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Abstract

AIM: To investigate whether hypoxia inducible factor-1a.
(HIF-1a) is linked to the protective effects of ischemic
preconditioning (IP) on sinusoidal endothelial cells
against ischemia/reperfusion injury.

METHODS: Sinusoidal endothelial cell lines ECV-304
were cultured and divided into four groups: control
group, cells were cultured in complete DMEM medium;
cold anoxia/warm reoxygenation (A/R) group, cells
were preserved in a 4°C UW solution in a mixture of
95% N2 and 5% CO: for 24 h; anoxia-preconditioning
(APC) group, cells were treated with 4 cycles of short
anoxia and reoxygenation before prolonged anoxia-
preconditioning treatment; and anoxia-preconditioning
and hypoxia inducible factor-1a (HIF-1a) inhibitor
(I-HIF-1) group, cells were pretreated with 5 um
of HIF-1a inhibitor NS398 in DMEM medium before
subjected to the same treatment as group APC. After
the anoxia treatment, each group was reoxygenated
in a mixture of 95% air and 5% CO: incubator for 6 h.
Cytoprotections were evaluated by cell viabilities from
Trypan blue, lactate dehydrogenase (LDH) release rates,
and intracellular cell adhesion molecule-1 (ICAM-1)
expressions. Expressions of HIF-1a mRNA and HIF-1a
protein from each group were determined by the RT-PCR
method and Western blotting, respectively.

RESULTS: Ischemia preconditioning increased
cell viability, and reduced LDH release and ICAM-1
expressions. Ischemia preconditioning also upregulated
the HIF-1a. mRNA level and HIF-1a protein expression.
However, all of these changes were reversed by HIF-1a
inhibitor NS398.

CONCLUSION: Ischemia preconditioning effectively
inhibited cold hypoxia/warm reoxygenation injury to
endothelial cells, and the authors showed for the first
time HIF-1a is causally linked to the protective effects of
ischemic preconditioning on endothelial cells.
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INTRODUCTION

Cold ischemia/warm reperfusion injury has been well
demonstrated that this process results in inevitable
pathophysiology in clinical organ transplantation, and
contributes to diverse serious post-transplantation
complications such as chronic dysfunction or primary

non-function of transplantations, and increase the rate
of acute organ repellence“’zl. The injury comes from cold
ischemia during organ preservation, also from subsequent
reperfusionm. At the cellular level, both hepatocytes and
sinusoidal endothelial cells were damaged. However,
recent studies indicated that sinusoidal endothelial cells are
more vulnerable and damaged prior to hepatocyte during
ischemia/reperfusionmﬂ. This endothelial dysfunction,
at least in coronary endothelial cells, is not a transient
phenomenon, perhaps persisting several months after
reperfusion[6’7]. Therefore, reducing the damage to
endothelial cells caused by ischemia/reperfusion is pivotal
to maintain the normal function of grafts.

Ischemic preconditioning (IP) is a novel and potent
protective approach that effectively prevents ischemia
and reperfusion injury, and is already applied in liver
transplantation in the animal model™”. However,
the underlying mechanisms remain unclear. Hypoxia
inducible factor-1 (HIF-1) is a transcriptional factor.
It responds to low oxygen conditions and acts as a
master regulator of gene expression. Genes regulated by
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HIF-1 provide protection to cells through augmenting
tissue oxygen supply or increasing tolerance to severe
oxygen deprivation"”, Tt was shown that HIF-1 played
an important role in protecting brain against ischemia
injury"". Thus we hypothesize that HIF-1 is involved in the
potent protective effects of IP on sinusoidal endothelial
cells. In the present study, we used ECV304 sinusoidal
endothelial cells as a model to imitate cold ischemia/
reperfusion process of clinical organ transplantation,
and we indicated that, for the first time, HIF-1 is causally
linked to the protective effects of IP on sinusoidal
endothelial cells, suggesting a potential clinical application
in the future.

