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Abstract
Aims/hypothesis In humans, the rate of beta cell proliferation
declines rapidly during the postnatal period and remains low
throughout adult life. Recent studies suggest that this may
reflect the distribution of cell cycle regulators which, unusu-
ally, are located in the cytosolic compartment of beta cells in
islets isolated from adults. In the present work, we examined
whether the localisation of cyclin-D molecules is also cytosol-
ic in the islet cells of pancreatic samples studied in situ.
Methods Immunohistochemical approaches were employed
to examine the subcellular localisation of cyclin-D1, -D2
and -D3 in human pancreatic samples recovered either from
heart-beating donors or post mortem. Immunofluorescence
methods were used to reveal the cellular localisation of
cyclin-D1 and -D3.
Results The distribution of cyclin-D2was invariably cytosolic
in islet cells, whereas the localisation of cyclin-D1 and -D3
varied according to the status of the donor. In pancreatic sec-
tions from heart-beating donors these molecules were primar-
ily nuclear. By contrast, in samples collected post mortem,
they were mainly cytosolic. Cyclin-D1 was detected only in
beta cells whereas cyclin-D3 was detected in both alpha and
beta ce l l s . The propor t ion of donors who were
immunopositive for cyclin-D1 declined from 71% in controls

to 30% in those with type 1 diabetes. Cyclin-D3 was present
in the islets of the majority of donors in both groups.
Conclusions/interpretation The subcellular localisation of
cyclin-Dmolecules varies according to the status of the donor.
Both cyclin-D1 and -D3 can be found in the nuclei of human
islet cells in situ.

Keywords Beta cell . Cell cycle . Cyclin-Dmolecules .

Immunofluorescence staining . Immunohistochemistry .

Proliferation . Type 1 diabetes

Abbreviations
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nPOD Network of Pancreatic Organ Donors with Diabetes

Introduction

Human beta cells are destroyed selectively by autoreactive
immune cells during the progression to type 1 diabetes, lead-
ing to life-long insulin insufficiency and a requirement for
exogenous insulin replacement to maintain glucose homeosta-
sis [1–4]. Despite this, it has become clear that beta cell loss is
not always absolute in type 1 diabetes and that some patients
can retain a proportion of functional beta cells, even many
years after diagnosis [5–7]. The reasons for this are unclear
and the origin of these residual beta cells is not understood
although, intriguingly, it has been shown that islet endocrine
cell proliferation is dramatically increased in response to islet
inflammation in patients with recent-onset type 1 diabetes [8].
One interpretation of these data is that certain immune medi-
ators may be capable of promoting beta cell replication in
inflamed islets. This raises the possibility of targeted
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enhancement of beta cell proliferation as a therapeutic ap-
proach in certain patients. However, before such strategies
can be considered, it is critical that a more complete under-
standing of the factors that control beta cell proliferation is
gained. In particular, it is widely understood that in healthy
individuals beta cells enter a state of quiescence during the
immediate postnatal period, such that the rate of beta cell
proliferation is normally maintained at a vanishingly low level
throughout the later stages of life [9–11]. The reasons for this
are unclear, but it has been suggested that beta cells are atyp-
ical in that they are able to regulate the subcellular distribution
of key proteins that control their entry into, and progression
through, the cell cycle [9, 12]. These include various members
of the family of cyclin-D molecules which have been detected
mainly within the cytosolic compartment of human beta cells
in isolated islets, rather than in the nucleus [12].

As we have previously found that endocrine cells within
the inflamed islets of patients with type 1 diabetes can be
induced to proliferate [8], we considered the possibility that
this could reflect a change in the subcellular localisation of
cyclin-D molecules, given that these proteins play an impor-
tant role in controlling the G1/S phase transition [9, 12, 13].
Accordingly, we set out to study the subcellular distribution of
cyclin-D1, -D2 and -D3 in islet cells using pancreatic samples
available from two collections: a well-characterised UK co-
hort [8, 14, 15] and the network of Pancreatic Organ Donors
with Diabetes (nPOD) collection [16]. The initial results were
surprising, as the subcellular localisation of cyclin-D mole-
cules differed from that reported previously in isolated human
islets [9, 12, 13]. Therefore, we proceeded to evaluate this
phenomenon in more detail using pancreatic samples from
control donors (without diabetes). We also studied the distri-
bution of the proteins in pancreases obtained from
autoantibody-positive donors who had not progressed to dia-
betes and patients with type 1 diabetes.

