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Establishment of a Hepatocyte Cell Line Producing Growth-promoting Factors for
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A hepatocyte-derived cell line designated MLE-15A2 was established from a primary culture of mouse
hepatocytes. The MLE-15A2 cells appeared to retain the basic nature of hepatocytes in that they
showed morphology of an epithelial cell type and secreted albumin into the cnlture medium. These
cells were grown on collagen-coated plates and could be easily expanded to a large-scale culture.
Therefore, MLE-15A2 cells may provide a more useful model for studying liver microenvironments
than primary cultures of hepatocytes. We found that conditioned media from MLE-15A2 cells, as well
as from primary cultures of hepatocytes, promoted the proliferation of highly liver-colonizing colon 26
NL-17 cells better than the poorly liver-colonizing colon 26 NL-4 cells. Moreover, the conditioned
media stimulated the growth of some human colon cancer cell lines. These resulis indicate that MLE-
15A2 cells seerete growth factors that selectively stimulate certain tumor cell types. Hepatocyte-
derived growth factors may regulate selective survival and colonization of tumor cells in the process
of liver metastasis. The growth-promoting activity was unaffected by dialysis, was stable at 80°C for
30 min and was bound to a heparin-Sepharose column. The major activity was eluted from the column
with 0.7-0.75 M NaCl, and some minor activities eluted with lower concentrations of NaCl. These
results snggest that the active components are heterogeneous heparin-binding proteins with lower

affinity to heparin than platelet-derived and fibroblast growth factors.

Key words:

Organ preference is a marked feature of tumor metas-
tasis.*® Organ microenvironments for tumor cells con-
gist of host cells and various host-derived factors, e.g.,
adhesion molecules, chemotactic factors, extracellular
matrices, cytokines and growth factors.*™ Organ prefer-
ential metastasis apparently results from interaction be-
tween the tumor cells and these factors. Growth factors
derived from the secondary organ are important for
tumor cells to survive and initiate secondary growth.”

Several researchers have found that paracrine growth
factors produced by the host organ specifically stimulate
the growth of tumor cells selected for organ-specific
growth.**'" For example, cell growth of lung- and
ovary-colonizing murine melanoma sublines in serum-
limited medium was differentially stimulated by non-
dialyzable factors from the target organ tissue.'” We
have shown that addition of lung tissue extract to serum-
free medium stimulated the cell growth of highly lung-
colonizing murine colon carcinoma sublines better than
that of poorly lung-colonizing sublines.'® Cavanaugh and
Nicolson'*'® have demonstrated that a lung-derived
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growth factor, similar in molecular structure to trans-
ferrin, is responsible for stimulating the growth of highly
metastatic cell lings. We and others have implicated
IGF-1'" and TGF-81'*™ in the differential stimulation
of highly versus poorly metastatic tumor cells.

In the present study, we focused on the liver, the major
target organ of gastrointestinal cancer, because little has
been reported on liver-derived tumor growth factors. To
study these factors, we attempted to establish a hepato-
cyte cell line as a model of a liver microenvironment. We
have successfully established a hepatocyte-derived cell
line, MLE-15A2, and found that these cells secrete
growth factors that stimulate proliferation of liver-
colonizing cells. The factor was partially purified and
proved to be a nondialyzable heparin-binding molecule.

MATERIALS AND METHODS

Animals, tumor cells and other materials C3H mice and
BALB/¢ mice were purchased from CLEA Japan Inc.
(Tokyo) and Charles River Japan (Yokohama), respec-
tively. A highly metastatic cell line (NL-17) and a poorly
metastatic one (NL-4) were both established in our



laboratory from murine colon carcinoma colon 26.'9

Human colon cancer cell lines HT-29, HCC-2998, WiDr,
HCT-15 and HCT-116 were kindly provided by Dr.
Robert Shoemaker, NCIL.?" These tumor cells were main-
tained in RPMI 1640 supplemented with 5% fetal bovine
serum (FBS). A mouse hepatic endothelial cell line
(HSE), established by Belloni and Tressler,”® was gener-
ously provided by Dr. G. L. Nicolson, University of
Texas M. D. Anderson Cancer Center. The HSE cells
were grown in MCDB 131 medium supplemented with
10% FBS and 50 yg/ml of endothelial cell growth sup-
plement (Becton Dickinson, Bedford, MA). Antibictic
and antimycotic solution and gelatin were purchased
from Sigma (St. Louis, MQO). Columns for protein puri-
fication were obtained from Pharmacia (Uppsala,
Sweden).

