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Abstract. Isolated pancreatic islet transplantation 
has been proposed as a possible way of treating 
diabetes, but despite extensive experimental re- 
search, successful clinical transplantation remains 
elusive. A major problem has been the isolation of 
sufficient viable islet tissue for transplantation, espe- 
cially from the human pancreas. It is possible to im- 
prove the yield of islet tissue by omitting purification 
steps, and unpurified dispersed pancreas has been 
successfully transplanted experimentally. However, 
attempts to apply the same technique clinically have 
been unsuccessful and have produced unacceptable 
complications. There is evidence that exocrine 
contamination may impair the implantation of islet 
tissue when transplanted to restricted sites, such as 
the kidney capsule. Yet, complete purification of 
islet tissue is probably not necessary for safe trans- 
plantation with adequate implantation of tissue in 
sites such as the spleen or liver. Exocrine tissue may 
be more immunogenic than islet tissue, and complete 
purification may have advantages for the prevention 
of rejection. 
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The development of a successful technique for clini- 
cal isolated islet transplantation remains an elusive 
goal, but hasty dismissal of the entire concept should 
be tempered by the realisation that the separation of 
islets for transplantation has required the develop- 
ment of a completely new field of biotechnology. 
Transplantation of single cells in the form of blood 
has been performed for many years, and more re- 

Oflprinr requests to: D. W. R. Gray 

cently it has been possible to transplant tissue that 
has been dispersed to single cells for the purpose of 
bone marrow transplantation. Transplantation of 
vascularised organs such as the kidney has also been 
performed for many years. However, the isolation of 
islets for transplantation requires the separation of 
an intact organ (the islet) from within another organ 
prior to transplantation, and this has never been at- 
tempted in other fields. 

The concept behind islet transplantation is that 
the implanted insulin-secreting cells may be able to 
cure diabetes mellitus by providing tight control of 
glucose metabolism and thus prevent the develop- 
ment of the complications of diabetes that are associ- 
ated with long-term insulin injection therapy. It  is 
not known exactly how perfect the control of glucose 
metabolism must be to achieve this aim, but it is cer- 
tain that, as a minimum, patients should be rendered 
insulin-independent. Experimental and clinical evi- 
dence suggest that the mass of islet tissue required to 
allow insulin independence is at least 10% of the nor- 
mal pancreatic islet tissue mass [5,34]. 

The earliest successful techniques for islet isola- 
tion were applied to the rodent pancreas [2, 23, 271 
and they measured the islet yield in terms of num- 
bers of islets obtained. Whilst there are pitfalls to 
using islet numbers as a measure of islet mass [16], 
this way of expressing yield does have crude validity. 
The number of islets obtainable from a single rat 
pancreas using this early technique was approxi- 
mately 200 [2]. The purity of the islets obtained was 
above 95% islet tissue and could easily be improved 
by hand-picking (personal observation). Two hun- 
dred islets represents approximately 5%-IO% of the 
estimated total number of islets (approximately 
3000) within a normal rat pancreas (unpublished ob- 
servations), and for this reason it was never possible 



42 

to reverse experimental diabetes of any seventy by 
single donor transplants. Furthermore, despite en- 
couraging early reports [2, 29, 32, 361, subsequent 
studies found that the yield of islets obtained from 
the more fibrous pancreases of larger mammals and 
from the human pancreas, using the same technique, 
was reduced still further [35], making the failure of 
early attempts at clinical islet transplantation unsur- 
prising. 

The poor yield of islets obtained after purifica- 
tion procedures led some investigators to abandon 
the islet purification stage and to transplant unpuri- 
fied digested pancreatic tissue. This was first shown 
to be a reasonable approach by autotransplantation 
of dispersed pancreas in the totally pancreatec- 
tomised canine model [26], using the spleen as the 
implantation site. Many investigators confirmed this 
finding [7, 15, 21, 221, although it was noted that 
transplantation of unpurified tissue directly into the 
portal vein was associated with portal hypertension 
and death [24]. Similar problems sometimes oc- 
curred after intrasplenic injection [7]. 

