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Objective
To examine the possibility of reducing ischemia-reperfusion
injury (I/R injury) to the mouse liver by in vivo adenovirus-me-
diated gene transfer of the antiapoptotic human Bcl-2 gene.

Summary Background Data
Ischemia-reperfusion injury has been demonstrated in a num-
ber of clinically relevant diseases such as myocardial infarc-
tion, cerebrovascular disease, sepsis, peripheral vascular dis-
ease, and organ transplantation. In this regard, apoptosis
plays a central role.

Methods
Normal C57BL/6 mice were used. An adenovirus (DE1) vector
containing the human Bcl-2 gene was developed in the au-
thors’ laboratory. An adenovirus vector encoding an irrelevant
gene (b-galactosidase, AdCMVLacZ) was used as a control.
Taking advantage of the hepatotropic properties of adenovi-
rus vectors, gene transfer was performed with 1 3 109

plaque-forming units by intravenous tail injection, 48 hours
before the ischemic injury. Ischemic-reperfusion injury was

induced by temporal and segmental occlusion of hepatic
blood flow. Aspartate aminotransferase, alanine aminotrans-
ferase, and lactate dehydrogenase activity was measured us-
ing standard assays. Liver biopsies were obtained before and
6 hours after I/R injury for morphologic assessment, and apo-
ptosis was determined in situ with a histochemical assay.

Results
The expression of AdCMVhBcl-2 vector was confirmed by
reverse transcription–polymerase chain reaction and function-
ally validated in apoptotic studies in endothelial cells. Expres-
sion of the Bcl-2 gene protects against I/R injury, as shown by
a significant decrease in transaminases (p , 0.05) and necro-
sis and apoptosis (p , 0.001), and permanent survival (p ,
0.0001), compared with sham-operated animals and animals
treated with AdCMVLacZ.

Conclusions
Genetic modification of the liver to induce cytoprotection has
potential applications to prevent I/R injury to the liver in surgi-
cal interventions, including liver transplantation.

Ischemia-reperfusion injury (I/R injury) has been demon-
strated in a number of clinically relevant diseases, such as
myocardial infarction, cerebrovascular diseases, sepsis, pe-
ripheral vascular disease, and organ transplantation. The
exact mechanisms and mediators involved in I/R injury

remain unknown, although various etiologic factors have
been identified. These factors include activation of pro-
teases and phospholipases,1,2 alteration in calcium concen-
trations,3–5 ATP depletion,6 cell damage by free radi-
cals,7—9 inhibition of nitric oxide synthesis,10 cytokines,11

chemokines,12 and endothelins. In addition, an active role of
cells of the immune system, such as neutrophils, has been
defined.13–15

In this regard, apoptosis, or programmed cell death, plays
a central role in many pathologies, including toxic, meta-
bolic, viral, and immune-mediated diseases.16–19 Although
necrosis is the classical manifestation of hypoxia-induced
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cell damage, apoptosis is a common event in postreperfu-
sion biopsy specimens of human liver grafts. In this context,
the main cellular targets of apoptosis are hepatocytes and
sinusoidal lining cells, and the intensity of apoptosis corre-
lates with signs of hepatocyte injury.16,17,20,21In this regard,
apoptosis is controlled through the expression of specific
genes that are conserved in nematodes through mammals.
Among these, the Bcl-2 gene family is the most impor-
tant.22,23 The protein encoded by the Bcl-2 gene has been
implicated in the prolongation of cell survival by blocking
the apoptosis and necrosis process.22,24–27Given the func-
tional importance of the Bcl-2 gene in death cell control,
it constitutes a prime target for cytoprotective therapeutic
interventions in numerous disease states. Gene transfer
studies in several types of mammalian cells have shown
that elevated Bcl-2 protein levels inhibit the early mitochon-
drial changes associated with apoptosis and can protect
cells from death induced by a wide variety of insults and
stimuli.22,28 Overexpression of Bcl-2 can protect neurons
against focal ischemia, hypoglycemia, oxygen radical
generators such as Adriamycin, can reduce infarction af-
ter occlusion of the midbrain artery, and can prevent apo-
ptosis in insulinoma cells exposed to cytotoxic cyto-
kines.22,24,25,28–32Whereas Bcl-2 is normally not expressed
in the hepatocytes,de novo Bcl-2 expression has been
observed after bile duct ligation; this suggests an adaptive
phenomenon to resist apoptosis by toxic bile salts.34 More-
over, the apoptosis protector, Bcl-2, is downregulated in the
bile duct epithelial cells of human liver allografts in acute
rejection,35 and might therefore play a role in the increased
apoptosis of these cells during acute rejection.36,37

These observations raised the possibility that the liver
injury during I/R can be prevented by temporal overexpres-
sion of Bcl-2. To this end, a successful gene transfer into the
liver can be achievedin vivo using recombinant adenovirus
vectors. The aim of this study was to evaluate whetherin
vivoadenovirus-mediated transfer of the antiapoptotic Bcl-2
gene into the liver could confer a cytoprotective effect
against I/R injury.

