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 In 1986, one of us (I.B.) reported that patients with 
cerebrotendinous xanthomatosis (CTX) have elevated 
levels of 7-ketocholesterol ( 1 ). This was also later con-
fi rmed by another group ( 2 ). A possible explanation was 
presented by Jessup and Brown ( 3 ), who reported that 
7-ketocholesterol is a substrate for sterol 27-hydroxylase 
[cytochrome P-450 (CYP)27A1] that is lacking in patients 
with CTX. The high levels of 7-ketocholesterol may thus 
be a consequence of a reduced metabolism. 

 Treating CTX patients with chenodeoxycholic acid 
suppresses the cholesterol 7 � -hydroxylase (CYP7A1) and 
markedly reduces the production of 7 � -hydroxylated 
products in the circulation, such as 7 � -hydroxycholesterol 
and 7 � -hydroxy-4-cholesten-3-one ( 4, 5 ). The latter oxys-
terol is a precursor to cholestanol, and the treatment re-
duces production of cholestanol as well as the size of the 
xanthomas [for a review, see ( 4 )]. 

 In order to confi rm the diagnosis and to follow the ef-
fect of treatment with bile acids (chenodeoxycholic acid), 
we have analyzed serum samples from a number of pa-
tients with CTX. In some of the CTX patients treated with 
bile acids, we found that the treatment reduced not only 
the levels of 7 � -hydroxycholesterol but also the levels of 
7-ketocholesterol in the circulation (I. Björkhem, unpublished 
observation  ). This is not consistent with the hypothesis that 
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 TABLE 1. Levels of oxysterols in three patients with CTX before and after treatment with chenodeoxycholic 
acid          

Steroid

Patient 1 Patient 2 Patient 3

Before After  a  Before After  b  Before After  c  

27-Hydroxycholesterol (ng/ml) <5 <5 <5 <5 8 7
7 � -Hydroxycholesterol ( � g/ml) 3.4 0.4 2.2 0.04 0.6 0.01
7 � -Hydroxycholesterol ( � g/ml) 1.0 0.3 0.3 0.05 0.05 0.01.
7-Ketocholesterol ( � g/ml) 2.1 0.3 0.6 0.1 0.03 0.03

Values were determined by GC-MS and are for the sum of esterifi ed and nonesterifi ed sterols. Normal levels of 
27-hydroxycholesterol, 90–230 ng/ml; 7 � -hydroxycholesterol, <0.12  � g/ml; 7 � -hydroxycholesterol, <0.02  � g/ml; 
7-ketocholesterol, <0.03  � g/ml ( 16 ).

  a   The patients were treated with 750 mg/day of chenodeoxycholic acid for 9 months.
  b   The patients were treated with 500 mg/day of chenodeoxycholic acid for 6 months.
  c   The patients were treated with 1,000 mg/day of chenodeoxycholic acid for 12 months.

high levels of 7-ketocholesterol in patients with CTX are 
due to the reduced metabolism only. 

 The possibility must be considered that 7-ketocholesterol 
is a metabolite of 7 � -hydroxycholesterol that accumulates 
in patients with CTX due to the marked upregulation of 
the cholesterol 7 � -hydroxylase (CYP7A1). The latter up-
regulation is a consequence of the reduced negative feed-
back inhibition of this enzyme by bile acids. While a signifi cant 
in vivo interconversion between 7 � -hydroxycholesterol 
and 7-ketocholesterol in humans has been documented ( 6 ), 
most probably mediated by the 11 � -hydroxysteroid dehydro-
genase ( 7 ), no evidence has been given for a conversion of 
7 � -hydroxycholesterol into 7-ketocholesterol in humans. 
The possibility has been clearly excluded that there is a 
conversion of 7-ketocholesterol into 7 � -hydroxycholesterol 
in vivo in humans ( 6 ). 

