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1. ABSTRACT

Bile adids are important physiologicd agents required for
disposd of cholesterdl and absorption of vitamins and fas  Bile
adds ae gynthesized from chdegerd in the liver. Enterohepatic
dradaion of bile adds is vay dfidet ad plays an important
physdogicd rdein lipid absorption and sscretion, and regulation of
hile acid biosynthess and chdeserdl homeostass Conversion of
choegterd to hile adids requires 15 different enzymatic steps Four
oytochrome PA50 ezymes play important roes in bile add
biogynthess The dassic bile add biosynthes's pethway darts with
modification of the sterd ring and fallowed by side chain deavage
reactions to synthesze cholic acid (CA) and
chenodeoxycholic acid (CDCA), the primary bile acids in
most species. The first and rate-limiting enzyme in this
pathway is cholesterol 7apha -hydroxyless a micosomd
cytochrome P450, CYP7A. Andther microsoma cytochrome
P450 sterol 12apha-hydroxylase (CYP12) is required for
the synthesis of cholic acid. Mitochondriad cytochrome
P450 sterol 27-hydroxylase (CYP27) catdyzes sterol side
chain oxidation to convert C27 sterol to C24 bile acids. An
dternative bile acid biosynthesis pathway (acidic) has been
known for sometime but only recently has attracted much
atention. In this pathway, side chain oxidation precedes
modification of the sterol ring.  Mitochondria sterol
27-hydroxylase (CYP27) catalyzes the first reection ad
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followed by 7aphahydroxylation cadyzed by a
microsomal oxysterol 7apha-hydroxylase (CYP7B). Recent
advances in purification and cloning of these major enzymes
in the pahways have led to better understanding the
molecular basis of regulation of bile acid synthesis and
physiologica role of the dternative pathways.

2. INTRODUCTION

Conversion of cholesterol to bile acids in the liver
is the most significant pathway for the eiminaion of
cholesterol from the body. Bile acids are important
physiologica detergents which induce bile flow and biliary
lipid secretion, fecilitate the absorption of dietary fat,
cholesterol, and lipid-soluble vitamins in the smal intestine,
and secretion of cholesterol and other compounds into
feces Bileadds are quantitatively resbsorbed in theileum by active
transport systems, and are transported back to the liver viathe
portd venous drrculaion (2). In the liver, bile adds are taken up by
Nat+taurocholate cotrangporter and Na+-independant organic anion
trangoorting  polypeptide located in the Snusoidd  membrane
(besdlaterd), shuttled vectaridly by bile acid binding proteins across
the hepatocyte to the candicular surface, and secreted into the bile
candicular (apica) by candicular multiorganic anion
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Bile Acid Biosynthesis Pathways
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Figure 1: Mgor bile acid biosynthesis pathways. Only major enzymes and their substrate and metabolites are shown.

frangpoter and ATP-dependent  bile <t transporter.  This
enterchepatic draulaion of bile addsisremarkably effident, with only
5% hile acids logt in feces which is compensated for by biosynthesis
from chdesterd. This feedback mechaniam not only regulates bile
add gynthess and hile flow, but dso is important in regulaing
chdeserd synthesisby inhibiting the rateimiting enzyme, 3-hydroxy-
3mehylgutaryl-CoA (HMG-CoA) reductase and hepdic uptake of
low densty lipoprotein (LDL) cholesteral by LDL reoeptor. Excess
choedad in edrahepdic tissues is exaeted into saum ad
trangported by reverse cholesterd trangport involving HDL to the
live.  Scavenger receptor SR-BI in hepatocytes  uptekes
HDL-cholesterol and convert it to bile acids (2, 3).

Conversion of cholesterol to bile acids accounts for the
catabolism of about 50% of cholesteral in the body and bile
acids are aso required for the disposa of 40% of
cholesterol in feces. Bile acid biosynthesis pathway thus
plays an important role in maintaining cholesterol
homeostasis in mammals. Bile acids are toxic biological
detergents, the synthesis of which has to be tightly regulated
to prevent damage of biologica membranes and maintaining
membrane structure and function. In past few years,
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knowledge on the regulation of the first and rate-limiting
enzyme of the classc bile acid biosynthesis pathway,
cholesterol 7alpha-hydroxylase, has been greatly advanced
by molecular cloning of the gene. Much advances also has
been made on the role of the alternative pathway starting
with 27-hydroxylation of cholesterol. This review will focus
on the molecular mechanisms of regulation of the
rate-limiting enzyme, cholesterol 7aphahydroxylase, and
other major cytochrome P450 enzymes in the pathways,
sterol  27-hydroxylase, sterol 12alpha-hydroxylase and
oxysterol 7al pha-hydroxylase.

3. BILE ACID BIOSYNTHESIS PATHWAYS

Cholesterol degradation to primary bile acids can
be initiated by ether a microsomal cholesterol
7apha-hydroxylase (the classic or neutra pathway) or by
mitochondria sterol 27-hydroxylase (acidic pathway) (figure
1). The classic pathway with modifications of cholesterol
nucleus preceding oxidation and cleavage of the side chain
is believed to be the mgor pathway in the rat. In humans,
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aternative pathways were proposed to explain the presence
of many bile acid metabolites in human plasma which could
not be formed by the classic pathway (4, 5). Axelson and
Soval (5) studied plasma concentration of c27-acids in
patients with liver disease and proposed two pathways of
bile acid synthesis in man. They referred the classic
pathway as a neutral pathway which is most important when
cholesterol 7alpha-hydroxylase activity is high. When
cholesterol 7alpha-hydroxylase activity is low as in liver
disease, the dternative pathway, referred as "acidic” or
"26-oxygenated” pathway predominant to produce
chenodeoxychoalic acid. The neutral pathway is connected
to the acidic pathway through some intermediates. The end
products of cholesterol degradation via the neutral pathway
ae chalic and chenodeoxycholic acids, which are
synthesized in roughly smilar amounts in humans. By
contrast, the end product of the acidic pathway is
predominantly chenodeoxycholic acid (6). Severa recent
studies have suggested that the dternative pathway may
account for nearly 50% of tota bile acid synthesis (7, 8).
Lund et al. (9) studied the flux of 27-hydroxylated products
of cholesterol in macrophages and estimated that 10% of
cholesterol was excreted as 27-oxygenated products which
were converted to bile acids in the liver and accounted for
about 4% of total bile acids synthesis. It appears that the
neutral pathway may be the main pathway under most
physiologic conditions and the dominant pathway when bile
acid feedback is interrupted, i.e. treatment with bile acid
sequestrant or chronic biliary diverson, while acidic
pathway might become the major pathway to compensate
for the low rate of bile acid synthesisin certain liver diseases
(5), and in transgenic mice lacking cholesterol
7apha-hydroxylase (10). The acidic pathway may be less
important in rats and rabbits than in humans, since
27-hydroxycholesteral level in circulation serum is much
lower in the former species which has cholic acid as the
predominant bile acids in the bile  Javitt (11) has
hypothesized that the 27-hydroxylase pathway might even
serve as a regulatory function since the major end product
chenodeoxychalic acid is a potent inhibitor of cholesterol
7apha-hydroxylase, that 27-hydroxycholesterol has potent
biologica effect on cholesterol metabolism and
atherosclerosis, and that defect of sterol 27-hydroxylase
causes genetic disease cerebrotendinous xanthomatosis
(CTX) in humans (11).

