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Expression of CXC chemokine IP-10/Mob-1 by primary
hepatocytes following heat shock

Gholambossein G. Hassanshahi, MD, PhD, Sanjai S. Patel, BSc, MD,
Abdollah A. Jafarzadeh, MD, PbD, Alan J. Dickson, MD, PhD.

ABSTRACT

Objective: To examine the expression of chemokine
IP-10/Mob-1 of hepatocytes in responses to the
stress imposed during isolation by collagenase
perfusion.

Methods: This study was performed in the Faculty
of Life Sciences University of Manchester during
2001-2005. We employed western and northern
blotting analysis to detect IP-10/Mob-1 in isolated
and cultured hepatocytes in response to isolation
stresses and under heat shock stimulation in this
project.

Results: We showed that the ELR'CXC chemokine,
IP-10/Mob-1 issecreted fromisolated rat hepatocytes
immediately after isolation and early during culture
and IP-10/Mob-1, expression by hepatocytes was
also stimulated in response to heat shock.

Conclusion: It seems that hepatocytes mimic the
experiences of liver injury in vivo such as during
stress, trauma, or after insults, and therefore, produce
stress related agents like IP-10/Mob-1 chemokine
to overcome such a injurious condition following
isolation and heat shock stimulation. This study also
provides a useful model to study the regulation of
expression of this chemokines iz vitro.
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Liver is one of the most important organs of the body and
is involved in several aspects of metabolism.! Within
the liver cells, parenchymal cells undertake the majority
of liver-specific functions."” Hence, isolated and in vitro
cultured hepatocytes are used globally in both industry
and academia.’ Several known injurious conditions such as
hepatitis, ischaemia/reperfusion, sepsis/endotoxemia, and
drugs causes recruitment of macrophages, neutrophils,
and other immune cells to the liver.* Neutrophils are
recruited to the hepatic vasculature following local liver
injury, and consequent CXC chemokine production or
exposure of liver to inflammatory cytokines.> Involvement
of CC chemokines such as macrophage chemotactic
factor-1 (MCP-1), ELR* CXC chemokines (such as IL-
8/MIP-2), and ELR chemokines (such as IP-10/Mob-1) in
acetaminophen-induced liver injuries, and modulation of
liver regeneration processes, has been reported.”'° Enhanced
expression of interferon gamma inducible protein-10 (IP-
10)/Mob-1 has also been detected in liver in conditions
of abnormalities. There is no detectable IP-10/Mob-1 in
normal liver in vivo, however, higher expression of IP-10
has been shown to occur in response to hepatic injury
and partial hepatectomy, alcoholic liver disease and liver
sepsis.'"  Several independent research groups have
documented the stimulation of expression of IP-10/Mob-1
subsequent to hepatocyte isolation.'®”” Given these brief
introductory facts, we assumed that during the processes of
liver cell isolation by collagenase perfusion and early culture,
hepatocytes experience a stressful condition similar to the
situations they encounter in cases of liver injuries (such
as, insults, trauma, infection, and inflammation including
some diseases states). Thus, in the process of isolation and
culture, some stress-related signals will be activated, leading
hepatocytes to enter a response homologous to the stress
response that occurs in immune responses, characterized
with early expression of some mediators including
chemokines to overcome the injurious situation. Therefore,
this work aimed to examine early signaling events that are
triggered, and activated by hepatocyte isolation and early
culture, and how they influence hepatocytes response to
these types of conditions. Hence, we have chosen one of
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the stress mediators (CXC chemokine IP-10/Mob-1)

for analysis.

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 rats by perfusion of
the liver with Krebs-Henseleit bicarbonate (128 mM
NaCl, 5 mM KCI, 1 mM KH,PO,, 1 mM MgSO,, 25
mM NaHCOS, 2.5 mM CaClz)/collagenase (Sigma,
Poole, UK) under aseptic conditions. After 10 minutes,
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 3 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
>85% viable and were generally 90-95% viable. The
hepatocytes were of higher purity, and under the light
microscope, endothelial cells were rare, (never more
than 1% of the population). Random batches of cells
were checked for endothelial cell contamination using
specific antibody immunofluorescence with antibodies
to von Willebrands factor (Santa Cruz Biotechnology,
California, USA). The hepatocytes were seeded (2x10°
cell/ml) on to collagen type 1-coated plates (3-cm plates
for ribonucleic acid (RNA) and 6-cm plates for protein)
and cultured in inoculation medium at 37°C under an
atmosphere of 5% CO, in O,. After 3 hours in culture,
the media on the cells was replaced with maintenance
medium (Waymouths MB/721 media supplemented
with bovine serum albumin (BSA) [0.2% w/v] and
sodium oleate [0.0005% w/v]). The cells were treated as
described in the figure legends.

