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Introduction

In liver surgery and/or transplantation, prolonged ische-

mia is necessary to avoid excessive blood loss. Partial oxy-

gen pressure (PO2) variation is one of the most

important damaging factors playing a part in ischemia–

reperfusion (I/R) injuries. Its decrease during vascular

clamp, and its abrupt increase during organ reperfusion,

cause functional and structural damage to liver cells,

resulting in apoptosis [1] and necrosis [2] which may

occur in parallel. Both processes contribute to cell death

and liver dysfunction, which represent an important cause

of morbidity and mortality [1]. It is well known that the

neutrophil plays an important role in the development of

I/R-induced necrosis [3].

Hepatic injury following I/R consists of two periods: (i)

the initial phase (1–6-h postreperfusion) is associated

with oxygen-free radical generation [1], Kupffer cell acti-

vation, and initial release of neutrophils [3]. Several stud-

ies, especially in in vivo models have shown that I/R led

to pro-inflammatory cytokine secretion [tumor necrosis

factor (TNF)-a, interleukin-1 (IL-1)] by Kupffer cells

[4,5]. In response to this cytokine secretion, hepatocytes

release chemokines, which have neutrophil chemotactic

properties (CXC chemokines) [6,7]. Chemokines are a

family of leukocyte chemoattractant proteins which are
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Summary

Prolonged ischemia used in liver surgery and/or transplantation causes cellular

damage resulting in apoptosis and necrosis. Ischemia–reperfusion (I/R) led

Kupffer cells to pro-inflammatory cytokines secretion [tumor necrosis factor

(TNF)-a, interleukin-1] which involve chemokines secretion by hepatocytes.

These chemokines have neutrophil chemotactic properties and neutrophils are

involved in the development of I/R-induced necrosis. The aim of this study

was to specify the consequence of partial oxygen pressure variation on hepato-

cyte chemokines synthesis and to verify if intermittent hypoxia and/or precon-

ditioning could decrease it. It was performed on primary cultured mice

hepatocytes and Kupffer cells, subjected to continuous, intermittent hypoxia or

preconditioning phases, mimicking surgical processes. The chemokine secretion

was evaluated by RNase protection assay and enzyme-linked immunosorbent

assay method. Only monocyte chemoattractant protein-1 (MCP-1) and macro-

phage inflammatory protein-2 (MIP-2) mRNA formation were observed, espe-

cially after 1-h hypoxia followed by 10-h (for MCP-1) or 24-h reoxygenation

(for MIP-2). In conclusion, TNF-a and coculture with Kupffer cells increased

hepatocyte chemokines mRNA transcription, whereas surgical split up proto-

cols (intermittent hypoxia and preconditioning) had no significant effect.
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classified into groups dependent on the number and posi-

tion of cysteine residues, which form internal disulfide

bounds [8]; (ii) the later phase (6–24-h postreperfusion)

is associated with more intense neutrophil influx in the

liver from sinusoid capillaries. After their transendothelial

migration, neutrophils adhere to parenchymal cells and

release proteases (cathepsin G and elastase) which cause

parenchymal necrosis [3,9–12].

The chemokines and their receptors participate inti-

mately in many pathological conditions among them

inflammatory diseases. They contribute to the inflamma-

tory process that follows acute hepatic damage [13]. One

characteristic of these proteins is their specificity according

to the injury. For example, in the liver, monocyte chemoat-

tractant protein-1 (MCP-1) is expressed at high levels and

has protective function in acetaminophen-induced injury

[14], whereas during I/R, this increase induced by reactive

oxygen species (ROS) release contributes to inflammatory

lesions [15,16]. In chronic alcoholic liver disease and cir-

rhosis, MCP-1 is required for infiltration of monocytes and

subsequent inflammation, fibrosis, and expression levels

correlate with AST levels and severity of injury [17,18].

