behind the disease have recently been
defined (4, 5).

The affected infants have markedly reduced levels of
cholesterol in tissues and plasma, combined with accumu-
lation of 7- and 8-dehydrocholesterol. Because there is little
or no transfer of cholesterol over the blood-brain barrier,
and most of the cholesterol in the brain is formed by local
synthesis, the accumulation of 7- and 8-dehydrocholes-
terol is higher in the brain than elsewhere in the SLO
patients (3). Although it is possible to increase the ratio
of cholesterol to dehydro-cholesterol in the circulation of
SLO patients by dietary means (6, 7), it is unlikely that the
diet can change the sterol composition in the brain.

24S-hydroxycholesterol is an oxysterol formed in the
brain by a specific cytochrome P-450 species, CYP46 (8),
and is able to pass the blood-brain barrier much more effi-
ciently than cholesterol (9–11). We recently showed that
most or all of the 24S-hydroxycholesterol present in human
circulation originates from the brain (10). If 7- and 8-
dehydrocholesterol are substrates for the cerebral cho-
lesterol 24S-hydroxylase, the pattern of 24-hydroxylated
products in the circulation of SLO infants would give di-
rect information about the sterol composition in the
brain. If CYP46 is unable to hydroxylate the dehydrocho-
lesterols in the brain, and if these steroids dominate
greatly over cholesterol, a reduced flux of 24S-hydroxy-
cholesterol from the brain would be expected.

The circulating levels of 24S-hydroxycholesterol are af-
fected not only by the flux of the steroid over the blood-
brain barrier but also by the metabolic capacity of the
liver. As the ratio of cerebral production to hepatic meta-

 

Abbreviations: CYP, cytochrome P-450; SLO, Smtih-Lemli-Opitz
syndrome.
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bolic capacity decreases during the first two decades of
life, plasma concentrations of 24S-hydroxycholesterol de-
crease by a factor of about five during this period (12).
Owing to the fact that 24S-hydroxycholesterol is carried in
the circulation by the same lipoproteins as cholesterol,
cholesterol and lipoprotein levels also affect the absolute
levels of oxysterol in the circulation.

27-Hydroxycholesterol is another major oxysterol in hu-
man circulation. This steroid is formed by the action of
sterol 27-hydroxylase, CYP27. This enzyme is involved in
the formation of bile acids in the liver, but has a broad dis-
tribution in most tissues and organs. We have shown that
there is a net flux of 27-hydroxycholesterol from extra-
hepatic sources to the liver (13), and most of the 27-
hydroxycholesterol in the circulation seems to originate
from extrahepatic sources (14). Whether or not 7- and
8-dehydrocholesterol are substrates for the sterol 27-hydroxy-
lase in humans is not known. It has been reported, how-
ever, that the accumulation of 7- and 8-dehydrocholes-
terol in the livers of SLO patients may have an inhibitory
effect on both cholesterol 7

 

a

 

-hydroxylase and sterol 27-
hydroxylase activity, with possible consequences for bile
acid biosynthesis (15).

The aim of the present work was to characterize the
pattern of side-chain oxidized oxysterols in the circula-
tion of SLO patients. In particular, we were interested to
know whether or not 24- and/or 27-hydroxylated metabo-
lites of 7- and 8-dehydrocholesterol are present and
whether a quantitative analysis of the 24-hydroxylated ste-
roids can provide information about the sterol composi-
tion in the brain.

MATERIALS AND METHODS

 

Subjects

 

The study included six Swedish patients with SLO, with ages
varying from 2 to 12 years. All the patients had the typical bio-
chemical findings, with low cholesterol levels (0.3–1.4 mmol/l)
and similar levels of 7-dehydrocholesterol and 8-dehydrocholes-
terol (0.2–1.0 mmol/l) (

 

Table 1

 

). All patients were treated with
sodium taurocholate and cholesterol (7) during at least part of
the study period (

 

Fig. 1

 

). The treatment led to beneficial effects,
some not correlated to changes in plasma sterols (7). One of the
patients (Patient 1) has been reported on previously (7).

