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Abstract
Aims/hypothesis The limited availability of deceased donor
pancreases suitable for pancreas and islet transplantation
calls for a broader utilisation of donor tissue for transplan-
tation purposes. Young donors, representing, fortunately, a
minor but significant pool of individuals, have been largely
under-employed, mainly because of anatomical and func-
tional incompatibilities with potential recipients. For islet
transplantation, the isolation of pancreatic islets from young
donors rarely occurs, because of technical problems. As a
result of the peculiar characteristics of young donor
pancreases, the standard isolation procedure does not allow
efficient separation of the islets from the surrounding
exocrine tissue, and favours the generation of mantled
islets. Nonetheless, young donor islets offer high qualitative
and clinically appealing characteristics.
Subjects and methods We standardised a modified meth-
odology to obtain purified and mantle-free human islets
from young donors. This method principally involves

efficient delivery of isolation enzyme with reduced me-
chanical disruption of the pancreas combined with addi-
tional filtration steps.
Results We were able to obtain purified and mantle-free
human islets from donors as young as 6 months of age
with good morphological and functional properties. The
good qualitative characteristics of the islets, evidenced in
vitro, were proven in vivo, as they were qualitatively
superior to islets of older donors in transplantation
studies.
Conclusions/interpretation This study justifies the utilisa-
tion of islets derived from young donors for islet
transplantation.

Keywords Islet isolation . Islet transplantation .Mantled
islets . Young pancreas donors

Abbreviations
H&E haematoxylin and eosin
IEQ islet equivalent number

Introduction

New research lines focusing on the use of embryonic stem
cells or xeno-transplantation, or based on the generation of
insulin-producing cells from adult stem cell sources, will
hopefully result in a definitive cure for type 1 diabetes
[1–3]. Despite the promises, the only existing, feasible
therapeutic alternatives to insulin injections for type 1
diabetic patients are pancreas and islet allo-transplantations
from deceased or living organ donors [4–7]. Encouraging
achievements in the field of pancreas and islet transplanta-
tion, at least in a selected cohort of adult type 1 diabetic
patients, have been obtained in recent years [8–10].
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However, progressive improvements together with a
broader application of beta cell replacement therapies will
certainly raise the problem of availability of good quality
donor tissues. Despite continuous efforts to make more
human donors accessible for transplantation purposes, the
selection, logistics and allocation of deceased donor tissue
are not optimised to meet the growing demand [11].
According to UNOS (United Network for Organ Sharing)
approximately 2,000 pancreases from deceased organ
donors were available in the USA in 2004, 20% of which
were from patients younger than 18 years of age.1

However, only a limited number of pancreatic organs from
young donors are utilised for pancreas or islet cell
transplantation [12].

Considering islets, one of the major obstacles to the
utilisation of young donor pancreases is the technical
inability to obtain a highly purified isolated islet product
suitable for islet transplantation [13–16]. More specifically,
islets of young human donor pancreases are surrounded,

even after isolation and purification, by layers of exocrine
cells (mantled islets) [13]. If, on the one hand, the
surrounding mantle of acinar cells may confer mechanical
protection to the islet, on the other, the exocrine layer forms
a barrier that prevents an adequate diffusion of nutrients
and impairs the ability of islets to interact with the
surrounding microenvironment. From a qualitative point
of view, however, the pancreatic cells of younger donors
would represent a very precious cell source for transplan-
tation. In contrast with what is observed in pigs [17, 18],
human islets are similar in size and morphology in children
and in adults. Islets from young deceased donors exhibit
high qualitative features demonstrated by their ability to
efficiently correct diabetes in mouse models, as also shown
in our study. Their good islet graft performance is, most
likely, a consequence of the optimal donor characteristics.
The medical history of younger donors is usually uneventful
and the incidence of chronic pathological conditions is
extremely low, having, with the exception of type 1 diabetes,
little or no effect on the functional status of the islets. Previous
studies in rodent models have established an inverse
correlation between duration of islet graft function and donor
age [19]. In clinical transplantation, pancreases obtained from
young donors showed good performance in adult recipients
[20], providing an additional rationale to justify the efforts to
improve the isolation of islets from young donors and
overcome the technical limitations in their complete purifica-