MATERIALS AND METHODS

Cell culture and experimental grouping

ECV 304 endothelial cells obtained from Shanghai
Institute for Biological Sciences were maintained in
complete DMEM medium containing 10% fetal bovine
serum in a humidified atmosphere of 5% COz2 at 37C.
The cultured medium was replaced by fresh medium every
three days. After further synchronization in complete
DMEM medium for 12 h, cells were divided into four
groups: control group, cells were further cultured in
complete DMEM medium in a mixture of 95% Nz and
5% COz: incubator for 24 h at 37°C; A/R group, cells
were preserved in a 4°C UW solution (Du Pont Pharma,
Canada) in a mixture of 95% Nz and 5% CO: for 24 h;
APC group, cells were followed by 4 cycles of 15 min of
anoxia and 15 min of reoxygenation treatment before
subjecting to the prolonged anoxia-preconditioning
treatment as A/R group; and AP + HIF-1a inhibitor
group (I-HIF), cells were cultured in DMEM medium with
0.1 mmol/L HIF-1q inhibitor NS398 (Jingmei Ltd., China)
before subjecting to anoxia-preconditioning treatment as
the AP group. Before cold anoxia storage, expressions of
HIF-1 mRNA and HIF-1q protein from each group were
determined by RT-PCR and western blotting, respectively.
After anoxia treatment each group was reoxygenated in a
mixture of 95% air and 5% CO: incubator for 6 h. Cell
viability was evaluated by Trypan blue dye absorbance rate
and lactic dehydrogenase (LDH) release rate, respectively.
Intracellular cell adhesion molecule (ICAM-1) expressions
were detected by flow cytometer.

Cell viability by Trypan blue dye exclusion assay and
detection of LDH level

Determination of Trypan blue dye absorbing rate
(TBDAR): cells from each group were trypsinized using an
0.25% Trypsin solution, then were adjusted to 10° cells/
ml. single cell suspension. After adding nine drops of the
suspension into a cuvette, 1 drop of 0.4% Trypan blue
dye solution was added into each group. Samples from
each group were mixed thoroughly before transferring
immediately to the edge of the hemocytometer chamber.
The number of stained cell and total cell number was
counted within 3 min. The cells viability percentage was
obtained by the following mathematical equation: TBDAR
= (SC/TC) x 100, whete SC is the stained cell number,
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and TC is the total cell number.

Determination of lactate dehydrogenase (LDH) level:
upper serum from each group was taken, and determined
by Automatic Biochemistry Analyzer CL-2000 (Shimatsuna,

Japan).

Flow cytometric analysis on ICAM-1 expressions

Aliquots of cell suspensions of 1.8 mL at a density of
2.2 x 10’ cells/dish in complete medium were placed in a
3.5 mm dish. Each group was trypsinized using an 0.25%
Trypsin solution, followed by washing twice and collecting
with phosphate buffered saline (PBS). After disposing the
upper serum after centrifuging at 2000 r/min for 10 min,
samples from each group were exposed to 5 pl. FITC-
conjugated murine anti-human ICAM-1 obtained from
Santa Cruz, USA. (Cat. No. sc-107) for 30 min at room
temperature evading sunlights. The samples were washed
twice with PBS to be free from staining solutions. After
centrifuging and discarding the upper serum, the final
samples were fixed by 1 mL of 0.5% paraformaldehyde.
Lumps of the cells were removed using a 40 pm nylon
mesh. Green (FITC) fluorescence was collected through
a 530 nm band filter using a Coulter Epics Elite Flow
Cytometer (Miami, FL), and at least 10000 cells were
measured each time.

Measurement of HIF-1o. mRNA expression by RT-PCR
Total RNA was extracted by one step rapid use of Trizol
reagent (Invitrogen, USA. Cat. No. 15596-026), 1 ug of
total RNA was used for reverse transcription in an RT-
PCR volume of 50 pL using RT-PCR superscript " I1I
kits from Invitrogen, USA. (Cat. No. 12574-018). PCR
increased HIF-1q illumination with GAPDH as the
internal reference. For HIF-1q,, upstream primer 5'-CCT
GCA CTC AAT CAA GAA GTT GC-3" and downstream
ptimer 5-TTC CTG CTC TGT TTG GTG AGG CT-3'
were used, and the PCR product was 620 bp. PCR
conditions were as follows: predenaturation for 5 min at
94°C; 27 cycles for 1 min at 94°C, 1 min at 64°C, and 1 min
at 72°C; and finally 10 min at 72°C. Upstream GAPDH
primer 5-TGG GGA AGG TGA AGG TCG GA-3'
and downstream GAPDH primer 5'-GGG ATC TCG
CTG CTC GAA GA-3" were employed, and the PCR
product was 235 bp. After 2% agarose gel electrophoresis,
PCR products were observed and photographed under
ultraviolet. Results were analyzed by scoring optical
density scanning using the Gel Doc2000 digital imaging
system, and the ratio between HIF-1ow and GAPDH was
calculated.

