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A transcriptional factor, CCAAT/enhancer binding protein-ββββ (C/EBP-ββββ),
regulates a variety of cell functions in normal and neoplastic
cells. Although the involvement of C/EBP-ββββ in metastasis has been
demonstrated clinicopathologically in several types of human cancer,
the mechanism by which it functions during the multistep process of
metastasis remains largely unknown. We investigated the role of C/
EBP-ββββ in the intravascular step of hematogenous metastasis in a rat
pancreatic tumor cell line, AR42J-B13, as this step profoundly affects
metastatic efficiency. C/EBP-ββββ-transfected AR42J-B13 (ββββB13) cells
acquired considerable resistance against serum toxicity, which was
primarily mediated by apoptosis in vitro. Upregulated expression of
Bcl-2 and Bcl-xL was seen in ββββB13 cells. Enhanced early survival of
intraportally injected ββββB13 cells in the BALB/c nu/nu male mice liver,
detected by the mRNA of a vector-specific gene, was observed.
Nick-end labeling analysis of the tumor-injected liver revealed
significantly lower rates of apoptosis among intravascular ββββB13
tumor cells than among empty vector-transfected AR42J-B13 (mB13)
cells. Finally, intrasplenically injected ββββB13 cells established a
larger number of colonies in the liver than did the mB13 cells.
These findings suggest that C/EBP-ββββ may enhance hematogenous
metastasis and its antiapoptotic effects may promote the survival of
intravascular tumor cells. (Cancer Sci 2007; 98: 1706–1713)

Metastatic inefficiency has been observed in a variety of
metastatic experiments in animals.(1) The vast majority of

intravascular tumor cells are killed, and only a very small
fraction of such cells successfully establish metastasis in a target
organ.(1,2) Harmful intravascular factors include inflammatory
and immune cells such as natural killer cells,(3) blood flow
stress,(4) antibody binding followed by cytotoxicity,(5) and serum
constituents such as lipoproteins.(6) In addition, anoikis, a form
of apoptosis resulting from the loss of anchorage growth, is
thought to be among the important reasons for intravascular
tumor cell death.(7) Recent studies have indicated that intravascular
growth is crucial in the establishment of organ-destructive
metastases of clinical importance; thus, the results of such
studies have indicated intravascular tumor cells in the target
organ as important therapeutic targets.(8,9) The mechanism by
which intravascular tumor cells survive or die remains largely
unknown, although the apoptosis of intravascular tumor cells is
expected to be crucial for achieving metastatic inefficiency.(10)

CCAAT/enhancer binding protein-β is a transcription factor
with three domains: DNA-binding, basic leucine zipper and
activation domains.(11) Leaky ribosomal scanning of C/EBP-β
mRNA generates isoforms, that is, the activating form (LAP)
and the inhibitory form (LIP).(12) LAP contains both activation
and basic leucine zipper domains, whereas only the latter is
present in LIP. LIP can therefore act as a dominant negative
inhibitor of C/EBP function by forming non-functional hetero-
dimers with other members of this protein family.(12)

CCAAT/enhancer binding protein-β regulates the expression
of a variety of genes, including the genes involved in the differ-
entiation of adipocytes,(13,14) immune function,(15,16) female
reproduction,(17) cell survival,(18) and tumor invasiveness and
progression.(19,20) In addition, C/EBP-β is highly expressed in
hepatocytes during hepatogenesis and liver regeneration. The
maintenance of adult liver cell function by processes such as
the synthesis of serum proteins requires C/EBP-β, and therefore
C/EBP-β is a member of the liver-enriched transcription
factors.(21,22) In this context, it is of interest that C/EBP-β has
been reported to lead to the transdifferentiation of a rat pancreatic
tumor cell line, AR42J-B13, into a hepatocellular direction.(23)

Thus, models using AR42J-B13 cells are useful for understand-
ing the molecular and cellular events that occur during hepatic
transdifferentiation.(24) Clinically, adenocarcinomas with hepatic
differentiation are highly malignant due to frequent vascular
invasion and highly metastatic potency.(25,26) However, it remains
unknown whether or not the enhancement of metastatic potency
takes place in the hepatic-differentiated AR42J-B13 cells.