Table 1 Donor features and isolation outcome

Donor characteristics Pancreas digestion
parameters

Yield

Weighted average multiple fractions Purest fraction

Donor
pancreas

Age
(years)

Sex Cold
ischaemia
time (h)

BMI
(kg/m2)

Pancreas
weight
(g)

Time in
Ricordi
chamber
(min)

IEQ Percent of
purity (islets/
whole
tissue)

IEQ/g IEQ Percent of
purity (islets/
whole
tissue)

1 6 F 19 15.3 30 54 115,033 58 4,108 78,183 67
2 14 M 12 24.8 40 75 309,100 74 7,728 54,500 90
3 5 F 9 14.6 16.7 77 15,062 45 901 _ _
4 13 F 13 23.6 47.5 90 354,000 73 7,453 203,000 82
5 6 months F 6 15 11.7 68 145,500 67 12,436 68,000 75
6 4 F 4.5 15.9 39.1 99 145,250 60 3,714 145,250 60
7 13 F 8 23.0 30.3 69 314,600 49 10,382 84,600 75
8 5 M 11.5 12.4 41.3 88 48,899 58 1,183 _ _
9 15 M 13 21.8 92.4 104 200,000 35 2,167 _ _
10 13 M 12 25 61.2 85 188,000 67 3,071 88,000 75
11 2 M 7 20.1 10.2 80 56,138 42 5,503 _ _
12 5 F 5 19.3 41.6 107 189,603 56 4,557 58,891 70
13 17 F 8 23.3 36.7 74 367,000 78 10,000 117,000 85
14 17 M 7 20.6 76.3 77 373,000 57 4,889 264,000 60
15 16 F 4.5 16.4 60.1 75 281,033 62 4,675 75,150 95

12005 Annual Report of the US Organ Procurement and Transplan-
tation Network and the Scientific Registry of Transplant Recipients:
Transplant Data 1995–2004. Department of Health and Human
Services, Health Resources and Services Administration, Healthcare
Systems Bureau, Division of Transplantation, Rockville, MD; United
Network for Organ Sharing, Richmond, Virginia; University Renal
Research and Education Association, Ann Arbor, Michigan.
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tion. Very few reports have addressed the use of paediatric
donors for islet isolation [15, 16].

We have standardised a new procedure that allows
extraction of purified and mantle-free islets from donors
younger than 18 years of age. Although mantled islets are
frequently obtained also from young adult donors, in
donors 18 years old and younger, mantled islets are
virtually always present. The technique of isolation, based
on the standard approach used for adult islet isolation,
involves crucial procedural modifications aimed at suiting
the peculiar structure of the pancreatic organs of young
donors. Our islets performed well in vitro and were
qualitatively superior to islets of older donors in experi-
ments carried out in vivo.

Subjects and methods

Modified islet isolation procedure suitable for young
donors Fifteen young (6 months to 17 years old) donor
pancreases, unsuitable for whole pancreas transplantation,
were obtained from CORE (Center for Organ Recovery and
Education, Pittsburgh, PA, USA, n=13) and NDRI (Na-
tional Disease Research Interchange, Philadelphia, PA,
USA, n=2) with permission. Organs were harvested
according to standard procedures and transported to the
isolation facility in University of Wisconsin or histidine–
tryptophan–ketoglutarate solutions. Donor characteristics
are summarised in Table 1.

Fig. 1 a Typical example of mantled islets as commonly obtained
from young donors. The islets are surrounded by layers of acinar cells.
The crimson red staining (dithizone staining) indicates the islets.
Magnification ×20. b Islets from a 5-year-old donor isolated with our
modified technique. The islets, stained with dithizone, are mantle-free.
Magnification ×4. c Immunocytochemistry staining of a 2-year-old
donor pancreas before islet isolation. Red stain indicates immunore-
active insulin-positive cells. The islets are fully formed. Magnification

×20. d Insulin immunostaining of a 50-year-old donor pancreas before
isolation for morphological comparison. Magnification ×20. e Image
of a 6-month-old pancreatic organ during perfusion in the Rajotte
recirculator. Cannulation of the pancreatic duct—for enzyme solution
infusion—is carried out at the duodenal end of the duct. f Fluorescent
image of islet viability in young donor (5-year-old) islets 3 days after
isolation. Green (viable) and red (dead) fluorescence highlights uptake
of calcein-AM or propidium iodide, respectively. Magnification ×4
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The islet isolation approach described in this study is
based on the observation that young donors usually yield
islets surrounded by layers of exocrine tissue, forming the
so-called ‘mantled islets’ (Fig. 1a) [13]. In order to reduce
the thickness or completely eliminate the surrounding
acinar tissue attached to the islets, we have implemented
some modifications to the standard isolation procedure
commonly used for adult pancreatic organs.

