
UC Irvine
UC Irvine Previously Published Works

Title
Systematic review of islet cryopreservation

Permalink
https://escholarship.org/uc/item/3hb8q93t

Journal
Islets, 10(1)

ISSN
1938-2014

Authors
Kojayan, Greg G
Alexander, Michael
Imagawa, David K
et al.

Publication Date
2018-01-02

DOI
10.1080/19382014.2017.1405202
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/3hb8q93t
https://escholarship.org/uc/item/3hb8q93t#author
https://escholarship.org
http://www.cdlib.org/


REVIEW

Systematic review of islet cryopreservation

Greg G. Kojayana, Michael Alexandera, David K. Imagawaa, and Jonathan R. T. Lakeya,b

aDepartment of Surgery, University of California Irvine, Orange, CA, USA; bDepartment of Biomedical Engineering, University of California Irvine,
Irvine, CA, USA

ARTICLE HISTORY
Received 17 August 2017
Revised 7 November 2017
Accepted 9 November 2017

ABSTRACT
Pancreatic islet transplantation is being extensively researched as an alternative treatment for type 1
diabetic patients. This treatment is currently limited by temporal mismatch, between the availability of
pancreas and isolated islets from deceased organ donor, and the recipient’s need for freshly isolated
islets. To solve this issue, cryopreservation of islets may offer the potential to bank islets for transplant
on demand. Cryopreservation, however, introduces an overwhelmingly harsh environment to the ever-
so-fragile islets. After exposure to the freezing and thawing, islets are usually either apoptotic,
non-functional, or non-viable. Several studies have proposed various techniques that could lead to
increased cell survival and function following a deep freeze. The purpose of this article is to critically
review the techniques of islet cryopreservation, with the goal of highlighting optimization parameters
that can lead to the most viable and functional islet upon recovery and/or transplant.

KEYWORDS
cryopreservation;
cryoprotectant; pancreatic
islets; transplantation; islet
freezing; islet thawing;
diabetes; Islet cell biology/
physiology

Introduction

The idea of solely transplanting the endocrine compo-
nent of the pancreas has been around since the 19th
century, however, it was not until the mid-1980s when
the first human islet transplant occurred at Washington
University.1 In 1990, the University of Pittsburgh suc-
cessfully performed human islet allografts with pro-
longed insulin-independence, due to improvements in
immunosuppression.1 In the year 2000, the Edmonton
protocol was established under which 7 consecutive
type 1 diabetic patients underwent islet transplantations
and became euglycemic for three to five years.2 In the
years following the Edmonton protocol, the total num-
ber of islet allotransplants has been 1,011,3 and contin-
ues to increase yearly. In a study comparing pre-and
post-Edmonton protocols for cryopreserved islet recov-
ery and survival, they found a 19.3% higher survival
rate at 24 hours (50.1% vs 69.4% respectively), and an
overall higher rate at each time point for a total of
7 days.4 Although this is an improvement over previous
techniques, there needs to be a better protocol to make
long-term islet cryopreservation feasible.

As islet transplantation technology evolves and
becomes more realistic, the organ donor shortage is
further exacerbated due to the necessity of using islets

from multiple donors.5 During human islet isolation,
donor islets undergo great stress which begins during
harvest and continues until the moment of transplanta-
tion.6 Although a human pancreas has nearly a million
islets, the isolation process causes a 15–50% reduction
in islet mass and function.5 Therefore, an integral com-
ponent of pancreatic islet isolation is the ability to
preserve the cells once obtained from the donor.
Currently, the gold standard for islet transplantation is
to procure the cells from a deceased donor and rapidly
transfer them to the recipient in a 4� Celsius preserva-
tion solution.7,8 Inherent to this process is a donor-
recipient mismatch, that is, it is difficult to match the
cocktail of islets from several recently deceased donors
to a surgically-ready recipient. With each improvement
in islet cryopreservation, the utility of clinical islet
transplantations becomes more feasible for type 1
diabetic patients. Preserving highly functional islets for
an indefinite period of time would not only allow islet
transplantations in remote areas to be possible, but also
would permit more successful transplantations. The
purpose of improving current methods of islet cryo-
preservation is to minimize the challenge of time and
bridge the gap between donor and recipient, thus

