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ABSTRACT

Background: It is now well established that several environmental stress factors
cause activation of p38 MAP kinase and JNK in various cell types to produce chemoki-
nes. Objective: To investigate the expression of CXC chemokines Gro/KC and SDF-
la inrat's H4 hepatoma cells in response to heat shock, hyperosmolarity and oxida-
tive stress. M ethods. Hepatoma cells were maintained in MEM medium. Cells were
subjected to different stresses [(H2O, 0.15% (w/v), manitol and NaCl (160 mM) and
heat shock (42 °C for 20 minutes)]. Cells were harvested and RNA was extracted,
purified and the CXC chemokine Gro/KC and SDF-1a expression was anaysed by
RT-PCR. cDNA was separated by gel electrophoresis on a 1% (w/v) agarose gel and
visualized under a UV transilluminator. Results: There was detectable but low ex-
pression of both SDF-1a and Gro/KC in H4 hepatoma cells. Heat shock failed to in-
duce expression of SDF-la and Gro/KC in H4 hepatoma cells of rat. Hyper-
osmolarity also did not stimulate SDF-1a and Gro/KC expression. In this study we
have also shown that oxidative stress did not induce expression of SDF-1a and
Gro/KC. Overall, although detection is possible but regulatory responses were not
observed in H4 hepatoma cells. Conclusion: Several known injurious conditions
cause recruitment of macrophages, neutrophils and other immune cells to the liver.
Immune cells are recruited to the hepatic vasculature following local liver injury and
subsequent chemokine production. Our results demonstrated that failure to produce
chemokines by hepatoma cells may be a way to escape from mechanism of immune
surveillance.
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INTRODUCTION

It is now established that several environmental stress factors including UV radia-
tion, DNA damage, pro-inflammatory cytokines, heat shock, oxidative, and osmolar-
ity stress can cause the activation of p38 MAP kinase and JNK in various cell types
(2). The effect of osmotic shock (e.g NaCl) on expression of IL-8 in human mono-
cytes and bronchial epithelial cells has been shown to occur through a p38-dependent
pathway (1, 2). The roles of p38, p42/44, and NF-kB in the expression of IL-8 and
Gro/KC in response to hyperosmolarity in human intestinal epithelial cells have been
identified (3). Oxidative stress is associated with several liver disorders such as bac-
terial and viral liver infections; toxin induced liver injury, ethanol consumption, and
hepatocelullar carcinomas (4). These situations are associated with chronic inflam-
matory response and increased expression of Gro/KC, MIP-2, and IL-8 in rat and
mouse hepatocytes and human Hep-G2 cells (5). H.O, also activates NF-kB and
regulates IL-8 expression in epithelial cells of lung (6). In this research, H4 hepatoma
cell line was used as a model to detect CXC chemokines because it isa liver cell line
which is reported to be reasonably differentiated and which has previously been well
characterised. We investigated the expression of CXC chemokines Gro/KC as an
ELR’, and SDF-1a as an ELR" CXC chemokines in rat's H4 hepatoma cells in re-
sponse to heat shock, hyperosmolarity, and oxidative stress to explore the pattern of
expression of these CXC chemokines by hepatoma cells.

MATERIALS AND METHODS

Hepatoma cells were maintained in MEM (minimal essential medium). Cells were
subjected to different stress factors [(H20, 0.15% (w/v), manitol and NaCl (160 mM)
and heat shock (42°C for 20 minutes)]. Cells were harvested, RNA was extracted,
purified, and expression of the CXC chemokines SDF-1a and Gro/KC was analysed
by RT-PCR. cDNA was separated by gel electrophoresis on a 1% (w/v) agarose gel
and visualized under a UV transilluminator. GAPDH mRNA was assessed in parallel
as control.

H4 Hepatoma Cell Culture. Rat hepatoma H4-11-C3 cells were obtained from
ECACC (European Collection of Animal Cell Culture, Porton Down. Wiltshire,
UK). Cells were incubated at 37°C in atmospheric air: 5% CO,. After 24 hours, me-
dium and any unattached cells were removed and 20 ml of fresh growth medium was
added. Cells were then subjected to routine subculture. For the maintenance of sub-
culture, culture medium was removed and the cell sheet was washed with PBS. Cells
were detached with gentle agitation and addition of 2 ml sterile trypsin (200mg/ml).
Then fresh medium was added to stop trypsin action and the cell suspension was cen-
trifuged at 400g for 5 min a room temperature. The supernatant was discarded, the
pellet was suspended in fresh medium, and cells were diluted in medium to generate
a density of 3.0-3.5 x 10 ° cells/ml in T75 ml flasks. Incubation was continued at
37°C and subculture was repeated until cells were 70% confluent (after about 3-5
days of culture).

