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Summary. Purified human islets and a kidney from the same 
donor were transplanted into four patients with Type 1 (in- 
sulin-dependent) diabetes mellitus. Two of the patients re- 
ceived additional islets that were isolated from multiple do- 
nors, cryopreserved, and stored in a tissue bank. The islets 
were embolized into the liver via the portal vein. Immuno- 
suppression was induced with antilymphocyte globulin and 
maintained with azathioprine, prednisone and cyclosporine. 
In the first two patients, fasting serum C-peptide rose to 
levels of 0.5-2.0 ng/ml during the first 4-8 weeks and mixed 
meal feeding elicited increases to 2-3 ng/ml. C-peptide secre- 
tion persisted for 8 months, but at progressively lower levels 
and insulin therapy could not be withdrawn. In the next two 
patients who received cryopreserved islets in addition to 
fresh islets, serum C-peptide levels (fasting/post-meal) rose 
to 4-7 ng/ml and serum glucose was more stable, allowing 
withdrawal of insulin therapy after 69 days in one patient, 

and reduced insulin doses in the other. The insulin-inde- 
pendent patient has maintained normal fasting glucose, gly- 
cosylated haemoglobin, and oral glucose tolerance at 1 year 
following cessation of daily insulin therapy. Episodes of renal 
graft rejection occurred in three patients, including the 
insulin-independent patient. High-dose steroid therapy 
reversed the rejection in all instances, with apparent preser- 
vation of C-peptide secretion. These data show that trans- 
plantation of purified freshly-prepared and cryopreserved is- 
lets into Type i diabetic patients results in prolonged insulin 
secretion, and that sufficient function could be provided in 
one patient to sustain euglycaemia in the absence of insulin 
therapy at f year of follow-up. 

Key words: Pancreatic islet transplantation, Type i (insulin- 
dependent) diabetes mellitus, cryopreservation. 

Studies of islet transplantation began in 1972, when proce- 
dures to isolate and transplant purified islets were re- 
ported in laboratory rodents [1]. Unfortunately, islet isola- 
tion techniques led to prohibitively low yields from the 
compact, fibrous human pancreas, resulting in failure of 
clinical islet transplantation. An alternative approach was 
to eliminate purification steps that resulted in large losses 
of islets, however, this did not solve the problem~ [2]. In- 
sufficient islet tissue implanted, inadequate immunosup- 
pression (resulting in rejection), and complications of 
portal hypertension and sepsis remained as obstacles to 
successful clinical islet transplantation. Recently, r advan- 
ces have been made in isolation of purified islets [3-5], de- i 
finition of the critical islet mass to be transplanted [6], 
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effectxve hssue banking by cryopreservatlon [7], and im- 
proved immunosuppression. In earlier brief communica- 
tions, we reported our initial application of these advances 
to the treatment of patients who suffered fromi Type 1 
(insulin-dependent) diabetes mellitus with er~d-stage 
diabetic nephropathy [8, 9]. In the present report  i we de- 
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i 

i 

tail the long-term follow-up studies of graft function in our 
first four patients. 

Subjects, materials and methods 

Pancreas procurement 

Pancreas was obtained from adult human cadaver organ donors at 
the University of Alberta and its teaching hospitals in Edmonton. 
The pancreas was removed immediately after laparotomy by divid- 
ing the gastrocolic omentum and splenic ligaments, then the tail of 
the gland was mobilized en bloc with the spleen and its vessels. The 
origin of the splenic artery and the junction of the splenic and portal 
veins were identified. The neck of the pancreas was freed from the 
portal vein and the remainder of the gland was detached from the 
retroperitoneum, care being taken to preserve the splenic vessels 
and their blood perfusion until just before excision. The gland was 
transected at the neck, leaving a portion of the uncinate process and 
head in situ, then excised. The pancreas was weighed and immersed 
into 4 ~ Hanks' balanced salt solution (HBSS). The pancreatic duct 
at the head was cannulated with a 16 gauge cannula and then HBSS- 



90 G.L. Warnock et al.: Islet transplantation in Type i diabetes 

Table 1. Characteristics of patients with Type 1 (insulin-dependent) diabetes mellitus (recipients) and islets transplanted 

Islet recipients Islet donation 

Patient Age Sex Type 1 Islet type b Islet Islet Islet HLA 
(years) diabetes a (No. of total No./kg volume Match 

