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FK506; Aim: The study is aimed to investigate the protective effects and possible mechanism of
Hypoxia-inducible tacrolimus (FK506) pre-treatment in hepatic ischemia-reperfusion injury in rats.

factor-1q; Methods: The rats were randomly assigned into four groups, which were S, IR, L and H group,
NFAT3; and then all groups were subjected to 60 min of 70% partial warm liver ischemia, except S
Hepatic group. Rats in the L and H group were pre-treated with two different doses FK506 at 60 min
ischemia-reperfusion before ischemia. The rats of the IR group received an identical volume of normal saline. All
injury; animals were sacrificed after 6 h of reperfusion. Transaminases were measured by biochemistry
Liver protection analyzer. Elisa kit was used to detect TNF-a, IL-6 and IL-18 levels in serum. Liver specimens were

stained with hematoxylin and eosin (HE) to assess the pathologic changes. The expressions of
heme oxygenase-1 (HO-1), hypoxia-inducible factor-1a (HIF-1a), nuclear factor of activated T
cells (NFAT3) were measured by real-time quantitative PCR and western blotting and the Bcl-2
and the Bax protein were tested by western blotting.

Results: In rats pre-treated with FK506, the levels of transaminases, TNF-a and IL-13 were
reduced significantly and also liver damage was dramatically mitigated compared to those with-
out FK506 pre-treatment. Moreover, the expression of HO-1 at the level of both transcription
and translation increased clearly and the activation of the HIF-1a was found in FK506 pre-
treated livers. Moreover, NFAT3 protein transportation to the nucleus was reduced and Bax
protein expression was decreased, but the expression of Bcl-2 protein was markedly increased
after FK506 pre-treatment.

Conclusion: FK506 pre-treatment could lessen hepatic ischemia-reperfusion injury through up-
regulating the expression of HIF-1a and HO-1, and inhibiting nuclear translocation of NFAT3 in
liver tissues.
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Introduction

Ischemia-reperfusion (IR) injury is regarded as a complex
phenomenon of pathophysiology, which is a dynamic process
including localized ischemic insult and inflammation-
mediated reperfusion injury [1]. In other word, it can cause
cellular damage to an organ, which is exposed to hypoxia in
the ischemic period; the restoration of oxygen application
can aggravate cellular damage after reperfusion [2—4].

Hypoxia-inducible factor-1 (HIF-1), as an oxygen-
sensitive transcription factor and a master regulator of the
cellular response to oxygen homeostasis, plays a vital role
in hepatic IR injury. HIF-1 is a heterodimeric complex con-
sisting of two subunits: HIF-1a and HIF-1B [5]. HIF-1a is
extremely unstable under normoxia and will be degraded
soon in cytoplasm [6]. In contrast, HIF-1B is stable and
translocates from cytoplasm to nucleus where dimerizes
with the constitutive HIF-1a. Subsequently, the heterodimer
binds to hypoxia respone element of their promoter region
of the target genes and initiates the regulation of related
genes expression [6,7].

FK506 is an immunosuppressant extracted from Strepto-
myces tsukubaensis and widely used in solid organ transplant
[8]. It reduces the transplant rejection and the IR injury [9].
Although some studies have elucidated the regulated ability
of HIF-1 or its target transcriptional genes in IR injury, there
has been no relative study published on the role of FK506 in
the expression of HIF-1« or its target genes.

Nuclear factor of activated T cells (NFAT) is a fam-
ily of transcription factors initially discovered in T cells
[10]. Their activation depends on the calcium/calmodulin-
signalling pathway [11]. When the cells receive stimulus,
the calcium concentration can increase and then com-
bines with calmodulin. The calcium/calmodulin can activate
calcineurin. Activated calcineurin dephosphorylates NFAT,
leading to its nuclear translocation and enhancing its binding
to consensus DNA sites. Subsequently, NFAT initiates the reg-
ulation of related genes expression [12]. The NFAT signalling
is involved in the regulation of cell growth and development
in a variety of different tissues and cells [13,14]. NFAT3 is
one of the five known isoforms in this family, which is known
to be involved in gene expression, linking surface receptor
stimulation to nuclear events, and altering the fate of the
cell. Some studies have found that NFAT3 is expressed in
non-immune tissues, like heart, brain and breast [15,16].
There are a few studies involving NFAT3 in liver, but the spe-
cific role of NFAT3 signalling in hepatic IR injury was not
reported so far.

