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Abstract

Purpose It was reported from this laboratory that Kupffer
cells (KCs) were activated in patients infected with HCV.
Since dendritic cells, monocytes, and macrophages were
activated by stimulation with HCV-related proteins, the
specific aim of this study was to investigate the role of
HCV-related proteins in activation of KCs, the signal
pathway of activation of KCs mediated by Toll-like
receptor (TLR) 4, and the influence of HCV infection on
function of KCs.

Methods Kupffer cells isolated from non-cancerous sur-
gical specimen were co-cultured with HCV-related pro-
teins (Core, NS3, NS4, and NS5), and production of
cytokines (TNF-o, IL-1f, and IL-10) and hydrogen per-
oxide were assessed. Furthermore, effects of neutralization
antibodies against the TLR2, TLR3, or TLR4, and cyto-
chalasin B on the production TNF-a by KCs were
investigated.

Results Kupffer cells produced markedly a proinflam-
matory cytokine TNF-a by stimulation with all HCV-
related proteins studied, and values were as same as pro-
duction by KCs stimulated with LPS. Importantly, this
production in the case of NS3 was significantly blunted by
about 60% by neutralization antibodies against the TLR4,
but not cytochalasin B. Production of TNF-« by isolated
KCs stimulated with LPS was significantly greater in the
HCV-infected livers than the HCV/HBV-negative livers.
Conclusions These results indicated that HCV-related
proteins may cause prolonged activation of KCs in the
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Abbreviations
DMSO  Dimethyl sulfoxide

ELISA  Enzyme-linked immunosorbent assay
HCC Hepatocellular carcinoma

HCV Hepatitis C virus

ICAM-1 Intercellular adhesion molecule-1
IL Interleukin

KC Kupffer cell

LPS Lipopolysaccharide

MIP Macrophage inflammatory protein
NS3 Nonstructural 3 protein

NS4 Nonstructural 4 protein

NS5 Nonstructural 5 protein

t-BOOH  t-Butyl hydroperoxide

TLR Toll-like receptor

TNF Tumor necrosis factor
Introduction

Hepatocellular carcinoma (HCC) is one of the most com-
mon cancers in the world, and hepatitis C virus (HCV)
infection is the most frequent cause of HCC in Japan at
present [1]. The incidence of HCC associated with HCV
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infection is also thought to be increasing elsewhere in the
world; [2, 3], however, the long-term prognosis of HCC
remains unsatisfactory because of the high incidence of
multicentric or intrahepatic metastatic recurrences; there-
fore, the mechanisms underlying the development of HCC
must be investigated in greater detail.

HCYV infection increases the number of CD68-positive
cells in the liver [4]. Previously, we reported that intrahe-
patic oxidative stress correlated to the number of CD68-
positive cells in patients infected with HCV [5]. Further-
more, oxidative stress in the liver induced DNA damage in
hepatocytes, and resulted in increases in the postoperative
intrahepatic recurrence of HCC [5, 6]. Activated Kupffer
cells, hepatic macrophages, increased in patients infected
with HCV [7], and produced reactive oxygen species; [8,
9], however, the exact activation mechanism of Kupffer
cells is still unclear.

Dendritic cells, monocytes, and macrophages were
activated by stimulation with HCV-related proteins, such
as core and NS3, and the signal pathway of this activation
was regulated by Toll-like receptor (TLR) [10-12].
Accordingly, the specific purpose of this study was to
investigate whether HCV-related proteins could activate
Kupffer cells isolated from human liver tissues. Further-
more, effects of HCV infection on the function of Kupffer
cells were also investigated.

Materials and Methods
Patients and Liver Tissues

Kupffer cells were isolated from patients who underwent
surgical resection of a liver tumor at the University of
Yamanashi Hospital (Yamanashi, Japan) between
November 2004 and November 2007. The presence and
identification of hepatitis C virus was determined by one or
more of the following techniques: (1) presence of anti-
HCV and anti-HBV reactive serum proteins, (2) reverse
transcription-PCR for serum HCV-RNA or (3) branched
DNA-HCV probe assay. Informed consent was obtained
from all subjects who participated in the study and the
study was approved by the Institutional Board on Ethics for
Human Science at the University of Yamanashi.