 Very recently, two of us (F.P.G. and K.T.) described a new 
pathway from 7-dehydrocholesterol into 7-ketocholesterol 
with cholesterol-7,8-epoxide (cholest-5-en-7,8-epoxide) as 
a side product. In parallel with this there is a conversion 
of lathosterol into a mixture of 7-ketocholestanol and 
cholestanol-7,8-epoxide ( 8 ). Both conversions were found 
to be catalyzed by the human cholesterol 7 � -hydroxylase 
(CYP7A1). If this mechanism is of importance under 
in vivo conditions, upregulation of CYP7A1 may be asso-
ciated with increased formation of 7-ketocholesterol, 
provided that sufficient levels of 7-dehydrocholesterol 
are present. Furthermore, production of cholesterol-7,8-
epoxide would also be expected. It should be emphasized 
that it has been clearly excluded that there is a direct 
production of 7-ketocholesterol from cholesterol by the 
CYP7A1 enzyme ( 9 ). 

 Given the marked upregulation of CYP7A1 in the liver 
of patients with untreated CTX ( 1, 10 ) and the resulting 
upregulation of cholesterol synthesis with increased levels 
of 7-dehydrocholesterol in at least some of these patients 
( 11 ), we considered the possibility that at least part of the 
accumulation of 7-ketocholesterol in CTX is a consequence 
of CYP7A1-mediated conversion of 7-dehydrocholesterol. 

 Patients with Smith-Lemli-Opitz syndrome (SLO) have 
markedly increased levels of 7-dehydrocholesterol in the 
circulation and tissues as a consequence of a defect in 
7-dehydrocholesterol 7-reductase   ( 12 ). These patients 
have normal or low activity of CYP7A1 in the liver ( 13 ). We 

considered the possibility that these patients might also 
have increased levels of 7-ketocholesterol in the circula-
tion. After completion of the present work, a study was 
published reporting that 7-ketocholesterol is present at el-
evated levels in the circulation of SLO patients ( 14 ). Inter-
estingly, the levels of 7-ketocholesterol correlated with the 
severity score of the SLO. The possibility that this steroid is 
formed ex vivo from 7-dehydrocholesterol was clearly 
excluded and 7-ketocholesterol is not among the prod-
ucts formed from 7-dehydrocholesterol under conditions 
of lipid peroxidation ( 15 ), although it is from cholesterol 
by ex vivo oxidation. The possibility was discussed that 
the elevated levels of 7-ketocholesterol in patients with 
SLO may be formed by the above CYP7A1-mediated 
mechanism. 

 MATERIAL AND METHODS 

 Patients 
 CTX patient 1.   CTX patient 1 is a 32-year-old woman re-

ferred to the lipid clinic in Oslo due to large xanthomas on both 
Achilles tendons and normal plasma lipid values. The xanthomas 
developed during her teens. There had been a progressive cogni-
tive decline from the she started school at the age of 7. She also 
had premature cataracts, which were surgically removed. These 
features of her medical history triggered the suspicion for CTX, 
a diagnosis that was verifi ed by markedly reduced plasma levels of 
27-hydroxycholesterol (  Table 1  ).  Cerebral MRI, echocardiogra-
phy, Doppler of the carotid arteries, and stress ECG showed nor-
mal fi ndings. Treatment was initiated with chenodeoxycholic 
acid (250 mg three times daily) in May 2009. Due to lack of suf-
fi cient effect, the dose was doubled after a year. 

 Plasma samples were obtained from the patient in May 2009, 
March 2012, and March 2013 ( Table 1 ). 