Therefore, we intend to discuss the effect of FK506 pre-
treatment on hepatic ischemia-reperfusion injury in this
study. And we also discuss the relationship between FK506
pre-treatment and the expression of HIF-1a and NFAT3 in
order to explore the possible mechanism of FK506-mediated
liver protection in rats following hepatic IR.

Materials and methods

Animals and experimental groups

Male Sprague-Dawley rats (220—250 g) were purchased from
HFK Bioscience Co. Ltd in this study. Rats had access to water

and a standard diet ad libitum and were randomly divided
into four groups:

e sham-operated group (S, n=8), the abdomen was only
opened and closed;

e ischemia-reperfusion group (IR, n=8), only normal saline
was given via dorsal penile vein at 60 min before setting
up the IR model;

e low-dose FK506 +ischemia-reperfusion group (L, n=38),
preoperative treatment with FK506 (0.3 mg/kg) [17] was
administered via dorsal penile vein at 60 min before indu-
cing the IR model;

e high-dose FK506 +ischemia-reperfusion group (H, n=8),
the dorsal penile vein injection of FK506 (1.0 mg/kg) [18]
was administered at 60 min before making the IR model.

Surgical procedure

A rat model of 70% partial warm liver IR was used. The rat
was anesthetized by abdominal injection of pentobarbital.
The abdomen was opened at the median line. The ligament
attachments connecting the liver, diaphragm, abdominal
wall and neighbouring organs were divided. The hepatic
artery and portal vein should be found and separated. Using
a vascular microclamp interrupted the portal venous and
arterial hepatic blood supply to the cephalad three lobes
of the liver. The reperfusion was initiated after 60 min of
ischemia by removal of the clamp. After complete reperfu-
sion and return of the reddish colour of the liver surface,
the abdominal cavity was meticulously inspected for bleed-
ing. Finally, the abdominal cavity was closed. After 6h
of reperfusion, blood samples were taken and the serum
transaminases levels were determined. Subsequently, the
liver tissues were harvested for further examination, and
all rats were sacrificed after operation.

Determining the sampling time

Undergoing 60 min of warm ischemia and 3, 6, 12 and 24h
of reperfusion, we detected the levels of serum ALT and AST
as indicators of hepatocellular injury and made the sampling
time.

Hepatocellular damage

The extent of hepatocellular damage was assessed by the
serum levels of aspartate aminotransferase (AST) and ala-
nine aminotransferase (ALT) using a biochemistry analyzer
(Cobas-Mira Plus, Roche, Manheim, Germany).

Detection of serum TNF-q, IL-6 and IL-113
TNF-a, IL-6 and IL-1B levels in serum were measured using

Elisa kit (R&D system Inc, MN, USA) as described in the man-
ufacturer’s instructions.

Histology

Liver tissues were fixed in 10% paraformaldehyde, embed-
ded in paraffin, sectioned at 4 um, and then stained with
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Table 1  Suzuki’s histological criteria for the assessment of
hepatic damage.
Score Congestion Vacuolization Necrosis
0 None None None
1 Minimal Minimal Minimal
(0—10%) (0—10%) (0—10%)
2 Mild Mild Mild
(11—30%) (11—-30%) (11—-30%)
3 Moderate Moderate Moderate
(31—60%) (31—60%) (31—60%)
4 Severe Severe Severe
(> 60%) (> 60%) (> 60%)

haematoxylin and eosin (HE). The degree of hepatic dam-
age after IR was assessed by Suzuki’s histological criteria
(Table 1).

RT-q PCR analysis

Total RNA was extracted from the frozen liver tissues with
Trizol reagent (Takara Bio Inc., Tokyo, Japan). One pg of RNA
was reverse-transcribed into cDNA using oligo-dT primers
with a Superscript Il First-Strand Synthesis System (Invit-
rogen). RT-gPCR was performed with iCycler 1Q system
(Bio-Rad, Hercules, CA). The primer sequences were as fol-
lows:

HO-1: sense primer 5-ACGCATATACCCGCTACCTG-3/;
antisense primer 5-TGCTGATCTGGGATTTTCCT-3/,
HIF-1a: sense primer 5'-GTCGGACAGCCTCACCAAACAG-3';
antisense primer 5-TAGGTAGTGAGCCACCAGT-3,

NFAT3: sense primer 5'-TCTTCAGGACCTCTGCCCTA-3';
antisense primer 5'-AGCCTAGGAGCTTGACCACA-3';
B-actin: sense 5'- CGGAACCGCTCATTGCC-3';

antisense 5- ACCCACACTGTGCCCATCTA-3'.

