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Reduced cellular cholesterol content in
peroxisome-deficient fibroblasts is associated with
impaired uptake of the patient’s low density
lipoprotein and with reduced cholesterol synthesis
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Abstract Mammalian cells acquire cellular cholesterol by de
novo synthesis as well as by uptake of low density lipoprotein
(LDL). Peroxisomes contain enzymes involved in the synthesis
of cholesterol, and peroxisome-deficient (PD) patients have been
shown to have hypocholesterolemia and abnormal LDL. We
therefore decided to study whether cholesterol synthesis and cel-
lular uptake of LDL are impaired in cultured PD fibroblasts.
The present study demonstrates a significantly lower cellular
cholesterol mass in fibroblasts from three PD patients, as com-
pared to control cells (41-59% of controls). The rate of
cholesterol synthesis was also reduced in all three PD cell lines,
being 16-20% of the control values. LDL binding and degrada-
tion by fibroblasts were 3- to 5-fold higher in the PD cells as
compared to control cells. Similarly, enrichment of normal
fibroblasts with tetracosanoic acid (C-24:0), a situation that
could mimic the in vivo accumulation of very long chain fatty
acid (VLCFA) in PD cells, caused LDL binding and degrada-
tion to be 4-fold higher than in non-treated cells. On the other
hand, the uptake of LDL derived from PD patients by normal
fibroblasts was markedly reduced (by up to 67%) in comparison
to the cellular uptake of normal LDL. Similar results were ob-
tained in PD cells. Bl This study demonstrates a lower cellular
cholesterol content and reduced cholesterol synthesis rate in PD
cell lines. In addition, we demonstrate that regulation of the up-
take of normal LDL by cellular LDL receptors is operative in
PD cells, whereas LDL derived from PD patients is not recog-
nized normally by the LDL receptor. Thus, the metabolism of
cholesterol within PD cells may be hampered by the combined
effect of deficient de novo formation due to peroxisomal
deficiency and of the deviant interaction of the LDL receptor
with abnormal-lipoprotein. A deficiency of cholesterol is likely
to contribute to the devastating disturbances observed in pa-
tients affected with one of the various peroxisomopathies.—
Mandel, H., M. Getsis, M. Rosenblat, M. Berant, and M.
Aviram, Reduced cellular cholesterol content in peroxisome-
deficient fibroblasts is associated with impaired uptake of the pa-
tient’s low density lipoprotein and with reduced cholesterol syn-
thesis. J. Lipid Res. 1995. 36: 1385-1391.

Supplementary key words infantile Refsum disease ¢ Zellweger syn-
drome ¢ very-long-chain fatty acid « peroxisomes

Peroxisomes are involved in anabolic and catabolic
pathways associated with lipid metabolism. These func-
tions include the biosynthesis of cholesterol, plasmalo-
gens, and bile acids, as well as the oxidation of very-long-
chain fatty acids (VLCFA), branched-chain fatty acids,
dicarboxylic acids, polyunsaturated fatty acids, L-
pipecolic acid, and phytanic acid (1-4). Although
cholesterol synthesis in mammalian cells has been as-
sumed to be located entirely in the cytosol and endoplas-
mic reticulum (ER), recent studies demonstrate that rat
liver peroxisomes contain enzymes of the cholesterol syn-
thesis pathway (5). Peroxisomes contain acetoacetyl-CoA
thiolase (6, 7), 3-hydroxy-3-methylglutaryl-CoA (HMG-
CoA) reductase (8, 9), and farnesyl diphosphate synthase
(10). Recently, it has been reported that mevalonate
kinase appears to be predominantly localized in peroxi-
somes and is deficient in patients affected by a peroxisome
deficiency disorder (e.g., Zellweger syndrome) (11). Perox-
isomes also contain the largest concentration of cellular
sterol carrier protein 2, a protein thought to facilitate in-
tracellular sterol transport (12, 13), as well as significant
levels of apolipoprotein E, a major constituent of several
classes of plasma lipoproteins (14). A previous study
demonstrated that the cholesterol synthesis rate is
significantly reduced in cells from peroxisome-deficient
(PD) patients (15), while clinical studies have demon-

Abbreviations: LDL, low density lipoprotein; PD, peroxisome deficiency;
PD-LDL, LDL derived from peroxisome-deficient patients; PD-cells,
cells from peroxisome-deficient patients; FCS, fetal calf serum; VLCFA,
very-long-chain fatty acids; UC, unesterified cholesterol; CE, cholesteryl
ester; TLC, thin-layer chromatography; IRD, infantile Refsum disease.
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strated that patients suffering from PD disorders have ab-
normally low plasma cholesterol concentrations (16-20).
These combined findings support the likelihood that
peroxisomes play an important role in the cholesterol bio-
synthetic pathways.

