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Abstract

Background/Aims: Increased concentration of plasma TNF-a. correlates with the clinica

course of alcoholic liver diseases. In addition, hepatic RANTES which migrates CD4 T

lymphocytesto liver isincreased in patients with alcoholic hepatitis. We investigated that

roles of TNF -a on RANTES expression in hepatocytes.

Methods: HLE cells were treated with TNF-a. in the presence, or absence of several
inhibitors. Enzyme-linked immunoassay and reverse transcriptase-polymerase chain
reaction were performed for the measurement of protein production and mRNA of
RANTES, respectively. Moreover, DNA-binding activity of NF-xB was investigated using
electrophoretic mobility shift assay. To exam effects of TNF-a on RANTES gene
expression, luciferase assay was performed.

Results: TNF-a clearly up-regulated RANTES expression in a time-dependent fashion and
induced DNA-binding activity of NF-kB. Moreover, TNF-a -induced RANTES expression
was completely inhibited by SB203580, but not calphostin C and wortmannin. Luciferase
assay showed that TNF-a increased RANTES gene expression and mutation of NF-xB
binding sitesin the RANTES promoter ablated TNF-o. inducibility.

Conclusions: We presented that RANTES was transcriptionally induced in human

hepatoma cells by treatment with TNF-o. via activation of NF-kB and p38 MAP kinase,

presumably suggesting that TNF-a-induced expression of RANTES plays important roles

in cell-mediated liver injury in acoholic liver diseases.
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(Introduction part)

Alcoholic hepatitis is the dominant precursor lesion in those subjects consuming
excessive quantities of alcohol who eventually develop cirrhosis (1-4). Increased
concentrations and activity of plasma cytokines produced by monocytes, macrophages, and
hepatocytes, including interleukin-1 and tumor necrosis factor (TNF)-o in patients with
acohalic liver diseases, correlate with the clinical course of liver disease and are of
prognostic value (5-8). Especially, high levels of circulating TNF-o have been found to
correlate with increased mortality in acoholic hepatitis (6, 9-11). Moreover, the production
of TNF-a by isolated monocytesis increased in patients with fulminant hepatic failure and
severe alcoholic hepatitis (12,13). Therefore, severa lines of clinica evidence in patients
suggest that TNF-a may have a critical role in the pathogenesis of liver injury associated
with acoholic hepatitis.

Regulated upon activation, normal T-cells expressed and secreted (RANTES),
which is one of the CC chemokines, mainly migrates T lymphocytes to inflamed tissues (14,
15) and is produced by fibroblasts, T lymphocytes, monocytes, and endothelial cells (16).
Furthermore, Rowell et a reported that hepatic RANTES was increased in patients with
alcoholic hepatitis (17). In experimental alcoholic liver disease in rats, RANTES was
elevated in hepatocytes (18). Immunohistochemica studies of alcoholic cirrhotic livers
have indicated that both CD4 and CD8 T lymphocytes can be detected in expanded portal
tracts and in periseptal areas associated with interface hepatitis and progressive fibrosis (19).
CD8 T lymphocytes have atendency to occupy the periphera areas of the infiltratesin

portal tracts, whereas CD4 T lymphocytes are more centrally located (19). Furthermore

CD8 T lymphocytes lead to hepatic necrosis. Thus, it is suggested that liver-infiltrating T

lymphocytes from patients with alcoholic liver diseases are accumulated by RANTES and

accelerates hepatic injury.
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It is reported that RANTES isinduced by TNF-a in T lymphocytes, pulmonary
vascular endothelia cells, bronchial epithelid cells, and granuloma cells from human
preovulatory follicle (20-23). However, whether TNF-a. directly induced RANTES in
hepatocytesis yet unknown. We presented here direct evidence for the fact that RANTES
was transcriptionally induced in human hepatoma cells by treatment with TNF-a,
presumably viaits cognate NF-«B sitesin the RANTES promoter. Furthermore,
TNF-a-induced RANTES production in hepatocytes required p38 mitogen-activated

protein (MAP) kinase activation. Our data might indicate that TNF-a.-induced expression

of RANTES plays important rolesin cell-mediated liver injury in alcoholic liver diseases.
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Materials and Methods

Cell culture

Human hepatoma cell line HLE was provided by Japanese Cancer Research Resources
Bank (JCRB) (24). The HLE cells were cultured in the minimum essential medium (MEM)
supplemented with 20% fetal calf serum (GIBCO BRL, New York, U.S.A.) supplemented
with 100 pg/ml penicillin, and 100 U/ml streptomycin at 37 °C, in a humidified atmosphere
of 5% COyinair.