(years) donors) (xl0 ~) gl/kg 

1 35 M 17 fresh (1) 261 4000 7 1 A, 1 DR 

2 26 M 20 fresh (1) 261 4000 7 Nil 

3 35 F 25 fresh (1) 243 4000 7 4 AB, 0 DR 
cryo (4) 368 6100 11 4 AB, 0 DR 

TOTAL 611 10100 18 

4 41 M 18 fresh (1) 117 1600 3 1 AB, 0 DR 
cryo (10) 779 10800 19 9 AB,5 DR 

TOTAL 896 12400 22 

M, male; F, female. 
a C-peptide < 0.1 ng/ml fasting and after challenge with a mixed meal (Sustacal) and with glucagon, b Islets were isolated from the number of 
human organ donors indicated, and implanted in the recipient with Type i diabetes, within 24 h of renal transplantation 

containing collagenase (Sigma, St. Louis, Mo., USA type XI, 
2772 U/ml, 100-150 ml at 4 ~ was injected. The pancreas was trans- 
ported immediately to the islet isolation laboratory, where it was 
transferred to a cooling tray. The pancreatic duct was exposed at the 
middle of the gland, and two additional 16 gauge cannulas were in- 
serted into this portion of the duct, one directed proximally and the 
other distally. The duration of hypothermic storage was less than 
1.5 h. 

Islet isolation 

Procedures have been detailed previously [4]. Each pancreatic duct 
cannula was connected to a custom-designed stainless steel perfu- 
sion device and a solution containing collagenase was perfused 
through the cannula, initially at 4 ~ then gradually warmed to 38 ~ 
Tissue biopsies were removed, dissociated, and examined by micro- 
scopy. Digestion of the pancreas was judged complete when the islets 
dissociated freely from the exocrine tissue. The digested tissue was 
transferred to HBSS containing 2 % (volume/volume) newborn calf 
serum (Gibco, Burlington, Ontario, Canada) at 4~ and gently 
teased apart. The tissue was washed, triturated through needles of 
progressively smaller sizes (14, 16 gauge), and suspended in tissue 
culture medium 199 (TCM 199, Gibco) at 4 ~ using 0.6 g of tissue 
per 3.4 ml of medium. Aliquots of 4.0 ml of tissue suspensions were 
mixed with 4.3 ml of 5 x TCM 199 and 16.7 ml of Ficoll (Sigma, den- 
sity 1.125) in disposable 50 ml conical tubes and overlaid with suc- 
cessive 5 ml aliquots of Ficoll with densities of 1.085, 1.075, 1.045. 
The tubes were centrifuged at 550 x g for 25 rain at 22 ~ Tissue that 
layered at the 1.045/1.075 and 1.075/1.085 interfaces was collected, 
washed, and resuspended in a known volume of culture medium. 

Cryopreservation 

Aliquots of 10,000 islets were transferred to Kimax tubes in 0.5 ml of 
TCM 199 with 25 mmol/1 HEPES and supplemented with 10 % fetal 
calf serum and penicillin/streptomycin. The cryoprotectant dimethyl 
sulphoxide (DMSO) was added stepwise to a final concentration of 
2 tool/1. Following a nucleation step, the tubes were slowly cooled at 
0.25 ~ to -40 ~ and plunged to -196 ~ for storage for periods 
of 3 months to 2 years before they were thawed [7]. A rapid thawing 
rate of 150 ~ was used to 0 ~ and the DMSO removed using a 
sucrose dilution followed by a serial dilution using TCM 199 con- 
taining 10 % human serum at 37 ~ 

Islet assessment 

Aliquots of freshly-isolated or cryopreserved islets were incubated 
with dithizone, a compound which stains islet endocrine cells red [9]. 
Dithizone-positive islets larger than 50 gm were counted and sized 
immediately before transplantation using a microscope fitted with 
an optical graticule. The number of islets of various diameter sizes 
was converted to a number of islets with an average diameter of 
150 gm [10] and their volume in microlitres was calculated with the 
assumption that each was a sphere. Purity was assessed by compar- 
ing the relative proportions of ditliizone-positive and unstained 
tissue. Islet viability for each set of donor islets was individually 
assessed in vitro by measuring insulin secretory response during 
perifusion with glucose [12]. Insulin was measured by double anti- 
body RIA [13] using human insulin standards and kits (Pharmacia 
Diagnostics, Uppsala, Sweden). 