Mammalian cells ensure adequate levels of cholesterol
in cellular membranes by de novo cholesterol synthesis as
well as by the uptake of cholesterol from plasma LDL (21,
22). The cellular concentration of cholesterol is regulated
by a feedback control system, whereby a rise in cellular
cholesterol content suppresses the activity of HMG-CoA
reductase, and thus turns off the synthesis of intracellular
cholesterol. In addition, a rise in cellular cholesterol
down-regulates the synthesis of LDL receptors and thus
prevents a further entry of LDL-derived cholesterol into
the cells (21, 22). The regulation of cellular cholesterol bi-
osynthesis has been shown to be operative in PD cells, as
in normal cells, namely via a feedback control of the
HMG-CoA reductase activity (15, 23). However, we have
recently demonstrated a reduced uptake of LDL derived
from a PD patient (PD-LDL) by normal macrophages
(19), suggesting an impaired regulation of cholesterol up-
take from plasma LDL in PD patients.

In the present study we investigated several aspects of
cellular cholesterol homeostasis in peroxisome-deficient
(PD) fibroblasts, by analysis of the cellular cholesterol
mass, the rate of cholesterol biosynthesis, and LDL bind-
ing and degradation rates. This study demonstrates that
PD cells have low cellular cholesterol content and reduced
cholesterol biosynthesis rate. Furthermore, although the
feedback regulation of the cellular uptake of LDL is
potentially operative in PD cells, it is hampered when the
cells interact with PD-LDL and not normal LDL. Hence,
the metabolism of cholesterol within PD cells may be al-
tered by the combined effect of a reduced de novo
cholesterol synthesis due to the deficiency of peroxisomes,
and also by an impaired interaction of the cells with ab-
normal lipoprotein.

EXPERIMENTAL PROCEDURES

Cells

Cultured fibroblasts were obtained from skin biopsies
from three patients with documented peroxisomal
deficiency (PD) diseases and from five normal in-
dividuals. The diagnosis of PD disease was based on clini-
cal features, elevated levels of VLCFA in plasma and in
fibroblasts, decreased levels of plasmalogens, and
deficiency of dihydroxyacetone phosphate acyltransferase
(DHAPAT) in fibroblasts (1-4). Cells were cultured in
Dulbecco’s modified Eagle’s (DME) medium sup-
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plemented with 5% fetal calf serum (FCS). Cultures were
maintained in a humidity-controlled incubator with an
atmosphere of 5% CO,, 95% air at 37°C. The fibroblast
cells were studied between passages 5 and 20.

Lipoproteins

LDL was prepared from human plasma derived from
fasted normolipidemic volunteers and from three PD pa-
tients. LDL was prepared by discontinuous density gra-
dient ultracentrifugation as described previously (24).
The LDL was washed at a density of 1.063 g/ml and dia-
lyzed against 150 mM NaCl, 1 mM EDTA (pH 7.4) under
nitrogen in the dark, at 4°C. LDL was then sterilized by
filtration (0.22 nm) and used within 2 weeks. LDL was io-
dinated by the method of McFarlane as modified for
lipoproteins (25).

Metabolism of lipoprotein by cells

LDL degradation. LDL degradation was measured after
incubation of !25]-labeled LDL (180-300 cpm/ng of pro-
tein) with cells for 5 h at 37°C. The hydrolysis of LDL
protein was assayed in the incubation medium by meas-
urement of trichloroacetic acid-soluble, noniodide radi-
oactivity (26). Cell-free LDL degradation was minimal
and was subtracted from total degradation. The cell
monolayer was washed three times with phosphate-
buffered saline (PBS) and extracted by a 20-h incubation
at room temperature with 0.1 N NaOH for determination
of cellular protein content (27).

LDL binding. High-affinity binding of LDL to cells was
studied by incubation of %3]-labeled LDL (2.5-15 pg of
protein) for 4 h at 4°C. After extensive washing (x 4)
with PBS, cells were extracted by incubation with 0.1 N
NaOH for 20 h at room temperature and the bound radio-
labeled LDL was counted (28).

