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Abstract

There has been a steady expansion in islet isolation and transplantation activity worldwide. In
addition to preparing human islets for transplantation, we have been providing human islets
to basic researchers. The aim of this study was to review the activity of distribution of human
islets to basic researchers in North America, Europe, and Asia, and to investigate if there are
any differences in utilization rate of islets among three continents. We reviewed our islet
isolation batch files, donor records, and documents related to shipping from 2007 to 2023.
We have distributed islets to a total of 49 researchers (11 at the University of Alberta campus,
21 in North America, 7 in Europe, 10 in Asia). The yearly average [+SD] of islets distributed
was 6,607,443 [+1,782,547] islet equivalents obtained from 28 [+5] pancreases, resulting in
230 [+88] shipments. Standard delivery to Europe or Asia takes at least 2 days whereas
researchers in North America receive islets the next day. On top of this fact, we found that
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delayed delivery occurred more often in Asia (31.9%, 201/631 shipments) and Europe (30.8%,
134/435) than in North America (6.8%, 114/1682). Interestingly, the utilization rate of islets
within delayed deliveries was highest in Asia (91.5%, 184/201) followed by Europe (83.6%,
112/134) and North America (77.2%, 88/114). There were disparities in the frequency of
delayed deliveries and in the utilization rate among three continents. Our program with a 17-
year track record has been actively distributing human islets to researchers in three continents.

Keywords
Islet isolation; islet transplantation; diabetes mellites; islet shipping; organ donation; research
consent

1. Introduction

Deceased human donors are essential for organ and tissue transplantation. They are also
essential for research in the basic medical sciences. Islets isolated from deceased donor pancreases
have been successfully used for clinical transplantation and basic research. There has been a steady
expansion of basic research studies utilizing islets isolated from human pancreases [1]. However,
technical and financial challenges for human islet isolation limit the number of centers that can
distribute islets for basic research [2-5]. The Clinical Islet Laboratory at the University of Alberta
Hospital has been one of the limited centers. The primary role of our laboratory is to extract and
prepare islets from deceased donor pancreases for islet transplantation to people with diabetes.
However, it is still difficult to constantly obtain adequate amounts of islets for transplantation.
When we do not yield sufficient islets for transplantation but consent for research utilization is
obtained from donors (medical assistance in dying is legal in Canada) and/or their families, we
distribute islets for research to basic researchers, which is the secondary role of our laboratory. In
other words, we do not perform islet isolation for the sole purpose of distributing islets for research.

We established the Alberta Islet Distribution Program (AIDP, https://sites.google.com/a/ual-
berta.ca/alberta-islet-distribution-program/) in 2007 for the distribution of islets to basic
researchers [6]. Our operative philosophy is derived from respecting the wishes of donors and their
families, from our desire not to waste extremely valuable materials, namely human islets, and from
our hope to contribute towards the advancement of medical research.

This study aims to review the activity in the last 17 years, from 2007 to 2023, of the distribution
of human islets to basic researchers in North America, Europe, and Asia. Statistical analysis was
mainly performed from the researcher’s point of view, considering what information is useful to

plan in conducting research using islets. We also investigated if there are any differences in
utilization rate of islets among researchers on three continents.

2. Materials and Methods

All researchers to whom we distributed islets were approved by the Health Research Ethical
Board at the University of Alberta. Material transfer agreements were executed between a
researcher’s institute and the University of Alberta.
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We reviewed our islet batch files, donor records, and shipping documents from 2007 to 2023.
We also reviewed feedback forms obtained from researchers. Researchers were instructed to
provide us with the form indicating the date of islet arrival and if islets have been used or not as
well as any comments. We have been using one courier service for delivery. Standard delivery time
from our site to North America is one day (16 to 25 hours), to Europe is 2 days (27 to 44 hours), and
to Asia is 3 days (53 to 62 hours) except for the metro Tokyo area in Japan being 2 days. Email
notifications were sent to researchers through the courier’s web system in the morning of shipping
day.

After purification, duplicate samples of the islet preparation were assessed for islet purity and
islet quantity expressed inislet equivalent (IEQ) by two independent specialists. Viability assessment
was performed using a combination of SYTO green and ethidium bromide as previously described
[7].

Islets were placed in a 50 mL polypropylene tube filled with CMRL 1066 culture medium (Corning,
Catalogue #99-603 CV). The tube was packaged in a Styrofoam container for shipping, but
temperature monitoring during transportation was not carried out.

