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Abstract

AIM: To detect the effect of acid fibroblast growth factor
(aFGF) on apoptosis and gene expression of bax and bcl-2
gene in rat intestine after ischemia/reperfusion (I/R) injury,
and to explore the protective mechanisms of aFGF.

METHODS: One hundred and eight Wistar rats were
randomly divided into sham-operated control group (C)
(n = 6), intestinal ischemia group (I) (n = 6), aFGF
treatment group (A) (7 = 48) and intestinal ischemia-
reperfusion group (R) (7 = 48). In group I, the animals
were killed after 45 min of superior mesenteric artery
(SMA) occlusion, while in groups R and A, the rats sustained
45 min of SMA occlusion and were then treated with
normal saline and aFGF, respectively, sustained 15 min,
30 min, 1, 2, 6, 12, 24, or 48 h of reperfusion, respectively.
In group C, SMA was separated, but without occlusion.
Apoptosis in intestinal villus was determined with terminal
deoxynucleotidyl transferase mediated dUTP-biotin nick-
end labeling technique (TUNEL). Intestinal tissue samples
were taken not only for detection of bax and bcl-2 gene
expression by RT-PCR, but also for detection of bax and bcl-
2 protein expression and distribution by immunohistochemical
analysis.

RESULTS: The rat survival rates in aFGF treated group
were higher than group R (£<0.05) and the improvement
of intestinal histological structures was observed at 2, 6,
and 12 h after the reperfusion in group A compared with
group R. The apoptotic rates were (41.17+3.49)%,
(42.83+£5.23)% and (53.33£6.92)% at 2, 6 and 12 h after
reperfusion, respectively in group A, apparently less than
those of group R at matched time points (50.67+6.95,

54.17+7.86, 64.33+£6.47, respectively) (£<0.05). The bax
gene transcription and translation were significantly decreased
in group A vsgroup R, while mRNA and protein contents of
Bcl-2 in group A were obviously higher than those in group
R during 2-12 h period after reperfusion.

CONCLUSION: The changes in histological structure and
the increment of apoptotic rate indicated that the intestinal
barrier was damaged after intestinal I/R injury, whilst
intravenous aFGF could alleviate apoptosis induced by
ischemia and reperfusion in rat intestinal tissues, in which
genes of bax and bcl-2 might play important roles.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

aFGF belongs to a family of at least 20 related growth
factors that bind to varying extents to four different cell
surface receptors and their splicing variants. aFGF and basic
FGF(bFGF) are the prototypic members of the family,
and share a similar broad spectrum of biological activities.
These two growth factors are mitogens 7 vitro for most of
the ectodermal- and mesodermal-derived cell lines. In
addition, these proteins show a wide range of endocrine-
like activities! ). Previous studies have shown that intravenous
administration of exogenous bFGF could improve the
physiological functions of intestine after I/R injury®c.
However, the protective mechanisms of aFGF on intestinal
I/R injury remain unknown.

Apoptosis, a form of death characterized by cell shrinkage,
plasma membrane blebbing, chromatin condensation and
genomic DNA fragmentation, is essential for development
and maintenance of tissue homeostasis!®”. On the other hand,
apoptosis has been implicated in many diseases such as intestinal
ischemic and repetfusion insult. I/R induced apoptosis in the
jejunum and ileum®. However, little investigation has been
conducted to determine whether the protective effect afforded
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by aFGF relates to reduction in apoptosis during ischemia/
reperfusion. The objective of this study was therefore to
determine whether aFGF could protect the rat intestinal mucosa
against ischemia/reperfusion-induced apoptosis. Since bcl-2
family of proteins plays a major role in determining the ultimate
sensitivity or resistance of cells to myriad stimulus and insults
that induce apoptosis® "', we also examined the effects of
aFGF on gene expression of bcl-2 family underlying the
protective mechanisms of aFGF on intestinal ischemia injury.