Patients and transplantation procedures 

Details of the clinical transplantation data are presented in Table 1. 
All patients had Type i diabetes, confirmed by serum C-peptide less 
than 0.1 ng/mI after a 12-h fast and 90 rain after oral ingestion of 
360 ml of Sustacal (Mead Johnson, Belleville, Ontario, Canada), a 
liquid mixed meal containing 50 g of carbohydrate, 22 g of protein, 
and 9 g of fat. The patients suffered from a 17-25 year history of 
Type 1 diabetes that resulted in nenropathy, retinopathy, and end- 
stage diabetic nephropathy. All patients received a cadaver renal al- 
lograft as well as islets isolated from the pancreas of the kidney 
donor. For islet implantation, a midline laparotomy was performed. 
In the first two patients, the middle colic vein was cannulated, there- 
by gaining access to the portal vein. In the second two patients, 
patency of the median umbilical vein was established and a catheter 
was advanced to the left portal vein. The islets were injected into the 
portal vein via these catheters within 24 h of islet isolation. This pro- 
vided a total of 261,000 (patients 1 and 2), 243,000 (patient 3), and 
117,000 (patient 4) freshly-isolated islets. In patient 3, an additional 
368,000 cryopreserved islets pooled from four donors were injected. 
In patient 4, an additional 780,000 cryopreserved islets pooled from 
ten donors were injected on two separate occasions - at the time of 
injecting the freshly-isolated islets and again 1 week later. The dose 
of islets syngeneic with the donor kidney was 4000 islets/kg body 
weight (7 gl/kg) in the first three patients and 1600 islets/kg (3 gl/kg) 
in patient 4. The cryopreserved islet dose in patient 3 was 6100 islets 
(11 gl)/kg and in patient 4 this was 10,800 (19 gl)/kg. All islets were 
matched for blood type, but serum cytotoxicity assays were not per- 
formed. Antigen matching for the kidney and islet transplants from 
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Fig.1. Comparison of islet function (insulin requirements, fasting 
serum C-peptide and simultaneous glucose levels) during the first 
16-weeks follow-up after islet implantation (4.) in four patients (1-4) 

the same donor showed that one DR antigen was matched in the first 
recipient, but no DR antigens were matched in the other three reci- 
pients. For the cryopreserved islets infused from multiple donors, a 
total of four AB antigens (patient 3) and nine AB antigens (pa- 
tient 4) were matched, while no DR antigens were matched in pa- 
tient 3 and five were matched in patient 4. 

Immunosuppression was induced with a 10-day course of Min- 
nesota antilymphoblast globulin (MALG), and maintained with 
azathioprine, prednisone, and cyclosporine A (CsA). CsA was intro- 
duced at day 8 after transplantation (dose adjusted according to 
whole blood levels by monoclonal RIA) and azathioprine and pred- 
nisone were continued in tapering dosages. During the first 10- 
14 days, insulin was infused intravenously to maintain capillary 
blood glucose between 4 and 7 mmol/1. During subsequent weeks, 
subcutaneous insulin was administered to maintain similar gly- 
caemic levels. Fasting serum glucose and C-peptide levels were 
measured on venepuncture samples daily for 14 days, twice weekly 
for 10 weeks, then twice monthly. At weekly intervals, insulin ther- 
apy was withheld after t8.00 hours and serum C-peptide was 
measured after a 10-h fast and 90 min after oral ingestion of 360 ml 
of Sustacal by RIA [13] using kits (Incstar, Stillwater, Minn., USA). 

Results 

Islet grafts 

The final packed cell volume of each injection of freshly- 
prepared and/or cryopreserved graft was from 1.0 to 
2.5 ml. Morphologic examination immediately before 
transplantation showed that 80 % of the endocrine vol- 
ume was provided by islets that had diameters greater 
than 150 gm and islets in the 200-249 gm size range con- 
tributed the largest amount to the graft volume. Endo- 
crine cell purity was approximately 75 %, as determined 
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by dithizone staining of aliquots. Some of the islets had 
rims of exocrine tissue attached, but the majority were 
completely free. Before implantation, a biphasic insulin 
secretory response was observed during perifusion of 
both freshly-isolated and cryopreserved islets. Basal in- 
sulin release was 0.05-0.2 gU.  islet-: ,  min -1 rising during 
glucose stimulation to 0.3-2.0 gU.  islet- :- min- :  during 
the first phase and 0.25-1.0 during the second phase. 