The number of shipments was counted as follows: when an islet preparation isolated from a
donor pancreas was divided, for example, into 10 for 10 researchers, and each researcher received
1/10 of the preparation, we counted 10 shipments in this scenario. When a researcher received
islets from two different preparations separately but as one delivery in a common package, we
counted 2 shipments in this rare scenario.

Active researchers were defined as researchers who were ready to receive islets for longer than
6 months within a given calendar year. The frequency of shipments per year was calculated as the
number of shipments divided by the number of active researchers.

Some researchers requested to receive exocrine fractions (islet purity < 5%), in addition to islet
fractions. Shipments of exocrine fractions were excluded from our analysis.

Statistics and graphical presentations were produced using IBM SPSS Statistics 25. Data are
presented as mean * standard deviation or percentages. Data for islet purity, viability, and culture
duration were illustrated using box plots. The two-sided chi-square test was used to explore
differences in categorical variables across three continents. A p-value < 0.05 was considered to be
statistically significant. Bonferroni correction was performed to correct multiple testing.

3. Results

We have been distributing islets to 49 basic researchers, including 11 at the University of Alberta
campus, 21 in North America (7 in Canada and 14 from United States of America), 7 in Europe (4
from Israel, 2 in United Kingdom, and 1 in Germany) and 10 in Asia (8 from Japan and 2 in Singapore).
Among 49 researchers, 12 received islets from AIDP for longer than 10 years. There were two non-
academic institutes to which we distributed islets, however, the active period was less than 12
months.

Figure 1 shows the number of islet isolation procedures and islet preparations distributed for
research by year. There was a wide range of the number of islet isolation procedures per year, from
43 to 112. The lower number of islet isolation procedures in 2020 and 2021 was, in part, attributed
to the fact that our program was placed on hold for 10 weeks (starting from March 2020) and 12
weeks (starting from November 2020) due to COVID-19. Accordingly, the number of research

Page 3/10



OBM Transplantation 2024; 8(2), doi:10.21926/obm.transplant.2402212

preparations was low as well in 2020 and 2021. However, the range in the number of research
preparations was narrower, from 17 to 36, compared to islet isolation procedures.
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White bars indicate the number of islet isolation procedures. Black bars indicate the
number of preparations distributed for research.

Figure 1 The number of islet isolation procedures and preparations distributed for
research.

In Table 1, islet distribution activity by year is listed, including IEQ distributed, the number of
pancreases, islet mass (IEQ) per pancreas, the number of shipments, and the number of active
researchers. Figure 2 shows the islet quantity per shipment received by a researcher and the
frequency of shipments per researcher over a 17-year period. This figure summarizes how many
islets researchers received in a shipment and how often they received islets in a year. In 2007 when
AIDP had only 4 active researchers (Table 1), each researcher received 85,010 IEQs per shipment.
This quantity gradually decreased over time, down to 25,091 IEQs in 2015, as the number of active
researchers gradually increased, reaching 15 researchers in 2015 (Table 1). Then the quantity
became stable at around 25,000 IEQs, as the number of active researchers became stable, ranging
from 15 to 20 (Table 1). The frequency of shipments ranged from 8.5 in 2021 to 26.6 in 2010 and
fluctuated throughout the years as shown in Figure 2. The lowest frequency in 2021 was associated
with the lowest number of pancreases destinated to research distribution (n = 17, Figure 1) due to
COVID-19. Except for 2021, researchers received islets more than 12 times a year.
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Table 1 Islet distribution activity from 2007 to 2023.

Year IEQdistributed # Pancreases I|EQ/pancreas # Shipments # Active researchers
2023 7,477,966 32 233,686 214 15

2022 7,791,448 32 243,483 307 18

2021 3,800,260 17 223,545 169 20

2020 5,438,377 23 236,451 225 19

2019 5,555,979 21 264,570 236 18

2018 6,266,066 25 250,643 253 20

2017 7,261,607 30 242,054 299 19

2016 10,116,793 36 281,022 411 20

2015 6,381,895 27 236,366 318 15

2014 4,854,582 25 194,183 208 17

2013 6,874,886 30 229,163 274 14

2012 8,367,646 34 246,107 251 12

2011 8,232,948 32 257,280 281 11

2010 9,220,793 35 263,451 186 7

2009 5,591,482 27 207,092 124 7

2008 4,248,236 23 184,706 94 8

2007 4,845,564 29 167,088 57 4

Mean 6,607,443 28 232,994 230 14

SD 1,782,547 5 29,972 88 5

IEQ; islet equivalent. IEQ/pancreas was calculated as IEQ distributed divided by the number of
pancreases.
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Solid line indicates IEQ per shipment. Dotted line indicates the frequency of
shipments per researcher. |EQ; islet equivalent.

