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Abstract

AIM: To observe the effect of ischemic preconditioning
on cyclinD: expression in rat liver cells during early
ischemic reperfusion.

METHODS: Fifty-four SD rats were randomly divided
into ischemic preconditioning group (IP), ischemia/
reperfusion group (IR) and sham operation group
(SO). The IP and IR groups were further divided into
four sub-groups (7 = 6). Sham operation group (SO)
served as the control group (7 = 6). A model of partial
liver ischemia/reperfusion was used, in which rats
were subjected to liver ischemia for 60 min prior to
reperfusion. The animals in the IP group underwent
ischemic preconditioning twice for 5 min each time prior
to the ischemia/reperfusion challenge. After O, 1, 2, and
4 h of reperfusion, serum and liver tissue in each group
were collected to detect the level of serum ALT, liver
histopathology and expression of cyclinD: mRNA and
protein. Flow cytometry was used to detect cell cycle as
the quantity indicator of cell regeneration.

RESULTS: Compared with IR group, IP group showed a
significantly lower ALT level in 1 h to 4 h sub-groups (P
< 0.05). Proliferation index(PI) indicated by the S-phase
and G:/M-phase ratio [(S+G2/M)/(Go/G1+S+G2/M)] was
significantly increased in IP group at 0 and 1 h (26.44
+ 7.60% vs 18.56 + 6.40%,41.87 = 7.27% vs 20.25 +
6.70%, P < 0.05). Meanwhile, cyclinD: protein expression
could be detected in IP group. But in IR group, cyclinD:
protein expression occurred 2 h after reperfusion. The
expression of cyclinD: mRNA increased significantly in IP
group at 0 and 1 h (0.568 £ 0.112 v5 0.274 = 0.069, 0.762
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+ 0.164 vs 0.348 + 0.093, P < 0.05).

CONCLUSION: Ischemic preconditioning can protect
liver cells against ischemia/reperfusion injury, which may
be related to cell proliferation and expression of cyclinD:
during early ischemic reperfusion.
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INTRODUCTION

Hepatic ischemia/reperfusion (IR) injury is an important
clinical problem occurring in hepatic resection or liver
transplantation. Ischemic preconditioning (IP) has been
proven to be an effective method protecting the liver
against ischemia/repetrfusion injury"”. Many mechanisms
are associated with this phenomenon[wl, but some are
still unclear. Previous studies showed that the analogous
conditioning phenomenon induced by carbon tetrachloride
(CCly) is related to hepatocellular proliferation”. Whether
IP promotes hepatocellular regeneration remains
unknown. Changes in cell proliferation can be determined
by cell cycle analysis. S-phase and Gz/M-phase ratio is an
indication the proliferation index (PI). Furthermore, cyclin
and cyclin-dependent kinases (CDKs) are related to cell
cycle regulation[w]. CyclinD1 is an important cyclin, which
controls liver cell proliferation"". This study was to assess
the effects of IP on cell regeneration and expression of
cyclinD1 and to explore the possible mechanisms of IP
protection.

MATERIALS AND METHODS

Experimental animals and grouping

Fifty-four male SD rats weighing 200-250 g, were
randomly divided into ischemia group (IR group), ischemia
preconditioning group (IP group) and sham operation
group (SO). In IP group, each rat was subjected to 5 min
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ischemia, followed by 5 min repetrfusion, twice, prior to
1 h hepatic ischemia. Specimens were taken after 0, 1, 2,
and 4 h of reperfusion, respectively (# = 6). Before the
experiment, all rats were fasted for 12 h and housed in a 12
h dark/12 h light cycle.