MATERIALS AND METHODS

Animal model and experimental design

One hundred and eight healthy male Wistar rats weighing
220%20 g (Animal Center, Chinese Academy of Military
Medical Science, Beijing) were used in this study. Animals
were housed in wire-bottomed cages placed in a room
illuminated from 08:00 to 20:00 (12:12 h light-dark cycle)
and maintained at (21£1) 'C. Rats were allowed free access
to water and chow ad libitum. After the animals received
anesthesia by 3% sodium pentobatbital (40 mg/kg), a
laparotomy was performed. The superior mesenteric artery
(SMA) was identified and freed by blunt dissection. A micro-
bulldog clamp was placed at the root of SMA to cause
complete cessation of blood flow for 45 min, and thereafter
the clamp was loosened to form reperfusion injury. The
animals were randomly divided into sham-operated control
group (C) (n = 6), intestinal ischemia group (I) (# = 6), aFGF
treatment group (A) (# = 48) and intestinal ischemia-
reperfusion group (R) (# = 48). According to the different
periods after reperfusion, groups R and A were further
divided into 0.25, 0.5, 1, 2, 6, 12, 24, and 48 h subgroups,
respectively (7 = 6, each subgroup). In group I, the animals
were killed after 45 min of SMA occlusion, while in groups
R and A, the rats sustained 45 min of SMA occlusion and
were treated with 0.15 mL normal saline and 0.15 mL saline
plus 20 pg/kg aFGF (R&D Systems, Inc.) injected from
tail vein, respectively, then sustained 15, 30 min, 1, 2, 6, 12,
24, or 48 h of reperfusion, respectively. In group C, SMA
was separated, but without occlusion, and samples were taken
after exposure of SMA for 45 min. In groups R and A, rats
were killed at different time points after reperfusion, and
intestinal tissue biopsies were taken. A small piece of tissue
sample was fixed with 10% neutral buffered formalin for
immunohistochemical detection of intestinal epithelial
apoptosis, and protein expression of bax and bcl-2. The
rest of tissue samples were placed in liquid nitrogen for
detection of bax and bcl-2 gene expression by RT-PCR.

Histological staining

Formalin fixed, paraffin embedded intestinal samples were
cutinto 5-pm-thick sections, deparaffinized in xylene, rehydrated
in graded ethanol, and then stained with hematoxylin-cosine
(HE) for histological observation under light microscope.

In situ detection of cell death

The apoptotic cells in intestinal tissues were detected with
the terminal deoxynucleotidyl transferase (TdT)-mediated
dUDP-biotin nick end labeling (TUNEL) method. Specimens

were dewaxed and immersed in phosphate-buffered saline

containing 0.3% hydrogen peroxide for 10 min at room
temperature and then incubated with 20 pg/mL proteinase
K for 15 min. Seventy-five microliters of equilibration buffer
were applied directly onto the specimens for 10 min at room
temperature, followed by 55 pL. of TdT enzyme and then
at 37 C for 1 h. The reaction was terminated by transferring
the slides to prewarmed stop/wash buffer for 30 min at 37 C.
The specimens were covered with a few drops of rabbit
serum and incubated for 20 min at room temperature and
then covered with 55 plL of anti-digoxigenin peroxidase
and incubated for 30 min at room temperature. Specimens
were then soaked in Tris buffer containing 0.02%
diaminobenzidine and 0.02% hydrogen peroxide for 1 min
to achieve color development. Finally, the specimens were
counterstained by immersion in hematoxylin. The cells with
clear nuclear labeling were defined as TUNEL-positive cells.

Immunohistochemistry

Immunostaining for bax and bcl-2 proteins was performed
on paraffin sections with a high-temperature antigen-
unmasking method in citrate buffer and ABC peroxidase,
using monoclonal mouse antibodies against antigens (Santa
Cruz Co., 1:100 in PBS), a goat anti-mouse secondary
antibody (Santa Cruz Co., 1:100) and DAB substrate kit
(Santa Cruz Co.). Sections of 5 um thickness were cut and
mounted onto slides coated with 3-triethoxysilylpropylamide.
They were rehydrated and submerged in 3% hydrogen
peroxide for 10 min, washed in PBS for 5 min, then blocked
with 5% normal swine serum in PBS for 30 min at room
temperature, followed by incubation with primary antibodies
at a concentration of 5 ug/mlL (diluted in PBS containing
5% swine serum) overnight at 4 ‘C. Control slides were
incubated with PBS without primary antibodies. Tissue sections
were then washed in PBS and incubated for 60 min at room
temperature with biotinylated secondary antibody and PBS.
After washing in PBS, the sections were exposed to acidin-
biotin complex for 60 min at room temperature and again
washed in PBS. The sections were reacted with 0.5 mI./I. DAB
in 50 mmol/L Ttis-HCl (pH 7.4), with 1 mL/L hydrogen
peroxide for 5 min and counte-rstained with hematoxylin.
The results of positive staining cells and their distribution
were observed under a microscope of 400 magnification.
Fifty intestinal villi were required for counting, and then the
ratio of positive cells were calculated and analyzed.