The study also included 59 control infants 1 –15 years old

(Fig. 1). Most were treated in the hospital for medical or surgical
illnesses. In all cases the plasma had been collected for diagnos-
tic purposes, and ethical permission was obtained to use excess
plasma only for the present study. (Ethical permission to use ex-
cess plasma from the control subjects and the patients was ob-
tained from the local ethical committee at Huddinge University
Hospital.) Samples from a few apparently healthy, well-defined
infants, who were hetero- or homozygotes with respect to sito-
sterolemia, were also included (n 

 

5

 

 3 and 2, respectively), as
well as nine infants with short-bowel syndrome, atrium-septum
defect, chronic diarrhea, or Mb Crohn. The levels of 24S-hydroxy-
cholesterol from the latter infants were similar to those of age-
matched infants with an undefined medical or surgical illness. In
addition, plasma was obtained from a number of infants (n 

 

5

 

16) with clinical findings similar to those of SLO patients but
with normal sterol patterns in the circulation. Also in these
cases, the levels of 24S- and 27-hydroxycholesterol were similar
to those of the apparently healthy infants.

 

Analyses and analytical methods

 

The sterol composition in the SLO patients was measured by
combined gas chromatography-mass spectrometry as described
previously (7). Serum concentrations of cholesterol were measured
by isotope dilution-mass spectrometry with the use of deuterium-
labeled cholesterol as the internal standard, as described previ-
ously (16 ). Levels of 24S-hydroxycholesterol and 27-hydroxycho-
lesterol were also assayed by isotope dilution -mass spectrometry
after extraction and solid phase adsorption using racemic
23,24,24-

 

2

 

H

 

3

 

-labeled 24-hydroxycholesterol as the internal stan-
dard, as described previously (17). The intra- and interassay
coefficients of variation of this method are about 4% and 8%,
respectively. Plasma levels of cholestenoic acid and 3

 

b

 

,7

 

a

 

-
dihydroxy-5-cholestenoic acid were measured by combined gas
chromatography-mass spectrometry, using norcholestenoic acid
and deuterium-labeled 3

 

b

 

,7

 

a

 

-dihydroxy-5-cholestenoic acid, re-
spectively, as standards (18). Extracts of incubations with recombi-
nant CYP27 and medium from incubations with cells were analyzed
by combined gas chromatography -mass spectrometry with either
continuous scanning during the chromatography or registration
of specific ions corresponding to trimethylsilyl ether derivative of
deuterium-labeled cholesterol (m/z 464), unlabeled cholesterol
(m/z 458), deuterium-labeled and unlabeled 24S-hydroxycholes-
terol (m/z 413), 7-dehydrocholesterol (m/z 456), 27-hydroxycho-

TABLE 1. Sterol patterns in SLO patients

 

Subject

 

a

 

Age Cholesterol
7-Dehydro-
cholesterol

8-Dehydro-
cholesterol

 

m

 

g/ml

 

m

 

g/ml

 

m

 

g/ml

 

1 10 394 285  342
2 7 259 164 238
3 2 121 142 145
4 3 197 144 166
5 12 674 158 206
6 4 627 129 132
7 5 664 346 465

 

a

 

All the subjects were treated at the time of collection of plasma.

Fig. 1. Ratio 24-hydroxycholesterol/cholesterol in the circulation
of 59 control infants (shown as means 6 SEM) and seven SLO in-
fants of varying ages. Measurements were made on one to three dif-
ferent occasions in the latter case.
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lesterol (m/z 456), 27-hydroxy-7-dehydrocholesterol (m/z 454),
or 7

 

a

 

,27-dihydroxy-cholesterol (m/z 544). The general condi-
tions for the chromatography were as described in detail previ-
ously (9–11). There was separation of the deuterium-labeled and
unlabeled steroids on the column, allowing the determination of
conversion of both unlabeled and deuterium-labeled cholesterol
into 24S-hydroxycholesterol. The conversion of one steroid into
another was calculated from the height of the peak in the ion
chromatograms corresponding to the two steroids, using a factor
correcting for the difference in the intensity of the two ions.