Kupffer Cell Isolation

Kupffer cells were isolated according to the method of
Heuff et al. [13], with some modifications. Tumor-free
liver tissues were collected from surgical specimens during
liver tumor surgery. Liver tissues were dissected with
scissors and incubated with Liver Perfusion Medium (LPM)
containing 8,000 mg/l NaCl, 400 mg/l KCI, 88.17 mg/l
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NaH,PO42H,0, 120.45 mg/l Na,HPO,, 2,380 mg/l 2-[4-
(2-hydroxyethyl)- 1-piperazinyl]ethanesulfonic acid (HEPES),
350 mg/l NaHCOj3;, 190 mg/l ethylene glycol-bis(2-ami-
noethylether)-N,N,N',N'-tetraacetic acid (EGTA), 900 mg/l
glucose, and 6 mg/l phenol red. Subsequently, they were
ground manually through mesh (pore size 100 um) and
incubated in LPM with CaCl,2H,0 containing 0.05% col-
lagenase (Sigma-Aldrich Co., St. Louis, MO) on a magnetic
stirrer at 37°C for 30 min. After incubation, the suspension
was filtered through mesh (pore size 100 pm) and the
filtrate was centrifuged at 720 x g for 7 min. The pellet
was resuspended in 50 ml Gey’s balanced salt solution
(GBSS) and centrifuged at 720 x g for 7 min. After
washing, the pellet was resuspended in 10 ml GBSS. Non-
parenchymal cells were separated from nonviable cells,
parenchymal cells and erythrocytes by centrifugation on a
16% Nycodenz (Nycomed, Oslo, Norway) gradient for
20 min, 1,900 x g at 4°C. The interface was collected,
resuspended in 50 ml GBSS, and continuously centrifuged
at 720 x g for 7 min. The final pellet was resuspended in
Dulbecco’s modified Eagle’s medium (DMEM; Invitrogen,
Carlsbad, CA) with 10% fetal bovine serum (Invitrogen)
and 5 ml antibiotic—antimycotic solution (Sigma-Aldrich
Co., St. Louis, MO) containing 100 U/ml penicillin,
100 pg/ml streptomycin and 0.25 pg/ml amphotericin B.

Assays for TNF-«, IL-18, and IL-10

Isolated Kupffer cells were plated onto 24-well tissue
culture plates and incubated in a humidified atmosphere of
5% CO, at 37°C for 24 h. Subsequently, dish-adhering
cells were incubated with or without recombinant HCV-
related proteins (core (aa 2-192), NS3 (aa 1,192-1,456),
NS4 (aa 1,916-1,947), or NS5 (aa 2,061-2,302); Virogen,
Watertown, MA) or lipopolysaccharide (LPS; Sigma-
Aldrich Co., St. Louis, MO). Isolated Kupffer cells were
stimulated with 1, 5, or 10 pg/ml HCV-related proteins.
Furthermore, the effects of neutralization antibodies
against Toll-like receptor (TLR) 2, TLR3, TLR4, or cyto-
chalasin B on the production TNF-a by Kupffer cells were
investigated. Before administration of HCV-related pro-
tein, NS3 protein, Kupffer cells were pre-incubated with
monoclonal antibody against human TLR 2 (Imgenex, San
Diego, CA) 20 pg/ml for 1 h, monoclonal antibody against
human Toll-like receptor 3 IMGENEX) 20 pg/ml for 1 h,
monoclonal antibody against human TLR 4 (Imgenex, San
Diego, CA) 20 pg/ml for 1 h, cytochalasin B (Sigma-
Aldrich) 20 pM for 1 h, dimethyl sulfoxide (DMSO;
Sigma-Aldrich) 2 pl/ml for 1 h in a humidified atmosphere
of 5% CO, at 37°C. Supernatants were collected 24 h later
and stored at —80°C until assay for TNF-a, IL-1f, and
IL-10 using specific cytokine enzyme-linked immunosor-
bent assay kits (Biosource International, Inc., Camarillo,
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CA). Contamination of LPS was not detected in HCV-
related proteins or other reagents. Kupffer cells were
washed with residual cultured medium with PBS and
solved with Cell Culture Lysis Reagent (Promega Co.
Madison, WI). The solution was collected and stored at
—80°C, until analyzed for protein concentration using a DC
Protein Assay kit (Bio-Rad Laboratories, Heracles, CA).
The concentration of cytokines was divided by the cell
protein concentration.