Recent studies have suggested that the expression of C/EBP-
β in breast cancer cells correlates with the clinicopathology of
this disease.(27) Data indicative of the importance of C/EBP-β
have also been obtained from studies of renal tumors(19) and
colorectal tumors.(28) Another recent study demonstrated that the
upregulation of an antiapoptotic protein, Bcl-2, was mediated by
C/EBP-β in t(14;18) lymphoma cells.(18) Taken together, these
findings led us to hypothesize that C/EBP-β could induce a survival
phenotype in intravascular tumor cells, possibly via its antiapop-
totic activity. We therefore investigated C/EBP-β-induced tumor
cell survival or death with exposure to pure serum, as well as in
an intravascular microenvironment in vivo using AR42J-B13 cells.

Materials and Methods

Cell culture and transfection of C/EBP-ββββ. A rat pancreatic tumor
cell line, AR42J-B13 (kindly provided by Professor Itaru Kojima,
Gunma University, Japan), was maintained in DMEM (Sigma
Chemical Co., St Louis, MO, USA) supplemented with 10%
FBS (Sigma Chemical Co.) under 5% CO2 at 37°C. The expression
vector for the C/EBP-β gene, pcDNA3-C/EBP-β (kindly provided
by Professor David Tosh, University of Bath, UK), was transfected
into the AR42J-B13 cells using lipofectamine (Invitrogen,
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Carlsbad, CA, USA) according to the manufacturer’s protocol.
After transfection, we carried out a selective culture using G418
(800 μg/mL) (Invitrogen) to establish a βB13 clone that stably
expressed C/EBP-β. The empty vector pcDNA3 was also
transfected into the AR42J-B13 cells, and we obtained a clone
of a mock transfectant, mB13.

Cell proliferation assay. βB13 and mB13 cells (3 × 104 cells/
well) were cultured in 96-well microtiter plates. Two culture media
with different concentrations of FBS (10 or 100%) were applied.
We added the standard amount of DMEM powder to 100% FBS
to create the 100% FBS medium. The number of viable cells
was measured based on the absorption of WST-1 (2-[4-
iodophenyl]-3-[4-nitrophenyl]-5-[2,4-disulfophenyl]-2H-tetrazolium;
monosodium salt) using Cell Counting Kits (Dojindo,
Kumamoto, Japan).

Flow cytometric detection of apoptosis. βB13 and mB13 cells
were cultured in medium with either 10 or 100% FBS for 24 h,
and flow cytometric detection of early apoptosis in these cells
was carried out. Early apoptotic cells were defined as annexin V-
positive and propidium iodide-negative cells. FITC-conjugated
annexin V and propidium iodide were purchased from BD
Biosciences (Heidelberg, Germany).

Western blot analysis. The cells were homogenized in cell lysis
buffer with protease inhibitors (PBS with 1% Nonidet P-40,
0.5% sodium deoxycholate, 0.1% SDS, 0.5 mM phenylmethyl
sulfonyl fluoride, 3% aprotinin, 0.1 mM leupeptin, 0.1 mM
pepstatin A and 0.1 mM chymostatin), and the samples were then
stored on ice for 2 h. The extracted proteins (50 μg) were mixed
with sample buffer (0.5 M Tris-HCl [pH 6.8], 20% SDS, 1%
bromophenol blue, 20% glycerol, 10% β-mercaptoethanol), and
electrophoresis was carried out on 15% SDS–polyacrylamide
gels (SPU-15, ATTO, Tokyo, Japan). The proteins were then
transferred to nitrocellulose membranes (Nihon Eido, Tokyo,
Japan). After the non-specific binding sites were blocked, the
blots were incubated with primary antibodies (1.5 μg/mL) in
TBS-T containing 2% non-fat skim milk for 4 h at 4°C. The
membranes were washed with three successive solutions of TBS-T
containing 2% skim milk at room temperature for 30 min, and
were then incubated with HRP-conjugated anti-immunoglobulin
(1:2000 dilution) for 2 h at 4°C. The membranes were then
washed with three successive TBS-T solutions for 30 min, and the
signals were detected by enhanced chemiluminescence using a
Hybond ECL protocol (Amersham Pharmacia Biotech, Bucking-
hamshire, UK). The antibodies used were as follows. Mouse
monoclonal anti-C/EBP-β, goat polyclonal anti-AFP, antialbumin,
antiamylase and the HRP-conjugated secondary antibodies were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Monoclonal anti-Bcl-2 antibody was purchased from R&D
Systems (Minneapolis, MN, USA). Monoclonal anti-Bcl-xL,
anti-Bax and anti-Bad antibodies were purchased from Cell
Signaling Technology (Beverly, MA, USA). Mouse monoclonal
antirat β-actin antibody was obtained from Sigma Chemical Co.