Cloning. The amplified fragment of complementary
DNA (cDNA) (approximately 50 ng) was ligated
into pUAg cloning vector (100 ng) (Ingenius, R & D
Systems Europe Ltd, Abingdon, UK) by incubation
with T4 ligase (1 Weiss unit) and ligase reaction buffer
(30 mM Tris—HCI, pH 7.8 containing 10 mM MgCl,
10 mM DTT, and 1 mM ATP) to a final volume of 10
pL for 16 hours at 4°C. The vector was transformed into
Escherichia coli XL-1 Blue and grown on Luria-Broth
(LB) plates containing ampicillin (50 pg/ml) overnight
at 37°C. Colonies were selected and cultured overnight
at 37°C in LB media containing ampicillin as before.
From this overnight culture, the pUAg vector with the
ligated cDNA fragment was isolated using the Plasmid
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Midi kit (Qiagen Ltd, Dorking, Surrey, UK). The cDNA
fragment was excised from the pUAg vector using the
restriction enzyme Hind III (Boehringer Mannheim,
Sussex, UK) for 1 hour at 37°C. The restriction digest
was electrophoresed on a 1% agarose gel at 70 V for
1 hour. The cDNA fragment was excised from the gel
and purified from the agarose using the Gel Extraction
Kit (Qiagen) and sequenced using dye-terminator
chemistry.

Northern blot analysis. The RNA (20 ug) 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 ¢cDNA of IP-10/Mob-1
was random labeled with (a-*?P) dATP (50 uCi) (ICN
Biomedicals Ltd). To standardize the RNA loading, the
filters were reprobed with 18S rRNA, which was labeled
with [a-*"P] dATP (20 uCi) using Nick translation.
The membranes were prehybridized at 42°C in 50%
(v/v) formamide containing 5x sodium-salt-phosphoric
acid-EDTA 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 labeled 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 minutes 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. At indicated time points,
medium was removed from hepatocyte cultures and
centrifuged. Clarified supernatants from 0-hour and
incubated samples were used for Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis  (SDS-
PAGE). Immunoblotting and densitometry was
performed to quantify the expression of IP-10/Mob-
1. Equal amounts of protein (35 g) were loaded and
resolved on a 10% SDS-PAGE and then transferred to
a nitrocellulose membrane. After blocking with 3%
(w/v) milk in phosphate-buffered saline (PBS)/Tween
(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 PBS/Tween containing
3% (w/v) milk including anti-rat IP-10 (Chemokine.
com, Houston, USA supplied by AMS Biotechnology,
Abingdon, UK). Subsequently, anti-rabbit horseradish
peroxidase-conjugated antibodies (diluted, 1:1000) were
used accordingly, and the enhanced chemiluminescence
(ECL) detection system (Amersham International) were
used to define protein localization and amount.

Statistical analysis. All data are expressed as mean
+ SEM. Comparisons of variables between 2 groups
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were performed using an unpaired Student’s # test.
Differences were considered significant when P<0.05.

Results. To examine the specific chemokines
produced specific CXC chemokine IP-10/Mob-1, was
selected for detailed examination, and western and
northern blotting methods were applied to assess the
expression of this CXC chemokine.

A) Expression of CXC chemokines at protein and
messenger RNA (mRNA) level during basal culture of
hepatocytes. As shown in Figure 1, IP-10/Mob-1 protein
was weakly detectable in freshly isolated hepatocytes
(0-hour), and the expression of IP-10/Mob-1 increased
dramatically as a result of hepatocyte isolation, but
decreased after 27 hours of culture. Statistical analysis
showed that there is a significant difference between the
expression of IP-10/Mob-1 at 1 hour compared to all
other time points of culture (Figure 1). IP-10/Mob-1,
cDNA species were used as probes in northern blotting
analysis. As is obvious from Figure 2, IP-10/Mob-1
mRNA was not expressed in freshly isolated liver cells
(0-hour), but was increased significantly at 3 hours
before decreasing with subsequent culture.
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B) Analysis of expression of IP-10/Mob-1 protein
in response to heat shock. As is clear from Figure 3, heat
shock produced significant stimulation in expression
of IP-10/Mob-1. Although the precise pattern varied
slightly with each chemokine, it was clear that profound
stimulation was observed over a subsequent period of
24 hours. The maximum activation of expression was
exhibited within 3 hours of heat treatment. There
were relatively small decreases in expression as culture
progressed (up to 24 hours).

