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Abstract

AIM To evaluate a culture system for bile
acid formation in primary human
hepatocytes in comparison with HepG2 cells.
METHODS Hepatocytes were isolated from
normal human liver tissue and were cultured
in serum-free William’s E medium. The
medium was collected and re newed every
24 h. Bile acids and their precursors in
media were finally analysed by gas
chromatography-mass spectrometry.
RESULTS Cholic acid (CA) and
chenodeoxycholic acid (CDCA) conjugated
with glycine or taurine accounted for 70%
and 25% of total steroids. A third of CDC A
was also conjugated with sulphuric acid.
Dexamethasone and thyroid hormone alo ne
or in combination did not significantly effect
bile acid formation. The addit ion of
cyclosporin A (10 umol/L) inhibited the
synthesis of CA and CDCA by about 13% and
30%, respectively.

CONCLUSION Isolated human hepatocytes
in primary culture behave as in the intact
liver by converting cholesterol to conjugated
CA and CDCA. This is in contrast to cultured
HepG2 cells, which release large amounts
of bile acid precursors and unconjugated
bile acids into the medium.
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INTRODUCTION

The degradation of cholesterol to bile acidsisamajor
way for elimination of cholesterol from the body.
Disturbancesof bileacid formationmay leedtoclinica
disordersin humans like atherosclerosis, cholesterol
gdlstoneformationand liver diseases. Primary bileacids-
cholic acid (CA) and chenodeoxycholic acid (CDCA)
areformed from cholesterol in humanliver and excreted
viathebileasconjugatestotheintestine. Intheintestine,
the bile acids are partly deco njugated and 7a-
dehydroxylated by microbia enzymesto the secondary
bile acidsdeoxycholic acid (DCA) and lithocholic acid
(LCA). Thehileacids, with the exception of lithocholic
acid, areefficiently absorbed fromtheintestineand return
totheliver viathe portal vein. Intheliver (70-90)% of
the bile acids are extracted and resecreted to the bile.
Thus, themain bileacidsin humanbile areCA, CDCA,
and DCA. Small amountsof LCA and ursodeoxycholic
acid (UDCA), ametabolite of CDCA are aso found.

Two major pathways of bile acid synthesis from
cholesterol have been described*. Themain pathway,
also called the neutral pathway, isinitiated by a 7a-
hydroxylation, catalyzed by the rate-limiting enzyme
cholest erol 7a-hydroxylase. This hydroxylation is
followedby further transformetionsof thesteroid nucleus
and oxidative cleavage of theside chain. An dternative
pathway, also called the acid pathway, isinitiated by a
27-hydrox ylation of cholesterol. The quantitative
importance of thelatter pathway isnot yet clear. It may
be of importancefor theformation of particularly CDCA
and asa"“back-up” pathway in conditionsinwhich the
neutral pathway isrepresse d for some reasons.

Bileacid formationin humans has been studied by
different invivoandin vitro techniques. Also cultures
of human hepatoblastoma cells (HepG2) have been
employed. However, these cells have been found to be
defective in CA formation and conjugation by some
authord®?. The cells have also been found to prod uce
large amounts of bile acid precursors.

More recently, technigues have been developed
for preparation of primary cultures of normal human
hepatocytes. These offer now possibilitiesto study bile
acid synthesis in normal hepatocytes under various
experimental conditions.

