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Abstract

Gene therapy has attracted attention as a potentially effective alternative to liver transplantation for the treatment of hepatic
failure. We chose the C/EBPP gene, which plays vital roles in liver regeneration, as a candidate for gene therapy, and examined
its effect on hepatocyte survival and the suppression of liver inflammation. C/EBPP gene overexpression significantly maintained
hepatocyte viability during 12 days of the culture. Urea synthesis ability, which is a liver-specific function, in Adv-C/EBPB-infected
hepatocytes was stably maintained during the culture, but the activity per cell was significantly lower than that in non-infected cells.
On the contrary, DNA synthesis activity in Adv-C/EBPp-infected hepatocytes was significantly higher than that in non-infected
cells. COX-2 was induced in Adv-C/EBPB-infected hepatocytes, and the addition of NS398, a specific inhibitor of COX-2, sup-
pressed the viability-maintenance effect. COX-2 was thus shown to be involved in the survival effect of C/EBPP gene. The introduc-
tion of the C/EBP gene into liver-damaged mice significantly suppressed the serum AST and ALT activities. These results indicate
that C/EBPP appears to be a survival factor under stressful conditions, and the introduction of the gene has therapeutic function
against liver injury.
© 2005 Elsevier Inc. All rights reserved.
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Liver transplantation has been successfully estab-
lished as an effective therapy for both acute and chronic
hepatic failure. However, increased demand for the
transplantation has caused severe organ shortages all
over the world, because the number of organ donors
has remained constant. Living donor liver transplanta-
tion has also been carried out frequently, but partial
hepatectomy of a healthy donor is quite problematic.
Therefore, an alternative therapy in place of transplan-
tation should be developed to treat hepatic failure, and
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thus overcome the problem of organ shortage. Recently,
gene therapy has attracted attention as a potentially
effective alternative to liver transplantation [1,2]. Ful-
minant hepatic failure is caused by massive hepatocyte
apoptosis and necrosis [3] that can be induced by viral
hepatitis, ischemic liver injury, drug toxicity, and other
causes. Suppression of hepatocyte death and stimulation
of liver regeneration could be an effective treatment for
hepatic failure. We have been searching for genes that
can confer resistance against apoptotic and necrotic cell
death on hepatocytes, and we chose the CCAAT/en-
hancer-binding protein B (C/EBPf) gene as a likely can-
didate for gene therapy.
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C/EBPp belongs to a family of transcription factors
that contain a highly conserved basic-leucine zipper
(bZIP) domain at the C-terminus [4]. Six members of
the family have been isolated and found to be necessary
for normal cellular differentiation and function. C/EBPB
exists in cells as multiple translation products, which are
known as the liver-enriched activator protein (LAP) and
the liver-enriched inhibitory protein (LIP) [5]. LAP con-
tains both an N-terminal transactivation and a bZIP do-
main, whereas LIP lacks the activation domain and acts
as a dominant-negative inhibitor of transcription.
C/EBPS plays vital roles in liver regeneration [6], adipo-
genesis [7], and hematopoietic system [8]. We chose to
introduce the C/EBPP gene into hepatocytes because
the activated isoform, LAP, appears to be important
in promoting proliferation [9]. Here, we show that the
adenoviral transfer of the C/EBPP gene into hepatocytes
conferred on them resistance to apoptotic and necrotic
cell death and that liver inflammation was suppressed
by intraperitoneal administration of the gene.

Materials and methods

Animals. BALB/c mice and Sprague-Dawley rats were purchased
from SLC (Shizuoka, Japan). The animals were housed in an air-
conditioned room at 22 + 1 °C prior to the experiment. The experi-
ments were conducted according to the ethical guidelines of the
Graduate School of Pharmaceutical Sciences, Osaka University. He-
patic injury in male mice, aged 6 weeks, was elicited by the intraperi-
toneal administration of carbon tetrachloride (CCly) at 1 ml/kg body
weight.