Animals. Male BALB/c nu/nu mice, 6–8 weeks old, were
obtained from Japan SLC (Hamamatsu, Japan). All mice were
maintained under specific pathogen-free conditions at the Center
for Animal Experimentation, Chiba University Graduate School
of Medicine. Regular laboratory food and tap water for drinking
were made available ad libitum. All animal experiments were
carried out under the guidelines of the National Research
Council and Chiba University.

Subcutaneous xenografts. Viable βB13 and control mB13 cells
(1 × 107/100 μL PBS) were injected subcutaneously into the
dorsal surface of nude mice under anesthetization of the animals
with diethylether. Mice were killed when the tumor size reached
a volume of approximately 1 cm3. The tumor tissues were used
for immunohistochemistry and western blot analysis.

Immunohistochemical staining. Formalin-fixed, paraffin-embedded
sections were stained with hematoxylin–eosin, and these sections

were also used for immunohistochemical analysis. Immunostaining
was carried out using labeled streptavidin–biotin–peroxidase
(Dako Cytomation Co., Kyoto, Japan) and microwave antigen
retrieval techniques. Mouse monoclonal anti-C/EBP-β (1:100;
Santa Cruz Biotechnology) and mouse monoclonal anti-Bcl-2
(1:100; R&D Systems) were used as the primary antibodies.
Diaminobenzidine tetrahydrochloride substrate was used to
visualize positively stained cells.

Detection of immediate entrapment of intraportally injected B13
cells and nick-end labeling for detection of apoptosis in tissue
sections. Male nude mice, 6–8 weeks old, were used. Either βB13
or mB13 cells (1 × 107/100 μL PBS) were injected intraportally
using 27G needles under anesthetization of the animals with
diethylether. The livers were then removed 2 h after the
injection. The livers were cut into two slices, and each slice was
formalin fixed and paraffin embedded. Four mice were injected
with βB13 cells, and four were injected with mB13 cells. The
immediate entrapment of intraportally injected βB13 or mB13
cells was evaluated by counting the number of cells in five random
1 × 1 cm2 fields in the histological slides. The nick-end labeling
detection of apoptosis in the histological sections was carried
out using an Apoptosis In situ Detection Kit (Wako, Tokyo,
Japan) according to the manufacturer’s instructions. Based on
the staining pattern, tumor cells within the blood vessels in the
liver were determined to be either apoptotic or non-apoptotic.

Detection of viable ββββB13 or mB13 cells in the mouse liver. An
incision was made in the abdominal wall, and the portal vein was
exposed under anesthetization of the animals with diethylether.
βB13 or mB13 cells (1 × 104/100 μL PBS) were injected into
the portal vein with 27G needles. After 24 h, the mice were
killed and the livers were removed (n = 4 in each group). Total
RNA was prepared from the liver tissues. The RT-PCR detection
of Neor mRNA was then carried out.

RNA isolation and RT-PCR. Total RNA was obtained using an
RNAeasy Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. Total RNA (1 μg) was reverse trans-
cribed by random priming using the SuperScript First-Strand
Synthesis System for RT-PCR (Invitrogen). PCR was
carried out in a volume of 25 μL containing 1 μL first-strand
cDNA, forward and reverse primer (0.4 μM each), dNTP (0.2 mM),
MgCl2 (1.5 mM), PCR buffer and Taq polymerase (Amersham
Pharmacia Biotech). Samples were amplified through 35
consecutive cycles, or through other numbers of cycles in order
to evaluate sample quantity. Each cycle consisted of denaturation at
95°C for 60 s, annealing at 54°C for 30 s, and extension for
60 s, with a final extension for 5 min at 72°C. A 6-μL volume
of the PCR mixture was electrophoresed in a 2.0% agarose gel
and stained with ethidium bromide. The following PCR primers
for β-actin and the vector-derived neomycin resistance gene
(Neor) were used: for rat or mouse β-actin, 5′-CTC TTT GAT
GTC ACG CAC GAT TTC C-3′ and 5′-ATC CTG ACC CTG
AAG TAC CCC ATT G-3′, amplifying a 430-bp fragment; and
for Neor, 5′-GCT TGG GTG GAG AGG CTA TTC GG-3′ and
5′-GCC AGT CCC TTC CCG CTT CAG TG-3′, amplifying a
235-bp fragment.