Notwithstanding these cautionary findings, 
several clinical trials of transplantation of dispersed 
unpurified pancreatic tissue were undertaken, using 
either allografts of cadaveric pancreas [20, 371 or, 
more frequently, autografts of tissue prepared after 
total or subtotal pancreatectomy for pancreatic dis- 
ease [4, 6, 29, 30, 411. Although the canine experi- 
ments used the splenic site, all but one group [20] 
favoured the intraportal route for clinical transplan- 
tation. The reason, although never actually stated, 
was probably that the small size of the human spleen 
proved unsuitable for the large mass of tissue that 
was to be transplanted. Despite several claims [3,29, 
30, 411, there was little proof that these grafts pro- 
vided sufficient insulin-secreting tissue to allow in- 
sulin independence, unless some intact pancreatic 
tissue had been left behind at operation. Distressing- 
ly, there were several instances of severe portal 
hypertension [6,24] and even death due to the proce- 
dure [4]. The most severe complications followed 
autotransplantation procedures, and it was event- 
ually realised that diseased pancreatic tissue might 
not behave the same as normal pancreas when dis- 
persed and transplanted, a suspicion confirmed by 
canine experiments [25], sadly enough after the 
event. These reports produced a sense of disillusion- 
ment with the concept of islet transplantation and 
are a salutary reminder to those proposing further 
clinical trials. 

The experience reported above has been accu- 
mulated with little attention to the basic questions 
that must surely underlie the role of exocrine con- 
tamination in the process of islet isolation and trans- 

plantation. Exocrine tissue Contamination may 
potentially affect islet transplantation in several 
ways. The most obvious effect may be to induce 
harmful or frankly dangerous systemic effects, prob- 
ably depending on the site that is used, some of 
which have been noted above. The implantation of 
islet tissue in the chosen transplantation site may be 
affected, most probably adversely. This effect would 
be expected to vary between different sites and 
would probably depend on the extent of exocrine 
contamination. A further possibility is that exocrine 
contamination may affect the immunogenicity of the 
tissue transplanted, either beneficially or adversely. 

What are the harmful systemic effects 
of exocrine contamination? 

The experience reported above indicates an abso- 
lute limit for exocrine contamination of islets for 
clinical transplantation: unpurified dispersed pan- 
creatic tissue cannot be safely transplanted, at least 
not into the portal system. Other sites, such as the 
kidney capsule, may be much safer and may allow 
for the use of unpurified islet tissue. However, the 
implantation of islet tissue in such sites may be im- 
paired by exocrine contamination. The mechanism 
underlying the harmful effects of exocrine contami- 
nation upon intraportal transplantation remains un- 
known. A simple mechanical effect of the large 
number of relatively large particles causing obstruc- 
tion of the portal vein radicles is likely to contribute 
to the production of portal hypertension. This 
would be in line with the observation that the level 
of portal hypertension is directly related to the vol- 
ume of tissue infused (unpublished observations). 
Yet, portal hypertension can also be produced by 
infusion of nonparticulate digestion supernatant 
alone [39]. Furthermore, exocrine tissue is highly 
thrombogenic, at least in vitro (personal observa- 
tion), and superadded thrombosis may increase this 
effect. Experimental attempts to prevent thrombosis 
by the addition of heparin (in addition to 
aprotonin) to dispersed pancreatic grafts before in- 
traportal transplantation was reported by one group 
to lessen the deleterious effect [24]; in another re- 
port, heparin alone had no effect [39]. Exocrine 
tissue may also affect the portal and systemic circu- 
lation by the release of enzymes or precursors either 
locally or into the circulation, a possibility that has 
been put forward to explain the severe shock with 
systemic hypotension seen in some animal models 
and clinically [39]. Furthermore, it has been sug- 
gested that these enzymes may trigger the release of 
a vasoactive substance such as kallikrein [24, 391; 
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however, no proof of this hypothesis has been pro- 
vided. The addition of protease inhibitors such as 
aprotonin was found to be beneficial in experimen- 
tal models [24, 391 but did not prove particularly ef- 
fective in the clinical situation [4]. 