The principle of the method here proposed is to allow a
more efficient enzymatic digestion, reducing the mechani-
cal disruption of the pancreas. Our approach involves the
following steps: delivery of enzyme solution and initial
digestion using the recirculation chamber designed by R.
Rajotte [21], further digestion in a Ricordi chamber
equipped with additional filtration devices, minimisation
of mechanical shaking, and collection of islets through a
tissue sieve filter. A collection phase with warm and cold
recirculation was also followed in some isolations, as
described previously [22].

The pancreas is cleaned from surrounding fat and
connective tissue and the pancreatic duct is cannulated
(average manipulation time 35.6 min, ranging between 19
and 60 min). In organs with a weight lower than 50 g,
enzyme perfusion and inflation was achieved by cannula-
tion of one end of the main duct (duodenal end). Larger
pancreases required, similarly to adult organs, sectioning of
the pancreas body and double duct cannulation (of
pancreatic head and body, respectively). The size of the
catheter used ranged between 20 and 24 G, reflective of the
small diameter of the duct. Liberase-HI (Roche, India-
napolis, IN, USA) or collagenase-P (Roche) from multiple
lots was used. Liberase-HI (n=4, isolation numbers 1, 2, 5
and 13 at a concentration of 1.4–2 mg/ml) or collagenase-P
(n=11, 1.0–1.7 mg/ml) in HBSS solution, pre-warmed to
30°C, was continuously infused in the duct using the
Rajotte recirculation apparatus [21]; however, in the first
five isolations we used the syringe injection technique
(manual injection with a 60-ml syringe). Enzyme infusion
and recirculation was maintained for approximately 17 min
(range 14–22 min), regardless of the infusion method used.
After enzyme delivery, recirculation was discontinued and
the inflated pancreas was maintained for approximately
10 min in a stationary incubation step devoid of any
manipulation. The pancreas was then cleaned of the capsule
and residual fat, and then placed in the Ricordi chamber
[23]. Two 430-μm meshes (in place of one) were inserted in
the Ricordi chamber to ensure a better filtration of the
circulating cell clusters. An additional filtration system
(tissue sieve wire mesh, 500-μm diameter) was placed in a
collection beaker to further prevent the release of large-size
cell clusters in the circulation.

Digested pancreatic aggregates were subsequently puri-
fied in a COBE 2991 cell separator (Gambro, Lakewood,

CO, USA) using discontinuous Euro-Ficoll gradients [24].
Isolated islets were cultured in CMRL-1066 medium
(Cellgro Mediatech, Herndon, VA, USA) supplemented
with additives, as described [25]. Islet count (expressed as
islet equivalent number, IEQ), and purity (islets/whole
tissue) were determined after dithizone staining (Sigma, St
Louis, MO, USA) [26].

Morphological and histological studies The histo-anatom-
ical structure of pancreatic islets (from the whole pancreas
prior to isolation and from the islet samples after isolation)
was assessed in formalin-fixed tissue/cells after haematox-
ylin and eosin (H&E) staining as well as insulin immuno-
staining (DakoCytomation, CA, USA), as described [22].
Islet size measurement was performed using an Axiplan 2ie
MOT Research Microscope (Carl Zeiss Micro imaging, NY,
USA).

Insulin secretory characteristics and islet viability Islet
insulin secretory ability was assessed in vitro by static or
dynamic exposure to Krebs Ringer bicarbonate buffer
containing low (2.8 mmol/l) and high (20 mmol/l) glucose
[24, 27].

