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Recently, there have been remarkable advances in the area
of islet tissue isolation and immuno-alteration that place
islet tissue transplantation on the verge of clinical trials.
This paper reviews the islet isolation advances by focusing
on 5 approaches: altering the pancreas in vivo, distending
and/or perfusing the pancreas in vitro, chopping the pan-
creas, isolating either intact islets or islet cells, and purify-
ing the islet tissue. This review also focuses on 3 areas of
islet tissue transplantation: islet tissue preparation, trans-
plantation sites, and the prevention of rejection. Advances
in these areas should solve the remaining technical prob-
lems currently preventing clinical trials.

There has been remarkable progress in the last 2 to
3 years in the area of islet transplantation that has
brought us to the threshold of safe and effective islet
transplantation for the diabetic patient. There have
been 2 primary obstacles preventing these clinical
trials since the feasibility of this approach was first
demonstrated. The first has been the inability tech-
nologically to isolate and purify sufficient quantities
of human islet tissue for successful transplantation
results. The second has been the requirement of
immunosuppressive therapy to prevent allograft
rejection. There has been sufficient progress in both
of these areas to expect effective clinical trials to be
initiated in the near future.

Williams and Harsant [1], using bits of sheep
pancreas, in 1893 were the first to attempt islet
tissue transplantation in a diabetic patient. Howev-
er, when Banting and Best [2] discovered insulin in
1922, most therapeutic approaches centered on the
optimal administration of exogenous insulin. The
cause of death for diabetic patients dramatically
shifted from hyperglycemia and ketoacidosis to
those of chronic complications. More recently, we
have come to understand that exogenous insulin
therapy does not prevent the complications of this
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disease. Thus, there has been renewed interest in
alternative modes of therapy such as transplanta-
tion.

This paper will review the progress made in the
area of islet isolation and transplantation. Suther-
land also has recently reviewed this topic [3, 4].

Islet Tissue Isolation

Moskalewski [5] in 1965 was the first to describe an
enzymatic method of islet isolation. Lacy [6] in 1967
modified this method with distension of the pancre-
as which increased the yield. In 1972, Ballinger and
Lacy [7] demonstrated the feasibility of islet trans-
plantation by intraperitoneal implantation. Their
work was independently confirmed by Reckard and
Barker [8]. It soon became apparent that human
islet isolation was to be a formidable barrier to
clinical transplantation. Still, there have been rela-
tively few studies whose primary function is the
analysis of the entire isolation process.

The original, classic method of islet isolation
being used for many studies today is a very ineffi-
cient and poorly controlled process. Starting with a
procedure in which a given quantity of chopped
pancreatic fragments is placed in a test tube with a
given collagenase concentration, one incubates this
for a given time at 37°C until the preparation ‘‘looks
right.”” The digestion is halted at the point in time
that gives the maximal amount of isolated islets.
This is the process that worked for islet isolation
studies and early transplantation studies. Upon
examination one finds that islets released early in
the process are broken down into single cells, while
many islets are trapped in the pancreatic fragments
at the time the digestion is stopped. Therefore, only
a fraction of the available intact islets are effectively
released. Applied to the human pancreas, this proc-
ess simply does not work. It is quite apparent that
an entirely new approach must be developed in
order to solve this problem successfully. Table 1
subdivides this topic into 5 areas that each offers
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Table 1. Approaches to islet tissue isolation.

Pancreas in vivo
Alteration of exocrine content
Stabilization of islet tissue
Warm ischemia time
Pancreas in vitro
Distention
Ductal, venous, arterial
Perfusion
Ductal, venous, arterial
Additives
Exocrine degranulation
Preliminary digestion
Enzyme inhibitors
Pancreatic chopping
Scissors
Automated
Islet tissue digestion
Mechanical
Enzymatic
Intact islets
Auto-isolator
Velcro
Enzyme mixtures
Islet cells
Auto-isolator
Enzyme mixtures
Islet tissue purification
Sedimentation
Density gradients
Hand-picking
Elutriation
Fluorescent activated cell sorter
Electrophoresis
Anti-islet antibodies

improvements leading to a potential solution of this
problem. The rest of this section evaluates progress
in each of these areas.

