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Na,SeOQ,, several hormones and growth factors were tested in
this system; the results are presented in Chart 2. The cells
grew better in serum-free medium without any adaptation pe-
riod if the medium was supplemented with LAH or Na,SeOs.
When Na,SeO; was absent from the serum- and LAH-free
medium, cell death occurred within 4 to 6 days, although the
initial growth was not impaired. With this chemically defined
medium, insulin, glucagon, triiodothyronine, hydrocortisone,
EGF, and FGF had no effect on the growth when they were
added individually (data not shown) or in combination at 10~8
to 10* g/ml for insulin, glucagon, and hydrocortisone and at
107" to 10~7 g/ml for triiodothyronine, EGF, and FGF, cov-
ering the physiological ranges of the hormones. Growth curves
of HuH-7 cells in the defined medium supplemented with
Na,SeO; and tested at different inoculum size with or without
CFCM for the first 2 days are shown in Chart 3. Cells failed to
attach to the surface of the dish when they were plated at low
cell densities in the absence of CFCM. Therefore, the cells
were routinely plated into CFCM, and the medium was replaced
with fresh medium after 2 days of culture. Once cells attached
to the dish, they grew continuously. The population-doubling
time of HuH-7 cells in the chemically defined medium was 43.7
hr. After omitting serum and LAH from the culture medium at
the 406th day (23 passages) in culture, HuH-7 cells had been
growing over 9 months and through 20 passages in the chem-
ically defined medium.

Growth of Established Human Hepatoma Cell Lines in
Chemically Defined Medium. Other established human hepa-
toma and hepatoblastoma cell lines grown in serum-containing
media were transferred to the defined synthetic medium which
was developed for HuH-7 cells, and their growth was also
studied. The cells examined, except HLEC-1 cells, continued
to proliferate in the defined medium supplemented with
Na,SeO; without an adaptation period (Chart 4a). Although
Na,SeO; alone failed to sustain the proliferation of HLEC-1
cells, a CFCM from HuH-7, when added to the synthetic me-
dium, allowed the cell to grow (Chart 4b). Thus, the cultured
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Chart 2. Number of cells after 8 days (logarithmic phase) and 16 days
(stationary phase) of culture in medium with or without additives. The HuH-7 cells
maintained in RPMI 1640 supplemented with 20% bovine serum and 0.4% LAH
(374 total culture days, 20 passages) were harvested by trypsin-EDTA treatment
and plated at a density of 5 X 10* celis. After 2 days, the cultures were changed
by the indicated experimental media. A, RPMI 1640 plus 20% bovine serum; B,
RPMI 1640 plus 20% bovine serum plus 0.4% LAH; C, RPMI 1640 plus 0.4%
LAH; D, RPMI 1640 alone; E, RPMI 1640 plus 3 X 107% m Na,SeOs; F, RPMI
1640 plus 3 X 107 M Na,SeO; plus insulin (3 u1g/ml) plus triiodothyronine (2
ng/ml) plus hydrocortisone (6.8 ug/ml) plus glucagon (30 ng/ml) plus EGF (10
ng/ml) plus FGF (10 ng/ml). Bars, S.D.
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Chart 3. Growth curves of HuH-7 cells in chemically defined medium. Cells
growing for 1 month in RPMI 1640 supplemented with Na,SeO; (442 total culture
days, 28 passages) were harvested by trypsin-EDTA treatment, plated at densi-
ties of 1 X 10* (- - - =) and 5 X 10* (—) cells/well with (O) or without (®)
50% CFCM and incubated for 2 days; then, the medium was replaced by a fresh
medium without CFCM. The supernatant fiuid collected from semiconfiuent
populations of HuH-7 cells was used as CFCM. The fluid was centrifuged at 1500
rom for 10 min and filtered through 0.3-um Millipore filters (Millipore Corp.,
Bedford, Mass.). S.D.s for cell counts were generally less than 10% when they
were expressed as variation coefficients.
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Chart 4. Growth curves of established human hepatoma and hepatoblastoma
cell lines in chemically defined medium. a, cells grown in serum-containing media
were deprived of serum by replacing RPMI 1640 supplemented with Na,SeQO; 2
days before harvest in order to eliminate the effect of serum carried over to the
new medium. Cells were harvested by trypsin-EDTA treatment, plated at a density
of 5 X 10* or 1 x 10° cells/well with 50% CFCM of each cell line, and incubated
for 2 days; then, the medium was replaced by fresh medium without CFCM. @,
H7R (141 days after reculturing, 14 passages); A, HuH-6 cl-5 (1096 total culture
days, 58 passages); [J, PLC/PRF/5 (422 days of culture in our laboratory, 99
passages); A, huH-1 (1980 total culture days); B, huH-4 (543 total culture days).
b, similarly prepared cell suspension of HLEC-1 (715 total culture days, 66
passages) plated at a density of 3 X 10* cells/well and cultured with (O) or
without (X) CFCM of HuH-7 cells. CFCM was prepared as described in Chart 3.
S.D.s for cell counts were generally less than 10% when they were expressed as
variation coefficients.