Discussion. Isolation of hepatocytes is an invasive
process that alters cell-matrix and cell-cell interactions
within the liver.'® Hence, in part, cell isolation mimics
injury to the liver. Comparison of isolation conditions
and liver disorders may aid in identification of factors
involved in the response of liver to the changes in
the environment during hepatocyte isolation. In
agreement with these results several research groups
showed that isolated and cultured hepatocytes and
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Figure 1 - Expression of IP-10/Mob-1 at protein level by hepatocytes
during primary culture. a) Representative profile of protein
bands from western blotting of IP-10/Mob-1 expression
following hepatocytes isolation and early culture. lane 1=
0-hour (freshly isolated hepatocytes); lane 2= 1 hour; lane
3= 3 hours; lane 4= 5 hours; lane 5= 8 hours; lane 6= 24
hours; lane 7= 27 hours; lane 8= 32 hours; lane 9= 35
hours; lane 10= 48 hours and lane 11= 72 hours. b) Time-
dependent variation of IP-10/Mob-1 protein expression
following hepatocytes isolation and early culture. The
expression of IP-10/Mob-1 protein is sharply increased
immediately after isolation and then significantly decreased
with time. [*P<0.05 v 100% value].
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Figure 2 - Expression of IP-10/Mob-1 at mRNA level by hepatocytes
during primary culture. a) A representative northern
analysis of IP-10/Mob-1 mRNA/rRNA ratio probed with
[a-*2p] dCTP - labeled IP-10/Mob-1, cDNA. 18S rRNA
was used to indicate for loading equivalence. lane 1= 0-
hour; lane 2= 3 hours; lane 3= 24 hours; lane 4= 35 hours;
lane 5= 48 hours. b) Time-dependent variation in IP-10/
Mob-1 mRNA expression following hepatocytes isolation
and early culture. The expression of IP-10/Mob-1 mRNA
is sharply increased following hepatocytes isolation and
decreased with time. [*P<0.01 v 100% value].
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Figure 3 - Expression of IP-10/Mob-1, at protein level in response to
heat shock. a) Representative profile IP-10/Mob-1 protein
expression following heat shock induction. Lane 1= 3 hours
after heat shock treatment; lane 2= 3 hours control; lane 3=
6 hours after heat shock treatment; lane 4= 6 hours control;
lane 5= 24 hours after heat shock treatment; lane 6= 24
hours control. b) Time-dependent variation in expression
of IP-10/Mob-1 protein following heat shock stress on
hepatocytes culture. The relevant control at each time point
was assigned as 100% and the expression of chemokines
in response to heat shock was compared with the relevant
control. [*P<0.05 v relevant time control].

hepatoma cells express several different chemokines.'*'®

Although, induction of chemokine gene expression in
macrophages, fibroblasts, and osteoblasts is regulated
by both transcriptional and post-transcriptional and
cell type-dependent pathways,"” the mechanisms that
regulate chemokine gene expression in hepatocytes is
yet to be fully identified. However, the induction of IP-
10/Mob-1 mRNA expression within only few minutes
to a few hours of hepatocyte isolation suggests that the
regulation is likely to be at transcriptional level. It was
notable that the amount of IP-10/Mob-1 decreased in
the absence of medium changes (such as in the period
between 3 hours and 24 hours of culture). This could
be due to binding of these chemokines to their specific
receptor and internalization or due to proteolysis by
an unknown protease secreted by hepatocytes into the
medium.