 

Incubations with recombinant human CYP27

 

Human recombinant CYP27 was incubated with adrenodoxin,
adrenodoxin reductase, NADPH, and a sterol extract under the
conditions previously described for studies on conversion of cho-
lesterol into 27-hydroxycholesterol (19). The sterol extract was
obtained from the plasma of an SLO patient and contained cho-
lesterol, 7-dehydrocholesterol, and 8-dehydrocholesterol in about
equal concentrations. In addition, the system was incubated with
pure cholesterol, pure 7-dehydrocholesterol, and a mixture of
these compounds under the same conditions. An extract of each
incubation was analyzed by combined gas chromatography-mass
spectrometry as described above.

 

Expression of CYP46 in HEK293 cells and measurement 
of CYP46 enzymatic activity toward endogenous
cholesterol, with added deuterium-labeled
cholesterol and 7-dehydrocholesterol

 

Human Embryonic Kidney 293 cells (ATCC CRL 1573) were
cultured in Minimum Essential Medium (MEM) Eagle (Sigma,
St. Louis, MO), containing 10% horse serum (GIBCO, Täby,
Sweden), 0.1 nm MEM nonessential amino acids (Sigma), so-
dium pyruvate (1 mM), and penicillin-streptomycin (GIBCO)
(20). The cells were transfected with the cDNA of CYP46 (8) in
pcDNA 3.1 vector using Tfx™-20 (Promega, Madison, WI) at ap-
proximately 60% confluence. The stably transfected cells were
selected with 400 

 

m

 

g/ml Geneticin (Sigma). The cells were cul-
tured in 100-mm tissue culture dishes (Falcon, Franklin Lakes,
NJ) until approximately 70% confluent. The cells were then
treated with 20 mg/ml 2-hydroxypropyl-

 

b

 

-cyclodextrin (Sigma)
for 1 h to reduce the cholesterol content of the membranes (8).
Serum in the medium was exchanged for charcoal-stripped de-
lipidated calf serum (Sigma) in this treatment. Approximately 5 

 

3

 

10

 

6

 

 cholesterol-depleted cells were then incubated with 50 or 100

 

m

 

g deuterium-labeled cholesterol, 50 

 

m

 

g cholesterol 

 

1

 

 50 

 

m

 

g of
7-dehydrocholesterol, or 50 

 

m

 

g 7-dehydrocholesterol for 48 h at
37

 

o

 

C in an atmosphere of 5% CO

 

2

 

 in 10 ml of the same medium
as above. The added steroids were dissolved in 20 

 

m

 

l of ethanol.
An extract of the incubation medium was purified by C-18 chro-
matography (7) and analyzed as described above. 

 

Measurements of oxysterol 7

 

a

 

-hydroxylase
activity in COS-cells

 

COS-7 cells were cultured as described previously (20) but
without gentamicin. At 70% confluence the cells (about 5 

 

3

 

 10

 

6

 

in each incubation) were incubated with 20 

 

m

 

g 27-hydroxycho-
lesterol in 20 

 

m

 

l ethanol with or without addition of 50 

 

m

 

g deute-
rium-labeled cholesterol, 100 

 

m

 

g deuterium-labeled cholesterol,
50 

 

m

 

g 7-dehydrocholesterol, or 50 

 

m

 

g deuterium-labeled choles-
terol 

 

1

 

 50 

 

m

 

g 7-dehydrocholesterol. Incubations were per-
formed at 37

 

8

 

C for 4 h in 10 ml of the medium (20) in an atmo-
sphere of 5% CO

 

2

 

. Medium was extracted as above, and the
steroids were isolated by silicic acid chromatography as de-
scribed (20). The steroid fraction was analyzed by combined gas
chromatography-mass spectrometry as described above.