CONTACT Jonathan R. T. Lakey, PhD, MSM. jlakey@uci.edu Professor, Department of Surgery, and Biomedical Engineering, Director, Clinical Islet
Program, University of California Irvine, 333 City Blvd West, Suite 1600, Orange, CA 92868, USA.
© 2018 Taylor & Francis Group, LLC

ISLETS
2018, VOL. 10, NO. 1, 40–49
https://doi.org/10.1080/19382014.2017.1405202

https://crossmark.crossref.org/dialog/?doi=10.1080/19382014.2017.1405202&domain=pdf&date_stamp=2018-01-24
mailto:jlakey@uci.edu
https://doi.org/10.1080/19382014.2017.1405202


improving clinical outcome and overall utility of islet
transplantation in type 1 diabetic patients.

Islet preservation options include the following:
conventionally culturing at 37�C, cold culturing at »
4�C, and cryopreservation at ¡80 to ¡196�C.9 The
different temperatures of preservation each have their
own strengths and weaknesses regarding islet viability
and function after the preservation period. For exam-
ple, in one study, islets preserved in the 37�C group
showed better function and less tissue death than the
ones in the ¡80�C group at day 1, but at day 7, they
were significantly less functional and more apoptotic.9

It is important to seek the technique which provides
the highest islet viability and function after extended
preservation periods. This would make it possible to
bank islets indefinitely and use them only when they
are needed for transplant. In this paper, we describe
the history of islet cryopreservation, and the various
parameters associated with successful function after
the freeze and thaw periods.

History of islet cryopreservation

In the late 19th century, the first cryopreservation
experiments were conducted on spermatozoa and red
blood cells. Researchers found that they could freeze
human spermatozoa and later show functional recov-
ery. The problem was, the results were inconsistent
and when the spermatozoa were used for fertilization,
there was early embryonic cell death.10 This was due
to the lack of cryoprotectants and the technique of
instantaneously freezing and thawing the cells.10 It
was not until the 1920s when James Lovelock first
explained that red blood cells experience osmotic
stress during freezing which leads to cellular death.11

In 1948, Polge, Smith, and Parkes accidentally discov-
ered the cryoprotective effect of glycerol, which they
unintentionally used during the successful cryopreser-
vation of avian spermatozoa.12 After this discovery,
Smith successfully used glycerol to cryopreserve
human red blood cells.13 At this point, researchers
realized that the cryoprotectant along with the freez-
ing and thawing rate were two important parameters
which affected cell function after recovery.14,15 Mazur
et al explained that both freezing and thawing should
occur slowly and in a controlled matter so that cellular
equilibrium is reached at each incremental moment,
so that neither ice crystals nor high solute levels would
damage the cells.14 When the cell is frozen too quickly,

water is not able to flow out of the cell quick enough,
leading to ice within the cell. Currently, a common
cryoprotectant is dimethyl sulfoxide (DMSO), which
is used in 10%, 2 M concentrations and added to cells
prior to the freezing stage.16 This makes the mem-
brane porous allowing for water to flow out of the cell
more easily. Likewise, another method used to prevent
ice crystal formation is nucleation (Fig. 1).17 This is
done by touching the meniscus of a ¡7.5�C test tube
with a metal rod pre-dipped in liquid nitrogen, thus
allowing the latent heat of fusion to be released caus-
ing a more uniform temperature within the test
tube.17 Furthermore, a shift from entire organ to tissue
cryopreservation is also occurring due to the chal-
lenges of preventing ice crystal damage when cryopre-
serving entire organs.