Although it is clear that completely unpurified 
pancreatic tissue is harmful, can we be sure that 
completely purified islets will not cause similar prob- 
lems? Furthermore, if purified islets are safe, just 
how purified do the islets have to be in order to allow 
for safe transplantation? Totally purified islet trans- 
plants have only been possible in rodents, without 
apparent complications. Experimental islet trans- 
plantation in large animal models has provided 
some answers to these questions; however, there 
have been no systematic studies to specifically 
examine the question of the effect of exocrine con- 
tamination. Islet preparations derived from the ani- 
mals’ own pancreas have been transplanted to the 
spleen and portal vein of animals such as the dog [l, 
311 and monkey [12]. These preparations have varied 
from 5% to 90% islets, as estimated by histological 
examination. Preparations that are 5%-10% pure 
have been autotransplanted regularly into the portal 
vein of monkeys without causing the systemic com- 
plications noted with entirely unpurified tissue [12]. 
They have, however, been associated with initially 
high - and almost unacceptable - rises in portal 
pressure. This pressure is reduced somewhat within 
a few minutes of transplantation and still further 
after a period of some weeks (unpublished observa- 
tions). 

Recently, the purity of islets obtainable for 
transplantation in experimental models has im- 
proved, and the rise in portal pressure caused by 
transplantation of this tissue has been reduced. For 
example, intraportal transplantation of islet tissue 
of greater than 80% purity into cynomolgus mon- 
keys was found to cause virtually no rise in portal 
pressure; yet, sufficient islet tissue was implanted to 
allow long-term normoglycemia (R. Sutton, recent 
unpublished data). What conclusions can be drawn 
from these experiments? In terms of the safety of 
clinical transplantation, assuming that the intra- 
portal route is chosen, it seems likely that tissue 
derived from a single pancreas could be trans- 
planted if the purity was greater than 10% islet 
tissue and provided the portal pressure was moni- 
tored very carefully during infusion and the trans- 
plant discontinued if portal pressure rose signifi- 
cantly (above 20cm water). Increasing the purity 
would tend to increase the safety of transplantation. 
Indeed, if the purity could be increased to 80% or 
more, there should be no problems directly related 
to the transplantation procedure. 

. 

What is the effect of exocrine contamination 
on islet implantation? 

The first reported methods for separation of islets of 
Langerhans from the rodent pancreas produced a 
relatively low yield of islets [2]. However, the purity 
obtained, although rarely actually quoted, was quite 
good, as evidenced by more recent employment of 
the same technique (personal observations). Prob- 
ably for this reason, little attention has been paid to 
the role of exocrine contamination in the rodent 
model. The failure of the rodent islet isolation 
method, when applied to the pancreas of large mam- 
mals, led to the subsequent use of unpurified islet 
transplants, with success in the canine model [26]. 
The success of these transplants showed that exo- 
crine contamination was compatible with sufficient 
islet implantation to give reasonable graft function, 
at least when transplanted to a site such as the canine 
spleen. 

Exocrine contamination may be even more im- 
portant when transplantation is undertaken to other 
sites. One centre recently reported the use of unpuri- 
fied mechanically dispersed pancreas implanted 
under the renal capsule [38]. The technique used to 
prepare the tissue was a modification of earlier simi- 
lar techniques [18,19] and was reported in the canine 
model. This report was remarkable not only because 
of the use of a mechanical tissue dispersion tech- 
nique, but also because the tissue transplanted was 
allogeneic and because no attempt was made to pre- 
vent rejection by immunosuppression. These results 
have not been confirmed by any other centre. In a 
quantitative study in the rat, syngeneic unpurified 
pancreatic tissue prepared by an identical mechan- 
ical method and transplanted to the kidney capsule 
site showed that virtually no endocrine tissue sur- 
vived the process [14]. Another group autotrans- 
planted unpurified pancreatic tissue to the kidney 
capsule in the dog and failed to show any function 
[17], although the tissue was dispersed by a different 
technique, namely collagenase digestion. Interes- 
tingly, the same tissue functioned well when trans- 
planted into the spleen. 