The liver poorly tolerates prolonged ischemic periods

without irreversible damage. Protective strategies have been

developed such as intermittent inflow occlusion (intermit-

tent Pringle maneuver) [19] and ischemic preconditioning

[20,21]. Various protocols of intermittent ischemia have

been used but Belghiti et al. [22] have shown that intermit-

tent clamping using multiple cycles of 15 min of ischemia

followed by 5 min of reperfusion was associated with

decreased injury compared with similar periods of continu-

ous ischemia. Liver preconditioning has been applied

recently [23–26]. It consists of a short period of ischemia

followed by a short period of reperfusion before the begin-

ning of prolonged ischemia. This process protects against

lethal ischemic stress [24,26–28]. We have shown recently

[29] that intermittent ischemia in an in vivo I/R model or

intermittent hypoxia, in cultured hepatocytes, significantly

reduced apoptosis through reduction of JNK1/SAPK1 acti-

vation and downregulation of caspase 3 activity.

The first purpose of this study was to specify if, under

oxygen partial pressure variations, hepatocytes alone

could release chemokines, and to check the activating role

of TNF-a, added or secreted by Kupffer cells. As we have

previously shown the protective effect of these processes

against apoptosis, the second aim of the study was to ver-

ify if intermittent hypoxia and/or preconditioning were

able to decrease this chemokine secretion and, conse-

quently, could reduce necrosis. These experiments were

performed on primary cultured mice hepatocytes and/or

Kupffer cells, isolated from other liver cells and blood

flow, and subjected to continuous, intermittent hypoxia

or preconditioning phases, mimicking surgical processes.

Materials and methods

Hepatocytes and Kupffer cells’ isolation and culture

Hepatocytes

Male CD1 mice weighing 25–30 g (Harlan, Gannat, France)

were used. All animal experiments were conducted in com-

pliance with French rules on animal handling. All chemicals

were obtained from Sigma (St Quentin Fallavier, France),

unless otherwise stated. Hepatocytes were obtained accord-

ing to the methods previously described for rats [30,31]

and modified in our laboratory. Briefly, fed mice were

killed by cervical dislocation. Immediately after this, livers

were perfused through the portal vein with ethyleneglycol-

tetraacetic acid–HEPES solution (3 ml/min) for 5 min, fol-

lowed by HEPES solution for 2 min and 2.3% liberase RH

(Blendzyme 3; Roche Diagnostics, Meylan, France) for

5 min. Dissociated hepatocytes were collected in Leibovitz

culture medium (L15; Eurobio, Les Ullis, France), supple-

mented with 5% newborn calf serum and centrifuged

(40 g) at 20 �C for 2 min. Supernatant was removed and

the pellet was collected in William’s culture medium (Euro-

bio) supplemented with 5% fetal calf serum (FCS) and

insulin (0.1 IU/ml). Cell viability was estimated to be

superior to 90% by tryptan blue exclusion. Cells were then

adjusted to a density of 0.5 · 106 cells/ml onto collagen-

coated 60-mm plates and cultured at 37 �C in the presence

of 95% air, and 5% CO2. The culture medium, containing

dexamethazone (1 lm), was renewed 4 h later. After over-

night culture, hepatocytes were maintained subsequently

for 24 h, in the same medium minus FCS and dexametha-

zone before experiment because both factors influence

chemokine expression [6].

Selective magnetic cell sorting of Kupffer cells

After liberase perfusion, the liver was dissociated in L15

and the solution was centrifuged at 40 g for 2 min to

remove hepatocytes (see above). Supernatant was centri-

fuged for 10 min at 600 g to pellet the other hepatic cells.

The pellet was resuspended in phosphate-buffered saline

containing 2 mm ethylenediaminetetraacetic acid, and

0.5% bovine serum albumin (PEB buffer) before addition

of rat anti-mouse/human CD11b antibody conjugated with

MicroBeads (1/10; Miltenyi Biotech, Paris, France). The

suspension was incubated for 30 min at 4 �C. Cells were

washed to eliminate excess of MicroBeads by adding PEB

buffer and centrifuging at 600 g for 10 min. The superna-

tant was removed, the pellet was resuspended in PEB buffer

and cell suspension was placed in a magnetic column for

the separation (MACS separation columns; Miltenyi Bio-

tech). After three washes in PEB buffer, the column was

removed from the magnetic field, and the fraction contain-

ing the CD11b positive cells was eluted by PEB buffer and

final flushing out. The cells were centrifuged at 600 g for
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10 min, the pellet was then resuspended in William’s E

medium supplemented with 10% FCS, and 0.1 U/ml insu-

lin. Kupffer cell purity was determined by light microscopic

examination and cytometric flux measures (Faxscan; Bec-

ton Dickinson, Le Pont de Claix, France). Then they were

adjusted to a density of 0.5 · 105 cells/ml and cocultured

with hepatocytes (0.5 · 106 cells/ml) onto collagen-coated

60-mm plates as seen above.