Hepatocyte cell line MLE-15A2 and a fibroblast cell line
MLF An immortalized hepatocyte line was established
essentially according to the procedure of Lee et al.™®
Briefly, a 6-week male C3H mouse was maintained in a
plastic cage, given diet (CE-II, CLEA Japan Inc.) and
water freely for over two years and then killed. There
was no macroscopic tumor nodule in the liver. Hepato-
cytes were isolated by a collagenase perfusion technique.
Viable hepatocytes were purified using an isodensity
Percoll centrifugation method and plated onto 60-mm
plastic dishes at a density of 2.5X 10° hepatocytes per
dish. The basal culture medium was Waymouth’s (Flow
Laboratory, Irvine, UK) supplemented with 10% FBS
and 60 pg/ml kanamycin. The medium was changed
twice each week, and cultures were maintained for 3
months. After 3 months, many hepatocyte and fibroblast
colonies appeared. Some of the hepatocyte colonies were
isolated with a cylinder, treated with 1 mM EDTA in
phosphate-buffered saline and then with 0.25% trypsin
solution (GIBCO, Grand Island, NY), detached by
pipetting, and subcultured. Further colony cloning was
performed over 5 times in order to eliminate contaminat-
ing fibroblasts. The established line was designated as
MLE-15A2 (mouse liver epithelial-15, aged-2), and fur-
ther subculture was performed in RPMI 1640 medium
supplemented with 595 FBS. An immortalized fibroblast
line, MLF (mouse liver fibroblast), was established from
the same dish during the above procedures and main-
tained in RPMI 1640 medium supplemented with 5%
FES.

For the measurement of growih rate, MLE-15A2 cells
(1>X10* cells) were plated in 6-well plates coated with
collagen, and the cell number was counted on days 1, 3,
5 and 7 with a Coulter counter (Coulter Electronics,
Inc., Hialeah, FL) as described previously.'”

Tumor growth in the liver Tumor cells (1 X 10°), har-
vested from culture dishes following brief trypsin-EDTA
{GIBCO) treatment, were directly injected through the
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peritoneum into the livers of anesthetized BALB/c mice.
Two weeks later, the size of the tumor developing in the
liver was noted.

Preparation of conditioned media of MLE-15A2 cells
and hepatocytes The MLE-15A2 cells were grown to
subconfluence in 100-mm culture dishes, Normal hepato-
cytes were prepared from the livers of 6- to 8-week-old
BALB/c mice, as described above, plated onto 100 mm
dishes and cultured for 24 h. The cells were washed twice
with phosphate-buffered saline (PBS) and once with
serum-free RPMI 1640 containing 15 mM HEPES buffer
(SF-RPMI), and then cultured in 5 ml of fresh SF-
RPMI. After 24 h the culture media (conditioned media)
were collected. Detached cells and cellular debris were
removed by centrifuging the medium at 250g for 5 min
and then at 1000g for 10 min.

Albumin production Aliquots of conditioned media of
MLE-15A2 cells and hepatocytes were subjected to
sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) under reducing conditions. The sepa-
rated proteins were transblotted to a nitrocellulose mem-
brane. The membrane was blocked with skim milk, and
incubated first with 10 zg/ml of rabbit anti-mouse albu-
min IgG (Organon Teknika Corp., Durhum, NC) at
room temperature for 4 h and then with a 1:2000 dilution
of peroxidase-conjugated anti-rabbit IgG at room tem-
perature for 1 h, Albumin was visualized with ECL
western blotting detection reagents (Amersham, Buck-
inghamshire, UK}.

