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ABSTRACT

Chemokines are classified in four distinct groups as CXC, CC, CX3C and C, depending
on the presence or absence of a motif called ELR (Arg-Leu-Glu) before the first cysteine
residue in their structure. CXC chemokines are also subdivided into ELR* and ELR-.
Increasing evidence has indicated the existence of a chemokine network in the liver which is
involved in both physiological responses and, under certain circumstances, pathological and
repair processes following hepatic injury. The CXC chemokines play a major role in both
these processes, and much attention has been focused on their therapeutic applications to
liver disease.

The aim of this study was to examine the response of cultured hepatocytes to exogenous
inflammatory cytokines (INF-a and IFN-y) regarding expression of IP-10 and growth
regulatory oncogen (Gro) chemokines. In this study we employed western and northern
analysis to measure chemokines at the level of protein and mRNA by hepatocytes in
response to pro-inflammatory cytokines.

We found that, the pro-inflammatory cytokines, TNF-o and IFN-y, selectively stimulated
expression of IP-10 but were without effect on Gro. This confirms a potential direct
involvement of these cytokines in chemokine production by hepatocytes. Thus, IFN-y and
TNF-o may play a role in hepatic injury and inflaimmation and produce some of their
biological effects by localized induction of chemokines by hepatocytes.

Given the similarity to an acute phase response, we were able to show that IFN-y and
TNF-a, mimicked the effects of cell isolation and culture on induction of IP-10 expression.
Further, evidence for linkages between IFN-y and TNF-a and liver injuries is seen in hepatitis
C and hepatitis B in which increased levels of TNF-a and its soluble receptor were reported.
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interferon-y introducing protein-10 (IP-10) has been
shown.” It has also been shown that stimulation of
keratinocytes with TNF-o and IFN-y results in a
concentration and time-dependent elevation of IP-10
via activation of protein kinase C (PKC).* 7
Stimulation of primary human kidney mesangial cells
by TNF-a and IFN-y also increased IP-10 expression
through a NF-kB-dependent pathway, that required co-
operation between the interferon- y signaling response
element (ISRE) and nuclear factor-kappa B (NF-kB)
sites on the IP-10 promoter.'® TNF-o and IFN-y utilize
NF-«B to regulate IP-10 expression in human
fibroblasts cell lines *'° and LPS-stimulated Kupffer
cells.® Hepatocytes in patients suffering from chronic
hepatitis produce IP-10 7 and the concentration of IP-10
is increased in serum of patients with cirrhosis, chronic
B, C and autoimmune hepatitis.”® In hepatitis C
infection and other liver abnormalities, sinusoidal
endothelial cells also produce IP-10 ® and expression of
IP-10 by sinusoidal endothelial cells in vitro in
response to IFN-y, TNF-o and IL-1p suggests that
release of these Th; cytokines promote expression of
IP-10 in hepatitis and patients with alcoholic liver
damage.” In experimental models of liver
ischaemia/reperfusion pre-treatment with IFN-y led to
expression of several CXC chemokines including ELR"
variants such as growth regulation oncogen (Gro) and
ELR variants, specifically IP-10." Expression of Gro
in H4 rat hepatoma cell line'' and in hepatectomized
mouse liver has been shown and it may play important
role in hepatocyte proliferation and liver regeneration.'
Increased Gro expression is associated with some
hepatic injuries and diseases, including, liver
ischaemia/reperfusion in mouse and rat.'’ Given the
above introductory documents, this study was designed
to examine the response of cultured hepatocytes to
exogenous inflammatory cytokines (TNF-o and IFN-y)
to characterise the extent to which expression of CXC
chemokines IP-10 and Gro due to hepatocyte isolation
may mimic the effects of cytokines generated in
inflammation or injuries.