Since discovery, the focus of cryopreservation has
been to freeze spermatozoa and oocytes. Beginning in
the late 1970s, protocols for the optimal cryopreserva-
tion of islets were written because of successful preser-
vation of rat islets.18 Some of the original parameters
included the effective freezing/thawing rate and cryo-
protectants.19–21 In 1977, Rajotte et al transplanted
cryopreserved rat islets through the portal vein into
the rat liver. They froze the islets using DMSO, and
after thawing and removing the DMSO, transplanted
the islets into the liver. They noted hyperglycemia
which was present 6 weeks after transplant, but then
normalized by the 13th week. Similarly, the rat no lon-
ger had glycosuria, had improved vitality and showed
weight gain.22 This study, although promising, was
limited by its sample size of 1, and a relatively short
16-week follow-up period. In 1981, Nakagawara saw
similar results when using 10–20% DMSO, and 1–2�C
cooling per minute to ¡80�C.23 He explains that islet
isolation for small rodents is possible, but those for

Figure 1. Flowchart of Cryopreservation. This chart describes the
range of temperature, rate of temperature change, and the
procedure involved during cryopreservation (adapted from
ref#17).
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large animals and humans is largely unsuccessful due
to being unable to isolate large enough numbers of
islets.23 In fact, a study examining the outcome of the
auto transplantation of cryopreserved porcine islets
reported inconsistent blood glucose homeostasis after
transplant, and normoglycemia in only four of the
twelve total pigs, indicating the need for better isola-
tion and cryopreservation techniques.24

Within the last five years, many new islet cryopres-
ervation techniques are being studied to optimize cell
survival and function after thawing. This includes ana-
lyzing the effects of the freezing duration, cryogenic
oxygen environments, cryoprotectants, and freezing
the islets as a single cell or as a cluster of cells. In the
next section, we will evaluate each of the above param-
eters individually.

Advancements in cell survival following
cryopreservation

Freezing and thawing

Background
The rate of freezing and thawing during cryopreserva-
tion is important for islet function and morphology.
The slower the islet is frozen, the more time is allowed
for the liquid in the cell to reach equilibrium with the
outside of the cell, thus, preventing destructive ice
crystal formation inside. However, when the tissue is
frozen slowly (<1�C/min), more immunostimulatory
cells such as macrophages, lymphocytes, and dendritic
cells survive, thus making them more susceptible to
rejection after transplant.25,26 It is important to define
the optimal rate of freezing such that the islet recovery
and function remains high, while immunostimulatory
molecules remain low. Foreman et al conducted one
of the first studies in 1992 comparing the effects of
three rates of freezing on islets. Namely, slow cooling
(0.3�C /min) (Fig. 2), and rapid cooling (20�C /min,
and 70�C /min) (Figs. 3 and 4). The results of the
study showed that if the islets were cultured in 1 M
DMSO for thirty minutes at room temperature, fol-
lowed by 2 M DMSO for ten minutes at 0�C, then the
in vitro insulin secretory ability of the rapidly cooled
islets was improved after thawing.27 They found that
the in vitro insulin secretory ability for the fast and
slow cooling groups was similar, given they were cul-
tured with 1 M DMSO for thirty minutes at room
temperature, followed by 2 M DMSO for ten minutes
at 0�C. Other studies had similar findings, and

determined the rate of cooling becomes irrelevant if
the islets have enough time to equilibrate with the
cryoprotectant.28,29

Vitrification
Although the use of permeating cryoprotectants
(CPAs) such as DMSO and ethylene glycol (EG) have
made islets more viable and robust to the cryopreser-
vation process, they have also been toxic due to the
high concentrations required to prevent ice crystal for-
mation. There are two current methods to combat this
toxicity, the first is slow cooling and second is by vitri-
fication. During the vitrification process, the CPAs
prevent ice formation inside the islets themselves, and
instead to allow ice to form solely on the outside caus-
ing the islets to be arrested in a vitreous, glass-like
phase.30 This occurs because the CPA permeates the
cellular membrane, and allows water to travel extracel-
lularly during the freezing process.17 The toxicity of a
CPA is temperature dependent, and each CPA has a
different osmotic load which it imposes on the cell

Figure 2. Slow Rate Cooling Temperature Diagram: Temperature
Diagram showing the current standard in cooling rate, which is
0.25�C/min. This slow rate allows the tissue to reach thermal
equilibrium, and allows time for water displacement, thus pre-
venting intracellular ice crystal formation. Outlined is the burden
of time which occurs due to such slow rates of cooling.