Media. The basal medium consisted of 100 U/ml penicillin G,
100 pg/ml streptomycin, 50 ng/ml amphotericin B, and 100 ng/ml
aprotinin (Nacalai Tesque, Kyoto, Japan) in William’s medium E
(WE, ICN Biochemicals, Costa Mesa, CA, USA). Medium A consisted
of 10% fetal bovine serum (FBS, ICN Biochemicals) in basal medium.
Medium B consisted of 1 nM insulin (Sigma Chemicals, St. Louis,
MO, USA) and 1 nM dexamethasone (Nacalai Tesque, Kyoto, Japan)
in Medium A.

Culture conditions. Hepatocytes were isolated from male Sprague—
Dawley rats weighing 150-200 g by perfusing the liver with collagenase
(from Clostridium histolyticum Type IV; Sigma Chemicals, St. Louis,
MO, USA) according to the method of Seglen [10]. Cells were seeded
at a density of 1 x 10° cells/cm? into 12-well polystyrene culture plates
(Nippon Becton—Dickinson, Tokyo, Japan). After 6 h in Medium B,
the cells were cultured in Medium A. The medium was changed every
24 h.

Construction of recombinant adenoviral vectors. We constructed an
El- and E3-deleted recombinant adenovirus vector using the pALC3
cosmid, which was generated by removing the E3 region of the aden-
oviral genome from the pALC cosmid, which already lacks E1 [11].
The C/EBPR expression cassette, shown in Fig. 1A, was flanked by
Swal sites and included the CAG promoter [12], the rat LAP cDNA
with sequence starting from the second ATG codon of the full-length
C/EBPB ORF [5], an internal ribosome entry sequence, enhanced
green fluorescent protein (EGFP) cDNA, and the rabbit B-globin
poly(A) signal. The expression cassette was inserted into the unique
Swal site of pALC3, to make pALC3-C/EBPB. The recombinant
adenovirus vector expressing human C/EBPB (Adv-C/EBPB) was
produced by infecting 293 cells with pALC3-C/EBPB, and the titer of
the virus stock was determined as described previously [11]. Briefly,
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Fig. 1. The expression cassettes were inserted into the pALC3 cosmid.
The cassette contained C/EBPp gene (A) or lacZ gene (B), resulting in
Adv-C/EBPB or Adv-lacZ, respectively.

virus suspensions were serially diluted with medium and added to a 96-
well multiplate seeded with 293 cells. After 10 days, the virus titer was
calculated by examining the wells for the presence or absence of a
cytopathic effect. The control vector, Adv-lacZ, was constructed using
the E. coli lacZ gene instead of the C/EBPp gene (Fig. 1B).

Labeling of proliferating cell nuclei with bromodeoxyuridine.
Hepatocytes cultured for 6 days were treated with 40 pM bromo-
deoxyuridine (BrdU) (Nacalai Tesque) for 24 h. The incorporated
BrdU was evaluated immunocytochemically. The number of cells
with brown nuclei was counted in three randomly selected micro-
scopic fields in each well. The BrdU labeling index (BrdU L.I.) was
calculated as the number of BrdU-positive cells/number of cells in
the same area x 100 (%).

RT-PCR. The total RNAs were extracted from hepatocytes using
Sepasol-RNA I (Nacalai Tesque, Kyoto, Japan). The gene expression
of COX-2 was analyzed using the following primers: forward 5'-TGA
TGACTGCCCAACTCCCATG-3" and reverse 5-AATGTTGAAG
GTGTCCGGCAGC-3'. The gene expression of C/EBPp was analyzed
using the following primers: forward 5'-AAGGCCAAGGCCAAGA
AGGC-3" and reverse 5-TGAACAAGTTCCGCAGCGTG-3'. B-
Actin gene expression was analyzed using the following primers: for-
ward 5-CATCCCCCAAAGTTCTAC-3' and reverse 5-CCAAA
GCCTTCATACATC-3'. RT was performed using a 1-pug total RNA
sample with the BcaBEST RNA PCR kit (TaKaRa, Kyoto Japan).
The PCR conditions were: (1) 94 °C for 1 min; (2) 30 cycles of 30 s at
94 °C, 30 s at 55°C, and 1 min at 72 °C; and (3) 72 °C for 5 min.

