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Postisolation islet survival is a critical step for achieving successful and efficient islet transplantation. This
involves the optimization of islet culture in order to prolong survival and functionality in vitro. Many studies
have focused on different strategies to culture pancreatic islets in vitro through manipulation of culture
media, surface modified substrates, and the use of various techniques such as encapsulation, embedding,
scaffold, and bioreactor culture strategies. This review aims to present and discuss the different methodolo-
gies employed to optimize pancreatic islet culture in vitro as well as address their respective advantages and
drawbacks.
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INTRODUCTION ing transplantation, the administration of various immu-
nosuppressants is required. Furthermore, this procedure
requires a few crucial steps, including successful isola-One of the most challenging and promising fields of

regenerative medicine is the treatment of insulin-depen- tion of the human islets from donors followed by the in
vitro culturing of the islets in order to maintain function-dent diabetes mellitus. Islets secrete a variety of hor-

mones, most importantly insulin, which is responsible ality until transplantation can be performed. However,
the development of a viable method for in vitro humanfor the regulation of blood glucose levels. Loss of β-

cells through an autoimmune disease process results in islet culture that successfully mimics the islet microenvi-
ronment is hindered by the complexity of the multicellu-type 1 diabetes. It is estimated that perhaps only about

500 thousand to 1 million islets would be needed to treat lar islet. Moreover, the native islet microenvironment
consists of large amounts of surrounding acinar tissuea patient with type I diabetes (97). With an islet averag-

ing about 150 µm in diameter, this translates into a vol- that provides an adapted protective milieu. This review
addresses the challenges with postisolation pancreatic is-ume of 1–2 cm3; a volume considerably smaller than

that of a whole pancreas. Transplanting just the islets let survival as well as the strategies involved in islet
preservation, culture, and regeneration techniques alongwould therefore result in a far simpler surgical proce-

dure (77). with their respective advantages and shortcomings.
The currently accepted procedure for transplanting is-

CHALLENGESlets is referred to as the Edmonton protocol (104), which
first involves the isolation of pancreatic islets from ca- It has been shown that following human islet isola-

tion, apoptosis occurs involving mainly the β-cells (89).daveric donors, followed by their respective infusion
into the patient’s portal vein. A major shortcoming of This is caused by several factors, including loss of vas-

culature and eventual hypoxia, because islets are highlythis procedure includes the requirement of more than
one (up to three) donors for each recipient. Also, follow- innervated and vascularized (75,78,83). Further studies
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have shown that islet isolation exposes the islet to a vari- mensional structure, which is lost if subjected to tradi-
tional attachment culture, it still does not compensateety of cellular stresses and disrupts the cell–matrix rela-

tionship, leading to apoptosis (99). Results have shown for the loss of islet basement membrane support and the
subsequent loss of functionality and viability that en-that immediately after isolation, the peri-insular base-

ment membrane was absent, giving rise to pykontic nu- sues. The ultimate result is diminished integrin expres-
sion followed by decrease in phenotypic characteristicsclei and apoptotic bodies, accompanied by elevated pro-

apoptotic p38 and C-Jun N-terminal kinase (JNK) leading to apoptosis (88). Therefore, it is important to
not only improve the culture conditions in suspensionactivity relative to prosurvival extracellular signal-regu-

lated kinase (ERK1/2) activity (99). Therefore, it is evi- culture, but to also couple these strategies to others that
permit the reestablishment of their extracellular matrixdent that in order to arrive at a successful strategy to

maintain islet survival and functionality, the islet–matrix (ECM) support as well as their natural physiological
needs.relationship must be reestablished.

As a starting point it is important to understand which
CULTURE ON ECM-COATED SURFACESfactors are implicated in the apoptosis process that oc-

curs shortly following islet isolation and whether they In terms of postisolation islet survival, several studies
have focused on restoring the ECM environment and de-can be controlled to avoid cell death. Some studies have

confirmed the increased activity of JNK and p38 follow- termine the effect of cell–matrix and cell–cell inter-
action on survival. Some studies investigated the ex-ing isolation, which can be stimulated by cytokines such

as tumor necrosis factor-α (TNF-α) and interleukin-1β pression of integrins in order to better understand
cell–matrix relations (112). It was found that human is-(IL1β); these proapoptotic activities can be reduced by