Experimental animal model

A 70% partial liver ischemia/reperfusion model was
established according to the method reported by Ohmorti
et al'?. After anesthesia with ketamine (40 mg/kg), the
belly of each rat was cut open from the center. The portal
vein and hepatic artery supplying the left and median
lateral hepatic lobes were dissected and clamped with a
small artery clamp. After 1 h ischemia, blood flow was
restored by unclamping the vessels. After 0, 1, 2, and 4
h of reperfusion, serum and liver tissue of each group
were collected to assess the level of serum ALT, liver
histopathology, expression of cyclinDi1 mRNA and protein.
Liver tissue samples were homogenized and washed with
PBS. The solution was filtered and centrifuged at 1000 t/
min for 5 min. The cell pellet was resuspended in ice-cold
ethanol to a final concentration of 80%. Flow cytometer
was used to detect liver cell S-phase and Gz2/M-phase
ratio as the quantity indicator of cell regeneration. In IP
group, cach rat was subjected to 5 min ischemia followed
by 5 min reperfusion, twice, prior to 1 h hepatic ischemia.
The other procedure was the same as in IR group. In SO
group, each rat was only cut open from the center without
any other procedure.

Histological examination of liver

Liver tissue specimens were procured from the left lateral
hepatic lobe, fixed with 10% neutral formaldehyde solution
and embedded with paraffin. Sections were made and
stained with H&E and observed under microscope.

Measurement of blood concentrations of ALT

Three mL of blood was withdrawn from the vena cava
at certain time points, coagulated at room temperature,
then centrifuged at 3000 t/min for 5 min for detecting the
levels of alanine transaminase (ALT) with an automatic
biochemistry analyzer (AU800, Olympus, Japan).

Detection of cell cycle

Single cell suspensions of hepatocytes were washed three
times in PBS. RNase (1% w/v) was then added for 30 min
at 37 “C and 50 mg/L PI (Sigma Company, Danmark) for
20 min. Samples were detected with a FACSORT flow
cytometer (Becton Dickinson Company, USA), 10 000
cells were obtained by Cell Quest software and cell cycle
was analyzed by Modfit software.

CyclinD1mRNA detection by reverse transcription-
polymerase chain reaction (RT-PCR)

Primers synthesized according to the GenBank of
Bioya Biotechnology Limited Company(Shanghai,
China) included cyclinD1 sense primer (5’
-TGGAGCCCCTGA AGAAGAG) cyclinD1 anti-
sense primer (5’- AAGTGCGTTGTGCGGTAGC
-3’) amplified products (424bp), GAPDH sense

primer (5-GGCTGAGAATGGGAAGCTG-
GTCAT-3’) and GAPDH anti-sense primer (5°-
CAGCCTTCTCCATGGTGGTGAA- GA-3) amplified
products (152bp).

Total RNA was extracted from the frozen liver
specimens with Trizol (GibcoBtl Company, USA). Reverse
transcription synthesis of cDNA was carried out according
to the instructions of SuperScript One-Step RT-PCR
with Platinum Taq kit (Invitrogen Company, USA). PCR
was performed with a Gene Amp PCR System 2400 (PE
Company, USA). The reaction system was composed of a
cDNA template (1.0 pL), 2Xbuffer (12.5 pL), 5 mmol/L
MgCl2(2.5 ul), cyclin D1, GAPDH sense and anti-sense
primer (0.5 pL respectively), SSRT polymerase (0.5 uL)
and deionized water (6.5 uL). The reaction system was
put into a PCR machine for amplification. Cyclin D1
and GAPDH were amplified for 35 cycles of PCR. The
amplification conditions were at 55 C for 30 min, at
94 °C for 2 min, at 94 C for 30s, at 55 C for 30 s, at
72 °C for 45 s, a final extension at 72 ‘C for 7min. The
amplified products were preserved at 4 C. Ten uL of
PCR products was electrophoresed on 1.5% agarose gel
containing 5 ug/ ml ethidium bromide (Sigma Company,
USA). Marker was DL-2000 DNA marker. The results
were detected by GeneSnap (SynGene, England) and
analyzed by GeneTools (SynGene, England).