Ligands

Recombinant human TNF-a was purchased from Boehringer Mannheim Corporation
(Indianapolis, IN) and was dissolved in distilled water supplemented with 0.1 % human
serum albumin. Protein kinase C inhibitor calphostin C was purchased from Wako
Chemical (Tokyo, Japan) and dissolved in dimethyl sulfoxide. Phosphatidylinositol (PI)3
kinase inhibitor wortmannin and p38 MAP kinase inhibitor SB203580 were purchased
from Calbiochem-Behring Co. (La Jolla, CA) and Sigma chemical CO (St. Louis, MO),

respectively and dissolved in ethanol.

Measurement of RANTES protein

Aliquots of cultured medium were frozen at - 70 °C until assayed. L evels of RANTES were
measured with a specific enzyme-linked immunoassay (ELISA) kit (R&D Systems,
Minneapolis, MN, USA), according to the manufacturer’s instructions. Sensitivity of the

assay was as follows: RANTES, 5 pg/ ml.

RNA extraction and reverse transcriptase-polymerase chain reaction (RT-PCR) analysis
Tota RNA was extracted from HLE cells according to the method of Chomczynski and

Sacchi (25), which includes a single step of acid guanidium thiocyanate (GTC) and
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phenol/chloroform extraction. RNA was quantitated spectrophotometrically. Synthesis of
the first strand of cDNA and PCR analysis were performed according to the instructions
delivered with the RNA PCR Kit (AMV) Ver.2 (TaKaRa). In brief, 500 nanograms of total
RNA were subjected to first-strand cDNA synthesis in a 20 pl reaction containing 10 mM
Tris-HCI (pH. 8.3), 50 mM KCI, 5 mM MgCls, 1 uM of each dNTP, in presence of 2.5 uM
random 9 mer nucleotides, 20 U RNase inhibitor and 5 U avian myeloblastosis virus
reverse transcriptase. After completion of first-strand cDNA synthesis, the reaction was
stopped by heat inactivation (5 min, 99°C). For RT-PCR anaysis, cDNA amounts
equivaent to 500 ng of total RNA were subjected to PCR amplification in a50 pl reaction
containing 10 mM Tris-HCI (pH. 8.3), 50 mM KCl, 5 mM MgCl5, 200 uM of each dNTP,
20 UM of each primer, and 2.5 U of TaKaRa Tag DNA polymerase. For RANTES mRNA,
samples from HLE cells were amplified at 94°C for 5 min, at 56°C for 90 seconds and at
72°C for 120 seconds, followed by 28 cycles at 94°C for 30 seconds, at 56°C for 90 seconds,
and at 72°C for 120 seconds. The following primers were used: for RANTES, sense
5-GCTGTCATCCTCATTGCTAC-3’, antisense 5>-TCCATCCTAGCTCATCTCCA-3’;
for GAPDH, sense 5>-~ACATCGCTCAGACACCATGG-3’, antisense
5-GTAGTTGAGGTCAATGAAGGG-3’. Samples of 10 pl of the PCR products were
electrophoresed through 1.5% agarose gels and visualized by ethidium bromide. Then, PCR
was performed at different cycle numbers for each primer set to ensure that the assay was in

the linear range for each molecule tested.

Preparation of whole cell extracts and electrophoretic mobility shift assay (EMSA)

Whole cell extracts were prepared as described previously (26). Briefly, cells were washed
twice with PBS and incubated in 20 mM HEPES (pH. 7.9), 350 mM NaCl, 1 mM MgCl,,
0.5mM EDTA, 0.1 mM EGTA, 1% Nonidet P-40, 0.5 mM dithiothreitol (DTT), and 0.4

mM 4-(2-amino-ethyl)benzenesulfonyl fluoride hydrochloride (Boehringer Mannheim) on
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ice a 15 min. After centrifugation at 10,000 g for 20 min, the supernatant was used as a
whole cell extract. Equal amounts of whole cell extracts (10 pg of protein) were incubated
with 30,000 cpm of *P-labeled H2k oligonucleotide probe for binding NF-kB. Reactions
were performed in 20 pl of binding buffer containing 20 mM HEPES (pH. 8.4), 60 mM
KCl, 4% Ficoll, 5mM DTT, 1 ug of bovine serum albumin, and 2 g of poly(di-dC), for
20 min at 30°C. The reaction mixture was loaded on a 4% polyacrylamide gel and run in

1X Tris-borate-EDTA buffer. The gel was dried and subjected to autoradiography.