inhibiting p38 activation as well as the addition of insu- lets express integrins α3, α5, αV, and β1 with decreased
density following the destruction of the peri-insularlin to the culture medium (87). Further studies have fo-

cused on therapeutic activities aimed at the inhibition of basement membrane following isolation (121). It has
been found that insulin-like growth factor II (IGF-II),these specific cell death mechanisms. Aikin et al. have

demonstrated that activation of phosphoinositide 3-kinase/ found within duct-conditioned medium (DCM), in-
creases the survival of hamster islets suspended in colla-Akt (PI3K/Akt) suppresses the JNK pathway in islets,

thus introducing a cross-talk mechanism that can possess gen I matrices (52). Similar results have been found with
rat islets cultured on plates treated with small intestinala very important antiapoptotic consequence (1). For fur-

ther preservation strategies leading to improved culture submucosa (SIS), a natural ECM (127). Other studies
have demonstrated positive rat islet response to collagenconditions, both short and long term, whether for pro-

longed tissue culture or transplantation purposes, it is I, collagen IV, laminin, and treatment with anti-β1 anti-
bodies or arginin-glycin-aspartic acid (RGD) peptides—vital to understand the complex nature of islet function,

vasculature, and physical support requirements that arise all of which contribute to mimicking the ECM ligation
(41,82,93). More specifically, integrins αvβ3 and αvβ5due to the highly differentiated state of islets.
have been shown to regulate adhesion and differentia-

SUSPENSION CULTURE tion, while α3β1 and α6β1 are involved in the regula-
tion of insulin secretion (21,56,96). This gives insightThe simplest and most investigated approach to islet

preservation and culture in vitro is through alteration in into the appropriate ECM proteins that are needed to
bind these integrins and induce the appropriate signal-culture conditions, including temperature (58) and media

composition (18,23,35,39). Several studies have also in- ing. Recent reviews have outlined the various studies
investigating islet–ECM interactions and their possiblevolved the administration of various growth factors and

compounds in order to enhance the suspension culture effect on scaffold surface modification for posttransplant
engraftment (84,112).of islets such as glutamine compounds (14), human al-

bumin (65), insulin (22), and sericin (85). These investi- A recent study has investigated the effects of various
ECM protein substrates on two-dimensional human isletgations have been the focus of many laboratories for the

purpose of short-term culture for transplantation as well culture, yielding results that demonstrated better adhe-
sion on fibronectin collagen I, IV, and fibronectin withas long-term culture in vitro (103). There has been much

progress and thoroughly investigated reviews on the the latter maintaining structural, three-dimensional islet
integrity (25). However, human islet phenotype duringsubject matter (38,79). A summary of various media/

supplements for human islet culture are presented in Ta- two-dimensional culture was eventually lost, although
relative insulin gene expression was highest in islets cul-ble 1.

Although the general premise behind suspension cul- tured on collagen I and IV. Also, insulin release was
highest on fibronectin, along with a decrease in SUR1ture techniques is the sustenance of the islet three di-
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Table 1. Various Media Supplements for In Vitro Islet Culture

Media/ Proposed
Supplement Concentration Rationale

CMRL NA Optimal commercial medium for human islets (46)

Glucose 5.6 mM Optimal concentration for human islets (32)

Nicotinamide 2–5 mM Prevents hydrogen peroxide-induced necrosis (47)

Ascorbic acid <200 µM* Role in glucose sensing (8)*, restores antioxidative ability of vitamin E (124)

Vitamin D3 trace Antioxidant (70)

Selenium 6.25 ng/ml Important in antioxidant enzymes (2,15,16,113)

Magnesium 5.3 mM* Assists in insulin biosynthesis, content, and secretory response in islets (133)

Zinc 16.8 µM Proinsulin requires zinc for storage (34)

Arachidonic acid NA Membrane phospholipids (115), role in Ca2+ regulation (125)

Insulin 6.25 µg/ml Porcine islets show significant difference in stimulation index (22)

IGF-I and -II NA Cell differentiation, connective tissue growth, cell repair (36); IGF-II serves as a survival factor (92)*

HGF 100 µg/ml* Maintains viability and insulin secretion (3)*

NGF and VEGF NA Increases integrity and survival in vivo (95)

Gastrin and EGF NA Stimulate β-cell regeneration in diabetic rats (13)