 

RESULTS

 

Absence of 24S- and 27-hydroxylated metabolites
of 7-dehydrocholesterol and 8-dehydrocholesterol
in the circulation

 

In view of the fact that the levels of 7-dehydrocholes-
terol and 8-dehydrocholesterol are similar to those of cho-
lesterol in the SLO patients (Table 1), the possibility must
be considered that the two dehydrocholesterols may be
24S- and/or 27-hydroxylated. However, no compounds
with chromatographic and mass spectrometric properties,
as expected for 24S- and 27-hydroxy derivatives of 7- and
8-dehydrocholesterol, could be found in the circulation of
the SLO patients.

 

7-dehydrocholesterol is not a substrate for human
cholesterol 24S-hydroxylase (CYP46) and is a
considerably less efficient substrate than cholesterol
for human sterol 27-hydroxylase (CYP27)

 

HEK293 cells transfected with CYP46 cDNA and de-
pleted of cholesterol were found to have a relatively high
24S-hydroxylase activity toward added deuterium-labeled
cholesterol (about 10% product recovered in medium) (8).
When cholesterol was replaced with 7-dehydrocholesterol,
there was no significant conversion (less than 0.5%).

A preparation of human CYP27 was incubated with
adrenodoxin, adrenodoxin reductase, NADPH, and a ste-
rol extract from the serum of a patient with SLO contain-
ing a mixture of cholesterol, 7-dehydrocholesterol, and
8-dehydrocholesterol (Table 1). About 8.5% of the choles-
terol was converted into the corresponding 27-hydroxylated
product, whereas the conversion of the two dehydrocholes-
terols was less than 0.5%. The same human CYP27 system
was incubated with pure cholesterol (10 

 

m

 

g) or pure 7-
dehydrocholesterol (10 

 

m

 

g). There was a clear formation of
the 27-hydroxylated product of cholesterol (about 9.5%),
and formation of a small amount of the 27-hydroxylated
product of 7-dehydrocholesterol (about 1.8%). In an-
other experiment, the CYP27 system was incubated with a
mixture of cholesterol (10 

 

m

 

g) and 7-dehydrocholesterol
(10 

 

m

 

g). In this case, too, the rate of 27-hydroxylation of
cholesterol was about 5-fold higher than the hydroxylation
of 7-dehydrocholesterol.

 

Low levels of 24S-hydroxycholesterol and high levels
of 27-hydroxycholesterol in the circulation of SLO patients

 

Table 1 summarizes the sterol patterns in the circu-
lation of SLO patients. All the patients had low levels of
cholesterol, and had levels of 7-dehydrocholesterol and
8-dehydrocholesterol similar to the cholesterol levels.

Figure 1 and 

 

Table 2

 

 summarize the results of the mea-
surements of 24S-hydroxycholesterol in the SLO patients
and in the controls. The levels are presented in relation to
the levels of sterols in plasma in Fig. 1. The levels of 24S-
hydroxycholesterol in plasma are highly correlated to the
levels of cholesterol (and presumably other sterols as well)
in plasma, most probably due to the fact that the oxy-
sterols are distributed and transported in the lipoproteins
in the same way as cholesterol is (12).
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As in previous work (12), the sterol-correlated levels of
24S-hydroxycholesterol decreased with age. This decrease
is probably due to the decreasing ratio of cerebral produc-
tion to hepatic metabolism of the oxysterol. As in previous
results (12), there was no sex-related difference in the
sterol-correlated levels of 24S-hydroxycholesterol.

The sterol-correlated levels of 24S-hydroxycholesterol
in the circulation of SLO patients were lower than those
in the controls by about half.

 

Figure 2

 

 summarizes the results of measurements of sterol-
correlated levels of 27-hydroxycholesterol in the controls
and in the SLO patients (absolute levels are given in Table
2). As in a previous investigation (9), there were few or no
age-dependent variations in the controls or in the patients.

The sterol-correlated levels of 27-hydroxycholesterol were,
however, markedly higher in the SLO patients than in the
controls (2- to 11-fold).