MATERIALS AND METHODS

Perfusion, Isolation and Maintenance of
Hepatocytes in Culture

Hepatocytes were obtained from fed male Sprague—
Dawley rats (BSU, University of Manchester) weighing
approximately 200 g. Hepatocytes were isolated from
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rats by perfusion of the liver with Krebs—Henseleit
bicarbonate (128 mM NaCl, 5 mM KCl, 1 mM
KH,PO4, 1 mM MgSO,, 25 mM NaHCO;, 2.5 mM
CaCl,)/collagenase (Sigma, Poole, UK) under aseptic
conditions.” After 10 min the liver was removed and
under sterile conditions the liver was gently broken
down and filtered through sterile gauze with Krebs—
Henseleit bicarbonate. The cells were washed three
times by differential centrifugation to harvest a
population of large parenchymal cells and each time
gently resuspending the pellet in Krebs—Henseleit
bicarbonate. The final pellet was resuspended in
inoculation medium (serum-free Waymouths MB/721
media; Invitrogen Ltd, Paisley, Scotland, UK) and the
viability of the cells was assessed using trypan blue.
The hepatocytes were used only if they were greater
than 85% viable and were generally 90-95% viable.
The hepatocytes were of high purity and, under the
light microscope, endothelial cells were rare, (never
more than 1% of the population). The hepatocytes were
seeded (2x10° cell/ml) on to collagen type l-coated
plates (3-cm plates for RNA and 6-cm plates for
protein) and cultured in inoculation medium at 37 °C
under an atmosphere of 5% CO2 in O2. After 3 h in
culture, the medium on the cells was replaced with
maintenance medium [Waymouths MB/721 media
supplemented with BSA (0.2% w/v) and sodium oleate
(0.0005% w/v)]. The cells were treated as described in
the figure legends.

Northern Blot Analysis

Hepatocytes were isolated from male Sprague
Dawley rat liver and these cells (2-5 x10°) were added to
culture plates that were pre-coated with collagen type-1.
Cells were firstly suspended in inoculation medium and
added to culture plates that already were primed with
inoculation medium, after 3h inoculation medium was
replaced by fresh pre-warmed maintenance medium.
Hepatocytes were cultured for 24h and then culture was
continued in freshly made maintenance medium
(control) or supplemented with IFN-y (15ng/ml) or TNF-
a (30ng/ml). RNA (20 pg) was electrophoresed on a 1%
agarose/17% formaldehyde gel before being transferred
and fixed onto Hybond-N™ nitrocellulose membrane
(Amersham International, Aylesbury, UK). Part-length
¢DNA of mob-1 was random labelled with [a-**P] dATP
(50 pCi) (ICN Biomedicals Ltd). To standardize the
RNA loading, the filters were reprobed with 18S rRNA
which was labelled with [0-"P] dJATP (20 uCi) using
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Nick translation. The membranes were prehybridized at
42 °C in 50% (v/v) formamide containing 5% SSPE, 2x
Denhardt's, 0.1% (w/v) sodium dodecyl sulphate (SDS)
and 0.1 mg/ml heat-denatured salmon sperm DNA. The
membranes were then hybridized with one of the
labelled cDNA oligonucleotide probes in fresh
hybridization mixture at 42 °C overnight. The
membranes were washed twice for 15 min at room
temperature with 2x SSC/0.1% (w/v) SDS, before a final
20 min wash at 55 °C with 0.1x SSC/0.1% (w/v) SDS.
Then the membranes were autoradiographed using
intensifying screens at —70 °C. Quantitation of the
hybridization intensity was by phosphorimage analysis.