Hypoxic stress conditions

Culture plates were maintained at 37 �C in a hermetic bag

(Bioblock, Illkirch, France) in which PO2 was adjusted to

50 ± 10 mmHg by an N2 supply and maintained constant.

During reoxygenation phase, plates were maintained at

37 �C under ambient air (PO2 ¼ 150 ± 20 mmHg). The

culture medium used, Leibovitz medium (L15; Eurobio),

was nitrogen saturated. L15 medium, without NaHCO3,

used the buffering capacity of free-base amino acids for cell

culture in free gas exchange with the atmosphere. A sample

of each medium was left under the same conditions and

immediately analyzed (Blood gas analyzer Corning 2504;

Corning Cergy Pontoise, France), at the end of each experi-

ment, to control PO2, PCO2 and pH values. This latter was

stable at 7.20 ± 0.02.

Continuous hypoxia

Five groups were studied: group control in which cells

were not subjected to stress. Group 1, in which cells were

maintained in a hypoxic atmosphere for 1 h at 37 �C;

group 2 corresponded to conditions of group 1, followed

by 6 h in ambient air at 37 �C; and groups 3 and 4 cor-

responded to conditions of group 1, followed by 10, and

24 h, respectively, in ambient air at 37 �C.

When used, TNF-a (R&D Systems, Abington, UK) was

added to culture medium (1.17 · 10)9
m) at the begin-

ning of the stress. Although this concentration was higher

than normal blood level, it was currently used in in vitro

experiments [32,33].

Intermittent hypoxia

Cells were subjected to hypoxia for 15 min and reoxygen-

ated for 5 min in ambient air, successively four times, fol-

lowed by 6, 10, and 24 h in ambient air [29,34].

Preconditioning

Cells were subjected to hypoxia for 10 min, and reoxy-

genated for 15 min in ambient air before the beginning

of 1-h hypoxia, followed by 6, 10, and 24 h in ambient

air [28]. Studied experimental conditions were summar-

ized in Table 1.

RNase protection assay

Total RNA was prepared as described by the Chomczyn-

ski protocol [35]. All protocols followed the instructions

of the RiboQuant multiprobe RNase protection assay sys-

tem (Pharmingen, Le Pont de Claix, France). With the

use of an in vitro transcription kit and a template set

[containing mouse Ltn, RANTES, eotaxine, macrophage

inflammatory protein-1b (MIP-1b), MIP-1a, MIP-2,

IP-10, MCP-1, and tricyclic antidepressant-3 (TCA-3)], a

radiolabeled probe set was synthesized using [a-32P]UTP

(ICN, Irvine, CA, USA). These probes were hybridized

with total RNA isolated from cultured cells. After diges-

tion of nonhybridized RNA with RNase (for 45 min at

30 �C), the protected probes were separated on a dena-

turing polyacrylamide gel. The gel was dried (for 30 min

at 80 �C) and exposed to X-ray film (Kodak X-OMat;

Fisher Scientific, Pittsburg, PA, USA) overnight at

)80 �C. The developed X-ray films were scanned and

quantified with NIH-image software.

MCP-1 and MIP-2 secretion assay

At the end of stress time, cell supernatants were assayed for

immunoreactive MCP-1 and MIP-2-specific enzyme-linked

immunosorbent assay (ELISA) (R&D Systems). All reagents

were prepared according to the manufacturer’s instruction

Table 1. Experimental conditions.

