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Abbreviations

ADP/E311.6kD adenovirus death protein

AIF apoptosis inducing factor

ANOVA analysis of variance

Bcl-2 B cell lymphoma associated protein

BPV bovine papilloma virus

CPA cyclopiazonic acid

DCFH-DA 5,6-carboxy-2’,7’-dichlorofluorescein-diacetate

m mitochondrial membrane potential

ECL enhanced chemoluminiscence

ER endoplasmic reticulum

FACS fluorescence activated cell sorter

FasL Fas ligand

FCS fetal calf serum

FCCP                                           carbonylcyanide-p-trifluorometoxyphenylhydrazone

G418                                            geneticin

Gal4 yeast DNA binding domain

GAPDH Glyceraldehyde 3 phosphate dehydrogenase

GFP green fluorescent protein

hPRB891 human progesterone receptor

(HSV)VP16 herpes simplex virus VP16 transactivator domain

IFN- interferon-

IFN- interferon-

IL-1 interleukin-1



iNOS inducible nitric oxide synthase

JAK Janus activated kinase

JC-1 5,5’,6,6’-tetrachloro-1,1’,3,3’

tetraethylbenzimidazolcarbocyanine-iodide

MHC                                            major histocompatibility complex

MnSOD manganese superoxide dismutase

MPT mitochondrial permeability transition

NO nitric oxide

ORF open reading frame

PAGE plyacrylamide gel electrophoresis

PBS phosphate buffered saline

PCR polymerase chain reaction

PFU plaque forming units

PI propidium iodide

ROS reactive oxygen species

SDS sodim dodecyl sulphate

SEM standard error of the mean

STAT transducers and activators of transcription

TNF- tumor necrosis factor-

RU 486 anti-progestin mifepristone

VA RNA virus associated RNA

XTT 2,3-bis[2-methoxy-4-nitro-5-sulfophenyl]-2H-

tetrazolium-5-carboxanilide
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Introduction

Type 1 diabetes is a multifactorial autoimmune disease, resulting in specific
and progressive destruction of insulin producing cells within the pancreatic
islets of Langerhans (1-4). The disease has a genetic component which may
account for as much as 50% of the risk, and which involves mostly genes
belonging to class II major histocompatibility complex (MHC) (5,6). On this
particular genetic background, the autoimmune destruction of insulin
producing cells is believed to be triggered by environmental factors
including viral infections (7,8), diet, toxins and stress (9). Type 1 diabetes
has two distinct phases: insulitis, characterized by the infiltration of
autoimmune cells within the islets and by the presence of circulating islet-
related autoantibodies (10,11); and overt diabetes, when most of the -cells
have been destroyed and there is no longer sufficient insulin production to
regulate blood glucose levels, resulting in hyperglycaemia. Dysfunction and
damage of cells in the early phase of the disease is thought to result from a
direct contact with islet-infiltrating cells such as macrophages, CD4+-T cells
and CD8+-T cells (12-14) and/or from exposure to their cytotoxic mediators:
proinflammatory cytokines, the ligand of the Fas receptor (FasL), free
radicals, and, possible, the perforin-granzyme system (15-17).
The current treatment of choice for type 1 diabetic patients is insulin therapy.
However, many patients develop secondary complications such as
nephropaty, neuropaty and cardiovascular problems (18). Recently,
pancreatic islet transplantation has been validated as a promising alternative
to correct for the insulin deficiency in type I diabetes (19). However, the
requirement for islets derived from two to four donors to treat a single
patient is a barrier to the use of this technique on a larger scale. Therefore,
much effort is going into developing new therapeutic strategies to increase
durable functional islet mass.
Gene therapy might provide powerful tools for the study of the pathogenesis
of type 1 diabetes and could offer potential means to protect against -cell
death, by induction of immunoregulatory, cytoprotective or antiapoptotic
genes (20-22), and/or to stimulate -cell differentiation and regeneration, by
induction of different transcriptional regulators and growth factors (23-25).
The overall aim of this thesis was to study the molecular mechanisms
involved in cytokine- and/or adenoviral-induced -cell destruction, and to
evaluate new protocols for gene transfer into insulin producing cells, as
potential tools for the protection against -cell death in type 1 diabetes.
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Background

 Mediators of -cell death in type 1 diabetes

Cytokines

Cytokines are important factors implicated in the pathogenesis of type 1
diabetes. Thus, several studies reported cytokine gene expression in the
insulitis lesions of animal with autoimmune diabetes (26-29) as well as in
the pancreata of type 1 diabetic patients (30). Small proteins with important
roles in controlling the immune system, cell growth, haematopoesis and
inflammation, cytokines are produced mainly by cells of the immune system,
epithelial or stroma cells but also by the pancreatic -cells, during the
development of type 1 diabetes (31). In pico- to nanomolar concentrations,
the individual proinflammatory cytokines IL-1 , IFN- and TNF- have
been shown to differentially inhibit insulin biosynthesis, insulin secretion
and the oxidative metabolism in rat islet cells (17, 32-35) and, at a lower
extent, in mouse (36,37) and human islet cells (38,39). Moreover, IL-1 is
able to induce DNA damage and loss of cell viability in rat islets (40-42)
whereas human islets seem to be fairly resistant when exposed to IL-1
alone (38,43). Although there is a clear variability in the sensitivity of -
cells of different species (rat, mouse, human) and different experimental
settings (intact islets vs monolayers) to cytokines exposure, a general
consensus has been reached that cytokines in combination, in particular IL-
1 , TNF- and IFN- , have an inhibitory and selectively cytotoxic effect on
insulin producing cells, irrespective of species (35,44,45). This effect is
mediated, at least in rodent model systems, by activation of signal
transduction pathways leading to the expression of proapoptotic genes (46-
48) and/or to nitric oxide (NO) (49,50) and reactive oxygen species (ROS)
production (51).

NO

Several of the deleterious effects of cytokines on -cells appears to be
mediated by the formation of nitric oxide (NO), produced by the inducible
form of nitric oxide synthase (iNOS) (49,50). NO is a small molecule,
demonstrated in recent years to be a potent and pleiotropic mediator with
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physiological (neurotransmission, vascular homeostasis and defense) as well
as toxic activities (52). In islet cells, cytokine-induced NO formation is
species specific. Thus, in rodent islets, IL-1 alone or in combination with
one or both of IFN- and TNF- induces iNOS expression and NO
formation (49), while in human islet cells the combination of all three (IL-
1 , IFN- and TNF- ) is required (53). Inhibition of insulin secretion by
cytokines is thought to be mediated by NO (54) by a mechanism in which
NO itself or NO-derived peroxynitrite (55) inactivates the iron-sulfur centers
of iron-containing enzymes such as mitochondrial aconitase, required for
glucose oxidation, ATP generation and insulin release (49,56). Furthermore,
high levels of NO may also lead to DNA strand breaks (40,57) and -cell
apoptosis (58,59). Inhibition of nitric oxide synthase (both the constitutive
and the inducible isoform) by analogues of L-arginine, is able to block
cytokine-induced NO formation and to protect against cytokine-induced -
cell death in vitro (60,61) and in vivo (62,63), facts that support the role of
NO in cytokine-induced impairment of -cell function in type 1 diabetes.
Nevertheless, there is increasing evidence that the deleterious effects
induced by cytokines in -cells might be unrelated to NO generation
pathways (64-66).