3.1. Classic (neutral) Pathway

The biosynthesis of bile acids from cholesterol via
the neutral pathway requires at least fifteen different steps
cadyzed by a variety of enzymes located in cytosol,
microsomes, mitochondria and peroxisomes. However, in
different species, bile acid biosynthesis pathways and types
of bile acids synthesized vary somewhat. The first step in
cholesterol degradation to bile acids is hydroxylation of
cholesterol a the C-7 postion to form 7apha
hydroxycholesterol (Figure 1). Thisreaction is catalyzed by
microsomal cholesterol 7alpha-hydroxylase (CYP7A) which
is thought to be the only rate-determining enzyme in the bile
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acid biosynthetic pathway. This enzyme is localized in the
smooth endoplasmic reticulum and is believed to be a
cytochrome P-450 enzyme based on its sensitivity to carbon
monoxide inhibition, and the requirement for NADPH,
oxygen, lecithin and NADPH-cytochrome P-450 reductase
(1). This enzyme is believed to be feedback repressed by
the flux of hydrophobic bile acids returning to the liver via
portal circulation. The 7alpha-hydroxycholesterol formed is
converted to 7alphahydroxy-4-cholesten-3-one by a
microsomd  3betahycroxy-delta™-C27-steroid  oxidoreductase\
isomerase (12). 7alpha-Hydroxy-4-cholesten-3-one is a
branch point intermediate in the bile acid biosynthesis
pathway which can be converted into the precursors of
ether cholic or chenodeoxycholic acids (Figure 1). This
intermediate may be hydroxylated at the C-12 position by a
microsomal cytochrome P-450 monooxygenase (sterol
12apha-hydroxylase, CY P12) and subsequently reduced by
two cytosolic enzymes delta’-3-ketosteroid- Sbeta-reductase
ad 3dphehydroxysteroid dehydrogenase to
Sheta-cholestane-3dphi, 7dpha, 12dphatrid (figure 1). Altamdtivdy,
Tdphathydroxy-4-cholesen3one  may be reduced to
Sheta-cholestane-3dphg, 7dphadid which is ultimatdy converted to
chenodeoxychdlic add (Figure 1). The next step in this pathway is
the redudion of the 3oxo goup o T7dpha
hydraxy-5beta-cholestan3-one and 7dpha 12dphardihydroxy-5heta
-cholestan -3-one to the correponding 3d pharhydroxy group. This
biotrandformetion is cadyzed by a soluble NADPH-dependent
3dpha-hydroxysteroid oxidoreductase.  This sequence of reections
completesthe dterdion of the serd nudeus of chdlesteral.

The intid gep in the sdechan oxiddion invalves
hydroxylaion & C27 postion which is catayzed by mitochondrid
cytochrome P-450 monooxygenese, sterdl 27-hydroxylase (CY P27)
(figure 1). Sad 27-hydroxylase hes the unique ablity to both
hydroxylate the C27 methyl group to the CH20H group and the
CH20H to COOH (13). The next dep in sdechan deavage
invalves the ligetion o 3dpha 7dpha 12dpha:
trihydraxy-Sbeta-cholestanoic adid o 3dpha7apha  dihydroxy-
Shetarcholestanoic add to coenzyme A by an ATP-dependent
microsomd coazyme A ligese (12).  The find deps in sde-chan
axidation ooccur manly intheliver peroxisomes and are bdieved to be
smilar to the betaroxidation of fatty adids induding introduction of a
double bond & C24-C25 by an oxidess hydraion ad
dehydrogenation to form oxo-derivatives by a bifunctiona
hydratase/dehydrogenase, followed by thiolysis yielding
propionyl-CoA and cholyl-CoA or chenodeoxycholyl-
CoA. Prior to secretion from the hepatocyte, free bile acids
are conjugated at C-24 to ether glycine or taurine. This
reaction involves the initid activation of cholic acid and
chenodeoxycholic acid to CoA by a microsomal CoA
synthetase. The fina conjugation to either glycine or taurine
is catalyzed by bile acid CoA: amino acid N-
acyltransferase.

3.2. Alternative (acidic) pathway

Bile acid biosynthesis via acidic pathway is
initiated by mitochondrial sterol 27-hydroxylase (CYP27)
toconvert cholesterol to 27-hydroxycholesterol and 3beta
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Figure 2: Structures of cholesterol 7alpha-hydroxylase
gene, MRNA and protein
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hydroxy-5-cholestenoic ~ acid ~ (figure  1). Both
27-hydroxycholesterol and 3beta-hydroxy-5-cholestenoic
acid are 7apha-hydroxylated by enzyme activity in human
liver microsomes, whereas 3beta-hydroxy-5-cholestenoic
acid is 7apha-hydroxylated in human liver mitochondria to
3beta, 7alpha-dihydroxy-5-cholestenoic acid (14, 15). The
sterol 7alpha-hydroxylase activity, different from cholesterol
7dpha-hydroxylase, converts 27-hydroxycholesterol to
7a pha,27-dihydroxycholesterol in hamster liver microsomes
(16). Recently, a cytochrome P450 enzyme named
2oxysterol  7apha-hydroxylase or CYP7B (Figure 1),
origindly cloned from mouse hippocampus, has been
shown to be able to catalyze 7adpha-hydroxylation of 25
and 27-hydroxycholesterol when transfected into kidney 293
cdls (17, 18). Microsomal  3beta-hydroxysteroid
oxidoreductase/ isomerase then converts 3beta 7alpha
dihydroxy-5- cholestenoic acid to 7a pha-hydroxy-3-oxo-
4-cholestenoic acid, a precursor of chenodeoxycholic acid.
However, little is known about remaining enzymes involved
in the conversion of this metabolite to chenodeoxycholic
acid. Recent observation that both cholic acid and
chenodeoxycholic acid can be formed when cholesterol
7apha-hydroxylaseisinhibited in rat hepatocytes provided a
suggestive evidence that a pathway may aso hydroxylate
intermediates at 12alpha position to produce cholic acid via
the acidic pathway (8).