METHODS

Generation of Recombinant Adenovirus
Vector

A recombinant, E1-deleted adenovirus carrying the hu-
man Bcl-2 gene (AdCMVhBcl-2) without the transmem-
brane domain was constructed using the two plasmids ho-
mologous recombination method developed by Graham et
al.38 The plasmid encoding the hBc12 open reading frame
without the transmembrane domain (generously provided
by Dr. J. Reed, La Jolla Cancer Research Foundation, La
Jolla, CA), was used as a source of the human Bcl-2 gene.
The hBcl-2 without the transmembrane domain gene was
cloned into the plasmid pcDNA3-Bcl-2 and excised with
EcoRI and XhoI to release 0.7 kb fragment containing

hBc12 open reading frame, and then subcloned into the
EcoRIandXhoI site of the shuttle plasmid pCA13 (Micro-
bix, Inc., Ontario, Canada). The resultant plasmid, pCAh-
Bcl-2, contained 0.5 map units of sequence from the left end
of the human adenovirus serotype 5 genome, the cytomeg-
alovirus promoter, the human Bcl-2 open reading frame,
followed by the SV40 poly(A) sequence (Fig. 1). The num-
ber of plaque forming units (pfu) per preparation was de-
termined by plaque assay on 293 cells. Plaque assay on
HeLa cells confirmed the absence of contaminating replica-
tion-competent adenovirus. As a control, we used an E1A/
B-deleted, replication-incompetent, recombinant adenovirus
vector that encodes the reporter geneE. coli b-galactosidase
under the control of the cytomegalovirus promoter (AdC-
MVLacZ).

Animals

Experiments were performed in normal male C57BL/6
mice (Jackson Laboratory, Bar Harbor, ME) 9 to 12 weeks
old weighing 25 to 30 g, fed a laboratory diet of water and
food ad libitum, in compliance with the University of Ala-
bama at Birmingham Animal Care and Use Committee,
which adheres to the NIH guidelines for the use of experi-
mental animals. All surgical procedures were performed at
the same hour to avoid circadian variations.

Surgical Procedures

A model of segmental hepatic ischemia was used in all
experiments. Briefly, animals were anesthetized with ket-
amine (100 mg/kg) and xylazine (8 mg/kg). After midline
laparotomy, the median lobe of the liver (approximately
45% of the liver mass) was clamped at its base using a
microvascular clamp for 30 to 40 minutes.15,39 For the
survival analysis, the superior mesenteric artery was ex-
posed and occluded with a microvascular clamp for 20 to 30
minutes. Estimates of blood flow using laser Doppler flow-
metry indicated that occlusion of the superior mesenteric
artery results in an approximately 70% reduction in blood
flow in the mouse liver.40 Reperfusion was initiated by
gentle removal of the clamp. Sham-operated animals were

Figure 1. Generation of a recombinant adenovirus vector encoding the
human Bcl-2 gene.
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treated in an identical fashion except for the omission of
vascular occlusion.

In Vivo Gene Transfer

Adenovirus-mediated gene transfer to the liver was
carried out after tail vein injection of 13 109 pfu of
AdCMVLacZ or AdCMVhBcl-2 48 hours before the I/R
injury. Three experimental groups were evaluated. Group 1
(n 5 8) animals received intravenous injection of phos-
phate-buffered saline (PBS) alone. Group 2 (n5 8) animals
received a recombinant adenovirus vector encoding a re-
porter gene (AdCMVLacZ). Group 3 (n5 8) animals re-
ceived AdCMVhBcl-2.