 

Low levels of 3

 

b

 

,7

 

a

 

-dihydroxy-5-cholestenoic
acid in SLO patients

 

The very high levels of 27-hydroxycholesterol in the
plasma of the SLO patients may be due to reduced metab-
olism. The oxysterol 7

 

a

 

-hydroxylase (CYP7B) is known to
be most important for the metabolism of 27–hydroycho-
lesterol as well as for cholestenoic acid (21, 22). The pre-
dominant metabolite formed by the action of this cyto-
chrome P-450 is 3

 

b

 

,7

 

a

 

-dihydroxy-5-cholestenoic acid (23).
Adult control subjects (n 

 

5

 

 17) were found to have a
plasma concentration of this acid of 25 

 

6

 

 6 ng/ml (mean 

 

6

 

SE), whereas the level was 22 

 

6

 

 2 ng/ml in four control
infants of the same age as the SLO infants. The level was
found to be 9 

 

6

 

 1 ng/ml in five SLO infants. The ratio of
3

 

b

 

,7

 

a

 

-dihydroxy-5-cholestenoic acid to cholestenoic acid
was 0.40 

 

6

 

 0.10 in the control subjects and 0.15 

 

6

 

 0.03 in
the infants with SLO.

 

Dilution of cholesterol with 7-dehydrocholesterol
reduces formation of 24S-hydroxycholesterol

 

As reported above, HEK293 cells transfected with CYP46
cDNA were found to have a high 24S-hydroxylase activity
toward added deuterium-labeled cholesterol (15–30% con-
version of 50 

 

m

 

g of added 

 

2

 

H

 

6

 

-cholesterol). Addition of 50

 

m

 

g 7-dehydrocholesterol reduced the above conversion by
20–40% (

 

Table 3

 

). Further addition of 50 

 

m

 

g cholesterol re-
duced the same conversion by 30–50%. It is evident that the
slight inhibitory effect obtained by 7-dehydrocholesterol can
be explained by the dilution of the substrate. However, no
significant hydroxylation of 7-dehydrocholesterol was em-
ployed under any of the conditions.

 

7-dehydrocholesterol has no direct inhibitory
effect on the enzymatic activity of oxysterol
7

 

a

 

-hydroxylase (CYP7B)

 

COS cells have a high endogenous oxysterol 7

 

a

 

-hydroxy-
lase activity toward 27-hydroxycholesterol. Addition of
7-dehydrocholesterol to such cells had no significant ef-

 

TABLE 2. Absolute levels of sterols and oxysterols
in plasma of SLO patients and controls

 

Subject(s) Age 24S-OH 27-OH
Cholesterol/total

steroids

 

b

 

m

 

g/ml

 

m

 

g/ml mg/ml

 

Controls
n 

 

5

 

 16 1–3 0.469 

 

6

 

 0.062

 

a

 

0.061 

 

6

 

 0.006

 

a

 

1.11 

 

6

 

 0.08

 

a

 

n 

 

5

 

 4 4–6 0.230 

 

6

 

 0.025 0.091 

 

6

 

 0.019 1.10 

 

6

 

 0.13
n 

 

5

 

 15 7–9 0.273 

 

6

 

 0.027 0.074 

 

6

 

 0.009 1.20 

 

6

 

 0.07
n 

 

5

 

 15 10–12 0.203 

 

6

 

 0.017 0.096 

 

6

 

 0.011 1.31 

 

6

 

 0.10
n 

 

5

 

 15 13–15 0.178 

 

6

 

 0.017 0.078 6 0.013 1.22 6 0.13

Patient
1 10 0.057 0.441 1.02
2 6 0.081 0.106 0.55
3 2 0.045 0.085 0.38
4 4 0.075 0.167 0.52
5 12 0.078 0.209 0.78
6 7 0.104 0.205 1.14
7 10 0.123 0.307 1.18

See Figs. 1 and 2.
a Mean 6 SEM
b In the controls, cholesterol constitutes more than 99% of total

steroids.

Fig. 2. Ratio 27-hydroxycholesterol/cholesterol in the circulation
of 59 control infants (shown as means 6 SEM) and seven SLO in-
fants of varying ages. Measurements were made on one to three dif-
ferent occasions in the latter case.

