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A B S T R A C T Bile acids in the spent medium for the
cell culture were analyzed by gas-liquid chromatog-
raphy and gas-liquid chromatography-mass spectrom-
etry to determine whether human hepatoblastoma cell
line could synthesize bile acids. Cholic, chenodeoxy-
cholic, and lithocolic acids were found in the culture
medium, and a portion of chenodeoxycholic acid and
all of lithocholic acid were sulfated. Since the cells had
been cultured in serum-free medium, it is clear that
the bile acids were newly synthesized and sulfated by
the cultured cells. Chenodeoxycholic acid was the
main bile acid in the medium, suggesting that the cell
line might predominantly synthesize chenodeoxy-
cholic acid. On the other hand, the cells had fetal or
hepatoma characters such as marked a-fetoprotein
production. These results suggest that fetal or hepa-
toma type bile acid metabolism might occur in the cell
line, and that the established cell line could be an use-
ful in vitro model for the study of bile acid metabolism
in hepatoma.

INTRODUCTION

Since bile acids are synthesized from cholesterol in
liver, many studies on bile acid metabolism have been
performed in liver disease (1). Recently, isolated he-
patocyte cultures have been used for studies on the
hepatic bile acid metabolism at the cellular levels (2-
4). However, these culture studies were mainly per-
formed using rat-isolated hepatocytes or rat hepatoma.
In this study, we analyzed bile acids in the medium
used for the cell culture to determine whether the
long-term cultured cell line (HUH6-CI-5), established
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from a human hepatoblastoma by Doi (5), could syn-
thesize bile acids.

METHODS

Cell culture. The cells have been routinely cultured in
serum-free RPMI 1640 medium (Flow Laboratories, Inc.,
Rockville, MD) supplemented with 3 X 10-8 M sodium sel-
enite. Two batches of spent medium were separately used
for bile acid analysis. In our study, the cells were found to
produce a-fetoprotein markedly (7,900 ng/ml culture me-
dium).

Bile acid analysis. All reagents and solvents (Nakarai
Chemicals, Kyoto, Japan) for bile acid analysis were of extra
grade. Authentic bile acids were obtained from Steraloids
Inc., Wilton, NH. 100 ml of the spent medium, adjusted to
pH 4, was applied to a glass column (2.0 X 20.0 cm) of 20 g
of Amberlite XAD-2 (Rohm and Haas, Co., Philadelphia,
PA). The column was washed with 100 ml of distilled water
and eluted with 100 ml of ethanol containing 0.25% am-
monium hydroxide. To separate sulfated bile acids from
nonsulfated ones, the eluate was evaporated to dryness and
the residue was dissolved in 2 ml of chloroform/methanol
(i:1, vol/vol) containing 0.01 M sodium chloride. The bile
acid solution was applied to a column of 4 g Sephadex LH-
20 (Pharmacia Fine Chemicals, Sweden) prepared in the
same solvent (6). Nonsulfated bile acids were eluted with 70
ml of the solvent. Sulfated bile acids were, thereafter, eluted
with 50 ml of methanol and solvolyzed as described (7). The
nonsulfated and sulfated bile acids were hydrolyzed (7) and
then extracted with ethyl ether after the hydrolyzates were
acidified with 2 M hydrochloric acid.

Bile acids were methylated with methanolic 2,2-dime-
thoxypropane and concentrated hydrochloric acid, and
treated with trifluoroacetic acid anhydride. The methyl-tri-
fluoroacetyl (TFA)' derivatives of bile acids were applied
to gas-liquid chromatography (Shimadzu model 4CPF, Shi-
madzu Co., Ltd., Kyoto, Japan) packed with 3% QF-1 col-
umn (4 mmX 1.5-m glass column). The amounts of bile

'Abbreviations used in this paper: RRTD, relative reten-
tion time to the methyl-TFA derivative of deoxycholic acid;
TFA, trifluoroacetyl.
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acids were determined from peak heights on the basis of
known amounts of external standards. Bile acids were iden-
tified further by gas-liquid chromatography-mass spectrom-
etry (JMS D-300 mass spectrometer, JEOL, Tokyo, Japan).
The conditions used were reported previously (7).