Ghrelin 1 nM* Role in glucose-induced insulin secretion (27)*

L-Glutamine 6.8 mM Preserves islet ability to regulate protein O-glycosylation (1 mM) (60)*

Cysteine 1 mM* Prevents oxidative damage (94)*

Transferrin 6.25 µg/ml Stimulatory factor due to iron binding properties for most mammalian cells (4)

Albumin 1.25% Binding protein (4)

Aprotinin NA Protease inhibitor

Heparin variable Added prior to transplantation to limit IBMIR (7)

Pyruvate 8–20 mM* Transiently metabolized by islets (98)*

Adapted from Murdoch et al. (79).
*Studies performed with nonhuman islets.

expression, while glucose metabolism, along with GLUT2 ters through culture on Matrigel and supplemented with
differentiation media containing insulin, transferrin, se-and GCK expression, was highest on collagen I and IV

surfaces (25). lenium, and linoleic acid BSA (64). Although promis-
ing, these insulin-secreting cells are only able to produceAnother interesting approach involved the bioengin-

eering of functional sheets of rat islets following culture insulin at 34% of the native islet capability (64).
on laminin-5 surfaces for transplantation (105). This

ISLET EMBEDDINGnovel cell-based therapy proved capable of maintaining
in vivo islet functionality for more than 7 days posttrans- Several studies have focused on increasing the sur-

vival of islets in vitro through embedding in a solid ma-plantation into rats. Other strategies that involve islet
culture on ECM substrates include the redifferentiation trix. Culturing in collagen I gels obtained from rat tail

(71,122,131) and fibrin gels (5) have shown promisingof insulin-secreting cells through the monolayer culture
of cells expanded from pancreatic islets. Islets cultured results in terms of prolonging survival. Islet embedding

has also provided valuable insight into the regenerativeon a flat, two-dimensional surface often spread and form
a monolayer of hormone-negative cells. These cells may properties of pancreatic islets, which can contribute to

the efficacy of islet culture in vitro and in turn the sur-be differentiated into insulin-secreting, β-like, cell clus-
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vival and preservation of postisolated islets. A recent Other materials include poly(ethylene glycol) (PEG) and
poly-L-lysine (PLL) incorporated into alginate, whichstudy has developed a novel technique in which canine

islets were embedded in autologous plasma, supple- have been shown to enhance mass and oxygen transfer
as well as islet viability in animal models. In order tomented with VEGF (43). The resulting coagulum was

transplanted into the greater omentum, resulting in ac- further address the issue of islet culture and functionality
in vitro, for later transplantation purposes, strategiescelerated revascularization and modulation of the im-

mune response. have focused on incorporating factors such as VEGF
(62,91,106,107,111), GLP-1 (48), and HGF (50) into theThis new approach to human islet culture in vitro has

also been investigated for islet regeneration through de- encapsulation biomaterial for reducing hypoxic stress
(114). Other strategies aim at decreasing capsule size indifferentiation to duct like structures, which are highly

proliferative, followed by the redifferentiation back to order to increase surface area to volume ratio and in turn
oxygen diffusion (6). Furthermore, ECM proteins havefunctional islets, thus undergoing a process of islet neo-

genesis. This is the most attractive process to date with been incorporated as well for the maintenance of islet
functionality both in vitro and in vivo such as passiverespect to islet regeneration. When isolated islets are

suspended in type I collagen matrix or Matrigel with adsorption and layer-by-layer deposition of collagen IV
onto PS membranes (6). This potentially serves to ex-appropriate media that induces cyclic adenosine mono-

phosphate (cAMP), the inner β-cells undergo apoptosis ploit integrin/ECM interactions to better create a viable
environment for the encapsulated islet populations.and give rise to a highly proliferative population of duct-

like cells that grow as duct-like epithelial cysts (DEC) in Simple alginate capsules were shown to increase ca-
nine islet survival in tissue culture up to 3 weeks post-a process that takes approximately 10 days (120). This

differentiation is associated by a balance in prosurvival isolation (61). Also, when these encapsulated islets were
transplanted into diabetic mice, they exhibited improvedERK1/2&Akt versus proapoptotic JNK and caspase 3

pathways (53). These DECs undergo differentiation to survival and function, thus demonstrating positive effect
of alginate both in vitro and in vivo. Another interestingislet-like clusters when stimulated by the proneogenesis