Figure 3. Medium Rate Cooling Temperature Diagram: Tempera-
ture diagram showing the significant difference in time when
cooling at a rate of 20�C/min. This fast rate of cooling, although
untraditional, was found to arrest immunostimulatory agents
better than slow freezing.
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membrane. To protect the islets from the toxic effects
of the CPAs, researchers have successfully added the
CPAs in a stepwise fashion as the temperature
decreases, thus reducing the toxic effects to the cells.31

Thawing
The rate of thawing dictates whether the islet can
recrystallize while it warms up. The current standard
of thawing is to rapidly agitate the samples in a 37�C
H2O bath which cools at a rate of 150–200�C/min.
Next, the sample is spun at 1500 RPM, and the super-
natant is removed. Following the removal of superna-
tant, a 0.75 M sucrose buffer is added, and the sample
is kept at 0�C for 30 minutes to remove the CPA.32

This protocol was established nearly 28 years ago and
is still considered the thawing standard.

Cryoprotectant additives

There are two types of CPAs, permeating, and non-
permeating. Historically, EG and DMSO have been
the permeating gold standard, while various sugars
such as trehalose and raffinose have been considered
the gold-standard non-permeating CPAs for cryopres-
ervation.33 The difference between the two is simple:
permeating CPAs enter the cell while non-permeating
do not.34 Historically, permeating CPAs have been
shown to be more effective, but they also have the
potential to be more toxic.34 Although effective, CPAs
do not have cellular protective abilities. For example,
oxidative stress reduces islet survival due to the islet’s
poor defense mechanisms.35 Likewise, other mecha-
nisms, such as glucotoxicity,36 and endoplasmic retic-
ulum strain36 due to secretory insulin demands lead to
islet apoptosis. In the last ten years, many researchers

have been experimenting with different CPAs which
could also protect the islet from cryopreservation
induced apoptosis.

Taurine: As an antioxidant, taurine has the ability
to scavenge for free radicals and also protect
the membrane from oxidative damage37

Hardikar et al have shown the protective effects of
adding taurine prior to cryopreservation.37 They
found increased islet viability when adding 0.3 mM
and 3.0 mM taurine prior to cryopreservation. The
viabilities were (91.9§2.3% for the 0.3 mM, and
94.6§1.58% for the 3.0 mM).37 Likewise, they showed
a reduction in lipid peroxidation, and a normal glu-
cose clearance after transplantation into BALB/c mice.
Hyperglycemia was reached once the graft was
removed, showing that the islets were functional.37

Metformin
Metformin is a prescribed anti-diabetic drug that
causes insulin sensitivity.38 It has been shown to have
beneficial effects on islet survival,39 and thus, was fur-
ther researched by Chandravanshi et al.40 As part of
the experiment, they added 100 mg/ml of metformin
to the cryopreservation solution of mice islets. They
tested the functionality of the islets after a low (4�C)
and ultra-low temperature (¡196�C) storage period of
15 and 30 days respectively. The islets treated with
metformin and stored at the low temperature for
15 days secreted insulin (8 ng/ml) and had a stimula-
tion index greater than 5 indicating a high functional-
ity and glucose sensitivity.40 They found a similar
result with metformin after a 30-day storage period at
the very low temperature. Similarly, they found
reduced levels of reactive oxygen species (ROS) in
both circumstances, when compared to islets not
treated with metformin.40

Gamma aminobutyric acid (GABA)
GABA is the chief inhibitory neurotransmitter in the
central nervous system which has also been shown to
act as a neuroprotective agent.41 Soltani et al have
demonstrated the protective effects of GABA on b

cells caused by the membrane depolarization which
activates survival pathways.42 This has also been
shown on human b cells.43 Chandrayanshi et al
hypothesized that the effects of GABA would also aid
in the process of cryopreservation. After 15 days in
low temperature, islets treated with 100 mM GABA