Reporter plasmid and luciferase enzyme assays

RANTES promoter-luciferase reporter plasmid was akind gift from Dr. A. M. Krensky
(Stanford University School of Medicine) and described previously (27). The kB1 site at
positions -53 to -44 and the kB2 site at positions -39 to -30 of the RANTES promoter were
respectively mutated in 5’-flanking sequence of the RANTES gene by
oligonucleotide-directed, site-specific mutagenesis according to instructions delivered with
the site-directed mutagenesis kit (Promega). The mutant sequences utilized for the kB1 and
the kB2 were GGAAACTtaC and GGtaATGCCC, respectively. Lower case letters
represent mutant nucleotides. HLE cells were plated in 6-well plastic dishes (IWAKI Glass,
Funabashi, Japan) and washed three times with PBS, then medium was replaced with
Opti-MEM medium (Life Technologies, Inc., Grand Island, NY). Plasmid mixtures were
mixed with 4 pl of Trans-IT lipofection reagent (Life Technologies, Inc.) and added to the
culture. After 6 h, the medium was replaced with fresh medium supplemented with 10%
FCS and cells were treated with TNF-a for 24 h. After normalization of transfection
efficiency by B-galactosidase expression, luciferase enzyme activity was determined by

Lumat LB9501 (Berthold Japan, Tokyo, Japan).
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Results

Production of antigenic RANTES by TNF-a

To examine the effect of TNF-o. on RANTES production in HLE cells, ELISA was
performed. Conditioned mediawere collected from cells treated with 10 ng/ml of TNF-a.
for theindicated times. As shown in Fig. 1A, TNF-a significantly increased RANTES
protein in a time-dependent manner. After 24 h-culture in the presence of 10 ng/ml of
TNF-q, thel. Cell viability was intact in the medium containing 10 ng/ml of TNF-a. (data
not shown). Next, to test the effect of TNF-a on RANTES mRNA expression, RT-PCR
analysis was performed. As shown in Fig. 1B, 10 ng /ml of TNF-a time-dependently
increased steady-state levels of RANTES mRNA in HLE cells. At 12 h incubation of
TNF-o,, RANTES mRNA expression reached aplateau in HLE cells (Fig. 1B). Thus, we
showed that TNF-a clearly induced RANT ES production in human hepatoma cells.

Induction of DNA-binding activity of NF-xB by TNF-«

To determine the effect of TNF-a. on NF-xB activation in HLE cells, EMSA were
performed. Whole cell extracts were prepared from HLE cells following 0.5 t0 24 h
incubations with TNF-a. (10 ng/ml). The kxB-binding activity of the protein extracts was
analyzed using an oligonucleotide encoding the NF-xB site of the magjor histocompatibility
complex class | promoter. Here, DNA-binding activity of NF-xB was strongly induced by
TNF-o and was maximal at 1 h (Fig. 2A, lane 4). Moreover, TNF-a continuously activated
DNA-binding activity of NF-«B until 10 hours tested (Fig. 2A, lanes 3 - 7). In addition,
TNF-a-induced mobility shifts were abrogated by prior heat inactivation (95°C, 10 min)
(datanot shown). To identify Rel proteins associated with TNF-a-induced NF-xB-DNA
complexes, competition and supershift analyses were performed. Whole cell extracts from
HLE cells activated by TNF-a (10 ng/ml) were used. Successful competition was observed

using unlabeled NF-kB probe (Fig. 2B, lane 2), whereas an unrelated oligonucleotide was
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ineffective (Fig. 2B, lane 3). Moreover, TNF-a-induced DNA-binding activity of NF-kB
was clearly supershifted by anti-p65 and p50 antibodies, but not by anti-c-Rel antibody (Fig.

2B, lanes 4 - 6 compared with lane 1).

Roles of NF-«B in TNF-a-induced RANTES promoter activity

To test effects of TNF-a on RANTES gene expression, luciferase assay was performed
using the reporter plasmid. According to dosage, TNF-o increased RANTES gene
expression (Fig. 3B, lanes 1-3). Thus, TNF-a induced RANTES expression at the
transcriptional level. Next, to define more precisely the roles of kB sitesin
TNF-a-controlling RANTES expression, each cis-acting element of NF-xB binding sites
was mutated individually. The RANTES gene upstream sequence contains the two putative
NF-xB binding sites (kB1 and xB2; -44 and -30 relative to the transcription start site,
respectively). Figure 3A presents mutations of individua cis-acting elements of NF-xB
binding sites. The base vector for these constructions was the wild-type pN construct (Fig.
3A, upper). Mutation of either kB1 or kB2 ablated TNF-a inducibility, suggesting that both
sites were required for TNF-a induction of RANTES (Fig. 3B, lanes 4 - 9). These results
might indicate that TNF-a induced RANTES gene expression through NF-xB activation.