Figure 2 IEQ per shipment and frequency of shipment.
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From the researcher’s point of view, one of the disadvantages of using AIDP islets is the low purity
of islets we prepare (Figure 3). Among 478 preparations distributed for research, 66.3% had purity
ranging from 30 to 50%. Only 7.5% exhibited purity greater than 70%. The viability of islet
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preparations was 85.1 + 8.1%, which was comparable to our historical clinical transplantation data.
Most islet preparations were shipped after culture preservation with a median period of 24 hours
(Figure 3).
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For islet purity and viability, data at post-purification are shown. Islet preparations
shipped without culture (n=40) were excluded from culture duration data.

Figure 3 Islet purity, viability and culture duration.

Research consent is essential to basic researchers and AIDP. Figure 4 shows the percentages of
research consent obtained from donors and/or their families by year. When we accept donor offers,
the presence or absence of research consent is not taken into consideration. Therefore, we assume
that our data are likely to reflect the general donor population in Canada. The consent rate was
below 50% in 2007 (38.2% in 2006 and 63.6% in 2005). It increased over time and reached over 70%
during the recent four years.
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Black bars indicate research consent rate by year. Research consent
rate was 38.2% in 2006 and 63.6% in 2005.

Figure 4 Changes in research consent rate.
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Standard delivery time varies from 1 to 3 days depending on the region as stated in the Materials
and Methods section. Islets have never arrived at distant sites before the expected day. Delay in
delivery sometimes occurs due to a variety of reasons. We explored the frequency of delay in
delivery and the utilization rate of islets for research among three continents. For obvious reasons,
we excluded shipments to researchers at the University of Alberta campus. We also excluded
shipments before 2010 when there were no researchers in Asia and only one in Europe. Delay in
delivery for 1 day or more occurred in 6.8% (114/1682), 31.9% (201/631), and 30.8% (134/435) for
North America, Asia, and Europe, respectively (Table 2). Researchers in Asia and Europe experienced
a significantly higher frequency of delay than those in North America. There was no significant
difference in the frequency of delay between Asia and Europe.

Table 2 Delayed delivery and utilization rate among three continents.

] Delayed delivery rate Utilization rate when delayed
Continent L. ] L.
(# Delayed deliveries/# Total shipments) (# Used/# Delayed deliveries)
North America 6.8% (114/1682) 77.2% (88/114)
Asia 31.9%* (201/631) 91.5%** (184/201)
Europe 30.8%* (134/435) 83.6% (112/134)

* Bonferroni corrected p value < 0.0001 vs North America. ** Bonferroni corrected p value =
0.00036 vs North America.

Researchers may hesitate to use islets when delivered with a few days delay. The overall
utilization rate within delayed deliveries was 85.5% (384/449). Interestingly, the utilization rate was
highest in researchers in Asia (91.5%, 184/201) followed by Europe (83.6%, 112/134) and North
America (77.2%, 88/114) (Table 2).

4. Discussion

AIDP, with a 17-year track record, has been actively distributing human islets to basic researchers.
Our activity has been stable without any disruptions except for a 22-week hiatus related to COVID-
19. We have not faced any financial issues because AIDP does not rely on any external funding
agencies. Our volunteer spirit is the primary driver for AIDP operation.