Western Blot Analysis

Hepatocytes were isolated from Sprague Dawley rat
liver. Isolated hepatocytes (2-5 x 10°) were cultured on
collagen type-I matrix pre-coated culture plates. Cells
were initially suspended in inoculation medium and
added to the pre-wetted plates. Cells were cultured up to
24h and then culture was continued in fresh maintenance
medium in the absence (control) or presence of either
TNF-ao (30 ng/ml) or IFN-y (15ng/ml). Medium was
removed at indicated time points, centrifuged and
subjected to SDS-PAGE and immunoblotting. The
immunoblotting data were quantified by densitometry
analysis. At indicated time points, medium was removed
from hepatocyte cultures and centrifuged. Clarified
supernatants from Oh and incubated samples were used
for SDS-PAGE. Immunoblotting and densitometry were
performed to quantify the expression of IP-10 and Gro.
Equal amounts of protein (35 pg) were loaded and
resolved on a 10% SDS-polyacrylamide gel and then
transferred to a nitrocellulose membrane. After blocking
with 3% (w/v) milk in Phosphate Buffer Saline- Tween-
20 (PBST) (10 mM Tris, pH 7.4 containing 140 mM
NaCl, 0.1% (v/v) Tween-20) the nitrocellulose
membrane was incubated overnight at 4 °C in TBST
containing 3% (w/v) milk including anti-rat IP-10 and
Gro (Chemokine.com, Houston, USA supplied by AMS
Biotechnology, Abingdon, UK). Subsequently, anti-
rabbit or anti-mouse horseradish peroxidase-conjugated
antibodies (diluted, 1:1000) were used accordingly and
the ECL detection system (Amersham International) was
used to define protein localization and amount.

Statistical Analysis

All data are expressed as mean+SEM (Standard
errors of mean). Comparisons between two groups
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were performed using an unpaired Student's t test.
Differences were considered significant when P<0.05.

RESULTS

Analysis of Regulation of IP-10 and Gro at Protein
Level by Pro-inflammatory Cytokines

As is clear from Figure 1 and Figure 3, the inclusion
of the pro-inflammatory cytokines, TNF-a or IFN-y,
produced a profound and significant stimulation of
expression of IP-10, with effects observed at the
earliest time point studied (1h after cytokine addition v
relevant time control; P<0.05). The effect was transient,
returning towards control expression by 8h after
cytokine addition. By 24h after cytokine addition, IP-
10 expression had returned to control values. In
contrast, analysis of Gro showed there was no
significant difference in expression of Gro in response
to either IFN-y or TNF-a (except after 24h stimulation
with TNF-a) (Figure 2 and 4).

Analysis of Regulation of IP-10 and Gro at mRNA
Level by Pro-inflammatory Cytokines

Analysis of IP-10 mRNA level showed that both
TNF-a and IFN-y could produce a profound
stimulation of expression.
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Figure 1. Expression of the CXC chemokine IP-10 protein
in the presence and absence of IFN-y.

A) Representative profile of IP-10 protein in control and IFN-y
stimulated cultures by immunoblotting. Lane 1= Oh; lane 2= 1h;
lane 3= 3h; lane 4= 5h; lane 5= 8h; lane 6= 24h after stimulation.
[C: Control; F: IFN-y].

B) The expression of IP-10 in Oh time point in control (not
stimulated) was assigned as 100% of expression and other time
points and conditions are related to those. Values are expressed as
mean + SEM for 4 different experiments. [*P<0.05 v relevant time
control].

IRANIAN JOURNAL OF ALLERGY, ASTHMA AND IMMUNOLOGY /117



Gh. Hassanshabhi, et al.

|-}

120

100 §

A

p Cro/KCIF T el |

GrofE CfC

CHC chemokine protein expression [%5]

Titne (h)

Figure 2. Expression of the CXC chemokine Gro protein
in the presence and absence of IFN-y

A) Representative profile of Gro/KC protein in control and IFN-y
stimulated cultures by immunoblotting. Lane 1= Oh; lane 2= 1h;
lane 3= 3h; lane 4= Sh; lane 5= 8h; lane 6= 24h after stimulation.
[C: Control; F: IFN-y].

B) The expression of Gro/KC in Oh time point in control (not
stimulated) was assigned as 100% of expression and other time
points and conditions are related to those. Values are expressed as
mean + SEM for 4 different experiments.