Analysis on protein expression of HIF-1o. by Western
blotting

Cells were washed twice with PBS, and lysed in RIPA
buffer on ice for 20 min. After centrifuging at 12000 X g
for 20 min, upper serum was collected and the protein
level was analyzed by the Lowry method. The reaction
solution was analyzed on a discontinuous 7.5% SDS/
polyacrylamide gel eletrophoresis (SDS-PAGE) system by
30 pg/hole. After transferring proteins to polyvinylidene
difluoride (PVDF) membrane by clectroblotting (220
V for 2 h), the PVDF membrane was blocked at 37°C
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Figure 1 TBDAR and LDH activities of each group. A: TBDAR of each group; B: LDH activiteies of each group. A/R: anoxia/reoxygenation group; APC: anoxia
preconditioning group; I-HIF: AP + HIF-1a. inhibitor group. °P < 0.01 compared to control, *P < 0.05 compared to AR group.
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Figure 2 ICAM-1 expression of each group. A/R: anoxia/ reoxygenation group;
APC: anoxia preconditioning group; I-HIF: AP + HIF-1c. inhibitor group. °P < 0.01
vs control, P < 0.05 vs AIR group.

for 1 h in Tris-buffered saline (TBS) plus 0.3% bovine
serum albumin (TBS-BSA). Then the membrane was
incubated with 1:1000 dilution of murine anti-human
HIF-1q antibody obtained from Santa Cruz, USA (Cat.
No. sc-13515) at 4°C overnight. After washing with TBS,
1:2000 dilution of alkaline phosphatase labeled goat anti-
mouse IgG obtained from Santa Cruz, USA (Cat. No.
sc-2302) was added and further incubated at 37°C for 0.5 h.
Detection was performed by alkaline phosphatase system
coloration.

Statistics analyses

All results were expressed as mean value  standard
deviation. Group measurements wete assessed by one-way
Anova examination. Ratio calculations were carried out by
. And P < 0.05 was considered statistically significant.

RESULTS

Cell viability and LDH activities
There was high upregulation of TBDAR and LDH level in
the A/R treatment group, when compared to the control,

Figure 3 Expression of HIF-1o. mRNA from each group. Column M: a marker;
column 1: control group; column 2: A/R group; column 3: APC group; column 4: AP
+ HIF-1a. inhibit group.

the P value is less than 0.01, suggesting a significant
damage to ECV 304 endothelial cells by A/R treatment. In
APC group, TBDAR and LDH levels were reduced (P <
0.05) when compared to the A/R group. But in the I-HIF
group, by using HIF-1q inhibitor, both TBDAR and LDH
levels were reversed, the P value is less than 0.05 when
compared to the A/R group, indicating a reduced damage
to cells. All three groups, A/R, APC and I-HIF showed
higher TRDAR and LDH levels (P < 0.01), suggesting AP
had no complete protective effects on endothelial cells

(Figure 1).

ICAM-1 expression

Flurescence results demonstrated ICAM-1 expression was
at a low level of 14% =* 2.3% in control, and up-regulated
up to 53% £ 7.6% (P < 0.01). After intervention by
anoxia preconditioning, the rate decreased again (P < 0.05)
compared to the A/R group. In the I-HIF group, ICAM-1
expression rose to 39% £ 7.1% (P < 0.05) compared to
APC, and no significance was found when compared
to A/R group, suggesting a reverse effect of HIF-1a
inhibitor NS§398 (Figure 2).

Expression of 620bp HIF-1c. mRNA

The length of PCR products was 620 bp for HIF-1a
mRNA and 235 bp for GAPDH as an internal reference.
In each column, two bands were seen. The results showed
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120 kDa —

Figure 4 Expression of HIF-1c. 120 kDa protein. Column 1: control group; column
2: AIR group; column 3: APC group; column 4: AP + HIF-1a inhibitor group.

that after the anoxia-preconditioning treatment, the level
of 620 bp HIF-1a, mRNA was highly increased (P < 0.05),
whereas the cell group pretreated with HIF-1¢ inhibitor
NS398 which highly inhibited 620 bp HIF-1oo mRNA
(Figure 3).

Expression level of HIF-1c. protein

Normal endothelial cells have certain HIF-1o, mRNA, but
the protein expression is cither undetectable or extremely
rare. After the anoxia-preconditioning treatment, the level
of 120 kDa protein expression was highly increased (P
< 0.05), while the cell group was pretreated with HIF-
1o inhibitor NS398 which greatly inhibited the 120 kDa
protein expression (Figure 4).