Methods

Pancreatic specimens Formalin-fixed paraffin-embedded
pancreatic specimens were available from two biobanks: the
nPOD collection [16] and a historical collection from the UK
[8, 14, 15], studied with approval from Greater Glasgow NHS
Research Ethics Committee. To evaluate the subcellular
localisation of cyclin-D molecules in pancreatic specimens
in situ, a total of 32 samples were used (15 controls [seven
from nPOD and eight from the UK collection]; seven
autoantibody-positive donors without diabetes [all from
nPOD]; and ten donors with type 1 diabetes [seven from
nPOD and three from the UK collection]). The clinical char-
acteristics of the donors are provided in electronic supplemen-
tary material [ESM] Tables 1 and 2.

Immunohistochemistry Immunohistochemistry was per-
formed using a standard horseradish peroxidase (HRP) tech-
nique, as described [8, 14, 15], employing a rabbit monoclonal
anti-cyclin-D1 antibody (Abcam, Cambridge, UK), a mouse
monoclonal anti-cyclin-D2 antibody (Abcam) or a mouse
monoclonal anti-cyclin-D3 antibody (Abcam). Stained speci-
mens were analysed by light microscopy (Nikon Corporation,
Tokyo, Japan). The specificity of the antisera was confirmed
using sections of formalin-fixed paraffin-embedded human
tonsil [17, 18].

Immunofluorescence staining To monitor the cellular distri-
bution of cyclin-D isoforms, pancreatic sections were stained
with either an anti-cyclin-D3 antibody plus HRP–goat anti-
mouse IgG and Alexa Fluor 488 tyramide (Life Technologies,
Eugene, OR, USA), or an anti-cyclin-D1 antibody plus HRP–
goat anti-rabbit IgG and Alexa Fluor 488 tyramide. The
tyramide amplification steps were used to enhance the fluo-
rescence signal and were performed according to the manu-
facturer’s instructions (Life Technologies). Pancreatic sections
were co-stained with an anti-glucagon antibody raised in ei-
ther mouse or rabbit (each from Abcam) and with guinea pig
anti-insulin (Dako, Ely, UK) plus relevant secondary antibod-
ies labelled with Alexa Fluor 568 and Alexa Fluor 647 (Life
Technologies), respectively. Images were captured under fluo-
rescence illumination using a Leica AF6000 microscope
(Leica, Milton Keynes, UK).

Results

Subcellular localisation of the various cyclin-D isoforms in
human islets varies among donors Initially, immunohisto-
chemical approaches were employed to determine the subcel-
lular localisation of the various cyclin-D isoforms in human
islets in situ. Cyclin-D2 immunopositivity was present in the
majority of islet cells and was localised in the cytosolic (‘non-
nuclear’) compartment in all control pancreatic samples ex-
amined (Fig. 1c, d); the intensity of labelling was variable and
it was only very weakly detected in some samples. Surpris-
ingly, we found that the subcellular localisation of cyclin-D1
and -D3 differed between donors. These molecules were pre-
dominantly located in the cytosolic compartment of islet cells
in some control pancreatic samples, but were exclusively nu-
clear in others (Fig. 1a, b, e, f). It was also clear that not all islet
cells were stained when the cyclin molecules were detected in
either the nucleus or cytosol, suggesting that the distribution
of cyclin-D1 and -D3 is not uniform among islet cells.

Subcellular localisation of cyclin-D1 and -D3 in human
islets varies according to donor status To evaluate the sub-
cellular distribution more systematically, cyclin-D1 and -D3
were immunostained in 15 different control pancreases
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(Table 1) from the UK and nPOD collections. The donor
groups were subdivided into those from whom the gland
was recovered post mortem and those who were heart-
beating at the time of organ donation. This revealed an impor-
tant difference in that the distribution of cyclin-D1 and -D3
varied mainly according to the donor status but not according
to the origin of the sample. Cyclin-D3 was found exclusively
within islet cell nuclei in pancreases recovered from heart-
beating donors (whether from the nPOD or the UK collection;
Fig. 2a, c, e; Table 1) although, as noted above, not all islet
cells were immunopositive. However, while a similar nuclear
distribution was seen in the islet cells of two pancreases re-
covered post mortem, cyclin-D3 was distributed outside the
nucleus of the islet cells in the majority of these specimens
(five of seven; Fig. 2b, d, f and Table 1). Similarly, cyclin-D1
was mainly detected in the nuclei of islet cells in pancreases
recovered from heart-beating donors, whereas it was either
mainly restricted to the cytosolic compartment, or was absent,
from those organs that were harvested post mortem (Table 1).
Re-visiting the examples shown in Fig. 1 reinforced these
conclusions. Thus, both cyclin-D1 and -D3 were detected in
islet cell nuclei in case 6075, a heart-beating donor, whereas
they were localised outside the nucleus in case 21/89, a post
mortem donor (Fig. 1).We also confirmed that the localisation
of cyclin-D2 did not vary according to the donor status among

the expanded group of organ donors and was always located
outside the nucleus of islet cells when detected (data not
presented).