ROS

Free radicals secreted by invading macrophages are believed to mediate islet
-cell dysfunction and destruction in type 1 diabetes by directly oxidizing

and damaging DNA, proteins and lipids within the targeted cell. There are
several lines of evidence to support this hypothesis. First, pancreatic islet -
cells are highly vulnerable to injury by free radicals and this has been
attributed, at least in part to the low expression levels of several antioxidant
enzymes (such as Mn-superoxide dismutase (SOD), cytoplasmic Cu-Zn
SOD, glutathione peroxidase and catalase) in islets, when compared to
various other tissues (67,68). Second, a variety of antioxidants (SOD,
nicotinamide, -tocopherol) have been reported to provide some protection
against type 1 diabetes development (69-71) and oxygen free radical
scavengers have been used in vitro to protect islet -cells from the cytotoxic
effects of cytokines (51). Moreover, there are studies showing that
overexpression of MnSOD in islet cells confers resistance against IL-1
induced effects in vitro (72), and that transgenic mice overexpressing Cu/Zn
SOD are protected against alloxan- and streptozotocin-induced diabetes (73).
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Triggering mechanisms in the pathogenesis of type 1 diabetes.

While it is well established that type 1 diabetes results from T-cell mediated
destruction of pancreatic -cells, the event responsible for the triggering of
this autoimmune attack has not been uncovered. To date, the main putative
environmental risk determinants in the etiopathogenesis of type 1 diabetes
are viral infections (7,8,74,75), dietary factors (76,77), growth (78), toxins
(79,80), stressful life events (9) or the combination of several of the above
mentioned factors.

Viruses may be involved in the development of type 1 diabetes by inducing
-cell specific autoimmunity, with or without infection of -cells, and/or by

direct cytolytic infection and destruction of the -cells. With respect to
virus-mediated autoimmunity, there are two major mechanisms that are
proposed for the activation of autorective lymphocytes. One is the indirect
“bystander” activation involving inflammatory cytokines (81). The other is
the concept of “molecular mimicry”, when autoreactive lymphocytes are
directly cross-activated as they recognize both viral and self-determinants
(82).

Apoptosis and necrosis

There are at least two different ways through which eukaryotic cells can die:
apoptosis and necrosis. Apoptosis is a strictly regulated (programmed)
process responsible for the removal of aged or damaged cells (83,84). It is
commonly accompanied by a characteristic change of nuclear morphology
(chromatin condensation, pyknosis) and chromatin biochemistry (step-wise
DNA fragmentation culminating in the formation of mono- and/or oligomers
of 200 base pairs)(85), and involves the proteolytic cleavage of a number of
cellular substrates (86,87). Changes in the plasma membrane, like the
surface exposure of phosphatidylserine residues (88), allow for the
recognition and elimination of apoptotic cells by their healthy neighbors,
before the membrane breaks up and cytosol or organelles spill into the
intracellular space and elicit inflammatory reactions (89).

In contrast to apoptosis, necrosis does not involve any regulated DNA and
protein degradation pattern and is accompanied by major damage in cell
membrane, with loss of its control of selective permeability, early
mitochondrial changes in shape and function, swelling of cytoplasm and
organelles, followed by organelle dissolution and rupture (90). Cell swelling
and rupture, with leakage of cells contents into surrounding tissue space,
induces an inflammatory response and the initiation of a tissue repair
process.
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Although for long time considered to be two antithetic processes, apoptosis
and necrosis are now generally seen as extremes of the same continuum (91).
Several lines of evidence are pointing to this conclusion: (i) after apoptosis,
cells undergo secondary necrosis (92), (ii) the same toxin can induce
apoptosis at low doses and primary necrosis at high dose (84), (iii)
modulation of cellular ATP levels can shift apoptotic processes to necrosis
and vice versa (93), (iv) classical apoptosis inducers, or Bax/Bak
overexpression are able to induce non-apoptotic cell death in the presence of
caspase inhibitors (94,95).

Although in type 1 diabetes, apoptosis was demonstrated to play the leading
role in the autoimmune destruction of -cells (96,97), the early presence of
activated macrophages within the islets of Langerhans during the insulitis
stage may also suggest the involvement of -cell necrosis in the molecular
mechanisms of the disease. Thus, recent in vitro studies indicate that death
by necrosis may be increased in parallel to apoptosis in insulin producing
cells exposed to cytokines (98,99).

MPT

At least in some instances, apoptosis and necrosis involve a common
effector phase of mitochondrial permeability transition (MPT) which results
from the opening of a multiprotein complex pore located at the contact site
between the inner and outer mitochondrial membrane (90). MPT is
associated with disruption of the mitochondrial membrane potential (DYm)
(100), uncoupling of the respiratory chain with cessation of ATP production,
hyperproduction of superoxide anions (101), depletion of reduced
glutathione, release of apoptosis inducing factor (AIF), cytochrome c and/or
Smac/Diablo (102-104), resulting in cell death.

Ca2+

Ca2+ signaling is responsible for the regulation or modification of virtually
all processes in healthy cells (105). Therefore, it is not surprising that
changes in the Ca2+ concentrations in the cytoplasm or within the organelles
are directly related to cell death both by apoptosis (106) and necrosis (107).
In pancreatic -cells, in particular, insulin exocytosis in response to glucose
stimulation is dependent on active Ca2+ handling (108,109). Depletion of
Ca2+ from the endoplasmic reticulum (ER) has been found to inhibit
proteolytic processing of proinsulin and the intracellular transport of the
prohormone convertase in rat islets (110), as well as to induce apoptosis in
insulin-secreting MIN6 cells (111) while mitochondrial calcium was
demonstrated to have a pivotal role as a regulator of key metabolic enzymes
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(112). Moreover, cytokine-induced -cell apoptosis can be prevented by Ca2+

channel blockers (113,114).