The promoters for IP-10/Mob-1" has been shown to
have consensus response elements for binding of nuclear
factor kappa B (NF-xB), and the NF-xB pathway may
allow for a mechanism to activate expression of these
3 chemokines specifically. It is worth stressing that
there was an evidence for decreased of IP-10/Mob-1
at protein level as culture progressed without medium
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changes (Figure 1). The expression of CXC chemokines
after hepatocyte isolation could be due to perfusion,
isolation, and the initial wash stages of the isolation
procedure. However, due to the absence of detectable
amounts of IP-10/Mob-1, protein in wvivo,®7?!
one possible mechanism of increased expression of
these IP-10/Mob-1 in vitro during perfusion is from
physiological changes for the hepatocyte environment
during the isolation procedures, which could arise from
damage to the cells, or removal of cells from cell-cell
and cell-matrix interactions. Signalling events triggered
by other external stresses, such as heat shock, oxidative,
and osmolarity stresses, regulate intermediates that
are common to events triggered by pro-inflammatory
cytokines.”*** Heat shock activates signalling pathways
with very notable changes in c-jun N-terminal kinase
(JNK) and p38 isoforms and their upstream activators
such as  Mitogen-activated-protein-kinase-kinase-3
(MKK3) and Mitogen-activated-protein-kinase-kinase-
6 (MKKG6.)*** In the present study, we have shown that
in response to heat shock, all of the studied IP-10/Mob-
1 exhibited was increased the expression. In response
to heat shock, a variety of other genes including, heat
shock proteins (HSPs) (especially HSP27) are known to
be activated by a protein kinase downstream of p38.%
Thus, the expression of various HSPs has been shown
to occur in the liver in response to heat shock. HSP70
expression also increased in hepatectomy and has been
observed in proliferating hepatocytes, and HSP25
expression was elevated in liver carcinomas.” A heat
shock response element has been demonstrated in the
promoter of IP-10/Mob-1 by Ohmori and Hamilton,*
and the induction of expression of this gene could be
explained as a part of this element. The heat shock
stimulation may modulate some other unknown
regulatory elements in those genes or produce secondary
effects through other regulatory genes (potentially from
pro-inflammatory cytokines to growth factors) and
indirectly induce expression chemokines. Hence, early
signalling events that are activated during hepatocyte
isolation and early culture provides an initial point
for future studies to the development of more reliable
models for the study of the liver function. Therefore,
one of the main aspects of future work then would
be identification of the initiators of these signalling
responses in hepatocytes and liver injuries. This would
be a valuable model for understanding regulation of
liver function and differentiation in relation to liver
injuries and hepatocyte isolation.

Acknowledgments. We would like to thank all the members of Lab
2.300 (both past and present), for their help and patience, and for making life
in the lab a very enjoyable experience. A heartfelt thank also to the Ministry
of Health and Medical Education of Islamic Republic of Iran for financial
supports.

Saudi Med J 2007; Vol. 28 (4) 517

WWW.Smj.org.sa

3/25/07 12:40:56 PM



CXC chemokine IP-10/Mob-1 by primary hepatocytes ... Hassanshabi et al

References

10.

11.

12.

13.

518

. Kita H, Mackay IR, Vande de Water J, Gershwin ME. The

lymphoid liver: considerations on pathways to autoimmune
injury. Gastroenterology 2001; 120: 1485-1501.

. Mehal WZ, Azzaroli E Crispe IN. Antigen presentation by

liver cells controls intrahepatic T cell trapping, whereas bone
marrow-derived cells preferentially promote intrahepatic T cell

apoptosis. J Immunol 2001; 167: 667-673.

. Jaeschke H, Gores GJ, Cederbaum AI,Hinson JA Pessayre

D,Lemasters JJ. Mechanisms of hepatotoxicity. Toxicol Sci

2002; 65: 166-176.

. Oxidative and nitrosative stress induces peroxiredoxins in

pancreatic beta cells. Alcohol 2002; 27: 23-27.

. Lawson JA, Farhood A, Hopper RD, Bajt ML, Jaeschke H. The

hepatic inflammatory response after acetaminophen overdose:
role of neutrophils. Toxicol Sci 2000; 54: 509-516.

. Jaeschke H, Fisher MA, Lawson JA, Simmons CA, Farhood

A, Jones DA. Activation of caspase 3 (CPP32)-like proteases
is essential for TNF-alpha-induced hepatic parenchymal
cell apoptosis and neutrophil-mediated necrosis in a murine
endotoxin shock model. J Immunol 1998; 160: 3480-3486.

. Xu J, Lee G, Wang H, Vierling JM, Maher JJ. Limited

role for CXC chemokines in the pathogenesis of alpha-
naphthylisothiocyanate-induced liver injury. Am J Physiol
Gastrointest Liver Physiol 2004; 287: G734-741. Epub 2004
May 6.

. Koniaris LG, Zimmers-Koniaris T, Hsiao EC, Chavin K,

Sitzmann J, Farber JM. Cytokine-responsive gene-2/IFN-
inducible protein-10 expression in multiple models of liver and
bile duct injury suggests a role in tissue regeneration. J fmmunol

2001; 167: 399-406.