A unique aspect of the AIDP is that we provide access to human islets without any cost to
researchers. This may be advantageous to researchers. However, some limitations exist in the AIDP
from the researchers’ perspective. First, islet purity is relatively low in our preparations. This is
inherent for islet isolation aiming for clinical transplantation. There is a trade-off between islet
purity and islet recovery rate in the purification procedure [8]. We always aim to maximize islet
recovery by sacrificing islet purity with hope of introducing the beneficial effects of non-islet fraction
[9] because our primary objective is to obtain adequate amounts of islet for transplantation. On the
other hand, for centers whose aim is only research islet distribution, not transplantation, it is not
difficult to obtain a higher purity of islets. Secondly, we use an “opt-out” system, meaning that we
do not ask researchers to accept or decline to receive islets prior to shipment. Researchers have to
inform us in advance when they cannot accept islets for a certain period. It takes 3 to 4 hours for
our staff to collect islets from tissue culture flasks, to prepare materials including packaging and
labelling, and to fill out shipping documentation for all available researchers. This task has to be
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completed by around noon to meet requirements of our courier. As mentioned before, our priority
is clinical transplantation, which sometimes prevents scheduling shipping activity. For logistical and
operational reasons, we may have to extend a culture preservation period for a few days [10] or
distribute islets only to local researchers. Third, we use only one particular courier service. In the
past, some researchers requested us to use an alternative courier but we cannot accommodate such
requests due to organizational agreement. Finally, islets from donors with diabetes are not available
from us as our policies exclude such pancreas for islet isolation for transplantation and we are
mandated to not perform islet isolation with the primary objective of islet distribution for research.

There are few publications describing research consent rate in the context of organ donation [11].
It is fortunate to have research consent rates above 70% during the recent four years. Thanks to
widespread public awareness of importance of research and to the efforts of organ donation
coordinators in obtaining research consent, the AIDP can continue to be active. We encountered
several cases where research consent was given only to islets among other organs. This is not likely
to happen unless donation coordinators explain to donor families that we do not always obtain
enough islets for transplant.

Longer delivery time is likely deleterious to islets. Standard delivery to Europe or Asia takes at
least 2 days whereas researchers in North America receive islets the next day. On top of this fact,
we found that delayed delivery occurred more often in Europe and Asia than in North America. Thus,
researchers in Europe and Asia had an extra disadvantage. For researchers in North America who
usually receive islets the next day, it may be a significant concern to use 2-day-old islets. However,
researchers in North America should realize that researchers in other continents consistently use
islets following at least 2 days of travel time. It should be noted, on the other hand, that researchers
in North America have disadvantages in terms of time constraint. Because of our opt-out system,
they have only one day to schedule experiments with the use of coming islets.

Researchers in Asia, especially in Japan, appear to be suffering from limited access to human
islets for research. Organ donation rate has been extremely low in Japan in the recent past although
current trends indicate increasing rates of donation [12]. Therefore, islet isolation activities are
limited in Japan [13]. Another significant deterrent in Asia, is the absence of centers or programs
publicly distributing islets for research [14]. On the other hand, such distribution activity is high in
Europe [3, 5] and North America [2, 4, 6]. Although Japan is trying to build a framework to distribute
research islets within the country [15], limited supply and uncertainty of research consent rate are
potential limitations. Our findings that researchers in Asia had the highest utilization rate of islets
despite longer delivery time can be partially attributed to aforementioned circumstances in Asian
countries. However, it should be noted that our data solely relied on self-reported feedback forms
from researchers regarding the usability of islets.

The AIDP’s objective is to support basic and applied diabetes research globally. Distribution of
human islets for research contributes to advancing knowledge and capacity building to conduct
innovative and impactful studies to improve understanding of islet biology. The AIDP has been a
successful endeavor, but there are a few challenges we have been constantly trying to address. As
our findings show that shipments to Europe and Asia were frequently delayed, we have been
exploring to include additional couriers who might have better availability and connectivity in
certain geographical areas. In addition, we proactively contact with our researchers to discuss about
hiatus periods, especially holiday seasons, where they may have difficulty in using the islets for
experiments. This is important because researchers may not recognize that our program operates

Page 8/10



OBM Transplantation 2024; 8(2), doi:10.21926/obm.transplant.2402212

365 days a year. We also take public holidays in each country into consideration in relation to timing
of shipping. These would help us in avoiding unnecessary shipments and mitigate the non-utilization
considerably. The pricing system may affect the performance of researchers. If we start charging a
fee for the islets to researchers, the non-utilization rate may decrease. However, we will not do so
because we believe that the benefits of no fee for islets outweigh the disadvantage of less utilization
rate.

Our research islet distribution program is small in terms of the number of researchers compared
to other centers consisting of multiple islet isolation facilities [2]. However, our effort to respect the
wishes of donors and their families made it possible to continue our program to be successful.
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