TABLE 3. Conversion of deuterium-labeled cholesterol
by HEK293 cells expressing cholesterol 24S-hydroxylase activity

Conversion of Deuterium-
Labeled Cholesterol into

Labeled 24S-hydroxycholesterol (%) 

Addition
Exp. 

1
Exp.

2
Exp.

3

50 mg 2H6-cholesterol 22 26 17
50 mg 2H6-cholesterol 1 50 mg

7-dehydrocholesterol 18 15 10
50 mg 2H6-cholesterol 1 50 mg

2H6-cholesterola 14 13 12

The HEK293 cells in the three different sets of experiments were
cultured and incubated with deuterium-labeled cholesterol (50 mg)
with or without addition of 7-dehydrocholesterol (50 mg) or choles-
terol (50 mg) as described in Materials and Methods. The same amount
of cells (about 5 3 106) were used in all incubations. Exp.; experiment.

a Together, 100 mg of 2H6-cholesterol.
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fect on this activity. In a typical experiment, the degree of
conversion of 20 mg 27-hydroxycholesterol added to the
COS cells was about 11% after incubation for 4 h. Addi-
tion of 50 mg 7-dehydrocholesterol did not significantly
reduce the conversion (conversion was 10%). Addition of
deuterium-labeled cholesterol, 50 and 100 mg, also had no
effect on the oxysterol 7a-hydroxylase activity (conversion
was about 10% in both cases).

DISCUSSION

What is the explanation for the high plasma
levels of 27-hydroxycholesterol in SLO?

The most significant abnormality in the pattern of oxy-
sterols in the circulation of the SLO infants was the
marked increase in the level of 27-hydroxycholesterol. In
view of the high concentrations of 7- and 8-dehydrocho-
lesterol in all tissues of patients with SLO, a reduced for-
mation of 27-hydroxycholesterol would be expected, re-
gardless of whether or not the dehydrocholesterols are
substrates for the enzyme. It was clearly shown that 7- and
8-dehydrocholesterol are 27-hydroxylated by the human
sterol 27-hydroxylase at a rate considerably lower than
that with cholesterol as substrate. The high levels of 27-
hydroxycholesterol may be explained by an increased syn-
thesis or a decreased metabolism.

An increased upregulation of the sterol 27-hydroxylase
cannot be completely excluded, but it seems unlikely.
However, experiments supported the hypothesis of a re-
duced metabolism of 27-oxygenated steroids in SLO. Oxy-
sterol 7a-hydroxylase (CYP7B) has a key role in the metab-
olism of both 27-hydroxycholesterol and cholestenoic
acid, and both these compounds were found to accumu-
late in an infant with a defective oxysterol 7a-hydroxylase
(22). It was recently reported that mice with a disruption
of the oxysterol 7a-hydroxylase gene had markedly ele-
vated levels of 27-hydroxycholesterol in the circulation
(24). CYP7B catalyzes conversion of 27-hydroxycholes-
terol into 7a,27-dihydroxycholesterol, as well as choles-
tenoic acid into 3b,7a-dihydroxy-5-cholestenoic acid.
7a,27-dihydroxycholesterol is not normally detectable in
the circulation, whereas 3a,7b-dihydroxy-5-cholestenoic
acid is present in human circulation in relatively high con-
centrations (18, 23). In view of this we believe that the ra-
tio of 3b,7a-dihydroxy-5-cholestenoic acid to cholestenoic
acid may function as a marker for the in vivo activity of
CYP7B in humans. This ratio was markedly decreased in
the SLO infants.

It should be mentioned that we have previously ob-
served one adult with markedly elevated levels of 27-
hydroxycholesterol combined with a very low ratio of
3b,7a-dihydroxy-5-cholestenoic acid to cholestenoic acid.
Analysis of a new plasma sample from this subject some
years later showed normal levels of 27-hydroxycholesterol
and a normal ratio of 3b,7a-dihydroxy-5-cholestenoic acid
to cholestenoic acid (I. Björkhem and A. Babiker, unpub-
lished observation). A likely explanation is that there was
a transient decrease in the activity of the CYP7B in this

case, resulting in accumulation of 27-hydroxycholesterol
in the circulation. The reason for the decrease in activity
of CYP7B could not be defined, but the observation sup-
ports the contention that there may be a link between low
levels of 3b,7a-dihydroxy-5-cholestenoic acid and 27-
hydroxycholesterol in humans.