. Hogaboam CM, Bone-Larson CL, Steinhauser ML, Lukacs

NW, Colletti LM, Simpson KJ, et al. Novel CXCR2-dependent
liver regenerative qualities of ELR-containing CXC chemokines.
FASEB ] 1999; 13: 1565-1574.

Ren X, Carpenter A, Hogaboam C, Colletti L. Mitogenic
properties of endogenous and pharmacological doses of
macrophage inflammatory protein-2 after 70% hepatectomy in
the mouse. Am J Pathol 2003; 163: 563-570.

Narumi S, Yoneyama H, Inadera H, Nishioji K, Itoh, Y,
Okanoue T, et al. TNF-alpha is a potent inducer for IFN-
inducible protein-10 in hepatocytes and unaffected by GM-
CSF in vivo, in contrast to IL-1beta and IFN-gamma. Cytokine
2000; 12: 1007-1016.

Haydon G, Lalor PE, Hubscher SG, Adams DH. Lymphocyte
recruitment to the liver in alcoholic liver disease. Alcobhol 2002;
27:29-306.

Nanji AA, Jokelainen K, Fotouhinia M, Rahematulla A, Thomas
P, Tipoe GL, et al. Increased severity of alcoholic liver injury in
female rats: role of oxidative stress, endotoxin, and chemokines.
Am J Physiol Gastrointest Liver Physiol 2001; 281: G1348-
1356.

Saudi Med J 2007; Vol. 28 (4)

WWW.Smj.org.sa

01Expression20060783.indd 518

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Salkowski CA, Detore G, Franks A, Falk MC, Vogel SN.
Pulmonary and hepatic gene expression following cecal ligation
and puncture: monophosphoryl lipid A prophylaxis attenuates
sepsis-induced cytokine and chemokine expression and
neutrophil infiltration. Infect Immun 1998; 66: 3569-3578.
Varley CL, Armitage S, Hassanshahiraviz G, Dickson AJ.
Regulation of the C-X-C chemokine, mob-1, gene expression
in primary rat hepatocytes. Cytokine 2003; 23: 64-75.

Wang H, Gao X, Fukomoto S, Tademoto S, Sato K, Hirai K.
Differential expression and regulation of chemokines JE, KC,
and IP-10 gene in primary cultured murine hepatocytes. J Cell
Physiol 1999; 181: 361-370.

Hassanshahiraviz G, Kazemi Arababadi M, Dickson AJ.
Expression of CXC chemokines Gro/KC and SDF-1a in rat H4
hepatoma cells in response to different stimuli. Iranian Journal
of Immunology. 2006; 3: 54-60.

Ohmori Y, Fukumoto S, Hamilton TA. Two structurally distinct
kappa B sequence motifs cooperatively control LPS-induced KC
gene transcription in mouse macrophages. J Immunol 1995;
155: 3593-3600.

Narumi S, Tominaga Y, Tamaru M, Shimai S, Okumura H,
Nishioji K, et al. Expression of IFN-inducible protein-10 in
chronic hepatitis. J Immunol 1997; 158: 5536-5544.

Mosher B, Dean R, Harkema ], Remick D, Palma J, Crockett E.
Inhibition of Kupffer cells reduced CXC chemokine production
and liver injury. J Surg Res 2001; 99: 201-210.

Wymann MP, Zvelebil M, Laffargue M. Phosphoinositide 3-
kinase signalling--which way to target? Trends Pharmacol Sci
2003; 24: 366-376.

Hashimoto S, Matsumoto K, Gon Y, Nakayama T, Takeshita
I, Horie T. Hyperosmolarity-induced interleukin-8 expression
in human bronchial epithelial cells through p38 mitogen-
activated protein kinase. Am J Respir Crit Care Med 1999;
159: 634-640.

Maroni P Bendinelli P, Zuccorononno C, Schiaffonati L,
Piccoletti R. Cellular signalling after iz vivo heat shock in the
liver. Cell Biol Int 2000; 24: 145-152.

Zhang L, Pelech S, Uotto VJ. Long-term effect of heat shock
protein 60 from Actinobacillus actinomycetemcomitans on
epithelial cell viability and mitogen-activated protein kinases.
Infect Immun 2004; 72: 38-45.

Ohmori Y, Hamilton TA. Cooperative interaction between
interferon (IFN) stimulus response element and kappa B
sequence motifs controls IFN gamma- and lipopolysaccharide-
stimulated transcription from the murine IP-10. J Biol Chem

1993; 268: 6677-6688.

3/25/07 12:40:57 PM



