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Despite a number of brilliant achievements in research on diabetes mellitus
the problem of an efficient cure of the disease remains to be solved. Recent
efforts to reach this goal have been directed along two main avenues, one deal-
ing with the development of artificial devices for glucose-controlled, long-
—~term delivery of insulin and the other with transplantation of either whole
pancreas or isolated pancreatic islets. The present paper is a brief review of

the latter approach.

1. Present state of the art

Systematic trials of human pancreas transplantation began about 15 years ago
when Lillehei and his associates (11) grafted vascularized pancreatic glands
into a series of diabetic patients. Striking improvements in glucose tolerance
were noted in several of these patients in the immediate postoperative period
and some were able to stay off insulin for several months. However, the rate of
complications and the mortality were high and none of the grafts functiomed for
more than a year. Except for rejection of the organ, failures were related to
sepsis, thrombosis, fistula and necrosis of the duodenal portion of the graft.
Since these initial attempts many improvements of the operative procedure have
been made leading to a significant drop in the rate of complications (8, 21).
According to most recent statistics about 100 vascularized pancreatic trans-—
plantations have now been carried out, somevhat more than half of them having
been reported in the literature. However, up till now only 8 patients have
carried a functioning graft for more than one year and the maximum time achieved
is reported as four years (6).

As an alternative to whole pancreatic transplantation Lacy (3) and others
(5) demonstrated that diabetes in experimental animals could be cured by the
intraportal or intrasplenic, transplantation of isolated islets of Langerhans.
In addition, tissue culture procedures or even cryopreservation could be applied
to store the islet specimens in a tissue bank. Indeed, animals with experimental

diabetes have been cured permanently by grafts of syngeneic isolated islets
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and only minimal deviation of their glucose tolerance hés been noted after the
transplantation (23). Moreover, regression of diabetic nephropathy has been
recorded in animals treated with islet transplantation (20).

If these approaches were applicable to the clinical situation thrombosis,
exocrine leakage and other complications would be eliminated and major surgery
avoided. It was therefore disappointing to find that isolated islets could not
be obtained from the human pancreas in quantities sufficient for transplanta-
tion (2, 18). This is due to the fibrous nature of the human pancreas and the
variations between individual cadaveric pancreases, which precludes the appli-
cation of standardized preparative procedures. In order to circumvent these
difficulties pancreatic microfragments partially digested with collagenase, have
been used. Several attempts at allotransplantation of such fragments have now
been carried out in patients (22, 14) but only in one case has the procedure led
to lasting alleviation of the diabetic state (14). An additional case which was
transplanted with pancreatic material obtained from fetuses (see below) showed
a transitient rise in C-peptide excretion (7,10).Transplantation of microfrag-
ments obtained from the patient's own pancreas following total pancreatectomy
for chronic pancreatitis has, however, prevented from postoperative diabetes in
several cases (15). This observation suggests that pancreatic microfragments are
useful and that the main obstacle to successful transplantation in the diabetic
recipients remains the problem of immune rejection.

Although in diabetic patients rejection of a transplanted pancreas may be pre-—
vented by immunosuppressive regimes, such a treatment often leads to an aggra-
vation of the diabetic state. Theoretically this could be avoided if the immuno-
genicity of the donor tissue were abolished before transplantation. Recent evi-
dence suggests that a considerable alleviation of the immunogenic properties may
be achieved by maintaining the graft in tissue culture before transplantation
(12,1,4). This may be explained by the elimination in culture of certain cells,
presumably passenger leucocytes, implicated in the allograft response (13). How-
ever, fragments of adult pancreas do not lend themselves for tissue culture,
since they survive for only short periods in these conditions. We therefore have
studied the possibility of using the fetal human pancreas, which appears more
suitable for maintenance in tissue culture. In addition, growth of the fetal
B-cells would be sufficient to gradually compensate for the deficient insulin
production of the recipient. Indeed, by this particular mechanism, transplanta-
tion of fetal pancreas has been found to reverse fully experimental diabetes in

rodents (17).