 CTX patient 2.   CTX patient 2 is a woman diagnosed with 
CTX at the age of 38 years. In childhood, she had unspecifi c 
chronic diarrhea and in her teens she was operated on for bilat-
eral cataracts. When she was about 15 years old, she developed 
problems with balance and concentration and had her fi rst sei-
zures. From the age of 30, the neurological problems progressed 
further with cerebellar ataxia, dysphagia, and decline in cogni-
tive function. At age 37, cerebral MRI showed cerebellar atrophy. 
Swelling of the Achilles tendons due to xanthoma was noted and 
the diagnosis of CTX was confi rmed by the demonstration of very 
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 Analysis 
 GC-MS.   The oxysterols (7 � - and 7 � - hydroxycholesterol, 

7-ketocholesterol, and cholesterol-7,8-epoxide were analyzed by 
combined GC-MS after hydrolysis, extraction, and silicic acid chroma-
tography as described ( 17 ). The epoxide was stable during hydrolysis 
and appeared in the same chromatographic fraction as other oxys-
terols. The steroids were converted into trimethylsilyl ether de-
rivatives prior to GC. Deuterium-labeled 24-hydroxycholesterol 
was added as internal standard, and the quantitation was performed 
with use of a standard curve obtained by analysis of mixtures of a 
fi xed amount of the standard with increasing amounts of choles-
terol-7,8-epoxide. The area of the peak obtained in the tracing of 
the ion  m/z  364 (cholesterol-7,8-epoxide) and the peak obtained 
in the tracing of the ion  m/z  416 (d3-24-hydroxycholesterol) were 
used in the quantitations. Cholesterol precursors, including 7-
dehydrocholesterol and lathosterol, were assayed as described ( 18 ). 

 LC-MS n .   In contrast to the GC-MS analysis, where total oxys-
terols were measured (esterifi ed and nonesterifi ed), in the LC-MS n  
analysis, no hydrolysis was performed and nonesterifi ed oxysterols 
were analyzed as described in ( 19 ). This experiment is qualitative 
in nature and was done to confi rm the identity of the epoxide with 
use of a different method and with use of a high resolution instru-
ment. Key aspects of the LC-MS n  method were:  i ) separation of 
oxysterols from more hydrophobic sterols, including cholesterol 
and 7-dehydrocholesterol in an initial step;  ii ) charge-tagging of 
the oxysterols by exploiting oxidation of the 3 � -hydroxy group to 
a 3-oxo group by cholesterol oxidase, and subsequent derivatiza-
tion of the oxo group with the cationic Girard P reagent;  iii ) chro-
matographic separation of oxysterols on a C 18  column; and  iv ) 
ESI-MS n  analysis by exploiting high-resolution exact mass measure-
ments and MS 3  fragmentation ([M] +  → [M-Py] +  → ), where [M-Py] +  
corresponds to loss of pyridine from the molecular ion. 

 RESULTS AND DISCUSSION 

 As shown in  Table 1 , all three CTX patients had mark-
edly reduced levels of 27-hydroxycholesterol. However, 
the level in CTX patient 3 was higher than in the other two 
cases, consistent with the very mild symptoms. Due to the 
reduced production of bile acids, cholesterol 7 � -hydroxlase 
is upregulated in untreated CTX patients resulting in high 
levels of 7 � -hydroxycholesterol in the circulation ( 4, 5 ). In 
accordance with this, all three patients had high levels of 
7 � -hydroxycholesterol in the untreated state. As could 
have been expected from above, CTX patient 3 had con-
siderably lower levels of 7 � -hydroxycholesterol than the 
other two patients. 7-Ketocholesterol was markedly increased 
in patients 1 and 2, but in the upper normal range in pa-
tient 3. 7 � -Hydroxycholesterol was increased in all three un-
treated patients with the highest increase in patient 1. 

 Treatment with chenodeoxycholic acid resulted in a 
marked decrease in 7 � -hydroxycholesterol in all three pa-
tients. In patients 2 and 3, the treatment normalized the 
plasma level of 7 � -hydroxycholesterol. In patient 1, the level 
of 7 � -hydroxycholesterol was still above normal after treat-
ment with 750 mg chenodeoxycholic acid for 9 months. 
Further treatment of this patient with a higher dose of 
chenodeoxycholic acid normalized, however, the level of 
7 � -hydroxycholesterol (  Table 2  ).  

low levels of 27-hydroxycholesterol in combination with high lev-
els of 7 � -hydroxycholesterol. The patient was treated with chen-
odeoxycholic acid (500 mg/day) ( Table 1 ). 