Expression of Bcl-2 in Liver Grafts

The total RNA was extracted from snap-frozen liver
biopsies using an RNA STAT-60 kit (Tel-Test B, Inc.,
Friendswood, TX) according to the manufacturer’s recom-
mendations. Briefly, after homogenization in RNA
STAT-60 (1 ml/50 mg tissue), the samples were incubated
for 5 minutes at room temperature to allow dissociation of
nucleoprotein complexes. Next, 0.2 ml of chloroform per
milliliter of RNA STAT-60 was added. After 2 to 3 minutes
at room temperature, the samples were centrifuged at
12,000g for 15 minutes at 4°C. RNA was precipitated with
isopropanol at270°C overnight, washed in 70% ethanol,
and resuspended in RNase-free water. The first-strand
cDNA synthesis was catalyzed by Moloney Murine Leuke-
mia Virus reverse transcriptase with 15 mg of total RNA;
random hexamer primers were used. The First-Strand
cDNA Synthesis Kit (Pharmacia Biotech, Inc., Milwaukee,
WI) was used according to the manufacturer’s recommen-
dations. The cDNA was then employed as a template for
polymerase chain reaction amplification to generate human
Bcl-2-specific fragment (;590 bp) using the primers AGT
GGG ATG CGG GAG ATG TG and GGG GCC GTA CAG
TTC CAC AA.

Liver Function Tests

Blood samples for aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), and lactate dehydrogenase
(LDH) assessment were obtained after 6 hours of reperfu-
sion and were analyzed using a serum analyzer (Amos
Seralyzer, Miles Inc, Diagnostics Division, Elkhart, IN).

Morphologic Assessment

Liver biopsies for histologic assessment were obtained
both before ischemia and 6 hours after reperfusion. Liver
specimens were fixed in 10% formalin and embedded in
paraffin. Six-micrometer sections stained with hematoxylin
and eosin were evaluated at 2003 magnification by a point-

counting method for severity of hepatic injury using an
ordinal scale, as previously described39:

● Grade 0: minimal or no evidence of injury
● Grade 1: mild injury consisting of cytoplasm vacuola-

tion and focal nuclear pyknosis
● Grade 2: moderate to severe injury with extensive nu-

clear pyknosis, cytoplasmic hypereosinophilia, and loss
of intercellular borders

● Grade 3: severe necrosis with disintegration of hepatic
cords, hemorrhage, and neutrophil infiltration.

Detection of Apoptosis

A commercial in situ histochemical assay (Klenow-
FragEL, Oncogene Research Products, Cambridge, MA)
was used to detect the DNA fragmentation characteristic of
apoptosis. In this assay, Klenow binds to exposed ends of
DNA fragments generated in response to apoptotic signals
and catalyzes the template-dependent addition of biotin-
labeled and unlabeled deoxynucleotides. Biotinylated nu-
cleotides are detected using a streptavidin–horseradish per-
oxidase conjugate. Diaminobenzidine reacts with the
labeled sample to generate an insoluble colored substrate at
the site of DNA fragmentation. Counterstaining with methyl
green aids in the morphologic evaluation of normal and
apoptotic cells. The results were scored semiquantitatively
by averaging the number of apoptotic cells per microscopic
field at 253 magnification. Six fields were evaluated per
tissue sample.

Statistical Analysis

All data are expressed as mean6 SEM. Treatment
groups were compared statistically using the unpaired two-
tailed Student’s test. The Kaplan-Meier method was used to
plot the survival distributions of each group. The log-rank
test was used to compare the survival distributions of the
groups.

RESULTS

Generation of Recombinant Adenovirus
Vector and Expression of Human Bcl-2
in Liver

A recombinant adenovirus vector encoding the human
Bcl-2 gene driven by the CMV promoter was generated (see
Fig. 1). AdCMVhBcl-2 can cytoprotect human endothelial
cells and liver grafts in hypothermia during standard pres-
ervation time for organ transplantation.41 We first wished to
demonstrate that AdCMVhBcl-2 could mediate transfer of
the Bcl-2 gene to the liver. To this end, mice were injected
intravenously with AdCMVhBcl-2, with a control vector
expressing theE. coli b-galactosidase gene AdCMVLacZ,
or with PBS.

At 48 hours after infection, total RNA was extracted from
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the livers and subjected to reverse transcription–polymerase
chain reaction. As shown in Figure 2, expression of the
Bcl-2 gene could be detected in the liver of mice injected
with AdCMVhBcl-2 but not in the liver of mice injected
with the control vector or PBS. High levels of Bcl-2 were
obtained 8 hours after intravenous AdCMVhBcl-2 admin-
istration (data not shown). As previously reported, the in-
travenous administration of adenoviral vectors, 13 109 pfu,
transduces.95% of hepatocytes with 20 to 40 viral genome
copies per cell.42,43 Thus, Bcl-2 expression in the liver can
be accomplishedin vivo after systemic administration of a
recombinant adenovirus encoding Bcl-2.