For basal, unstimulated, insulin release during culture,
groups of 50 handpicked islets (diameter of each islet
between 150 and 250 μm) were re-suspended in 2 ml of
fresh medium and maintained under standard culture
conditions in an incubator for 60 h [25]. Insulin concentra-
tion in the culture medium, or after islet insulin extraction,
was measured by ELISA (ALPCO, Windham, NH, USA)
[22, 24]. DNA content of islets was determined as
described [24]. Islet cell viability was determined using a
double fluorescence (calcein AM and propidium iodide)
membrane-integrity assay [28].

In vivo transplantation Following a minimal overnight
culture, islet grafts composed of a marginal mass of 150–
350 (adjustment in number reflects difference in islet size)
handpicked islets were transplanted under the renal capsule
of diabetes-induced NOD-scid mice (Jackson Laboratories,
Bar Harbor, ME, USA), as described [29, 30]. Islet graft
preparations were obtained from ten different donors
younger than 18 years (study group) and implanted in 32
mice. Diabetes was induced in the mouse recipients, prior
to transplantation, by single i.p. administration of strepto-
zotocin (230 mg/kg body weight; Sigma) [29, 30]. All
procedures were carried out in accordance with the guide-
lines of the Institutional Animal Research Care Committee
of the University of Pittsburgh. Glycaemic levels of
recipients were recorded periodically for over 1 month
following transplantation. Two consecutive glycaemic
levels <200 mg/dl indicated normalisation of the recipients.
The kidneys bearing grafts were removed at least 1 month
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after the transplantation and return to hyperglycaemia was
interpreted as indirect evidence of the ability of the graft to
maintain normoglycaemia in the recipient. The removed
islet grafts were immunostained with anti-insulin antibodies.

For comparison, in vivo transplantation data, where islet
grafts with similar marginal mass were obtained from 21
donors between 18 and 50 years old, and 36 donors of
50 years of age and older, were considered.

Statistical analysis The trend in proportion of successful in
vivo transplantation outcome across different organ donor
age groups (<18, 18–50 and >50 years) was tested using the
Cochran–Armitage χ2 test and the effect size odds ratio was
calculated using a logistic regression model.

Pearson’s correlation coefficient and linear regression
analysis was used to test the relationship between islet yield

and other continuous covariates. Analyses were performed
using SAS software version 9.

Results

Morphological characteristics An image of a pancreas
section prior to isolation stained for immunoreactive
insulin, showing intact, fully formed islets in a young
donor is shown in Fig. 1c. Islet size and morphology are
compared with the adult pancreas (Fig. 1d). Also shown are
isolated islets of Langerhans stained with dithizone
(Fig. 1b), H&E (Fig. 2a,b) and anti-insulin antibodies
(Fig. 2c). Insulin staining highlights the islet beta cells. The
islets are devoid of the exocrine mantle.

Fig. 2 a H&E staining of young donor islets after isolation.
Morphology reflects exocrine mantle-free status of the islets. Is, islet;
Ac, acinar cells. Magnification ×20. b H&E-stained islet from a 5-
year-old donor shows mantle-free status. Size is indicated. Magnifi-
cation ×60. c Red insulin immunostaining of an isolated islet from a
13-year-old donor shows absence of surrounding exocrine layers. Size

is indicated. Magnification ×60. d Young donor (13-year-old) islet
graft under the renal capsule of a mouse recipient 46 days after
transplantation. Magnification ×20. e Mantled islets from a young
adult donor, obtained using the standard, unmodified isolation
procedure. Magnification ×4
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Isolation outcome Modifications in the method of islet
isolation were developed taking into consideration the
peculiar characteristics of the younger pancreatic organs.
One of the major problems encountered using the standard
isolation procedure is the release of almost exclusively
large cell aggregates that include the islets of Langerhans
surrounded by layers of acinar cells, as we also obtained in
initial pilot studies (Fig. 1a). In such isolations, more than
90% of islets were embedded in exocrine tissue. Rescue
procedures involving subsequent collagenase or trypsin
incubation to reduce the thickness of the exocrine mantle
failed to yield free islets. Based on this observation, and on
the basis of studies indicating collapse of the ducts in young
pancreases [16], we favoured enzymatic, thus chemical

digestion, at the cost of a reduced mechanical digestion,
without increasing the overall total time of exposure of the
pancreatic tissue to exogenous enzymes which are poten-
tially harmful [22, 27]. In order to inject the enzyme
solution, typically, in adult organs, the pancreatic neck is
cut to expose the two-sectioned parts of the gland as well as
the pancreatic duct. Two catheters are inserted into the two
halves of the sectioned pancreatic duct: one towards the
head and the second towards the body–tail. However, in
young donor organs not exceeding 50 g in weight, the duct
was cannulated at the level of the head with only one
cannula (Fig. 1e). The advantage of this approach is to
reduce the area around the cut that is usually poorly
distended and consequently under-digested. Delivery of