Roles of p38 MAP kinase in TNF-a-induced RANTES production

To clarify roles of protein kinase C, Pl kinase, and p38 MAP kinase in TNF-o-induced
RANTES production, we used calphostin C, wortmannin, and SB203580 and performed
ELISA and RT-PCR analysis. SB203580 distinctly reduced both TNF-a-induced protein
and mRNA of RANTES, though calphostin C could not inhibit TNF-a-effects (Fig. 4A and
4B). In contrast, TNF-a-induced RANTES production was more increased by wortmannin
at the levels of protein and mRNA (Fig. 4A and 4B). Moreover, wortmannin alone

significantly induced RANTES protein production in a dose-dependent fashion (Fig. 4A,
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lane 4, 5). Collectively, these results might show that TNF-o up-regulated RANTES

production in HLE cellsviap38 MAP kinase.
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Discussion

In the present study, we found that TNF-o induced RANTES expression in
cultured human hepatoma cells. Moreover, TNF-a-induced RANTES expression might be
through its cognate NF-xB binding sitesin the RANTES promoter. Functional studies
indicate that multiple cis-acting elements interspersed within the RANTES promoter
sequence contribute to promoter activity upon cell activation (28). The upstream sequence
of the RANTES gene contains a number of putative cis-acting elements for transcription
factors such as activator protein-1, nuclear factor-interleukin 6, and NF-xB (28). In addition,
we asserted that mutation on NF-xB binding sites markedly reduced TNF-o inducibility,
possibly indicating that NF-kB is apotent inducer of RANTES expression in response to
TNF-o.. Nelson et a have already demonstrated that both NF-xB binding sites are criticaly
required for the basal activity of the RANTES promoter in activated T lymphocytes (29).

Moreover, we have aso previously shown that chenodeoxycholic acid-induced RANTES
expression required both NF-kB binding sitesin the RANTES promoter (27). Thus, we
might confirm that two NF-xB binding sitesin the RANTES promoter played an important
role in the functional transactivation in response to TNF-o in human hepatoma cells.

p38 MAP kinase was originaly identified in pre-B lymphocytes transfected CD14
and macrophages in response to endotoxin and hyperosmolarity (30). In addition to these
stimuli, p38 MAP kinase is a so activated by physicochemical stresses, cytokines (31,32).
Our results showed that TNF-o-induced RANTES production was completely inhibited by
p38 MAP kinase inhibitor SB203580 in a dose-dependent manner. Hashimoto et al have
also reported that abrogation of p38 M AP kinase activity by SB203580 repressed
TNF-a-induced p38 MAP kinase activity and RANTES production in human pulmonary
vascular endothelia cells (21). However, they did not refer to NF-kB activation in response

to TNF-a.. p38 MAP kinase is known to regulate various transcription factors, such as
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ATF-2 and NF-xB, which in turn modulate the transactivation capacity of the transcription
enhancers (33-35). Moreover, TNF-a is known to activate p38 MAP kinase in many kinds
of cells (reviewed in 36,37), though it is not investigated whether TNF-o induced p38 MAP
kinase in hepatocytes. Furthermore, it was already known that TNF-a, activates 1B kinase
(IKK) B and induced NF-kB through degradation of IkBa. (reviewed in 38,39). Several
investigators have demonstrated that NF-xB activation is due to dependent- or
independent-pathway of p38 MAP kinase (40-42). Goebeler et a presented that
NF-xB-dependent expression of monocyte chemoattractant protein-1 in primary endothelial
cellswas regulated by both IKK-mediated 1kB phosphorylation and p38-dependent
transcriptional activity of p65 (40). In cardiac myocytes, TNF-a-activation of p38 MAP
kinase induced IKK (41). On the other hand, it is demonstrated that NF-«xB is not adirect
target for the p38 M AP kinase pathway in osteoblasts, since neither TNF-a.-induced
DNA-binding activity of NF-xB nor TNF-a-induced IkBa degradation was modulated by
SB203580 (42). We presented in this study that inhibitions of either NF-xB binding to
DNA or p38 MAP kinase clearly repressed TNF-a-induced RANTES production in
hepatocytes. Further study should examine whether RANTES gene expression is induced
by collaboration of NF-kB and p38 MAP kinase.

