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Summary. Plasma C-peptide and serum insulin anti- 
body levels were determined in 5 diabetic patients 
undergoing vascularized pancreatic transplantation. 
The grafts functioned well at first and exogenous 
insulin could be withdrawn, but one to 7 weeks later 
the grafts were rejected. After the transplantation 
there was an increase in the fasting plasma C-peptide 
level, and B-cell stimulation with glucose or glucagon 
evoked a C-peptide response. Healing of ischaemic 
damage was reflected in an increase in the C-peptide 
level. During graft rejection the C-peptide level fell. 
Measurement of plasma C-peptide levels provides a 
direct index of the B-cell function of the pancreatic 
graft. After transplantation the insulin antibody level 
fell exponentially, with an apparent half life of 10-11 
days, whereas the level of total IgG was variable. The 
results indicate that formation of insulin antibodies 
ceases immediately on removal of the immunogenic 
stimulus, that is, on withdrawal of xenogeneic insulin. 
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The object of pancreatic transplantation in diabetes 
mellitus is to provide the patient with normal insulin- 
secreting tissue, thus restoring metabolism to normal 
[1]. In patients receiving pancreatic transplants it is 
desirable to monitor directly B-cell function as well 
as blood glucose levels. This would be of particular 
value in the differential diagnosis of various causes of 
hyperglycaemia, such as graft failure, high-dose cor- 
ticosteroid therapy, and post-operative stress. We 
have therefore studied plasma C-peptide levels as a 
measure of graft B-cell function in patients with pan- 

creatic transplants. Since the provision of a pancreat- 
ic transplant offered a unique opportunity for with- 
drawing exogenous insulin it was also considered of 
interest to examine the levels of insulin-binding anti- 
bodies in these patients. 

Material and Methods 

Patients 

The studies were carried out on 5 diabetic patients receiving vas- 
cularized segmental (body and tail) pancreatic grafts. Exocrine 
drainage was provided by various methods (Table 1). Clinical 
characteristics of the individual patients, including the indications 
for transplantation and the number of days that the grafts func- 
tioned, are presented in Table 1. The immunosuppressive regimen 
included azathioprine (1-3 mg/kg/day), anti-lymphocyteglobulin 
(Behring) (30 mg/kg/day given intravenously), and steroids. Pred- 
nisone treatment commenced at a dose of 120-200 mg/day, and 
was gradually reduced to 30-35 mg/day 1 month after the trans- 
plantation. In patients 1-3, 1 g of c~-methyl prednisolone was 
injected intravenously on the first 3 days after transplantation. 
Graft rejection was treated with i g IV doses of c~-methyl pred- 
nisolone, and 200--400 mg of prednisone orally in patients 2 and 3. 
The postoperative management and clinical course of these pa- 
tients have been reported in detail elsewhere [2, 3]. 

Assays 

Blood glucose concentration was determined by the hexokinase 
method (normal fasting range, 3.1-5.6 mmol/1). Over a 2-month 
period prior to the pancreatic transplantation a modified M-index 
[4] was determined from all the blood glucose values obtained, 
usually 2-5 per day. After transplantation the index was calculated 
again, but now from the 6 daily blood glucose determinations per- 
formed in the week in which the best control was observed. The C- 
peptide level in the plasma of 3 patients (1, 2 and 3) was deter- 
mined after acid extraction, using an insulin- proinsulin antiserum 
(M 1181). Synthetic human C-peptide was used as the standard 
and 12SI-Tyr-C-peptide as the tracer. Prior to the C-peptide deter- 
minations the proinsulin was removed by binding to insulin anti- 
bodies coupled to Sepharose. In patients 4 and 5 the antiserum M 
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Table 1. Clinical characteristics and course in 5 patients with diabetes mellitus undergoing segmental pancreatic transplantation 

Patient Type of ductal Sex Age Duration Indication M-index a Duration of 
drainage (years) of insulin for trans- graft function 

requiring plantation Before After and cause 
diabetes trans- trans- of failure 
(years) plantation plantation 

(days) 