Pancreas in Vivo

While the pancreas is still in the donor, there are
several manipulations that may improve islet yield;
however, some are impractical in humans. D-1
ethionine given in multiple injections to donor rats
markedly reduces the exocrine content of the gland
and improves islet isolation. However, this effect is
time dependent and may have widespread effects on
other tissue. It is also a known carcinogen and
poses problems for clinical trials. The administra-
tion of pilocarpine to the donor also improves islet
yield and remains a practical approach for human
donors [3, 9, 10]. Since pilocarpine degranulates the
exocrine pancreas, the addition of pancreozymin
and secretin to the donor may improve the degranu-
lation even more.

Other investigators have utilized neonatal and
fetal pancreas for islet isolations because of its
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reduced exocrine content [3]. This topic will be
addressed by other authors in this symposium. The
effect of warm ischemia has not been systematically
evaluated for human tissue. This is a practical
consideration with multiple organ donors since pan-
creatic and liver removal interfere with each other,
increasing pancreatic ischemia time. This area
needs attention with regard to human tissue.

Pancreas in Vitro

The next opportunity for modifying the isolation
process comes with removal of the intact pancreas.
Lacy [6] has shown that mechanical distension of
the rodent pancreas increases islet yield by causing
mechanical separation of islets from the exocrine
tissue, thus making collagenase digestion easier.
Examining the effectiveness of ductal distension in
dogs and humans, we rarely found the same effect
that had been observed in rodents. We turned to
evaluating alternate methods of achieving effective
pancreatic distension. In the dog pancreas, we
found that the islets essentially exploded after arte-
rial injection of salt solution. Both afferent and
efferent arterioles are associated with the islets. The
efferent arterioles have sphincters [11]. Most likely
an intra-arterial injection of a salt solution ruptured
the islets since the efferent islet sphincters seemed
to be competent. Venous distension should provide
better mechanical disruption between the islet and
the exocrine pancreas since effective sphincters
would protect the islets from the force of the
injected fluid. We found this to be the case and
documented an increase in islet yield by venous
distension [11, 12]. However, we still did not get
sufficient amounts of free islets to permit successful
single-donor, single-recipient transplants in dogs.
This entire area of rapid distension of the human
pancreas needs reevaluation to determine if ductal,
arterial, or venous distension is the optimal method.

The next advance in treating the pancreas in vitro
came from Horaguchi and Merrell [13]. They adapt-
ed a collagenase perfusion technique used for hepa-
tocyte preparation to the pancreas. This method
employed a pre-digestion step before islet isolation.
We and others have confirmed the importance of
this step [14, 15]. One of the unanswered questions
is the effect the endogenous enzymes may have on
the collagenase digestion of the pancreas. Treating
the pancreas in vitro with agents that reduce the
exocrine enzyme concentration prior to collagenase
digestion may resolve this question. To date, we
have added pilocarpine, secretin, and pancreozy-
min to the ductal perfusate and have reduced exo-
crine enzyme concentration while increasing islet
yield. This change has produced more effective
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transplants in dogs [14, 16]. Yet, the less dense
degranulated exocrine cells ascend to the upper
Ficoll layers where the islets are located, reducing
the effectiveness of this gradient approach to islet
purification. There are many unanswered questions
regarding the effectiveness of distension versus
perfusion, ductal versus venous routes, and addi-
tional enzymes versus inhibitors that require inves-
tigation to improve this pre-digestion step.

Pancreatic Chopping

The next step in procuring islet tissue is chopping
the gland. This is currently accomplished with
scissors, an inefficient method. We have tried a
tissue chopper with counter-rotating blades [3] but
have found that it fragments the islets and is often
bound by fibrous components of the pancreas.
Other investigators use this type of apparatus. We
have not found anything more suitable through the
years. A more effective, automated device needs to
be developed for a mass isolation system as clinical
trials are anticipated.

Islet Tissue Digestion

The collagenase isolation of the islets has received
the greatest attention from islet investigators. The
original method, which is still the most commonly
used, is extremely inefficient [17]. Basically, the
process destroys islets that are released early in the
digestion process. It also leaves much of the islet
mass trapped in the pancreatic fragments. We,
therefore, began to explore ways of removing the
islets from the digestate as soon as they were
released. This would permit complete digestion of
the pancreatic fragments while protecting the sepa-
rated islets from further destruction. The digestion
filtration process was thus developed [10].
Chopped, pancreatic fragments were loaded into a
single stainless steel screen with a pore size of 140
. Collagenase was loaded into the chamber holding
the screen and a series of separate digestions were
performed, washing the released islets out of the
chamber. A bell-shaped curve of islet release was
documented and reasonable yields of islets were
isolated from the dog pancreas [11]. The effective-
ness of the process has been confirmed by others
[18, 19]. We have utilized this method for all our
subsequent rat transplant studies and have recently
presented a standardized protocol for the process
[20].