Specific genetic polymorphisms have been detected in patients with alcoholic liver
disease, most notably mutations in the TNF promoter and mutations in
alcohol-metabolizing enzyme systems (43). Under these condition, it is suggested that
TNF-a production by peripheral blood monocytes and Kupffer cellsin patients with
alcoholic hepatitisis easily increased, suggesting that such patients may have alower

threshold for TNF-a release in the presence of endotoxin (13). Interestingly, it is reported

that alcohol consumption aone does not lead to the development of marked liver necrosis

(44). Thus, it is suggested that increased TNF-a induces RANTES gene expression in

hepatocytes and secreted RANTES from hepatocytes accumulates T lymphocytesinto liver.
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In the presence of liver-infiltrated CD4 T lymphocytes, cytotoxic CD8 T lymphocytes are

activated and able to attack hepatocytes directly (45). Collectively, TNF-a-induced

production of RANTES in liver has an important role in cell-mediated hepatic injury in

acoholic liver diseases.

In summary, we presented that TNF-a. induced protein and mRNA expression of
RANTES in human hepatoma cells though activation of NF-kB and p38 MAP kinase,
possibly suggesting that TNF-o. play a pivotal role in migration of inflammatory cells by

RANTES to the liver in patients with alcoholic liver diseases.
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Figure Legends

FIGURE 1. Effect of TNF-a. on RANTES production in HLE cells. A: RANTES protein in
conditioned media. ELISA was performed as described in Materials and Methods.
Conditioned mediawere collected after treatment with 10 ng/ml of TNF-a for indicated
times. Experiments were performed quadruplicately. Results were presented as mean + SE
of three independent experiments. B: RANTES mRNA. RT-PCR analysis was performed
using total RNA in HLE cells as described in Materials and Methods. GAPDH was used as
an internal control. (Bottom) Densitometric quantification of RANTES mRNA / GAPDH

MRNA ratio.

FIGURE 2. DNA-binding activity of NF-kB was induced by TNF-o. in HLE cells. EMSA
using H2k oligonucleotide for a probe was performed as described in Materials and
Methods. A: Time course. HL E cells were treated with 10 ng/ml of TNF-a for indicated
times. Specific NF-xB bands were shown as closed triangles. Unbound |abel ed
oligonucleotides were presented as open triangles. Data was representative of three similar
experiments. B: Competition and supershift anaysis. For competition, EM SA was
performed using specific (SC) or nonspecific (NC) oligonucl eotides on extracts obtained
following 1 h of 10 ng/ml TNF-a.. For supershift analysis, EM SA was performed using
anti-p65, p50, or c-Rel antibody on extracts obtained following 1 h of 10 ng/ml of TNF-a.
Specific NF-xB bands (p65 and p50) were shown as closed triangles. Unbound |abeled
oligonucleotides were presented as open triangles. Datais representative of three similar

experiments.

FIGURE 3. TNF-a induced RANTES gene expression through two cis-acting elements of
kB sites on the RANTES promoter. A: Schematic maps of the RANTES reporter
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constructions. Two NF-kB binding sites were shown askB1 and kB2. Here, pN was wild
type RANTES promoter construct plasmid. Mutated sites are shown with an X. Mutation of
kB1 or kB2 site is shown as pmkB1 or pmxB2, respectively. B: Transcriptional effect of
TNF-a on RANTES gene expression. Cells were transfected with 1 pg of pN, pmxB1 and
pmiB2. After transfection, cells were incubated with indicated concentrations of TNF-a.
After 24 hours, cellular extracts were prepared for luciferase enzyme assay. Experiments
were performed quadruplicately. Levels of luciferase activity of pN in unstimulated cells

were taken as 1.0. Results were mean + SE of three independent experiments.

FIGURE 4. Effect of caphostin C, wortmannin and SB203580 on TNF-a-induced
RANTES production in HLE cells. A: RANTES protein in conditioned media. ELISA was
performed as described in Materials and Methods. Conditioned media were collected after
treatment with 10 ng/ml of TNF-a for 24 h in the presence or absence of caphostin C,
wortmannin and SB203580. Experiments were performed quadruplicately. Results were
presented as mean + SE of three independent experiments. B: RANTES mRNA. RT-PCR
analysis was performed using total RNA in HLE cells as described in Materials and
Methods. GAPDH was used as an internal control. Cells were treated with 10 ng/ml of
TNF-a for 24 hin the presence or absence of cal phostin C, wortmannin and SB203580.
(Bottom) Densitometric quantification of RANTES mRNA / GAPDH mRNA ratio.
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