Blood-borne metastasis to the liver. An incision was made in
the left abdominal wall after the animals were anesthetized with
diethlyether. Either βB13 or mB13 cells (1 × 106/100 μL PBS)
were injected into the spleen. At 6 weeks after the injection, the
mice were killed and the livers were removed (number of mice
in each group: βB13, 14; mB13, 15). The entire liver from each
mouse was cut evenly into three slices, and a tissue section from
each slice was stained with hematoxylin–eosin. Microcolonies
of tumor cells were counted under a microscope. The sum of the
counts from the three slices was considered as the number of
micrometastatic colonies in the liver.

Statistical analysis. Statistical analysis of the results was
carried out using Student’s t-test. StatView J-5.0 software (SAS



1708 doi: 10.1111/j.1349-7006.2007.00596.x
© 2007 Japanese Cancer Association

Institute, Cary, NC, USA) was used for all statistical analyses. All
P-values below 0.05 were considered statistically significant.

Results

Generation of ββββB13 cells and their properties. Either empty
(pcDNA3) or C/EBP-β expression vectors (pC/EBP-β) were
stably transfected into AR42J-B13 cells, and the clones obtained
were tested for C/EBP-β expression by western blot analysis.
The C/EBP-β-transfected clone (βB13) was found to produce
activating isoforms of C/EBP-β proteins, namely, full-length
C/EBP-β and LAP. No LIP was detected. The empty vector-
transfected clone (mB13) did not produce any detectable C/EBP-
β protein (Fig. 1a). To examine the localization of C/EBP-β in
the cellular compartments, immunohistochemical detection was used.
Intense nuclear localization was observed in the subcutaneous
βB13-cell tumors, but not in the mB13-cell tumors (Fig. 1b).

As it had previously been reported that C/EBP-β-transfected
AR42J-B13 cells transdifferentiate toward hepatocytes,(23) the
expression of AFP, albumin and amylase was investigated by
western blot analysis. AFP expression was induced, and a slight
upregulation of albumin protein was also seen, which indicated
the presence of C/EBP-β-modified, cell lineage-specific proteins
in the AR42J-B13 pancreatic tumor cells. However hepatic
transdifferentiation was not complete in the case of the βB13
cells, as indicated by a slight upregulation of exocrine pancreatic
cell-specific protein amylase (Fig. 2).

Viability, proliferation and apoptosis in 100% FBS in ββββB13 cells.
Tumor cells are directly, without interposition of the basement
membrane, exposed to serum when they enter blood vessels.
Here, we evaluated the viability and proliferation of AR42J-B13

Fig. 1. Transfection of C/EBP-β to rat pancreatic
tumor cells. (a) The C/EBP-β-transfected AR42J-
B13 (βB13) cells expressed the full-length and
activated isoform liver-activating protein (LAP),
whereas the inhibitory isoform liver inhibitory
protein (LIP) was not detectable by western
blot analysis. Negligible C/EBP-β protein was
detected in mock-transfected AR42J-B13 (mB13)
cells. (b) Xenografted βB13 cells (left) expressed
high levels of C/EBP-β, whereas xenografted
mB13 cells (right) did not.

Fig. 2. Regulation of cell type-specific proteins by C/EBP-β. α-
Fetoprotein expression was induced in C/EBP-β-transfected AR42J-B13
(βB13) cells. An equivalent upregulation of both albumin and amylase
was seen in βB13 cells.
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cells in 100% FBS in vitro. When incubated in 10% FBS, no
differences between βB13 and mB13 cells were observed in
terms of either viability or proliferation (Fig. 3a). The βB13 cells
were able to proliferate in 100% FBS, whereas no proliferation
of mB13 cells was observed in a 100% FBS environment
(P < 0.0001) (Fig. 3b). Early apoptotic cells, recognized as annexin
V-positive and simultaneously propidium iodide-negative cells
in 100% FBS, were present in much greater numbers among the
mB13 cells than among the βB13 cells, whereas in 10% FBS,
apoptosis appeared to occur at a similar rate among mB13 and
βB13 cells (Fig. 3c).