factor islet neogenesis associated protein (INGAP), but procedure involved the encapsulation of individual rat
islets by sol-gel SiO2, thus allowing for homogeneousnot glucagon-like peptide-1 (GLP-1) or exendin-4 se-

creatogue (67,68); further analysis revealed that these distribution of encapsulation material on islet surface
and control over the layer thickness (11). Transplanta-islet-like clusters are indistinguishable from freshly iso-

lated islets and are glucose responsive (54). tion into diabetic rats showed a prolonged restoration
of normal glycemia levels as well as protection fromAnother recent model involving acinar transdifferen-

tiation has successfully demonstrated that acinar tissue immunological attack.
Another study has investigated the feasibility of algi-can be differentiated into DECs through collagen I em-

bedding and supplementation with epidermal growth nate-polylysine spherical-bead microcapsules, which
provide improved biocompatibility, mechanical strength,factor (EGF) and insulin. The resulting DECs could then

be differentiated into functional islet-like clusters though and chemical stability (110). In addition, they possess a
large surface area, enhanced nutrition and oxygen sup-INGAP stimulation (69) as previously described. How-

ever, this model must be further investigated in order to ply, and controlled porosity, which is able to distinguish
nutrients from immunoglobulins. These microcapsulesarrive at more conclusive information regarding feasibil-

ity and functionality of the generated islets. also provide maximum protection from membrane fail-
ure, and direct injectability into the peritoneal cavity.

ENCAPSULATION Encapsulated islets were then injected into an insulin-
dependent human male directly into the peritoneal cav-Islet encapsulation is a well-researched strategy that

provides a means of culturing and delivering islets for ity. Results have shown that insulin secretion from the
transplanted cells was detected as early as 24 h aftertransplantation purposes (6,59,78). This method in-

volves creating a semipermeable environment around a injection for up to 58 months. Furthermore, the patient
displayed an increased energy level accompanied withgroup of islets, which provides appropriate mass and ox-

ygen transfer as well as immunoprotection. This is ac- no adverse effects.
Although islet encapsulation appears to provide ancomplished by allowing the regulation of blood glucose

levels through insulin while being impermeable to larger attractive solution to islet transplantation dilemmas, it
does possess crucial drawbacks. Despite major improve-proteins and cells of the immune system (Fig. 1).

Some popular materials used for encapsulating islets ments in the biomaterials used for encapsulation as well
as the incorporation of various factors that enhance isletinclude alginate and polysulphone (PS), which have

been widely employed with relative success in protect- functionality, some issues need to be addressed. Most
importantly, the limitations of long-term oxygen diffu-ing islets from host immune systems (28,31,57,73).
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Figure 1. Principle behind islet encapsulation.

sion and nutrient transport as well as biocompatibility, mand of islets; in the human body they make up 2%
of the pancreatic tissue yet they need over 10% of theviability and eventual hypoxia (31,117).
pancreatic blood flow (55). This stresses even more the

SCAFFOLDS importance of interconnectivity and the need for a well-
defined pore structure that enhances porosity and inter-Pancreatic islets in vitro require fixation within a
connectivity.solid matrix in order to promote survival and compen-

Previous studies have successfully utilized micropo-sate for the absence of a peri-insular basement mem-
brane; thus, culturing on a biodegradable scaffold pro-
vides a suitable alternative. However, not many studies
have investigated this avenue of an islet culture platform
for transplantation purposes. Scaffolds provide many
distinct features including a high surface area to volume
ratio, a rigid support of adhesion, high interconnectivity
and pore geometries, as well as biodegradability to allow
for tissue regeneration over time (Fig. 2).