The only systematic study of the effect of exo- 
crine contamination on islet implantation that has 
thus far been done examined the insulin content of 
islet grafts contaminated with varying proportions of 
exocrine tissue and transplanted to the kidney cap- 
sule site in nondiabetic rats [14]. The islets were iso- 
lated by a collagenase digestion technique. This 
study showed that exocrine Contamination of 50% or 
more produced a deleterious effect, as shown by his- 
tological examination, and reduced the implantation 
of islet tissue by approximately 50%. Histological 
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studies of exocrine contamination of human islets 
transplanted into nude rats and of monkey islets 
autografted beneath the kidney capsule demon- 
strated featwes compatible with a similar impair- 
ment of implantation [14]. 

The nature of the detrimental effect of exocrine 
contamination has not been examined by the above 
studies. However, it is tempting to speculate from the 
histological appearance that the exocrine tissue 
undergoes necrosis, presumably releasing its content 
of enzymes locally, which may damage the islet 
tissue if it is nearby. If this is the case, better disper- 
sion of impure preparations may allow more islet 
tissue to implant away from exocrine tissue, some- 
thing which may account for the success of trans- 
plants to such sites as the canine spleen. 

What is the effect of exocrine contamination 
on graft immunogenicity? 

It is perhaps surprising, given the large numbers of 
studies that have examined the rejection of islet 
grafts, that until recently little consideration had 
been given to the notion that exocrine contamination 
may affect the rejection process. The first clue that 
this might be the case came indirectly. Early studies 
of the effect of the removal of so-called passenger 
leucocytes from islet grafts were performed in the 
mouse [8,9]. Apart from the effect of treatment of the 
islets to remove the putative dendritic cells, it was 
noted that, even without treatment, some 20%-30% 
of grafts went on to spontaneous survival. This was 
attributed at the time to the very “clean” islets trans- 
planted, consequent on hand-picking using the 
newly developed “green light” technique [lo]. This 
technique allowed for the removal of all contaminat- 
ing lymph nodes, but also, coincidentally, of all the 
contaminating ductular and exocrine tissue 
(D. Faustman, personal communication). The 
class I1 bearing dendritic cells within islets have 
since been demonstrated to be central to the rejec- 
tion process for islets. Yet, little notice was taken of 
the observation that the exocrine gland actually con- 
tains more class 11 bearing cells than islets [33] until 
studies of islet rejection in the rat demonstrated that 
contamination with lymphoid, ductular, or acinar 
tissue resulted in more rapid rejection, whilst com- 
pletely pure islets could implant without rejection 
[l 11. Purified endocrine cells were also found to be 
less immunogenic than isolated islets, and the effect 
of contaminating elements may have been more im- 
portant than the loss of dendritic cells [40]. These 
findings, if demonstrated to be consistent, might 
mean that previous reports of the severe immuno- 

genicity of islets must be re-examined, since it is like- 
ly that some degree of acinar, ductular, or even lym- 
phoid tissue contamination was present in many of 
the grafts. It is also important that precautions are 
taken to document the purity of islet preparations 
used in allograft experiments in the future. 

Finally, if the immunological advantages of com- 
plete purification can be shown to be applicable to 
humans, this may justify the use of additional, more 
complex purification steps to allow for the complete 
purification of human islets for clinical transplanta- 
tion. Such procedures may include the removal of 
exocrine tissue by lectin-bound microspheres [28] or 
by fluorescence-activated sorting [13]. 
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