Augmented early survival of intraportally inoculated ββββB13 cells in
the liver. As the product of the neomycin-resistance gene Neor

has the potential to be used as a marker of surviving cells in

mouse tissues, the detection of Neor mRNA was carried out by
RT-PCR. Semiquantitative RT-PCR was done in order to verify
that Neor mRNA was produced in identical amounts by mB13 and
βB13 cells. Almost identical amplification of the housekeeper
gene rat β-actin was observed in mB13 and βB13 cells both
treated for 20 as well as 25 cycles. In addition, the signals for
the products amplified for 25 cycles were more intense than
those amplified for 20 cycles; these results indicated the
exponential stage of amplification and provided support for the
notion that the total cDNA amount produced from mB13 and
βB13 cells was identical. No difference in Neor mRNA expression
was observed between mB13 and βB13 cells with respect to
cDNA with exponential amplifications of 30, 35 and 40 cycles
(Fig. 4a).

Fig. 3. Anti-apoptotic properties in C/EBP-β-
transfected AR42J-B13 (βB13) cells. (a) Pro-
liferation of βB13 (�) and mB13 (�) cells in
ordinary culture medium (10% fetal bovine
serum [FBS]). (b) Proliferation of βB13 (�) and
mB13 (�) cells in 100% FBS (*P < 0.0001). (c) Early
apoptotic cells in 24-h culture in 100% FBS.
Early apoptotic cells were defined as the
annexin V-positive, propidium iodide-negative
cell population, as determined by flow
cytometric examination. Early apoptotic cells in
100% FBS were more numerous in βB13 than in
mB13 cell cultures.

Fig. 4. Early survival of intraportally injected
C/EBP-β-transfected AR42J-B13 (βB13) cells in
liver tissue. (a) Expression of Neor mRNA
in βB13 and mB13 cells. Semiquantitative
reverse transcription–polymerase chain reaction
analysis revealed that Neor mRNA expression
was almost identical among cultured βB13 and
mB13 cells. (b) Early survival of rat tumor cells
(B13) 24 h after intraportal injection. Neor

mRNA expression was detected in three out of
four livers in βB13-injected animals, and in
none of four livers in mB13-injected animals. +,
βB13 cells as a positive control; –, liver tissue
from a phosphate-buffered saline-injected mouse
as a negative control.
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The results of this preliminary investigation suggest that the
amount of amplified Neor mRNA product in mouse tissues
could serve as a marker of the number of viable (surviving) B13
cells. The amplified products of Neor mRNA were detected 24 h
after intraportal injection in three out of four mouse liver tissue
samples that had been inoculated with βB13 cells, whereas the
products of Neor mRNA were detected in none of four liver
samples previously inoculated with mB13 cells (Fig. 4b). These
observations suggest that the βB13 cells acquired an advantage
that allowed them to maintain viability in the liver after the
intraportal injection of the cells.

Anti-apoptotic property of intraportally inoculated ββββB13 cells. The
amplified products of Neor mRNA were only detected in βB13
cell-injected mouse liver tissue samples. However, in this
experiment, the results of RT-PCR may have been affected by a
difference in the number of entrapped cells. Thus, we micro-
scopically investigated livers in which tumor cells had been
intraportally injected. The inoculated B13 cells were located
within small branches of the portal veins and sinusoidal
vasculature in the liver. The inoculated B13 cells could be
distinguished from the intravascular leukocytes based on
cellular size and shape, the presence of nuclear pleomorphisms,
and the chromatin pattern. The immediate entrapment of
intravascularly injected B13 cells was examined as the sum of
apparent viable and degenerated B13 cells in the liver; this sum
did not differ in the case of either βB13 (377.6 ± 253.7/cm2)
or mB13 cells (442.2 ± 424.8/cm2).

Next, the nick-end labeling method of detecting fragmented
DNA was carried out in order to visualize apoptotic B13 cells.
Significantly more mB13 cells than βB13 cells were positive,
thus indicating that the βB13 cells were antiapoptotic (Fig. 5) in
the vasculature.

Induction of Bcl-2 in AR42J-B13 cells by C/EBP-ββββ. We examined
the expression of Bcl-2 and its family members, Bcl-xL, Bax
and Bad, because antiapoptotic properties were observed in
βB13 cells, both in vitro and in vivo. Western blot analysis
revealed that expression of the antiapoptotic proteins Bcl-2
and Bcl-xL was upregulated in the βB13 cells under normal
culture conditions, whereas no remarkable change was observed
in expression of the apoptosis-inducing proteins Bax and Bad
(Fig. 6a). Immunohistochemical analysis revealed that Bcl-2
was more frequently positive among βB13 cells than among
mB13 cells in the liver of tumor-injected mice (Fig. 6b).