The main problem with fabricating such a scaffold is
that the islet is approximately 100–200 µm, which
means that the scaffold pore sizes must be 5–10 times
that diameter (63); thus, it is appropriate to investigate
other fabrication methods such as rapid prototyping
techniques that use computer-aided design (CAD)
models to create the desired scaffold with controlled
geometries (63,129). Conventional scaffold fabrication
techniques, such as freeze-drying, do not allow for con-
trolled pore structure; moreover, larger pore sizes re-
quired for islet culture would render the resulting scaf-
fold unstable. Also, the use of harsh solvents and
conditions limits the use and incorporation of growth
factors (128). Another crucial point is the oxygen de- Figure 2. Islet-seeded polymer scaffold.
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rous, biocompatible, and biodegradable poly(lactide-co- the scaffold pores, conventionally reported as the per-
centage of cells effectively seeded onto a scaffold. Tra-glycolide) (PLG) scaffolds in mouse models (10) as well

as chitosan/poly(lactic-co-glycolic acid) (PLGA) scaf- ditionally accepted islet seeding methods have focused
on using passive diffusion of islets into the scaffoldfolds for islet culture and transplantation (33). Another

recent study has demonstrated that rat islets can success- (116); however, these methods are fairly unsuccessful in
achieving the goal of efficient seeding to give a uniformfully grow and survive on polyglycolic acid (PGA) scaf-

folds that were constructed with 15-µm-diameter fibers, islet density within the scaffold. Other approaches have
been examined to enhance seeding efficiency, such asand pore sizes of �100–150 µm (20). The seeded islets

demonstrated enhanced viability, survival and insulin se- the use of spinner flasks for seeding chondrocytes onto
PGA scaffolds (118). However, not many techniquescretion. Further, PLGA scaffolds seeded with islet like

cells, derived from stem cells, were shown to reverse have focused on pancreatic islets. This is partly attrib-
uted to the wide variance in islet size as well as thehyperglycemia in diabetic mice (74).

Scaffolds also possess the ability to be modified suc- fragility of islets. An attractive alternative to passive dif-
fusion is the use of centrifugation forces, developed bycessfully with ECM proteins, those that are lost during

basement membrane destruction during isolation. These Yang et al. (130), coined as centrifugational cell immo-
bilization (CCI). High seeding efficiencies of 40% wereECM components are crucial for mediating cellular in-

teractions required for cell adhesion and growth in a attained for hepatocytes seeded onto hydrophilic porous
poly(vinyl formal) cubes. Further developments havescaffold setting (72). An interesting study has investi-

gated the potential of nonwoven/sponge fabrics in a hya- been made to enhance efficiency and a more controlled
approach was applied to cardiomyocytes seeded onto aluronan-based (namely benzyl ester of hyaluronan) scaf-

fold, modified with fibroblast secreted ECM, for the hydrophilic alginate scaffold, achieving seeding effi-
ciencies of up to 80–90% (26). Recently, a novelculture of rat pancreatic islets (132). The ECM-modified

hyaluronan scaffolds displayed improved biological method, based on CCI principles, has been successfully
applied to pancreatic islet by seeding cells onto a varietyproperties and represented a suitable platform for the

promotion of islet organization and proliferation. An- of PGA/PLA scaffolds, using centrifugal forces of 800–
2000 rpm while maintaining islet survival (Rezania, A.;other study has demonstrated the successful use of PLG

scaffolds adsorbed with collagen IV, fibronectin, and Xu, J.; Ghabrial, R. Seeding Pancreatic Cells on Porous
Matrices. Patent No. WO/2005/005607; 2005).laminin for culture of mouse islets (102). This demon-

strated the efficacy of surface-modified scaffolds, which
BIOREACTORScreate a well-defined microenvironment suitable as a

platform for extrahepatic transplantation. Furthermore, A very attractive method of culturing cells in vitro
involves the use of tissue bioreactors for the purpose ofa recent study assessed the efficiency of fibroblast-

containing clotted blood plasma, referred to as a emulating native physiological conditions such as tem-
perature, pH, and pressure. Moreover, it allows for theplasma–fibroblast gel, as a scaffold for subcutaneous is-

let transplantation in mouse models (90). Mouse islets continuous perfusion of fresh media in order to continu-
ally supply the tissue under culture. One of the mostembedded in the plasma–fibroblast gel displayed re-

stored vascularization and successfully reestablished prominent and innovative approaches has been the
NASA-developed bioreactor, or microgravity reactornormoglycemia, as well as body weight in transplanted

mice over a period of 60 days. Some shortcomings in- (Fig. 3), which provides a continuous circular rotation
of media and allows for cultured cells to be suspendedclude the inability to effectively control scaffold geome-

tries, such as pore sizes, coupled with the nonuniform in continuous free fall at a terminal velocity with the
advantages of low hydrodynamic shear stress force anddistribution of islets within the scaffold construct during

