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The tumour-suppressor p53 is not required for pancreatic
β cell death during diabetes and upon irradiation
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Immune-independent diabetes often occurs via pancreatic β cell dysfunction. However, the

role of the tumour suppressor p53 that regulates cellular life and death in multiple tissues, in

pancreatic cell death and diabetes has not been clarified. We have therefore utilized an established

mouse model for diabetes in which the MHC class I antigen is overexpressed in pancreaticβ cells

under the rat insulin promoter, to investigate the role of p53. We show that pancreatic β cell

death, as determined by TUNEL staining, is elevated in transgenic mice compared to wild-type

mice. However, there was no increase in immuno-reactivity towards anti-p53 antibodies in the

pancreas of transgenic mice over the course of diabetes formation and β cell death, suggesting

that p53 may not be involved in these processes. Interestingly, p53 expression was also not

induced in pancreas upon γ-irradiation, which resulted in a massive increase in the number of

TUNEL-positive cells, suggesting that the p53 pathway may not be causally involved in pancreatic

cell death. To further confirm these findings, we generated MHC class I transgenic mice lacking

p53 expression. Absence of p53 did not result in any significant changes in pancreatic morphology

or affect cell death levels. Importantly, p53 absence did not rescue the diabetic phenotype of the

transgenic mice. The results therefore demonstrate that p53 may not be causally involved in

pancreatic β cell death, and suggests that the classical cell death pathway dependent on p53 may

not be operating in pancreatic β cells.
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Both insulin-dependent (type-1) and insulin-independent
(type-2) diabetes arise due to defects in pancreatic β cells
(Faideau et al. 2002; Ozcan et al. 2004; Chakravarthy &
Semenleovoch, 2007; Laybutt et al. 2007). In the former,
there is a strong influence of the immune system, leading
to β cell destruction by multifactorial immune factors
(Faideau et al. 2002). The latter, however, does not involve
the immune system, and is often due to reduced insulin
production because of pancreatic β cell death occurring
by other mechanisms (Ozcan et al. 2004; Chakravarthy
& Semenleovoch, 2007; Laybutt et al. 2007). In between
both of these types of diabetes is the ketosis-prone type-2
diabetes, which is a variant type-2 diabetes – also known
as atypical diabetes – that also occurs eventually due
to β cell dysfunction (Umpierrez, 2006). Comparison
of pancreatic β cell death mechanisms between type-1
and type-2 diabetes shows many differences with few
similarities (Cnop et al. 2005; Donath et al. 2005).
Essentially, pancreatic β cell death occurs via the Nuclear

factor-kappa B (NF-κB)-dependent, caspase-3-mediated
apoptotic pathway in type-1 diabetes, in contrast to a
NF-κB-independent pathway, involving both apoptosis
and necrosis in type-2 diabetes (Jörns et al. 2002; Cnop
et al. 2005). Multiple mechanisms have been proposed
for β cell destruction in type-2 diabetes. The foremost
among them is due to an elevated level of endoplasmic
reticulum (ER) stress (Ozcan et al. 2004; Laybutt et al.
2007). Consistently, many regulators of ER stress have
been shown to be up-regulated in type-2 diabetes, together
with elevated pancreatic β cell death (Oyadomari et al.
2002; Rhodes, 2005; Riggs et al. 2005; Laybutt et al. 2007).
However, the mechanisms of pancreatic β cell death in
atypical diabetes have not been clarified.

Many rodent models for diabetes have been generated
and utilized (Buschard, 1996). For example, the NOD
mice and the BB rat are the commonly used models for
type-1 diabetes. In addition, injection of streptozotocin
(STZ) also promotes type-1 diabetes, leading to β cell
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dysfunction dependent on the activation of the immune
system (Zhang et al. 2007). Similarly, the obese rat, the GK
rat, the db/db mice, the ob/ob mice, etc. are classical models
used to study type-2 diabetes (Movassat et al. 1995; Shafrir,
2001; Allen et al. 2004). Genetically modified mice have
also increasingly been used to evaluate the mechanisms of
pancreatic β cell death. For example, the role of caspase-3,
PARP and NF-κB in β cell death in the type-1 models
has been confirmed using the respective knockout mice
(Hassa & Hottiger, 2002; Lamhamedi-Cherradi et al. 2003;
Liadia et al. 2005). Similarly, deletion of genes involved in
ER stress, leptin receptors, etc. have been used to confirm
their role in β cell death and dysfunction in type-2 diabetic
models (Oyadomari et al. 2002; Uchida et al. 2005).