Enhanced metastatic properties of ββββ-B13 cells in vivo. The number
of established microcolonies and the maximal diameter of
individual microcolonies were examined 6 weeks after intra-
splenic inoculation of βB13 or mB13 cells. Both the number and
maximal size of the colonies were greater in the βB13-
inoculated livers compared with the mB13-inoculated livers
(Fig. 7), thus indicating that C/EBP-β enhanced the blood-borne
metastatic properties of AR42J-B13 cells.

Discussion

The formation of microcolonies within blood vessels precedes
the establishment of clinically relevant metastatic tumors;(8,9)

survival and proliferation in blood vessels increases the
opportunity for extravasation and growth into large metastatic
nodules. Here, inoculation with βB13 and mB13 cells both
exhibited early intrahepatic entrapment 2 h after intraportal cell
injection, and early intrahepatic entrapment was observed at the
same rate in both groups. One striking observation was that the
intravascular βB13 cells were more likely to escape apoptosis
than were the control mB13 cells. The upregulation of Bcl-2 and

Fig. 5. Apoptosis among C/EBP-β-transfected
AR42J-B13 (βB13) and mB13 cells intraportally
injected into the mouse liver. Liver tissues were
removed from cell-injected mice, and intravascular
tumor cells were examined for apoptosis by the
nick-end labeling method. (a) Nick-end labeling-
positive cells in intravascular βB13 and mB13 cells
in the liver (*P = 0.001). Cells with fragmented
DNA were more numerous among mB13 cells
than among βB13 cells. (b) Nick-end labeling-
positive cells in intravascular βB13 (left) and
mB13 (right) samples.
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Bcl-xL, a key regulator in cell survival, was seen in βB13 cells,
as is also seen in t(14;18) lymphoma cells.(18) These obser-
vations indicated that βB13 cells acquired the property of early
survival (2 h) in the intravascular milieu. The detection of
vector-specific mRNA in the liver 24 h after injection also
supported the notion of enhanced early intravascular survival
via C/EBP-β activity. Additionally, intrasplenically injected
βB13 cells were found to establish more numerous colonies

in the liver, which indicated an enhancement of the metastatic
potential of βB13 cells. These results suggest the possibility that
the promotion of metastatic ability was, in this case, at least
partially mediated by the antiapoptotic properties of βB13 cells
in the intravascular milieu.

However, the mechanisms underlying the enhanced metastatic
potency of βB13 cells should be carefully assessed, because
it is also possible that other C/EBP-β functions, such as the

Fig. 6. The expression of Bcl-2 family proteins
in C/EBP-β-transfected AR42J-B13 (βB13) cells.
(a) Augmented expression of Bcl-2 and Bcl-xL
was observed in βB13 cells cultured in vitro by
western blot analysis. (b) Representative result
of the immunohistochemical study of Bcl-2
expression in vivo. The intravascular βB13 cells
stained positive for Bcl-2.

Fig. 7. Metastatic capacity of C/EBP-β-transfected
AR42J-B13 (βB13) cells. (a) The number of
established colonies detected 6 weeks after
an intraportal injection of βB13 or mB13
cells (*P = 0.0104). (b) The maximal diameter of
individual microcolonies 6 weeks after an
intraportal inoculation with βB13 or mB13 cells
(*P < 0.0001). The boxes show a range of 25–
75%. The horizontal bars in each box indicate
median values.
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upregulation of certain molecules known to be important for
cancer metastasis,(29) can also mediate metastatic enhancement.
It has been demonstrated that the increased expression of apoptotic
inhibitors results in resistance to anoikis among cancer cells in
circulation.(30) Thus, it is also possible that the antiapoptotic
effects of C/EBP-β could antagonize anoikis, in turn resulting in
increased intravascular survival.(30,31) However, no significant
difference in proliferation was observed between βB13 and
mB13 cells cultured in a non-adherent dish, which suggested
that anoikis was not suppressed in βB13 cells (Kishimoto et al.,
unpublished data).