Further examination of the initial digestion-filtra-
tion process clarified that, while it was more effi-
cient, it was too cumbersome and inefficient for
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mass human islet isolation. We began a series of
modifications designed to increase the efficiency
and convert the process from a discontinuous to a
continuous digestion-filtration process. The result
of this effort is the auto-isolator [14]. This device
has 5 stainless steel screens for the pancreatic
fragments. It is connected to a reservoir of enzyme
which is pumped into the screens and across the
tissue fragments. Automatic mixing of the tissue
assists the islets in passing through the screens and
out of the anto-isolator where they are collected in
horse sera at 4°C to reduce continued enzyme
activity. The combination of all the modifications
thus far described have resulted in sufficient yields
of islets to permit successful autotransplants in dogs
[14, 16]. Our longest graft survival is 212 years and
the recipient is still normoglycemic, although glu-
cose tolerance tests are not completely normal.
Subsequent studies have confirmed that sufficient
islets are released by this method such that over
90% of single-donor, single-recipient islet auto-
transplants in dogs have been successful.

Lacy’s group [21] is evaluating a novel way to
retain the pancreatic fragments while permitting
collagenase to release islets. They are using the
universal fastener, Velcro® to hold onto the fibrous
portion of the giand. This method seems to yield
more intact islets than the auto-isolator which
yields intact islets, islet fragments, and islet cells.

One of the primary problems with collagenase
isolation of islets is the collagenase enzyme mixture
itself. We have been unable to correlate the analysis
of enzyme concentrations in any given lot of colla-
genase with successful islet isolation. These en-
zymes are the result of fermentation of Clostridia
histolyticum bacteria. There is minimal control of
the nutrient mixture used in this fermentation proc-
ess and thus little control over the resulting enzyme
mixture recovered from any given batch. Trial and
error has been our only method of determining an
effective lot.

Being unable to understand, let alone control, the
variables involved in the islet isolation process, we
began observing a common result of our attempts to
isolate intact islets, i.e., pancreatic single cell prep-
arations. Since we could not precisely control the
digestion process to give pure, intact, isolated is-
lets, we began exploring the possibility of purifying
islet cells from pancreatic single cells. The use of
trypsin or dispase to make single cell preparations
of fetal or neonatal pancreas or islets had been
available for some time. Moscona [22] described
selective aggregation of different cell types under
rotational tissue culture conditions. We evaluated
the combination of pancreatic single cells and rota-
tional tissue culture for purifying islet tissue. The
original trypsin digestion of the pancreas was done
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by hand using serial digestions in an Erlenmeyer
flask. Between each digestion, the pancreatic frag-
ments were repeatedly forced through a 14-gauge
needle increasing the mechanical disruption and
producing viable single pancreatic cells. Ficoll den-
sity gradients only partially purified the islet cells
from this mixture. Rotational tissue culture using
micro-Fernbach flasks demonstrated that cellular
aggregates re-formed in several hours. These were
solid, cellular structures by 4 days of culture and
were predominantly islet cells [17]. These islet
aggregates were called pseudo-islets since they did
not have normal islet structure after reaggregation.
Modifications of this technique have led to a stan-
dardized method of pseudo-islet formation [23]. We
have recently documented by extraction studies
and immuno-peroxidase staining that pseudo-islets
consist of over 90% islet cells, contain all 4 islet cell
types, and release insulin in vitro [24]. While the
original aggregation by islet cell type is random, the
different cells seems to migrate within the aggregate
to domains of identical cell types with time in
culture. Moscona observed this process with other
cell types and called it ‘‘sorting out.”” While this
technique established the feasibility of this ap-
proach, it would have taken 20 technicians and
2,000 flasks to prepare cells from a human pancre-
as. Automation was obviously needed.
Automation of this approach was begun by using
trypsin in place of collagenase in a digestion-filtra-
tion screen adopting a process of serial digestion
that had been used for islet isolation [11]. Ficoll was
still found inefficient for obtaining islet cell purity.
While we obtained islet tissue by producing pseudo-
islets, the yield was still low. Larger micro-Fern-
bach flasks permitted many more cells to be cul-
tured. Yet, it was obvious that a major change in
technology was needed to make the pseudo-islet
approach feasible for human islet cell isolation.
The development of the auto-isolator provided
this opportunity. Having observed this device
working well for intact islet isolation, and having
seen that the digestion-filtration process would
work for pancreatic single-cell preparation, modifi-
cation of the auto-isolator for large-scale, single-cell
production was begun. Initially, the pore size of the
screens had to be reduced to permit only single cells
to escape from trypsin digestion of the pancreatic
fragments. The Ficoll gradients remained an inef-
fective method of purification. We learned of the
Beckman Elutriator which separates cells by size.
Fortunately, the exocrine cells are nearly twice as
large as islet cells. Initial trials using the elutriator
demonstrated that the larger exocrine cells were
trapped in the rotor chamber, while the smaller islet
cells passed through and were collected, showing
the feasibility of this approach for islet purification.
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This machine was designed to handle aliquots of
cells with equilibration time allotted within the
chamber so that the 2 cell populations could sepa-
rate. This was impractical for isolating the over 10°
cells that were isolated from the canine pancreas.
By setting a particle size intermediate between islet
cells and exocrine cells, we were able to obtain
fairly pure islet cells with the rotor when it ran as a
continuous model. Since we did not permit equili-
bration of the different cell types, we were never-
theless still losing islet cells that were caught with
the exocrine cells. However, we have now deter-
mined that successful pseudo-islet autotransplants
can be done in pancreatectomized dogs using this
technique [25].