Measurement of Net, Total Hydrogen Peroxide
Generation by Kupffer Cells

Isolated Kupffer cells 2.0 x 10° were placed in a 96-well
microplate and incubated in a humidified atmosphere of
5% CO, at 37°C for 24 h. After incubation, the culture
medium in each well was replaced with 200 pl HBSS
buffer with 2’,7’-dichlorofluorescein diacetate (DCF-DA;
Sigma-Aldrich; 50 pmol/l) as intracellular reactive oxygen
species marker for 30 min. Subsequently, the dish adherent
cells (Kupffer cells) were washed out DCF-DA with HBSS.
Before and after incubation with or without HCV-related
proteins (core, NS3, NS4, or NS5) or t-Butyl hydroperox-
ide (Sigma-Aldrich) in a humidified atmosphere of 5%CO,
at 37°C for 6 h, the fluorescence in each cell was measured
in a fluorescence microplate reader (Molecular Devices Co;
SpectraMax®340PC384) using an excitation of 485 nm
and an emission detection of 535 nm. Values after 6 h of
administration subtracted from former value were shown.

Statistics

The STATVIEW software (ver. 5.0, SAS Institute, Cary,
NC) was used for statistical analysis. Categorical variables
were compared using the Fisher exact test or Chi-square test
as appropriate. Inter-experiment comparisons in cytokine
concentrations for the different culture conditions were
analyzed by means of Student’s ¢ test or Mann—Whitney’s
U test as appropriate. All values were reported as mean-
s £ SE and a p value <0.05 was considered to be significant.

Results

HCV-Related Proteins Activated Kupffer Cells Isolated
from Human Liver Tissues

In this study, a total of 37 consecutive patients were
enrolled and assigned to the HCV/HBV negative group
(n = 22), HCV group (n = 15; Table 1). There were no
significant differences between groups in all parameters
traditionally evaluated in patients with the exception of
pathology and histology of liver. The production of TNF-«

Table 1 Clinical characteristics of patients

Characteristics HBsAg (—) HBsAg (—) p value
HCVAD (-) HCVAb (+)
(n=22) (n = 15)
Age (year)® 625+ 34 69.6 £ 2.5 ns®
Gender

Males 13 (59.1%) 11 (73.3%)

Females 9 (40.9%) 4 (26.7%) ns®
ALT* 30.5 + 5.7 39.7 + 8.5 ns®
AST?* 34.1 £ 6.6 39.1£55 ns”
Hepatic resection area

Hr0 6 (27.3%) 2 (13.3%)

HrS 4 (18.2%) 6 (40%)

Hrl 5 (22.7%) 4 (26.7%)

Hr2 6 (27.3%) 3 (20%)

Hr3 1 (4.5%) 0 ns®
Pathology

HCC 6 (27.3%) 14 (93.3%)

HCC + CCC 1 (4.5%) 1 (6.7%)

CcCC 3 (13.6%) 0

Meta 6 (27.3%) 0

Others® 6 (27.3%) 0 p = 0.0015
Histology of liver

Activity

0 15 (68.2%) 0

1 4 (18.2%) 1 (6.7%)

2 3 (13.6%) 6 (40%)

3 0 8 (53.3%) p < 0.0001

Fibrosis

0 16 (72.7%) 3 (20%)