4. MAJOR REGULATORY ENZYMES IN
ACID SYNTHESIS

BILE

Most enzymes in classic bile acid biosynthesis
pathway have been purified. The first and ratelimiting
enzyme in the pathway, cholesterol 7apha-hydroxylase, has
been the subject of intense study in last thirty years. Since
the comprehensive review of cholesterol 7a pha-hydroxylase
by Myant and Mitropoulos (1) in 1997, much progress has
been made by purification and cloning of this important
enzyme. A detalled review of literatures published since
1990 on CYPTYA is described here. Sterol 27-hydroxylase
has been the subject of increasing study in this decade
because the link of the disease CTX to mutation of the
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CYP27 gene. Steral 12apha-hydroxylase may be important
in regulating the ratio of cholic acid to chenodeoxycholic
acid. More recently, another microsomal
7apha-hydroxylase, oxysterol 7alpha-hydroxylase has been
identified to play arole in bile acid synthesis. However, not
much is known about molecular mechanisms of regulation
of CYP27, CYP12 and CYP7B.

4.1. Cholesterol 7alpha-hydroxylase

Ealy sudies usng bile fisula rat mode
established that cholesterol 7alpha-hydroxylase is the only
rate-limiting enzyme in the entire pathway (review in Refs.1,
19-22). The liver microsoma enzyme activity requires
NADPH and molecular oxygen and is inhibited by
carbonmonoxide. These properties suggest that cholesterol
7apha-hydroxylase activity is catalyzed by a microsomal
cytochrome P450 monooxygenase. This was confirmed by
purification of a cytochrome P450 from rat liver
microsomes and  reconditution  of  cholesterol
7apha-hydroxylase activity using this purified cytochrome
P450 and NADPH-cytochrome P450 reductase (23, 24).
The cloning and sequencing of the cDNAs encoding
cholesterol 7alpha-hydroxylase provides further evidence
that cholesterol 7apha-hydroxylase is a unique cytochrome
P450 which was designated CYP7A (25-27).
Mono-specific antibodies against purified CYP7A were
obtained and used to demonstrate that CYP7A enzyme
protein levels change in parale with the activity in rat liver
microsomes upon the treatment with cholestyramine (24).
Both CYP7A activity and protein levels were rapidly
reduced upon the removal of cholestyramine from the diet
or treatment with diet containing bile acids. CYPT7A activity
and protein levels in ra liver microsomes exhibit a
significant diurnal rhythm. The enzyme has a very short
haf-life which was estimated to be about 2 to 3 hours.

Specific antibodies against purified CYP7A were
used as probes to screen liver cDNA expression libraries to
clone cDNAs encoding rat liver CYP7A by Noshiro et al.
(27) and Li et al. (25). Degenerated oligonuclectide probes
based on the internal amino acid sequences were used to
clone rat liver CYP7A cDNAs by Jdinek et al. (26). The
cDNA clones and nucleotide sequences obtained
independently by these three laboratories were essentialy the
same and thus confirmed the authenticity of these cDNA
clones. Multiple mRNAs ranging from 4.0 to 1.8 kb were
detected in rat liver, most likely are derived from the use of
different polyadenylation signas (25). The mRNAs
trandate a polypeptide of 503 (rat) or 504 (human) amino
acid residues the sequences of which are typica of
microsomal cytochrome P450 isozymes and are highly
conserved among different species (28, 29). Figure 2
shows the structures of the rat CYP74 gene, mRNA and
protein.

The CYP7Agenes were cloned by screening
genomic libraries using rat CYP7A cDNA as hybridization
probes. The CYP74 gene spans about 11 kb of the genome
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and consists of six exons and five introns, and was mapped
to q11-q12 of the human chromosome 8 (30) and mouse
chromosome 4 (31). The CYP74 gene belongs to the P450
super gene family (32). The 5'-flanking sequences of the rat
(33, 34), human (30, 35-37), hamster (29), rabbit (38), and
mouse (39) have been determined.  Seguences from
transcription start site to about 250 bp upstream are highly
homologous among different species. The CYP74 promoter
contains a TATA box sequence located about 30 bp
upstream of the transcription start site (+1) which is typica
for eukaryotic genes transcribed by a DNA-dependent RNA
polymerase 1.

Recently, mice deficient of CYP74 have been
obtained by gene knockout (10). These mice displayed
complex phenotypes including oily coats, hyperkeratosis,
vision defects, and behaviora irregularities, consistent with
malabsorption of vitamins E and D3. Homozygous animals
(Cyp7-/-) died within 18 days, 40% of them died between
days 1 and 4, and 45% died within days 11 and 18. Vitamin
supplement to nursing mothers could prevent deaths in the
early period and bile acid supplement prevented desths in
the later period. Cyp7-/- mice have low levels of vitamin E
and D3 and elevated stool fat content (40). Severa 7dpha-
hydroxylated hile acids were detected in the hile and stool
of adult Cyp7-/- mice. Apparently, a hepatic oxysterol
7apha-hydroxylase activity expressed after weaning may
account for the synthesis of 7alpha-hydroxylated bile acids.

4.1.1. Bile acid feedback

More hydrophobic hile acids such as deoxycholic
acid and chenodeoxychalic acid are potent repressors of the
CYPTA activity, whereas hydrophilic bile acids such as
ursodeoxycholic acid (UDCA) do not have much effect (41-
43). The relationship between the hydrophobicity and
7apha-hydroxylation of cholesterol was recently confirmed
in humans (44). It has been suggested that secondary bile
acids formed in the colon might be the physiologica
regulators (43, 45,46). Recent in vivo studies suggest that
deoxycholate is a more potent regulator than cholate, and
deoxycholate and cholate might modulate bile acid synthesis
by different mechanisms (45,47). Twisk et al. (48) studied
effects of bile acid metabolites on cholesterol
7apha-hydroxylase mRNA levelsin rat primary hepatocytes
and found a weak correlation between hydrophobicity of
bile acids and potency of inhibition of mRNA expression.
They postulated that the hydroxyl groups in the steroid rings
may form a hydrophilic microenvironment in the otherwise
hydrophobic molecules. The steriostructure of bile acids
may be important for binding to a transcription factor which
interacts with regulatory sequence in the CYP74 gene.