With this preliminary success we began investi-
gating how the other components of the digestion
process might affect the single-cell isolation. Pilo-
carpine, pancreozymin, and secretin also increased
the yield of islet cells as had been noted with intact
islets. Using the auto-isolator, elutriator, and rota-
tional tissue culture to form pseudo-islets, we found
that 25% of the animals receiving autotransplants
became normoglycemic [25]. The recipients that did
not become normoglycemic or ones that reverted to
hyperglycemia survived without insulin for pro-
longed periods suggesting that they received sub-
optimal islet tissue dosage. This process of islet cell
isolation results in very pure islet tissue for trans-
plantation studies, but gives a marginal amount of
islet mass for a normal metabolic response.

Islet Tissue Purification

The next step in the islet tissue isolation process is
the purification step. Sedimentation is the easiest
method of purification but is also the most ineffi-
cient. Compared to sucrose or albumin, Ficoll gra-
dients [6, 26, 27] proved the most effective in early
transplantation studies [28]. This approach has been
modified by employing green-filtered light to identi-
fy islets for hand-picking [29]. Ficoll gradients re-
main less efficient for human or dog tissue than for
rodent tissue. We have documented the efficiency
of Ficoll gradients regarding islet concentration [11,
14]. As discussed, manipulation of the exocrine
enzyme concentration by pilocarpine, pancreozy-
min, and secretin reduces the density of the exo-
crine cells so that they migrate higher in the Ficoll
gradient along with the islets. Thus, while exocrine
degranulation increases islet yield, it decreases the
ability to purify the islets by density gradients [14].
We have tried other density gradients including
Percoll, Ficoll-Hypaque, and Metrisamide, but
none is superior to Ficoll.

In an attempt to improve the purification process,
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we have been exploring a new electrophoresis de-
vice developed by the McDonnell Douglas Corpora-
tion. Preliminary trials have demonstrated the feasi-
bility of partially separating individual islet cell
types from each other. We also have a suggestion
that Ia-containing immune cells can be separated
from other immune cells such as T cells using this
apparatus. This electrophoresis device provides a
new and potentially powerful purification process
since it can separate over a billion cells in an hour
and a half. The fluorescent activated cell sorter
(FACS) has been shown to be able to partially
purify islet cells [30]. Yet it can only process 10°
cells per hour. Successful clinical islet transplanta-
tion would most likely require 5 x 10° purified cells.

An arrangement with McDonnell Douglas Corpo-
ration and NASA recently gave us a unique oppor-
tunity to test the device at zero gravity in space.
Isolated, cryopreserved canine islet cell prepara-
tions went on board the space shuttle, Challenger,
from August 30, 1983, to September 5, 1983. Viable
islet cells returned that released insulin into the
media after electrophoresis in space. Additional
evaluation is in progress.