 CTX patient 3.   CTX patient 3 is a female who developed 
Achilles xanthoma when she was 18–20 years of age. Initially, the 
condition was believed to be due to hypercholesterolemia, but 
treatment with statins was unsuccessful. At the age of 32, the diag-
nosis of CTX was established by the demonstration of low levels 
of 27-hydroxcholesterol and high excretion of 25-hydroxylated 
bile alcohols. Cerebral MRI showed normal fi ndings. The patient 
was treated with chenodeoxycholic acid (750 mg/day) ( Table 1 ). 
A detailed characterization of this patient with a very mild form 
of CTX has been published ( 16 ). 

 SLO patient 1.   SLO patient 1 is a 23-year-old woman in 
whom the diagnosis was suspected in infancy because of micro-
cephalus, cleft hard palate, and feeding diffi culties with pro-
nounced vomiting. It was confi rmed at the age of 9, when the 
cholesterol defi ciency was discovered. She was then able to walk 
with a frame, had no speech, and was fed orally. She had a severe 
photosensitivity and started treatment with cholesterol and bile 
acids. Her light tolerance improved, which was verifi ed by UVA-
light tests. She now has a stable condition, is wheel-chair depen-
dent, and has some autistic behavior in addition to severe mental 
retardation. 

 SLO patient 2.   SLO patient 2 is a 6-year-old girl born with 
typical features, cleft hard palate, and severe feeding diffi culties. 
The SLO diagnosis was verifi ed at the age of 3 months. She has 
had bilateral cataracts, has a hearing defect, and is fed by a gas-
trostomy. She has severe mental retardation, cannot sit unsup-
ported, and has no speech. She has an increased susceptibility to 
infections and a moderate photosensitivity. She has been treated 
with cholesterol since the diagnosis was confi rmed with little ef-
fect on her sterol pattern. 

 SLO patient 3.   SLO patient 3 is an 11-year-old girl in whom 
the diagnosis was obtained early. She has severe mental retarda-
tion and feeding diffi culties, with frequent vomiting. At present 
she is fed by a gastrostomy. She was treated with cholesterol dur-
ing the fi rst years of life, but at present is not using any 
medications. 

 Healthy volunteers 
 Blood was collected from six healthy subjects (laboratory 

staff, four males and two females, age 31–82 years, mean age 
64 years). 

 Ethical aspects 
 Informed consent to scientifi c use of blood analysis and clini-

cal examinations was obtained from the three CTX patients and/
or the legal guardian in accordance with ethical regulations for 
case reports. In the case of the analyses of serum from the three 
SLO subjects, serum had been collected for diagnostic purposes 
and ethical permission was obtained from the local ethical com-
mittee at Huddinge University Hospital to use the excess of this 
material for other measurements. Permission was also obtained 
from this committee to collect blood from healthy subjects for 
reference purposes. 

 Standards 
 Cholesterol-7,8-epoxide was synthesized as described ( 8 ). The 

deuterium-labeled 24-hydroxycholesterol used as internal stan-
dard was synthesized as described previously ( 17 ). 
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  Fig.   1.  GC-MS mass spectrum of the trimethylsilyl ether of cholesterol-7,8-epoxide.   