Intraduodenal infusion of hydrophobic bile acids
to bile fisua rat down-regulates  cholesterol
7apha-hydroxylase activity, mRNA level and protein mass
in pardlel (49). Nuclear run-on transcription assay of the rate
of CYP74 gene transcription reveds that cholesterol
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7apha-hydroxylase is regulated primarily at the level of gene
transcription by bile acids (50). Taurocholate (TCA)
represses CYP7A mRNA transcription in rat primary
hepatocyte cultures (51,52), however, it fails to suppress
mMRNA level in HepG2 cdlls (53,54).

Severa experimental observations have raised
some doubt about the hile acid feed back mechanism.
Obstruction of the common bile duct, which excluded bile
salts from the intestine, paradoxicaly up-regulated CYP7A
and HMG-CoA reductase in rats, despite a marked increase
in hepatic concentrations of bile salts and cholesterol (55).
Feeding of rat with 1% deoxycholate reduced CYP7A
activity, but drasticaly stimulated both HMG-CoA
reductase and CYP7A mRNA expression (56). This high
dose of deoxycholate induces liver cholestasis and necrosis.
It is likely that deoxycholate induced liver regeneration
which cause the indution of CYP7A mRNA expression, but
enzyme activity was repressed by deoxycholate. A marked
increase in the specific activities of CYP7A after creation a
thoracic duct lymph fistula in rats was observed and was
attributed to the loss of a lymp-transmitted intestina
inhibitory factor normaly released in response to bile sdtsin
the intestind lumen (57). In bile fistula rats, intravenous
infuson of taurocholate failed to down-regulate CYP7A
(58). It was concluded that passage of taurocholate through
the intestine drongly potentiated negative feedback
regulation of the CYP74. A putative intestinal factor,
released or absorbed in the presence of bile acids in the
intestinal lumen, may play arole in the regulation of bile acid
synthesis in the ra. In HepG2 cedls, tauro-CDCA
(TCDCA) and tauro-DCA (TCDCA) strongly repressed
CYP7A mRNA expression but tauro-CA (TCA) and tauro-
UDCA (TUDCA) had no effect (53) indicating that
extrahepatic factors were not required for bile acid
repression. More recent experiment in hamster demonstrated
that overexpresson of CYP7A by adenovirus-mediated
gene transfer, or obstruction of common bile duct, or
intravenous infusion of TCA prevented the derepression of
CYP74 expresson by bile diverson (59). These
investigators suggested that primary bile acid synthesized in
the liver repressed cholesterol  7alpha-hydroxylase
expression at the level of hepatocytes and intestina factor
might not be needed for bile acid feedback. Trawick et a.
(60) found that bile acids did not repress CYP7A4 expression
in a ra hepatoma L35 cells which were insensitive to the
toxicity of 25-hydroxycholesterol. These contradictory
results can only be explained by differences in animal
species, models and cell lines used in studying regulation of
bile acid synthesisand CYP74 expression.

4.1.2. Role of cholesterol

Under most physiologic and pathophysiologic
circumstances, HMG-CoA reductase and cholesterol
Tdphachydroxylase spedific adtivities change in tandam (review in
Refs 19, 61). The exception is thet chdesterd is a potent repressor
of HMG-CoA reductase, but gppears to up-reguae choesed
Tdphachydroxylase adtivity in the rat. However, it was suggested thet
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choesed feeding might afedt chdesterd 7dphathydroxylase
indiredly, i.e by dtaing hile add absorption in the intestines, Smilar
tothe effect of cholestyramine (62).  In contradt, high cholesterd diet
uppressed cholesteral 7aphechydroxylase adtivity and mRNA levd
in African green monkeys (63) but had no effect in the hamsters (64).

In Watanebe rabbits amodd of familid hyperchdestardamia with
Oefective LDL receptor, choleserd 7dpharhydroxylase adtivity wes
found to be much lower then thet in New Zedland white rebbits and
high chdesterd diet did nat further reduce enzyme adtivity (65). In
hyperchdetademiaresgat rabbits (CRT/mlg), choesterd
Tdphachydroxylese adtivity and mRMA levds were subdantidly
higher than in normd New Zedand rabhbits which are susotible to
hyperchoeserdemia (38). In humans, increesad bile add synthesis
goparently is the mgior compensatory response to incressed digtary
choesterd and reduced bile add absorption (66).  In gdlgone
petients, cholesterd and bile add homeodtasis is dtered and ditary
cholesterdl increasss hiliary choleserd secretion and decresses bile
add synthess and pod (67). It seams that the regponse to dietary
cholegerd input varies gretly with different spedies and individuds
(68). It gppears that the rat hes the adility to maintan cholesterd
homeodtasis effidently by high rate of hile add synthes's lesseffidant
feedback inhibition and lower rate of chdlesterdl syrthesis thus less
susoeptible to dig-induced atherosdeross

Severd lines of evidence suggest that availability
of cholesterol, especialy the newly synthesized cholesteral,
is the preferred substrate for cholesterol 7alpha-hydroxylase
(1, 69). Other experiments indicated that specific
lipoproteins might be preferentidly utilized to provide
cholesterol for cholesterol 7alpha-hydroxylase. In HepG2
cells, betaVLDL stimulated cholesterol 7apha-hydroxylase
mRNA level and 25-hydroxycholesterol decreased mRNA
level dightly (54). LDL cholesterol stimulated the promoter
activity in differentiated mouse H2.35 cells transfected with
CYP7A promoter/reporter genes (70). Cholesterol
synthess has been found to regulate cholesterol
7dphahydroxylase activity and mRNA expression.
Inhibition of HMG-CoA reductase by lovastatin led to the
down-regulation of CYP7A gene transcription, and
mevalonate, a precursor of cholesterol, could prevent down-
regulation in bile fistula rats (71). In intact rats, mevaonate
simulated CYP7A activity and mRNAs (71-73). In
contrast, little or no effect of HMG-CoA reductase
inhibitors on cholesterol 7apha-hydroxylase expression in
intact rats was observed (74). Squalestatin or zaragozic
acid A, an inhibitor of squalene synthase, and AY 9994, an
inhibitor of 7-dehydrocholesterol ?7-reductase, strongly
inhibited cholesteral 7al pha-hydroxylase activity and mRNA
levels in rat liver or primary rat hepatocyte, and this effect
could be prevented by cholesterol but not mevaonate (75-
77). These results suggest that intermediates in cholesterol
synthesis do not regulate CY P7A expression. Differencesin
animal species and experimental models may account for
differences in response to cholesterol and its precursors.