cell seeding. Moreover, most cell-seeded scaffolds have low turbulence coupled with high mass and oxygen
transfer (119). This culture technique has been appliedbeen cultured under batch conditions, as opposed to con-

tinuous culture configurations, thus not allowing for the to singe-cell suspensions as well as immobilized cells,
either encapsulated or within microcarriers, or seededcontinuous perfusion of media as well as effective waste

removal and oxygen/mass transfer. within scaffolds (42). This reactor configuration has
been successful in culturing many cell types, includingOne of the problems with scaffold use for islet cul-

ture is the seeding efficiency. Cell seeding on scaffold in prostate and skeletal tissue, maintaining their morphol-
ogy and promoting cell–cell interactions as well as en-general has long been a factor in need of improvement.

Optimally, cells must be immobilized in a uniform man- hanced proliferation and differentiation (19,76). This re-
actor configuration has also been applied successfullyner throughout the three-dimensional scaffold support.

The seeding efficiency of a given method is a measure to islets derived from human patients that suffer from
hyperinsulinemic hypoglycemia of infancy (PHHI), andof the ability to immobilize cells in suspension within
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Figure 3. A microgravity, or rotating wall, reactor. There is an outer wall that rotates at the same speed as the inner silicon
oxygenator. Cell-seeded scaffolds are suspended. A cross-sectional view shows forces acting on the constructs.

has been shown to provide a unique environment that is compared to the conventional cultured islets, a signifi-
cantly smaller number of RCCS islets were required toconductive to the upregulation of endocrine expression

(123). An alternate configuration of this system, which maintain euglycemia in the diabetic mice (115). The
main drawback of islet culture within these bioreactorsencourages continuous perfusion, has proven successful

in maintaining human islet structural integrity for over lies in the tendency of cultured islets to aggregate when
cultured at higher densities required for viable human1 week in suspension (126).

The microgravity reactor configuration has also islet transplantation, thus increasing the risk of anoxic
necrosis. However, a study has shown that human isletsproved successful in culturing mouse islets, preserving

their functionality and morphology (100). Furthermore, cultured under a rotational cell culture system, with a
configuration known as the High Aspect Ratio Vesselrat and mouse islets cultured in microgravity also

showed reduced immunogenicity and enhanced vascula- (HARV) at high densities of 500–1500 islets/ml, exhibit
decreased central necrosis, due to highly efficient gasture (100,109). Rutsky et al. compared islets cultured

using a Rotary Cell Culture System (RCCS) and con- exchange, and preserve their structural integrity as well
as glucose-stimulated insulin release over a 10-day cul-ventional culture dishes. While fresh islets survived ap-

proximately 15 days when transplanted into streptozo- ture period (81). Moreover, human islet culture under
rotary conditions was shown to be supported by the co-tocin diabetic mice, their RCCS cultured counterparts

survived over 100 days posttransplantation. Also, when culture of epithelial duct cells (80). More recently, Hou
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et al. have successfully demonstrated the use of the of transplantation, shortage in donors (24) has encour-
aged the investigation of an alternative route, namelyRCCS coupled with PGA scaffolds, which also ad-

dresses clumping concerns, for the culture of islets and islet regeneration from stem cells and other precursor
cells (37). More regeneration strategies are being inves-their subsequent transplantation into streptozotocin-

treated diabetic Wistar rats. The islet seeded and rotary tigated that are focused on endocrine progenitor cells
that have the capabilities of being induced into humancultured scaffolds displayed healthy islet adhesion, in-

duced normalized insulin production and blood glucose adult pancreatic islets (40). Mesenchymal stem cells
(MSC) have been investigated as potential therapy toolconcentration as well as preserved islet functionality and

morphology (49). Although not widely explored, this to improve long-term allogenic islet graft survival and
decrease the requirement for immunosuppression due totechnology has proved to be very promising in the cul-

ture and preservation of islet function for transplantation the posttransplantation suppression of T helper cell
(Th1) activation (108). Moreover, a greatly viable alter-purposes. Further improvements and experimentation

into this technology, such as incorporating the use of native transplantation site to the liver has been demon-
strated through bone marrow engrafting, which promotessolid supports for islet culture, namely microcapsules

and scaffolds, are required in order to further enhance better euglycemia and induces compact morphology with
minimal effects on bone structure (17). Acinar tissue isislet culturing techniques in vitro.
also being investigated for its ability to differentiate into