1 2 (9.1%) 0

2 1 (4.5%) 0

3 3 (13.6%) 4 (26.7%)

4 0 8 (53.3%) p = 0.0007

% The data shown are the mean & SE
® ns, not significant

¢ Others include gallbladder cancer, 2; focal nodular hyperplasia, 2;
hepatolithiasis, 1; hilar cholangiocarcinoma, 1

by isolated Kupffer cells was minimal without stimulation
(Fig. 1a). On the other hand, TNF-o production increased
significantly by stimulation with HCV-related proteins in a
dose-dependent manner, except for NS4. Furthermore,
HCV-related protein induced a large amount of TNF-o
production by Kupffer cells as same as those production
with LPS stimulation.

Production of IL-1f by isolated Kupffer cells was
minimal without stimulation (Fig. 1b). On the other hand,
IL-18 production increased significantly by stimulation
with HCV-related proteins, except for core proteins.
Although the greatest production was observed in Kupffer
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Fig. 1 Production of cytokines by isolated Kupffer cells isolated
from patients without HCV/HBV infection. Kupffer cells isolated
from patients without HCV/HBV infection were stimulated with-
HCV-related proteins or LPS for 24 h. Supernatants were collected
and analyzed for TNF-o(a), IL-1$ (b), and IL-10 (c¢) by ELISA. Core

cells incubated with 5 pg/ml of NS5, this production was
much lower than TNF-o production by Kupffer cells.

IL-10 production by isolated Kupffer cells was minimal
without stimulation (Fig. 1c). On the other hand, IL-10
production increased significantly by stimulation with
HCV-related proteins, except for core proteins. Further-
more, the greatest production was observed in Kupffer cells
incubated with 1 pg/ml of NS5. Although HCV-related
proteins induced IL-10 production by isolated Kupffer
cells, the values were much lower than TNF-« production
by Kupffer cells.

The Signal Pathway of Activation of Kupffer Cells
by HCV-Related Proteins Was Partially Mediated
by TLR4

TNF-o production by isolated Kupffer cells was minimal
without stimulation (Fig. 2). Production was markedly
increased in Kupffer cells co-incubated with NS3 proteins
and DMSO. Furthermore, the production was not blunted
by treatment with a phagocytosis blockade, cytochalasin B.

Production was markedly increased in Kupffer cells
co-incubated with NS3 proteins (Fig. 3). This increase was
significantly, but not totally, blunted by antagonists for
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Fig. 2 Effect of cytochalasin B on production of TNF-o by isolated
Kupffer cells. TNF-« production by isolated Kupffer cells stimulated
with NS3 protein (10 pg/ml) in the presence or absence of cytocha-
lasin B was measured by ELISA. dimethyl sulfoxide, DMSO;
nonstructural 3 protein, NS3. Data represent the mean + SE
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Fig. 3 Effect of TLR2, TLR3, or TLR4 antagonist on cytokine
production by Kupffer cells isolated from patients without HCV/HBV
infection. Production of TNF-« by Kupffer cells isolated from patients
without HCV/HBYV infection by stimulation with NS3 protein (5 pg/ml)
was investigated in the presence or absence of TLR2 antagonist,
TLR3 antagonist, or TLR4 antagonist. Monoclonal antibody against
human toll-like receptor 2, TLR2 antagonist; monoclonal antibody
against human toll-like receptor 3, TLR3 antagonist; monoclonal
antibody against human toll-like receptor 4, TLR4 antagonist; and
nonstructural 3 protein, NS3. Data represent the mean + SE

TLR4, but not TLR2 or TLR3. Neutralization antibodies
against TLR4 also inhibited the production of IL-10, and
the results were similar to those of TNF-a (Fig. 4).