MATERIALS AND METHODS

Preparation and culture of human hepatocytes
Primary hepatocyteswereprepared fromnorma donor liver
tissue. The project wasgpproved by the Ethics Committee
a Huddinge University Hospitd and by Human Ethics
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Committees of the Western Sidney Area Health
Service, Augtralia. Liver sectionsweighing 100-200g
and with only one cut-surface were used. Hepatocyte
swere isolated using a 2-step perfusion technique
utilizing EGTA and collagenasetype | X-Sasrecently
described™. They were seeded on 60-mmdishesat a
density of 3.5 x 10° cells per dish. Dishes were
precoated with 0.2 mL of matrigel, alaminine-rich
extracellular matrix prepared from Engel breth -Holm-
Swarm mouse sarcomas*. Hepatocyte viability was
>85% as det ermined by trypan blue exclusion. The
cellswere then incubated in serum-free Wi illiam'sE
medium (3mL/dish), supplementedwithglutamine (292
mg/L), NaSeOs; (173 pg/L), insulin (2 mlU/mL),
penicillin G s odium, streptom ycin sulphate and
gentamycin. Insomeexperiments, triiodothyronine(T3)
(0.1 pmol/L) and/or dexamethasone (0.1 pumol/L) were
added. In some other experiments, ond 4, cyclosporin
A (CsA), aninhibitor of the sterol 27-hydroxylasd>,
was added to the medium (0-10 umol/L). Themedium
was collected and renewed every 24 h and frozen at -
20 C for later analysisof bileacids. At theend of the
incubation, the hepatocyteswere harvested and stored
at 20°C until extraction.

Analytical procedures

For determination of the primary bile acids CA and
CDCA formed, deuterium-label ed bileacidswereadded
to the collected culture medium. After alkaline hydroly
sisand extraction, the bile acids were analysed by gas
chromatography-mass spe ctrometry as described
recently%. For more detailed analysis of neutral and
acidicgteroids-unconjugated and conjugated withglycine
or taurine and/or sulphuric acid-group separation was
performed by anion exchange chromat ography after
addition of isotopically labeled steroids. Deconjugation
was perfo rmed by an enzymatic method. Sulphate
groups were cleaved by solvolysis in acidi fied
tetrahydrofuran. The identification of steroids was
performed by gas chromatography-mass spectrometry.
Further details are given in arecent paper(*4l,

RESULTS AND DISCUSSION
Formation of bile acids
CA and CDCA were the two dominating steroids
formed, accounting for as much as 7 0% and 25% of
total, respectively (Figure 1). CA and CDCA arethe
two bileacids normally synthesized in human liver but
the ratio between the production rates of the two bile
acidsin the hepatocytes was higher (about 3:1) than
that of nor mal subjects (about 2:1). However, theratio
issimilar to that obtained in pati ents with complete
biliary drainage!*®. Small amounts of two other bil e
acids, 3p3-hydroxy-5-cholenoic acid and 33, 7[3-
dihydroxy-53-cholanoic acid were al so detected (about
1% of total of each).

Bile acid formation was lowest ond 1 and 2 and
thenincreased severd-foldond4to 6, wheresfter it declined
dlightly (Figure 2). The reason for thisis not clear.

However, it has previously been observed that the
activity and mRNA | evels of cytochrome P450
enzymesinvolved in drug metabolism show asimilar
prof ile in human hepatocytes e.g., a sharp recovery
followed by asteady decline(Li ddieC et al, unpublised
observations).

About 3% of the total amount of theisolated
steroids consisted of bile acid pre cursors. Among
those, 7a-hydroxy-cholesterol and 7a-hydroxy-4-
chol esten-3-one are established intermediatesin the
neutral pat hway and 27-hydroxycholesterol isthefirst
intermediate in the acidic pathway. Since 7a-
hydroxycholesterol can also be formed by
autooxidationof cholesterol, 7a-hydroxy-4-cholesten-
3-one is a better marker for the neutral pathway.
Thedaily release of 7a-hydroxy-4-chol esten-3-one
increases in parallel to those of CA and CDCA,
whereas the release of 27-hydroxycholesterol
decreases. Since the hepatocytes are incubated in as
erum-free medium devoid of lipoprotein cholesterol,
the decreasein amounts of 27-hydroxycholesterol is
consi stent withthe hypothesisthat cholesterol utili zed
for the acidic pathway ismainly derived from plasma
lipoproteing”.
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Figure 2 Formation of cholic acid and chenodeoxycholic acid in
primary cultur es of human hepatocytes during d 2, 4, 6 and 8.
Effects of adding T3 and dexa methasone (DEX) alone and in
combination.
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Ascan be seenin Figure 3, HepG2 cellsrelease
largeamountsof bileacid p recursorsintotheincubation
medium. It cannot be excluded that the bile acid synth
etic pathways also may be abnormal in cultured HepG2
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Figure 3 Distribution of cholic acid, chenodeoxycholic acid and
precursors fo rmed in cultures of HepG2 cells (data from ref. 7).