Another alternative approach in purifying islet
tissue is the use of monoclonal antibodies directed
against islet tissue. Schlossman [31] developed a
technique for specific enrichment of a cell popula-
tion based on the affinity of certain cells for anti-
body contained in a column. Wysocki [32] de-
scribed a simpler technique called panning which
involves binding the antibody to the surface of
plastic dishes. The cell preparation to be purified is
either passed through the column or incubated in
the prepared plates. The antibody complexes with
the appropriate cell types and retains them. If
mouse monoclonal anti-dog or anti-human islet anti-
body is developed, then exocrine cells, lympho-
cytes, and macrophages will be eluted retaining the
islet tissue. If exocrine antibody is developed, then
the islet tissue and others will be elutriated with the
exocrine cells retained. If antibody to the donor
immune cells (anti-la or anti-dendritic antibody) is
used, these cells can be eliminated if the prepara-
tion is in a single-cell form. By changing the solu-
tions, the antibody complexing with the desired cell
type will release its antigen, permitting recovery of
the retained cells. If one has been able to produce a
cytotoxic antibody for an undesirable type of cell,
then incubation with complement can eliminate this
cell type, resulting in purification. We have recently
been producing monoclonals that have shown posi-
tive reactions to pancreatic cells that were harvest-
ed from the auto-isolator. One clone has suggested
cytotoxicity to exocrine cells [33]. Many others are
showing reactivity to islet tissue by cell-surface
immuno-fluorescence, immuno-peroxidase stain-
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ing, as well as by ELISA testing. These have been
compared with 2 reference antibodies given by
Eisenbarth (personal communication). Additional
work is in progress to confirm that these antibodies
have sufficient specificity to function as purification
reagents and to determine the required quantity of
antibody. Monoclonals against Ia or dendritic cells
have thus far demonstrated their usefulness in the
immunoalteration studies already described. It is
hoped that, as purer islet preparations are available,
more specific monoclonals can be produced that
will be effective islet purification reagents.

Evaluation of Table 1 demonstrates the broad
approach that must be developed in order to reach
the goal of clinical islet transplantation trials. As we
understand more of the process of islet tissue
isolation, we can more effectively use this method-
ology in obtaining large quantities of pure, viable
islet tissue for transplantation trials.

Islet Tissue Transplantation

The unique character of the islet organ as a func-
tioning unit offers advantages in transplantation
over other, more complex organs. In vitro manipu-
lation of these grafts permits transplantation with-
out immunosuppression. However, this graft also
has to develop its own blood supply, leaving it
perhaps more vulnerable to destruction during the
engraftment process than an organ whose vascular
anastomosis is immediate. The type of islet prepara-
tion also influences the fate of implantation, the
sensitivity to rejection, and the effect on the host
tissue. Table 2 describes approaches to islet trans-
plantation focusing on the islet preparation, the
transplantation site, and the prevention of rejection.

Islet Preparations

There is a wide range of preparations labeled islet
transplants [3, 4]. All of the islet transplants per-
formed in patients to date have not been true islet
transplants. Rather, they have been various forms
of partially digested pancreatic fragments which
have essentially been unsuccessful. It would seem
helpful to accept definitions of these preparations to
minimize confusion as this field expands. Referring
to Table 1, I would propose the following defini-
tions:

a. Islets—Isolated and purified islets that are
intact or minimally fragmented containing the nor-
mal islet cell types for any given species.

b. Islet cells—Isolated and purified individual
islet cells with minimal contamination of other non—
islet cell types. These may have been prepared by
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Table 2. Approaches to islet transplantation.

Islet preparations
Islets
Islet cells
Pseudo-islets
Pancreatic fragments
Major fragments
Micro-fragments
Transplantation sites
Autologous sites
Intraportal
Intrasplenic
Mesenteric
Omental
Intrahepatic
Intraperitoneal
Heterologous sites
Subcutaneous
Intramuscular
Renal capsule
Intratesticular
Intraperitoneal
Prevention of rejection
Immuno-suppression
Immuno-alteration
Immuno-isolation

disassociating intact islets or by purification from
pancreatic single-cell preparations. These prepara-
tions should be subdivided as to whether they
contain the original islet cell constituent types or
have been purified to a predominant individual islet
cell type such as beta cells.