 TABLE 2. Levels of oxysterols, cholesterol precursors, and cholesterol-7,8-epoxide in the circulation of CTX 
patients 1 and 2 after treatment with chenodeoxycholic acid       

Steroid

Patient 1 Patient 2

Before 
Treatment

Treatment for 9 
Months

Treatment for 21 
Months  a  

Before 
Treatment

Treatment 
for 6 Months

7 � -Hydroxycholesterol (ng/ml) 3.4 0.4 0.09 2.2 0.04
7 � -Hydroxycholesterol ( � g/ml) 1.0 0.3 0.05 0.3 0.05
7-Ketocholesterol ( � g/ml) 2.1 0.3 0.09 0.6 0.1
7-Dehydrocholesterol ( � g/ml) 55 1.5 0.3 1.2 0.5
Lathosterol ( � g/ml) 12 1.3 1.1 3.2 0.6
Cholesterol-7,8-epoxide ( � g/ml) 1.8 0.1 <0.05 0.1 0.07

Values were determined by GC-MS and are for the sum of esterifi ed and nonesterifi ed sterols. Normal levels of 
7 � -hydroxycholesterol, <0.12  � g/ml; 7 � -hydroxycholesterol, <0.02  � g/ml; 7-ketocholesterol, <0.03  � g/ml; 
7-dehydrocholesterol, < 0.2  � g/ml; lathosterol, <4  � g/ml; 7,8 epoxide, <0.02  � g/ml.

  a   During the last 12 months the dose of chenodeoxycholic acid was increased from 250 mg (×3) to 500 mg (×3).

 Treatment of patients 1 and 2 with chenodeoxycholic 
acid decreased the level of 7-ketocholesterol ( Tables 1, 2 ). 
The levels after the treatment were, however, still higher 
than normal. This may be a consequence of a need for 
the sterol 27-hydroxylase to metabolize 7-ketocholesterol 
( 3 ). It is noteworthy that the levels of 7 � -hydroxycholesterol 
were also higher than normal in patients 1 and 2 after 
treatment. The possibility must be considered that 7 � -
hydroxycholesterol may also require sterol 27-hydroxylase 
for its metabolism. The treatment had no effect on the 
relatively low level of 7-ketocholesterol in CTX patient 3. 

 In patients 1 and 2, we had the opportunity to measure 
7-dehydrocholesterol and lathosterol in addition to the 
oxysterols. The results of these measurements are shown 
in  Table 2 . 

 If 7-ketocholesterol is a product of 7-dehydrocholes-
terol and CYP7A1, increased levels of 7-dehydrocholes-
terol would be expected in CTX patients 1 and 2, who 
had high levels of 7-ketocholesterol in the untreated 
state. As shown in  Table 2 , the level of 7-dehydrocholesterol 
was increased in both CTX patients 1 and 2, but consider-
ably more in patient 1 than in patient 2. The cholesterol 

precursor, lathosterol, was also markedly increased in 
CTX patient 1 but not in CTX patient 2. The increase in 
the levels of the cholesterol precursors is likely to be a 
consequence of the high level of synthesis of cholesterol 
needed to compensate for the consumption of choles-
terol, due to the increased activity of CYP7A1 in CTX. 

 After treatment with chenodeoxycholic acid, the levels 
of 7-dehydrocholesterol and lathosterol decreased in par-
allel with the decrease in the level of 7-ketocholesterol. 

 If the CYP7A1-mediated mechanism is active toward 
7-dehydrocholesterol, the presence of cholesterol-7,8-ep-
oxide would be expected in the circulation of the un-
treated CTX patients 1 and 2. 

   Figure 1   shows  the GC-MS mass spectrum of the trim-
ethylsilyl derivative of cholesterol-7,8-epoxide. The mass 
spectrum is consistent with the structure with dominant 
ions at  m/z  364 (M-90-18),  m/z  349 (M-90-18-15), and  m/z  
251 (steroid nucleus with four double bonds).   Figure 2   
shows  the ion chromatogram obtained in the analysis of 
trimethylsilyl ether of the oxysterol fraction isolated from 
plasma of the untreated CTX patient 1. A peak was ob-
tained with the same retention time as the trimethylsilyl 
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ether of cholesterol-7,8-epoxide in the tracing of the ions 
 m/z  364,  m/z  349, and  m/z  251. The presence of other 
contaminating steroids (possibly cholesterol precursors) 
with similar retention time prevented us from recording 
a clean mass spectrum. The ion intensity ratios for  m/z  
251,  m/z  364, and  m/z  349 were, however, almost identical 
to those obtained in the mass spectrum of the authentic 
compound. 