One model that was generated a long time ago is the
RIP-H-2kb transgenic mouse model, where the MHC
class I molecule was overexpressed in pancreatic β cells
(Allison et al. 1988). This led to the rapid onset of diabetes
that was reliably reproducible over many generations
(Allison et al. 1988). Though this model was generated
to resemble type-1 diabetes, lack of immune infiltration
and its involvement indicated that this may not be an ideal
model for type-1 diabetes (Allison et al. 1988; Mandel
et al. 1991). Moreover, obesity was not associated with
this model, though the diabetic phenotype was ascribed
to pancreatic dysfunction. Therefore, this may be a good
model for atypical diabetes. However, the mechanisms
regulating pancreatic β cell death in this model have not
been studied.

p53 is the most important tumour suppressor gene
product regulating cellular life and death (Oren, 2003;
Slee et al. 2004). Absence of functional p53 often leads
to defective apoptosis in many cell types and increased
proliferation, both culminating in tumour progression
(Sigal & Rotter, 2000; Petitjean et al. 2007). Besides
regulating carcinogenesis, absence of p53 has also been
shown to affect many physiological and developmental
processes (Bargonetti & Manfredi, 2002; Braithwaite &
Prives, 2006). For example, lack of p53 was shown to affect
neural tube closure, a process involving massive apoptosis
that needs to be coordinated (Sah et al. 1995; Pani et al.
2006; Trovato et al. 2007). In the pancreas, absence of
p53 was shown to lead to polyploid pancreatic cells at
early stages of life (Ramel et al. 1995; Sphyris & Harrison,
2005). Nonetheless, whether p53 has any regulatory role in
directly controlling pancreatic β cell death during diabetes
formation and progression has not been clarified.

We have therefore investigated the role of p53 in diabetes
and pancreatic cell death using the RIP-H-2kb transgenic
mouse model. The data presented here demonstrate the
interesting fact that pancreatic cells do not up-regulate
p53, even when undergoing cell death due toγ -irradiation.
Furthermore, we did not notice any up-regulation of p53 in
the transgenic mice in which there were significant levels of
pancreatic apoptosis. Finally, by crossing these mice to p53

null mice, we show that absence of p53 does not rescue any
of the phenotypes, thus excluding any role for the tumour
suppressor protein in pancreatic cell death and diabetes.

Methods

Mice

The RIP-H-2kb transgenic mice have been previously
described and were kindly provided by Dr Janette
Allison (St Vincent’s Institute, Fitzroy, Australia) (Allison
et al. 1988). Only male transgenic mice were used
for expanding the colony by breeding with wild-type
and p53+/− female mice of the B6/129 background.
The RIP-H-2kb;p53+/− mice were further crossed with
p53+/− mice to obtain RIP-H-2kb;p53−/– mice. Pups aged
2–3 weeks were weaned, males and females were separated,
and tail biopsies were taken for genotyping purpose. Mice
were housed in cages of a maximum of five animals with
free access to food and water. All experimental mice carried
a single copy of the transgene. Genotyping was performed
for the RIP-H-2Kb transgene with the following primers:
sense, 5′-CGAGTGGGCTATGGGTTTGT-3′; antisense,
5′-TTGGCTTTCTGTGTCTCCCG-3′; and for p53 as
described (Jacks et al. 1994).

Pancreases were harvested 24 h after γ -irradiating
wild-type mice at 1, 5 or 15 Gy. Spleen and thymus were
harvested 24 h after irradiating at 0.25 Gy.

Mice were monitored at least once a week for signs of
illness and obvious signs of distress. Transgenic animals
between 16 and 24 weeks of age, which showed continued
diabetes or distress, were killed by CO2 inhalation. All
animal experiments were carried out with the approval
of the institutional animal care and use committee.

Blood glucose, insulin and glucagon measurements

Two-microlitre blood samples were taken once a week
from the tail vein of mice by nipping, and glucose levels
were measured weekly from 2- to 10-week-old mice
using a compact glucose analyser (Accu-chek; Roche,
Basel, Switzerland). Potassium permanganate crystals were
applied to the wounded tail to stop the bleeding and for
disinfection. At least five mice per group for males and
females were analysed for each time point.

To harvest blood for serum analysis, mice were killed
by CO2 inhalation and cardiac puncture was performed
later to collect the whole blood. Serum insulin and
glucagon measurement was carried out using the insulin
radio-immunoassay (RIA) kit and the glucagon RIA
kit (Linco Research, St Charles, MO, USA), as per
manufacturer’s recommendations. Briefly, 50 or 100 μl of
serum was used for measurement of insulin or glucagon,
respectively. The concentration in samples was determined
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based on glucagon and insulin standards provided by the
manufacturer.