Conjugation
CA and CDCA were conjugated with glycine or
taurine to more than 99.5% (Figure 4 ). About one-
third of CDCA was also conjugated with sulphuric
acid (Figure5). 3B-Hydroxy-5-cholenoic acid and 3[3,
7a-dihydroxy-5p-cholanoic acid wereal so sul phated.
27-Hydroxych olesterol and other oxysterols were
partly sulphated.

In contrast to primary human hepatocytes, Hep
G2 cdlsrdeaselargeamountsof unconjugated bileacids
into themedium (Figure 6).

Conjugated Free bila acids
bile acids 0%
95%
Conjugated
precursors
1 3%

Free precursors
2%

Figure 4 Conjugation of bile acids and precursors formed in
primary cultures of human hepatocytes.

Effect of cyclosporin A

Cyclosporin A (CsA) isapotent inhibitor of the sterol
27-hydroxylaseactivity, especialy towardsnonpolar
substrates like cholesterol2*¥, When added to the
culture medium, 1 pmol/L and 5 umol/L CsA had |
ittle or no effect on the formation of bile acids, but
10 umol/L CsA de creased the formation of CA by
about 13% and CDCA by about 30% (Figure 7). No
ac cumulation of bile acids occurred in the
hepatocytes. However, asignificant accumulation of 7a-
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Figure 5 Distribution of free and conjugated bile acids and potential
interme diates isolated from medium on the fifth day of incubating
primary human hepatoc ytes. CDCA = chenodeoxycholic acid;
CA = cholic acid.
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Figure 6 Conjugation of bile acids and precursors formed in
cultures of HepG2 cells (data from ref. 7).
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Figure 7 Effect of cyclosporin A on bile acid formation in primary
human hepa tocytes.

hydroxy-4-cholestene-3-one and 7a, 12a-
dihydroxy-4-cholestene-3-one, an intermediate in
CA synthesis, was found indicating that not only
the acidic pathway but also the ne utral pathway of
bile acid formation was affected by CyA. In
agreement with theseresults, it has previously been
reported that patients with cerebrotendinous
xanthomatosis, wholack thesterol 27-hydroxylasgs',
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accumulate7a, 12a- dihydroxy-4-cholestene-3-onemore
than other intermediates in the liver®®, However, the
decreased formation of tot d bileacids (CA and CDCA)
during CsA trestment may mainly bedueto aninhibit ory
effect of CsA onthe hepatic synthesis of cholesterol*2.

Influence of hormones

Previous studieshave shown that the combined addition
of T3and dexamethasonestimulatesbileacid formation,
cholesterol 7a-hydroxylase activity and mRNA levels
in rat hepatocytes, whereas the addition of T3 or
dexamethas one a one haslittle or no stimulatory effect
(1029 The addition of T 3 and dexamethasone alone or
in combination to human hepatocytesdid not increas e
bile acid synthesis (Figure 2). If anything, bile acid
formation tended to dec rease. The different effects of
T3 and dexamethasonein rat and human hepatocyte s
agreewd | with recent studiesof thehormona regulation
of the cholesterol 7a-hydroxylase gene promoter!24,
These studies showed that the rat cholesterol 7a-
hydroxylase gene promoter is stimulated by
dexamethasone whereas thyroid hormone has no
significant effect. Thepromot er of thehuman chol esterol
7a-hydroxylase gene, on the other hand , is suppressed
by both dexamethasone and thyroid hormone.

In conclusion, isolated human hepatocytesin
culture behave as in the intact liver by almost
quantitatively converting cholesterol to conjugated CA
and CDCA.. In contrast, cultured HepG2 cellsrelease
large amounts of bile acid precursorsan d unconjugated
bileacidsinto themedium. Human hepatocytesin culture
represent a useful model for further studies on the
synthesisand regulation of bileacids.
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