The cycling conditions comprised 5 min polymerase acti-
vation at 95°C, 40 cycles of 95°C for 5s and 60°C for 30's and
a single fluorescence measurement. Each expression gene
was normalized with B-actin mRNA using a Delta-Delta CT
method.

Western blotting

The proteins were extracted from the frozen liver tissues
and quantified using a protein assay (Bio-Rad Laborato-
ries, CA). The protein samples (80 ug) were fractionated
by SDS-PAGE and transferred to a nitrocellulose membrane.
The membrane was blocked in 5% non-fat dry milk for
1 h. Immunoblotting was conducted overnight at 4°C using
antibodies against HIF-1a (Novus Bio, USA), NFAT3 (Santa
Cruz Biotechnology, Inc., USA), HO-1 (Abcam, NV, USA), Bax
and Bcl-2 (Cell Signaling Technology Inc., USA). Using the
IgG-HRP secondary antibody (ZSGB Bio, Beijing, China) incu-
bated the membrane for 1h at room temperature. Each
protein expression was visualized via the ECL detection sys-
tem (Pierce ECL Substrate Western blot detection system,
Thermo Scientific, IL).

Statistical analysis

All data are presented as mean=+SD. Statistical analysis
was performed using analysis of variance and then the data
were analyzed for significance via Student’s t-tests using
Graph Pad Prism software (Version 5.0; Graph Pad, San
Diego, CA). P<0.05 was considered to be statistically sig-
nificant.

Results

Detecting serum ALT and AST and determining the
sampling time

After 60 min of warm ischemia, we detected the levels of
serum ALT and AST in different reperfusion time. The results
showed that the serum ALT and AST began to rise after 3 h of
reperfusion, reached the peak at 6 h, and reduced gradually
at 12h and 24 h. The levels of ALT and AST were significantly
higher at 6 h of reperfusion than them at 3h, 12h and 24h
of reperfusion (P<0.05; Fig. 1).

Effect of FK506 on liver damage

After 1h of warm ischemia and 6 h of reperfusion, the lev-
els of serum ALT and AST in the IR group were significantly
higher compared with the S group. Pre-treatment with FK506
at a concentration of 0.3 mg/kg and 1.0 mg/kg caused sig-
nificant reduction of ALT and AST when compared to the IR
group (P<0.01; Fig. 2). There was no significant difference
in transaminase levels between the L group and the H group.

Effect of FK506 on inflammatory cytokines

Inflammatory cytokines play a vital role in the pathophysi-
ology of the hepatic IR injury. We used Elisa kit to measure
the levels of TNF-q, IL-6 and IL-1B in the serum. TNF-a and
IL-1B were markedly lower in the L group and the H group, as
compared to the IR group after 6 h of reperfusion (P<0.05;
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Figure 1 The levels of ALT and AST in different reperfusion

time after 60min of warm ischemia. The levels of ALT and
AST were detected at 3h, 6h, 12h and 24h of reperfusion.
The serum ALT and AST began to rise after 3h of reperfusion,
reached the peak at 6h, and reduced gradually at 12h and
24h. Compared with 6 h of reperfusion, the levels of ALT and
AST were significantly lower after 12h and 24 h of reperfusion
(P<0.05).
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Figure 2  Alteration of serum levels of ALT and AST after the
IR. The levels of ALT and AST in the L group and the H group C 1500-
were lower than the IR group after reperfusion. There was no
significant difference between the L group and the H group in [ d |
ALT and AST levels after reperfusion (**P<0.01). :é 1000- —A
B
Fig. 3A, 3C). IL-6 was only decreased slightly in the L group & Qelneled
(P>0.05; Fig. 3B), but it was significantly inhibited in the H @ 5 —T—
group (P<0.05; Fig. 3B). The difference of each factor was E
not significant in the L group and the H group. -
o S
Effect of FK506 on liver histology & - s
In the S group, the hepatic tissue structure was normal. Figure 3  Alteration of serum levels of TNF-«, IL-6 and IL-8

The liver in the IR group showed hepatic sinusoids conges-
tion, neutrophil infiltration and necrosis. Many hepatocytes
were swollen and vacuolated. In contrast, tissue damage
of the L group and the H group following FK506 treatment
was significantly decreased and necrosis was less detected
(Fig. 4). The degree of IR injury was quantified using Suzuki’s
histological criteria. The results showed that significant
differences were noted in congestion, vacuolization and
necrosis between the IR group and the L and H groups
(P<0.05; Table 2).