Effects of HCV Infection on the Function of Kupffer
Cells

In Kupffer cells isolated from livers in patients infected
with HCV or without HCV/HBV infection, significant
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Fig. 4 Effect of TLR4 antagonist on cytokine production by Kupffer
cells isolated from patients without HCV/HBV infection. Production
of TNF-a (a) and IL-10 (b) by Kupffer cells isolated from patients
without HCV/HBV infection by stimulation with NS3 protein (10 pg/ml)
was investigated in the presence or absence of TLR4 antagonist.

Production of IL-10
(pg/mg protein)

production of TNF-« was induced by stimulation with LPS
(Fig. 5a). These values were significantly greater in Kupffer
cells isolated from livers infected with HCV compared to
Kupffer cells isolated from livers without HCV/HBV
infection. Although HCV-related protein also induced
production of TNF-o by Kupffer cells isolated from both
HCV-infected and HCV/HBV non-infected livers, there
were no significant differences in the production of TNF-«
by stimulation with all HCV-related proteins studied.

Hydrogen peroxide production by isolated Kupffer cells
was not different between HCV-infected livers and HCV/
HBV non-infected livers (Fig. 5b). Although hydrogen
peroxide production increased in both HCV-infected and
HCV/HBV non-infected livers after stimulation with
t-BOOH, this production was significantly greater in HCV/
HBYV non-infected livers compared to HCV-infected livers.
The production of hydrogen peroxide by Kupffer cells
stimulated with each of NS3, NS4, or NS5 increased in
HCV/HBV non-infected livers; however, this event was
not observed by stimulation with core proteins. On the
other hand, the production did not increase in Kupffer cells
isolated from HCV-infected livers after stimulation with
core, NS3, NS4, or NS5 proteins.

Discussion

In the present study, the activation of Kupffer cells by
stimulation with HCV-related proteins was investigated.
This is the first report to document the activation of human
Kupffer cells by stimulation with HCV-related proteins.
Furthermore, the signal was partially regulated by TLR4.

=~
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| medium | | saline | | TLR4 |
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Monoclonal antibody against human toll-like receptor 4, TLR4
antagonist; and nonstructural 3 protein, NS3. Data represent the mean
£ SE. ¥, P < 0.05 compared to the absence of TLR4 antagonist by
the means of Mann—Whitney’s U test
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Fig. 5 Functional heterogeneity of the Kupffer cell between liver
infected with HCV and the non-infected liver. Production of TNF-o
(a) and hydrogen peroxide (b) by Kupffer cells isolated from patients
infected with HCV (striped bar) or without HCV/HBV (solid bar)
was investigated. Production of TNF-o and hydrogen peroxide was
measured as described in “Materials and Methods”. Core protein,

Effects of HCV-Related Proteins on Kupffer Cell
Activation

Previous study reported that activated Kupffer cells pro-
duced reactive oxygen species and inflammatory cytokines
[14], which induced liver injury. Furthermore, monocytes
[11] and macrophages [12] were activated by stimulation
with HCV core or NS3 proteins. In the present study,
Kupffer cells were activated by HCV-related proteins, and
produced a significant amount of TNF-o (Fig. 1a). TNF-«
signals increase the expression of adhesion molecules such
as ICAM-1 and chemokines such as MIP, and increase the
number of infiltrating inflammatory cells in the liver [4],
leading to liver injury. Thus, HCV-related proteins are
most likely involved in the mechanism of liver injury in the
HCV-infected liver.

Previous work has shown that the intrahepatic mRNA
expression of IL-1f was greater in patients suffering from
liver cirrhosis than chronic hepatitis. Furthermore, the
mRNA expression of IL-1§ positively correlated with the
mRNA expression of TNF-o only in chronic HCV-infected
patients [4]. In the present study, IL-18 production by
stimulation with HCV-related proteins was low, and not
correlated with TNF-a production (Fig. 1b). Thus, Kupffer
cells activated by HCV-related proteins were not a pre-
dominant source of IL-1f in the chronic HCV-infected
liver. Furthermore, in the present study, production of IL-10
by Kupffer cells stimulated with HCV-related proteins
was also significantly lower compared to the production
of TNF-o (Fig. 1c). Taken together, activated Kupffer
cells by HCV-related proteins produced predominantly
pro-inflammatory cytokine TNF-.
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core; nonstructural 3 protein, NS3; nonstructural 4 protein, NS4;
nonstructural 5 protein, NS5; lipopolysaccharide, LPS; and t-Butyl
hydroperoxide, t-BOOH. Data represent mean £+ SE. *, p < 0.05
compared to Kupffer cells isolated from patients without HCV/HBV
infection; t, p < 0.05 compared to the medium; and §, P < 0.01
compared to the medium by Student’s #-test