CyclinD1 protein detection

Liver tissues were homogenized in 10 volumes of ice-
cold buffer containing 50 mmol/L Tris~HCl (pH7.5),
150mmol/L NaCl, 1%Triton-X 100, 1 mmol/L
EDTA,Immol/L DTT,10pug/mL pepstatin,10pg/mL
leupeptin, 10 pg/mL aprotinin, 1mM PMSF. The
homogenates were centrifuged at 12 000 r/min for 15
min at 4 ‘C. The supernatant was frozen and stored at
-80 C for further analysis. After measurement of the
supernatant sample concentration, the sample was mixed
with an equal volume buffer containing 0.1mol/LTtis (pH
6.8), 100 mmol/L DTT, 2% SDS, 10% glycerin, 0.01%
bromophenol blue and put in water bath to boil for 3-5
min. Fifty micrograms of protein was separated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). The stacking and resolving gels wete composed
of 4% and 10% polyacrylamide, respectively. After SDS-
PAGE, the gels were electroblotted onto nitro-cellulose
(NC) membranes at 100 mA for 2 h. The membranes were
blocked for 1 h in blocking solution at room temperature,
which contained 1 mL/L Tween 20 (PBS-T) and 50 g/L
non-fat dry milk. Then they were immunolabeled with
the primary antibody (1:500 rabbit anti-rat Santa Cruz
Company, USA) in blocking solution for 1 h at room
temperature and was washed three times with TBST
for 15 min. The NC membranes were incubated with a
horseradish peroxidase-conjugated secondary antibody
(1:1000 goat anti-rabbit Santa Cruz Company, USA) for 1
h at room temperature and washed three times with TBST
for 15 min again. Color solution of diaminobenzidine
(DAB) was prepared according to the manufacturer’s
directions (Maxim Company, China). After incubation with
this color solution, the protein bands were visible on the
NC membranes.

www.wjgnet.com



2938 ISSN 1007-9327 CN 14-1219/ R World J Gastroenterol May 14, 2006 Volume 12  Number 18
3000 - oIp 60.00 —e—1p ! ! e
IR = IR Table 1 CyclinD1mRNA relative activity in
2500 - 50.00} different groups (mean + SD)
2000 40.00 - Group IR 1P
SO 0.256 + 0.042 0.256 + 0.042
1500 - 30.007 0h 0.274 + 0.069 0.568 +0.112""
ab
10001 20,00+ 1h 0.348 + 0‘0931, 0.762 + 0.164b
2h 0.521 + 0.157 0.574 +0.172
500 10_00', 4h 0.709 +0.178" 0.474 + 0.144"°
ol —mm . "wm . : ‘ 0.00 : : , °P <0.05vs IR, °P < 0.05 vs SO.
SO 0 1 2 4 SO 0 1 2 4
t/h t/h

Figure 1 Serum ALT levels SO, IP and IR groups.

Statistical analysis

The results were presented as mean + SD. Multivariate
analysis of variance and # test were performed by SPSS11.5
for window. P < 0.05 was considered statistically significant.

RESULTS
Morphology

Swelling of hepatocytes and structural derangement
were observed in IR group during the early period of
reperfusion. Spot necrosis, hemorrhage and inflammatory
cell infiltration could be seen in hepatic lobes or around
central veins, with extended reperfusion time. Compared
with IR group, IP group showed moderate hepatocyte
swelling and less necrotic area.

ALT

The levels of serum ALT increased gradually as
reperfusion time was extended in both groups. Compatred
with IR group, the level of serum ALT in IP group was
significantly lower at all time points after reperfusion (P <
0.05) (Figure 1).

Hepatocellular proliferation
PI increased significantly at 0 and 1 h of reperfusion in IP

group compared with IR group. There was a statistically
significant difference (P < 0.05) (Figure 2).

Expression of cyclinD1mRNA and protein

The RT-PCR results showed that cyclinD1 mRNA was
expressed in SO, IR and IP groups. The expression of
cyclinD1 mRNA in IP group increased at 0-1 h after
reperfusion. Compared with IP group, the expression of
cyclinD1 mRNA in IR group was significantly lower at 0-1
h after reperfusion (P < 0.05). No significant difference in
the expression of cyclinDi mRNA was found between SO
and IR groups at 0-1 h after reperfusion (P > 0.05, Table 1,
Figure 3A).