RESULTS

The bile acids were tentatively identified on the basis
of relative retention times to the methyl-TFA deriv-
ative of deoxycholic acid (RRTD). Fig. 1 shows the gas-
liquid chromatograms of nonsulfated and sulfated bile
acids obtained from the culture medium. The bile ac-
ids (RRTD values of 0.68, 1.26, and 1.93) were analyzed
further by gas-liquid chromatography-mass spectrom-
etry. The mass spectra of the bile acids were compared
with those of respective authentic bile acids with the
same RRTDvalues. The methyl-TFA derivative of bile
acid with an RRTDvalue of 0.68 had a spectrum with
a base peak at mass/energy ratio (m/e) 372 [M - 114],
prominent peaks at m/e 257 [M - (114 + 115)] and
m/e 329 [M - 157], and smaller peaks at m/e 344 and
m/e 486 [M]; that with an RRTDvalue of 1.26 had a
spectrum with a base peak at m/e 369 [M - (114
+ 115)], prominent peaks at m/e 370 [M - 2 X 114]
and m/e 255 [M - (2 X 114 + 115)], and smaller peaks
at m/e 484 [M - 114] and m/e 598 [M]; that with an
RRTDvalue of 1.93 had a spectrum with a base peak
at m/e 154, prominent peaks at m/e 482 [M - 2 X 114]
and m/e 367 [M - (2 X 114 + 115)], and smaller peaks
at m/e 253 [M - (3 X 114 + 115)] and m/e 481 [M
- (114 + 115)]. These spectra were identical with those
of lithocholic, chenodeoxycholic, and cholic acids, re-
spectively. Fig. 2 shows the mass spectra of authentic
lithocholic acid and bile acid with an RRTDvalue of
0.68 isolated from the medium.

Quantitative determination of bile acids were per-
formed by gas-liquid chromatographic analysis. The
results are shown in Table I. Chenodeoxycholic acid
was the-main bile acid in both media (82.4 and 81.6%).
All of lithocholic acid was of sulfated form, although
96.1% of chenodeoxycholic acid and all of cholic acid
were of nonsulfated forms. No bile acids were detected
in the fresh medium before use.

DISCUSSION

Although rat hepatocyte and hepatoma cell cultures
have been used to study the hepatic bile acid metab-
olism (2-4), no such metabolic studies have been per-
formed in human hepatoma cultured cells. In this
study, we found primary bile acids of humans, cholic
and chenodeoxycholic acids, in the culture medium
of HUH6-CI-5 cell line established from a human he-
patoblastoma. Since the cells were cultured in serum-
free medium and in fact, the'fresh medium before

FIGURE 1 Gas-liquid chromatograms of the methyl-TFA
derivatives of authentic bile acids (A), nonsulfated bile acids
(B), and sulfated bile acids (C) isolated from culture me-
dium.

culture was free from bile acids, it is clear that these
bile acids were newly synthesized by the cultured cells.
In the medium, chenodeoxycholic acid concentration
was markedly higher than that of cholic acid, sug-
gesting that the cells may synthesize predominantly
chenodeoxycholic acid.

Furthermore, we found that lithocholic acid, usually
formed from chenodeoxycholic acid by intestinal bac-
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FIGURE 2 Comparison of the mass spectra of the methyl-TFA derivatives of authentic lith-
ocholic acid (A) and bile acid with an RRTDvalue of 0.68 isolated from culture medium (B).

teria in humans, was also present in the medium and
all of the acid was of sulfated form. This indicates that
the cultured cells are able to synthesize and sulfate
lithocholic acid. To our knowledge, this is the first
report on lithocholic acid synthesis and sulfation in a
cell line derived from human hepatocytes. The pres-
ence of lithocholic acid suggests that a portion of chen-
odeoxycholic acid in the medium might be synthesized
from lithocholic acid via an alternative pathway, as
proposed by Mitropoulos and Myant (8). Since lith-
ocholic acid, thought to be an intermediate in the path-
way, had been found in human meconium (9), am-
niotic fluid (10), and fetal bile of guinea pig (11), it
has been thought that the pathway might operate in
mammalian fetal life in the absence of intestinal flora.
On the other hand, it is clear that the cell line may
have fetal or hepatoma characters, because marked
production of a-fetoprotein was proven.

In conclusion, the present study suggests that un-

TABLE I
Bile Acids Isolated from Culture Medium

Medium I Medium 2

Total bile acids, ,g/100 ml 8.5 4.9

Lithocholic acid, sg/loo ml 1.1 0.6
Nonsulfated, % 0.0 ND*
Sulfated, % 100.0 ND

Chenodeoxycholic acid, Mg/100 ml 7.0 4.0
Nonsulfated, % 96.1 ND
Sulfated, % 3.9 ND

Cholic acid, Mlg/lOo ml 0.4 0.3
Nonsulfated, % 100.0 ND
Sulfated, % 0.0 ND

Not determined.

usual, probably fetal or hepatoma type bile acid me-

tabolism might operate in the cultured cells, and that
the cell line could be a useful in vitro model for the
study of bile acid metabolism in hepatoma.
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