Coculture of tumor cells with liver-derived cells The
coculture was performed in Boyden chambers (Becton
Dickinson). The bottom of the upper chamber was a
microporous membrane with a pore size of 0.45 ym. The
bottom of the upper and lower chambers was coated with
collagen. The NL-17 cells (2 X 10*) were inoculated into
the upper chambers and cultured for 48 h without liver-
derived cells in the lower chambers. In parallel, MLE-
15A2, HSE, or MLF cells were inoculated into the lower
chambers and grown to confluence without NL-17 cells
in the upper chambers. The cells were washed with PBS
and fed with fresh SF-RPMI, and coculture was started
by placing the upper chambers containing NL-17 cells on
the lower chambers where the liver-derived cells were
growing. The cells were cocultured in SF-RPMI for
another 48 h, and then [*H]thymidine was added at a
final concentration of 26 kBgq/ml. The medium was re-
moved 45 min later, and 10% trichloroacetic acid (TCA)
was poured into the upper chambers to determine incor-
poration of [*"H]thymidine into the DNA of the NL-17
cells. After 30 min incubation on ice, the microporous
membranes were cut out and dried. The TCA-insoluble
materials were solubilized by incubation in 50 ml of 0.2
M NaOH-0.2% SDS at 37°C for 30 min. The mixture
was neutralized with 25 ml of 2 M acetic acid and mixed
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with 1 ml of ACS II scintillator (Amersham), and the
radioactivity was measured.

Growth-promoting activity of conditioned medium
Tumor cells (1X10* cells) were inoculated in collagen-
coated 96-well plates (Iwaki Glass, Funabashi) and cul-
tured in RPMI 1640 medium supplemented with 5%
FBS for 24 h. The medium was removed, and the cells
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Fig. 1. Microscopic observation of MLE-15A2 cells. The
cells showed epithelial cell-like morphology (phase contrast,
X 100).
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Fig. 2. Growth curve of MLE-15A2 cells. MLE-15A2 cells
(1X10*) were plated in 6-well plates coated with colagen,
and the cell number was counted on days 1, 3, 5 and 7.
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were washed with PBS, fed with RPMI 1640 supplemented
with 0.19 FBS and cultured for 3 h. Then, conditioned
media of MLE-15A2 cells and hepatocytes were added to
the culture. The tumor cells were cultured for 18—24 h,
labeled with [’H]thymidine (3.7 kBg/well) for 45 min,
washed once with PBS, and incubated in 109% TCA on
ice for 30 min. The TCA-insoluble materials were solu-
bilized, and the radioactivity was counted as described
above. In some cases, growth-promoting activity was
assessed by counting the cell number with a Coulter
counter,

RESULTS

Characterization of MLE-15A2 cells The immortalized
hepatocyte cell line MLE-15A2 was established from the
livers of normal mice, as described in “Materials and
Methods,” The MLE-15A2 cells showed epithelial cell-
like morphology (Fig. 1). These cells grew well on col-
lagen-coated plates with a population doubling time of
21-23 h (Fig. 2). Saturation density was 200,000 cells/
cm?. To confirm that MLE-15A2 cells retain the features
of hepatocytes, we examined their ability to secrete albu-
min. Conditioned medium of MLE-15A2 cells and hepa-
tocytes were analyzed by using western blot analysis (Fig.
3). A 69-kDa band was detected with anti-albumin anti-

Fig. 3. Secretion of albumin by MLE-15A2 cells. Conditioned
media of MLE-15A2 cells and hepatocytes were analyzed by
western blot analysis as described in “Materials and Methods.”
Anti-albumin antibodies revealed a 69-kDa component at a
position corresponding to that of albumin in either condi-
tioned medium.