Reverse Transcription Polymerase Chain Reaction (RT-PCR). To make com-
plementary DNA (cDNA), reverse transcription reactions were performed using the
following protocol: 4ul 5x strand buffer [125mM tris-HCI pH 8.3, 188 mM KClI, 7.5
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mM MgCl; 25 mM DTT]; 1 ul of each dNTP [dATP, dCTP, dGTP, dTTP (stock
concentration of 10mM in DEPC-treated water)]; 4 pl oligo-dT (stock concentration
of 125 pg/ml); 1 ul RNA (1ug/ pl); 4 ul DEPC—treated water; 1.5 ul M-MLV reverse
transcriptase enzyme. After addition of M-MLV -reverse transcriptase and mixing,
the tube was incubated for 1 hour at 37°C. The resultant product was stored at -20°C
for further use in PCR reactions. To amplify DNA species, PCR reaction mixture
was prepared by addition of the following reagents to a 0.5 ml micro-centrifuge tube
inice: 10 ul Taq polymerase buffer (10x); 3 ul MgCl, (stock concentration 1.5mM);
2 ul of each dNTP [(dATP, dCTP, dGTP, dTTP) stock concentration of 10mM]; 2 pl
of each primer pair [ (forward and reverse) stock concentration of 25ng/ ul]; 4 pl
cDNA; and sterile double distilled water to afinal volume of 99 ul. The above mix-
ture was overlaid with 40-60 ml mineral oil. The PCR thermocycler was adjusted ac-
cordingly: 94 °C for 5 minutes, 94 °C for 1 minute (denaturation), 1 minute at appro-
priate annealing temperature for annealing of different targets (Table 1), and 72°C
for 2 minutes (elongation). Denaturation, annealing and elongation procedures were
repeated for 30 cycles and were followed by afinal reaction at 72°C for 10 minutes
(final elongation) and held at 4°C up to 24h. During the last 45 seconds of first stage
1m Taq polymerase was added to the mixture. In addition to appropriate annealing
and melting temperatures, table 1 indicates the size of products that should be
achieved by PCR.

Table 1. Primers used to detect CXC chemokine mRNA

Gene Name Primers (5 to 3’) AT (°C) MT(°C) Fragment Size
GAPDH F: aaggtcggtgtgaacggatt 62 835
R: gagacaacctggtcctcagtgtag 57 62
Gro/KC F: ttcacttcaagaacatcca 680
R: gagcattggttaaagaatataaa 51 56
56
SDF-1a F: agtgtgcattgacccgaaatta 65 1500
R: ttacagcacgaaacagttggc 60 65

Abbreviations AT= annealing temperature; F= forward primer; GAPDH= glyceraldehyde-3-phosphate dehydrogenase;
MT= mdlting temperature; R=reverse primer

RESULTS

Results obtained in this report revealed that there were detectable but low expres-
sion of both SDF-1a and Gro/KC in H4 hepatoma cells. Heat shock failed to in-
duce expression of SDF-1a and Gro/KC in H4 hepatoma cells of rat. Hyperosmo-
larity also did not stimulate SDF-1a and Gro/KC expression. In this study we
also noted that oxidative stress did not induce expression of SDF-1a and Gro/KC.
Overall, although detection is possible but regulatory responses were not ob-
served in H4 hepatoma cells. (Figures 1-3)
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Figure 1. Expression of Gro/KC under heat shock, hyperosmolarity, and oxidative stresses
in rat's H4 Hepatoma cells. Expression of CXC chemokine Gro/KC was analyzed by
RT-PCR. GAPDH mRNA was assessed in parallel as control. Numbers on right represent
the bands of the molecular marker. HC= hepatocytes control; NT= not treated; 1= heat shock
treatment for 1h; 2= heat shock treatment for 3h; 3= heat shock treatment for 6h; 4= Manitol
treatment for 1h; 5= Manitol treatment for 3h; 6= Manitol treatment for 6h; 7= H,0O, treatment
for 1h; 8= H,O, treatment for 3h; 9= H,O, treatment for 6h; 10= NaCl treatment for 1h;
11= NaCl treatment for 3h.
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Figure 2. Expression of SDF-1a under heat shock, hyperosmolarity, and oxidative stresses in
rat's H4 hepatoma cells. Expression of the CXC chemokine SDF-1a was analysed by RT-PCR.
GAPDH mRNA was assessed in parallel as control. Numbers on right represent the bands of the
molecular marker. HC=hepatocytes control; NT=not treated; 1= heat shock treatment for 1h;
2=heat shock treatment for 3h; 3=heat shock treatment for 6h; 4=Manitol treatment for 1h;
5=Manitol treatment for 3h; 6= Manitol treatment for 6h; 7=H,0O, treatment for 1h; 8= H,0, treat-
ment for 3h; 9= H,0, treatment for 6h; 10= NaCl treatment for 1h; 11= NaCl treatment for 3h.
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Figure 3. Alteration in expression of CXC chemokines SDF-1a and Gro/KC against GAPDH
in rat's hepatoma H4 cells in different conditions and in the presence and absence of differ-
ent stimuli. HC=hepatocytes control; NT=not treated; Sl=heat shock treatment for 1h;
S3=heat shock treatment for 3h; S6=heat shock treatment for 6h; M1=Manitol treatment for
1h; M3=Manitol treatment for 3h; M6=Manitol treatment for 6h; H1=H,O, treatment for 1h;
H3=H,0, treatment for 3h; H6=H,0, treatment for 6h; N1=NaCl treatment for 1h;
N3= NaCl treatment for 3h.
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DISCUSSION