hepatoma cells seemed to produce some hormones or growth
factors required for the replication of HLEC-1 cells in the
serum-free medium. The growth rates of these established
hepatoma cell lines in the serum-free medium were usually
equal to those obtained with serum-supplemented media. The
lag phase observed for HuH-6 cl-5 was also present in the
medium which contained serum.
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Table 2
Plasma protein analyzed in spent media of human hepatoma and hepatoblastoma cell lines which were grown in a chemically defined synthetic medium

Cells ALB® PRE AAT CP FIB FN HP HX BLP AMG BMG TF C3 C4 AFP CEA HBsAg
HuH-7° (D, 2; P, 10) + + + + + 4+ + + 4+ + + + + + 4+ ND ND
HuH-7 (D, 27; P, 26) + + + + + + + + + + + + + + + + -
HuH-7 (D, 277; P, 44) + + + + + + + + + + + + + + + + -
H7R (D, 39; P, 18) + + + + + + + + + + + + + + + - -
HLEC-1 (D, 2; P, 68) - - - - - - - - - - - - - - - - -
HuH-6 cl-5 (D, 155; P, 73) + + + + + + + + + + + + + + + - -
huH-1 (D, 97) + + + + + + - - + - + + + + + + +
huH-4 (D, 77) + + + + + + + - + - + + + + - - +
PLC/PRF/5 (D, 98; P, 106) + - + + + + - - + + + + + + + + +

2 ALB, albumin; PRE, prealbumin; AAT a,-antitrypsin; CP, ceruloplasmin; FIB, fibrinogen; FN, fibronectin; HP, haptoglobulin; HX, hemopexin; BLP, B-lipoprotein;
AMG, ax-macroglabulin; BMG, B.-microglobulin; TF, transferrin; C3 and C4, Complement Components 3 and 4; AFP, a,-fetoprotein; D, days in the chemically defined
medium before collection of spent medium; P, number of passages in culture; ND, not done.

2 HuH-7 cells grown in RPMI 1640 supplemented with 20% bovine serum and 0.4% LAH and kept for 2 days in the absence of the added serum.

° Intensities of precipitin lines were scored as follows: +, clearly visible; —, not present; +, partial cross-reaction to albumin. Cutoff levels obtained by the
immunodiffusion technique were approximately 10 ug/ml. CEA and HBsAg were detected by enzyme immunoassay and the cutoff levels were 1 and 10 ng/ml,

respectively.