Assays. Adherent cells were treated with trypsin at 37 °C for 5 min,
and viability was measured with the trypan blue dye exclusion test. The
amount of urea was determined according to the method of Ormsby
[13]. Serum aspartate aminotransferase (AST) and alanine amino-
transferase (ALT) levels were measured using an assay kit (IATRO-
ZYME TA-Lq; Mitsubishi Kagaku Iatron, Tokyo, Japan).

Statistics. The data were analyzed for statistical significance using
Student’s 7 test.

Results

Effect of CIEBPJ gene overexpression on hepatocyte
function

Isolated rat hepatocytes were infected with recombi-
nant adenovirus during the first 24 h of cultivation on
polystyrene culture plates. After the virus was removed,
the hepatocytes were cultured in medium A. The trans-
lation of the introduced gene was confirmed by observ-
ing fluorescence derived from the cotranscribed EGFP
gene. Immediately following the 24-h Adv-C/EBPJ



184 K. Isoda et al. | Biochemical and Biophysical Research Communications 329 (2005) 182-187

infection period, we observed the fluorescence of the
hepatocytes by confocal laser scanning microscopy. Al-
most all the hepatocytes showed the fluorescence (data
not shown). These results indicate that the adenovirally
introduced genes were transcribed and then translated
within 24 h of hepatocyte culture. Hepatocytes were har-
vested to analyze the expression of the introduced
C/EBPB gene by RT-PCR. Overexpression of the
C/EBP gene was observed in the Adv-C/EBPB-infected
hepatocytes at least 8 days of cultivation (data not
shown). In contrast, Adv-lacZ-infected and mock-in-
fected hepatocytes stopped expressing endogenous
C/EBPp by the sixth day of culture.

The effect of the C/EBPP gene introduced by adeno-
viral infection on the viability of hepatocytes was exam-
ined, to learn whether the C/EBP gene could potentiate
their long-term survival in monolayer culture. Isolated
hepatocytes were infected with Adv-C/EBPB or Adv-
lacZ for 24 h; the virus was then removed from the
medium and the cells were cultured for the next 11 days.
Viable cells were measured by the trypan blue exclusion
test at 4, 8, and 12 days of culture. As shown in Fig. 2,
Adv-C/EBPB-infected hepatocytes significantly retained
their viability throughout the culture period, as com-
pared with the Adv-lacZ- and mock-infected hepato-
cytes. Primary cultured hepatocytes on non-coated
polystyrene plates tend to die by apoptosis or necrosis
and detach from the culture substrate. The overexpres-
sion of the C/EBP gene appears to prevent this hepato-
cyte death in the primary culture.

- -
N (o)}

oo

Cell count (X 10-4cells/cm? )
=N

4 8 12
Culture time (d)

Fig. 2. Maintenance of hepatocyte viability by the Adv-C/EBPB
infection. Hepatocytes were infected with Adv-C/EBPp at an m.o.i. of
100 (filled bars), Adv-lacZ at a m.o.i. of 100 (gray bars), or mock-
infected (open bars). The viability was evaluated with a trypan blue
dye exclusion test at the times indicated. Values are means + SD of
three experiments. Asterisks indicate a value significantly different
from that of the mock-infected control cells (p < 0.01).

The effect of the Adv-C/EBP infection on urea syn-
thesis activity, which is a liver-specific function, was
examined to learn whether hepatocytes retained this dif-
ferentiated function under these growth-promoting con-
ditions. Urea synthesis activity was detected and
expressed both per unit area and per 10° cells. As shown
in Fig. 3A, Adv-C/EBPB-infected hepatocytes retained
the activity per unit area during 12 days of cultivation.
However, the activity per 10° cells was significantly low-
er than those of the Adv-lacZ- and mock-infected hepa-
tocytes (Fig. 3B). Thus, this function of differentiated
hepatocytes appears to be suppressed by the overexpres-
sion of the C/EBPJ gene.