2. Ongoing attempts to improve the methodology

In a recent report we presented data on the survival of human fetal pancreas
maintained in orgam culture for 6-14 days (24). We concluded that human fetal

B-cells may retain their viability in culture for more than a week but there
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was a conspicuous variability between different fetal preparations with regard
to their ability to respond to an acute glucose challenge. Moreover, in a
certain number of experiments the structural integrity of the explants was less
satisfactory, which may have been due to a deficient oxygen supply to cells in
the central parts of the explants.

In order to improve the culture conditions we have recently applied the cul-
ture technique of Mandel and Kennedy (16) in which small pieces of human fetal
pancreas are placed in culture dishes on top of Millipore-filters (8 jum pore
size), supported by gelfoam (SpongostanR), so that the tissue is maintained at
the air-liquid interphase. Preliminary trials, indeed, suggest that this approach
leads not only to greatly improved yields of tissue but also to differentiation
and growth of the pancreatic cells in vitro. Pancreatic sections immunochemi-
cally stained for the demonstration of insulin showed that both islets and
scattered B-cells were presentin the culture explants (Fig., 1). It was also
found that such specimens respired linearly for several hours when incubated in
Cartesian divers (9), although the respiratory rate was lower than that earlier

observed for isolated adult human islets (2).

Fig. 1. Section of a human fetal pancreatic microfragment cultured for 3 days
in medium RPMI 1640. Tmmunocytochemical staining for the demonstration
of insulin. X 340.
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The endocrine functions of the cultured microfragmenté were assessed by
measuring the insulin accumulation in the culture medium (RPMI 1640 + 10% fetal
calf serum) and the rate of insulin secretion from the explants when challenged
with high glucose and theophylline in a perifusion system. As regards the insu-
lin secretion during culture it was found that there was a continuous secretion
into the medium although the secretory rate tended to decline slightly with
time. This latter finding is in contradiction to what we and others have obser-
ved in preparations of fetal rat pancreases and may imply that the human fetal
pancreas has special requirements for differentiation and growth in vitro.

The results of one perifusion experiment is shown in Fig. 2. In this and
also in other experiments the explants cultured in TCM 199 (5.5 mM glucose)
responded more vigorously to the acute glucose + theophylline stimulation than
those cultured in RPMI 1640 (11 mM glucose). The response to the glucose challen-
ge was however, diminished and delayed. This may reflect diffusion gradients
in the cultured tissue but also the relative immaturity of the fetal B-cells.

It should be noted in this context that the Millipore filter on which the frag-
ments were located during the entire culture period was transferred to the peri-
fusion chamber. This makes it plausible to assume that the observed dynamics

of the insulin secretion were relevant for the situation in the culture system.
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Fig. 2. Effects of high glucose + theophylline on the insulin secretion by
fetal pancreatic microfragments cultured for 3 days in medium TCM 199
(filled circles) or RPMI 1640 (open circles).
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Microfragments cultured for one week in'RPMI 1640 have furthermore been used
for studies of the effects of cryopreservation. The protocol for these experi-
ments has been the same as that successfully applied to adult mouse islets (19),
which implies freezing in a medium supplemented with 1M DMSO at a rate of 0.5%/
min. The preliminary results of these experiments suggest that the rate of pro-
tein synthesis of such cryopreserved pancreatic fragments is not different from
that of the non-frozen controls. It should, however, not be taken for granted
that the best conditions for cryopreservation of human fetal pancreas are the

same as those observed for rodent preparations.

3. Conclusions

The combined results obtained in transplantations of endocrine pancreas in
both man and animals warrant a cautious optimism for the future. The main
obstacles to successful clinical use of this approach remain the immunological
complications and the difficulties in obtaining sufficient pure islets for
transplantation. Attempts to circumvent these problems are at present directed
towards diminution of donor tissue antigenicity by tissue culture and the exploi-
tation of the growth potential of the fetal endocrine pancreas. Should these
efforts turn out to be successful islet transplantation may become a useful

future therapy in selected cases of juvenile diabetes mellitus.
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