  Fig.   2.  Selected monitoring of the ions  m/z  251,  m/z  349, and  m/z  
364 in the GC-MS analysis of trimethylsilyl ether of the oxysterol 
fraction isolated from plasma of the untreated CTX patient. Under 
the chromatographic conditions employed, cholesterol-7,8-epox-
ide has a retention time of 10.43 min.   

 The amount of the 7,8-epoxide could be calculated with 
use of the deuterated internal standard and a standard 
curve constructed by analysis of mixtures of the 7,8-epoxide 
with a fi xed amount of the deuterated standard. The con-
centration of the epoxide was found to be 1.8  � g/ml 
in the plasma sample from the untreated CTX patient 1. 
In contrast, the level of this epoxide was found to be 
<0.02  � g/ml in plasma from six healthy volunteers. The con-
centration of the 7,8-epoxide was considerably lower in 
CTX patient 2 then in CTX patient 1, most probably as 
a consequence of the much lower level of 7-dehydroc-
holesterol. As could be expected, the amount of the 
cholesterol-7,8-epoxide was markedly reduced after treat-
ment of CTX patient 1 with chenodeoxycholic acid 
( Table 1 ). Also, in CTX patient 2, there was a decrease 
in the level of the epoxide after treatment with chen-
odeoxycholic acid. 

 All the above quantitations were made after hydrolysis. 
Using the same method as above, it was shown, however, 
that the epoxide could also be identifi ed in an extract that 
had not been hydrolyzed. 

 The data given in  Table 2  are consistent with the pos-
sibility that 7-dehydrocholesterol is a precursor to 7-
ketocholesterol. It seems likely that a major part of the 
7-ketocholesterol that accumulates in patients with CTX is 
produced by the newly described CYP7A1-mediated mech-
anism. It should be noted that the therapy with chenode-
oxycholic acid did not result in complete normalization of 
the elevated levels of 7-ketocholesterol in CTX patients 
1 and 2. Most probably this is due to a need for the ste-
rol 27-hydroxylase for the normal metabolism of this 
steroid ( 3 ). 

 In addition to 7-dehydrocholesterol, the level of lathosterol 
was also increased in the circulation of CTX patient 1 in 
the untreated state. In view of this and the high degree of 
upregulation of CYP7A1, we considered the possibility 
that 7-ketocholestanol and 7,8-epoxycholestanol may 
be formed under these conditions. Attempts to identify 
these two compounds in the circulation of CTX patient 1 
failed, however. 

 Patients with SLO have levels of 7-dehydrocholesterol 
even higher than those observed in CTX patients ( 12 ). 
  Table 3   shows  the results of GC-MS measurements of 
7-ketocholesterol and 7-dehydrocholesterol in serum from 
three patients with SLO  . In accordance with our expecta-
tion and the recent study by Liu et al. ( 14 ), high levels of 
7-ketocholesterol were present in all three patients. It is 
noteworthy that the increased levels of 7-ketocholesterol 
were not associated with increased levels of 7 � - or 7 � -

 TABLE 3. Levels of oxysterols, 7-dehydrocholesterol, and cholesterol-7,8-epoxide in the circulation of three 
SLO patients     

Steroid SLO Patient 1 SLO Patient 2 SLO Patient 3

7 � -Hydroxycholesterol ( � g/ml) 0.03 0.03 0.02
7 � -Hydroxycholesterol ( � g)ml) 0.03 0.03 0.03
7-Ketocholesterol ( � g/ml) 0.10 0.73 0.41
7-Dehydrocholesterol ( � g/ml) 228 200 282
Cholesterol-7,8-epoxide ( � g/ml) 2.1 2.7 3.6