Cholesterol esterification

LDL cholesterol uptake by cells was estimated by meas-
urement of the stimulation of [3H]oleate incorporation
into cholesteryl ester (CE) (29). The cells were incubated
for 18 h with the lipoproteins, followed by medium
removal and a further incubation of the cells with radiola-
beled oleate (0.2 mM, 10 uCi/ml [*H]oleate complexed
with 0.07 mM fatty acid-free albumin) for 2 h at 37°C.
The cells were then washed twice with PBS at 4°C and in-
cubated for 30 min with 1 ml hexane-isopropyl alcohol
3:2 (v/v) in a 35-mm dish at room temperature in order
to extract cellular lipids. After two more washes with these
solvents, the pooled lipid extract was dried under nitrogen
and resolubilized in chloroform. The labeled CE was iso-
lated by thin-layer chromatography (TLC) on silica gel
plates developed in hexane-diethyl ether-acetic acid
130:40:1.5 (v/v/v).
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Cholesterol mass

Cells were washed (x 3) with cold PBS followed by
lipid extraction with hexane-isopropyl alcohol 3:2 (v/v).
Cellular cholesterol [unesterified cholesterol (UC) and
cholesteryl ester (CE)] were separated from the cellular
lipid extract by TLC on silica gel plates using hex-
ane-~diethyl ether-acetic acid 130:40:1.5 (v/v/v). The TLC
spots corresponding to UC and CE were scraped and ana-
lyzed for their cholesterol mass using the ferric chloride
assay (30).

Cholesterol synthesis

Cellular cholesterol synthesis was measured by analysis
of the incorporation of labeled acetate (1 p#Ci/ml {*H]ace-
tate 48 mCi/mmol, Amersham Radiochemical Center,
Amersham, Bucks, UK) into unesterified cholesterol
(UQ) after incubation of cells with the [*H]acetate for 20
h. 14C-labeled cholesterol was added to the lipid extract as
an internal standard in order to control for the recovery
of cellular cholesterol. At the end of the incubation, and
after cellular lipid extraction and TLC, the radioactivity
in the spot related to UC was determined. The radioac-
tivity in the cholesteryl ester (CE) spot under the ex-
perimental procedure was less than 5% of that found in
the UC spot. These studies were repeated 3 times.

Very-long-chain fatty acids (VLCFA)

Cellular and plasma content of the VLCFA including
that of tetracosanoic acid (C-24:0) were determined by
gas chromatography (31). Enrichment of normal fibrob-
lasts with C-24:0 was obtained by cell incubation with
C-24:0 complexed with fatty acid-free albumin (0.2 mM
and 0.07 mM, respectively) for 20 h at 37°C. Celtular
C-24:0 content was measured by gas chromatography (31).
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Fig. 1. Cholesterol mass in peroxisome deficient (PD) and in control
fibroblasts. Human skin fibroblasts (HSF) from PD patients or from
normal control subjects were grown in DMEM supplemented with 5%
FCS. Cells were washed with PBS (x 3), followed by lipid extraction and
analysis of the cellular cholesterol content. Results are given as the mean
+ SD (*P < 0.01 vs. control, n = 3).
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Fig. 2. Cholesterol synthesis rate in fibroblasts from PD patients and
in normal cells. Human skin fibroblasts (HSF) from PD patients and
from normal control subjects were grown in DMEM supplemented with
5% FCS. Cells were incubated with 1 pGi/ml of [*H]acetate for 20 h at
37°C. Cells were then washed with PBS (x 3), lipids were extracted, and
TLC analysis of the radioactivity in the unesterified cholesterol (UC)
spot was determined. Results are given as mean + SD (*P < 0.01 vs.
control, n = 3).

RESULTS

Cholesterol mass in cultured skin fibroblasts from three
peroxisome-deficient (PD) patients (grown to confluency
in DME medium supplemented with 5% FCS) was found
to be reduced in comparison to control cells by about 50%
(Fig. 1). Because fibroblast cholesterol content is depen-
dent on the rate of cholesterol synthesis, we analyzed the
formation of radiolabeled cholesterol after incubation of
fibroblasts with {3H]}acetate for 20 h at 37°C. Figure 2
shows that in all three fibroblast cell lines derived from
PD patients, the rate of cholesterol synthesis was only
16-20% of that observed in normal fibroblasts.