Cellular localisation of cyclin-D1 and -D3 in human islets
of control donors To evaluate the cellular localisation of
cyclin-D1 and -D3 in the major islet endocrine cell types,
immunofluorescence analysis was performed. Cyclin-D1
and -D3 were stained in parallel with insulin and glucagon
in triple-labelling experiments. Pancreas specimens from the
nPOD collection were employed for these studies (Table 1).
With the exception of one case (6013) where no staining was
detected, cyclin-D1 was localised exclusively to insulin-
immunopositive cells (beta cells), whereas those expressing
glucagon (alpha cells) were unstained (Fig. 3a). In control
pancreases, approximately 30% of beta cells were stained pos-
itively for cyclin-D1, although this varied somewhat between
patients (Table 1).

Unlike cyclin-D1, cyclin-D3 was present in both al-
pha and beta cells (Fig. 3b) and the majority of both
cell types were immunopositive in control pancreases
(Table 1). As found for cyclin-D1, the precise propor-
tion varied between donors.

Cellular localisation of cyclin-D1 and -D3 in human islets
of autoantibody-positive donors and those with type 1
diabetes We previously reported that endocrine cells within
the inflamed islets of various patients with type 1 diabetes can
be induced to proliferate [8, 15] and we therefore evaluated
the subcellular localisation of cyclin-D molecules in these
samples. We also studied a group of patients who were auto-
antibody positive (but who did not have overt type 1 diabetes)
at the time of death. A total of seven autoantibody-positive
donors were examined, together with ten donors with type 1
diabetes (seven heart-beating and three post mortem). As
shown in Table 1, cyclin-D1 was detected in a total of ten of
14 (71%) control donors and, as expected, its precise subcel-
lular distribution varied according to donor status. Among the
group of autoantibody-positive donors, cyclin-D1 was nuclear
when present (Fig. 4a) but the frequency with which it was
detected in the islets was reduced by comparison with controls
(four of seven donors [57%] were immunopositive; Table 2).
Among the donors with type 1 diabetes, immunopositivity for
cyclin-D1 was reduced still further and it was absent from the
islets in some samples (Fig. 4b). Overall, cyclin-D1 was de-
tected in the islet cells of only three of ten donors with type 1
diabetes (30%; Table 2). The decline in expression of cyclin-
D1 in the heart-beating autoantibody-positive and type 1 dia-
betes donors did not correlate directly with a loss of beta cells
from the islets of these patients as insulin immunoreactivity
was retained in at least some islets in 15 of the 17 cases stud-
ied, irrespective of the presence or absence of cyclin-D1 (data
not shown).
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Fig. 1 The subcellular localisation of the various cyclin-D isoforms in
human islets labelled in situ. Immunohistochemical approaches were
employed to determine the subcellular localisation of cyclin-D1 (a, b),
cyclin-D2 (c, d) and cyclin-D3 (e, f) in pancreatic specimens obtained
from control donors. Case numbers are shown in the upper left. Scale
bars, 50 μm
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By contrast with cyclin-D1, cyclin-D3 expression did not
decline within the islets of the autoantibody-positive and
type 1 diabetes groups but, once again, its subcellular

localisation varied primarily according to donor status
(Figs 3b, 5a, b and Table 2).

We next examined the distribution of cyclin-D1 and -D3 in
the islets of three donors with type 1 diabetes (Sc41, Sc115,
E514; Table 2) which had been shown in our previous report
[8] to contain proliferating beta cells. In all three cases, cyclin-
D3 was mainly localised within the cytosol and cyclin-D1
levels were low but could be detected in either the cytosolic
or nuclear compartment, depending on the case.