Fig. 3 a Islet size from young donors after isolation (n=10). b Insulin
secretion after glucose challenge in vitro. Bars represent insulin amounts
released after low (2.8 mmol/l, empty bar) and high (20 mmol/l, filled
bar) glucose stimulation in isolated young donor islets. Data are
means ±SEM of ten islet donor preparations. c Representative dynamic

perifusion curve of islets from a 6-month-old donor. d In vivo
transplantation success rate according to donor age. The χ2 test showed
a significant trend in proportions across all age groups (χ2=8.67, 1
df, p=0.0032). Age group <18 years, n=32; age group 18–50 years,
n=54; age group >50 years, n=104
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exogenous enzyme solution, pre-warmed to 30°C, was
carried out very slowly and was maintained for 14–22 min
to initiate the digestion already at this stage. As described in
detail in Subjects and methods, the Ricordi chamber was
equipped with two metallic meshes of 430 μm diameter
each to efficiently regulate the flow of cell aggregates
during the recirculation. The double mesh served the
purpose of preventing the recirculation of large size
aggregates. On average, the pancreas was maintained in
the digestion chamber for 1 h and 21 min (inclusive of
digestion and collection phases), ranging between 54 min
and 1 h and 47 min. Shaking of the chamber was extremely
gentle for the entire procedure to avoid mechanical islet
release. Free islets appeared at variable periods of time after
the organ was placed in the Ricordi chamber, between 5 and
15 min after the intra-chamber temperature reached 37°C,
and collection of the isolated islets was initiated when the
majority of islets were free of surrounding acinar cells. In
seven of the preparations, collection of the cell aggregates
was carried out in warm and subsequently cold medium, as
described previously [22], while the other eight preparations
were collected directly in cold medium.

Pancreas weight and digestion parameters of the 15
isolations are shown in Table 1. For those seven pancreatic
preparations diluted with warm medium, the average warm
collection lasted 17 min, with times ranging between 11
and 21 min. The average length of cold collection was
40 min, ranging between 24 and 58 min. Digestion time
(time-course starting when the internal temperature in the
digestion chamber is 37°C and the beginning of cold
recirculation) was 30 min, on average, ranging between 14
and 44 min. After digestion, in 11 of the 15 preparations
some undigested pancreatic tissue was found, mostly in
negligible amounts (<5% initial weight) except for one case
where ~30% of the pancreas (mainly the pancreatic head)
was not fully processed. Purification was then carried out
using discontinuous gradients as described and the final
islet yield is shown in Table 1. We found a positive
correlation between yield (IEQ) and BMI. The correlation
between the islet yield (in thousands) and donor age was
0.83 (p≤0.001), and for islet yield and BMI it was 0.69
(p=0.005). The linear regression analysis showed an
average expected 19.80 (×103 IEQ/pancreas) increase in
islet yield for an average 1 kg/m2 increase in BMI and this
was statistically significant (r=0.47, p=0.005). A positive
correlation was also observed between donor age and
pancreas weight (r=0.71, p=0.003), age and BMI (r=0.66,
p=0.008). The majority of the isolation procedures yielded
two islet-enriched fractions with different purity (islet
content/whole tissue). Data expressed as weighted average
of multiple fractions indicate the overall islet number and
purity adjusted to represent the relative contribution of each
fraction with different purity. Islet yield and purity related

to the most pure fraction for each donor preparation are also
shown. Purest fractions averaged 74% of islets/whole
tissue, and were almost completely devoid of mantled
islets, while the less pure were between 35 and 60% (data
not shown) and contained less than 30% mantled islets. The
final islet yield expressed in IEQ included islets with
diameters ranging from 50 to 400 μm (n=15). Smaller cell
aggregates were not counted. The relative proportion for the
different islet size groups is reported in Fig. 3a. Islets with a
diameter ranging between 50 and 200 μm represented
almost 90% of the whole islet preparation, consistent with
data accrued on adult islets by our as well as other groups
[9, 22].