As the C/EBPP gene is well known to be expressed
during liver regeneration, we next examined the effect
of Adv-C/EBPB infection on proliferation-related func-
tions in hepatocytes. The uptake of BrdU was measured
at 6 days of culture to examine whether the overexpres-
sion of C/EBPP stimulated growth in the hepatocyte
monolayers. As shown in Fig. 4, about 35% of the
Adv-C/EBP B-infected hepatocytes were positive for
BrdU uptake. The percentage of positive cells was signif-
icantly higher than that in the cultures of Adv-lacZ- and
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Fig. 3. Effect of Adv-C/EBPp infection on liver-specific activity in
hepatocytes. Urea synthesis activities were measured at the times
indicated in hepatocyte cultures that were infected with Adv-C/EBP
at an m.o.i. of 100 (filled bars), Adv-lacZ at an m.o.i. of 100 (gray
bars), or that were mock-infected (open bars). The activity in the upper
figure (A) is expressed per unit area. The activity in the lower figure (B)
is expressed per 10° cells cultured for 4 days. Values are means + SD of
three experiments. Asterisks indicate a value significantly different
from that of the mock-infected control cells (p < 0.05).
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Fig. 4. Effect of Adv-C/EBPB infection on DNA synthesis in
hepatocytes. After 6 days of cultivation, BrdU uptake was measured
in hepatocytes infected with Adv-C/EBPP at an m.o.i. of 100 (filled
bars), Adv-lacZ at an m.o.i. of 100 (gray bars), and in mock-infected
hepatocytes (open bars). Values are means + SD of three experiments.
The number of BrdU-positive cells/number of cells in the same
area x 100 (%) was expressed as BrdU L.I. Asterisks indicates a value
significantly different from that of the mock-infected (i.e., m.o.i. of 0)
control cells (p <0.01).

mock-infected hepatocytes. Thus, the overexpression of
C/EBPp had a growth-promoting function as well as
an anti-apoptotic one. We next examined the involve-
ment of cyclooxygenase-2 (COX-2) induction in the
growth-promoting effect of the C/EBPp gene; COX-2 is
well known to contribute to liver regeneration after par-
tial hepatectomy. Total RNAs were extracted from re-
combinant adenovirus-infected and mock-infected
hepatocytes at 6 days of culture. The expression of the
COX-2 gene was analyzed by RT-PCR (Fig. 5A). Only
Adv-C/EBP-infected hepatocytes expressed the COX-
2 gene. Hepatocytes were then cultured in the presence
of 50 pM NS398, a specific inhibitor of COX-2, to exam-
ine the involvement of COX-2 expression in the survival
effect of the C/EBPP gene (Fig. 5B). The addition of
NS398 did not affect the viability of the mock-infected
hepatocytes. In contrast, NS398 significantly decreased
the number of viable hepatocytes infected with Adv-C/
EBPPB. These results suggest that the overexpressed C/
EBPB induced the transcription of COX-2, which pro-
duced prostaglandins, such as PGE2, that promoted pro-
gression of the cell cycle.

Suppression of liver injury

Suppressing hepatocyte death and the subsequent
inflammatory response is considered to be important
for the prevention and treatment of liver failure. Prior
to in vivo experiments, the protective effect of the
Adv-C/EBPS infection on the viability of CCl,-treated
hepatocytes was examined in vitro. After 48 h of cultiva-
tion, 10 mM CCl, was added and the hepatocytes were
cultured for another 4 h. Adv-C/EBPB-infected hepato-
cytes had a significantly better survival rate after the
CCl, treatment (Data not shown). ALT and AST activ-
ities in the culture supernatant were elevated by the CCly
treatment, but were lower in the cells treated by Adv-C/
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Fig. 5. Involvement of COX-2 gene expression in the effect of the Adv-
C/EBPf infection. Total RNA was extracted from hepatocytes
infected with nothing (lane 1), Adv-C/EBP at an m.o.i. of 100 (lane
2), or Adv-lacZ at an m.o.i. of 100 (lane 3) at 6 days of cultivation. RT-
PCR analysis was performed using the primers for C/EBPB, COX-2,
and B-actin (A). Hepatocytes were cultured for 6 days in the absence
(open bar) or presence (gray bar) of NS398 (B). Hepatocytes infected
with Adv-C/EBPB were cultured for 6 days in the absence (filled bar)
or presence (hatched bar) of NS398. The viable cells were quantified by
the trypan blue dye exclusion test. Values are means + SD of three
experiments. The asterisk indicates a significant difference between the
value of viable cells that had been infected with Adv-C/EBPB and
cultured in the absence or presence of NS398 (p < 0.05).