Bcl-2

The family of Bcl-2 related proteins constitutes one of the biologically most
important classes of apoptosis-regulatory gene products and includes both
pro- and anti-apoptotic molecules. There is increasing evidence that while
pro-apoptotic members localize to cytosol or cytoskeleton, the anti-apoptotic
members are integral membrane proteins found in the mitochondria, ER, or
nuclear membrane (115). As an additional characteristic, most of the
members of this family have the ability to form homo- and heterodimers,
suggesting neutralizing competition between them. Therefore, the ratio
between these two subsets is believed to determine, in part, the susceptibility
of cells to a death signal (116). Several studies have shown that at the level
of mitochondria, the anti-apoptotic protein Bcl-2, in particular, is able to
modulate the release of apoptogenic factors (cytocrome c and AIF)
(117,118), to prevent disruption of m (119,120) as well as to inhibit Bax
(121,122). Bcl-2 localization in the ER relates to its active role played in the
intracellular Ca2+ homeostasis. Several experimental observations showed
that Bcl-2 is able to modulate intracellular Ca2+ stores in different
experimental settings (123,124). Moreover, it has been suggested that
apoptotic processes triggered by ER stress might be controlled by Bcl-2 at
the level of the endoplasmic reticulum, with no requirement for Bcl-2
mitochondrial localization (125). In insulin producing cells, Bcl-2
overexpression has been reported to prevent cellular death both by apoptosis
and necrosis (98), pointing out its potential as a tool for gene therapy in type
1 diabetes.

Gene therapy in type 1 diabetes

A successful gene therapy approach for type 1 diabetes must have the
potential to be as effective as the treatment options that are currently
available and should result in the prevention of the autoimmune destruction
of -cells and the following gradual restoration of the -cell mass to normal
levels, by cell repair and growth.

Gene therapy directed at the autoimmune response could involve genetic
modification of the -cells or of the immune cells (126,127). However,
direct modification of the immune system raises the possibility of systemic
effects on immune function that might be undesirable. Thus selective
modification of islet cells is probably a more attractive approach. Promising
techniques of -cell modification involves modulation of the -cell death
pathways by targeting cell surviving factors (25,128), cytokine antagonists
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(IL-1 receptor antagonist) (129,130), immune modulators (TGF- , IL-4, IL-
12) (131-133), Fas ligand (134), antiapoptotic factors (Bcl-2, Bcl-xL) (20),
or anti-stress factors (73,135).

Development of non-beta-cells manipulated to produce insulin and act as
substitute cells is another strategy intended for diabetic patients. Several
studies have shown that -cell lines (136), non- -cell lines (137,138) and
primary non- -cells (23,139,140) can be genetically engineered for the
purpose of developing -cell replacement strategies (24). However, the
difficulties encountered in obtaining physiological glucose-responsive
insulin secretion have led most of the investigations to focus on primary -
cells as a source for transplantation-based therapies.

Most studies to date have used a protocol in which islet cells are genetically
modified ex vivo and reintroduced in vivo. In vivo gene therapy would have
exciting implications for diabetes therapy because of its simplicity as the
therapeutic transgene could be administered directly to the patient as any
other pharmaceutical (141). However, the main concern and limitation of
this approach lies in the toxicity of the vectors currently used. To date, there
are three strategies for in vivo gene therapy for diabetes: (i) transfer of genes
encoding proteins that facilitates glucose utilization and/or inhibit hepatic
glucose production, such as glucokinase (142); (ii) transfer of genes
encoding glucose-regulated insulin (143) and; (iii) transfer of genes
encoding developmental/transcription factors that induce the production of

-cells in the liver (144,145).

 Gene transfer and -cells

The ability to express genes in pancreatic -cells is a prerequisite for most of
the gene therapy approaches suggested for type 1 diabetes. As pancreatic
islet cells are terminally differentiated endocrine cells, hard to reach in vivo
and difficult to maintain in culture, gene transfer techniques as calcium
phosphate-, electroporation-, liposomal-mediated transfection (146) or
biolistic techniques (147,148) do not promote transgene expression at high
efficiencies. To date, the most successful strategies for genetic manipulation
of -cells in vitro, involve the use of viral vectors as herpes simplex virus
amplicon vectors (20,149), adeno-associated viral vectors (150,151),
lentiviral vectors (131,153) and replication-deficient adenoviral vectors. In
spite their potent capacity to efficiently modify post mitotic cells, viral
vectors have characteristics that also demonstrate that no “ideal” vector yet
exists, such as: the inherent toxicity of herpes simplex type-1 virus, the
possible suppression of gene expression mediated by AAV due to inexact
chromosomal insertion, or clinical safety concerns regarding HIV-1 based
vectors for lentiviral vectors.
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Adenoviruses and adenoviral vectors

Due to their capacity to transduce nondividing cells with high efficiencies,
adenoviral vectors are extensively used for genetic modification of insulin
producing cells (21,22,132,134,154-158). They can harbor up to 30 kb of
foreign DNA and allow easy production of relatively high titer of the virus
(approximately 1012 plaques forming units (PFU)/cell). The transgenes are
not integrated into the host genome, but remain as nonreplicating
extrachromosomal DNA within the nucleus. Therefore there is no risk for
alteration in cellular genotype by insertional mutagenesis but the duration of
gene expression might be short (159).

The main disadvantage of adenoviral vectors is the induction of a strong
cellular immune response to the viral proteins and, in some cases, to the
transgene (160,161). Moreover, a recent study has shown that adenoviral
infection and/or gene transfer may interfere with the target-cell function and
/or induce cell death (162). In -cells adenoviral vectors are able to promote
cytotoxicity (157) and chemokine production (163).

It is most likely that all these effects are dependent both on the genotype of
the viral vector used and on the cell system studied (164). Thus,
understanding which Ad gene products are involved in cell death regulation
and how they interact with cellular processes is fundamental to the
development of effective gene therapy vectors.

Adenoviral genes are transcribed in a complex temporal manner. Early genes
are transcribed from five different promoters, in the order E1A, E4, E3, E1B
and E2. The majority of adenoviral vectors used for gene transfer studies
have deletions in one ore more of these early genes, in order to render the
vector replication deficient. Proteins encoded in these regions are known to
induce (E1A and E4) or inhibit (E1B, E3 and E4) cellular death in infected
host cells (165). It has been shown that the products of the adenovirus E1A
region alter cell cycle regulation by interacting with the retinoblastoma
protein (RB) and the transcriptional activators p300 and CREB binding
protein (166). These functions of the E1A also promote apoptosis (167-169),
an effect that is counteracted by the products of the E1B region. E1B 55K, in
cooperation with E4 ORF6, interacts with and promotes degradation of p53
by the proteasome (170), whereas the E1B 19K protein blocks apoptosis
induced by E1A and also apoptosis signaled by death receptors ligands such
as tumor necrosis factor- (TNF- ), Fas ligand (FasL) and TNF- -related
apoptosis-inducing ligand (TRAIL) (171). The adenovirus E3 gene products
10.4K, 14.5K and 14.7K, are also able to inhibit apoptosis induced by death
receptor signaling (172,173). In contrast to other E3 encoded proteins, the
adenovirus death protein, ADP induces cell death, most probably by
facilitating late cytolysis of the infected cells (174).
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Specific aims

We used in vitro models to study:

• The molecular mechanisms of cytokine-induced -cell death with
emphasis on the role of the mitochondrial permeability transition,

• The potential of the antiapoptotic protein Bcl-2 to protect against -
cell destruction and the mechanisms underlying this effect.