CyclinD1 protein was not detectable until 2 h after
reperfusion in IR and SO groups. Whereas cyclinD1
protein was expressed in IP group soon after the
reperfusion was begun (Figure 3B).
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Figure 2 Pl in SO, IP and IR groups.
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Figure 3 Expression of cyclin D1 mRNA (A) and cyclin D1 protein (B) at different
time points in SO, IP and IR groups.

DISCUSSION

It is widely accepted that IP protects organs against IR
injury. It has been reported that IR injury is related with
many mechanisms, such as suppression of inflaimmatory
reaction, improvement of local microcirculation ",
diminution of cell apoptosis and decreased production
of local active oxygen-derived free radicals"™'". But some
of the mechanisms remain uncertain. To probe into the
mechanisms of IP protection may help to find an effective
method against IR injury. In this study, we adopted the
rat model of ischemic preconditioning against subsequent
hepatic IR injury and confirmed that it could reduce the
levels of serum ALT and the extent of liver necrosis.
Application of flow cytometry to cell cycle analysis
makes it possible to analyze cell proliferation. Cell cycle
can discriminate cells at the Go/Gi-phase, S-phase and
Gz/M-phase. It is considered that cells at the S-phase and
Gz2/M-phase can proliferate. S-phase and Gz2/M-phase
ratio could indicate the proliferation index (PI).The finding
of the present work is that IP could promote liver cell
proliferation during early ischemic reperfusion, which is
possibly related to IP protection. Zhang ef al' showed that
proliferating liver cells can resist IR injury. The mechanisms
of cellular proliferation involved in IP are still obscure, but
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may be related to reactive oxygen species (ROS) and tumor
necrosis facter-oo (TNF-o). The liver underlying IP could
generate ROS and TNF-q during early reperfusion™"”,
ROS could stimulate cell mitosis and proliferation
TNF-alpha is a known mitogen for hepatocytes and an
important factor for liver cell proliferation. In the presence
of anti-TGF-alpha neutralizing Abs, the mitogenic activity
of TNF-alpha is abrogated”".

Breakthrough in cell cycle regulation is the
understanding of cyclin and cyclin-dependent kinase,
which regulates cell cycle progression. Mitotic cellular
division requires cells to leave the resting state (Go/Gu)
and proceed through the phase of DNA synthesis (S)
and mitosis (Gz/M). There is a check point between Go/
Gi-phase and S-phase. CyclinD1 is an important cyclin
which can make cells pass through the check point and
enter S-phase and Gz2/M-phase. Higher expression of
cyclinD1 could promote cell proliferation in rat liver",
Our data showed that IP could stimulate cyclinD1 mRNA
and protein expression during the early reperfusion in
IP group and not in IR group. The mechanisms may
be related to the fact that IP activates the p38MAPK
pathwaylzz], leading to activation of regulatory proteins
and production of DNA synthetic proteins, such as
cyclinD1 and interleukin-6(I1.-6)"*". The p38MAPK
pathway is an important signaling pathway involved in
IP. Blockade of the p38MAPK pathway can lead to loss
of protection of ITP™. When the p38MAPK pathway is
activated, the p38kinase transfers to cell nuclei and induces
the production of cyclinDi*. In our study, the cyclinD:
protein was expressed in IR group 2 h after reperfusion,
although cyclinD1 mRNA was expressed during the eatly
reperfusion. In SO group, cyclinD1 mRNA was expressed
but cyclinD1 protein was not expressed. These data suggest
that cyclinD1 expression is posttranscriptionally regulated.
Awad and Gruppusom showed that a posttranscriptional
mechanism regulating cyclin D1 content is involved in
temporary hepatocyte growth arrest. They speculated that
this posttranscriptional regulation may be downstream
from the p38 mitogen-activated protein kinase pathway.
The posttranscriptional regulation could keep adult
hepatocytes in a quiescent state, but the mechanism is not
completely clear.

In conclusion, IP could promote cyclinD1 expression
and lead to hepatocellular proliferation during early
ischemic reperfusion, which is possibly one of the
protective mechanisms against IR injury. However their
underlying regulatory pathway and biological role remain
unclear.

[20]
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