Discussion

Human pancreatic beta cells undergo an age-dependent regu-
lation of their proliferative activity, which declines markedly
during the early years of life [19–21]. This reduced prolifera-
tive capacity then appears to bemaintained such that estimates
of the ‘age’ of resident beta cells in adult human islets (for
example, by analysis of lipofuscin content) suggest that they
are long-lived and not renewed by regular rounds of mitosis
[11, 22]. Despite this, there are circumstances when prolifera-
tion can be re-initiated. Thus, we have demonstrated that beta
cell proliferation is increased some tenfold in the inflamed
islets of children with recent-onset type 1 diabetes compared
with age-matched controls [8, 15]. Therefore, although beta
cell proliferation may be rare beyond the early postnatal peri-
od, it seems that the process can be re-activated under appro-
priate conditions. As such, these observations offer the poten-
tial that beta cells might be targeted as a means to replenish the
population by enhanced mitosis in patients where loss has
occurred. However, at present, this is precluded by a lack of
understanding of the factors that regulate their proliferative
capacity.

Table 1 The extent of expression of cyclin-D1 and -D3 in islets from heart-beating or post mortem control donors

Case number Donor status Source Cyclin-D1 Cyclin-D3
6075 Heart-beating nPOD ++ +++
6047 Heart-beating nPOD + ++
6099 Heart-beating nPOD + +++
6095 Heart-beating nPOD + ++
6013 Heart-beating nPOD NS ++
6024 Heart-beating nPOD + +++
6096 Heart-beating nPOD Not performed +++
16701 Heart-beating UK + +++
21/89 Post mortem UK ++ +++
191/67 Post mortem UK ++ +
333/66 Post mortem UK + +++
315/89 Post mortem UK + +
150/88 Post mortem UK NS +
485/88 Post mortem UK NS +
242/89 Post mortem UK NS +

The symbols define the proportion of islets having endocrine cells that stained positively for the relevant protein in either the nuclear (green) or cytosolic
(red) compartments. Yellow indicates that no islet staining was observed

Islet cells stained: +, 1–30%; ++, 31–60%; +++, >60%

NS, no staining
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Fig. 2 The subcellular localisation of cyclin-D3 in human islets differs
according to the status of the donors. Immunohistochemical approaches
were employed to determine the subcellular localisation of cyclin-D3 in
pancreas specimens obtained either from heart-beating organ donors (a, c,
e) or post mortem (b, d, f). Case numbers are shown in the upper left of
each image. Scale bars, 50 μm
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In order to initiate mitosis, it is suggested that a number of
key regulatory proteins must be present within the nuclei of
beta cells, including various cyclin-D molecules and cyclin-
dependent kinases which control progression through the cell
cycle [9, 12, 13]. Recent studies undertaken mainly with iso-
lated human islet preparations have suggested that, unusually,
many of these factors are not resident in the nuclei of beta cells
but, rather, they appear to be sequestered in the cytosolic com-
partment [9, 12, 13]. As such, this may account for the atten-
uated rate of proliferation seen in adult beta cells. We were
surprised, therefore, when analysing the distribution of cyclin-
D molecules in human islets retained in situ in pancreatic
sections, to find circumstances where some of these proteins
are predominantly nuclear. We are, however, aware that Köh-
ler et al have also reported the nuclear localisation of cyclin-
D3 in islet sections [23]. Further investigation revealed a
marked difference in the distribution of cyclin-D1 and -D3

according to the status of the pancreas donor. In heart-
beating donors, both cyclin-D1 and -D3 were resident exclu-
sively in islet cell nuclei, whereas, in glands from post mortem
donors, they were mainly localised within the cytosol. Inter-
estingly, both patterns could be seen in pancreases available
from the historical UK collection whereas, in nPOD cases,
cyclin-D1 and -D3 were invariably nuclear. This may imply
that the differences in subcellular localisation reflect a cohort-
specific phenomenon; while we cannot exclude this possibil-
ity completely, certain evidence argues against this explana-
tion. In the UK collection, cyclin-D1 and -D3 displayed a
nuclear localisation in the islets of a heart-beating donor
(16701) and at least two post mortem samples contained islets
with nuclear cyclin-D3 (Table 1). Importantly, these data re-
veal that cyclin-D molecules can reside in the nuclear com-
partment of islet cells in situ. They also suggest the possibility
that, during the post mortem period, some cyclin-D isoforms
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Fig. 3 The cellular localisation of
cyclin-D1 and -D3 in human
islets labelled in situ.
Immunofluorescence staining
was performed to reveal the
cellular localisation of cyclin-D1
(a) and cyclin-D3 (b) within islet
endocrine cells. Cyclin-D1
(green; a) or cyclin-D3 (green; b)
were stained in combination with
insulin (light blue; a, b) and
glucagon (red; a, b). Case
numbers are shown in the upper
left. Scale bars, 25 μm
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Fig. 4 The cellular localisation of cyclin-D1 in the islets of autoantibody-
positive donors and those with type 1 diabetes. Immunofluorescence
staining was performed to reveal the cellular localisation of cyclin-D1
in the pancreas specimens obtained from either autoantibody-positive