Patients 

All the patients survived the combined kidney and islet 
transplant procedures without morbidity attributable to 
the laparotomy incisions or islet catheters. The islet infu- 
sion procedure caused a transient epigastric pressure sen- 
sation in patient 3, and was generally well-tolerated over 
all. Portal venous pressure remained normal in all pa- 
tients. A transient rise in serum aspartate aminotransfer- 
ase was detectable in three of the patients during the first 
48 h. Follow-up has been maintained for greater than 
1 year in the first three patients, and 6 months in patient 4. 
During this time, retinopathy has remained stable in pa- 
tients 1, 3 and 4. In patient 2, retinopathy progressed, but 
was stabilized by laser photocoagulation. Episodes of re- 
jection of the transplanted kidney were observed in pa- 
tients 2, 3 and 4, but these were reversed successfully and 
subsequent function has remained stable for the duration 
of follow-up. 

Long-term islet graft function 

Figure i compares weekly fasting serum C-peptide levels, 
insulin requirements and simultaneous glucose levels in 
all four patients during the first 16 weeks after transplan- 
tation. Postoperatively, C-peptide secretion was detected 
immediately in all the patients. In the first two patients, C- 
peptide rose to levels of 1.0-2.0 ng/ml, at 5 weeks. Simul- 
taneous fasting glucose levels ranged from 4-14 mmol/1. 
Cytomegalovirus (CMV) infection, characterized by ma- 
laise, fever, and confirmed by positive blood cultures and 
serology developed at 4 weeks in patients 1 and 2. Severe 
leucopoenia which accompanied the CMV infection 
necessitated cessation (patient 1) or reduction (patient 2) 
of azathioprine treatment beginning at 5 weeks. Follow- 
ing these episodes, C-peptide levels declined progressive- 
ly and these declines were accompanied by elevation of 
fasting glucose levels. Although serum C-peptide conti- 
nued to be detectable until 8 months, exogenous insulin 
supplements continued to be required in these first two 
patients. In patients 3 and 4 (both of whom received a 
combination of freshly-isolated and cryopreserved islets), 
higher levels of serum C-peptide were observed. In pa- 
tient 3, C-peptide levels remained persistently elevated 
at 2.5-5.0 ng/ml and fasting glucose was maintained at 
4-7 mmol/1, allowing withdrawal of daily exogenous in- 
sulin therapy at 9 weeks. Thereafter,  C-peptide secretion 
and euglycaemia was maintained for a year (Fig. 2). In pa- 
tient 4, fasting C-peptide rose to levels of 0.8-2.4 ng/ml 
and serum glucose was 4-11 mmol/1. During prolonged 
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Hg.2. Islet function during 1-year follow-up in patient 3 trans- 
planted (.].) with approximately 600,000 islets (fresh plus cryo- 
preserved). Insulin-independence was achieved by 9 weeks, HbAic 
levels remained in the normal ([]) range. Serum glucose levels re- 
mained normal during fasting ( ) and after Sustacal therapy 
(- . . . .  ), except during high-dose intravenous steroid therapy for 
renal rejection episodes at 18, 24, and 30 weeks. Serum C-peptide 
levels remained elevated from 2.5-5 ng/ml during fasting (m) and 
rose further after Sustacal meal challenge (~1). 

follow-up, C-peptide levels remained at 1-2 ng/ml. Al- 
though exogenous insulin therapy could not be with- 
drawn, the requirements for insulin were reduced from 
40 IU to 25 IU daily, fasting glucose was 4-11 mmol/1, 
body weight has remained constant and glycated haemo- 
globin has remained in the high normal range. 