Values were determined by GC-MS and are for the sum of esterifi ed and nonesterifi ed sterols.
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  Fig.   3.  LC-MS n  analysis of plasma from a SLO patient. Oxysterols were charge-tagged with the d 5 -GP re-
agent. Upper panel shows the reconstructed ion chromatogram for the [M] +  ion (537.4212 ± 10 ppm) of 
cholesterol-7,8-epoxide. Central panel shows the total ion chromatogram for the MS 3  transition 
[M] +  → [M-Py] +  → . Lower panel shows the MS 3  spectrum [M] +  → [M-Py] +  →  for the peak eluting at 9.91 min. 
Authentic cholesterol-7,8-epoxide elutes at 9.9 min and gives an MS 3  spectrum identical to that shown in the 
lower panel.   
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  Fig.   4.  Mechanism of conversion of 7-dehydrocholesterol into 7-ketocholesterol and cholesterol-7,8-epoxide by CYP7A1 [modifi ed from 
( 8 )]. The further metabolism of 7-ketocholesterol by CYP27 is also shown in the fi gure  .   

hydroxycholesterol, excluding the possibility that it had 
been formed by autoxidation of cholesterol ( 20 ). It has 
been reported that the activity of CYP7A1 is normal or re-
duced in the liver of patients with SLO ( 13 ). The high lev-
els of 7-ketocholesterol were associated with high levels of 
the cholesterol-7,8-epoxide. In this case, the identity of the 
cholesterol-7,8-epoxide was ascertained by GC-MS, not 
only by ion chromatography but also by recording full 
mass spectra that were identical to those of the reference 
compound (results not shown). The identifi cation of cho-
lesterol-7,8-epoxide was further confi rmed by LC-MS n  us-
ing a high resolution mass spectrometer. Shown in   Fig. 3   
(upper trace)  is the reconstructed ion chromatogram 
(±10 ppm) for  m/z  537.4212, the  m/z  corresponding to the 
[M] +  ion of cholesterol-7,8-epoxide charge-tagged with d 5 -GP 
(Girard P derivative). The central panel shows the total 
ion chromatogram for the MS 3  transition [M] +  → [M-Py] +  →  
and the lower panel the MS 3  spectrum [M] +  → [M-Py] +  →  
for the peak eluting at 9.91 min. Authentic charge-
tagged cholesterol-7,8-epoxide eluted at 9.91 min and 
gave an identical MS 3  spectrum to that shown. No evidence 
of cholesterol-7,8-epoxide was found by LC-MS n  analysis 
of a control sample (National Institute of Standards and 
Technology standard reference material). 

 It seems likely that 7-dehydrocholesterol is a precursor to 
7-ketocholesterol in the SLO patients also, in spite of a re-
ported normal or low activity of CYP7A1 ( 13 ).   Figure 4   sum-
marizes  the mechanism by which 7-ketocholesterol is formed 
from 7-dehydrocholesterol. The level of 7-ketocholesterol is 
dependent upon three factors:  i ) activity of CYP7A1;  ii ) level 
of 7-dehydrocholesterol; and  iii ) activity of sterol 27-
hydroxylase. It should be emphasized that a high level of 
CYP7A1 will lead to increased consumption of cholesterol, 
which will be compensated for by increased cholesterol syn-
thesis and thus increased levels of 7-dehydrocholesterol ( 21 ). 

 To summarize, the present results suggest that 7-dehydro-
cholesterol is likely to be a precursor to 7-ketocholesterol, 
not only under the in vitro conditions previously described 
( 8 ) but also under in vivo conditions with high levels of 
7-dehydrocholesterol. The high levels of 7-dehydrocholesterol 
must be combined with normal or high activity of the 

cholesterol 7 � -hydroxylase. In addition to CTX, a for-
mation of 7-ketocholesterol is likely to occur in other 
conditions also, with a marked upregulation of CYP7A1, 
e.g., due to bile acid malabsorption or treatment with 
resins.  
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