Effects of FK506 on HIF-1«, HO-1 and NFAT3 mRNA
expression

When the rats underwent IR, quantitative analysis of the
liver HIF-1a, HO-1 and NFAT3 mRNA was performed by real-
time RT-PCR. The HIF-1a«. mRNA was not detected. The
expression of HO-1 mRNA was greatly increased in the L
group compared with the IR group after 6 h of reperfusion

after the IR. A. The levels of TNF-« in the L group and the H
group were lower than the IR group after reperfusion (*P <0.05).
B. IL-6 was only decreased slightly in the L group (P>0.05),
but its expression was significantly inhibited in the H group
(*P<0.05). C. The levels of IL-1B were significantly decreased
in the L group and the H group compared with the IR group
(*P<0.05).

(P<0.05; Fig. 5) and widely inhibited in the H group. The
level of NFAT3 transcript in the IR group was lower than in
the L group and the H group (P < 0.05; Fig. 6). The difference
was not significant between the L group and the H group.

Effects of FK506 on HIF-1«, HO-1, NFAT3, Bax and
Bcl-2 protein

The activation of the HIF-1a, HO-1, NFAT3, Bax and Bcl-
2 was measured using western blotting analysis. In the
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Figure 4 Representative hematoxylin and eosin staining of the livers after the IR (original magnification x 200). An example of
microphotograph from (A) the S group, (B) the IR group, (C) the L group, (D) the H group.

Table 2  Suzuki’s of each group (mean + SD).

Group N Congestion Vacuolization Necrosis Aggregate score
S 8 0 0 0 0

IR 8 2.00+0.38 2.38+0.42 3.25+0.25 7.25+0.56

L 8 1.00+0.27° 1.13+0.352 1.384+0.182 3.5+0.272

H 8 0.75+0.252 0.88+0.23° 1.25+0.162 2.88+0.52°

a8 Compared with IR group, P<0.05.

S group, the expression of HIF-1a was very little. After
6h of reperfusion, the activation of HIF-1a was slightly
increased in the IR group. In the L group, pre-treatment
with low-dose FK506 clearly enhanced the expression of
HIF-1a. However, there was little HIF-1« protein in the H
group (Fig. 7A). The expression of HO-1 was significantly
increased in the L group compared with the IR group after

1 h of warm ischemia and 6 h of reperfusion. In contrast, the
levels of HO-1 were not markedly changed between the L
group and the H group (Fig. 7B). To investigate the role of
NFAT3 signalling in hepatic ischemia-reperfusion injury, we
detected the levels of NFAT3, Bax and Bcl-2 in IR model.
The results showed that the activation of NFAT3 and Bcl-2
underwent IR were inhibited partially compared with the
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Figure 5 Alteration of the relative expression of HO-1 mRNA
after the IR. The expression of HO-1 mRNA was greatly increased
in the L group compared with the IR group after 6 h of reper-
fusion (*P<0.05). The high-dose FK506 couldn’t improve the
expression of HO-1 mRNA in the H group after reperfusion.

S group. Pre-treatment with FK506 significantly enhanced
the expression of NFAT3 and Bcl-2 (Fig. 8A, 8B). For Bax,
the trend was just the opposite compared with the Bcl-2
(Fig. 8B).
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Figure 6 Alteration of the relative expression of NFAT3 mRNA
after the IR. The expression of NFAT3 mRNA was significan-
tly increased in the L group and the H group compared with
the IR group after 6 h of reperfusion (*P<0.05). However, the
difference was not significant in the L group and the H group
(P>0.05).

Discussion

The hepatic IR injury is a common tissue and organ damage,
which is a vital indicator that affects the liver function after
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Figure 7  Alteration of the expression of HIF-1a and HO-1 protein after the IR. After 6 h of reperfusion, the expression of HIF-1a
protein was slightly increased in the IR group and clearly enhanced by FK506 pre-treatment in the L group. However, there was
little HIF-1a protein in the H group. The expression of HO-1 protein was significantly increased in the L group compared with the IR
group after 6 h of reperfusion. In contrast, the levels of HO-1 were not markedly changed between the L group and the H group.
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Figure 8 Alteration of the expression of NFAT3, Bcl-2 and Bax protein after the IR. The activation of NFAT3 and Bcl-2 underwent
IR were inhibited partially compared with the S group. Pre-treatment with FK506 significantly enhanced the expression of NFAT3
and Bcl-2 after 6 h of reperfusion. For Bax, the trend was just the opposite compared with the NFAT3 and Bcl-2.

liver transplantation or hepatectomy [1,19,20]. The hepatic
IR injury can decrease the liver detoxication, increase the
microcirculation power and even lead to liver failure, which
directly influences the prognosis of disease, success rate of
surgery, and patient survival [21,22]. Therefore, how to pro-
tect ischemic hepatocytes and reduce reperfusion injury has
become a clinical subject that needs to be solved now.