Tissue samples and immunohistochemistry

Pancreatic sections were obtained from mice between
2 and 10 weeks of age. Thymus and spleen sections
were obtained from wild-type mice of 10 weeks of
age. Freshly removed tissues were fixed in formalin
solution (4% formaldehyde in PBS) for 12–24 h, 4◦C, and
were subsequently embedded in paraffin for histological
analysis. Tissue sections of 5 μm thick were deparaffinized
in xylene and re-hydrated progressively in decreasing
concentrations of ethanol. Thereafter the slides were
placed in water and subjected to immunostaining or H
and E staining, which was done by incubating the slides in
haematoxylin for 5 min, followed by eosin for 2 min.

Immunostaining for insulin and glucagon were
done strictly according to the manufacturer’s protocol
(histomouse-max kit from Zymed Laboratories, San
Francisco, CA, USA). Antigen retrieval was performed
by boiling the tissue sections in 10 μm citrate buffer
antibodies for 15 min. The sections were incubated
with insulin (rabbit anti-insulin, clone Z006, Zymed
Laboratories) or glucagon (rabbit anti-glucagon, Zymed
Laboratories) for 1 h at room temperature. The slides were
rinsed with washing buffer and incubated with anti-mouse
HRP-conjugated IgG. Tissues sections were washed, after
which DAB-chromogen substrate mixture was applied.
Analysis of the tissue sections was done by light
microscopy.

Immunohistochemistry of p53 (CM5, Novocastra,
Newcastle upon Tyne, UK) was performed according to the
protocol used for insulin and glucagon. p53 antibody was
diluted in primary antibody dilution buffer (5% serum,
0.5% Tween-20/PBS).

TUNEL assay

Terminal deoxynucleotidyl transferase-mediated dUTP
nick end labelling (TUNEL) staining was carried
out with an apoptosis detection kit (Roche) on the
paraffin-embedded tissue sections, according to the
manufacturer’s protocol. Sixty to 250 nuclei were counted
for each islet, and 2–4 islets were counted per section. Three
to five sections were counted per mouse using at least four
independent mice per time point.

Statistical analysis

Results were expressed as mean ± standard error of the
mean (s.e.m.). ANOVA and Student’s t test were used
to determine if the observed difference was statistically
significant. Significance was defined as P < 0.05.

Results

Overexpression of MHC class I H-2Kb results in
elevated cell death in pancreatic β cells

We determined the blood glucose levels to confirm the
diabetic phenotype of the RIP-H-2Kb transgenic mice,
which has been previously generated (Allison et al.
1988). Whereas blood glucose levels were basal (below
10 mm) throughout the 10-week monitoring period in
non-transgenic mice, it was elevated in the RIP-H-2Kb

transgenic mice, starting from 2 weeks after birth (about
13 mm) (Fig. 1A). The levels increased rapidly starting
from about 4 weeks of age and reached to about 30 mm

around the seventh week after birth (Fig. 1A), confirming
previous data on the diabetic phenotype of these
transgenic mice. Mice gradually died between about 16
and 24 weeks due to continued diabetes (data not shown).

Histological analysis indicated that the size of islets
was not significantly affected in the transgenic mice, and
macroscopic analysis at higher magnifications did not
show major distortions in the architecture of the islets
(Fig. 1B). Immunohistochemical analysis indicated that
insulin levels started decreasing in the islets of transgenic
mice, observable from 3 weeks after birth and progressively
declining over time. At 8–10 weeks of age, there were hardly
any cells with insulin-positive stain, in contrast to control
wild-type mice (Fig. 1C). Quantification of serum insulin
by radio-immunoassays indicated that the levels increased
in wild-type mice starting from 4 weeks, whereas, the levels
were much lower in the transgenic mice (wild-type vs.
transgenic at 4, 6, 8 and 10 weeks: 0.140 vs. 0.078, 0.767
vs. 0.292, 0.600 vs. 0.297 and 0.764 vs. 0.225) (Fig. 1C,
lower panel). Consistent with a decline in the number
of insulin-producing β cells, there was an infiltration of
the glucagon-producing pancreatic α cells. These α cells,
which are normally found along the periphery of the
islets in wild-type mice (Allison et al. 1988), were seen
infiltrating into the islets, which was visible from weeks 2–3
after birth and progressing over time (Fig. 1D). Notably,
there was a slight but consistent increase in the levels of
glucagon in the transgenic mice at all ages (wild-type vs.
transgenic at 4, 6 and 8 weeks: 3.12 vs. 19.95, 59.26 vs. 68.88
and 25.00 vs. 35.39) (Fig. 1D, lower panel).