There was no difference in the radioactive cholesterol
found in the media of control versus patient cells, suggest-
ing that the reduced cholesterol synthesis rate is not due
to cholesterol effux out of the cells.

Because the cholesterol content of fibroblasts is also de-
termined by the extent of LDL uptake by the cells, and
up-regulation of LDL receptors is to be expected to occur
in cholesterol-deficient cells, we evaluated cellular binding
and degradation of LDL from normal subjects, in fibrob-
lasts from PD patients, and from healthy individuals. The
cells were incubated with increasing concentrations of
125]-labeled LDL for 4 h at 4°C prior to analysis of
lipoprotein binding (Fig. 3A), or for 5 h at 37°C for de-
termination of LDI. degradation (Fig. 3B). At LDL con-
centrations of 2-15 ug of protein/ml, the PD cells revealed
a 3.4- to 5.1-fold increased binding in comparison to con-
trol normal cells (Fig. 3A). Similarly, on using LDL at
10-50 pg protein/ml, the degradation of LDL in PD cells
was increased 2.7- to 3.1-fold (Fig. 3B) as compared to
control cells grown under the same conditions.
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Fig. 3. Cellular binding (A) and degradation (B) of '*[-labeled LDL
by peroxisome-deficient (PD) or by normal control fibroblasts. Cells
were incubated with increasing concentrations of 12%I-labeled LDL for
4 h at 4°C before the analysis of lipoprotein binding (A), or for 5 h at
37°C prior to determination of LDL degradation rate by the fibroblasts
(B). Results represent mean + SD (n = 3).

Due to the peroxisomal 8-oxidation defect in perox-
isomal disorders, very-long-chain fatty acids (VLCFA),
including tetracosanoic acid (C-24:0), accumulate in
plasma and in tissues. Preincubation of normal fibroblasts
with 100 pg/ml of C-24:0 complexed to albumin resulted
in a 2- to 3-fold elevation in the cellular content of
VLCFA as determined by gas chromatography (data not
shown). We therefore questioned whether C-24:0 could
affect cellular binding and degradation of LDL by fibrob-
lasts. For binding analysis, cells were incubated for 20 h
at 37°C with 100 pg/ml of C-24:0, followed by cell wash
and a further incubation for 4 h at 4°C with increasing
concentrations of LDL. Preincubation of the control
fibroblasts with C-24:0 induced a 5.2- to 8.0-fold increase
in LDL binding on using 2.5-15 ug of 1#5I-labeled LDL
protein/ml, in comparison to cells that were not treated
with the VLCFA (Fig. 4A). Similarly, on using 5-50 pg
of 125]-labeled LDL protein/ml, normal fibroblasts that
were preincubated with VLCFA showed a 2.8- to 3.9-fold
increase in cellular degradation of normal LDL in com-
parison to non-treated fibroblasts (Fig. 4B; n = 3).

Our results thus demonstrate that the reduced
cholesterol mass in PD fibroblasts can be attributed to

1388 Journal of Lipid Research Volume 36, 1995

reduced cellular cholesterol synthesis. On the other hand,
our observation of an increased rate of LDL uptake by
PD cells is not easy to reconcile with the low cholesterol
mass observed in PD cells. As the LDL uptake studies in
the present study were performed using normal LDL,
whereas in a previous study we demonstrated a reduced
cholesterol esterification rate of LDL derived from a PD
patient (19), we questioned whether the use of LDL der-
ived from PD patients would demonstrate alteration in
the cellular uptake and metabolism of this abnormal
LDL. Cholesterol, phospholipid, and triglyceride content
of the patients’ LDL were 0.78 + 0.08, 0.80 + 0.01, and
0.12 + 0.03 mg/mg LDL protein, respectively, in compar-
ison to 1.40 + 0.33, 0.51 + 0.07, and 0.24 + 0.04 mg/mg
LDL protein in control LDL, respectively (n = 4). LDL
concentration studies were thus carried out by incubating
normal cells with either normal LDL or with PD-LDL
(Fig. 5), followed by analysis of LDL degradation rate
(Fig. 5A) and LDL-induced stimulation of cholesterol es-
terification rate (Fig. 5B) in control fibroblasts. At all
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Fig. 4. Binding (A) and degradation (B) of normal LDL by normal
fibroblasts that were enriched with very-long-chain fatty acid. Normal
fibroblasts that were preincubated with no addition (A, control) or with
addition of 100 ug/ml of C-24:0 (@, +C-24:0) for 20 h at 37°C, followed
by cell wash, were incubated with increasing concentrations of 12°I-
labeled LDL. At the end of the incubation, LDL binding (incubated for
4 h at 4°C) (A), or LDL degradation (incubated for 5 h at 37°C) was
determined. Results are given as the mean + SD (n = 3).
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Fig. 5. LDL degradation (A) and LDL-induced stimulation of cellular
cholesterol esterification (B) by normal fibroblasts. Increasing concentra-
tions of LDL derived from either a PD patient (@) or from a normal sub-
ject () were incubated with normal fibroblasts for 5 h at 37°C prior
to analysis of cellular degradation of !'#*I-labeled LDL (A), or of
cholesterol esterification rate in the fibroblasts (B). Results are given as
mean + SD (n = 3).