Many tumor cells were observed in the liver 2 h after cell
injection, but mB13 cells could not be detected by RT-PCR
analysis 24 h after cell injection. This indicated that most of the
mB13 cells were eliminated during the 24 h following cell
injection. Previous observations are not in conflict with our
results; the majority of cell loss occurred within 24–48 h of the
intravascular invasion of transformed rat embryo cells,(10) and
during the first 1.5 h to 3 days in an experiment using melanoma
cells.(32)

Culture medium supplemented with 10–20% FBS is used
optimally for in vitro cell expansion, but higher serum concen-
trations are often inappropriate for cultivating tumor cells. Common
epithelial cells do not make direct contact with blood plasma;
however, carcinoma cells are exposed to plasma when they enter
vessels. In this context, we examined cell proliferation in culture
medium supplemented with 100% FBS. It was observed that
βB13 cells proliferated in 100% serum culture, whereas the
mB13 cells did not, which indicated that C/EBP-β conferred
upon the AR42J-B13 cells a tolerance to serum toxicity, even though
the species difference should be considered. The observed tolerance
appeared to be mediated to some degree by an antiapoptotic
mechanism, because serum-induced apoptosis was less frequently
seen among βB13 than among mB13 cells in vitro. These find-
ings appeared to correspond with the in vivo observations in this
study, and also with those of a previous study showing enhanced
metastasis in a colon cancer cell line that conferred tolerance to
serum toxicity induced by dexamethasone treatment.(33) However,
the toxic factor in FBS is still unknown, and thus further study
will be needed to establish that antiserum toxicity is involved in
the mechanism of metastatic efficiency.

The results obtained with the present experimental system
appear to suggest that a single transcription factor, C/EBP-β,
can simultaneously regulate both a metastatic property and the
direction of differentiation in solid tumor cells. It has been
shown that C/EBP-β can force AR42J-B13 cells to transdiffer-
entiate in a hepatocellular direction, in a study that revealed the
ability of C/EBP-β-expressing AR42J-B13 cells to produce AFP,
a protein that serves as a marker of embryonal hepatocytes.(23)

Similar AFP expression was reproduced in the present study. In
addition, albumin expression was found to be slightly increased.
Clinically, aberrant hepatic differentiation is well described (e.g.
AFP production associated with highly malignant properties
with frequent metastasis); however, the precise mechanism
governing the emergence of hepatic differentiation within aden-
ocarcinomas remains unclear. Interestingly, in AFP-producing
gastric adenocarcinoma cell lines, C/EBP-β is expressed, and its
isoforms are regulated by a predominance of LAP.(34)

The introduced C/EBP-β cDNA generated both full-length
and LAP isoforms in AR42J-B13 cells. In addition, a far less
inhibitory isoform, LIP, was generated. Several lines of evidence
have indicated that C/EBP-β-expressing cells exhibit a unique
LAP/LIP ratio, depending on the cell type, thus suggesting that
C/EBP-β does not always function in a positive manner when
the expression of LIP exceeds negligible levels. The results of
the present study suggested that the activating isoforms of C/
EBP-β most likely mediate antiapoptosis in intravascular
AR42J-B13 cells. Thus, it can be hypothesized that the inhibitory
isoform does not necessarily mediate this function, and this lack
of mediation most likely results in a tendency toward unaltered
or even augmented apoptosis. The LAP/LIP ratio is known to be
regulated by several intracellular proteins, including the mTOR
signal pathway proteins,(35) RNA-dependent kinase pathway
proteins(35) and triplet repeat-binding proteins.(36,37) For example,
rapamycin, an inhibitor of mTOR, is known to modulate the
LAP/LIP ratio, resulting in a relative LIP increase.(35) These ratio
regulators might alter C/EBP-β-induced modulation, thereby
exerting an influence on intravascular survival.

To summarize, we will review the three important findings of
this study, although the results were obtained from only one
established cell line. First, the expression levels of Bcl-2 and
Bcl-xL were upregulated in C/EBP-β-introduced AR42J-B13
cells. Next, the viability of these cells was preserved by an
escape from apoptosis in the liver vasculature during the early
period following the in vivo intraportal injection of C/EBP-β-
introduced AR42J-B13 cells. Finally, more numerous metastatic
colonies were generated in the livers of those mice that had been
intrasplenically inoculated with C/EBP-β-introduced AR42J-B13
cells. These results provide support for the hypothesis that the
antiapoptotic activity of C/EBP-β promotes the survival of tumor
cells in an intravascular microenvironment, a step considered
important for the establishment of metastasis.
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