It was reported that tetraspanin CD81 and scavenger
receptor Class B type I were receptors for HCV envelope
glycoprotein E2 in HCV entry [15, 16], and TLR2 was a
receptor for core and NS3, as for dendritic cells, mono-
cytes, and macrophages [10, 11]. The present study
reported that TLR4 was the receptor for NS3 in Kupffer
cells, however, production of TNF-o by Kupffer cells
stimulated with core, NS4, or NS5 proteins did not blunt
in the presence of antagonists for TLR4 (data not shown).
Since truncated part of NS3 used in the present study was
different from the part of NS3 used in the previous study
[10], this may be a cause of inconsistent results. Indeed,
TNF-a production by isolated Kupffer cell stimulated with
the part of NS3 used in the previous study was not
blocked by antagonist for TLR-2 or TLR-4 (data not
shown).

Involvement of Kupffer Cells in Carcinogenesis
in HCV-Infected Livers

Kupffer cells have been linked primarily to a pathological
role in liver injury induced by hepatotoxins, including
CCl4 [17], ethanol [18], and acetaminophen [19]. On the
other hand, Kupffer cells may also have hepato-protective
functions in acetaminophen-induced liver injury [20].
Under this condition, TNF-« induces the release of
inflammatory mediators, and causes liver damage [21]. In
addition, TNF-« causes proliferation, regeneration [21],
and apoptosis [22, 23] in hepatocytes. On the other hand,
TNF-o increases the IL-18R expression in HCC, and the
promotion of anti-apoptotic effects on HCC in vitro [24].
Furthermore, TNF-« related to carcinogenesis was induced
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by the inactivation of p53, which was induced by the
production and promotion of macrophage migration
inhibitory factor induced by TNF-a signaling [25]. In
addition, TNF-a which was elevated in patients infected
with HCV, induced liver damage [26] and DNA damage
[27]. Thus, large amount production of TNF-o by acti-
vated Kupffer cells stimulated with HCV-related proteins
(Fig. 1a) may contribute to aggravation of hepatitis and
carcinogenesis in the liver infected with HCV.

HCYV Infection’s Affects on the Function of Kupffer
Cells

Kupffer cells act as antigen-presenting cells in the chronic
viral infected liver and phagocytes in the non-infected liver
[7]. Furthermore, in the physiological condition, Kupffer
cells are CDl14-negative. On the other hand, CD14 is
induced under the pathophysiological condition, such as
inflammation [28], suggesting that function of the Kupffer
cell may be affected by infection with HCV. Therefore, the
functional heterogeneity of Kupffer cells was investigated
in livers infected with or without HCV in the present study
(Fig. 5). Indeed, there were no significant differences in
production of pro-inflammatory cytokine TNF-o by iso-
lated Kupffer cells between HCV-infected liver and non-
infected liver after stimulation with HCV-related proteins.
In contrast, the production of hydrogen peroxide by iso-
lated Kupffer cells stimulated with core or NS3 was sig-
nificantly lower in the chronic HCV-infected liver
compared to HCV-negative liver (Fig. 5b). Thus, chronic
infection of HCV affects the function of the Kupffer cells.