RNA extraction and RT-PCR analysis

Total RNA was extracted using TRIzol reagent (Gibco BRL,
USA), and then was serially diluted with water pretreated
with diethylpyrocarbonate containing one unit RNase
inhibitor per ul. and 3 mmol/L dithiothreitol. RNA 1 pL.,
oligo (dT,45) 1 pL, avian myeloblastosis virus revetse
transcriptase (AMV-RT) 1 pL., 10 mmol/L. deoxynucleoside
triphosphate (AN'TP) 2 ul, 0.1 mol/L DTT 2 L., 5X buffer
4 uL, and sterilized distilled water up to a total volume of 20 pLL
were incubated at 37 “C for 60 min. After reverse transcription,
samples were heated at 95 C for 5 min to denature the
AMV-RT and stored at -20 ‘C for PCR. Subsequently, 2 plL.
of each reaction product was amplified in 50 pLL of a PCR
mixture. Then 29 cycles were performed with a Perkin-
Elmer Cetus/DNA thermal cycler (Takara Shuzo Co.,
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Table 1 Oligonucleotide primers for RT-PCR detection of bax, bcl-2 and B-actin mRNA transcripts

Genes Upper primers Lower primers
bax 5-AGGTCTTTTTCCGAGTGGCAGC-3’ 5"-CCCGGAGGAAGTCCAATGTCC-3'
bel-2 5-GACTTCGCCGAGATGTCCAG-3 5-GTGCAGGTGCCGGTTCAGG-3’
-actin - - g -
i 5-AGCCATGTACGTAGCCATCC-3' 5-GCCATCTCTTGCTCGAAGTC-3'

Tokyo, Japan) at 94 C for 1 min, 50 C for 1 min, 72 'C
for 1 min, and then at 72 ‘C for 10 min at the end of the
procedure. Table 1 shows the synthesized oligonucleotide
primers used for RT-PCR for genes of bax and bcl-2. In
this study, B-actin, which is ubiquitously expressed, was
used as a positive control in a pilot study before formal
experimentation, and PCR reactions for each primer set
were repeated four times to verify reproducibility of results.
After PCR, 5 pL sample aliquots were electrophoresed on a
2% agarose gel for 30 min, stained with ethidium bromide
and photographed. Densitometry was done with a Bechman
densitometer. The level of gene expression was expressed
as the ratio of the gray density of the objective gene over
the gray density of B-actin.

Statistical analysis

All values were expressed as meantSD. Differences in
mean values were compared using SPSS 11.0 by one-way
ANOVA and Student-Newman-Keul (SNK) test. P<0.05

was considered as statistically significant.

RESULTS

Change of morphological appearance

The histological evaluations revealed that damage to the
small intestine in the 45-min ischemia group was small, with
slightly edematous villus tips just after the ischemic petiod,
while the partial loss of the mucosa could be observed at 2 h
after reperfusion. During 6-12 h after reperfusion, the damage
of intestinal epithelial cells, hemorrhage and necrosis could
be found, accompanied by inflammatory cell infiltration into
the intestinal wall. In the period of 24-48 h after reperfusion,
the mucosal integrity was partially restored. Histological
structure of the intestinal mucosa was markedly improved
after administration of aFGF. The protective function of
aFGF on intestinal mucosa was most effective during 2-12 h
after reperfusion.

Change of cellular apoptotic rates

Apoptosis was measured and quantified by TUNEL assay
in serial sections prepared from the middle quarter of the
small intestine (jejunum). The time at which the animals
were killed after a 45 min SMA occlusion followed by
reperfusion was varied to further define the apoptotic
response. Statisticallysignificant increases in TUNEL-positive
cells were not detectableuntil 1 h after reperfusion and
were maximal at 12 h. The cellular apoptotic rate in intestinal
mucosa after reperfusion for 12 h was 3.3 times that in
group C. After reperfusion for 24 and 48 h, the mucosal
apoptotic rates were restored to the level in group C.
Administration of aFGF produced statistically significant
decreases in the apoptotic rates compared with group R
during 2-12 h after reperfusion (P<0.05). No significant
decreases in apoptosis were observed at 24 and 48 h after
reperfusion (Table 2).