Table I. Development of Tumors after Direct Injection of
Colon 26, NL-17 and NL-4 Cells into the Liver

Liver weight (g)

Injected cells No. of mice Mean=+8D
None 4 1.05:20.06
NL-17 7 2.38+0.91*
NL-4 7 1.44£0.50

Tumor cells (1X10°) were directly injected into the liver.
Liver weight was determined after 14 days.

#* P<0.02, as compared with the control (None) by Student’s
two-tailed ¢ test.

Fig. 4. Observation of tumors in the liver after intra-liver
injection of colon 26 NL-17 and NL-4 cells. Tumor cells (12X
10°)y were directly injected into the livers of BALB/c mice
through the peritoneum, as described in “Materials and
Methods.” Two weeks later, tumors in the liver were ob-
served. The NL-17 cells developed gross tumors in the liver,
while NL-4 formed only small foci.

bodies in the conditioned medium of either MLE-15A2
cells or hepatocytes, demonstrating that MLE-15A2 cells
as well as hepatocytes produce albumin.

Growth of tumor cells in the liver We compared two
variants of colon 26 tumor for liver-colonizing ability by
injecting the cells directly into the liver (Table I). The
NL-17 cells developed gross tumors in the liver, while
NL-4 formed only small foci (Fig. 4), thus demonsirat-
ing the high and low liver-colonizing ability of the two
lines, respectively.

Growth-promoting factors secreted from MLE-15A2
cells We checked the possibility that MLE-15A2 celis
secrete some factors promoting the growth of NL-17
cells by coculturing these cells in chambers separated by
a microporous membrane. The presence of MLE-15A2
cells in the lower chamber stimulated the DNA synthesis
of NL-17 cells in the upper chamber 2.5-fold, while other
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Fig. 5. Co-culture of tumor cells with liver-derived cells.

The NIL-17 cells were co-cultured with MLE-15A2, HSE, or
MLF cells in chambers separated by a microporous mem-
brane, as described in “Materials and Methods.” The DNA
synthesis of NL-17 cells in the upper chamber was stimulated
to 2.5-fold in the presence of MLE-15A2 cells in the lower
chamber. The HSE or MLF cells, however, showed no effect
on the DNA synthesis of NL-17 cells in the co-culture.

Table 1I. Effect of Conditioned Media of MLE-15A2 Cells
and Hepatocytes on the Growth of Colon 26 NL-17 and NL-
4 Cells

. NL-17 NL-4
Conditioned - :
medium  Cell No.=SD R2HOI0 oy g, +sp  Ratio 10
control control
Control 7298t 655 1 4390160 1
MLE-15A2 98651823 1.4% 4018154 0.9
Hepatocytes 11848778  1.6% 44591278 1.0

Tumor cells (5107 cells) were inoculated into collagen-
coated 24-well plates and cultured in 5% FBS-RPMI 1640
for 24 h. The cells were washed twice with PBS and cultured
in serum-free RPMI 1640 for 3 h. Then, the medium was
replaced with conditioned medium. The cells were trypsinized
after 48 h and counted.

* P<<0.01, as compared with the control (serum free RPMI-
1640) by Student’s two-tailed ¢ test.

liver-derived cell types, HSE and MLF, had no effect
(Fig. 5). These results definitely confirm the above hy-
pothesis.

The cellular specificity of the growth-promoting activ-
ity was examined. The collected conditioned media of
MLE-15A2 cells or hepatocytes were added to the serum-
free culture of NL-17 and NL-4 cells. Both conditioned
media significantly stimulated the proliferation of highly
liver-colonizing NL-17 cells. In contrast, the conditioned
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Fig. 6. Growth-stimulative effect of MLE-15A2-conditioned
medium on human colon cancer cell lines. The MLE-15A2
conditioned medium was examined for growth-stimulative
effect on several human colon cancer cell lines, as described
in “Materials and Methods.” The DNA synthesis was stimu-
lated 2.3- and 1.6-fold in HT-29 and WiDr cells, respectively.
Slight stimulation was observed in HCT-15 cells. No effect
appeared in HCC-2998 or HCT-116 cells.
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media did not stimulate the proliferation of poorly liver-
colonizing NL-4 cells (Table II). The conditioned
medium of MLE-15A2 slightly inhibited the growth of
NL-4 cells. The MLE-15A2 conditioned medium was
examined for growth-stimulative effect on several human
colon cancer cell lines (Fig. 6). It increased the DNA
synthesis in HT-29 and Wibr cells by 2.3- and 1.6-fold,
respectively. A slight increase was noted in HCT-116 and
no increase in HCC-2998 or HCT-15 cells. These results
indicate that MLE-15A2-derived growth factors selec-
tively stimulate certain cell types.