Reduced I/R Injury with the
Antiapoptotic hBcl-2 Gene

Having confirmed that injection of AdCMVhBcl-2 led to
expression of the antiapoptotic Bcl-2 gene in the liver, we
sought to investigate whether this could induce cytoprotec-
tion after I/R injury of the liver. Mice were injected with
AdCMVhBcl-2, the control vector AdCMVLacZ, or PBS.
For these studies, we used a previously described model of
segmental hepatic warm ischemia. Ischemia-reperfusion in-
jury was induced by occlusion of the median lobe of the
liver (approximately 45% of the liver mass) for 30 to 40
minutes.

Serum AST and ALT levels were used to assess liver
injury in the three experimental groups. AST is an estab-
lished marker of hepatic damage after warm ischemia and
reperfusion injury.39,44 In our preliminary studies, we
showed that the peak of AST concentration in animals
subjected to 30 to 40 minutes of ischemia of 45% of the
liver mass occurs 5 to 7 hours after injury (data not shown).
Therefore, in our experiments, we measured serum AST
levels 6 hours postinjury. Animals from the control group
injected with PBS showed a significant increase in serum
AST levels 6 hours after the I/R injury (Fig. 3). Animals
injected with an adenovirus vector encoding an irrelevant
gene (AdCMVLacZ) shown a similar increase in AST lev-
els. In contrast, animals injected with the AdCMVhBcl-2
vector showed a significant reduction in AST. An increase
in AST was observed in animals given AdCMVLacZ fol-
lowed by sham operation (1.36 0.2 IU/L) compared with
PBS (0.66 0.2 IU/L) or AdCMVhBcl-2 (0.86 0.22 IU/L).
This reflects the hepatotoxic effect of adenovirus vectors, as
previously reported.45,46Serum ALT levels followed a sim-
ilar pattern (data not shown). A significant reduction of the
LDH peak 6 hours after the I/R injury was observed in
animals given AdCMVhBcl-2 (Fig. 4). These results dem-
onstrate that adenovirus-mediated gene transfer of the anti-

Figure 2. Expression of human Bcl-2 protein in liver 48 hours after in
vivo gene transfer with AdCMVhBcl-2.

Figure 3. Reduced AST levels after I/R injury to the liver in animals
injected with AdCMVhBcl-2.

Figure 4. Reduced LDH levels in animals cytoprotected with
AdCMVhBcl-2 after I/R injury to the liver.
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apoptotic hBcl-2 gene induces hepatoprotection against I/R
injury.

Histologic Analysis After I/R Injury

Next we investigated the degree of hepatocyte injury in
this experimental model. To this end, stained biopsy spec-

imens were subjected to a point-counting method using an
ordinal scale, as described.39 Liver specimens obtained 6
hours after the I/R injury (median lobe of the liver) from
control animals injected with PBS or the irrelevant vector
AdCMVLacZ showed moderate to severe injury (grade 2 or
3) with nuclear pyknosis, cytoplasmic hypereosinophilia,
and loss of intercellular borders. Areas of necrosis with

Figure 5. Histologic analysis after I/R injury to liver.

Figure 6. Apoptosis of the liver parenchyma cells after I/R injury.
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disintegration of hepatic cords and neutrophil infiltration
were also evident (Fig. 5). Consistent with the levels of
transaminases, animals injected with AdCMVhBcl-2
showed minimal evidence of injury, including a significant
reduction of liver necrosis (grade 0 or 1). Mild neutrophilic
infiltrate and apoptotic degeneration of hepatocytes were
evident before the ischemic injury in samples obtained 48
hours after AdCMVLacZ administration. These morpho-
logic alterations have been previously reported and repre-
sent an inflammatory response to the adenovirus vectors
after intravascular administration.45,46 Interestingly, livers
infected with AdCMVhBcl-2 showed no significant differ-
ence before the ischemic injury compared with control
animals treated with PBS. These results suggest that hBcl-2
might protect the host cell against the cytotoxic effects of
the adenovirus vector or decrease the inflammatory re-
sponse secondary to the viral infection.