Table 2 Effect of aFGF on the apoptotic rates in intestinal mucosa
after ischemia-reperfusion insult (n = 6, mean+SD, %)

Groups Group R Group A
GroupC 19.673.50 19.673.50
Groupl 27.67+9.63 27.67+9.63
15 min after reperfusion 29.50+5.61 25.17+6.43
30 min after reperfusion 31.00+5.02° 26.00+4.86
1 h after reperfusion 34.67+5.47° 32.83+7.08°
2 h after reperfusion 50.67+6.95° 41.17+3.49%
6 h after reperfusion 54.17+7.86° 42.83+5.232¢
12 h after reperfusion 64.33+6.47° 53.33+6.92°¢
24h after reperfusion 28.50+5.47 23.33+3.83
48 h after reperfusion 26.00+5.76 22.00+4.60

2P<0.05 vs group C;°P<0.05 vs group R at matched time points.

Expression characteristics of bax and bcl-2 proteins
Quantitative immunohistochemical results for bax protein
and bcl-2 protein were evaluated in Table 3. Protein

Table 3 Effect of aF GF on protein contents of bax and bcl-2 in intestinal villus after ischemia-reperfusion (n = 6, mean+SD, %)

Groups Bax protein Bcl-2 protein
Group R Group A Group R Group A

GroupC 19.8343.66 19.8343.66 35.33+4.59 35.33+4.59
Groupl 23.83+7.65 23.83+7.65 28.17+4.12 28.17+4.12
15 min after reperfusion 25.00+5.93 19.8345.27 29.8346.12 31.1745.04
30 min after reperfusion 28.00+9.23 20.33+4.76 28.83+5.85 30.175.95
1 hafter reperfusion 37.83+4.75° 24.17+4.49¢ 24.50+6.16° 26.00+5.10°
2 hafter reperfusion 47.67£7.26° 37.5047.01*¢ 20.67+7.15° 29.67+4.84¢
6 hafter reperfusion 54.67+5.28° 47.00+3.52*¢ 18.83+5.35° 27.83+£2.72¢
12 h after reperfusion 46.33+4.27° 37.6743.83*¢ 19.50+4.37° 25.67+4.03*
24 h after reperfusion 29.00+4.43 25.00+4.34 28.67+2.94 29.3346.02
48 h after reperfusion 26.17+3.49 22.83+3.19 29.00+3.74 30.50+4.89

2P<0.05 vs group C;°P<0.05 vs group R at matched time points.
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expression of bax was weak in the sham-operated intestinal
tissues and ischemic tissues. However, the positive cellular
rate clevated with the increment of duration after reperfusion
injury. In the period of 2-12 h after reperfusion, bax was
expressed at a dramatically higher level in compatison with
group C (P<0.05) and positive signals of bax were disttibuted
in the whole structure of villus, including mucosa, submucosa,
lamina propria and myometrium. At 24 h after reperfusion,
the positive cellular rate was not substantially changed
compared with group C. Treatment of alFGI could apparently
inhibit the protein expression of Bax in intestinal mucosa
during 2-12 h after reperfusion in comparison with group
R at different matched times (P<0.05) (Figure 1). There
was a negative correlation between positive expression levels
and the intensities of bax and bcl-2. Bcl-2 was strongly
expressed in the sham-operated intestinal tissues and positive
patticles of bcl-2 were mainly localized in the cytoplasm
and nuclei of villus cells and in the nuclei of crypt cells
(Figure 2). bcl-2 expression level in intestinal mucosa
decreased with increasing reperfusion time, and the positive
cellular rate was restored to the level of sham-operated tissues
at 24 and 48 h after reperfusion. Compared with the normal
saline treated group, the positive cellular rates of bcl-2 were
significantly higher during the period from 2 to 12 h after
reperfusion in aFGF treated group (P<0.05).