As it has been reported that there is no T cell infiltration
in this mouse model (Allison et al. 1988); (Fig. 1B),
ruling out the role of T, NK and macrophage cells
in β cell destruction, we evaluated if the β cells were
undergoing programmed cell death by utilizing the
conventional TUNEL assay analysis. There was a
basal level of TUNEL positivity in wild-type pancreas,
but this was significantly elevated in transgenic mice
at 6 and 8 weeks of age (Fig. 1E, top panel). The
levels of TUNEL-positive cells were much higher at
these time points (ratio of TUNEL-positive to total
cells, WT vs. transgenic: 0.38 vs. 0.59 at 6 weeks,
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Figure 1. Elevated pancreatic cell death and diabetes in RIP-H-2kb transgenic mice
A, glucose levels were determined weekly from peripheral blood of RIP-H-2kb transgenic mice and their wild-type
littermates from the ages of 2–8 weeks. N ≥ 5 mice per time point. Mean values and standard deviation are shown.
B, representative H&E staining of pancreatic sections, focusing primarily on the islets from wild-type and RIP-H-2kb

transgenic mice are shown. Magnification: ×40. Scale bar represents 20 μm. C and D, insulin (C) and glucagon
(D) staining of pancreatic sections from RIP-H-2kb transgenic mice and their wild-type littermates. Representative
sections are shown. Magnification: ×20. Scale bar represents 40 μm. N = 2 mice per time point. Lower panel in
each case shows quantification of serum insulin or glucagon levels, at various ages. At least 2 mice per group
were used. E, tissue sections of wild-type and RIP-H-2kb transgenic pancreas were TUNEL stained to determine
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apoptotic cell. Representative sections are shown. Magnification: ×20, scale bar represents 40 μm (upper panel).
Lower middle panel shows sections from mice of 6 and 8 weeks at a higher magnification (×40, scale bar represents
20 μm). N = 4 mice per time point per genotype. Lower right-most panel shows the ratio of TUNEL-positive over
unstained nuclei in the pancreatic islets. A total of about 60–250 nuclei were counted from each islet, and from
nine individual islets from independent sections from the four mice. Lower left panel shows sections stained with
and without the transferase enzyme (e/z), to show background staining. Arrowheads show TUNEL-positive cells in
pancreatic islets.
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P = 0.0066 and 0.36 vs. 0.56 at 8 weeks, P = 0.0028)
(Fig. 1E, lower middle and right panels). Control analysis
without the transferase enzyme indicated that the
staining observed was indeed specific (Fig. 1E, lower
left-most panel). These data together suggest that the
diabetic phenotype of the RIP-H-2Kb transgenic mice
correlates with increased cell death and decreased insulin
production.

p53 is not up-regulated in pancreatic β cells of H-2Kb

transgenic mice

As p53 is a regulator of cell death (Oren, 2003; Slee et al.
2004), we examined if cell death in pancreatic β cells of
the RIP-H-2Kb transgenic mice is mediated by p53. To
this end, we evaluated the expression of p53 in wild-type
and transgenic pancreas over a time course after birth. To
our surprise, there was no significant immuno-staining of
p53 visible in both wild-type and transgenic pancreatic
sections (Fig. 2A). To rule out the possibility that the
anti-p53 antibody was not working, we used thymus and
spleen sections from wild-type mice that were γ -irradiated
to induce p53 expression, and compared them to sections
from p53 null mice. As shown in Fig. 2B, both wild-type
spleen and thymus were positively stained for p53, in
contrast to the sections from the p53 null mice, ruling
out that the antibody was defective.

Hence, we tested if p53 is inducible during γ -irradiation
(IR)-induced cell death of pancreatic cells, by whole-body
irradiation with various doses of IR. Whereas irradiation
resulted in a significant increase in the number of
TUNEL-positive cells correlating with the IR dose, there
was no significant p53 immuno-staining observed even at
the highest IR dose (Fig. 2C). Similar results were obtained
when analysis was performed at various time-points after
irradiation (data not shown). Since the data suggest
that p53 is not inducible even in TUNEL-positive
pancreatic cells after irradiation, it is likely that the cell
death occurring in pancreatic β cells of the RIP-H-2Kb

transgenic mouse is also probably not due to p53.