Metabolic studies 

Weekly oral ingestion of 360 ml of Sustacal elicited a fur- 
ther rise in serum C-peptide levels to 1.5-3.0ng/ml in 
patients 1 and 2 (up to 5 weeks after islet implantation) and 
in patient 4 up to 24 weeks at present. For patient 3, the re- 
sults of a 1-year follow-up of glycaemic control and weekly 
serum C-peptide responses to Sustacal meal challenge are 
shown in Figure 2. Serum HbAzc remained within a range 
of 4.0-5.9 % (normal 4.0-6.3 % ). Fasting glucose remained 
less than 6.5 mmol/1, except for 3 days during treatment of 
renal rejection with high-dose steroid therapy at 18, 24, and 
30 weeks post-transplant. The serum glucose at 90 min 
after Sustacal ranged from 5.5-6.5 mmol/1. C-peptide 
levels were 2.5-5.0 ng/ml before Sustacal and rose to 
4-7 ng/ml at 90 min after Sustacal. After 44 weeks, the 
basal and incremental C-peptide levels were lower, which 
corresponded to a reduction of daily oral prednisone 
dosages from 10 mg to 5.0 ng. 

Figure 3 shows mean (+  SEM) serum glucose and 
corresponding C-peptide and insulin profiles following 
oral mixed meal (Sustacal) feeding on eight occasions at 
1-2 monthly intervals in patient 3 during the year. The 
results are compared with ten normal age-matched non- 
diabetic control subjects. In patient 3, glycaemic levels 
were slightly higher than in the control subject, but levels 
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rose little or not at all during the 4-h period following the 
meal and normoglycaemia was maintained. Serum C- 
peptide levels rose with the maximal response observed 
at 1 h in the patient and at 0.5 h for control subjects. Ex- 
cept for the 0.5 h occasion, C-peptide levels were higher 
in the transplant recipient. No deterioration of this C- 
peptide response occurred during serial testing over the 
course of the year. Insulin levels at 1-year follow-up were 
higher than those observed in normal control subjects, 
except at 0.5 h post-Sustacal. The maximal insulin levels 
peaked at 0.5 h in normal control subjects and at 1 h 
in patient 3. During the Sustacal studies, the serum 
creatinine was consistently stable within a range of 
95-110 gmol/1. 

Response to oral injection of 75 g of dextrose in pa- 
tient 3 at 1-year follow-up is shown in Figure 4. Serum glu- 
cose ranged from 5.3 to 10.2 and maximal levels were ob- 
served at 1 h after glucose ingestion. The values during the 
study are within the normal reference range. 

Islet graft function during renal graft rejection 

Clinical evidence for renal allograft rejection, charac- 
terized by an abnormal renal perfusion scan and pro- 
gressive rise in serum creatinine was observed at 2-  
3 weeks in patients 2 and 4, and three episodes occurred at 
18, 24 and 30 weeks in patient 3. In each instance, high- 
dose steroid therapy was administered (intravenous injec- 
tions of methylprednisolone 250-500 mg daily for three 
consecutive days). C-peptide levels continued to be de- 
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Fig.& Serum glucose and corresponding C-peptide levels at 1- 
2 month intervals ( - * - ,  n = 8) in patient 3 during a 4-h period fol- 
lowing oral mixed meal challenge with Sustacal and serum in- 
sulin profiles at 1-year follow-up. For comparison, results of 
Sustacal challenge for ten normal age-matched control subjects are 
shown ( - �9 - ) 
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Fig.4. Glucose levels following oral glucose tolerance testing with 
75 g of dextrose ( / ) in patient 3 ( - �9 - ) at i year after islet trans- 
plantation, compared with normal reference range ([]) 
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Fig.5. Profiles of immunosuppressive therapy with cyclosporine 
(CsA), azathioprine (AZA), and prednisone (Pred); insulin require- 
ments; and serum C-peptide, glucose, and creatinine levels during 
the course of renal allograft rejection in patient 3 at 30 weeks post- 
implant. During the rise of serum creatinine, no significant change 
was observed in glucose levels or serum C-peptide. Insulin therapy 
was administered to sustain euglycaemia during treatment with 
250 mg of Solumedrol (.1.) administered daily. When steroid therapy 
was stopped, insulin therapy was discontinued and C-peptide pro- 
duction and euglycaemia were maintained 

tectable after these episodes in all patients. An example of 
one of the episodes of renal rejection at 30 weeks in the 
third patient is shown in Figure 5. The serum creatinine 
rose from 103 to 207 gmol/1 from day 195 to day 210. Dur- 
ing this time, the fasting serum glucose levels remained 
normal. High-dose steroid therapy was instituted, then 
glucose levels rose to 8-9 mmol/l and insulin supplements 
were administered to sustain euglycaemia. Serum crea- 
tinine levels declined returned to normal in response to 
the high-dose steroid therapy. When high-dose steroid 
therapy was stopped, euglycaemia was maintained in the 
absence of insulin therapy. Fasting serum C-peptide levels 
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remained constant before and after treatment for renal 
graft rejection, and even increased to higher levels when 
the dose of steroids was increased. 