After successful introduction of our modified method, to
further validate its efficacy in a subsequent isolation from a
young adult donor, used as control, we reapplied the
standard, unmodified procedure and we obtained most
exclusively mantled islets, as shown in Fig. 2e.

Islet viability Islet preparations were assayed for viability
before in vitro studies as well as prior to transplantation
between post-isolation day 2 and 7, using a dual fluores-
cence approach (as described in Subjects and methods).
Viable cells represented 70–90% (mean±SEM 81±3%,
n=14) of the total (Fig. 1f).

Islet insulin secretory function in vitro Isolated islets were
subjected to either static or dynamic glucose challenge to
determine islet cell ability to release insulin in response to
glucose. Insulin accumulation in the culture medium under
basal glucose concentration was also measured after 60 h of
culture. The perifusion results shown in Fig. 3b are means±
SEM of ten islet preparations where unstimulated (low-
glucose) insulin release was compared with the average
insulin output under high glucose-stimulated conditions.
Figure 3c also shows a representative perifusion curve of
dynamic insulin release. Stimulation index, expressed as
mean basal over mean stimulated insulin release, was 7.2±2
(mean±SEM, n=10).

Basal insulin accumulation over a 60-h culture period
under standard conditions was on average 5,257±1,010 μU/
ml for 50 islets, which is comparable with insulin release of
adult pancreatic islets (4,671±1,282 μU/ml for 50 islets)
[22] maintained in the same culture conditions. Insulin
content for islets of diameter of 150–250 μm diameter was
650±107 μU/islet and DNA content 27±4 ng/islet (mean±
SEM, n=3–7 donor preparations). These values are also
similar to adult islets [31].

In vivo transplantation Routine quality control assays of
isolated islets include transplantation of a marginal mass
(150–350 handpicked islets, due to differences in islet size)
under the kidney capsule of immunodeficient (NOD-scid)
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mice made diabetic by administration of streptozotocin.
The choice of a limited islet mass allows for more stringent
qualitative assessment of the islet preparation. With a
marginal mass, approximately half of the recipients achieve
normalisation, thus reflecting more accurately the qualita-
tive status of the islets. We looked at the normalisation rate
of diabetic animals receiving islet grafts from young donors
(age <18 years) compared with two older donor age groups
(18–50 years) and >50 years performed in our laboratory
(Fig. 3d). All mice received islet grafts composed of 150–
350 handpicked islets, on average 219±13, 232±8 and 218±
6 (means±SEM, difference not statistically significant) for
donor age groups <18, 18–50 and >50 years, respectively.
Outcome in recipients of juvenile pancreatic islets (donor
age 0–18 years) was 65%, compared with 54% for adult
donors (age 18–50 years) and only 37.5% for older donor
islets.

The χ2-test showed a significant trend in proportions
across all age groups (χ2=8.67, 1 df, p=0.0032) with more
percentage success in younger age groups. The estimated
odds of successful transplantation outcome is 3.18 times
(95% CI 1.38–7.30, p=0.0063) more when donor age is 0–
18 years compared with donor age >50. An elevated odds
of successful transplantation was observed in donors whose
age was between 18 and 50 compared with those whose age
was 50 and above (1.80 [95% CI 0.92–3.49, p=0.0848])
and is significant at the 8% level of significance. Similarly,
a 1.77-fold increase (95% CI 0.72–4.38, p=0.2145; not
significant) in the odds of successful transplantation was
observed in 0- to 18-year-old donors compared with 18- to
50-year-old donors. These data strongly indicate that islets
isolated from younger donors survived better and per-
formed more efficiently. Removal of the kidney capsule
with the islet graft resulted in return to hyperglycaemia in
all recipients, whenever performed. Figure 2d shows
insulin-positive cells from a young donor under the kidney
capsule of a mouse recipient, 46 days after transplantation.