Absence of p53 expression does not rescue the
diabetic phenotype of RIP-H-2Kb transgenic mice

To genetically prove that p53 may not be required
for pancreatic β cell death and the diabetes phenotype
in RIP-H-2Kb transgenic mice, we crossed these mice
with p53 null mice to obtain RIP-H-2Kb transgenic
mice in the p53+/+, p53+/− and p53−/– backgrounds.
We did not notice any aberrations in the expected
Mendelian frequencies of the various genotypes (data
not shown). Histological analysis revealed that the
absence of p53 did not affect the architecture of the
pancreatic islets (Fig. 3A). Similarly, insulin production

that was defective in RIP-H-2Kb transgenic mice was
not rescued in H-2Kb;p53−/– mice at various ages
after birth (Fig. 3B, showing 6 and 8 weeks, and data
not shown). Quantification of serum insulin confirmed
these findings (wild-type vs. transgenic vs. p53−/–

transgenic at 6 and 8 weeks: 0.767 vs. 0.292 vs. 0.140
and 0.600 vs. 0.297 vs. 0.319) (Fig. 3B, lower panel).
Consistently, glucagon-expressing pancreatic α cells were
seen infiltrating the pancreatic islets in RIP-H-2Kb;p53−/–

mice similar to the control transgenic mice, and the
glucagon levels were higher both in the presence and
absence of p53 in the transgenic mice (wild-type vs.
transgenic vs. p53−/– transgenic at 4 and 8 weeks: 3.12
vs. 19.95 vs. 45.61, 25.00 vs. 35.39 vs. 56.64) (Fig. 3C, lower
panel).

Cell death analysis also revealed no reduction in the
number of TUNEL-positive cells at 6 and 8 weeks of age in
the RIP-H-2Kb;p53−/– mice compared to the RIP-H-2Kb

mice (Fig. 3D). Enumeration of the TUNEL-positive
cells did not show any statistically significant differences
(Fig. 3E). Finally, analysis of blood glucose levels from
RIP-H-2Kb mice of all three p53 genotypes showed that
there was no significant decrease in the levels of blood
glucose (Fig. 3F). Absence of p53 did not reduce or delay
the increase of blood glucose levels (Fig. 3E). The data
together indicate that p53 is not a regulator of the diabetic
phenotype and pancreatic β cell death in the RIP-H-2Kb

transgenic mouse model.

Discussion

The data presented here demonstrate that absence
of p53 does not ameliorate pancreatic β cell death
in the RIP-H-2Kb transgenic mouse model of
immune-independent diabetes. Moreover, it highlights
the fact that cell death in pancreatic β cells during diabetes
disease progression and upon γ -irradiation also occurs in
a p53-independent manner.

Immune-independent diabetes is a common form of
disease associated with pancreatic β cell death that is
not primarily dependent on the immune system (Ozcan
et al. 2004; Chakravarthy & Semenleovoch, 2007; Laybutt
et al. 2007). In this case, there is an excessive loss of
pancreatic β cells through apoptosis and necrosis, leading
to the dysfunction of these cells. Although multiple
mechanisms have been suggested for pancreatic β cell
death independent of the immune system (Ozcan et al.
2004; Chakravarthy & Semenleovoch, 2007; Laybutt et al.
2007), the role of the tumour suppressors has not been
clarified either in type-2 diabetes or in atypical diabetes.

The generation of the RIP-H-2Kb transgenic mice
almost two decades ago has highlighted the significance
of immune-independent β cell death leading to diabetes
(Allison et al. 1988). In this mouse model, the animals
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Figure 2. Lack of p53 immunoreactivity in pancreatic cells undergoing cell death
A, pancreatic sections from wild-type and RIP-H-2kb transgenic mice of 2–10 weeks of age were stained with
anti-p53 antibody. Magnification: ×40. Scale bar represents 20 μm. N ≥ 5 mice per time point. B, p53 immuno-
staining was performed on thymic and splenic sections from wild-type and p53−/– mice which were γ -irradiated at
0.25 Gy. Tissues were harvested after 24 h. Magnification: ×40. Scale bar represents 20 μm. N = 3 mice per time
point. C, pancreas sections from irradiated wild-type mice were stained for p53 (upper panels) and TUNEL staining
(lower panels). Mice were γ -irradiated at 1, 5 and 15 Gy and pancreases were harvested after 24 h. Magnification:
×40. Scale bar represents 20 μm. Islets from ≥ 5 mice were analysed for each time point.
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developed rapid diabetes, making it an easy and convenient
system in which to study the disease. This was a good model
that reflected diabetes that was not strictly type-1 or -2, as
it was neither immune nor obesity dependent. Notable is
the lack of infiltration of immune cells, which excluded