Taurocholate repressed cholesterol
7apha-hydroxylase transcription even in the presence of
excess mevaonate (49, 51). Taurocholate may repress
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cholesterol 7apha-hydroxylase directly rather than indirectly
by suppressing the HMG-CoA reductase. In inbred strains
of mice, taurocholate suppressed both the activity and
mRNA of CYP7A and adding of taurocholate to the
cholesterol-rich diet suppressed both the activity and
mRNA of CYP7A (78). Thadfore, the rgressive effect of
taurochdate overcomes the inductive efect of chdesterd on
Tdphachydroxylese adtivity and mRNA. In contrast, Spady and
Cuthbet (79) have repoted that sodium cholate repressed
choleserd 7dpherhydroxylase adtivity and mRNA leves in the rat
and cholate did not suppress CYP7A adtivity when fed to rason a
high cholesterol diet. They concluded that the effect of
cholesterol dominated the effect of cholate on
7dphahydroxylase in rat liver. The most plausible
explanation is that dietary or de novo synthesized
cholesterol may be responsible for a basad level of gene
expression while the hydrophobic bile acids play a major
role in modulating the level of CYP7A gene expression in
vivo.

4.1.3. Hormonal regulation

Thyroid hormone rapidly  stimulated  cholesterol
7apha-hydroxylase mRNA expression in
hypophysectomized rats (80, 81). In primary rat

hepatocytes, cholesterol 7alpha-hydroxylase mRNA leve
and activity are declined within 72 hrs of culture and both
T4 and dexamethasone are required to stimulate and
maintain cholesterol 7alpha-hydroxylase mRNA leve (82).
Adrenaectomy plus thyroidectomy or hypophysectomy led
to decreases in cholesterol 7alpha-hydroxylase activity and
mMRNA levels, and transcriptiona activity (83). Neither
adrendectomy nor  thyroidectomy aone  affected
transcriptional activity. Dexamethasone was shown to be
required to maintain activity in primary rat hepatocyte (84)
and to dimulate expresson of mMRNA in a 25
hydroxycholesterol resistent rat cell line (85). Recent
transgent transfection assay in HepG2 cells have mapped
two regions responsive to dexamethasone stimulation, but
faled to demondrate the simulatory effect of thyroid hormones on
CYP7A promater adtivity (86, 87). It islikey thet primary hepetocyte
is regpidy dedifferentiated and thyroxine and dexamethesone are
required to maintan the expression of liver-specific genes in
serum free medium (83). In highly differentiated HepG2 odls
thyroxine may not be neaded for the expression of the CYP74 gene
Insulin strongly suppressad chdlesterdl 7d phechydroxylase adtivity in
therat (89). It has been reported thet bile acid podl Sze, and rate of
gynthesis and exaretion were incressed in humans with disbetes
mdlitus (90) and in rats treeted with Sreptozotocin (91). Thus insulin
may play an importat rde in the reguldion of CYP74 gene
expression and cholesterdl homeostass Retinoic add strongly
stimulated CYP7A4 promoter activity and retinoid response
elements for binding of retinoid receptors, RAR/RXR, have
been identified in the rat CYP74 promoter (86, 92).

Retinoic acids are known to regulate cell differentiation and
growth. In addition, CAMP or the catalytic subunit of
protein kinase A dsimulated the rat CYP74 promoter in
transient transfection assay (86). Both positive and negative
cAMP regulatory regions were mapped
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Figure 3: Mapping of regulatory regions and transcription factors binding sites in the rat CYP7A promoter.

in the rat promoter. Glucagon or cAMP increased bile acid
synthesis (1), but strong down-regulation of CY P7A activity
and mRNA was observed in rat primary hepatocytes (51,
82). Growth hormones stimulated CYP7A activity in the rat
(93). Thus, the CYP74 gene is regulated by multiple
hormones and mechanisms of regulation by these
physiological stimuli are extremely complicated.

4.1.4. Diurnal rhythm

Expression of cholesterol 7alpha-hydroxylase
activity in the liver is the highest at the middle of dark and
the lowest at the middle of light cycle. Thisdiurna variation
of activity follows the circadian pattern of serum
concentration of corticosterones with alag of about 4 hours
suggesting corticosterones may play arole in diurna rhythm
of cholesterol 7aphahydroxylase activity (1).
Hypophysectomy abolished diurna rhythm of this enzyme
activity. The circadian rhythm is free running and is
independent of external stimuli such as light and feeding.
The variation of activity pardlded the level of protein,
mMRNA and transcription of the CYP74 (25, 94). Lavery et
al. (95) reported that circadian transcription of the CYP74
gene requires DBP, a PAR family of clock genes.
Transcription of DBP exhibits a stringent circadian rhythm
in the liver. Another PAR gene human leukemia factor 43
(HLF43) also stimulates the CYP74 transcription (96). DBP
is a member of basic leucine zipper transcription factors
enriched in the liver. Several DBP hinding sites have been
mapped in the rat CYP74 gene, which adso bind
C/EBPbeta(LAP) (97). DBP gene is regulaed by
suprachiasmatic nuclei in the hypothalamus and destruction
of which abolished circadian rhythm of DBP and
HMG-CoA reductase, presumably aso the CYP74 (98).
DBP and C/EBPbeta may compete for overlapping binding
stes to determine the rélative rate of basd vs. diurnaly
regulated CYP7A gene expression (97).

4.1.5. Other factors

Endotoxin, TNF and IL-1 strongly decreased
CYP7A mRNA leve and activity (99). The CYP74 is a
negative acute phase response gene, in contrast to LDL
receptor and HMG-CoA reductase gene (100). CYP7A
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activity was decreased on days 1 and 2 after partia
hepatectomy and returned to the preoperative level on day 3
(101). In acute phase, cholesterol level is reduced and
cholesterol synthesis is up-regulated but bile acid synthesis
is reduced to maintain cholesterol level. During liver
regeneration, bile acid synthesis may be up-regulated to
compensate the decreased bile acid synthesis during
hepatectomy. Dietary fats could modulate the CYP74
expression (102). Fibrates reduced CYP7A activity in
gallstone patients (103) and in hyperlipoproteinemia patients
(104). Sulfhydryl reducing agents (DTT, glutathione) are
required for dexamethasone induced CYP7A expression in
L35 cells (105). DTT could reverse repression of CYP7A
expression by insulin but not by phorbol ester. The redox
state of hepatocytes may regulate CYP7A expression.
Phenobarbital induced CYP7A activity and resulted in
simulation of HMG-CoA reductase activity (106). This is
consstent with the stimulation of HMG-CoA reductase
expression in COS cells overexpressing CY P7A (107).