Discussion 

Transplantation of insulin-secreting tissue offers a physio- 
logic approach to restoration of precise glycaemic control 
and inhibition of the progressive neurovascular complica- 
tions of Type i diabetes [15]. Pancreas transplantation has 
become popular since 1966, and results of over 2000 grafts 
have been reported to the International Pancreas Trans- 
plant Registry as of 1991 [16]. Analysis of recent reports of 
transplanting this organ reveals that the insulin-requiring 
state is reversed in 60 % of recipients at 1-year follow-up, 
HbAlc is normalised and nephropathy can be prevented in 
kidneys that are transplanted simultaneously [17]. Des- 
pite these achievements in clinical pancreatic transplanta- 
tion, transplantation of islets of Langerhans might be a 
more attractive approach because of low morbidity and 
the opportunity to manipulate the islets in attempts to re- 
duce the amount of chronic immunosuppression the reci- 
pients require. 

Recent clinical studies have held promise for trans- 
plantation of isolated islets into patients with diabetes. A 
major advance has been an increase in the quantity of 
islets implanted. Several approaches have made this 
possible. First, improvements in islet isolation techniques 
have yielded greater quantities of islets while preserving 
islet viability. Although the first two patients received an 
islet mass that we found predictive of a non-insulin requir- 
ing state in dogs, function was dearly insufficient to 
reverse long-term insulin dependence. Indeed, the serum 
C-peptide levels obtained (basal 1-2 ng/ml, and Sustacal- 
stimulated 1.5-3.0 ng/ml) were about half those reported 
in non-insulin requiring diabetic recipients of vascularized 
pancreas grafts [18], suggesting that a larger islet mass was 
required, or that the extent of islet engraftment needed to 
be improved. 

A second approach which has provided increased 
quantities of islets for individual recipients has been to in- 
ject islets from multiple donors. This has enabled im- 
proved islet function in a Type 1 diabetic patient [19]. 
Using this approach, Scharp et al. reversed insulin-de- 
pendence for 12 days in a Type i diabetic patient [20]. 
These studies contrast with the findings of Tzakis et al., 
who found that the best results for glycaemic control were 
provided by islets from a single donor for some patients 
who had pancreatectomy-induced diabetes after abdomi- 
nal exenteration [21]. 

A third approach is to isolate islets, then cryopreserve 
and store them in a tissue bank until sufficient tissue is col- 
lected for implantation. In our study, the improved func- 
tion of the islet graft in patients 3 and 4 is likely to be attri- 
butable to the supplemental mass of cryopreserved islets, 
since these patients had higher C-peptide levels while the 
dose of freshly isolated islets was constant or lower than in 
the first two recipients. This approach also has been re- 
ported recently by Scharp et al. [22]. In one of the patients 
who received additional cryopreserved islets in our study, 
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islet function fell short (C-peptide levels) of that achieved 
in patient 3 (associated with insulin independence),  des- 
pite apparent adequacy of islet mass and viability. The rea- 
son for this in patient 4 is not clear, but may have been due 
to early rejection of some of the cryopreserved islets, or in- 
creased susceptibility of frozen-thawed islet grafts to tox- 
icity of immunosuppressive drugs, as we have observed in 
dogs (unpublished observations). 

The mass of islet tissue which reversed insulin-depen- 
dence in one of the present patients was 10,000 islets 
(18 gl)/kg of recipient body weight. Although dose-re- 
sponse studies would be needed in more cases to establish 
the islet mass needed to achieve insulin independence, 
this quantity of islets agrees with the islet mass needed to 
reverse insulin therapy in another patient [22]. This mass 
of islet tissue is considerably higher than the quantity (ap- 
proximately 5000 islets/kg) found predictive for reversal 
of diabetes in acutely pancreatectomized dogs [23]. This 
discrepancy may be attributable to insulin resistance from 
the chronic Type 1 diabetic state and steroid immunosup- 
pression [24, 25]. These factors may also account for the 
finding that fewer islets were needed by Tzakis et al., who 
achieved partial or complete glycaemic control in five of 
nine pancreatectomized patients who received FK 506 
immunosuppression [20]. 