Figure 4. Fast Cooling Temperature Diagram: Temperature dia-
gram showing the significant difference in time when cooling at
a rate of 60�C/min. This fast rate of cooling, although untradi-
tional, was found to arrest immunostimulatory agents better
than slow freezing.
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secreted 5.5 ng/ml, and after 30 days in very low tem-
perature, secreted 20 ng/ml.40 Similarly, they found
reduced levels of reactive oxygen species (ROS) in
both circumstances, when compared to islets not
treated with GABA.40

Eicosapeexeanoic acid (EPA) and docosahexanoic
acid (DHA)
EPA and DHA are polyunsaturated fatty acids which
are associated with dietary intake of omega 3 fatty
acids.44 They have been shown to have anti-inflamma-
tory effects on humans in diseases such as asthma,
inflammatory bowel syndrome, and arthritis.45 Chan-
drayanashi et al were the first researchers to investi-
gate the cryoprotective effects of EPA and DHA on
islet cells. They added 1 mM of EPACDHA to the islet
solution listed above. The results of the Glucose stimu-
lated insulin secretion (GSIS) was 11 ng/ml and 20 ng/
ml after 15 days at low temperature and after 30 days
of very low temperature storage respectively. There
was also a significant reduction in the levels of ROS.40

The greatest insulin release following glucose chal-
lenge was achieved with a solution that had a combi-
nation of EPA, DHA, and metformin.

Sericin
Sericin is a silk protein produced by silkworm
(Bombyx mori). It was tested in 2012 by Ohnishi et al
for its ability to replace fetal bovine serum (FBS) as an
additive for DMSO.46 FBS has been scrutinized due to
recent animal health problems such as bovine spongi-
form encephalopathy and viral infections. Using seri-
cin as a replacement for FBS, Ahnishi et al showed no
significant differences between GSIS results between
the FBSCDMSO and the SericinCDMSO groups.
Although this needs more testing, it allows the
researcher to use a non-animal product alternative to
FBS.

Three-Dimensional structure

Islets in their native form are multicellular tissues con-
taining 1,000–10,000 cells.47 They are complex struc-
tures which have an average diameter of 150mm.48

For reasons similar to entire organs, islets pose a great
difficulty to cryopreserve due to differential ice crystal
formation which occurs because of non-uniform tem-
perature changes.49 Essentially, as the islet is cooled,
the cells on the outside experience a greater rate of

temperature change than the cells on the inside.
Because of this differential temperature gradient, ice
crystals can form on the inside of the cells, leading to
cellular death.50 Researchers have proposed the pros-
pect of freezing the islets as individual cells, and then
reconstituting them into their natural spherical form
after thawing.51

In vitro human islet experience
Rawal et al tested the differences in function, insulin
release, and viability of human islets which were
either cryopreserved as single cells or as native tis-
sue.51 Native islet spheroids were broken down into
single cells using their previous protocol.52 They
then were dispersed in 10% DMSO, cooled at 1�C/
min, and frozen at ¡196�C.51 The native islet tissue
was prepared using a modified Lakey protocol
including stepwise DMSO addition during freezing
until ¡196�C.16 After the single cells were thawed,
they reformed into spheroids at 37�C and compared
with the native islets in terms of structure and func-
tion.51 After 4 weeks of cryopreservation, both the
single cells and the native islets were compared.
There was no significant different between the aver-
age spheroid diameter or the volume. They found a
significant difference in viability between the two
groups, with an 80% cell death of native islets com-
pared to only a 25% cell death for the reaggregated
islet cells.51 Using GSIS, they were unable to detect
any insulin secretion from the intact native tissue.
The single islet cells, however, secreted insulin and
showed moderate levels of insulin sensitivity.