Discussion

The ability of isolated islet cells to correct hyperglycaemia
following transplantation in diabetic patients is strongly
affected by factors related to quality and size of the islet
mass implanted. In order to restore normoglycaemia, a large
islet mass, usually pooled from multiples donors, is
required. Only in selected cases was islet transplantation
outcome successful as a result of single donor islet infusion
[32], and due to the adoption of an inversed BMI between
donors and recipients [33].

It is known that overweight adult islet donors are
favoured as they provide consistently large numbers of puri-

fied islets. Deceased donors younger than 18 years of age,
representing approximately 20% of the total pool of organ
donors2, have been, on the contrary, minimally utilised for
pancreas and islet transplantation.

One of the arguments is the general assumption that
young pancreases contain a lower islet mass. There is no
clear-cut evidence of strong differences in beta cell content
according to age; however, in our study we could observe a
positive correlation between donor age, pancreas size, BMI
and islet yield, with higher islet numbers obtained from the
pancreases of adolescents than from young children. Beside
the overall yield, no qualitative difference was noticed
either in vitro or in vivo, according to age. Histopatholog-
ical studies on diabetic patients, as well as evidence accrued
from patients undergoing partial excision of the pancreas,
suggest even a reduced islet mass maintains long-term
glucose metabolism, and the outcome of paediatric pancre-
as transplantations also confirms that a juvenile pancreatic
islet mass is sufficient to sustain the metabolic demands of
adult, immunosuppressed, diabetic patients [20]. In our
study, we showed that, from a morphological and in vitro
functional point of view, young donor islets are similar to
adult ones. We also demonstrated that juvenile islets show
significantly superior ability to normalise diabetic recipient
mice following transplantation of a marginal mass com-
pared with older donors. Such higher ability, not fully
paralleled by better functional parameters in vitro, suggests
that younger islets may have higher resistance to the
stressful events that characterise the transplantation setting,
and subsequent engraftment, with important implications
for clinical application.

The problem encountered in isolating islets from
juvenile pancreatic organs is mostly technical. Using the
traditional method designed for adult human pancreatic islet
isolation, islets in young donors are usually difficult to
separate from the surrounding exocrine cells. Not only are
islets mantled, therefore completely surrounded by exocrine
cells, but the numbers of exocrine cells that surround the
islets are so large that the size of each aggregate may raise
problems in view of the intravascular infusion in clinical
transplantation. Diffusion of nutrients in larger islet
aggregates both in culture and after transplantation is far
from ideal, affecting cell survival and exocrine contamina-
tion of the islet preparation, and contributes to impairment
of islet engraftment [34, 35]. Possible reasons for an
inefficient separation of the islets from the neighbouring
tissues are consistent with anatomical and physiological
aspects. Investigators reported that, in younger human
pancreases, the ducts are collapsed towards the islet cells,
therefore infusion of exogenous enzyme solution via the
pancreatic ductal system may fail to distribute properly

2Same as Footnote 1.
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throughout the parenchyma [16]. The more efficient way of
delivering the enzyme solution described in this study
appears to be instrumental in overcoming these anatomical,
age-related features. Of note, removal of the mantle did not
appear to jeopardise either islet morphology or survival
during culture. Islet loss rate was not different from that of
adult islet preparations [24, 27]. Previous work [19]
addressed donor age as a factor that affects islet perfor-
mance; in rodent models of syngeneic and allogeneic islet
transplantation it was demonstrated that donor age inversely
correlates with the duration of glycaemia normalisation.
The potential advantage offered by young donor pancreatic
tissue had been addressed already in the 1970s [36].
Subsequently it was reported [37] that pancreatic organs
from young donors perform better in human allografts,
compared with older and non-heart beating donors [37].
Similar findings were also reported by others [38]. More
recent data indicate that the pancreas of a 31-month-old
donor was able to establish glycaemia control in an adult
recipient, providing superior insulin production ability to
sustain a more challenging metabolic requirement [20]. In
addition to physiological and metabolic aspects of the islet
grafts, younger donors are the focus of studies aimed at
identifying and exploiting islet cell precursors as a potential
source for beta cell regeneration. The possibility of
optimising the isolation of islets from younger donors and
thereby increasing the pools of islet donors for clinical use,
can be relevant to offering more type 1 diabetes patients
beta cell replacement therapy. Our group has developed a
method that allows purification of large amounts of islets
from young donors with good functional properties.
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