¢. Pseudo-islets—Aggregates of islet tissue
formed from purified islet cells originating from
either method of isolation. Pseudo-islet seems ap-
propriate since normal islet architecture has been
destroyed resulting in differing islet-to-islet cell
arrangements that can affect their function.

d. Pancreatic fragments—Essentially all other
types of islet preparations. It may be helpful to
subdivide this group based on fragment size as to
larger pancreatic fragment preparations and to mi-
cro-fragments which are the,islet size preparations
that are now being developed.

If one accepts these definitions and reviews the
literature, it is appreciated that the only islet trans-
plants published to date have taken place in the
rodent [3]. There have been no islet cell transplants.
The only pseudo-islet transplants are from our
laboratory [25], but other investigators are begin-
ning to evaluate this preparation [34] in confirma-

tion of our work in dogs [11, 17, 24], pigs [35], and
humans [36]. All the rest of the transplants to date

in humans or larger animals have been pancreatic
fragments [3, 4]. The recent work with pancreatic
micro-fragments include our own [14, 16], and that
of Rajotte [15], Merrell [13], Noel [37], and Alder-
son and Farndon [38].
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Transplantation Sites

The major objective of evaluating possible trans-
plantation sites is to identify the safest, most effi-
cient location for islet tissue transplantation in
humans. Since the level of metabolic control re-
quired to prevent the diabetic complications re-
mains unknown, we do not know how precisely the
transplanted islet tissue must mimic normality. As
shown in Table 2, an easy way to divide the
potential sites is with regard to the venous effluent
being either autologous, back to the portal circula-
tion, or heterologous, directly into the systemic
circulation, bypassing the liver.

The first islet transplants were into the peritoneal
cavity [7, 8]. However, it was soon noted in our
laboratory that islet injection into the portal vein led
to embolization of the islets into the liver [39, 40]
where they could become well vascularized [41].
The intraportal site has become the most commonly
studied location and seems the most efficient site
[3]. With the feasibility of dog transplants, it be-
came apparent that the less purified pancreatic
fragments and micro-fragments were not well toler-
ated when injected into the portal vein [3, 14].
While some problems resulted from large fragment
size, others resulted from the acute release of
pancreatic enzymes into the vascular system [42].
This has also been a problem with human trans-
plants [43]. Our attention turned to the spleen as an
alternative site after successful studies in rodents
[44]. This site seems effective for protecting the
recipient from the vasoactive substances in the dog
model [13-15, 36, 37]. Yet, there are several prob-
lems in using this site clinically.

There has been only one definitive study evaluat-
ing the effectiveness of autologous sites over heter-
ologous sites. Brown [45] transplanted fetal pancre-
atic tissue under the renal capsule and showed only
a marginal response. By anastomosing the renal
vein to the portal vein, he made the diabetic rat
become normal. We are currently evaluating other
autologous sites such as the mesentery of the small
intestine and the omentum which both show initial
promise. The omentum has already been shown to
be practical in the rodent [46]. The heterologous site
most thoroughly evaluated in islet studies has been
the renal capsule. This has been especially effective
in evaluating rejection studies due to the easy
retrievability of the islet tissue [47]. When these
sites were evaluated in comparison with the im-
muno-privileged site of the testes, rejection times of
isolated islets were found to differ depending on
whether they were placed in the spleen, liver, renal
capsule, or the testes [48]. Intramuscular or subcu-
taneous sites have not been effective in islet studies
unlike the parathyroid. The intraperitoneal site has
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both autologous and heterologous venous drainage
depending on where implantation takes place.

The ideal site for clinical trials is one that can
rapidly provide a vascular supply for the islets,
autologous venous drainage to the liver of their
released hormones, and easy access both for trans-
plantation and removal of the islet tissue. Which of
these sites will best meet these criteria remains to
be determined.

Prevention of Rejection

The 3 topics in this section of Table 2 will be
covered in detail in other sections of this sympo-
sium. The majority of the islet immunosuppression
studies have been reviewed [3]. The unique ability
of this cellular graft to be manipulated in vitro
provides the most distinct advantage of isolated
islet tissue over segmental pancreatic grafts. Thus,
the concept of immuno-alteration originally sug-
gested by Snell [49] in 1957 is rapidly being demon-
strated now for islets. Immuno-alteration approach-
es are essentially involved with finding a selective
method of eliminating the passenger lymphoid cells,
the dendritic cells, from the graft prior to transplan-
tation.