EBPB infection. The necrotic cell death induced by CCly
was blocked by the overexpressed C/EBPJ gene.

We next used in vivo experiments to examine the
therapeutic effects of C/EBPB gene overexpression in
mice injured by CCly. Intraperitoneal administration
of CCl, to male BALB/c mice was conducted to induce
liver injury. Six hours after the CCl, treatment, 1 x 10°
pfu of Adv-C/EBPP or Adv-lacZ was administered
intraperitoneally to the injured mice. Serum AST and
ALT activities were measured 48 h after the CCl, injec-
tion (Fig. 6). The normal activities of AST and ALT in
the sera from untreated mice were 65 + 6 and 27 + 4
(KU), respectively. The serum AST and ALT activities
in injured mice were elevated to 3042 4+ 310 and
2829 + 298, respectively. There was no significant
change in the serum AST and ALT activities between
Adv-lacZ- and mock-infected mice. In contrast, the ser-
um AST and ALT activities were significantly lower in
the Adv-C/EBPB-infected mice. These results indicate
that the C/EBP gene introduction has a therapeutic
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Fig. 6. Suppression of liver inflammation by Adv-C/EBP administration. BALB/c mice were intraperitoneally injected with CCly, and then saline
(open bar), Adv-lacZ (gray bar), or Adv-C/EBPp (filled bar) was also later given by intraperitoneal injection (n = 3). After 48 h, the ALT and AST
activities in the serum were measured. Values are means + SD of three experiments. The asterisk indicates a value significantly different from that of

the mock-infected control mice (p < 0.05).

function against hepatocyte injury and suggest that this
gene could be used to treat patients with hepatic failure.

Discussion

The C/EBPB gene, which is upregulated during liver
regeneration, was chosen as a candidate gene for confer-
ring on hepatocytes resistance to apoptotic and necrotic
cell death. An adenovirus vector was used in this study
because of its high gene transduction efficiency and its ra-
pid accumulation in the liver from the bloodstream. The
endogenous expression of the C/EBPP gene in cultured
hepatocytes gradually decreased and was almost lost by
6 days of cultivation. The viability of the hepatocytes sig-
nificantly improved with increased expression levels of
the C/EBPB gene. The introduction of the C/EBPB gene
by adenovirus infection markedly increased the number
of viable hepatocytes during the 12 days of culture. Liv-
er-specific activities and growth-related functions are re-
ported to be reversely regulated in hepatocytes [14,15].
We found that the urea synthesis activity in the Adv-C/
EBPp-infected hepatocytes was maintained, but at a sig-
nificantly lower level than in the control cells. Thus, this
function of differentiated cells was suppressed, and DNA
synthesis activity was upregulated by the overexpression
of the C/EBPB gene. In our previous study, stress-re-
sponsive genes encoding heat shock proteins were upreg-
ulated in monolayer cultures of hepatocytes [16]. Thus,
the C/EBP protein appears to be a hepatocyte survival
factor that is upregulated under stressful conditions. In
this study, we also showed that Adv-C/EBPP infection
conferred on hepatocytes resistance to CCly injury.
Therefore, gene therapy using the C/EBPJ gene to en-
hance hepatocyte survival may be effective for treating
acute liver failure in humans.

The induction of COX-2 was involved in the enhance-
ment of hepatocyte survival by the overexpression of the
C/EBPp gene. COX-2 is induced during liver regenera-
tion after partial hepatectomy, and its induction is con-
comitant with an increase in the expression of C/EBPB
[17,18]. It has been reported that C/EBPP is essential

for COX-2 gene transcription in articular chondrocytes
and macrophages [19,20]. The induction of COX-2 med-
iated by overexpression of the C/EBP gene could result
in the production of prostaglandins, promoting the cell
cycle, and conferring on the hepatocytes resistance to
apoptotic and/or necrotic cell death under stressful con-
ditions that would normally kill them. Since COX-2 is
also upregulated in many cancer cells [21-23], the persis-
tent expression of the COX-2 gene seems undesirable, be-
cause of the possible risk of cancer development.
However, the expression of genes cloned into the adeno-
virus vector is transient, maintained at most for 2-3
weeks, and the subsequent COX-2 induction is not ex-
pected to last long enough for cancer to develop.