Expression characteristics of bax and bcl-2 mRNA
We investigated gene expression of bax and bcl-2 in

differentially treated intestinal villus through RT-PCR analysis
(Table 4). Figure 3 shows bax gene amplification product in
villus of differentially treated groups, which was composed
of 168 bp, had a remarkable and rapid increment in intestinal
villus after ischemia and reperfusion, peaked at 1 h after
reperfusion, and then decreased to the levels similar to that
of sham-operated group. After aFGF administration, the
levels of bax in villous cells were apparently lower than that
in normal saline treated group, especially at 15 min, 1, 2
and 6 h after reperfusion (P<0.05). The length of RT-PCR
products of bcl-2 was 228 bp (Figure 4). Bcl-2 gene was
expressed at a remarkably lower level in villus compared
with sham-operated group after reperfusion. After treatment
with aFGF, although bcl-2 gene was weakly expressed during
the period from 15 min to 6 h after reperfusion versus
group C, the level of bcl-2 gene expression returned to the
level of sham-operated group at 12-48 h after reperfusion.
In group A, the amounts of bcl-2 mRNA transcript were
markedly elevated in comparison with group R at matched
times after reperfusion (P<0.05), except for at 15 min after
reperfusion (Tabel 4). The length of RT-PCR products of
B-actin was 294 bp (Figutre 5). As RT-PCR positive control,
the quantity of B-actin mRNA was relatively the same in all
intestinal villi analyzed (Figure 5).

DISCUSSION

It is well known that the intestinal mucosa is highly sensitive
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Figure 1 The expression of Bax protein in sham-operated control group (A), 6
h after ischemia-reperfusion in group R (B) and 6 h after ischemia-reperfusion in
group A (C). Protein expression of Bax was weak in sham-operated control

Figure 2 The expression of bcl-2 protein in sham-operated control group (A),
6 h after ischemia-reperfusion in group R (B) and 6 h after ischemia-reperfusion
in group A (C) bcl-2 was strongly expressed in the sham-operated intestinal
tissues and positive particles of bcl-2 were mainly localized in the lower half of

group. Bax was strongly expressed in villus at 6 h after reperfusion, and was
mainly localized in the whole constitutive cells of villus. The positive stained
cells decreased remarkably at 6 h after reperfusion in group A vs group R.

the villus and in the cytoplasm and nuclei of villus cells. bcl-2 expression level
decreased at 6 h after reperfusion in group R. Compared with group R, the positive
cellular rates of bcl-2 were significantly higher at 6 h after reperfusion in group C.
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Table 4 Effect of aFGF on gene expression of bax and bcl-2 in intestinal villus after ischemia-reperfusion (n = 6, mean+SD, %)
Bax gene bcl-2 gene
Groups
GroupR Group A Group R Group A
GroupC 80.956+8.141 85.729+7.523 24.614+3.175 27.803+3.347
Groupl 105.961+8.880° 97.815+9.568° 11.221+2.752° 10.74443.549°

93.937+3.281°
94.138+4.583°

15 min after Reperfusion
30 min after Reperfusion

83.928+6.659°
94.288+3.707

23.057+4.642
12.921+3.059*

20.45745.013*
17.961+1.653*¢

1h after Reperfusion 108.367+12.668° 76.063+6.337¢ 11.789+3.200* 20.529+2.200%¢
2 h after Reperfusion 90.176+6.630 76.723+6.153¢ 9.083+2.168* 20.655+1.544>¢
6 h after Reperfusion 85.837+6.037 62.415%3.535% 6.512+2.477* 15.510+1.757*¢
12 h after Reperfusion 86.987+6.331 80.155+6.756 7.882+2.086* 27.349+3.592¢
24 h after Reperfusion 85.230+9.132 90.479+5.137 15.898+2.393* 30.364+2.298°
48 h after Reperfusion 86.728+7.278 94.846+14.403 14.755+3.268* 23.937+2.726°

2P<0.05 vs group C;°P<0.05 vs group R at matched time points.
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Figure 3 Expression of bax gene in normal saline treated (A) and aFGF treated
(B) rat intestinal villus. Bar indicates the size of RT-PCR cDNA products. 1: 48
h after reperfusion, 2: 24 h after reperfusion, 3: 12 h after reperfusion, 4: 6 h after
reperfusion, 5: 2 h after reperfusion, 6: 1 h after reperfusion, 7: 30 min after
reperfusion, 8: 15 min after reperfusion, 9: ischemia group, 10: sham-operated
control group, 11: DL2000 marker.
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Figure 4 Expression of bax gene in normal saline treated (A) and aFGF treated
(B) rat intestinal villus. Bar indicates the size of RT-PCR c¢DNA products. 1: 48
h after reperfusion, 2: 24 h after reperfusion, 3: 12 h after reperfusion, 4: 6 h after
reperfusion, 5: 2 h after reperfusion, 6: 1 h after reperfusion, 7: 30 min after
reperfusion, 8: 15 min after reperfusion, 9: ischemia group, 10: sham-operated
control group, 11: DL2000 marker.