In vivo rat islet
The same group of researchers tested the in vivo
effects of islet cryopreservation in the native vs cellu-
lar forms. They isolated rat islets and cryopreserved
them for 1–4 months in either their native islet form,
or in their cellular form. They compared these two
groups to transplanting fresh islet tissue in diabetic
rats with an average pre-transplantation blood
glucose of 390 mg/dl. When they transplanted
5000–8500 islet equivalents/kg (IEQ) of fresh islets,
they were unable to return normoglycemia averaging
a blood glucose of 330 mg/dL at one month.
Transplanting the same IEQ/kg ratio of cryopre-
served islet cells yielded far better results: the rats
were normoglycemic within 24 hours of the trans-
plant and maintained an average blood glucose of
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150mg/dL one month after. They continued to be
normoglycemic for 10 months after transplant. The
group of rats receiving the cryopreserved native islets
were unable to reverse hyperglycemia.51

Oxygen environment

The composition of the air around the islets during
both culturing and cryopreservation can affect their
viability. One of the mechanisms for islet death is
ATP depletion, and this becomes increasingly signifi-
cant during the rewarming process, as the cyto-
plasmic enzymes regain their function.53 Since ATP
could be made aerobically through oxidative phos-
phorylation, Komatsu et al hypothesized that the
ATP depletion during rewarming could be reduced
by using increased oxygen in the chamber around
the islets during cryopreservation.54

Human islets
Komatsu et al tested this hypothesis using human
islets in two groups, a low oxygen group (21%), and
high oxygen group (50%).54 500 IEQ of human islets
were cryopreserved using the islet cryopreservation
solution (ICS) for a period of at least three months.
For oxygenated thawing, the islets were equilibrated
under 50% O2, 45% N2, and 5% CO2. Once thawed,
they were placed in a 24 well plate, at 250 IEQ/well on
ice, and transferred to a 50% oxygen incubator.54 The
islets were incubated for a total of 90 minutes, the first
45 of which at 22�C, and the second 45 minutes at
37�C. They then were analyzed for islet volume and
compared to their volume prior to the cryopreserva-
tion. They defined this as short-term recovery rate.
For long-term recovery rate, they evaluated the islet’s
volumes after 1 or 2 days in the incubator, and com-
pared the results to the short-term, and pre-cryopres-
ervation periods using both the hyperoxic group, and
the regular oxygen group. Other tests they conducted
were RNA analysis, and GSIS from the pre-cryopre-
served and post-thaw/rewarmed groups. They noted
several results for the short-term recovery group. First,
there was no significant difference of oxygenated
thawing/rewarming on short-term islet recovery rate
based on the islet volume ratio. However, there was a
significant reduction in the amount of inflammatory
genes that were expressed. The long-term recovery
group showed a reduction in volume loss in the oxy-
genated thawing/rewarming group. The results of the

GSIS for each of the groups showed no significant
differences.54

Cryopreservation duration

The purpose of cryopreservation is to metabolically
arrest the islets for as long as possible. The question
becomes, “How long is too long?” specifically to pre-
vent cellular death and to preserve islet function.
Although studies have been performed for a three
month, and a two-year period of cryopreservation,55,56

the most informative was the one conducted by Fox
et al.57 In this study, they tested both the in vivo and
in vitro effects of using human islets which were cryo-
preserved for a mean period of 18 years. In this study,
they examined cryopreserved human islets from 43
human donors using the Rajotte protocol using 2 M
DMSO.58 The mean age of the islet donors for cryo-
preservation was 40.9§ 2.0 years, with 47% male vs
53% female, while the fresh tissue donors were
60.5§ 3.0 years, with 56% male vs 43% female.57

In vitro human islets
After rapid thawing at a rate of 150�C/min to 4�C, the
DMSO was removed with a sucrose buffer. The in
vivo tests performed compared the fresh tissue group
to the cryopreserved group of islets. Using dithizone
staining, they found no significant decrease in purity
between the two groups. Immunofluorescence staining
showed expression of insulin positive beta cells and
glucagon positive alpha cells, indicative of a healthy
islet. Apoptosis was similar in both groups. Using a
patch clamp apparatus, they determined that the cryo-
preserved group retained ion channel function and
had exocytotic responsiveness like the fresh tissue
group. GSIS results were similar between the two
groups, with no correlation between cryopreserved
time and insulin responsiveness.