DISCUSSION

Many studies have indicated that during cold ischemia/
reperfusion, endothelial cells are susceptible to cell
swelling, detachment from their matrix, necrosis, and
apoptosism’m. Furthermore, sinusoidal endothelial
damage was highly associated with microcirculatory failure
following cold ischemia/reperfusionm. Adhesion of
granulocyte endothelial cells, manifested as intracellular
cell adhesion molecule expression such as ICAM-1, play a
key role in this process“sj. In addition, activated endothelial
cells act as antigen presenting cells, which increase the
acute organ repellence rate!'. In our study, we confirmed
that endothelial cells were severely damaged after 24 h
of cold hypoxia storage and 6h of warm reoxygenization
demonstrated by the significant increase of the Trypan
blue dye absorbing rate, release of LDH, and upregulation
of ICAM-1 expression. These results showed a severe
endothelial cell damage caused by ischemia/reperfusion
injury, which were consistent with previous studies.
Ischemia preconditioning, defined as a short period of
ischemia and reperfusion prior to a prolonged ischemic
insult, is a novel and potent method of avoiding ischemia/
reperfusion injury. It was first discovered in research of
cardial IP treatment on dogs[m], and already proved in
rodents and larger mammals such as pigsH’m. Our results
demonstrated an IP reduced Trypan blue dye absorbing
rate, LDH release level, and inhibited ICAM-1 expression
after 24 h of cold hypoxia storage and 6h of warm
reoxygenization. These data strongly showed that anoxia
preconditioning treatment can protect ECV304 endothelial
cells. To further investigate the underlying mechanism, we
examined the expression of HIF-1 oo mRNA and protein
expression with or without HIF-1 ¢ inhibitor NS398.
HIF-1 is a nuclear transcriptional factor related to
tolerance on ischemia anoxia. It is composed of o and
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B subunits. Although HIF-1 DNA and mRNA and f
proteins exist in normal cells, HIF-1a proteins are not
detectable. When chronic anoxia occurs, HIF-1q, proteins
are highly increased and then combine with HIF-1
protein forming active heterogeneous HIF-1 dimer"”.
The dimers regulate the transcription of the proliferation
gene expression of many important cells. These proteins
are either capable of improving oxygen supplies for
ischemic tissues or to decrease cell cytometabolism in
order to alleviate oxygen shortage to reach homeostasis,
therefore they increase the tolerance and adaptability to
ischemia”. It was reported several key genes involved
in maintenance of endothelial cells and responsible for
endothelium-dependent vasodilation, were regulated by
HIF-1 inculding inducible NO synthase( iINOS), vascular
endothelial growth factor(VEGF), heme oxygenase—l[w].
Our results demonstrated that the protective effects of
IP were accompanied by increased HIF-1 mRNA and
protein expression. Thus increased HIF-1 expression level
may mediate the protective effects of IP by improving
microcirculatory function. Furthermore, using HIF-1a
inhibitor NS398, we found all protective effects caused
by IP were reversed. From this result, we can draw a
conclusion that HIF-1q, is causally linked to the protective
effects of ischemic preconditioning on ECV-304
endothelial cells.

Recently several drugs or preservation solutions
were shown to precondition ischemia injury, termed as
“chemical preconditioning” P21 But to date, there is no
agent in research that targets HIF-1o. Thus our study not
only provides a new mechanism by which IP exerts its
protective effects against ischemia/reperfusion injury, but
also provides a new drug target. New drugs based on this
target, used either alone or in combination with the above-
mentioned agents will further promote the effects of
chemical preconditioning in the future.

COMMENTS

Background

Cold ischemia/warm reperfusion injury frequently results in inevitable
pathophysiology in clinical organ transplantation, and diverse serious post-
transplantation complications. Ischemic preconditioning (IP) is a novel and potent
protective approach that effectively prevents ischemia and reperfusion injury. But
the underlying mechanisms remain unclear.

Research frontiers

Recent studies indicated that sinusoidal endothelial cells are more vulnerable
and damaged prior to hepatocyte during ischemia/ reperfusion. So damage to
endothelial cells was pivotal in the process. Hypoxia inducible factor -1c. (HIF-
1a) is a nucleus transcriptional factor and regulates transcriptions of many genes
related to tolerance on ischemia anoxia. The authors investigated whether IP has
protective effects on endothelial cells and the possible connection between the
effects and HIF-1c..
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This is the first report to show that there is strong correlation between HIF-1o
upregulation and the protective effects of ischemia preconditioning on ECV-304
endothelial cells.
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HIF-1a. is expected as a new drug target and provides a potential use in clinical
organ transplantation.
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Peer review
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