The possibility was tested here that direct exposure of
the CYP7B system to 7-dehydrocholesterol could reduce
the activity toward 27-hydroxycholesterol. Addition of
7-dehydrocholesterol to HEK293 cells expressing CYP7B
did not significantly reduce 7a-hydroxylase activity toward
added 27-hydroxycholesterol. The experimental condi-
tions, however, were different from those occurring in
vivo with endogenous dehydrocholesterol species inte-
grated in the endoplasmic reticulum. Thus it is difficult to
draw firm conclusions from this experiment.

It may be mentioned here that the cholesterol 7a-
hydroxylase (CYP7A) involved in bile acid biosynthesis has
been shown to be competitively inhibited by 7- and 8-
dehydrocholesterol (15).

Factors affecting plasma levels
of 24S-hydroxycholesterol in SLO

Tint et al. have reported that the sterol fractions of the
brains of a 1-day-old deceased infant and a 20-week fetus,
both with clinical features of the most severe form of SLO,
contained less than 5% cholesterol (3). In contrast, the
sterol fraction from their non-brain tissues contained
about 20% cholesterol. The SLO infants studied here,
both treated and untreated, had cholesterol content in their
plasma sterols varying between 30% and 60%. In view of
the fact that there is little or no transport of cholesterol
over the blood-brain barrier, the cholesterol content of
the sterols in the brain should be considerably lower than
that of plasma in our SLO infants.

In view of this, it is surprising that the circulating levels
of 24S-hydroxycholesterol were reduced by only about
50%. Our experiments with CYP46 showed that addition
of 7-dehydrocholesterol had a slight inhibitory effect on
24S-hydroxylation of cholesterol, an effect that could be
explained by the dilution of the substrate.

The CYP46 enzyme had no activity toward 7-dehydro-
cholesterol, and we could not find any 24S-hydroxylated
7-dehydrocholesterol in the circulation of the SLO in-
fants. It is evident that the cholesterol 24S-hydroxylase has
a relatively high substrate specificity.

The relatively moderate reduction in circulating levels
of 24S-hydroxycholesterol in the SLO infants may be due
to an interference with the metabolism. We have shown
that CYP7A has at least some enzymatic activity toward
24-hydroxycholesterol (26). Because the activity of CYP7A
is likely to be reduced in SLO (15), this may, in part, ex-
plain the relatively modest decrease in the levels of 24S-
hydroxycholesterol. Very recently, a new species of cyto-
chrome P-450 was detected that had a high specificity
toward 24S-hydroxycholesterol (27). This cytochrome
P-450, CYP39A, has a similarity to CYP7A of about 83%.
The possibility that this enzyme may also be affected in
SLO must be considered.
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Is it possible to use reduction in the levels
of 24S-hydroxycholesterol as a marker
for the severity of the disease?

Cholesterol 24S-hydroxylase seems to be localized al-
most exclusively in neurons in the normal brain (8),
whereas the product, 24S-hydroxycholesterol, has a distri-
bution similar to that of cholesterol. We recently showed
that patients with severe neurological diseases associated
with reduction in the number of neurons have reduced
levels of 24S-hydroxycholesterol in the circulation (28).
During the phase characterized by destruction of the neu-
rons and demyelinization, however, a transient slight in-
crease in the level may occur (29). In patients with SLO,
the circulating sterol-correlated levels of 24S-hydroxycho-
lesterol may reflect both reduced availability of substrate
cholesterol in the brain and a reduced metabolism. The
former factor would tend to reduce the circulating levels
and the latter factor to increase them. In preliminary at-
tempts to relate the level of 24S-hydroxycholesterol to the
clinical severity of the disease, we have not seen any clear
correlations. Thus we conclude that the plasma level of
24S-hydroxycholesterol alone is probably not suitable as a
marker for the severity of the disease.
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