1 Duct ligation 

2 Pancreatico- 
jejunostomy 

3 Pancreatico- 
jejunostomy 

4 Ducto- 
jejunostomy 

5 Ducto- 
jejunostomy 

M 31 20 Brittle diabetes 145 (267) 16 (23) Graft rejection 41 

M 39 23 Loss of vision 66 (88) 12 (31) Graft rejection 35 
due to optic 
nerve atrophy 

F 35 8 Labile diabetes 134 (90) 23 (34) Graft rejection 7 
and sensory and wound ab- 
neuropathy scess 

M 32 24 Progressive 47 (61) 5 (44) Graft rejection 51 
angiopathy 

F 30 17 Progressive 68 (84) 4 (33) Graft rejection b 43 
angiopathy and 
sensory 
neuropathy 

a Calculated from all the blood glucose values (number within parentheses) 2 months before transplantation, and in the week in which the 
best control was observed after transplantation 
b After withdrawal of immunosuppression 

1230 was used in the C-peptide assay. Because of low cross-reac- 
tivity no proinsulin extraction was required. The detection limit for 
the assay was 0.03 nmol/1 for both anti-sera. The mean level of C- 
peptide in normal fasting subjects is 0.35 + 0.09 (SD) nmol/1 [5]. 
A "C-peptide index" was calculated as the quotient: 

plasma C-peptide concentration (nmol/1) 

plasma glucose concentration - 2 . 5  (mmol/1) 

The factor of - 2 . 5  was introduced as C-peptide secretion 
ceases below a glucose concentration of 2.5 mmol/1. 

The methods for determining insulin binding to insulin anti- 
bodies (IgG) and the total concentration of IgG in serum have 
been described elsewhere [6]. In an unselected group of diabetic 
patients receiving the same type of insulin as in the present study 
the insulin antibody capacity ranged from 0.25 to 2.5 U/1 [6]. B- 
cell stimulation was tested with an IV injection of glucose (25 g) or 
glucagon (1 mg). The k-value in %/min was determined according 
to Ikkos and Luft [7]. 

Results 

The grafts functioned well at first and exogenous 
insulin was withdrawn within 24 hours. One to 6 
weeks later, however, the grafts ceased to function 
owing to rejection (Table 1). The modified M-index 
(normal value < 4), calculated for the best week after 
transplantation, was almost normal in 2 patients and 
improved considerably in the other 3 (Table 1). 

C-peptide 

Before transplantation the fasting/plasma C-peptide 
level in 1 of the patients (number 2) averaged 
0.33 nmol/1, while in the others it was low or unde- 

tectable (Table 2). After the transplantation the 
levels were well within the normal range for all 
patients (0.32-2.88 nmol/1). The blood glucose con- 
centrations at the same times ranged from 2.1 to 
12.1 mmol/1. 

In the one patient (number 2), in whom the C- 
peptide level before transplantation was almost nor- 
mal, there was no C-peptide response to an IV glu- 
cose load at that time (Fig. 1). The k-value of 
0.40 %/min was also abnormal. On days 7 and 21 
after transplantation, while the pancreatic graft was 
still functioning, the IV glucose load caused an 
increase in plasma C-peptide of about 50% and the 
glucose disappearance rate was within the normal 
range (Fig. 1). 

In patient number 4 B-cell function was assessed 
on the basis of glucagon stimulation. The C-peptide 
response was more marked on day 36 than on day 47, 
when a rising postprandial glucose level indicated the 
onset of rejection. The blood glucose curves were 
similar, however (Fig. 2). 

In 2 patients frequent determinations of the C- 
peptide and blood glucose levels were performed 
over one day, both soon after transplantation and 
during graft rejection. On the latter occasion the C- 
peptide levels were low in relation to the blood glu- 
cose concentration (Figs. 3 and 4). In patient number 
4 treatment of graft rejection led to recovery of the 
C-peptide/glucose quotient (Fig. 4). Neither before 
transplantation nor after graft removal was C-pep- 
tide detectable in these 2 patients. 
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Table 2. Fasting plasma C-peptide and simultaneous plasma glucose levels before pancreatic transplantation and after, when the graft was 
functioning well 