4.1.6. Regulation of the CYP7A gene expression
Potential  regulatory sequences in CYP74
upstream region has been identified by DNase | footprinting
assay, transent transfection assay of CYP74
promoter/reporter genes, and e ectrophoretic mobility shift
assay. Figure 3 illustrates the mapping of regulatory regions
in the ra CYP74 proxima promoter. A footprint (FpA)
from nt -81 to -35 contains a repested sequence and
consensus binding sites for liver-enriched hepatocyte
nuclear factors HNF3, C/EBP and COUP-TFII (108, 109).
Deletion of the sequence from nt -74 to -54 greatly
stimulated promoter activity and indicated that this sequence
is a strong negative regulatory element (109). These
transcription factors are enriched in hepatocytes and are
known to regulate the expression of liver-specific genes,
such as adbumin, alphafetoprotein, aphal antitrypsin
during development, differentiation and diseases (110, 111).
An activator region (nt -240 and -118) contains two
footprints. FpB (nt -186 and -118) is the most conserved
region and contains three hexameric hormone response
edements (HRE) -like haf sites, AGTTCA, which form
overlapping direct repeats spaced by one base (DR1) and
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five bases (DR5). These HRE motifs are potentia binding
stes for nuclear receptors HNF4 and RXR/RAR,
respectivdly. HNF3 binding steisdso located in this sequence. The
mgor DBPbinding siteislocated in FpC ( nt -240 and -216) (95, 97).
Anather adtivator region (1t -344 to -265) contains FpD (nt -338 and
-269) which has inallin reponse sguence IRSTGTAHNF3,
CAMP response dement, C/EBP and HNF3 binding Sites

Moowa et al. (36) reported that humen
CYP74 gere trangiption wes simulated by HNF3 and identified
three HNF3 binding stes by DNese | footprints (nt -340-317, -
315-306, ad -276-260) udng ra liver nudear edrads  Using
HepG2 nudeer extracts, nine DNase | footprints (FPs 1 to 9) were
mapped in the 52flanking regions of the human CYP74 gere (112):
FP1, FP2, and FP3 exactly match the rat FpA; FP4 (nt -104/-91),
FP5 (nt -144/-125) and FP6 (nt -191/-174) metch theret FpB; FP7 (nt
-227-213) matches the rat FpC; FP8 (nt -286-268) and FP9 (nt
-341/-313) match therat FpD.

Cregani et al. (53) dudied dfedts of bile adds and
geroidithyroid hormones on the promotor adtivity of the CYP74
gere fusad to the ludferase reparter gene which was transatly
trandfected into confluent culture of HepG2 cdls Theseinvedtigators
found thet taurocholate did not repress promoter adtivity, wheress
taurodeoxycholatle and  taurochenodeoxycholale suppressad the
promater adtivity. Bile add responsive dements were located in the
-160 fragment and do in the upsream region. Thyroid and steroid
hormones simulated promater adtivity and ther regponsive dements
were located in the updreem region.  Endogenous cholesteral
Tdphachydroxylase mRNA levds were regulated smilady by hile
adds and hormonesin the confluent cultures of HepG2 cdis (53). A
putative bile add responsve dement has been mgpped to the
saouence between nt -79 and -49 of therat CYP74 gene (113, 108).
direct repest saquence (-65TCAAGTTCAAGT-54) was shown to
mediate bile add response when linked to a heterologous promoter
and was named hile add reppone demet (BARE) (108).
Electrophoretic mobility shift assay using oligonuclectide
based on this sequence specificaly shifted one or two
bands in rat liver nuclear extracts. This band shift was
abolished when nuclear extracts of deoxycholate treated rats
were used.  These DNA-protein complexes were much
stronger when nuclear extracts of human liver or HepG2
cells were used. However, interna deletion of the -74 to -54
sequence from the -416/+32 fragment did not abolish bile
acid repression of promoter activity. This suggests that
other BARE must be localized in the upstream region,
between nt -344 and -222 (in FpD) and -186 and -118 (FpB)
of the rat CYP7A gene. A second hile acid responsive
eement named BARE-Il was recently mapped to a
sequence between -149 and -118. This BARE-Il shares an
identicdl AGTTCAAG core sequence with BARE-I (114).
The protein factors bind to this sequence have not been
identified.

The human CYP7A geneis resistant to stimulation
by hormones and is more responsive to repression by bile
acids, insulin and phorbol 12-myristate 13-acetate (PMA)
(87). This may explain the much lower level of cholesterol
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7apha-hydroxylase activity and mRNA expression in the
human than in the rat liver. Severa differences in the
liver-specific transcriptiona regulation between the rat and
human CYP7A genes were noticed. HNF3 is a very strong
transcriptiona activator of the human gene, but rather a
moderate activator of the rat CYP7A gene. COUP-TFII, a
nuclear orphan receptor involved in the regulation of the
genes in lipid metabolism, is a stronger activator of the rat
CYPT7A gene but had moderate effect on the human gene.

Retinoic acid strongly stimulated rat CYP7A transcriptiona
activity but had no effect on the human CYP7A gene (92).
Dexamethasone stimulate the rat gene but inhibited the
human gene (87). Thus species differences in transcriptiona
regulation of the CYP7A gene exist.

4.1.7. Molecular mechanisms of regulation

Two models (figure 4) have been proposed for
bile acid-mediated represson of the CYP7A gene
transcription. Chiang and Stroup (108) proposed that bile
acid might bind to a bile acid receptor (BAR) which enters
into nuclel and interacts with a bile acid responsive protein
(BARP). BARP may be a postive transcription factor
required for basal level transcription of the CYPT7A.
Interaction between BAR and BARP prevents the binding of
BARP to BARE and represses the CY P7A gene expression.
Our recent results suggest that BARP could be
liver-enriched transcription factors and orphan nuclear
receptor (109, 114). Recent identification of bile acids in
human and rat liver nuclel support this mechanism (115).
Hydrophobic bile acids or their metabolites may act as
ligands for orphan nuclear receptors, smilar to many
biologicaly active lipids identified as endogenous ligands
for peroxisome proliferator activated receptor (116-119). In
another model, hydrophobic bile acids may activate protein
kinase Cs which initiate a signa transduction pathway
leading to down-regulation of the CYP7A gene transcription
(120, 121). However, the down stream signaling molecules
have not been identified. These two models may be merged
to form a unified mode that the bile acid stimulated protein
kinase C signaing pathway may lead to phosphorylation of
BARP and disrupt its interaction with other DNA-binding
proteins and their binding to the BAREs. Further studies
are needed to identify transcription factors involved in
mediating bile acid effects.