Partial purification of growth-promoting factors We then
purified the growth-promoting factor of NL-17 cells,
Conditioned medium was collected, and the active com-
ponents of more than 30 kDa in size were concentrated
by ultrafiltration. The crude materials were heated at
80°C for 30 min because the activity was stable under this
treatment. The supernatant was applied to a heparin-
Sepharose column after centrifugation. The growth-pro-
moting activity was bound to the column and then eluted
with NaCl (Fig. 7). The major activity was recovered in
the fractions eluted with 0.7-0.75 M NaCl, and some
minor activities in the fractions eluted with lower con-
centrations of NaCl. Overall recovery of the activity in
the major active fractions was approximately 70%, and
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Fig. 7.

Partial purification of MLE-15A2-derived growth-promoting factors by heparin-Sepharose. The crude materials contain-

ing heat-stable NL-17 cell growth-promoting activity were applied to a heparin-Sepharose column. The activity was bound and
eluted with 0.7-0.75 M NaCl. Growth-promoting activity was calculated as Test (dpm)/Control (dpm); where Test {dpm) is
incorporation of [*H]thymidine into NI.-17 cells cultured with fracticnated materials and Control (dpm) is incorporation of

[*H]thymidine into NL-17 cells in serum-free conditions.
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the specific activity was increased by 40-fold as compared
with that of the crude conditioned medium.

DISCUSSION

Conditioned medium or extract of liver tissue is usu-
ally toxic to cultured tumor cells.” Therefore, it is not a
good source for identifying liver-derived factors that are
related to tumor-growth regulation. As hepatocytes are a
major constituent of liver tissue, their primary culture is
a good model to study microenvironments of the liver,
However, expansion of the primary culture sufficiently to
allow purification of trace amounts of cellular compo-
‘nents is difficult. In the present study, we have established
the MLE-15A2 cell line from a primary cuiture of mouse
hepatocytes. These cells exhibited morphology of epithe-
lial cell type and secreted albumin into the culture
medium. These results indicate that MLE-15A2 cells
retain the basic nature of hepatocytes. They grew well on
collagen-coated plates, and could be easily expanded to a
large-scale culture. We also established a liver-derived
fibroblast cell line, MLF. These two newly established
cell lines, together with the hepatic endothelial cell line
HSE,™ should provide useful models for studying liver
microenvironments.

Conditioned media of MLE-15A2 cells as well as the
primary culture of hepatocytes promoted the cell growth
of NL-17 (highly liver-colonizing), but not that of NL-4
(poorly liver-colonizing) cells. Moreover, the condi-
tioned medium of MLE-~15A2 cells stimulated the growth
of some human colon cancer cell lines. These results
indicate that hepatocytes and MLE-15A2 cells secrete
growth factors that selectively stimulate certain tumor
cell types, probably depending on differential display of
specific receptors on the cell surface. Hepatocyte-derived
growth factors may regulate selective survival and colo-
nization of tumor cells in the liver.

Little is known about liver-derived tumor growth fac-
tors compared with liver-derived chemotactic factors* 2%
and adhesion molecules.” > Hart? reported that extract
of liver tissue promoted the growth of liver-metastatic
M35076 cells in the presence of arginine, which neutral-
izes the toxic effect of liver arginase. Nicolson®® showed
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