Before transplantation After transplantation 

C-peptide Glucose C-peptide Glucose 
nmol/1 mmol/1 nmol/1 mmol/1 

Patient n Mean Range Mean Range n Mean Range Mean Range 

1 2 0.07 0.05-0.08 16.7 7.9-25.4 3 0.42 0.32-0.52 3.1 2.1-3.8 
2 4 0.33 0.27-0.40 8.3 1.8-11.5 3 0.93 0.60-1.00 7.9 5.5-12.1 
3 6 undetectable 21.4 17.7-24.1 4 1.33 0.93-1.95 8.3 6.3-10.1 
4 1 undetectable 11.5 9 1.50 0.65-2.88 5.3 4.2-7.3 
5 3 0.04 0-0.11 13.2 8.6-17.0 9 1.77 1.03-2.80 7.3 6.5-8.5 
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Fig. 1. Intravenous glucose tolerance test 
with simultaneous plasma C-peptide meas- 
urements before, and 7 and 21 days after 
pancreatic transplantation, when the graft 
was functioning well. Note the normaliza- 
tion of the k-value and the marked response 
of the C-peptide after the transplantation. 
Patient 2 

I~g. 2. Glucagon stimulation test with deter- 
mination of blood glucose and plasma C- 
peptide on day 36 after pancreatic trans- 
plantation, when the graft was functioning 
well, and on day 47 after onset of severe 
rejection. Note the disappearance of the C- 
peptide response during rejection. Patient 4 

A longitudinal study of the graft-B-cell function 
soon after transplantation was made in patient 
number 5. A gradual rise in the C-peptide index indi- 
cated a progressive improvement in graft function, 
presumably due to healing of ischaemic damage 
occuring during the transplantation procedure 
(Fig. 5). 

Insulin Antibodies 

Four of the patients had been treated with monocom- 
ponent insulins (Actrapid, Semilente or Monotard, 
Novo) only for at least the 3 months before trans- 
plantation. During this time there had been no 
appreciable reduction in insulin antibody levels. In 
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Fig. 3. Relationship between the plasma C-peptide level and the 
blood glucose concentration while the graft was functioning well, 
soon after the transplantation and during graft rejection. Rejection 
was accompanied by a marked shift in the ratio between the C- 
peptide level and the blood glucose concentration. Patient 3. �9 = 
Before transplantation; [] = Soon after t ransplantat ion;  ~ = 
Dur ing  graft rejection; �9 = Af te r  graft removal 
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Fig. 4. Relationship between the plasma C-peptide level and the 
blood glucose concentration soon after the transplantation, when 
the graft was functioning well, during rejection, and after rejection 
had been reversed. Note the recovery of the C-peptide/glucose 
ratio with reversal of rejection. Patient 4. �9 = Before transplanta- 
tion; ~ = Soon after transplantation;  ~ = Dur ing graft rejection; 
�9 = Af te r  treatment for rejection; �9 = Af ter  graft removal 

0.6 

0.5 

0.4 

x 
0.3. 

_z 
LU Q 

0.2 
Itl 
s 
0 0.1- 

-1 0 5 10 15 2Q 25 
TIME AFTER TRANSPLANTATION ,days 

Fig. 5. The  "C-peptide index" (see text) as a measure of graft 
function during the first 3 weeks  after t ransplantat ion.  Dur ing  the 
period the graft was presumably recovering from ischaemic dam- 
age. Pat ient  5 

one patient monocomponent insulin had been intro- 
duced shortly before the transplantation. In 2 of the 5 
patients the level of insulin binding antibodies was 
somewhat higher than that usually found in diabetic 
patients [6] (Table 3). 

After transplantation there was an exponential 
fall in insulin antibody levels. In 4 of the 5 patients 
their half life was 10-11 days. In the fifth patient 
exogenous insulin could be withheld for only one 
week and the estimated half life was 14.2 days. Total 
IgG did not change significantly after transplanta- 
tion. 

Discussion 

The most commonly applied criterion of endocrine 
function of a pancreatic graft is the blood glucose 
level. This may be affected, however, by a number of 
extraneous factors, including postoperative stress and 
the steroid medication required after transplantation 
[8]. Furthermore, it has recently been shown that a 
considerable part of the transplanted pancreas may 
be destroyed before there is a perceptible rise in the 
fasting blood glucose level [2]. 