Figure 3. Absence of p53 does not rescue pancreatic cell death and diabetes in RIP-H-2kb transgenic mice
A–D, H&E (A), insulin (B), glucagon (C) and TUNEL (D) staining were performed on pancreatic sections from wild-type, RIP-H-2kb transgenic and
RIP-H-2kb;p53−/– mice of 6 and 8 weeks of age. Magnification: ×40. Scale bar represents 20 μm. N ≥ 4 mice for each time point. Two to three
independent sections are shown in B and C. Arrowheads show TUNEL-positive cells in islets (D). Lower panels in B and C show quantification of
serum insulin and glucagon, respectively, at various ages. At least 1–3 mice per group were used for quantification. E, bar chart showing the ratio
of stained over unstained nuclei by TUNEL staining, representing apoptotic cells. Pancreatic islets from ≥ 5 mice were counted for each time point.
F, blood glucose levels were determined from RIP-H-2kb transgenic mice of various p53 genotypes (p53+/+, p53+/− and p53−/–), as described.
N ≥ 5 mice per time point.

the possibility also of immune-cell-derived cytokines in
pancreatic cell death. However, though it was shown that
β cell death in this model occurred due to the misfolding
of the H-2Kb molecules that disrupted the insulin
secretory pathway and was critical for disease development
(Allison et al. 1991), the molecular mechanisms, and in
particular, the role of tumour suppressor genes, were not
unravelled.

This prompted us to analyse if increased β cell death
in the RIP-H-2Kb transgenic mice leading to diabetes is
due to p53-dependent cell death. Our results indicate that
although cell death occurs in pancreatic β cells in this
mouse model, this is not associated with p53, as its levels
were not elevated in the diabetic pancreas. Consistently,
elimination of p53 expression by crossing the transgenic
mice with p53 null mice did not also rescue the diabetic
phenotype or pancreatic cell death. These results suggest
that p53 may not be critical for pancreatic β cell death
and immune-independent diabetes. On the contrary, the
role of p53 has been examined in the STZ-induced type-1
diabetic model. In this case, there was augmentation of
the diabetic phenotype as p53 was thought to inhibit the
pro-inflammatory cytokine production. In the absence
of p53, there was elevated cytokine production leading
to exaggeration of the disease (Zheng et al. 2005).
However, there are no other reports examining if p53
or its family members regulate pancreatic cell death
directly.

In order to further explore if p53 is indeed important
for pancreatic cell death induced by other means, we
whole-body-irradiated mice to induce apoptosis in all
tissues. We noted that though γ -irradiation induced
pancreatic cell death leading to the appearance of
TUNEL-positive cells, this was not associated with an
increase in p53 levels. This was in contrast to cell death
and concomitant p53 induction in thymic and splenic
tissues. Hence, the results were unexpected, as it is generally
thought that many tissues often respond to irradiation by
up-regulating p53 and associated death pathway (Bouvard
et al. 2000; Fei et al. 2002). However, a literature search
indicated the lack of information on pancreatic cell death
and p53. Hence, to our knowledge, this is the first report
that has evaluated p53 activation in pancreas, and the
data suggest that p53 may not be critical in regulating
apoptosis in pancreatic cells, similar to hepatocytes
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(Midgley et al. 1995), at least in mice. Consistently, support
for the lack of a role for p53 in pancreatic apoptosis comes
from a previous study by Hanahan and colleagues. In
their RIP-TAg model of pancreatic cancer in which there
was elevated apoptosis, absence of p53 did not lead to
reduction of cell death (Naik et al. 1996). Together, the data
presented here suggest that p53 may not have an essential
role in directly regulating pancreatic cell death induced by
multiple means, and hence, also diabetes.

There are many different diabetic models reflecting the
various disturbances in the physiological system leading
to diabetes. However, pancreatic cell death is a common
feature in most cases and has been extensively described.
Hence, understanding the mechanisms of pancreatic cell
death is crucial in the study of the disease. Whether tumour
suppressors have any regulatory role in this process has not
been well characterized. The data presented here therefore
provide evidence that the major tumour suppressor gene
product p53 may not have any significant role in pancreatic
cell death, and hence, atypical diabetes.
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