In order to evaluate adenoviral mediated gene transfer techniques as
potential tools for the study and prevention of -cell death in type 1 diabetes,
we characterized:

• An inducible adenoviral system for expression of the anti-apoptotic
bcl-2 gene in insulin producing cells.

• The effect of different adenoviral vector genomes on the viability of
rat and human pancreatic islet cells.

• The capacity of pancreatic islet cells to overcome adenoviral-
induced cytotoxicity by upregulating the interferon response.
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General methodology.

Cell culture

RINm5F is the first insulin secreting cell line described and it is derived from
a rat islet-cell tumor (175). This cell line is characterized by a low insulin
content, approximately 1% of the insulin content of native -cells, as well as
small amounts of glucagon and somatostatin (176). It was shown that
RINm5F cells have a relative specific impairment in glucose stimulated
insulin release, contrasting with a more preserved response to other
secretagogues such as potassium chloride, glyceraldehydes, glucagons,
arginine/leucine or forskolin (177).

RINm5F cells hyperexpressing Bcl-2 were generated by stable liposome-
mediated transfection with an episomally maintained multicopy bovine
papilloma virus (BPV)-derived BMG neo vector containing the mouse bcl-2
cDNA inserted downstream of a metallothionein promoter (98). Stable
isolated clones hyperexpress Bcl-2 while RINm5F cells transfected with an
empty BPV-derived neo-containing vector protein express low levels of the

protein. RINm5F cells were cultured (1x105 cells per 10 mm well or 5x105

cells per 50 mm well) in RPMI 1640 supplemented with 10% fetal bovine
serum, 2 mM L-glutamine, benzylpenicillin (100 U/ml), streptomycin (0.1
mg/ml) and G418 (150 µg/ml) at 37°C in humidified air with 5% CO2.

Rat islets were isolated from 3 months old Sprague Dawley rats (local
Uppsala colony), as previously described (178). Human pancreatic islets
were kindly provided by Prof. Olle Korsgren, Dept. of Clinical Immunology,
Uppsala University, Sweden. Rat and human islets were precultured in
groups of 150 per 50 mm well in the same above-mentioned medium,
containing 11.1 mM glucose and 5.6 mM glucose respectively. Culture
medium was replaced every 48 h.
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Adenoviruses, adenoviral vectors and gene transfer:

We used the following human recombinant adenoviral vectors:

(i) AdEasyGFP, genotype E1/E3-deleted ( 342-3528 and 27865-
30995), expressing the green fluorescent protein-GFP (179),
kindly provided by Prof. Göran Akusjärvi.

(ii) AdCMVProg, from a progesterone inducible system described
below, genotype E1/E3-deleted ( 455-3328 and 30005-30750)
(180);

(iii) Adeno-X Tet-Off (Clontech Laboratories Inc., Palo Alto, USA),
genotype E1/E3-deleted ( 342-3528 and 27865-30995, with a
bigger deletion in the E3 region of the adenoviral genome,
encompassing ADP) (181)

(iv) dl366, E4-deleted, expressing none of the products of the early
region 4 (182).

The progesterone antagonist RU486-inducible gene expression system was
constructed as previously described (180). The murine bcl-2 gene was
cloned as a BamHI fragment behind a Gal4 enhancer, consisting of five Gal4
DNA binding sites fused to a minimal major late promotor/tripartite leader
construct. Transcription of the bcl-2 gene was activated by the addition of
the RU468 to the culture medium.

All virus stocks were purified by cesium chloride density-gradient
centrifugation (Beckman L-80 ultra-centrifuge) and plaque tittered by serial
dilution and agar overlay on their respective transcomplementing cell lines.
Typical titers were 109 PFU/ml or higher, representing 1-5% of the total viral
particles as determined by readings of the optical densities.

The E3-ADP variant adenoviruses used in this study, rec700 and pm734.1

were kindly provided by Prof. William S. M. Wold, Dept of Molecular
Microbiology and Immunology, St. Louis University School of Medicine, St
Louis, Missouri. rec700 is an Ad5-Ad2-Ad5 recombinant (183) and it is the
parental virus for pm734.1 (with ADP residues 1 to 48 deleted) (174).

Before transfection, some of the rat and human islets were dispersed into
individual cells by treatment with trypsin (5 mg/ml) in Ca2+- and Mg2+-free
Hanks solution at 37°C for 5 min and then cultured for an additional hour.
Intact islets, single cells from dispersed islets or RINm5F cells were infected
at different viral concentrations (PFU/ml) for 1h at 37°C, in RPMI 1640
medium supplemented with 2% FCS. After infection, cells were washed
with complete RPMI 1640 medium and further cultured for 1 to 7 days
before being tested for gene expression, viability or used for further
experiments.
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Western blot

At different time points after transfection, cells from dispersed islets or
RINm5F cells were washed with cold phosphate-bufered saline (PBS),
briefly sonicated in SDS sample buffer (containing -mercaptoethanol) and
subjected to Western blot analysis. The membranes were incubated with
mouse anti-Bcl-2 antibody (Transduction Laboratory). Horseradish
peroxidase-linked sheep anti-mouse Ig was used as a secondary antibody and
immunoreactivity was subsequently detected by ECL.

Flow cytometry

The quantitative determination of the GFP- or Bcl-2- positive cells was
assessed by flow cytometric analysis at 24 h or 48 h after transduction.
For the determination of Bcl-2 overexpression, RINm5F cells and pancreatic

-cells were fixed for 5 minutes in PBS + 4% paraformaldehyde, followed
by incubation in PBS +1% FCS + 0.1% saponin solution containing mouse
anti-Bcl-2 and guinea pig anti-insulin antibodies for 1 h at room temperature,
washed and further incubated with fluorescent secondary antibodies,
Fluorescein (FITC)-conjugated AffiniPure donkey anti-mouse IgG and R-
Phycoerythrin-conjugated AffiniPure donkey anti-guinea pig IgG. The cells
were then analyzed with a FACSCalibur flow cytometer (Becton-Dickinson,
Oxford, UK). Fluorescence emissions from FITC-positive cells (Bcl-2
overexpressing cells) and R-Phycoerythrin -positive cells (insulin producing
cells) were detected at a wavelength of 530 nm and 585 nm respectively.
Fluorescein- and R-Phycoerythrin -fluorescence were detected in live cells
as determined by forward-scatter and side-scatter criteria. Data were
analysed using CellQuest software (Becton Dickinson).