Because most diabetic patients have a high !evel 
of insulin antibodies, which interfere with the 
radioimmunoassay for insulin, the serum insulin level 
does not provide an indicator of graft B-cell function 
in the immediate postoperative period. Since, how- 
ever, C-peptide and insulin are secreted in equimolar 
amounts [9] the C-peptide level serves as an alterna- 
tive index of B-cell function of the transplanted pan- 
creas. 
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Table 3. Insulin binding antibodies and total IgG at the time of pancreatic transplantation and when the patients had been off exogenous 
insulin for various times 

Patient Insulin Insulin Disappearance rate 
requirement binding anti- of insulin antibodies Total IgG g/1 
before trans: bodies at trans- 
plantation plantation Days of No. of Half 
U/day mU/ml obser- obser- life, At trans- At the end 

vation ration days plantation of observation 

1 52 1.87 39 9 10.6 3.8 10.7 
2 48 3.56 29 18 10.6 7.5 8.1 
3 96 0.25 7 6 14.2 7.2 3.9 
4 36 3.81 51 10 10.5 5.7 8.3 
5 20 0.26 37 10 10.9 8.0 5.7 

Most patients with juvenile diabetes have an 
abnormally low C-peptide level, the concentration 
depending in part on the time of onset and duration 
of the disease [10]. In a study of 96 such patients 34 
were found to have a detectable level of plasma C- 
peptide, 12 of them with values within the normal 
range [11], although low in relation to the blood glu- 
cose level. Despite evidence of residual B-cell func- 
tion in one of the transplant recipients (number 2), 
the absence of a C-peptide response to glucose 
stimulation confirms impaired B-cell function. 

Pancreatic transplantation was followed by tem- 
porarily improved control of the blood glucose con- 
centrations and an increase in the fasting C-peptide 
levels. Moreover, a rapid response of the C-peptide 
level to glucose or glucagon stimulation indicates 
adequate secretory function of the grafts. Where fre- 
quent assays of C-peptide were carried out there was 
a definite drop in the level during rejection. At the 
same time there was a change in the relationship be- 
tween the C-peptide and the blood glucose levels. It 
is thus clear that C-peptide determinations offer a 
valuable aid in the assessment of graft injury due to 
rejection. While it remains uncertain whether this 
method can serve as a more sensitive indicator than 
the blood glucose concentration, it has the advantage 
of being more specific. It is, however, more time con- 
suming. 

Transplantation was followed by a rapid reduc- 
tion in insulin antibody levels. A similar fall was seen 
in the 4 patients that had been on monocomponent 
insulins for a long period and the i patient that had 
not. While this decline might conceivably be due to 
suppression of antibody synthesis by the immunosup- 
pressive therapy, this would seem to be unlikely in 
view of the increase in the total amount of IgG 
observed in 3 of the patients during the postoperative 
course. The decline was most likely to be due to 
removal of the stimulating antigen, the xenogeneic 
insulin. The fact that the half life for disappearance 
was consistently 10-11 days indicates that the forma- 

tion of antibodies ceased immediately the stimulus 
was removed. A rapid reduction in the insulin anti- 
body level has been observed in animals after 
immunization has been discontinued [12]. When 
insulin antibodies are no longer present the insulin 
immunoreactivity in plasma can be used to assess 
graft B-cell function. 

It has been suggested that lability of the diabetic 
state is related to a low level of insulin antibodies [13, 
14]. It is therefore notable that in the patient 
(number 1) receiving a pancreatic transplant for brit- 
tle diabetes, the insulin antibody level was high. Yue 
and coworkers have shown that stability of diabetes 
depends on residual B-cell function but not on the 
concentration of insulin antibodies [15]. This is born 
out by our findings; when the C-peptide level rose 
after transplantation there was good control of blood 
glucose in the 2 recipients with labile diabetes. The 
rapid fall in the antibody level at this time apparently 
had no effect on the blood glucose concentration. 
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