Stress conditions

1-h

Hypoxia

1-h Hypoxia +

6-h reoxygenation

1-h Hypoxia +

10-h reoxygenation

1-h Hypoxia +

24-h reoxygenation

1 2 3 4

+TNF-a A 1A 2A 3A 4A

+Kupffer cells B IB 2B 3B 4B

Intermittent hypoxia C 1C 2C 3C 4C

Preconditioning D ID 2D 3D 4D

+Kupffer cells

intermittent hypoxia

BC 1BC 2BC 3BC 4BC

+Kupffer cells

preconditioning

BD 1BD 2BD 3BD 4BD
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(at room temperature). Briefly, after centrifugation to

remove particulates, samples were twofold diluted with

Calibrator Diluent RD5–3. Assay Diluent RD1W

(50 ll/well) was added in 96-well microtiter plate which

was mixed by gently tapping for 1 min. After covering with

adhesive strip, the plate was incubated for 2 h at room tem-

perature. Five washes with provided wash buffer were per-

formed. After the last wash, remaining wash buffer was

aspirated. Either mouse JE/MCP-1 or MIP-2 (100 ll/well)

conjugates were added to each well. The plate was covered

with adhesive strip and incubated for 2 h, at room tem-

perature. Repeated five washes were performed and 100 ll

of substrate solution were added to each well. The plate,

protected from light, was incubated for 30 min at room

temperature. One hundred microliters of stop solution

were added and optical density was determined at 450 nm.

Statistical analysis

Each experimental value (±SEM) resulted from independ-

ent measurements. Data were evaluated statistically by

anova and Student’s t-test. P < 0.05 was considered

significant.

Results

Hypoxia–reoxygenation led chemokines transcription

by hepatocytes

In our model, from numerous tested chemokines, only

MCP-1 and MIP-2 mRNA formation were observed during

1-h hypoxia (P < 0.01 and 0.05, respectively, compared

with nonstressed hepatocytes), but it was greater during the

ensuing reoxygenation. The MCP-1 mRNA activation was

statistically significant after 6, and 10-h reoxygenation

(P < 0.05 and P < 0.01, respectively) but did not increase

after 24-h reoxygenation (Fig. 1). The MIP-2 mRNA acti-

vation was statistically significant only after 24-h reoxygen-

ation (P < 0.05) (Fig. 1). During the first hours of

reoxygenation, MCP-1 and MIP-2 mRNA levels were not

higher than during hypoxia (results not shown).

Hepatocyte MCP-1 and MIP-2 transcription was sti-

mulated by TNF-a and coculture with Kupffer cells.

When hypoxia–reoxygenation (H/R) stress was performed

in the presence of TNF-a (1.17 · 10)9
m), MCP-1, and

MIP-2 mRNA levels were increased, especially after 1-h

hypoxia followed by 10-h reoxygenation (P < 0.05)

(Fig. 2). MCP-1 and MIP-2 mRNA transcription levels

were increased in cocultured hepatocytes/Kupffer cells

subjected to the same stress conditions, but later than

with TNF-a (after 1-h hypoxia followed by 24-h reoxy-

genation) (P < 0.01 for MCP-1 and P < 0.05 for MIP-2;

Fig. 2). Kupffer cells alone were cultured under the same

stress conditions and neither MCP-1 nor MIP-2 signifi-

cant transcription was measured (results not shown).

MCP-1 and MIP-2 secretion during hypoxia

and reoxygenation

As only MCP-1 and MIP-2 mRNA formation were detec-

ted under our stress conditions, we have focused secretion
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Figure 1 RNase protection assay for detection of chemokine mRNA levels in primary cultured hepatocytes. (a) RNA isolated from hepatocytes

was hybridized with probes for monocyte chemoattractant protein-1 (MCP-1) and macrophage inflammatory protein-2 (MIP-2) and the control

gene L32. The figure shows a representative result from five independent experiments. (b) Densitometric analysis of the gel was performed and

the chemokine:L32 ratio was calculated. Values are given as mean ± SEM of five independent experiments. No stress, cultured hepatocytes sub-

jected to 24-h ambient air; 1, cultured hepatocytes subjected to 1-h hypoxia; 2, cultured hepatocytes subjected to 1-h hypoxia followed by 6-h

reoxygenation; 3, cultured hepatocytes subjected to 1-h hypoxia followed by 10-h reoxygenation; 4, cultured hepatocytes subjected to 1-h hypox-

ia followed by 24-h reoxygenation.
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analysis on these chemokines. During 1-h hypoxia, nei-