4.2. Sterol 27-hydroxylase

Sed 27-hydroxylase has a broad subdrate spedificity
and is presat in many tissles  Sterd 27-hydroxylase metabolizes
TdphaHydroxy-4- chdesen3-one dfidetly (122). In the
recondituted sydem, the purified, becteidly expresed derd
27-hydroxylase hes ahigh tumover number of 39 nma/minimma of
P450 for Sbetarcholetane-3dpha, 7dpha12dphatriol and 1.2 for
chdesad (123) indicdting thet this bile add intemedidte is the
prefared subdrates then chdesterdl. The cataytic adivity of serd
27-hydroxylase toward chdeterd is d lower then other
C27-gerds(122). Inaddition, steral 27-hydroxylase hes been shown
to catayze both 25-hydroxylation of vitamin D3 and 27-hydroxylaion
of chdeserd (124, 125). Mitochondrid 27-hydroxylase is able
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Figure 4: Models of mechanism of transcriptional regulation of the CY P7A gene.

to catalyze 27-, 25-, or 24-hydroxylation of cholesteral in
pig liver (126). Human CYP27 is capable to hydroxylate
vitamin D andogs a and lalpha, 24-, 25-, or 27-position
when expressed in COS cdlls (127). Sterol 27-hydroxylase
activity (128), mRNA (129) and protein (130) are present at
high level in vascular endothelium and atherosclerotic
plague, and in macrophages (122) and fibroblasts (131). It
has been proposed that CY P27 may play important roles in
elimination of cholesterol in macrophages and endothelia
cells (132), and may act as a defense against atherosclerosis
by converting excess cholesterol in macrophages (122) and
in the arterid wall (129).

The rabbit, rat and human mitochondrial sterol
27-hydroxylases have been purified, cloned and nuclectide
sequences of the cDNAs determined (125, 133-135). Sterol
27-hydroxylase is a product of a P450 gene, CYP27, which
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has been mapped to @33-gter interva of human
chromosome 2 (135). The CYP27 gene contains nine exons
and eight introns spanning at least 18.9 kb of DNA (136).
The enzyme is located in the inner mitochondrial membrane
and requires ferredoxin, ferredoxin reductase and NADPH
for activity. The 27-hydroxylase mRNAs (1.9 kb) are
present in high levels in liver, duodenum and adrenal gland,
and in much lower levels in lung, kidney and spleen (133).
The cDNA encodes a protein of 535 amino acid residues
consisting the mitochondrial signal peptide of N-terminus 36
amino acid residues. The promoter lacks a TATA-like
sequence and is GC-rich, typical of a house keeping gene.

It has been reported that transcription of the rat
CYP27 gene is suppressed by bile acids, athough to a
much less extent than the CYP74 gene (137-140). However,
rabbit CYP27 gene is neither repressed by bile acids nor
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simulated by cholestyramine (141). CYP27 activity was
increased with increased bile acid synthesis in cholesterol-
fed rabbit, but bile drainage did not affect CY P27 activity in
cholesterol-fed rabbits (142). Insulin also suppressed
CYP27 transcription (89). Dexamethasone was required for
the expression of sterol 27-hydroxylase activity in rat
primary hepatocytes, however, thyroxine did not affect
CYP27 expression (137). It seems clear that the CYP27
geneis not regulated as much asthe CYP74 gene.

Mutations of the CYP27 gene cause
cerebrotendinous xanthomatosis (CTX), a rare autosomal
recessive defect of cholesterol metabolism manifested by
xanthoma, progressive neurologic dysfunction,
accumulation of cholesterol in the tissues, premature
coronary heart disease and high frequency of cholesterol
galstones (12). Point mutations and frame shift/splice
junction mutationsin the CYP27 gene have been identified in
CTX patients (134, 136, 143, 144). The defect in CYP27

leads to excessive accumulation of
7apha-hydroxycholesterol, 7alpha hydroxy-4-cholesten-
3-one, 5p-cholestane-3apha, 7alpha,  12aphatrial,

cholesterol and cholestanol in CTX. In spite of the link of
CYP27 gene mutations to CTX, the etiology of this disease
is still not known. It is possible that conversion of excess
cholesteral to 27-hydroxycholesterol is a mechanism which
prevents the accumulation of intracellular cholesterol and
provides a defense mechanism for atherosclerosis (122).

The link of CYP27 mutations to CTX and oxysterols to the
development of atherosclerosis and apoptosis warrant a
detailed study of transcriptional mechanism of the CYP27.