During the ischemic period, the reduction of blood flow
for the liver exposes the tissue or cell to hypoxia. At this
time, the liver is adapted to hypoxia through a variety of
physiological response and then initiates the transcription of
related genes to maintain oxygen supply. HIF-1a is an impor-
tant component of the major hypoxia-sensing mechanism in
eukaryotic cells and its expression can adapt cell to hypoxia
and thus play a protective role. Although there are a few
studies concerning the role of HIF-1a in hepatic IR injury
[23—25], including anti-inflammatory and anti-necrosis, the
correlation between FK506 pre-treatment and HIF-1« during
the IR is unknown.

Studies have demonstrated that FK506 could attenu-
ate hepatic injury caused by IR. Treatment with FK506
prior to 1h of warm ischemia dramatically decreased the
serum ALT and AST levels following 6 h of reperfusion. In
this study, we also got the same results that FK506 pre-
treatment decreased the serum ALT and AST expression and
thus reduced hepatocellular damage in hepatic IR injury.

Furthermore, some evidences have revealed that the inflam-
matory response is a major cause for liver damages after
IR [26,27]. Our present study demonstrated that the lev-
els of TNF-a, IL-6 and IL-1B were clearly decreased in
FK506-treated group compared with those in IR group, which
suggested that the protective effects of FK506 were realized
by the inhibition of inflammatory response. Consistently,
the liver damages, such as hepatic sinusoids congestion,
neutrophil infiltration and laminar necrosis, were markedly
alleviated in animal livers with FK506 pre-treatment after
IR.

Ben et al. have proved that the activation of HIF-1«
signalling could protect liver from IR injury by decreas-
ing mitochondrial damage, lipid peroxydation and apoptosis
[28]. Recent studies also demonstrated that the activation of
HIF-1a signalling decreased hepatic oxidative stress, inflam-
mation, apoptosis and necrosis and maintained hepatocyte
survival in rats accompanied by IR [25,29]. In clinical trial,
Amador et al. found that the survival of graft liver was asso-
ciated with markedly upregulated HIF-1a level [30]. Kim
et al. revealed that FK506 could preserve HIF-1 expres-
sion and transcriptional activity, and the cellular adaptation
to hypoxia. Thus, FK506 could be considered as a good
immunosuppressive agent that would not interfere with
organs survival under hypoxic conditions [31,32]. However,
there is no study demonstrating whether the effect of FK506
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on hepatocyte is associated with HIF-1 expression in hep-
atic IR model. So in order to explore the effect of FK506
pre-treatment on HIF-1a expression in rat after IR injury,
we detected the expression of HIF-1a through real-time
quantitative PCR and western blotting analysis. The HIF-
1a mRNA was not detected, which the reason may be that
HIF-1a is extremely unstable under normoxia condition and
will be degraded soon in cytoplasm [6]. Although there
was no valid data presented in mRNA, HIF-1a protein was
significantly upregulated following reperfusion in low-dose
FK506-treated group compared with the untreated group.
Combined with the literatures reported, we thought that
FK506 could preserve HIF-1a-mediated hypoxic adaptation
in hepatic IR. It’s a pity that the high-dose FK506 didn’t play
a promoting role in HIF-1a expression.