Examination of the long-term course of C-peptide se- 
cretion in this study yields several observations. In the first 
two patients, a delayed decline in C-peptide release was 
observed over a period of 1-3 months. In our two patients, 
this began after onset of CMV infection. This suggests that 
primary CMV infection may be deleterious to islet func- 
tion, and is reminiscent of a similar observation by Suther- 
land et al. [2], however, other factors may have been oper- 
ative. In our cases, the accompanying leucopoenia 
necessitated a reduction in azathioprine therapy, and this 
may have resulted in islet rejection, or onset of a recapitu- 
lated Beta-cell specific autoimmune destruction of islets. 
A final explanation may have been degranulation and ex- 
haustion of an initially marginal mass of intraportal islets, 
as has been observed in animal studies [23, 26, 27]. In con- 
trast to the findings of delayed decline of islet function in 
the two recipients of a smaller islet mass, the islet function 
was sustained in one of the two patients who received 
larger islet dosages. 

The patient who achieved insulin-independence and 
euglycaemia is the first unequivocal example of successful 
islet cell transplantation for a 1-year duration in a Type 1 
diabetic patient. Metabolic studies in this patient show 
that euglycaemia is sustained during mixed meal feeding, 
and that the islet Beta-cell function did not deteriorate 
during 1 year of follow-up. Despite this finding, the kine- 
tics of C-peptide and insulin release were not normal. The 
peak early C-peptide response was delayed, which is con- 
sistent with earlier observations in dogs [23], and may be 
attributable to reduced islet mass or islet denervation. 
Also, high levels of serum C-peptide were observed in this 
euglycaemic patient, which is consistent with a need for 
elevated insulin secretion in the face of insulin resistance, 
a common observation in pancreas [18] and renal [25] 
transplant patients. In this patient, the levels of higher C- 
peptide secretion were closely related to treatment with 
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high-dose steroid therapy rather than to impaired renal 
function. 

Renal allograft rejection episodes were detectable on 
five occasions in three patients in the present study. At  
these times, serum C-peptide levels were reduced or un- 
changed, and following treatment in all cases, the C-pep- 
tide levels improved. These data suggest that islet failure 
or damage is not the obligatory outcome of rejection of a 
simultaneously implanted kidney. Despite these encourag- 
ing findings in this group of patients, rejection remains 
the main problem that limits clinical application of islet 
transplantation in Type 1 diabetes. Experimental  studies 
suggest that a vascularized organ allograft from the same 
donor might reduce the immune barrier to islet accep- 
tance [28] although this explanation might not apply to the 
cryopreserved islets. 

The present studies show that islet transplantation is 
feasible for inducing sustained (1 year) euglycaemia and 
insulin-independence in a Type 1 diabetic patient. Success 
is enhanced by increasing the islet mass transplanted by 
adding cryopreserved islets that are collected from other 
human donors and stored in a tissue bank. This represents 
an essential preliminary step toward evaluating islet trans- 
plantation as a therapy to prevent the serious late compli- 
cations of diabetes mellitus. 
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Announcements 

XXXIIIes Journees de Diabetologie de L'Hotel-Dieu 

This congress will take place from 18-20 June 1992 at the Palais des 
Congres de Paris, Paris, France. For further information please con- 
tact." Ms. Annick Forge, Secrdtaire, Journ6es de Diab6tologie, Hotel- 
Dieu, 1, place du Parvis Notre-Dame, F-75181 Paris Cedex 04, 
France. Tel: (1) 42 34 83 88, Fax: (1) 43 5415 64 

Diabetic renal disease in NIDDM patients: a major universal health 
problem 

One day symposium to be held on Monday, 7 September 1992, 
before the 28th Annual Meeting of the EASD, in Prague, Czecho- 
slovakia. For further information please contact: Prof. C.E. Mogen- 
sen, Second University Clinic of Internal Medicine, Aarhus Kom- 
munehospitalet, DK-8000 Aarhus C, Denmark. 