Significant expression was seen lh after addition of
either cytokine and the subsequent patterns of
expression were similar for each (1h after cytokine
addition v relevant time control; P<0.05) (Figure 5). A
slight variation in the pattern of transient response was
seen at 8h but there was a return to control levels for
both by 24h. The pattern of change contrasted to the
relatively constant and high level of expression of Gro
mRNA. There were no significant differences in
expression of Gro mRNA in response to either IFN-y or
TNF-a (Figure 6). Overall, this study showed that there
was no significant change in expression of Gro by
hepatocytes at either protein or mRNA level in
response to IFN-y or TNF-a.. Herein, we also showed
that addition of IFN-y and TNF-a to the basal culture
of hepatocytes mimicked the transient stimulation of
IP-10 protein and mRNA expression that hepatocytes
experienced during isolation and culture.

DISCUSSION

In this study we have assessed the effects of pro-
inflammatory cytokines, such as IFN-y and TNF-a, on
expression of specific CXC chemokines, Gro and IP-10
in cultured hepatocytes. We have demonstrated that
CXC chemokine IP-10 but not Gro, could be induced at
the level of protein and mRNA in primary rat
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Figure 3. Expression of the CXC chemokine IP-10 protein
in the presence and absence of TNF-a

A) Representative profile of IP-10 protein in control and TNF-a
stimulated cultures by immunoblotting. Lane 1= Oh; lane 2= 1h;
lane 3= 3h; lane 4= Sh; lane 5= 8h; lane 6= 24h after stimulation.
[C: Control; T: TNF-a].

B) The expression of IP-10 in Oh time point in control (not
stimulated) was assigned as 100% of expression and other time points
and conditions are related to those. Values are expressed as meant
SEM for 4 different experiments. [¥P<0.05 v relevant time control].
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Figure 4. Expression of the CXC chemokine Gro protein
in the presence and absence of TNF-a

A) Representative profile of Gro/KC protein in control and TNF-o
stimulated cultures by immunoblotting. Lane 1= Oh; lane 2= 1h;
lane 3= 3h; lane 4= Sh; lane 5= 8h; lane 6= 24h after stimulation.
[C: Control; T: TNF-a].

B) The expression of Gro/KC in Oh time point in control (not
stimulated) was assigned as 100% of expression and other time points
and conditions are related to those. Values are expressed as mean +
SEM for 4 different experiments. [*P<0.05 v relevant time control].

hepatocytes by pro-inflammatory cytokines IFN-y and
TNF-a. In several cases of liver damage, pro-
inflammatory cytokines (IFN-y and TNF-a) have been
identified as key mediators of activation of signalling
cascades and induction of immediate early genes.'*
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Figure S. Expression of the CXC chemokine IP-10 mRNA
in the presence and absence of IFN-y and TNF-a

A) For northern blotting analysis, cultures were continued up to the
stated time point. At each time point, supernatant was removed,
Trizol™ reagent was added, RNA was extracted and purified. RNA
was separated on a RNA gel and transferred onto nylon membranes.
A northern analysis was performed and probed with [a-32p] dCTP-
labelled IP-10 cDNA. 18S RNA was used to standardize for loading
efficiency. [C: Control; F: IFN-y; T: TNF-al.

B) The densitometry data presented are the means + SEM of 4
separate experiments. The data was calculated as a ratio of IP-10
to 18S RNA. Samples treated with either IFN-y or TNF-a at 3h
after stimulation assigned as 100% and other samples are related
to those. [*P<0.05 v 3h stimulation].