ther MCP-1 nor MIP-2 significant secretion was observed

and levels were comparable with those measured without

hypoxic stress. After 1-h hypoxia followed by 6-h reoxy-

genation, MCP-1 level increased significantly (P < 0.05)

and the secretion peak was observed after 10-h reoxy-

genation (P < 0.01). After longer reoxygenation, MCP-1

secretion decreased. When hepatocytes were incubated

with TNF-a (1.17 · 10)9
m), level rises were significantly

more important and increased by a 1.7 factor after 1-h

hypoxia followed by 10-h reoxygenation (P < 0.01). The

significant rise of MIP-2 secretion was obtained after 1-h

hypoxia followed by 24-h reoxygenation (P < 0.01), and

likewise, incubation with TNF-a increased MIP-2 secre-

tion by a 1.7 factor (Fig. 3).

Intermittent hypoxia and preconditioning did not reduce

H/R-induced MCP-1 and MIP-2 transcription

Neither in cultured hepatocytes (Fig. 4) nor in cocultured

hepatocytes/Kupffer cells (Fig. 5), MCP-1 and MIP-2

mRNA transcription increased by H/R stress were

reduced by intermittent hypoxia or preconditioning.

Although MCP-1 and MIP-2 mRNA transcription levels

were slightly decreased after 24-h reoxygenation in cocul-

ture, these results were not significantly reduced (Fig. 5).

Discussion

Prolonged ischemia followed by reperfusion is necessary in

surgery and/or transplantation, but causes damage in liver

cells resulting in apoptosis and necrosis. I/R injury results

in varying different liver cells failure which can develop

various degrees of recovery. Warm ischemia affects partic-

ularly hepatocytes and sinusoidal endothelial cells.

Depending upon the extent of injury, cells may either

recover completely or be eliminated by apoptosis, or if

severely injured, manifest processes leading to necrosis [1].

Although apoptosis and necrosis have common trigger-

ing mediators, they differ in the mechanisms of injury.

The respective part of necrosis and apoptosis in I/R liver

dysfunction is always much debated [36] but both proces-

ses can occur in parallel. Their intracellular cascade of

events are different but can share some steps such as

TNF-a and ROS secretion.

In the intact liver, Kupffer cells are located in the hep-

atic sinusoids and lie between or on top of the endothelial

cells. The communication between these macrophages and

hepatocytes occurs by inflammatory mediators’ produc-

tion (cytokines, nitric oxide, and ROS), but Wiss [37]

showed direct cell contact through cytoplasmic extensions.

I/R involves Kupffer cell secretion of TNF-a and IL-1

which lead to chemokine release by hepatocytes

[32,33,38,39]. Kupffer cells themselves can release chemok-

ines (especially MIP-2) when they are subjected to I/R

[40]. The chemokines are a family of low molecular weight

proteins involved in leukocyte activation and migration

which exert their effects by interaction with specific recep-

tors. In liver, they are released not only during inflamma-

tory injury (infection, drug intoxication) but they can also

be important factors for hepatocyte proliferation and hep-

atic regeneration after partial hepatectomy [41–43].

During endotoxic shock [41] or cytokine stimulation [6]

in rat, hepatocytes generated CXC chemokines. MCP-1

plays an important role not only in recruiting cells of

monocyte/macrophage lineage which contribute to the
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Figure 2 Monocyte chemoattractant protein-1 (MCP-1) and macro-

phage inflammatory protein-2 (MIP-2) mRNA transcription increase in

primary cultured hepatocytes treated by TNF-a (1.17 · 10)9 m) and in

cocultured hepatocytes/Kupffer cells. (a) RNase protection assay was

performed as described in Fig. 1. The figure shows a representative

result from five independent experiments. (b) Densitometric analysis

of the gel was performed and the chemokine:L32 ratio was calcula-

ted. Values are given as mean ± SEM of five independent experi-

ments. ( results shown in Fig. 1; TNF-a (1.17 · 10)9 m);

coculture with Kupffer cells. 1, 1A, 1B, 1-h hypoxia; 2, 2A, 2B, 1-h

hypoxia followed by 6-h reoxygenation; 3, 3A, 3B, 1-h hypoxia fol-

lowed by 10-h reoxygenation; 4, 4A, 4B, 1-h hypoxia followed by

24-h reoxygenation.
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disease process [42] but also in modulating microcircula-

tion [44]. MIP-2 is a well-known important mediator

involved in hepatic injury through neutrophil accumula-

tion [41,42,45]. These generated chemokines upregulate

adhesion molecules [4,13], and provide a chemotactic gra-

dient for leukocyte (especially neutrophil) transmigration

[32,46]. The effects of neutrophils are primed during

the initial I/R period and play a central role in the ensuing

hepatic injury.