 Determination of the mitochondrial membrane potential ( m)

The mitochondrial membrane potential was semi-quantitatively determined
using the fluorescent probe JC-1. JC-1 is a lipophilic cation, which
selectively accumulates within the mitochondrial matrix either as a green
(527 nm) fluorescent monomer, at depolarised membrane potentials, or as J-
aggregates with orange-red (590 nm) fluorescence, at hyperpolarized
membrane potentials (184,185). After cytokine exposure, Bcl-2
overexpressing- and control-cells were incubated in culture medium
containing 10 µM JC-1 (solubilized in N.N-dimethylformamide, 1% v/v) and
analysed by flow cytometry. Photomultiplier settings were adjusted to detect
JC-1 monomers and J-aggregates fluorescence on the FL1 (530 nm) and FL2
(585 nm) detectors, respectively. The fluorescence-ratio at those wavelengths
was used to monitor changes in mitochondrial membrane potential (185).
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Determination of ER Ca2+

Following adenoviral exposure dispersed cells from rat islets, expressing or
not Bcl-2, were plated on gelatin coated circular cover glasses and further
cultured for two days. The cells were loaded for 60 min with 4 µM furaptra
acetoxymethyl ester and the cover slips were used as exchangeable bottoms
to an open superfusion chamber thermostated at 37°C, designed for a
microscopy imaging system described previously (186). For the
determination of organelle Ca2+ filling, control islet cells as well as cells
transduced with the progesterone-inducible adenoviral system,
overexpressing or not Bcl-2 were permeabilized with 4 µM digitonin in an
intracellular-like medium containing 3 mM ATP and with Ca2+ buffered to
200 nM with EGTA as previously described (187). This procedure removes
furaptra from the cytoplasm leaving the indicator trapped within the intact
organelles (187). The fluorescence was recorded at 535 nm after excitation at
340 and 380 nm. The 340/380 nm fluorescence excitation ratio, as a measure
of the organelles free Ca2+ concentration (187), was determined using the
MetaFluor program (Universal Imaging Corp., Wet Chester, PA, USA).

 Determination of ROS by DCFH-DA fluorescence

The production of ROS was estimated by flow cytometry using the oxidation-
sensitive fluorescent probe 5,6-carboxy-2’,7’-dichlorofluorescein-diacetate
(DCFH-DA). DCFH-DA is a cell-permeable dye that, once inside the cell, is
cleaved by intracellular esterase into its nonfluorescent form DCFH. This is
no longer membrane permeable and may be further oxidized by H2O2 or OH.

to its fluorescent form, DCF (188). After cytokine exposure, Bcl-2- and neo-
transfected RINm5F cells were incubated in culture medium containing 10
µM DCFH-DA and analysed by flow cytometry. Fluorescence emission from
DCF (green) was detected at 530 nm.

Assessment of -cell viability by XTT assay:

Adenoviral induced cellular death was assessed using a colorimetric assay
(XTT-based) for cell viability. This assay is based on the conversion of the
tetrazolium salt XTT into an orange-red colored formazan product by
mitochondrial enzymes. Adenoviral-transfected and non-transfected rat and
human islet cells were plated in 96-well plates in 100 µl complete culture
medium RPMI 1640. Cell viability was determined 3 to 7 days after
transfection by adding 50 µ l of 1 mg/ml 2,3-bis[2-methoxy-4-nitro-5-
sulfophenyl]- 2H-tetrazolium-5-carboxanilide (XTT) solution (Roche
Diagnostics), to each well. The plates were then incubated at 37°C for 3 h
and the optical densities were read in a Microplate autoreader (Bio-Tek
Instruments) at 490 nm.
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Fluorescence  microscopy

After exposure to cytokines, cells (free-floating cells pooled with cells
detached by mild trypsinization) were incubated in complete medium
containing 5 µg/ml bisbenzimide and 10 µg/ml propidium iodide for 10 min
at 37°C as described (189). In some experiments, cells were simultaneously
stained with both bisbenzimide/propidium iodide and 10 µg/ml of JC-1. The
cells were then washed with PBS and examined with fluorescence
microscopy using a UV-2A or a B-2A filter.

Confocal microscopy

Intact islets exposed to different concentrations of the AdEasyGFP vector
were analysed for the expression of the green fluorescent protein in a Leica
laser scanning confocal microscope TCS-SP (Heidelberg, Germany) at the
Dept. of Evolutionary Biology, Uppsala University.

Electron microscopy

Dispersed rat islets were infected with the adenoviral vector (AdProgCMV)
for 60 min, and further cultured for seven days. Non-infected dispersed islets
were used as controls. The cells were fixed with glutaraldehyde (2.5% in 0.1
M cacodylate buffer pH 7.4) for 30 minutes, dehydrated in an ethanol series,
and then infiltrated with absolute ethanol containing increasing
concentrations of Agar 100 Resin (Agar Scientific, Stansted, UK). The resin
was polymerized for two days at 60°C. Sections were cut, contrasted with
uranyl acetate and lead citrate and examined and photographed with a
Hitachi H-7100 transmission electron microscope at 75 kV.

RNA extraction and cDNA synthesis.

Total cellular RNA was isolated by a single-step method, using a
commercial system (Ultraspec RNA isolation system; Biotecx Laboratories,
Inc., Texas). The total RNA for each sample was reverse transcribed with
Moloney Murine Leukemia Virus reverse transcriptase (M-MLVRT) in a
reaction performed at 42°C for 40 min.

Real-time PCR analyses.