There have now been 7 ways developed to im-
muno-alter the graft successfully prior to islet trans-
plantation. The first method uses room temperature
culture and an injection of anti-lymphocyte serum
(ALS) to the recipient [50]. The second method
uses high oxygen concentrations in culture to kill
the donor immune cells selectively and permit islet
survival [51, 52]. The third method uses a monoclo-
nal antibody directed against the la antigens located
only on the donor immune cells. This antibody
cultured with complement and isolated islets elimi-
nates the donor dendritic cells, permitting success-
ful islet allografts [47]. The fourth method uses
ultraviolet irradiation to kill the donor immune cells
selectively prior to transplantation [53]. The fifth
method uses an anti-dendritic cell antibody in tissue
culture to eliminate the dendritic cells successfully
in the islets prior to transplantation (Faustman,
personal communication). The final 2 methods treat
the recipient to induce some sort of tolerant state so
that untreated islets are not rejected. The sixth
method treats peripheral blood cells of mice with Ta
antibody and complement and gives these treated
blood cells to the future recipient. Following this
pre-treatment program, untreated islets are accept-
ed [54]. The seventh method uses ultraviolet irra-
diation to treat the peripheral blood prior to its
being given to future islet recipients (Hardy, per-
sonal communication). While all of this work was
done in rodents, Lacy’s laboratory has recently
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demonstrated the presence of Ia-containing cells in
dog islets [55]. We are currently evaluating im-
muno-alteration studies in dogs. If these techniques
can be applied to dogs, it seems more likely that the
human response will be the same. The final answer
will have to await clinical trials. All of these meth-
ods are discussed in greater detail elsewhere in the
symposium.

If the immuno-alteration studies are not applica-
ble to the human immune system, then one could
still rely on immuno-isolation systems. These hy-
brid artificial devices utilize semipermeable mem-
branes to prevent cellular contact and thus rejec-
tion. They are also discussed in detail in the sympo-
sium.

The remarkable recent advances in islet tissue
isolation and immuno-alteration have brought us to
the threshold of effective clinical trials. Investiga-
tions in each of the 5 approaches involved with the
islet tissue isolation process should produce the
required amount of purified islet tissue to result in
successful clinical trials. Approaching the optimal
islet preparation, defining the most efficient and
safest site, and manipulating the tissue appropriate-
ly to prevent rejection should confirm whether islet
tissue transplantation will be the ideal way to offer
diabetic patients a form of therapy that may effec-
tively prevent the complications of their disease.

Résumé

Des étapes considérables ont été franchies récem-
ment dans le domaine de l'isolement des ilots
pancréatiques et de leur immuno-altération, ce qui
permet d’envisager a bréve échéance des essais
cliniques de greffes d’ilots. Cet article passe en
revue les progres des méthodes d’isolement, en se
concentrant sur cinqg modes d’approche. Il s’agit
des méthodes pour modifier le pancréas in vivo,
distendre et/ou perfuser le pancréas in vitro, le
dissocier, isoler les flots entiers ou les cellules
d’ilots, et purifier le tissu insulaire. Nous examin-
ons aussi trois des questions posées par la trans-
plantation d’ilots, a savoir le choix du mode de
préparation du tissu, la sélection du site de trans-
plantation et I’évaluation des méthodes de préven-
tion du rejet. Des progrés dans ces domaines dev-
raient lever les derniers obstacles qui empéchent
encore a ce jour les essais cliniques.

Resumen

Notorios avances han ocurrido recientemente en el
drea del transplante de tejido insular pancreético,
especificamente en lo referente al aislamiento y
purificacion de suficiente cantidad de tejido insular
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humano y en lo relativo a la terapia inmunosupre-
siva, todo lo cual coloca al transplante de islotes al
borde de la iniciacién de ensayos clinicos. El pre-
sente trabajo revisa los avances logrados en el
aislamiento de islotes a través de cinco enfoques
diferentes, incluyendo métodos que alteran el pan-
creas in vivo, la distensién y/o perfusién del pancre-
as in vitro, la seccidon del pancreas en pequenos
fragmentos, el aislamiento de islotes intactos o de
células individuales y la purificaciéon del tejido
insular. Esta revisién también estd enfocada sobre
tres areas del transplante de tejido insular: la defini-
cion de la preparacidén del tejido insular, la ubica-
cién de los lugares de transplante y la evaluacién de
métodos de prevencién del rechazo. Los avances
que puedan ser logrados en estas dreas deberdn
resolver los problemas técnicos que todavia impi-
den realizar ensayos clinicos.
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