Reduced Apoptosis After I/R Injury

Having demonstrated that Bcl-2 protects the liver against
I/R injury, we wished to examine whether this was the result

of reduced apoptosis in the liver parenchyma cells. To
investigate this, we employed anin situhistochemical assay
to detect the DNA fragmentation characteristic of apoptosis.
Apoptotic cells were more evident in postreperfusion sam-
ples from animals injected with PBS or with adenovirus
carrying an irrelevant gene (Table 1, Fig. 6). In contrast,
significantly fewer apoptotic cells were present in the ani-
mals that received AdCMVhBcl-2 (p, 0.01). Animals
treated with AdCMVLacZ showed significantly more apo-
ptotic cells before the ischemic injury compared with ani-
mals that received AdCMVhBcl-2. Thus, these results dem-
onstrated the ability of hBcl-2 gene to protect the host cell
against the cytotoxic effects of the adenovirus vectors.

Prolonged Survival After I/R Injury

We next wished to determine whether the cytoprotective
effect of the antiapoptotic Bcl-2 gene would translate into a
survival advantage in animals with I/R injury. Thus, animals
were injected with AdCMVhBcl-2, AdCMVLacZ, or PBS
and then subjected to I/R injury. For these studies, the
superior mesenteric artery was occluded for 20 to 30 min-
utes. Preliminary studies in our laboratory showed that the
mortality rate of normal mice with 20 to 30 minutes of such
occlusion is 97% at 24 hours. Moreover, serum AST and
ALT levels increased significantly, and histologic examina-
tion demonstrated extensive hepatocellular damage (data
not shown). The survival after 24 hours in control animals
injected with PBS was zero, and only 20% of animals
treated with AdCMVLacZ survived this length of time.
However, all the animals treated with AdCMVhBcl-2 sur-
vived indefinitely (p, 0.0001) (Fig. 7). All the mice in the
sham-operated group survived, which excludes the anes-
thetic and surgical procedure as the direct cause of death in

Table 1. REDUCED INCIDENCE OF
APOPTOTIC CELLS AFTER REPERFUSION
IN ANIMALS INJECTED WITH AdCMVhBcl-2

Control AdCMVLacZ AdCMVhBcl-2

Before I/R injury 2.3 6 2 17.5 6 5* 1.41 6 2*
After I/R injury 42.4 6 15† 64.2 6 18† 8.7 6 4†

Results represent the mean 6 SEM of positive cells/field/6 fields per tissue.
* p , 0.01 vs. AdCMVLacZ only.
† p , 0.001 vs. control and AdCMVLacZ.

Figure 7. Prolonged survival after
I/R injury to the liver in animals
genetically modified in vivo with Ad-
CMVhBcl-2.
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this experimental model. Six months later, four survivors
were killed for histologic analysis and Western blot studies
for Bcl-2 protein expression; no expression of Bcl-2 was
observed. In this regard, no evidence of malignant transfor-
mation was observed in the pathologic analysis of different
organs, including the liver. The other four survivors are
currently alive and in perfect condition after 8 months, with
normal AST and ALT plasma levels (data not shown).
These results show that the hBcl-2 gene confers a significant
survival advantage after I/R injury to the liver.

DISCUSSION

In this study, we demonstrated the possibility ofin vivo
genetic modification of the liver with a recombinant adeno-
virus vector expressing the human antiapoptotic gene Bcl-2.
Expression of this gene provided genetic cytoprotection
against I/R injury to the liver, as demonstrated by reduction
of transaminases, minimal evidence of histologic injury, and
a significant reduction in the apoptotic process after I/R
injury. Multiple mechanisms have been implicated during
I/R injury, but the final consequence is damage to the
parenchymal liver cells. Previous studies have shown that
the Bcl-2 gene protects a wide variety of cell types from
undergoing apoptosis in response to such diverse stimuli as
ionizing radiation, viral infection, growth factor depriva-
tion, cytokine cytotoxicity, and ischemia.22 Yamabe et al26

recently demonstrated that transfection of the Bcl-2 gene
through the HVJ-liposome method can be used to prevent
liver cell necrosis induced by hypoxiain vitro and in vivo.
Similar results have been reported in neuron cells, where
Bcl-2 decreases the extent of necrosis after multiple neuro-
logic insults.27,28In the present study, we demonstrated that
hBcl-2 gene mediated a significant reduction in apoptosis
and necrosis after I/R injury to the liver. Inex vivoand in
vivo models of hypoxic liver damage, both oxidative phos-
phorylation and glycolysis are blocked by the lack of oxy-
gen and substrates, resulting in a decrease in ATP levels and
loss of mitochondrial function.47,48 Subsequently, distur-
bance of calcium homeostasis and the cytoskeletal system
leads to hepatocyte death.49 Pastorino et al50 and Watanabe
et al51 have demonstrated loss of mitochondrial function
before hypoxic cell death, and protection of the mitochon-
drial function prevents it. Therefore, the mitochondria play
an essential role in the hypoxic apoptosis pathway. Trans-
fection of cells with Bcl-2 gene inhibits the early mitochon-
drial changes associated with apoptosis22,52,53 and necro-
sis.26 Therefore, the cytoprotection conferred by the
expression of the hBcl-2 gene might be related to prevention
of mitochondrial dysfunction.