4.3. Oxysterol 7alpha-hydroxylase

The existence of a different 7apha-hydroxylase
specific for 27- and 25-hydroxycholesterol has been
described by severa laboratories. Two liver microsomal
cytochrome P450 fractions and a mitochondria
7apha-hydroxylase fraction capable of 7alpha-hydroxylation
of 27-hydroxycholesterol, 3beta-hydroxy-5-cholestenoic
acid and 3beta-hydroxy-5-cholenoic acid were isolated from
pig liver (145, 146). 7apha-hydroxylase activity specific for
27-hydroxycholesterol has aso been found in microsomes
(24, 15) and mitochondria (14) of human liver, human
fibroblasts (131), rat ovary (147) and brain (148), and in
hamster liver and HepG2 cells (16). Partidly purified
oxysterol 7alpha-hydroxylase from pig liver microsomes
could hydroxylate both 25- and 27-hydroxycholesterol
(149). Oxysterol 7apha-hydroxylase catayzes the synthesis
of 7apha-hydroxylated primary bile acids during neonata
period when cholesterol 7apha-hydroxylase activity is
absent in the CYP74 knockout mice (10). A cDNA with
sequence identity of 35% to CYP7A was recently isolated
from mouse hippocampus cDNA library (150). This is the
second gene in the CYP7 family and was designated as
Cyp7b. The CYP7B is mainly expressed in the brain and
very low mRNA levels were found in male rat liver and not
detectable in femde rat liver and mouse kidney.
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Subsequently, Martin et al.(18) transfected kidney 293/T
cells with CYP7B expression plasmid and showed that
27-hydroxycholesterol was metabolized to cholest-5-ene,
3beta, 7alpha,27-triol in these cells overexpressing CY P7B.
They also demonstrated that cholesterol synthesis was not
inhibited by 27-hydroxycholesterol in cells overexpressing
CYP7B. The mouse brain Cyp7b has later been shown to
caadyzes  7aphahydroxylation of neurosteroids
dehydroepiandrosterone and pregnenolone (151). The brain
Cyp7b1 over-expressed in kidney 293 cells was shown to
metabolize  25-hydroxycholesterol to  cholest-5-ene-3
beta, 7alpha,25-triol  (17). High activity of oxysterol
7apha-hydroxylase was detected in mouse, hamster, rabbit
and pig livers. Antibody against a 15 amino acid peptide of
brain cyp7b cross-reacted with a polypeptide in mouse liver
microsomes. The levels of this immuno-reacted peptide
were induced after 18 days of life and correlated with
oxysterol 7alpha-hydroxylase activity and mRNA levels.
Dietary cholesterol or colestipol (a bile acid sequestrant) did
not induce oxysterol 7aphahydroxylase activity, mRNA
and protein level in adult mouse liver. These results suggest
that cyp7b is present in mouse liver. However, liver cyp7b
isoform has not been isolated from liver microsomes. It is
thus of interet to clone the liver oxysterol
7dpha-hydroxylase cDNA for studying the structure,
function and regulation of this novel family of oxysterol
7apha-hydroxylase in bile acid biosynthesis. It islikely that
different members of the CYP7 gene sub-family ae
cadyzing 7dphahydroxylation of 27-hydroxycholesteral,
3beta-hydroxy-5-cholestenoic acid and 3beta-hydroxy-5-
cholenoic acid in the liver and kidney. This enzyme may be
important not only in bile acid synthesis but aso in
regulation of oxysterol synthesis which are potent regulators
of cholesterol metabolism and homeostasis.

4.4. Sterol 12alpha-hydroxylase

Sterol 12alpharhydroxylase is required for the
synthesis of cholic acid in bile acid biosynthesis pathway.
The level of expression of this enzyme activity in liver
microsomes may play arole in regulation the ratio of cholic
acid to chenodeoxycholic acid in different species (12). The
activity is high in rabbit which produce predominantly cholic
acid and is low in guinea pig which has CDCA as the major
bile acids. Since chenodeoxychoalic acid is a more potent
inhibitor of bile acid synthesis than cholic acid, the ratio of
these two primary bile acids in galbrader may be important
in development of cholesterol galstone. Bile acids inhibit
and cholestyramine stimulates sterol 12alpha-hydroxylase
activity. The increase of bile acid synthesis, the pool of bile
acids and the ratio of cholic acid to CDCA in diabetes
mellitus may be due to the doimulation of
12apha-hydroxylase activity (152). Recent study reveded
that sterol 12apha-hydroxylase activity was increased
two-fold in livers of patients treated with cholestyramine or
undergoneileal resection (153). The increase of the ratio of
CA to CDCA in these paients is likdy due to a
compensatory increase of the sterol 12apha-hydroxylase
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adivity. Bemhardsson et al. (154) fird demondrated that derd
12dphachydroxylase adtivity could be recondtituted from a crude
cytochrome PA50 fraction and NA DPH-cytochrome P450 reductase
olubilized fromrat liver microsomes However, this enzyme adivity
was only patidly inhibited by calbonmonoxide  Serd 12dpha
hydroxylase was purified from rabhit liver microsomes (155). It was
demondrated in a recondtituted system that cytochrome b5 was
recuired for full ezymdic adivity in addition to cytochrome P450
and NADPH-cytochrome PA50 reductese. Starvation increesss the
adivity severd fdd in the rabbits Streptozotodn dso simulates
azyme adivity. It was reported thet this enzyme adtivity dso wes
inhibited by hile adds in humen liver (153). The rabbit cDNA
encoding steral 12apharhydroxylase has been doned recartly (156).
It encodes a polypeptide of 500 amino add residues of cytochrome
P450. The amino add ssquence showed a 39% smilaity with
humen progtacydin syrthase (CYP8) and 31% smilaity with rabhit
choesterd 7dphahydroxylase This cytochrome PAS0 protein was
desgnated as CYP12. Trandfection of COS cdls with this cDNA
expresed dad  12dphahydroxylase adivity toward  7dphe
hydroxy-4-cholesen-3-one Northem blat showed that the mRNA
was exdusvely expressed in theliver. Fadting of ratsand miceled to
asvad fdd increase in bath ezyme adtivity and mRNA levds
However, savation of rabhits hed little effect on enzyme adtivity and
MRNA levds Post-trandaiond mechaniams may regulate CYP12
expresson. The CYP12 gene hasnot been doned yet.

5. CONCLUSION AND FUTURE PERSPECTIVE

Rapid progress in understanding molecular mechanisms
of regulaion of mgor azymesin bileadd synthesisin thelast decade
will leed to idertification of more inborn arors in bile add gynthesis
and gene thergpy for trestment of metabalic diseeses assodiated with
imbdance of choested and bile adds meabolisns  Reoent
knockout of the CYP74 gere in mouse provided expaimenta
evidence which supports the concept thet bile adids are importart in
neonatd devdopment, vitamin absorption and survivd. It do
reveded that dtemeive pathways exis to compenstte bile aod
synthesis when the mgior pethway of hile add synthesisis blodked.
Overexpression of cholesterol 7apha-hydroxylase in mice
lacking LDL receptor decreases the rate of LDL cholesterol
appearance in plasma (157) and support the idea that
overexpression of this enzyme activity may be an effective
strategy for lowering plasma LDL concentration. Regulation
of the CYP27, CYP7B and CYP12 genes will be the focus
of research when these genes are further characterized. The
CYP27 knockout mouse have been obtained and will be a
useful animal mode for studying CTX. Purification of liver
microsoma CYP7B and cloning of its gene will provide
important tools for further studying the aternative pathway
and roles of oxysterals in regulation of hile add and choleserd
gynthesis and atherosdeross Double knockout of CYP74/CYP7B
or CYP7A/CYP27 in mice would be ussful for sudying bile add
hiogynthess These genes are attractive targets for designing lipid
lowering drugs. Massive screening of drugs targeting to
regulation of the CYP74 gene has been undertaken by
several mgjor drug companies and will be applied to other
three genes in the pathways.
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