Several known injurious conditions such as hepatitis, ischemia/reperfusion, sep-
sigendotoxemia, and drugs cause recruitment of macrophages, neutrophils, and other
immune cells to the liver parenchyma (7). Neutrophils are recruited to the hepatic vas-
culature following local liver injury and subsequent CXC chemokine production (8, 9)
or following exposure to inflammatory cytokines (10, 7). Although neutrophils and
Kupffer cells are widely considered to be the first defence line in liver, the liver im-
mune response is not restricted to these cells, and other immune cells such as T lym-
phocytes and NK cells are aso involved, mostly mediated by chemokines (11). In-
volvement of CC chemokines such as MCP-1, ELR" CXC chemokines (such as IL-
8/MIP-2) and ELR" chemokines (such as IP-10/Maob-1) has been reported (12, 13) in
acetaminophen-induced liver injury and modulation of liver regeneration processes
(24, 15). So far this report is the only one on expression of chemokines by H4 hepa-
toma cells. High conditutive levels of SDF1a have been observed in the non-
inflamed biliary epithelium of the liver (18) in association with CXCR4 expressing
lymphocyte recruitment (19, 20). Immunohistochemical studies have revealed de-
creased levels of SDF-1a protein in hepatocellular carcinoma compared with other
chronic liver diseases such as hepatitis C (21). Expression of Gro/KC in hepatec-
tomized mouse has been shown and it may play an important role in hepatocyte prolif-
eration and liver regeneration (22). Increased Gro/KC expression is associated with
some hepatic injuries and diseases including: liver ischemia/reperfusion in mouse and
rat (23), infections, paracetamol poisoning, sepsis and LPS injection in mice (24). Re-
sults obtained in this report revealed that there was detectable but low expression of
both SDF-1a and Gro/KC in H4 hepatoma cells. In contrast to primary hepatocytes,
heat shock did not induce expression of SDF-1a and Gro/KC in rat's H4 hepatoma
cells (25). Hyperosmolarity also failed to stimulate SDF-1a and Gro/KC expression.

ACKNOWLEDGEMENTS

The authors would like to thank Mrs. Louise Barnes for her help and advice throughout
the project. We would also like to thank the members of Lab 2.300, Stopford Building,
University of Manchegter, for their help and patience. This project is financially sup-
ported by Ministry of Health and Medical Education of 1slamic Republic of Iran.

REFERENCES

1. Hashimoto S, Matsumoto K, Gon Y, Nakayama T, Takeshita |, Horie T. Hyperosmolarity-induced interleukin-8 expres-
son in human bronchial epithelial cells through p38 mitogen-activated protein kinase. American Journal of Respiratory
Critical Care Medicine. 1999; 159: 634-640.

2. ShapiroL, Dinarello CA. Osmotic regulation of cytokine synthesis in vitro. Proceeding of National Academy of Science
of USA. 1995; 92: 12230-12234.

3. Nemeth ZH, Deitch EA, Szabo C, Hasko G. Hyperosmotic stress induces nuclear factor-kappaB activation and inter-
leukin-8 production in human intestinal epithelial cells. American Journal of Pathology. 2002; 161: 987-996.

4. Schmelz M, Schmid VJ, Parrish AR. Selective disruption of cadherin/catenin complexes by oxidative stress in precision-
cut mouse liver dices. Toxicological Sciences. 2001; 61: 389-394.

5. Dong W. et a. Toxic metals stimulate inflammatory cytokines in hepatocytes through oxidative stress mechanisms.
Toxicol Appl Pharmacol. 1998; 151: 359-366.

Iran.J.Immunol. VOL. 3 NO. 2 Spring 2006 59



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

SDF-1a expression in hepatoma cell line

Luster AD. Chemokines--chemotactic cytokines that mediate inflammation. New England Journal of Medicine. 1998;
338: 436-445.