LDL concentrations studied (10-50 ug protein/ml), there
was a significant reduction of both cellular lipoprotein
degradation (Fig. 5A) and of cholesterol esterification
rates (Fig. 5B) (by 82-65% and 74~29%, respectively) of
the PD-LDL in comparison to normal LDL (Figs. 5A and
5B). On using fibroblasts from PD patients (PD-cells), the
degradation rate of PD-LDL was also lower by 74-67%
on using 10-50 gg protein/ml, as compared with the LDL
degradation rate observed with normal LDL (Table 1).

DISCUSSION

The present study demonstrates a low cholesterol con-
tent and a reduced de novo cholesterol biosynthesis in
fibroblasts from PD patients in comparison to control
cells. In addition it shows, for the first time, that although
the regulation of the uptake of normal LDL via the LDL-
receptors by PD cells is potentially operative (as in normal
cells), LDL derived from PD patients is not recognized
normally by the fibroblasts LDL-receptor. This novel ob-
servation of a reduced fibroblast uptake of the PD-LDL
could explain, at least partially, the low cholesterol mass
in fibroblasts from PD patients, in addition to the lowered
capacity of these cells to synthesize cholesterol. The rela-

tive importance of peroxisomes in cellular cholesterol bi-
osynthesis in human cells has been suggested (5, 15), and
was reconfirmed in the present study. Whereas several
reports have indicated that the normal mechanism for
regulation of de novo cholesterol biosynthesis is operative
in PD cells (15, 23), the cholesterol mass was shown to be
markedly reduced in this study, suggesting a limited ca-
pacity of PD cells to compensate for their reduced
cholesterol biosynthesis rate. Peroxisomes contain en-
zymes that are involved in cholesterol biosynthesis (5-11),
including the rate-limiting enzyme in cholesterol synthe-
sis, HMG-CoA reductase (8, 9). It has been shown that
peroxisomal HMG-CoA reductase activity has a dis-
tinctly different diurnal cycle from that of the microsomal
reductase (32). In addition, cholestyramine treatment in-
duced about a 6-fold increase in the specific activity of the
peroxisomal HMG-CoA reductase, whereas the specific
activity of the microsomal reductase increased only 2-fold
(7). These observations suggest an independent regula-
tion of microsomal and peroxisomal enzymes. The possi-
bie significance for the presence of a second cholesterol bi-
osynthesis system remains unclear. However, the reduced
cholesterol content in PD cells, as shown in this study,
might reflect an important covert contributory role for the
peroxisomal cholesterol metabolic pathway, in the overall
de novo cellular cholesterol biosynthesis capacity.
Mammalian cells acquire exogenous cholesterol mainly
through receptor-mediated endocytosis of LDL via the
LDL receptors; this cellular uptake of LDL is regulated
by cellular cholesterol content (21, 22). This regulatory
system, as opposed to the regulation of cholesterol synthe-
sis, has not been previously investigated in PD cells. In
the present study, the cellular uptake of normal LDL was
shown to be enhanced in PD cells, in comparison to nor-
mal cells. As we demonstrated a reduced cholesterol mass
in the PD cells, this novel finding of an increased LDL up-
take capacity by PD cells suggests that the regulation of
the LDL receptor pathway by cellular cholesterol content
hoids true also for PD cells. Cellular accumulation of
VLCFA in cells from PD patients is .assumed to be
responsible, at least in part, for the underlying pathophysiology