The first aim of the present study was to demonstrate

that oxygen pressure variations were able to induce chem-

okines production by hepatocytes, isolated from other liver

cells. From tested chemokines, only MCP-1 and MIP-2

transcription were observed. In our in vitro model, we have

shown the MCP-1 and MIP-2 mRNA transcription in

hepatocytes alone and already during hypoxia. Reoxygena-

tion increased these transcriptions more quickly for MCP-1

(6 h compared with 24 h for MIP-2). Lentsch et al. [13]

reported a significant MIP-2 mRNA transcription increase

after 9-h reperfusion following 90-min ischemia, in an

in vivo I/R model. Yamaguchi et al. [42] observed a peak of

serum MCP-1 concentration, 6 h after liver ischemia. On

human hepatocyte lines, Thornton et al. [32] demonstrated

that hepatocytes were able to express IL-8 (human equival-

ent to mice MIP-2) mRNA activity when they were stimu-

lated by proinflammatory cytokines (TNF-a and IL-1).

In our model, to specify the TNF-a activating part, cul-

tured hepatocytes were incubated with this cytokine

(1.17 · 10)9
m), and subjected to stress conditions.

mRNA transcription of chemokines was significantly

increased after 10-h reoxygenation. When hepatocytes

were cocultured with Kupffer cells and subjected to the

same stress conditions, chemokine mRNA transcription

increase required 24 h. Nakamitsu et al. [5] have shown

in an I/R model that although cytokine mRNA rates were

increased rapidly, Kupffer cells released the highest level

of TNF-a approximately after 24-h reperfusion. In our

in vitro model, we observed a similar response: TNF-a,

present from the beginning of the stress, led to increase

of MCP-1 and MIP-2 mRNA transcription faster (10 h)

than Kupffer cell activation (24 h). Although Kupffer cells

are known to release chemokines [47], in our experimen-

tal model, only hepatocytes released these chemokines.

This coculture model with direct contact between cells

did not absolutely mimic in vivo situation, but it was

used before to specify cellular regulation [48–51]. The

secretion of chemokines in culture medium was increased

by TNF-a. This result was in agreement with previous

studies [7,38].

Excessive blood loss during surgery can hinder postop-

erative recovery. Intermittent clamping of the portal triad

was better tolerated than prolonged continuous ischemia,

but simple inflow occlusion (Pringle maneuver) was often

preferred by surgeons when it was possible. Isozakis et al.

[19] suggested that applying the Pringle maneuver inter-

mittently rather than continuously led to better postoper-

ative recovery. Significant improvement of postoperative

liver function has been observed in rats and humans after

intermittent ischemia or preconditioning [5,52,53]. In

previous study, we have shown that intermittent ischemia

in vivo and intermittent hypoxia in cultured hepatocytes

significantly reduced apoptosis through a reduction of

JNK1/SAPK1 activation and a downregulation of caspase-

3 activity [29].

The second purpose of the present study was to verify

if the surgical processes (described above) could modify
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the transcription of these chemokines. When isolated

hepatocytes were subjected to intermittent hypoxia or

preconditioning protocols, MCP-1 and MIP-2 mRNA lev-

els were comparable with those observed during continu-

ous H/R. When the same stress conditions were

performed on cocultured hepatocytes/Kupffer cells, chem-

okine transcription was slightly but not significantly

decreased.

Our results were compatible with those of Peralta et al.

[23], which showed that the beneficial effect of liver

preconditioning was not mediated by a modulation of

liver neutrophil infiltration. Their work was performed

on an I/R model where all liver cell types were subjected

to stress, and endothelial cells were known to release

TNF-a through endothelin upregulation. Rüdiger et al.