to I/R, which may cause release of bacteria and toxin from
the gut into the host blood circulation and changes of
inflammatory factors, cytokines and growth factors, resulting
in damage to the intestinal barrier. In the current study, we
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Figure 5 Expression of 3-actin gene in normal saline treated (A) and aFGF
treated (B) rat intestinal villus. Bar indicates the size of RT-PCR c¢DNA products.
1: 48 h after reperfusion, 2: 24 h after reperfusion, 3: 12 h after reperfusion, 4: 6
h after reperfusion, 5: 2 h after reperfusion, 6: 1 h after reperfusion, 7: 30min after
reperfusion, 8: 15 min after reperfusion, 9: ischemia group, 10: sham-operated
control group, 11: DL2000 marker.

found that I/R, following occlusion of the SMA, induced
apoptosis in the intestinal villus. Results of TUNEL examination
displayed that the apoptotic rate increased during ischemia
and was maximal at 12 h after reperfusion. The location of
apoptotic bodies was extended from villus tip in sham-operated
rats to the whole structure of villus, including mucosa,
submucosa, lamina propria and myometrium in rat insulted
by I/R. The quantification of apoptosis was corroborated
with histological examination using HE staining. We also
found that administration of exogenous aFGF could reduce
the intestinal injury caused by I/R insult. The antiapoptotic
effect of aFGF was through regulation of expression of
genes related to apoptosis. Previous expetimental data showed
that the change of gene expression of apoptosis-related genes
played pivotal roles in alleviating cardiac, myocardiall'
cerebrall muscular®, cutaneous! and adrenal cortex!!”
apoptosis induced by I/R, which is in agreement with our
results.

Apoptosis is governed by a number of regulatory genes
mediated by apoptosis signals. Among them, the bcl-2 family
of proteins constitutes a central checkpoint. The bcl-2 family
consists of both cell death promoters and cell death preventers.
Bax is one of proapoptotic proteins, whereas bcl-2 is one of
anti-apoptotic proteins. The ratio of anti- to pro-apoptotic
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molecules such as bcl-2/bax determines the response to a
death signal™*), Bcl-2 seems to prevent apoptosis induced
by many stimuli, for example, itradiation, FasL.P", TRAILP
and deprivation of growth factor, and it has been shown to
suppress cytochrome ¢ (cyt.c) efflux from mitochondria,
inhibit calcium release from the endoplasmic reticulum®->,
Bax, which normally resides in the cytosol, translocates to
mitochondria when triggered by certain stimuli, and changes
to its active configuration as a dimetized integral mitochondrial
membrane protein®®. Translocated bax has been shown to
induce cyt.c release followed by caspase activation. Several
studies have reported that increment of the ratio of
bel-2/bax protein can prevent the progression of apoptosis in
myocardium after I/R®"?, In the present study, it was shown
that apoptosis began to occur in rat intestinal villus subjected
to 45 min of ischemia followed by 30 min of reperfusion.
Although gene transcription and translation of bcl-2 were
both inhibited after reperfusion, the expression of bax was
apparently enhanced. It was suggested that the decreased
ratio of bcl-2/bax by ischemia and reperfusion might play
a pivotal role in induction of apoptosis. Our study also
showed that the number of apoptotic cells in intestinal villus
insulted by I/R was significantly dectreased by aFGF
administration. aFGF could inhibit bax gene expression and
enhance bcl-2 gene expression in comparison with normal
saline treatment. So the increment of the ratio of bcl-2/bax
by administration of aFGF might be one of mechanisms
attenuating I/R-induced apoptosis. These results are consistent
with the result by Coopersmith e a/* that transgenic rat
expressing bcl-2 could supptess apoptosis induced by I/R.

Our study also found that apoptosis occurred at 30 min
postreperfusion followed by a return to baselinelevels by
24 h, suggesting that induction of intestinal apoptosis by
I/R and mucosal recovery were rapid processes. The reason
for this interesting kinetics of induction of mucosal cell
death and restoration was unclear. There were two possible
explanations. First, it may be that there is a time-dependent
increase in apoptosis-promotingfactors, including Bax, during
ischemia and early phases of reperfusion, which rapidly
decreases with prolonged repetfusion. Second, corresponding
to the decline in apoptosis-promoting factors, there may be
simultaneous induction of inhibitors of apoptosis, e.g., Bcl-
2, during the later phase of reperfusion. The exact mechanism
needs to be studied in depth.