Given the similarity to an acute phase response, we
were able to show that IFN-y and TNF-a. mimicked the
effects of cell isolation and culture on induction of IP-
10 expression. In contrast, Gro expression was not
affected. IFN-y has previously been reported to
increase expression of IP-10 in histiocytic lymphoma
cell lines (U937 cells), RAW 264.7 mouse macrophage
cells,' Kupffer cells, hepatocytes' and cultured liver
sinusoidal endothelial cells.® Although IP-10 can be
induced by IFN-y or TNF-a in different cell types, the
exact signalling pathways involved have yet to be
defined, but the linkage to the presence of NF-kB,
ISRE, AP-1 binding sites in the promoter of IP-10 is
again important.'® Both the p55 and p75 components of
the TNF-a receptor and IFN-y receptor are
constitutively expressed by hepatocytes.'” The
involvement of p38 in the ISRE-binding complex and,
also, the translocation of the interferon regulatory
factor-1 (IRF-1) to the nucleus and ability of this
transcription factor to bind ISRE in hepatocytes have
been demonstrated.”® A pathway involving p38, IRF-1
and ISRE can explain the effect of TNF-o on induction
of IP-10 in this pathway. Studies have revealed that
TNF-a is released by hepatocytes in response to
ischemia/reperfusion and partial hepatectomy.'**’
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Figure 6. Expression of the CXC chemokine Gro mRNA

in the presence and absence of IFN-y and TNF-a

A) For northern blotting analysis, cultures were continued up to
the stated time point. At each time point, supernatant was
removed, Trizol™ reagent was added to the plate, RNA was
extracted and purified. RNA was separated on a RNA gel and
transferred onto nylon membrane. A northern analysis was
performed and probed with [a-32p] dCTP-labelled Gro/KC
cDNA. 18S RNA was used to standardize for loading efficiency.
[C: Control; F: IFN-y; T: TNF-a].

B) The densitometry data (Section 2.4.6) presented are the means
+ SEM of 4 separate experiments. The data was calculated as a
ratio of Gro/KC to 18S RNA. Sample treated with either IFN-y or
TNF-o at 3h after stimulation was assigned as 100% and other
samples are related to those.

Thus, TNF-a may play a role in hepatic injury and
inflammation and produce some of its biological effects
by localised induction of chemokines by hepatocytes.*
Further, evidence for linkages between TNF-o and
liver injuries is seen in hepatitis C ' and hepatitis B * in
which increased levels of TNF-o and its soluble
receptor were reported.”” However, in studies in vivo it
is not possible to specify which type of liver cells
(parenchymal or non-parenchymal) are the source of
chemokines. Studies in vivo have shown clear increased
levels of IFN-y and TNF-a in the liver and serum in
hepatitis.”* Our studies in vitro show that parenchymal
cells can express IP-10 in response to IFN-y and TNF-
a.. This confirms a potential direct involvement of these
cytokines in chemokine production by hepatocytes.
Consistent with these findings, the expression of I-TAC
(another IFN-y-inducible CXC chemokine, reported to
be induced in hepatitis) has been shown to be
stimulated by IFN-y and TNF-a in cultured Huh-7
hepatoma cells.” It has also been shown that LPS-
induced expression of IP-10 was increased by IFN-y in
hepatocytes.”> Romagnani et al., (2002) showed that
primary kidney mesangial cells and human visceral
epithelial cells express both IP-10 and monokine
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induced by gamma interferon (MIG) in response to
IFN-y and TNF-a or a combination of both cytokines.
They also showed that NF-kB was essential for
stimulation of chemokine expression.” We have shown
in our study that the expression of the CXC chemokine
Gro was not affected by IFN-y and TNF-a and similar
results have been obtained by several investigators in
liver cells. IFN-y selectively decreased LPS-induced
expression of Gro in mouse peritoneal macrophages
and human neutrophils.”? Hassanshahi and colleagues
in another study showed that Gro is constitutively
expressed by H4 hepatoma cells and this was not
affected by different environmental stimuli such as
hyper smolarity, hydrogen peroxide and heat shock,
which in a way is in agreement with these results."'

In conclusion the results of this study showed that,
pro-inflammatory cytokines, TNF-o and IFN-y,
selectively stimulated expression of IP-10 but were
without effect on Gro in cultured hepatocytes.
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