Bast A, Walf G, Oberbaumer |, Walther R. Oxidative and nitrosative stress induces peroxiredoxins in pancrestic beta
cells. Diabetol ogia. 2002;45:867-76.

Lawson JA, Farhood A, Hopper RD, Bajt ML, Jaeschke H. The hepatic inflammatory response after acetaminophen over-
dose: role of neutrophils. Toxicol Sci. 2000;54:509-16.

Maher JJ, Lozier JS, Scott MK. Rat hepatic stellate cells produce cytokine-induced neutrophil chemoattractant in culture
and invivo. Am J Physiol. 1998;275:847-53.

Jaechke 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 en-
dotoxin shock model. J Immunol.1998;160:3480-6.

Bone-Larson CL, Simpson KJ, Colletti LM, Lukacs NW, Chen SC, LiraSet a. Therole of chemokinesin the immunopa-
thology of theliver. Immunol Rev. 2000;177:8-20.

Koniaris LG, Zimmers-Koniaris T, Hsao EC, Chavin K, Sitzmann JV, 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
Immunol. 2001;167:399-406

Ishida Y, Kondo T, Ohshima T, Fujiwara H, lwakura Y, Mukaida N. A pivotal involvement of IFN-gamma in the patho-
genesis of acetaminophen-induced acute liver injury.FASEB J. 2002;16:1227-36.

Hogaboam CM, Bone-Larson CL, Steinhauser ML, Lukacs NW, Colletti LM, Simpson KJ, Strieter RM, Kunkel SL.
Novel CXCR2-dependent liver regenerative qualities of ELR-containing CXC chemokines. FASEB J. 1999;13:1565-74
Ren X, Carpenter A, Hogaboam C, Colletti L. Mitogenic properties of endogenous and pharmacological doses of macro-
phage inflammatory protein-2 after 70% hepatectomy in the mouse.Am J Pathol. 2003;163:563-70.

Bone-Larson CL, Hogaboam CM, Evanhoff H, Strieter RM, Kunke SL. IFN-gamma-inducible protein-10 (CXCL10) is
hepatoprotective during acute liver injury through the induction of CXCR2 on hepatocytes.J Immunol. 2001;167:7077-83.
Kobayashi H, Narumi S, Tamatani T, Lane GJ, Miyano T. Serum IFN-inducible protein-10: a new clinical prognostic
predictor of hepatocyte death in biliary atresia. J Pediatr Surg. 1999;34:308-11.

Coulomb-L'Herminé A, Amara A, Schiff C, Durand-Gasselin |, Foussat A, Delaunay T et al. Stromal cell-derived factor
1 (SDF-1) and antenatal human B cell lymphopoiesis: Expression of SDF-1 by mesothelial cells and biliary ductal plate
epithelial cells.PNAS.1999;96: 8585-8590.

Terada R, Yamamoto K, Hakoda T, Shimada N, Okano N, Baba N et al. Stromal cell-derived factor-1 from biliary epithe-
lial cellsrecruits CXCR4-positive cells: implications for inflammatory liver diseases.Lab Invest. 2003;83:665-72.
Goddard S, Williams A, Morland C, Qin Sh, Gladue R, Hubscher SG et al. Differential expresson of chemokines and
chemokine receptors shapes the inflammatory response in reecting human liver transplants.Transplantation.
2001;72:1957-1967.

Mitra P, De A, Ethier MF, Mimori K, Kodys K, ShibutaK et a. Loss of chemokine SDF-1alpha-mediated CXCR4 signal-
ling and receptor internalization in human hepatoma cell line HepG2. Cell Signal.2001;13:311-9.

Su Al, Guidoatti LG, Pezacki JP, Chisari FV, Schultz PG. Gene expression during the priming phase of liver regeneration
after partial hepatectomy in mice.Proc Natl Acad Sci U S A. 2002;99:11181-6.

Hisama N, Yamaguchi Y, Ishiko T, Miyanari N, Ichiguchi O, Goto M et a. Kupffer cell production of cytokine-induced
neutrophil chemoattractant following ischemia/reperfusioninjury in ratsHepatology. 1996;24:1193-8.

Salkowski CA, Detore G, Franks A, Falk MC, Vogel SN. Pulmonary and hepatic gene expression following cecal ligation
and puncture: monophosphory! lipid A prophylaxis attenuates sepsis-induced cytokine and chemokine expression and
neutrophil infiltration.Infect Immun. 1998;66:3569-78.

Varley CL, Armitage S, Hassanshahiraviz G, Dickson AJ. Regulation of the C-X-C chemokine, mob-1, gene expressionin
primary rat hepatocytes.Cytokine. 2003;23:64-75.

Iran.J.Immunol. VOL. 3 NO. 2 Spring 2006 60