In vivo human islets in mice
The same group then transplanted 2,000–4,000 IEQ
which were cryopreserved for a mean of 16 years into
the kidney capsule of STZ-induced diabetic mice. The
transplantation of the islets could reduce the circulat-
ing blood glucose levels of the mice; however, they
were not able to restore normoglycemia. Of a total of
11 mice receiving the cryopreserved islets, only one
could achieve similar glucose levels as the mice with
fresh islet transplants. This reduction in the insulin
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secreting ability of the cryopreserved islets in vivo
could be proportional to the duration of the extended
cryopreservation period. This phenomenon has also
been shown in vitro.59

Other methods

Hollow fiber vitrification (HFV)
Although commonly used for the cryopreservation of
embryos,60 HFV has only been recently studied for the
pancreatic islet model. The reason HFV is an desirable
method of preserving islets is because it allows for a
reduced amount of CPA use, which in turn, could lead
to purer and more viable islets after the preservation
period.61 In 2016, Nagaya et al compared their HFV
protocol to the open pulled straw method,62 and to
Sasamoto et al’s protocol.63 It was shown that the new
HFV method yielded the highest viability of the three
protocols in vitro.61 When they transplanted HFV
islets into STZ mice, they were all euglycemic within
4–8 days, and returned to hyperglycemia once the
kidney graft was removed after 30 days.61

Adenosine
The addition of adenosine to UW solution during
regular non-cryopreservation has been shown to
increase yield, viability, purity, and insulin release
when compared to regular UW solution alone.64 The
addition of adenosine to the cryoprotective solution
as a method of better islet outcome has not been con-
ducted. There needs to be more research done with
this substance to see if it has similar protective effects
during cryopreservation.

Novel combinations of EG C DMSO
Traditionally, the standard protocol for cryopreserving
islets is to use 2 M DMSO. Lakey et al tested the in vitro
and in vivo differences between using 2 M DMSO, 1 M
DMSO C 1 M EG, and 1 M DMSO C 0.5 M EG. They
intraperitoneally implanted rat islets into a total of 20

streptozotocin (STZ) induced diabetic mice. After trans-
plantation, the 1 M DMSO C 0.5 M EG group had a
time to normoglycemia (<200mg/dL) of 6 days, com-
pared to 4 days for fresh islets, and 18 days for 2 M
DMSO islets. Likewise, they demonstrated a higher islet
yield and viability when using 1 M DMSO C 0.5 M EG
when compared to 2 M DMSO. They did not find any
statistical difference between the GSIS values of either
of the three groups after a 48-hour culturing period
(Unpublished data).

Alginate encapsulated cryopreservation
Encapsulating islets with 1.75% alginate prior to cryo-
preservation was shown to decrease the time to nor-
moglycemia for STZ induced diabetic nude mice. The
time to normoglycemia for fresh islets was 4 days
compared to 5 days for the 1.75% alginate encapsu-
lated islets (unpublished data from Lakey et al). Unen-
capsulated cryopreserved islets took 18 days to return
the mice to normoglycemia, showing that there was a
significant difference in islet function when they were
encapsulated with 1.75% alginate. (unpublished data
from Lakey et al)

Conclusion

Islet cryopreservation has come a long way in the last
forty years. Many parameters of cryopreserving islets
are being actively researched because of the high
demand for long term storage. Currently, entire organ
cryopreservation is not entirely feasible, and is only
shown possible after a few hours of storage.65 Based
on all the experiments, we have outlined new genera-
tion parameters with the goal of optimizing islet func-
tion after cryopreservation (Table 1). We hope that
with a standardized cryopreservation protocol, islet
banking would be more feasible, and ultimately, trans-
plantation would no longer be throttled by the donor-
recipient mismatch.

Table 1. Cryopreservation Parameters and Suggested Methods: A quick summary of the parameters which had the best outcome for the
islets during cryopreservation. Assessment methods include islet viability, glucose sensitivity, and GSIS values after thawing.

Parameter Method Reference Number

Cryoprotectant EPACDHACMetformin 40
Cooling Rate Rapid (50–70�C/min) 27–29
Thawing Rate Rapid (150–200�C/min) 32
Oxygen Environment 50% during thawing 54
3D Structure Freeze as individual cells, re-aggregate into spheroids after thaw 51
Encapsulation 1.75% Alginate encapsulation prior to cryopreservation Unpublished data (Lakey J, et al.)
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