On the basis of the respective rat and human cDNAs, primers were designed
to amplify specific regions of ADP, Ifn- , class IA MHC antigen processing
and antigen presentation genes ( 2m, Lmp-2 and Tap-1 for human islet cells,
and 2 m , Lmp-7 and Tap-1 for rat islet cells), and the -actin and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) cDNAs. PCR
amplifications were carried out in a real time LightCycler (Roche
Diagnostics GmbH, Germany) using the following primer sequences:
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ADP F: 5’-GTCCAACTACAGCGACCCA
R: 5’-TGGAGAACCACCACATGCCC

Human Ifn- F: 5’-GAGACCCACAGCCTGGATAA
R: 5’-ACTGGTTGCCATCAAACTCC

Human 2m F: 5’-GTGCTCGCGCTACTCTCTCT
R: 5’-TCAATGTCGGATGGATGAAA

Human Lmp-2 F: 5’-GGCGAGGCGGTGGTGAACCGAG
R: 5’-CCCATGGAGCTCCAGCTGGTA

Human Tap-1 F: 5’-GAGAGGCCTATGTCTCTTGG
R: 5’-GCACCTGCACTTCCAGCAACT

Human -actin F:5’-GTCACGCACGATTTCCCGC
R: 5-TATGCCCTCCCCCATGCCA

GAPDH F: 5’-ACCACAGTCCATGCCATCAC
R: 5’-TCCACCACCCTGTTGCTGTA

Rat Ifn- F: 5’-CTGTCTGATGCAGCAGGTAG
R: 5’-GCACAGGGGCTGTGTTTATT

Rat 2m F: 5’-CAGTTCCACCCACCTCAGAT
R: 5’-TGAATTCAGTGTGAGCCAGG

Rat Lmp-7 F: 5’-AGGTTCAGATTGAAATGGCG
R: 5’-CGATCACCTTGTTCACCCTT

Rat Tap-1 F: 5’-GGTTCTCTTGATCCTCTCCT
R: 5’-AGCGCTGTACTGGCTATGGT

Rat -actin F: 5’-GCTCTGGCTCCTAGCACC
R: 5’-CCACCGATCCACACAGAGTACT

To obtain relative mRNA expression values, PCR reactions were performed
with -actin for rat samples and GAPDH for human samples, for each of the
experimental groups. The amount of PCR product relative to these “house-
keeping genes” was calculated as described (190,191). For each experiment
the data are presented as normalized values against the relative mRNA levels
of the control samples. All PCR products were verified by agarose gel
electrophoresis and SYBR Gold (Molecular Probes, Oregon, USA) staining.

Statistical analysis

Data are summarized as means ± standard errors of the mean (SEM). The
significances of the differences between the groups were determined by one-
way or two-way analysis of variance (ANOVA) for repeated measurements
and the Bonferroni or Dunnett’s test. Differences were considered significant
at P<0.05. Statistical analysis were performed using Sigma Stat (SPSS
Science Software, Erkrath, Germany).
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Results and discussions

Evaluation of the adenoviral-mediated gene transfer into islet cells

(Figure 1)

We compared the efficacy of GFP expressing adenoviral vectors to transduce
intact and dispersed islet cells. Flow cytometric analysis demonstrated that,
transduction of dispersed islet cells resulted in >75% GFP-positive cells,
while only 20-30% GFP-positive cells were observed in the intact islet cell
group (Figure 1). Moreover, as shown by confocal microscopy, following
transduction of intact islet cells, only the cells from the periphery were
expressing the reporter gene, with no GFP-positive cells present in the core of
the islet. Therefore, in all subsequent transduction experiments, only
dispersed islet cells were used, to ensure high transfection efficiency.

Characterization of the RU486-inducible system for Bcl-2

overexpression in insulin producing cells (Paper II)

We found that the RU486-inducible adenoviral system induced Bcl-2
overexpression in more than 40% of RINm5F cells and in more than 70% of
islet -cells. Previous observations have suggested that induction of high
levels of the antiapoptotic proteins from Bcl-2 family may interfere with the
mitochondrial signal for insulin secretion (192). Therefore, an attractive
feature of the inducible system described here is that it allows an efficient
control over the timing and the levels of gene expression. At a first
regulatory level, increasingly higher concentrations of adenoviruses resulted
in a corresponding increase of Bcl-2 expression. Furthermore, in our system,
the basal level of Bcl-2 expression, in the absence of the inducer, was low in
pancreatic islets and undetectable in RINm5F cells. The inducer
concentration needed for activation (1 nM) was 1000-fold lower than that
required for RU486 to act as an endogenous progesterone- and
glucocorticoid- antagonist (193). This observation, together with the low-
basal activity and dose-responsive transcriptional inducibility suggests that
this system may be used as an efficient gene transfer tool for the study
and/or prevention of -cell destruction in autoimmune diabetes.
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Figure 1. Evaluation of the adenoviral-mediated gene transfer into rat islet cells.
Dispersed islet cells (a) and intact islets (b) were incubated for 60 min. with 100 PFU/cell of
AdEasyGFP. Twenty-four hours after transduction, the percentage of GFP-positive cells was
determined by flow cytometry as described in Methods. Nontransduced cells - filled blue
histogram, transduced cells – green histogram.
(c) Intact islets exposed to 100 PFU/cell AdEasyGFP were analyzed, 24 h post transduction,
by confocal microscopy. Micrograph showing a section at 40 µm deep into a GFP-positive
islet: red – islet cell autofluorescence, green – GFP-positive cells.

Adenoviral vector-induced toxicity in islet cells (Paper II and

Paper III)

We observed that all adenoviral vectors investigated in this study are able to
induce cytotoxicity in human and rat islet cells. The potency and the kinetics
of this process seem to be dependent on both the cell system studied and the
specific genotype of the viral vector used. This is at variance with previous
observations in which no adverse effect of adenoviral vectors was observed
(22,194). However, in these studies, intact islets were transduced, which, in
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our experience, results in transfection of only the cells located at the
periphery (Figure 1). In addition, -cell function was assessed after only 2-3
days and not after 7 days as in the present investigation. Interestingly, not
only -cells are negatively affected by adenoviral infection, but also
adrenocortical cells have recently been shown to lose function following
adenoviral exposure (162).

Transduction of dispersed rat and human islet cells with dl366 virus, having
intact E1 and E3 regions but no E4 genes, significantly diminished islet cell
viability already at low concentrations of the viral-vector (1 PFU/cell), while
infection of islet cells with adenoviruses attenuated by deletions in the E1 and
E3 regions (AdCMVProg) promoted cell death at a lower extent. Moreover,
transduction of islet cells with an E1/E3-deleted adenoviral vector,
AdTetOFF, having an additional deletion, encompassing ADP of the E3
region, resulted in lower levels of cellular death in both rat and human islet
cells (Paper III).

These findings indicate that the cell death promoting activity of the E1/E3
region is stronger than that of the E4 region. Alternatively, it is possible that,
one or more open reading frames (ORF) of the E4 region in the AdE4+

vectors may provide survival signals for the transduced cells (195). Recent
studies performed in endothelial cells suggest that the E4OFR6 protein,
which interacts with the tumor suppressor p53 and inhibits p53-mediated
transcriptional activation, might relieve the repression of Bcl-2 and the
activation of Bax gene expression (196). It has also been suggested that
coexpression of the bcl-2 gene may have a protective effect in the
adenovirus vector-infected cells (197). In our hands, though, cell viability
and morphological studies have shown that adenoviral-induced cytotoxicity
in islet cells resulted mainly in necrosis, and Bcl-2 overexpression failed to
prevent it (Paper II).