donors (a) or those with type 1 diabetes (b). Cyclin-D1 (green; a, b)
was stained in combination with insulin (light blue; a, b) and glucagon
(red; a, b). Case numbers are shown in the upper left. Scale bars, 25 μm
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tend to re-distribute to the cytosol, although we accept that
such redistribution has not been verified formally and that this
process cannot be interrogated directly by examination of tis-
sue sections. It is also of interest to note, however, that cyclin-
D2 was invariably cytosolic in all samples where it was de-
tected. This could reflect an even more rapid transit from
nucleus to cytosol in the case of cyclin-D2 than for the other
cyclin-D isoforms studied or, conceivably, this protein may be
typically retained outside the nucleus in human islet cells.

One important consideration in interpreting the present find-
ings is the age of the patients at the time of death, as younger
children might be expected to retain a higher proportion of beta
cells with the capacity to proliferate (and the cyclin-D mole-
cules might then be expected to display a preferential nuclear
localisation) [19–21]. However, in the present study, some of
the youngest individuals (who were younger than 4 years of
age) had cytosolic localisation of the various cyclin-D mole-
cules. Moreover, many of the donors in whom cyclin-D1 and/
or -D3 were nuclear had reached maturity and were well be-
yond the age at which beta cell proliferation declines in early
childhood. Therefore, one important conclusion from this work
is that cyclin-D1 and -D3 can be retained in the nuclei of
human beta cells in patients who are beyond the age at which
beta cell quiescence occurs. This implies that factors additional
to the subcellular localisation of these particular molecules
must determine the proliferative capacity of these cells.

It is also important to consider an alternative possibility in
the light of observations made by In’t Veld et al. These authors
made the striking observation that maintenance of organ do-
nors on prolonged life support within intensive care units prior
to harvesting of the pancreas can lead to an increased level of

beta cell replication on subsequent organ retrieval [24]. As
replication is likely to require the nuclear localisation of cell
cycle regulators such as cyclin-D1 and -D3, it is possible that
the increased replication rate reflects the transit of these mol-
ecules into the nucleus during the period prior to organ retriev-
al. On this basis, it might be suggested that, in our study, the
disposition of cyclin-D molecules in the islets of the heart-
beating donors is as much a reflection of the period spent on
life support prior to harvesting of the pancreas as to the true
situation in vivo. While we cannot exclude this completely,
the fact that we were able to find post mortem donors with
either cytosolic or nuclear cyclin-D1 and -D3 (Table 2) sup-
ports the proposition that these proteins can be found within
the nucleus of islet cells in individuals who were not main-
tained on life support systems prior to death. Moreover, in the
study by In’t Veld et al, it was found that the islets of donors
aged below 25 years had the highest rates of beta cell replica-
tion while these high rates were much less frequent in older
donors maintained on life support. In our study, six of
the heart-beating donors were aged over 25 years (range 39–
69 years) and all showed nuclear localisation of cyclin-D3.

In drawing these conclusions, we emphasise that this study
cannot define the factors that influence the distribution of the
cyclin-D isoforms in human islet cells. One obvious possibil-
ity is that the extent (and period) of tissue hypoxia is relevant.
In this scenario, glands harvested from heart-beating donors
might be considered less likely to sustain long periods of hyp-
oxia than those recovered post mortem, which could then
account for some of the differences observed. In support of
this, Xu et al have shown that periods of hypoxia can influence
the distribution of cyclin-Dmolecules in mouse beta cells [25]

Table 2 The extent of expression of cyclin-D1 and -D3 in islets from heart-beating or post mortem autoantibody-positive donors and those with type 1
diabetes