[34] have shown that preconditioning and intermittent

ischemia protected against hepatocyte apoptosis, and even

that intermittent ischemia was more efficient during long

ischemic surgical procedures. We and others [26,29,54]
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Figure 4 Intermittent hypoxia and preconditioning did not reduce

monocyte chemoattractant protein-1 (MCP-1) and macrophage

inflammatory protein-2 (MIP-2) mRNA transcription levels in primary

cultured hepatocytes. Hepatocytes were subjected to 1-h hypoxia fol-

lowed by 6, 10 and 24-h reoxygenation, or to 15-min hypoxia fol-

lowed by 5-min reoxygenation, four times before reoxygenation, or to

preconditioning (10-min hypoxia followed by 15-min reoxygenation)

before 1-h hypoxia followed by 6, 10 and 24-h reoxygenation. (a)

RNase protection assay was performed as described in Fig. 1. The fig-

ure shows a representative result from five independent experiments.

(b) Densitometric analysis of the gel was performed and the chemo-

kine:L32 ratio was calculated. Values are given as mean ± SEM of five

independent experiments. ( results shown in Fig. 1; intermittent

hypoxia; preconditioning. 1, 1C, 1D, 1-h hypoxia; 2, 2C, 2D, 1-h

hypoxia followed by 6-h reoxygenation; 3, 3C, 3D, 1-h hypoxia

followed by 10-h reoxygenation; 4, 4C, 4D, 1-h hypoxia followed by

24-h reoxygenation.

0

5

10

15

20

25

0

5

10

15

20

25

C
h

em
o

ki
n

e 
m

R
N

A
 e

xp
re

ss
io

n
(a

rb
it

ra
ry

 u
n

it
) 

C
h

em
o

ki
n

e 
m

R
N

A
 e

xp
re

ss
io

n
(a

rb
it

ra
ry

 u
n

it
) 

(b)

(b)

P < 0.01

P < 0.01

MCP-1

L-32

MIP-2

L-32

(a)

(a)

MCP-1

MIP-2

1B        1BC      1BD  2B         2BC      2BD  3B         3BC      3BD  4B         4BC      4BD  

1B 1BC 1BD 2B  2BC 2BD 3B 3BC 3BD 4B 4BC 4BD

1B        1BC      1BD  2B         2BC      2BD  3B         3BC      3BD  4B         4BC      4BD  

1B  1BC 1BD 2B  2BC 2BD 3B  3BC 3BD 4B  4BC 4BD

Figure 5 Intermittent hypoxia and preconditioning did not reduce

monocyte chemoattractant protein-1 (MCP-1) and macrophage

inflammatory protein-2 (MIP-2) mRNA transcription levels in cocultured

hepatocytes/Kupffer cells. Cells were subjected to 1-h hypoxia fol-

lowed by 6, 10 and 24-h reoxygenation, or to 15-min hypoxia fol-

lowed by 5-min reoxygenation, four times before reoxygenation, or to

preconditioning (10-min hypoxia followed by 15-min reoxygenation)

before 1-h hypoxia followed by 6, 10 and 24-h reoxygenation. (a)

RNase protection assay was performed as described in Fig. 1. The fig-

ure shows a representative result from five independent experiments.

(b) Densitometric analysis of the gel was performed and the chemokin-

e:L32 ratio was calculated. Values are given as mean ± SEM of five

independent experiments. Coculture with Kupffer cells; coculture

with Kupffer cells and intermittent hypoxia; coculture with Kupffer

cells and preconditioning: 1B, 1BC, 1BD, 1-h hypoxia; 2B, 2BC, 2BD,

1-h hypoxia followed by 6-h reoxygenation; 3B, 3BC, 3BD, 1-h hypoxia

followed by 10-h reoxygenation; 4B, 4BC, 4BD, 1-h hypoxia followed

by 24-h reoxygenation.
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have highlighted the preconditioning and/or intermittent

ischemia protective role through downregulation of

caspase-3 activity, and apoptosis. These results have been

confirmed in complementary studies on cultured hepato-

cytes [29].

In conclusion, our study shows, for the first time, that

intermittent hypoxia and preconditioning did not influ-

ence hepatocyte MIP-2, and MCP-1 mRNA transcription.

The known protective effect of both surgical procedures

would rather appear to be involved in countering the

process of apoptosis.
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