Plasma Protein Production in Chemically Defined Medium.
Plasma proteins produced by HuH-7 and other cell lines were
analyzed on concentrated spent media by immunoelectropho-
resis and immunodiffusion. The plasma proteins studied are
listed in Table 2. All the cells tested, except HLEC-1 cells,
produced plasma proteins in the chemically defined medium
for more than 9 months. Each cell line produced proteins
different with respect to number and amount; e.g., the level of
albumin attained in 9 ml medium with 1 X 107 cells of HuH-7
in 2 days was approximately 1/500 the level of albumin in
serum. Beside plasma proteins, anti-CEA-reactive protein(s)
were found in the medium of HuH-7, HuH-6 cl-5, huH-1, and
PLC/PRF/5, and HBsAg was found in the medium of huH-1,
huH-4, and PLC/PRF/5 as reported (13, 15, 17). Similar
plasma protein patterns were obtained when cells were grown
in RPMI 1640 supplemented with serum and LAH and kept for
2 days in the absence of the added serum.

DISCUSSION

In the present studies, it was possible to eliminate serum and
LAH from culture medium for the growth of hepatoma cells by
adding a trace element, selenium, to a chemically defined
medium. The trace element selenium has been routinely added
to the serum-free medium for a variety of established cell lines
(4-6, 19, 21, 28) with stimulated growth after its discovery by
McKeehan et al. (18). Thompson et al. (34) and Niwa et al.
(24, 25) were able to grow the rat hepatoma cell lines, HTC
and H35, respectively, in chemically defined media without
selenium. Under these conditions, both cell lines required an
adaptation period or multistep selection for cell growth. It is
important to note that no adaptation period was required for
the growth of the present hepatoma cell lines after replacing
serum or LAH with Na,SeQ;. The results suggest that neither
selection of cells capable of growing in chemically defined
medium nor extensive adaptation to the growth condition is
required.

The hepatoma cells studied in this experiment replicated
continuously and produced plasma proteins, except for HLEC-
1, in chemically defined medium without any added hormones
and growth factors. This suggested that the hepatoma cell
cultures may be utilized for the production of a set of attach-
ment and growth factors which stimulated their own growth.
The failure of HLEC-1 to produce plasma proteins is in accord
with the fact that this cell line does not grow in the defined
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synthetic medium, probably because the cell line does not
synthesize some factors, such as transferrin (3-6, 14, 19, 21,
27, 28), fibronectin (4-6, 27); ay-protein (4, 5), or fetuin (6,
19), which are needed for its own growth or adhesion to the
substratum. The assumption may be validated by the fact that
a variety of hormones and growth factors, such as muitiplica-
tion-stimulating activity (6, 7, 29), nerve growth factor (26), or
unidentified factors (3, 6, 8, 9, 12, 23), were found in the
conditioned medium of a number of cell lines. The identification
of such growth regulators in the hepatoma cells may facilitate
the analysis of growth-promoting and growth-inhibiting factors
of hepatoma cells.

The hepatoma cells grown in fully defined synthetic medium
retained differentiated functions of liver cells in vivo. Besides
plasma proteins, 2 liver-specific enzymes, G6Pase and
FDPase, were present in HuH-7 in the analysis of car-
bohydrate-metabolizing enzymes. The maintenance of differ-
entiated functions in these cell lines derived from hepatomas in
contrast with the loss of differentiated functions in normal
hepatocytes in culture (20, 32, 35) indicated that the gene
expression in hepatoma cells is rather stable or fixed under the
culture condition. Thus, the enzyme pattern in HuH-7 resem-
bled that of the original hepatoma tissue. Accordingly, the
hepatoma cell lines grown in the defined medium offer a good
model not only for the investigation of oncogenesis but also for
the elucidation of regulatory mechanisms of gene expression.
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Fig. 1. a, Morphological features of HuH-7 cells in a serum-containing medium at the 80th day (4 passages) in culture; b, HuH-7 cells growing continuously for 3

months in a chemically defined medium supplemented with Na,SeQ; at the 491st day (32 passages) in culture. Phase-contrast micrograph, X 200.

Fig. 2. a, Hepatocellular carcinoma from which the HuH-7 cell line derived; b, section of the tumor formed in a nude mouse inoculated with HuH-7 cells at the
384th day (22 passages) in culture. H & E, X 160.
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