IMPLANTABLE CHAMBERS duct-like structures, which are in turn differentiated into
islet-like structures displaying similar functionality toAn interesting alternative strategy to achieve islet

preservation is through vascularized tissue-engineered freshly isolated islets (69). However, these alternative
strategies discussed have not been shown to yield struc-chambers that promote survival and function of trans-

planted islets (51). The conventional method of islet in- tures that fully resemble freshly isolated islets and are
thus not very effective for the ultimate goal of transplan-jection into the portal vein (101,104), as well as micro-

encapsulated islet transplantation (29), through the tation, although they provide potential through further
exploration and the advantage of regenerating islet-likeEdmonton protocol is associated with poor islet viability

posttransplantation that are caused by hypoxia, suscepti- structures from tissue that is readily available, unlike hu-
man pancreatic islets that are arduously isolated.bility to ischemia-reperfusion injury within 48 h after

transplantation (12,66), as well as vascular thrombosis
DISCUSSION AND CONCLUSIONS(44), and metabolic changes such as liver steatosis (9).

In addition, microencapsulation hinders the longevity of Pancreatic islet transplantation is currently a reality
that is being implemented through the Edmonton proto-encapsulation islets in vivo through cellular overgrowth,

despite various attempts to maintain long-term mem- col. However, the shortcomings of this procedure in-
clude a poor viability of isolated islets as well as thebrane porosity (30). A recent study has shown the viabil-

ity of implanting tissue-engineered prevascularized pan- need for immunosuppression therapy. Following isola-
tion, the islet mass is greatly affected by apoptosis duecreatic encapsulating devices (PPEDs) (45). The devices

comprised of two layers of vacularized collagen gels to the harshness of the isolation procedure. Nearly half
of the islet mass is lost during donor surgery, preserva-sandwiching a central gel containing embedded islets,

which were then implanted subcutaneously into immu- tion, transport, and isolation; this leaves many patients
with the necessity of a second islet cell infusion in ordernodeficient mice. The implanted PPEDs enhanced islet

survival and maintained intraislet endothelial cell struc- to achieve insulin independence (24). Furthermore, the
cocktail of administered immunosuppressants give risetures following 28 days of culture (45). Another pro-

posed strategy involves the development of a three di- to many complications, in addition of those complica-
tions encountered when performing the transplantationmensional silicone chamber that is inserted into the

splenic, groin, or renal capsule vascular beds of mice. procedure itself (86). Therefore, it is necessary to inves-
tigate avenues of postisolation islet culture, for as manyMatrigel-suspended mouse islets are then seeded into the

chambers in order to quickly reestablish the ECM and as 2 months, in order to improve islet transplantation by
allowing such procedures as donor matching as well asvascularization. Recent studies have shown that hyper-

glycemia in mice can be treated through the seeding of immunologic precondition of the recipients. Moreover,
culture strategies aimed at preserving and improving is-islets into vascularized chambers, maintaining both

long-term viability and functionality (51). let functionality may serve to limit the requirement for
many donor pancreases and even reach goals such as the

ALTERNATIVE STRATEGIES use of a single pancreas for two recipients (86).
In order to arrive at a viable islet culture method, itAlthough many strategies have focused on islet pres-

ervation and culture techniques for the eventual purpose is vital to develop a proper understanding of islet biol-
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ogy as well as emulate the basement membrane (BM) ture techniques. Furthermore, using microencapsulated
islets within scaffolds may produce a graft that does notof native islet tissue through proper matrix support, ad-

hesion proteins, and growth factors. There a few factors require postsurgical immunosuppression. It is also im-
portant to investigate the other avenues of islet regenera-that hinder the successful regeneration of pancreatic is-

lets in vitro for transplantation purposes. Firstly, in the tion, since there is an overwhelming shortage of donors.
Many research strides have been accomplished in orderprocess of culturing islets in vitro, whether for prolong-

ing survival or inducing differentiation and regeneration, to arrive at favorable conditions and strategies for islet
culture in vitro and the ultimate goal of viable transplan-the culture media contains a cocktail of growth factors

and proteins and thus it is not clear which factor induces tation remains in the foreseeable future.
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