In conclusion, the present study provides the preliminary
evidence that the protective effects of aFGF against I/R
in rat intestinal villus might be partially due to its ability to
inhibit I/R-induced apoptosis. Furthermore, our data
strongly suggest that aFGF exerts its antiapoptotic effect
via regulating gene expression of bcl-2, bax and the ratio of
bcl-2/bax proteins. The precise mechanism for the inhibition
of intestinal I/R injury and attenuation of apoptosis afforded
by aFGF requires further investigation.

REFERENCES

1 Weng LX, Fu XB, Li XX, Sun TZ, Zheng SY, Chen W. Effects of
acidi fibroblast growth factor on hepatic and renal functions
after intestinal ischemia/reperfusion injury. Zhongguo
Weizhongbing [ijiu Yixue 2004; 16: 19-21

2 Cuevas P, Carceller F, Martinez-Coso V, Asin-Cardiel E,

10

11

12

13

14

15

16

17

18

19

20

Gimenez-Gallego G. Fibroblast growth factor cardioprotection
against ischemia-reperfusion injury may involve K+ATP
channels. Eur | Med Res 2000; 5: 145-149

Cuevas P, Carceller F, Martinez-Coso V, Cuevas B, Fernandez-
Ayerdi A, Reimers D, Asin-Cardiel E, Gimenez-Gallego G.
Cardioprotection from ischemia by fibroblast growth factor:
role of inducible nitric oxide synthase. Eur ] Med Res 1999; 4:
517-524

Fu XB, Yang YH, Sun XQ, Sun TZ, Gu XM, Sheng ZY. Protec-
tive effects of endogenous basic fibroblast growth factor acti-
vated by 2, 3 butanedion monocime on functional changes of
ischemic intestine, liver and kidney in rats. Zhongguo
Weizhongbing Jijiu Yixue 2000; 12: 69-72

Fu XB, Yang YH, Sun TZ, Sun XQ, Gu XM, Chang GY, Sheng
ZY. Effect of inhibition or anti-endogenous basic fibroblast
growth factor on functional changes in intestine, liver and
kidneys in rats after gut ischemia-reperfusion injury. Zhongguo
Weizhongbing Jijiu Yixue 2000; 12: 465-468

Srinivasan A, Li F, Wong A, Kodandapani L, Smidt R, Krebs
JE, Fritz LC, Wu JC, Tomaselli K]J. Bcl-xL functions down-
stream of caspase-8 to inhibit Fas- and tumor necrosis factor
receptor 1-induced apoptosis of MCE7 breast carcinoma cells.
J Biol Chem 1998; 273: 4523-4529

Mills JC, Lee VM, Pittman RN. Activation of a PP2A-like
phosphatase and dephosphorylation of tau protein charac-
terize onset of the execution phase of apoptosis. | Cell Sci
1998; 111 (Pt 5): 625-636

Noda T, Iwakiri R, Fujimoto K, Matsuo S, Aw TY. Pro-
grammed cell death induced by ischemia-reperfusion in rat
intestinal mucosa. Am | Physiol 1998; 274: G270-G276
Chao DT, Korsmeyer SJ. BCL-2 family: regulators of cell death.
Annu Rev Immunol 1998; 16: 395-419

Cory S, Huang DC, Adams JM. The Bcl-2 family: roles in cell
survival and oncogenesis. Oncogene 2003; 22: 8590-8607
Rosse T, Olivier R, Monney L, Rager M, Conus S, Fellay I,
Jansen B, Borner C. Bcl-2 prolongs cell survival after Bax-
induced release of cytochrome c. Nature 1998; 391: 496-499
Chang TH, Liu XY, Zhang XH, Wang HL. Effects of di-
praeruptorin A on interleukin-6 level and Fas, bax, bcl-2 pro-
tein expression in ischemia-reperfusion myocardium. Acta
Pharmacol Sin 2002; 23: 769-774