The production of TNF-a by monocytes stimulated with
LPS was greater on chronic-HCV patients compared to
healthy controls [11]. It was previously reported that
the mRNA expression of CD14 and MD-2, which are
co-receptors for LPS, were upregulated in monocytes in
patients infected with HCV compared with healthy controls
[29]. Furthermore, in the present study, the production of
TNF-a by isolated Kupffer cells stimulated with LPS was
significantly greater in the chronic HCV-infected liver
compared to the HCV-negative liver (Fig. 5a). Thus,
Kupffer cells in HCV-infected livers were more susceptible
for endotoxin. A previous study reported that endotoxin
levels in the systemic circulation elevated in chronic hepa-
titis patients, and the plasma endotoxin levels progressively
related to the severity of liver dysfunction [30]. Further-
more, there was a positive correlation between portal and
systemic circulation LPS [31]. Thus, the enhanced suscep-
tibility to endotoxin in Kupffer cells may be one cause of
deterioration of inflammation in the HCV-infected liver.

In the present study, HCV-related proteins activated
Kupffer cells isolated from human liver tissues. Further-
more, the signal pathway of TNF-« production by isolated

Kupffer cells stimulation with HCV-related proteins was
partially mediated by TLR4. Moreover, HCV infection
enhanced susceptibility to endotoxin in the Kupffer cell.
These results indicated that HCV infection and HCV-
related proteins may be one cause of prolonged activation
of Kupffer cells, leading to the accumulation of inflam-
matory cytokines that may contribute to DNA damage and
carcinogenesis.

Kupffer cells isolated from patients without HCV/HBV
infection were stimulated with HCV-related proteins or
LPS for 24 h. Supernatants were collected and analyzed for
TNF-a (A), IL-1§ (B), and IL-10 (C) by ELISA. Core
protein, core; nonstructural 3 protein, NS3; nonstructural 4
protein, NS4; nonstructural 5 protein, NS5; lipopolysac-
charide, LPS. Data represent the mean £ SE. T, p < 0.05
compared to medium; and *, p < 0.01 compared to med-
ium by Student’s t test.

TNF-a production by isolated Kupffer cells stimulated
with NS3 protein (10 pg/ml) in the presence or absence of
cytochalasin B was measured by ELISA. Dimethyl sulf-
oxide, DMSO; nonstructural three protein, NS3. Data
represent the mean + SE.

Production of TNF-a by Kupffer cells isolated from
patients without HCV/HBYV infection by stimulation with
NS3 protein (5 pg/ml) was investigated in the presence or
absence of TLR2 antagonist, TLR3 antagonist, or TLR4
antagonist. Monoclonal antibody against human Toll-like
receptor 2, TLR2 antagonist; monoclonal antibody against
human Toll-like receptor 3, TLR3 antagonist; monoclonal
antibody against human Toll-like receptor 4, TLR4
antagonist; and nonstructural 3 protein, NS3. Data repre-
sent the mean £ SE.

Production of TNF-« (A) and IL-10 (B) by Kupffer cells
isolated from patients without HCV/HBV infection by
stimulation with NS3 protein (10 pg/ml) was investigated
in the presence or absence of TLR4 antagonist. Monoclonal
antibody against human Toll-like receptor 4, TLR4 antag-
onist; and nonstructural 3 protein, NS3. Data represent the
mean £ SE. *, p < 0.05 compared to the absence of TLR4
antagonist by the means of Mann—Whitney’s U test.

Production of TNF-« (A) and hydrogen peroxide (B) by
Kupffer cells isolated from patients infected with HCV
(striped bar) or without HCV/HBV (solid bar) was
investigated. Production of TNF-o and hydrogen peroxide
was measured as described in “Materials and Methods”.
Core protein, core; nonstructural 3 protein, NS3; non-
structural 4 protein, NS4; nonstructural 5 protein, NSS5;
lipopolysaccharide, LPS; and t-Butyl hydroperoxide,
t-BOOH. Data represent mean + SE. *, p < 0.05 com-
pared to Kupffer cells isolated from patients without
HCV/HBY infection; T, p < 0.05 compared to the medium;
and f, p <0.01 compared to the medium by Student’s
t test.
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