Our results also point out the possibility that the E3 gene product ADP,
usually expressed at late stages of infection, might participate in adenoviral
vector-induced cell death (Paper III).

Effects of the adenovirus death protein (ADP) on wild type

adenovirus-induced islet cell toxicity (Paper III)

To further explore the effect of this protein on islet cell viability, we infected
rat and human islet cells with E3 adenoviral variants having a differential
expression of ADP. As expected, both adenoviruses (rec700, pm734.1) were
potent and rapid inducers of islet cell death (as assessed at day 2-3 for rat and
at day 4-5 for human cells) and the fluorescence microscopy studies showed
that in islet cells adenoviruses induce mostly necrosis. The kinetics of the
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necrotic morphology was correlated to the presence and/or the level of ADP
expression in infected islets. It has been suggested that ADP acts at the level
of the nucleus, in a stoichiometric rather than catalytic manner, by promoting
disruption of the nuclear membrane (174,198).

Adenoviral infection of islet cells promoted a specific distended morphology
of the nuclei. This feature of the adenoviral infection was previously reported
and might be related to the capacity of the E1B-19K protein to alter the
organization of the intermediary filaments and nuclear lamina in infected
cells (199). The fact that recombinant adenoviral vectors with intact E1
regions (dl366) but not recombinant adenoviral vectors with E1 deletions
(AdCMVProg) induce a similar morphology (results not shown) further
supports this hypothesis.

Evaluation of the islet cell defense following adenoviral exposure

(Paper III)

Viral infection, mostly of enteroviral origin, has been implicated as one
environmental factor that might trigger the initial autoimmune reaction
specifically directed against -cells in genetically susceptible individuals
(200,201). Two scenarios have been proposed: (i) the -cell defense against a
viral infection is in some cases low, which results in -cell necrosis and also
autoimmunity (202); (ii) the -cell interferon response is strong, which leads
to the survival of the -cell following viral infection, but also to
autoimmunity (203).

Type I IFNs (IFN- / ) are produced very rapidly (within hours) in direct
response to viral infections and they are believed to strongly induce the
“antiviral state” in target cells (204). In our system though, the interferon
response in pancreatic islets was not triggered by the adenoviral infection.
RT-PCR studies on mRNA expression of the Ifn- and MHC class IA genes
revealed no important effect of viral exposure on human islets, while in rat
cells a significant downregulation of the MHC class IA gene expression was
observed, consistent with a downregulation of the Ifn- gene. These data
suggest that pancreatic islet cells might not able to build up an antiviral state
following adenoviral infection and/or alternatively that the adenoviral
proteins (E1A) are very efficient blockers of the interferon signal
transduction pathway (205,206) in this type of cells. Furthermore, in our
experience, exogenous addition of IFN- was vital for preventing adenoviral-
induced islet cell death. Indeed, treatment of rat and human pancreatic islets
with IFN- before and during infection blocked adenoviral-induced cytolysis
and prevented the nuclear structural modifications of the infected cells.
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One possible mechanism involved in the protective effect of type I
interferons may be related to their capacity to suppress virus
replication/cytolysis and to inhibit early viral gene expression (207). These
biological activities of IFNs are initiated by the binding of IFN / and IFN-
to their cognate receptors on the surface of the cells, which results in the
activation of the Janus kinases (Jak)/signal transducer and activator of
transcription (STAT) pathways. The ultimate outcome of this signaling is the
activation of transcription of target genes that are normally expressed at low
levels or are quiescent. In particular, IFN- has been associated with
upregulation of genes involved in the host antiviral response as 2’-5’
olygoadenylate synthetase, MxA and MxB genes (208) as well as with
hyperexpression of major histocompatibility complex (MHC) class IA

antigens in human islets (209,210). Consistent with these reports, we have
seen that IFN- treatment was able to upregulate expression of the MHC
class IA genes ( 2m, Lmp-2 and Tap-1) in human islets. In rat islet cells,
exogenous addition of IFN- stimulated the expression of the H-2K -chain,

2 m and the proteasome subunit Lmp-7 mRNA. These combined
observations support the first hypothesis, i.e. the constitutive and the viral-
induced -cell interferon response is suboptimal, leading to -cell death and
possibly also to autoimmune triggering. It may be that the pancreatic -cell is
exceptional in this aspect, since other cell-types are known to induce an
interferon response when infected with adenovirus (211,212).

Previous studies with isolated pancreatic islets have revealed that human -
cells are much more resistant against toxins and cytokines-induced damage
than rodent cells (213,214). Our present results suggest that this is also the
case in adenoviral-induced cytotoxicity. Moreover, in response to IFN-
treatment, human islet cells seem to be more efficient in inducing genes
belonging to the antigen processing and antigen presentation MHC class IA

family, which might be a critical event in the context of an autoimmune
reaction.

Mechanisms of cytokine-induced destruction of insulin producing

cells (Paper I and Paper II)

m

We found that the combination of IL-1 , IFN- and TNF- induces a
reduction of the mitochondrial membrane potential in RINm5F cells (Paper I
and Paper II) as well as in islet cells (Paper II), and that this is an early event
in the cytokine-induced death pathway (Paper I). Previous studies performed
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in other cell types have shown that MPT may be triggered by a decrease in
m and, conversely, that disruption of m usually follows upon MPT

(215). Thus, it is likely that the presently observed decrease in m is
associated with the opening of mitochondrial pores and subsequent release
of cytochrome c, AIF and Smac/Diablo. In the present investigation,
cytokine-induced reduction of m in RINm5F cells was prevented by the
iNOS inhibitor, N -nitro-L-arginine (Paper I). This is in line with a previous
observation that cytokine-induced -cell death is counteracted by inhibition
of iNOS (98), and it indicates an essential role for nitric oxide, and/or its
more noxious metabolite peroxynitrite, in the reduction of m and MPT.
Nitric oxide has in other cell types been reported to directly induce (216) or
increase the sensitivity to MPT (217). A reduced m, with or without
MPT, may also be observed in response to peroxynitrite (218).