We have shown that the administration of Adv-C/
EBPp to CCl-injured mice suppressed liver inflamma-
tion. Because there was no significant difference in the
amount of serum AST and ALT of the mock- and
Adv-lacZ-infected mice, the adenovirus infection ap-
pears to be non-toxic under the conditions used in this
study. Here, we used a mutant of adenovirus type 5
(Ad>S) that has deletions in the E1 and E3 regions [11].
It has been reported that AdS is immediately cleared
from the bloodstream and accumulates in the liver,
where it is mainly taken up by hepatocytes and Kupffer
cells [24,25]. In our preliminary experiments, we exam-
ined whether Adv-C/EBPp infected hepatocytes in vivo
following intraperitoneal administration. Hepatocytes
were isolated 24 h after the injection and cultured in a
monolayer on polystyrene plates. Fluorescence derived
from the expression of the co-transcribed EGFP gene
was observed in some hepatocytes, by confocal laser
scanning microscopy (data not shown). It is not clear
how much Adv-C/EBP is trapped in Kupffer cells or
whether the introduced gene in the Kupffer cells contrib-
utes to suppression of the CCly-induced liver inflamma-
tion. Further analysis and improvement of the
adenovirus vectors are necessary to efficiently deliver
the gene into hepatocytes.

Development of therapies based on the suppression
of hepatocellular apoptosis and necrosis to prevent liver
failure is necessary so as to create an alternative to liver
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transplantation. In this study, we found that C/EBPJ
could function as a survival factor for hepatocytes and
that overexpression of the C/EBPf gene was remarkably
effective for protecting hepatocytes from injury. Since
the administration of Adv-C/EBPB after the liver was
injured with CCly significantly suppressed liver inflam-
mation, gene transduction may be useful therapeutically
for patients with acute and chronic hepatic failure.

Acknowledgments

We thank U. Schibler and S.L. Mcknight for C/EBPJ
plasmids. We are also grateful to M. Imagawa for help-
ful discussion.

References

[1] B.T. Kren, N.R. Chowdhury, J.R. Chowdhury, C.J. Steer, Gene
therapy as an alternative to liver transplantation, Liver Transpl. 8
(2002) 1089-1108.

[2] N. Hecht, O. Pappo, D. Shouval, S. Rose John, E. Galun, J.H.
Axelrod, Hyper-IL-6 gene therapy reverses fulminant hepatic
failure, Mol. Ther. 3 (2001) 683-687.

[3] W.M. Lee, Acute liver failure, N. Engl. J. Med. 329 (1993) 1862—
1872.

[4] D.P. Ramji, P. Foka, CCAAT/enhancer-binding proteins: Struc-
ture, function and regulation, Biochem. J. 365 (2002) 561-575.

[5] P. Descombes, U. Schibler, A liver-enriched transcriptional
activator protein, LAP, and a transcriptional inhibitory protein,
LIP, are translated from the same mRNA, Cell 67 (1991) 569-579.

[6] A M. Diehl, Roles of CCAAT/enhancer-binding proteins in
regulation of liver regenerative growth, J. Biol. Chem. 273
(1998) 30843-30846.

[7]1 G.J. Darlington, S.E. Ross, O.A. MacDougald, The role of C/
EBP genes in adipocyte differentiation, J. Biol. Chem. 273 (1998)
30057-30060.

[8] L.M. Scott, C.I. Civin, P. Rorth, A.D. Friedman, A novel
temporal expression pattern of three C/EBP family members in
differentiating myelomonocytic cells, Blood 80 (1992) 1725-1735.

[9] L.E. Greenbaum, W. Li, D.E. Cressman, Y. Peng, G. Ciliberto,
V. Poli, R. Taub, CCAAT enhancer-binding protein beta is
required for normal hepatocyte proliferation in mice after partial
hepatectomy, J. Clin. Invest. 102 (1998) 996-1007.

[10] P.O. Seglen, Preparation of isolated rat liver cells, Methods Cell
Biol. 13 (1976) 29-83.

[11] F. Tashiro, H. Niwa, J. Miyazaki, Constructing adenoviral
vectors by using the circular form of the adenoviral genome

cloned in a cosmid and the Cre-loxP recombination system, Hum.
Gene Ther. 10 (1999) 1845-1852.