Heme oxygenase-1 (HO-1), a target gene of the HIF-1, has
been previously indicated to have the protective property
for liver against IR injury [33,34]. The over-expression of HO-
1 can improve liver function and decrease the inflammatory
cell infiltration. Likewise, the hepatic IR injury subjected to
extended cold ischemia could be also decreased via over-
expression of HO-1 [35]. Wang et al. found that induction
of HO-1 in vivo could improve liver tolerance to IR includ-
ing anti-inflammatory, antioxidant and maintenance of the
microcirculation [36]. Zhong et al. found that the upregu-
lation of HIF-1a and HO-1 protein dramatically decreased
cell necrosis and prevented liver damage after hepatic IR
[24]. Another study also indicated that HIF-1a accumulation
increased the expression of HO-1, and improved the liver
protection against IR injury [37]. In addition, HO-1 plays an
obvious role in promoting the regeneration of impaired liver
tissue [38]. In our study, the level of HO-1 mRNA in the low-
dose FK506-treated group was higher than in the IR group.
But high-dose FK506 treatment didn’t show promoted effect
on HO-1 mRNA. Western blotting analysis indicated that the
expression of HO-1 protein was increased in rats with FK506
pre-treatment compared with untreated groups, but it was
slightly elevated in the H group. Previous studies discovered
HO-1 over-expression could inhibit the release of TNF-a and
IL-6, and reduce inflammatory cells infiltration, which ulti-
mately reduced the liver damage [39,18,40]. Combining with
the expression of TNF-a and IL-6 we tested and histological
findings, we speculated that FK506 played protective roles
by increasing expression of HO-1.

The major side effects of FK506 in the clinical patients
were toxicity for the liver, kidneys, heart and pancreas, seri-
ously leading to life-threatening episodes [18,41]. Because
the therapeutic window of FK506 was particularly narrow
in clinic, the dose of using FK506 was in as low as possi-
ble in order to reduce its toxicity. In our experiment, FK506
at doses of 0.3 and 1.0mg/kg can all achieve therapeutic
effect, but the expressions of HIF-1« and HO-1 were not
improved further in rats with high-dose FK506 treatment,
which maybe they didn’t have dose-dependence on FK506,
and related to the toxicity of FK506 for liver.

Previous studies have found that FK506 could protect
hepatocytes from injury induced by IR through induction
of infiltrating T-lymphocyte apoptosis or directly making
hepatocytes resist to damage [42—44]. In addition, the
calcineurin inhibitor, FK506, has been shown to inacti-
vate calcineurin, repress NFAT translocation, and suppress
T cell activation [45]. So in this study, we used FK506 as

an inhibitor of NFAT3 translocation to explore the role of
NFAT3 signalling in IR injury. The mRNA analysis of NFAT3
displayed a significant decrease in the IR group compared
with the S group. However, the expression of NFAT3 mRNA
was markedly increased in FK506-treated rats after reper-
fusion. Consistently, western blotting analysis showed that
the expression of NFAT3 protein in the cytoplasm of IR group
was less than that in the S group. Pre-treatment with FK506
significantly enhanced the expression of NFAT3 protein in the
cytoplasm after reperfusion. These results indicated that
FK506 pre-treatment blocked NFAT3 into nucleus, leading
to NFAT3 accumulation in cytoplasm. And the inhibition of
nuclear translocation of NFAT3 might block the transcrip-
tion of its target gene. Rao et al. have demonstrated that
NFAT proteins binding to promoter regions could upregu-
late the expression of some factors, such as TNF-a [11]. In
our study, the TNF-a expression in FK506-treated rats was
obviously decreased compared with FK506-untreated rats.
Studies have showed that the level of TNF-a could reflect
the IR associated damage. Thus, we anticipated that NFAT3
represented a putative injury suppressing mechanism and
the inhibition of nuclear translocation of NFAT3 reversed the
impaired mechanism from IR because of the application of
FK506.

Recently, studies have revealed that NFAT3 have an
inhibitory effect on the activation of Bcl-2/Bax in renal
tubular cell damage [46], and FK506 maintain the level of
Bcl-2 after liver transplantation [44]. Based on these evi-
dences, we detected the expression of Bcl-2 and Bax protein
after reperfusion. We found that Bcl-2/Bax activation was
dramatically decreased in liver subjected to IR. But the
application of FK506 reversed Bcl-2/Bax activation. In this
regard, we inferred that the expression of Bcl-2, Bax and
NFAT3 might be correlated, which might be the reduction of
nuclear translocation of NFAT3 increased the expression of
Bcl-2 and inhibited the expression of Bax. Therefore, FK506
pre-treatment inhibited the nuclear translocation of NFAT3,
and improved Bcl-2/Bax activation and ultimately reduced
liver injury.

Conclusion

FK506 pre-treatment significantly reduced inflammatory
response and hepatocellular damage after IR by the upreg-
ulation of HIF-1a and HO-1, and the inhibition of nuclear
translocation of NFAT3 in rats. Thus, FK506 might be a use-
ful medicine to decrease or eliminate injury caused by IR in
liver transplantation and surgery.
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