Zhou H, Ma Y, Zhou Y, Liu Z, Wang K, Chen G. Effects of
magnesium sulfate on neuron apoptosis and expression of
caspase- 3, bax and bcl-2 after cerebral ischemia- reperfusion
injury. Chin Med ] (Engl) 2003; 116: 1532-1534

Wang Y, Hayashi T, Chang CF, Chiang YH, Tsao LI, Su TP,
Borlongan C, Lin SZ. Methamphetamine potentiates is-
chemia/reperfusion insults after transient middle cerebral
artery ligation. Stroke 2001; 32: 775-782

Hatoko M, Tanaka A, Kuwahara M, Yurugi S, lioka H,
Niitsuma K. Difference of molecular response to ischemia-
reperfusion of rat skeletal muscle as a function of ischemic
time: study of the expression of p53, p21(WAF-1), Bax
protein, and apoptosis. Ann Plast Surg 2002; 48: 68-74
Hatoko M, Tanaka A, Kuwahara M, Yurugi S. Molecular
response to ischemia-reperfusion of rat skin: study of expres-
sion of p53, p21WAF-1, and Bax proteins, and apoptosis.
Ann Plast Surg 2001; 47: 425-430

Baskin DS, Ngo H, Didenko VV. Thimerosal induces DNA
breaks, caspase-3 activation, membrane damage, and cell
death in cultured human neurons and fibroblasts. Toxicol Sci
2003; 74: 361-368

Deng W, Wang DA, Gosmanova E, Johnson LR, Tigyi G.
LPA protects intestinal epithelial cells from apoptosis by in-
hibiting the mitochondrial pathway. Am | Physiol Gastrointest
Liver Physiol 2003; 284: G821-G829

Chen W, Fu XB, Sun TZ. Characteristics of Bax and Bcl-2
expression in ulcerative and normal skin and their effects on
ulcer formation. Modern Rehib 2001; 5: 54-55

Chen W, Fu XB, Sun TZ. Characteristica of Bax and Bcl-2
expression in hypertrophic scars and its biological significance.
J Trauma Surg 2002; 4: 276-278



Chen W et al. Acid fibroblast growth factor against intestinal ischemia-reperfusion

3425

21

22

23

24

25

Chang YC, Xu YH. Expression of Bcl-2 inhibited Fas-mediated
apoptosis in human hepatocellular carcinoma BEL-7404 cells.
Cell Res 2000; 10: 233-242

Guo BC, Xu YH. Bcl-2 over-expression and activation of pro-
tein kinase C suppress the trail-induced apoptosis in Jurkat T
cells. Cell Res 2001; 11: 101-106

Foyouzi-Youssefi R, Arnaudeau S, Borner C, Kelley WL,
Tschopp ], Lew DP, Demaurex N, Krause KH. Bcl-2 decreases
the free Ca2+ concentration within the endoplasmic reticulum.
Proc Natl Acad Sci USA 2000; 97: 5723-5728

Zhang M, Zhang HQ, Xue SB. Effect of Bcl-2 and caspase-3
on calcium distribution in apoptosis of HL-60 cells. Cell Res
2000; 10: 213-220

Bogdanov MB, Ferrante R], Mueller G, Ramos LE, Martinou
JC, Beal MF. Oxidative stress is attenuated in mice overexpressing
BCL-2. Neurosci Lett 1999; 262: 33-36

26

27

28

29

Gross A, Pilcher K, Blachly-Dyson E, Basso E, Jockel J, Bassik
MC, Korsmeyer SJ, Forte M. Biochemical and genetic analysis
of the mitochondrial response of yeast to BAX and BCL-X
(L). Mol Cell Biol 2000; 20: 3125-3136

Cui J, Engelman RM, Maulik N, Das DK. Role of ceramide
in ischemic preconditioning. ] Am Coll Surg 2004; 198:
770-777

Nakamura M, Wang NP, Zhao ZQ, Wilcox JN, Thourani V,
Guyton RA, Vinten-Johansen J. Preconditioning decreases Bax
expression, PMN accumulation and apoptosis in reperfused
rat heart. Cardiovasc Res 2000; 45: 661-670

Coopersmith CM, O'Donnell D, Gordon JI. Bcl-2 inhibits
ischemia-reperfusion-induced apoptosis in the intestinal epi-
thelium of transgenic mice. Am | Physiol 1999; 276: G677-
G686

Science Editor Zhu LH and Guo SY Language Editor Elsevier HK