[12] H. Niwa, K. Yamamura, J. Miyazaki, Efficient selection for high-
expression transfectants with a novel eukaryotic vector, Gene 108
(1991) 193-199.

[13] A.A. Ormsby, A direct colorimetric method for the determination
of urea in blood and urine, J. Biol. Chem. 146 (1942) 595-597.

[14] T. Nakamura, K. Yoshimoto, Y. Nakayama, Y. Tomita, A.
Ichihara, Reciprocal modulation of growth and differentiated
functions of mature rat hepatocytes in primary culture by cell-cell
contact and cell membranes, Proc. Natl. Acad. Sci. USA 80 (1983)
7229-7233.

[15] K. Yagi, C. Yamada, M. Serada, N. Sumiyoshi, N. Michibayashi,
Y. Miura, T. Mizoguchi, Reciprocal regulation of prothrombin
secretion and tyrosine aminotransferase induction in hepatocytes,
Eur. J. Biochem. 227 (1995) 753-756.

[16] S. Higashiyama, M. Noda, M. Kawase, K. Yagi, Mixed ligands-
modification of polyamidoamine dendrimers to develop effective
scaffold for maintenance of hepatocyte spheroids, J. Biomed.
Mater. Res. 64A (2003) 475-482.

[17] D.A. Rudnick, D.H. Perlmutter, L.J. Muglia, Prostaglandins are
required for CREB activation and cellular proliferation during
liver regeneration, Proc. Natl. Acad. Sci. USA 98 (2001) 8885—
8890.

[18] M. Casado, N.A. Callejas, J. Rodrigo, X. Zhao, S.K. Dey, L.
Bosca, P. Martin Sanz, Contribution of cyclooxygenase 2 to liver
regeneration after partial hepatectomy, FASEB J. 15 (2001) 2016—
2018.

[19] B. Thomas, F. Berenbaum, L. Humbert, H. Bian, G. Bereziat, L.
Crofford, J.L. Olivier, Critical role of C/EBPdelta and C/EBPbeta
factors in the stimulation of the cyclooxygenase-2 gene transcrip-
tion by interleukin-l1beta in articular chondrocytes, Eur. J.
Biochem. 267 (2000) 6798-6809.

[20] B. Gorgoni, M. Caivano, C. Arizmendi, V. Poli, The transcription
factor C/EBPbeta is essential for inducible expression of the cox-2
gene in macrophages but not in fibroblasts, J. Biol. Chem. 276
(2001) 40769-40777.

[21] H. Murata, S. Tsuji, M. Tsujii, Y. Sakaguchi, H.Y. Fu, S.
Kawano, M. Hori, Promoter hypermethylation silences cycloox-
ygenase-2 (Cox-2) and regulates growth of human hepatocellular
carcinoma cells, Lab. Invest. 84 (2004) 1050-1059.

[22] M.V. Karamouzis, A.G. Papavassiliou, COX-2 inhibition in
cancer therapeutics: A field of controversy or a magic bullet?,
Expert Opin. Investig. Drugs 13 (2004) 359-372.

[23] G.P. Boland, L.S. Butt, R. Prasad, W.F. Knox, N.J. Bundred,
COX-2 expression is associated with an aggressive phenotype in
ductal carcinoma in situ, Br. J. Cancer. 90 (2004) 423-429.

[24] R. Alemany, K. Suzuki, D.T. Curiel, Blood clearance rates of
adenovirus type 5 in mice, J. Gen. Virol. 81 (2000) 2605-2609.

[25] D.M. Shayakhmetov, Z.Y. Li, S. Ni, A. Lieber, Analysis of
adenovirus sequestration in the liver, transduction of hepatic cells,
and innate toxicity after injection of fiber-modified vectors, J.
Virol. 78 (2004) 5368-538]1.



	Stimulation of hepatocyte survival and suppression of CCl4-induced liver injury by the adenovirally introduced C/EBP beta  gene
	Materials and methods
	Results
	Effect of C/EBP beta  gene overexpression on hepatocyte function
	Suppression of liver injury

	Discussion
	Acknowledgments
	References