In vivo gene transfer of Bcl-2 48 hours before a lethal
warm I/R injury to the liver conferred permanent survival,
compared with 100% deaths in animals injected with PBS
alone or with an adenoviral vector encoding an irrelevant
gene. Normal liver function test results and normal liver

histology were demonstrated 6 months after the liver injury
in animals cytoprotected with Bcl-2.

Gene transfer of antiapoptotic genes with adenoviral vec-
tors is an attractive alternative to ameliorate I/R injury to the
liver because high efficient gene transfer can be accom-
plished after systemic administration and temporary trans-
gene expression. The main limitation of this technology for
I/R injury secondary to trauma, cerebral and myocardial
infarction, and so forth, is the necessity of gene transfer
before the injury. However, we are exploring the efficacy of
gene transfer of Bcl-2 after the ischemic injury.

High levels of hBcl-2 gene expression can be demon-
strated 8 hours afterin vivo intravenous administration (data
not shown). Therefore, gene transfer and expression of
Bcl-2 in liver allografts could potentially be achieved hours
before organ procurement. Liver damage has been demon-
strated at various times of the transplantation procedure,
including harvest of the organ, cold preservation time, warm
ischemia, and organ reperfusion. Therefore, Bcl-2 overex-
pression might improve graft function after transplantation.
Recently, Albert et al54 and Rovere et al55 demonstrated that
apoptotic cells induce direct activation of dendritic cells, a
critical step in the immunologic response. Therefore, re-
duced cell damage and apoptosis during the early steps of
liver transplantation would potentially decrease the immu-
nogenicity of the organ and therefore the incidence of
rejection. Cells expressing Bcl-2 have been shown to block
cytotoxicity mediated by allospecific cytotoxic T lympho-
cytes and to resist the cytotoxic effect mediated by perforin
and granzymes.56 Therefore, expression of Bcl-2 after liver
transplantation would potentially confer protection against
the immune system.

The duration of ischemia has been demonstrated to be
one of the most important risk factors for postoperative
complications in patients undergoing liver resection.57,58

Gene transfer of antiapoptotic genes can be achieved before
the surgical procedure to induce cytoprotection and poten-
tially to decrease postoperative complications.

Gene-transduced hepatocytes with adenoviral vectors are
rapidly eliminated; therefore, the expression of the trans-
gene is limited. Fas-mediated apoptosis induced by adeno-
viral vectors has been shown to play a critical role.59 Recent
experiments from our laboratory have shown that coexpres-
sion of Bcl-2 and a reporter gene is an effective strategy in
preventing the rapid elimination of adenoviral-transduced
hepatocytes (Bilbao G, manuscript in preparation). La-
cronique et al,60 using hepatocytes from transgenic animals
expressing human Bcl-2, showed that these hepatocytes can
resist the administration of agonistic Fas antibody, whereas
normal hepatocytes were killed. All these observations sug-
gest that expression of Bcl-2 can block the Fas-mediated
apoptosis induced by adenoviral vectors.

Bcl-2 was discovered by its association with the t(14;18)
chromosomal translocations found in non-Hodgkin B-cell
lymphomas.61 No evidence of neoplasia has been demon-
strated in transgenic mice with overexpression of Bcl-2.62
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We have demonstrated transient expression of hBcl-2 in
liver after genetic modificationin vivo with a recombinant
adenovirus (data not shown). Further, in this study no evi-
dence of liver dysfunction or malignant transformation in
long-term survivors was observed.

In summary, we have demonstrated that an adenovirus
vector carrying the antiapoptotic human Bcl-2 gene could
mediate cytoprotection of the liver against I/R injuryin vivo.
Further, permanent survival was achieved after a lethal
warm I/R injury. The beneficial effect of Bcl-2 on reperfu-
sion injury seems to be related to its antiapoptotic and
antinecrotic properties. Prevention or reduction of I/R injury
with gene therapy could be an attractive therapeutic alter-
native in multiple clinical conditions, such as liver surgery
and organ transplantation and other conditions associated
with I/R injury.
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