ROS production

An essential role of nitric oxide in cytokine-induced MPT does not exclude a
contribution of ROS, which may be formed in -cells (219) or adjacent cells
in response to cytokines (15). Studies performed in other cell types have
proposed a dual role for ROS in the apoptotic process, either as a cause of
MPT and/or as a by-product thereof (220). Our results demonstrate that
cytokines induce an increased formation of ROS peaking already at 4 h,
which is an early effect compared to the fall in m observed at 8 h and the
acquisition of an apoptotic or necrotic morphology after 12 h of exposure
(Paper I). Cytokine-induced nitric oxide production also starts to take place
by 4 h, which could indicate that iNOS produces both nitric oxide and ROS.
Indeed, it has been shown in other cell systems that cytokine-induced iNOS
expression promotes superoxide generation, either directly by the enzyme
itself, which occurs independently of nitric oxide production, or indirectly by
affecting the electron transport chain of the inner mitochondrial membrane
(221). In our system, inhibition of H2O2 accumulation by catalase did not
counteract the cytokine-induced decrease in m. This might indicate that,
although the reduction of m is preceded by increased levels of ROS, the
formation of ROS may not be an essential step in cytokine-induced death of
RINm5F cells.



22

Bcl-2 overexpression in insulin producing cells. Effects on m,

Ca2+ stores and cell viability (Paper I, Paper II and Figure 2)

Cytokine exposure

In the present investigation, we also found that overexpression of Bcl-2 in
RINm5F cells prevents cytokine-induced decrease in cell viability (Paper I
and Paper II). In addition, our results indicate that m of Bcl-2
overexpressing cells is significantly higher than that of neo-transfected cells
(Paper I). Similar findings have been reported in other cell systems and
several mechanisms have been proposed. Bcl-2 might increase m by
directly or indirectly enhancing proton efflux (120) or by inhibiting the
endogenous activity of the permeability transition pore (184). Although
cytokine exposure in the present study induced a similar decrease of the
mitochondrial potential in both bcl-2- and neo-transfected cells (Paper I),

m-levels were significantly higher in Bcl-2 overexpressing cells after 24 h
of cytokine exposure and comparable to levels of unexposed non-transfected
cells (Paper I and Paper II).

FCCP exposure

To further investigate the relation between cell death prevention by Bcl-2 and
its actitvity at the mitochondral membrane, we studied the effect of the
protonophore FCCP on both RINm5F and islet cells, as well as the effect of
Bcl-2 on these cells (Paper II). This protonophore causes dissipation of the
proton gradient across the inner mitochondrial membrane, thereby
uncoupling the process of oxidative phosphorylation from ATP synthesis.
Other groups have shown that exposure to protonophores induce cellular
death, which can be prevented by Bcl-2 (184). In our system, cell survival
measurements indicated that exposure to FCCP over 24 h induced a severe
toxicity in both cell types, also reflected in the disruption of the
mitochondrial membrane potential. Bcl-2 overexpression was able to
overcome the effect of FCCP on m, and to prevent cellular death in
RINm5F cells. Based on these results and on the known function of Bcl-2 in
acting at the mitochondrial level to prevent MPT pore opening and cell death,
it is possible that the elevated basal m of cells overexpressing Bcl-2 is an
important mechanism involved in the increased resistance of these cells to
cytokines.

ER Ca2+ stores

As Bcl-2 has two major intracellular localizations, mitochondria and the
endoplasmic reticulum, we also investigated the effects of the antiapoptotic
protein on Ca2+ storage in the ER using permebilized cells and the low-
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affinity Ca2+ indicator furaptra. As shown in Figure 2, permeabilization of
furaptra-loaded islet cells in an intracellular-like medium resulted in a rise of
the 340/380 nm fluorescence excitation ratio, reflecting loss of the indicator
from the cytoplasm and accumulation of Ca2+ in organelles. The signal was
taken to represent Ca2+ in the ER, since the ration slowly decreased after
addition of the ER Ca2+-ATPase inhibitor cyclopiazonic acid (CPA). The
maximal steady-state ER Ca2+ concentration achieved in the presence of 3
mM ATP and 200 nM Ca2+ was in average 25% lower in Bcl-2
overexpressing cells compared to non-induced control cells. This finding is
consistent with previous reports performed in other cellular systems
(123,124,222). Considering the capacity of Bcl-2 proteins to oligomerize and
form ion channels (223), it is possible that the observed reduction of ER Ca2+

is due to increased Ca2+ permeability of the ER membrane. The intracellular
targets of Ca2+-mediated apoptotic signals may include Ca2+-activated
cytosolic proteins such as calpains, protein kinase C or calcineurin, as well as
mitochondria (113). It is likely that a partial ER Ca2+ reduction as described
in these experiments could significantly affect proapoptotic Ca2+ signaling in
cells exposed to different deleterious agents and promoting cell survival, with
only minor effects on ER structure and function (224).

Figure 2. Bcl-2 reduces the free Ca2+ concentration within ER lumen.

(a) Representative [Ca2+] traces in the control, non-transduced and Bcl-2
overexpression rat islet cells in response to digitonin (4 µM). (b) Cumulative data
(mean ± SEM of 20 traces) for the peak [Ca2+] in response to digitonin in control,
non-transduced and Bcl-2 overexpressing rat islet cells.
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Adenovirus insult

Bcl-2 gene transfer in islet cells was successfully mediated by the RU486-
inducible adenoviral system. However, Bcl-2 overexpression failed to inhibit
cytokine- and FCCP-induced reduction in m and did not protected
against -cell death (Paper II). Even though addition of cytokines may
further modulate the death pathway, the present results suggest that viral
induced cytotoxicity was the main trigger of -cell necrosis. It is possible
that this adenoviral-induced necrotic pathway in pancreatic islet cells might
bypass the mitochondrial permeability transition event, which makes the
overexpression of Bcl-2 insufficient to support cell survival.
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Conclusions

• Adenoviral vectors can achieve high levels of transgene expression
in dispersed rat and human pancreatic islet cells.

In particular:
• The progesterone antagonist-inducible adenoviral system is able to

mediate an efficient control of gene transfer at relatively low doses
of the adenoviral vector.

However:
• Prolonged culture of adenoviral vector-transduced rat and human

islet cells leads to significant cellular death, mainly necrosis, and
this effect is dependent on the adenoviral vector genotype.

In addition:
• Pancreatic islet cells are not able to build up an antiviral defense

following adenoviral infection suggesting an increased sensitivity to
the cytotoxic effects of this type of vectors.

• Cytokines induce a nitric oxide-dependent disruption of m and
this might be a necessary event for both -cell apoptosis and
necrosis.

• Overexpression of the bcl-2 gene in RINm5F cells may prevent
cytokine-induced -cell death by counteracting the mitochondrial
permeability transition.

• Bcl-2 overexpression in islet cells is not able to prevent adenoviral-
or cytokine-induced toxicity suggesting that this particular necrotic
pathway does not involve the mitochondrial permeability transition
event.
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