TABLE 1. Low density lipoprotein degradation by
peroxisome-deficient (PD) fibroblasts

LDL Degradation (at LDL Concentrations)

(10 pg/ml) (25 pg/ml) (50 pg/ml)

g LDL protein/mg cell protein
PD-LDL 0.7 + 0.3 2.1+ 0.9 51 % 1.5
C-LDL 1.5 + 0.3 54 + 0.5 10.4 + 1.1

Increasing concentrations of 125I-labeled PD-LDL or control (C)-LDL
were incubated with PD-fibroblasts for 5 h at 37°C prior to the analysis
of cellular LDL degradation. Results are given as mean + SD (n = 3).
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of peroxisomal disorders. In order to investigate whether
cellular accumulation of VLCFA could account for an en-
hanced degradation of normal LDL by PD cells, we ad-
ded a VLCFA (tetracosanoic acid, C-24:0) to normal
fibroblasts (in order to mimic the condition that exists in
PD cells), and analyzed LDL binding and degradation
rates in the VLCFA-enriched fibroblasts. A 2.5-fold in-
crease in the cellular C-24:0 content was associated with
about a 4-fold increase in LDL binding and degradation
by the VLCFA-enriched cells, suggesting that the ac-
cumulation of VLCFA in PD cells might affect membrane
Buidity (by interacting with polar phospholipids in
plasma membranes) and thus increase LDL uptake by
these cells. In addition, the reduced plasmalogen content
and the increased content of phosphatidylethanolamine
and long chain fatty acyl groups in the plasma membrane
of PD cells (1) could also affect LDL receptor activity via
the induction of conformational changes in the region of
the LDL receptor binding domains.

Hypocholesterolemia and abnormal lipoproteins have
been frequently found in infantile Refsum disease (IRD)
(16-20). The hypocholesterolemia could result in part
from gastrointestinal malabsorption associated with liver
disease and abnormal bile acid metabolites. In a previous
study, we have shown compositional abnormalities in
LDL derived from an IRD patient, with markedly
reduced ratios of the lipid components of LDL to protein
(19). The ratio of LDL cholesterol to protein in the PD pa-
tient lipoprotein was reduced by 40% in comparison to
normal LDL, with 45% and 32% reduction in the LDL
cholesteryl ester and unesterified cholesterol to protein ra-
tios, respectively (19). We also demonstrated in that study
a reduced uptake of the patient’s LDL by normal macro-
phages as analyzed by cholesterol esterification assay (19).

The present study demonstrates an enhanced uptake
and degradation of normal LDL by PD cells, which does
not conform with the low cholesterol mass of PD cells. All
previous in vitro studies that were performed on PD cells
used as a source of lipoproteins either calf serum (15, 23)
or LDL that was derived from normal individuals (23).
When we used LDL that was derived from five IRD pa-
tients, we could demonstrate that this abnormal LDL was
taken up at a reduced rate by normal control cells as well
as by PD cells. These results suggest that the abnormal
PD-LDL hampers the regulation of the LDL receptor ac-
tivity by cellular cholesterol content, leading to reduced
cellular cholesterol content.

Modified lipoproteins have been shown to affect the
rate of LDL uptake by cells (33-38). The altered composi-
tion of the PD-LDL with its low cholesterol content may
have induced changes in the conformation of the apoB-100
on the surface of this LDL, and thus could impair its in-
teraction with the cell-surface LDL receptors.

We conclude that at least two processes contribute to
the disturbances of cellular cholesterol homeostasis in

1390 Journal of Lipid Research Volume 36, 1995

peroxisome-deficient cells, ie., a reduced uptake of the
abnormal PD-LDL and an impairment in de novo
cholesterol biosynthesis. The results of this study provide
further evidence for the significant involvement of peroxi-
somes in cholesterol synthesis as well as in lipoprotein
metabolism.

Cholesterol is an essential metabolite that determines
the integrity as well as the fluidity of cellular membranes
(39, 40). Hence, derangements of cellular cholesterol con-
tent may cause widespread abnormalities in many cells.
Hypocholesterolemia induced by hypocholesterolemic
agents has been shown to impair myelinogenesis and to
induce degenerative changes in the central nervous sys-
tem in rats (41). The abnormal metabolism of cholesterol
in PD cells could thus play a role in the pathophysiology
of the devastating manifestations observed in peroxisome
deficiency disorders. B
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