Case number Disease Donor status Source Cyclin-D1 Cyclin-D3
6002 Autoantibody-positive Heart-beating nPOD NS +++
6023 Autoantibody-positive Heart-beating nPOD NS ++
6080 Autoantibody-positive Heart-beating nPOD NS ++
6123 Autoantibody-positive Heart-beating nPOD + +
6158 Autoantibody-positive Heart-beating nPOD ++ +++
6197 Autoantibody-positive Heart-beating nPOD + +++
6267 Autoantibody-positive Heart-beating nPOD + +++
6026 Type 1 diabetes Heart-beating nPOD NS ++
6148 Type 1 diabetes Heart-beating nPOD NS +
6209 Type 1 diabetes Post mortem nPOD NS +
6212 Type 1 diabetes Heart-beating nPOD + +++
6228 Type 1 diabetes Heart-beating nPOD NS ++
6243 Type 1 diabetes Heart-beating nPOD ++ +++
6245 Type 1 diabetes Heart-beating nPOD NS +++
Sc41 Type 1 diabetes Post mortem UK NS ++
Sc115 Type 1 diabetes Post mortem UK + ++
E514 Type 1 diabetes Post mortem UK NS +

The symbols define the proportion of islets having endocrine cells which stained positively for the relevant protein in either the nuclear (green) or
cytosolic (red) compartments. Yellow indicates that no islet staining was observed

Islet cells stained: +, 1–30%; ++, 31–60%; +++, >60%

NS, no staining
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although, in this case, hypoxic conditions favoured the accu-
mulation of cyclin-D2 within the nucleus. Extending these
considerations, it is important to note that the conditions ex-
perienced by human beta cells during the process of islet iso-
lation and culture might also be conducive to a redistribution
and/or degradation of cyclin-D molecules. Indeed, in prelim-
inary work we verified this by monitoring cyclin-D3 expres-
sion in a single preparation of human islets isolated from a
heart-beating donor and maintained in tissue culture. Within
24 h of isolation, cyclin-D3 was exclusively cytosolic in the
islet cells and by 8 days of culture it was undetectable within
the islet cells (K. Taniguchi, M. A. Russell, S. J. Richardson,
N. G. Morgan; unpublished observations). This suggests very
strongly that the localisation and stability of cell cycle regula-
tors in human islet cells can be influenced by extrinsic factors
impinging on the cells during the post mortem period and after
islet isolation.

As we have demonstrated in previous work that the rate of
islet cell proliferation is elevated in patients with recent-onset
type 1 diabetes (as judged by immunostaining of the prolifer-
ation markers Ki67 and minichromosome maintenance com-
plex component 2 (MCM-2)) [8], we considered it important
to extend the present study to examine the distribution of
cyclin-D1 and -D3 in the islet cells of some of these patients.
This revealed that the expression of cyclin-D1 declines in the
majority of donors with type 1 diabetes and that this protein
was also reduced in the islets of a proportion of those who
were autoantibody positive at the time of death. This implies
that loss of cyclin-D1 may accompany the ongoing process of
islet autoimmunity in humans, although the significance of
this observation remains to be established. By contrast, the
levels of cyclin-D3 were maintained in the islet cells of
autoantibody-positive donors and those with type 1 diabetes,
although, as expected, its precise subcellular distribution var-
ied according to the donor status. Indeed, in three type 1 dia-
betes cases from the UK collection (Sc41, Sc115, E514) se-
lected specifically because they had displayed enhanced rates

of islet cell proliferation in our earlier analysis [8], we found
that cyclin-D3 was localised to the cytosol (Table 2). More-
over, cyclin-D1 was absent from the islets of two of these
cases (Table 2) at the time of tissue fixation. These findings
add weight to the concept that cyclin-D isoforms may re-
distribute and/or become degraded during the post mortem
period in human islet cells as it is likely that cyclin-D3 (and
possibly cyclin-D1) will have been located in the nuclei of the
islet cells prior to death, in order to drive the proliferative
response. The results also imply that the proliferation marker,
Ki67, preferentially retained its nuclear distribution in the islet
cells after the death of these patients, even under conditions
when cyclin-D isoforms were influenced to migrate into the
cytosol (and/or were degraded).

Taken together, the current studies suggest that the
localisation of cyclin-D isoforms within pancreatic beta cells
varies according to the status of the donor tissue. The results
imply that both cyclin-D1 and -D3 are normally retained with-
in the nucleus in situ in beta cells but that they may migrate to
the cytosol during the early post mortem period. Ultimately,
cyclin-D1 might then be degraded. By contrast, cyclin-D3
appears more stable and is still detected in pancreatic samples
from which cyclin-D1 has been lost. Overall, our results sug-
gest that caution should be exercised when interpreting the
distribution of cell cycle regulators in human islet cells during
immunostaining studies (and in isolated human islet prepara-
tions) as this can vary markedly according to donor status.
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donors (a) or those with type 1
diabetes (b). Cyclin-D3 (green; a,
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