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Smnmary. An increased proinsulin to C-peptide molar ratio 
at the onset of Type i (insulin-dependent) diabetes mellitus 
has been suggested. We studied fasting proinsulin levels and 
proinsulin/C-peptide ratios in the newly diagnosed diabetic 
subjects participating in the Canadian/European placebo 
controlled cyclosporin study at entry, during the one year 
treatment period and six months of follow-up. Available 
entry data from 176 out of the 188 allocated patients were 
compared to 60 age and weight matched control subjects. 
Fasting proinsulin was significantly elevated in male patients 
compared to male control subjects (p < 0.01), whereas the 
levels only tended to be elevated in female patients. The 
proinsulin/C-peptide ratio was three to fourfold elevated in 
the diabetic groups of both sexes, (p < 0.001). Further, pro- 
insulin and C-peptide were studied in 83 cyclosporin and 86 
placebo-treated subjects during the trial and follow-up. An 
additional increase of proinsulin/C-peptide ratio was ob- 
served during the first three months of placebo treatment. It 
remained constantly high for nine months and then declined 
to entry level. This pattern was not seen in the cyclosporin- 

treated group, where the ratio was unchanged during the 12 
months trial and follow-up. The effect of cyclosporin on the 
induction of non-insulin requiring remission was unrelated 
to fasting and glucagon stimulated C-peptide levels at entry, 
whereas 64% of the cyclosporin-treated against 28% of the 
placebo-treated subjects (p < 0.01) went into remission if the 
proinsulin/C-peptide ratio at entry was above 0.024. If the 
ratio was below 0.024 at entry, 42% and 33% went into non- 
insulin requiring remission, respectively (NS). We conclude 
that fasting proinsulin to C-peptide molar ratio is elevated at 
the onset of Type i diabetes mellitus. A further plateau- 
shape elevation lasting nine months was seen during the re- 
mission period. Cyclosporin seems to inhibit or delay this de- 
velopment. The proinsulin/C-peptide ratio at diagnosis may 
show to be of value in the prediction of remission during cy- 
closporin treatment. 

Key words: Type i (insulin-dependent) diabetes mellitus, re- 
cent-onset, proinsulin, C-peptide, cyclosporin, remission. 

Characteristic quantitative changes of B-cell function are 
seen at onset and during the first year of remission and 
relapse of Type i (insulin-dependent) diabetes mellitus 
[1-6]. Further, a five to tenfold increase of the molar ratio 
between proinsulin and C-peptide suggests a qualitative- 
ly altered function of the B cells at the time of diagnosis 
[7, 8]. This elevated ratio seems to persist throughout the 
remission period [8]. The mechanisms behind, and 
significance of, this alteration of B-cell function is un- 
known. 

In recent years clinical trials of cyclosporin in newly di- 
agnosed Type i diabetes, including the present study, 
have shown a beneficial effect of cyclosporin on the 

* Prepared by the authors for The Canadian/European Diabetes 
Study Group. 

frequency of non-insulin requiring remission and on 
C-peptide levels [9, 10]. The effect of cyclosporin on 
proinsulin levels is unknown. 

Ludvigsson [8] found a weak correlation between a 
long remission and a low proinsulin/C-peptide ratio at 
onset, suggesting a possible value of the ratio as a predic- 
tor of remission. Old age, high C-peptide levels and low 
islet cell antibody titres at diagnosis are suggested as hav- 
ing predictive value on the rate of fall of C-peptide levels 
and the frequency of remission [3-6[. 

We studied fasting proinsulin and C-peptide levels of 
the recent onset insulin-treated Type 1 diabetic subjects 
participating in the Canadian/European randomized 
placebo controlled trial of cyclosporin [9]. Primarily, we 
analysed the quantitative and qualitative changes of 
B-cell function at entry of the study. Secondly we studied 
the further changes of the molar ratio of proinsulin to 
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Table 1. Characteristics of 134 male and 42 female recent onset 
Type i (insulin-dependent) diabetic subjects and 30 male and 30 fe- 
male age and weight matched control subjects. Results are indicated 
as median, 25th and 75th percentile 

Males Females 

Diabetic Control p Diabetic Control p 
subjects subjects subjects subjects 

Number 134 30 42 30 

Age (years) 22 21 NS 22 20 NS 
(17-26) (14-30) (18-24) (15-25) 

Weight (kg) 66 70 NS 55 56 NS 
(59-73) (46-79) (50-60) (50-65) 

Fasting 
C-peptide 0.20 0.38 < 0.001 0.21 0.42 < 0.001 
(nmol/1) (0.15-0.26)(0.31-0.45) (0.17-0.27)(0.30-0.49) 

Fasting 
proinsulin 5.1 2.5 < 0.01 3.9 3.1 NS 
(pmol/1) (1.8-11) (1.%4.1) (1.5-8.7) (1.4-5.5) 

Proinsulin/ 
C-peptide 2.6 0.70 2.1 0.73 < 0.001 
ra t io(~ (1.3-5.1) (0.37-1.3) <0.001 (0.96-3.5) (0.38-1.1) 

C-peptide 
6rain after i.v. 
glucagon 0.35 0.32 
(nmol/1) (0.254).48) (0.274).40) 

Proinsulin 
6 rain after i.v. 6.1 4.7 
glucagon (2.0-12) (2.0-9.1) 

HbAl~ 10.7 a 9.4" 
(%) (9.3-12.2) (8.7-10.5) 

Fasting 
blood glucose 7.9 7.4 
(retool/l) (6.1-11.1) (6.1-9.1) 

Insulin dose 0.48 0.48 
per kg (0.344).64) (0.354).58) 

a Males vs femates,p < 0.05 

C-peptide during the following remission together with 
the effect of cyclosporin on the ratio. Thirdly, the possible 
value of the proinsulin/C-peptide ratio in the prediction of 
remission was considered. 

Subjects and methods 

A group of 188 newly diagnosed ketosis-prone Type i diabetic pa- 
tients were consecutively admitted to 12 diabetic centers in Canada 
and Europe for a randomized placebo controlled trial of cyclosporin. 
Insulin treatment was started prior to allocation. Patients were in- 
cluded within 14 weeks of the onset of symptoms and 6 weeks of in- 
sulin treatment. Obesity, a strong family history of Type 2 (non-in- 
sulin-dependent) diabetes or conditions excluding cyclosporin 
treatment were exclusion criteria. The intention was to treat for 12 
months, but placebo was substituted for cyclosporiu, if two consecu- 
tive fasting C-peptide measurements were less than 0.1 nmol/1, after 
the third month. Proinsulin and C-peptide were measured in the 
fasting state and 6 min after i. v. injection of I mg of glucagon at entry 
of the study and at 1, 3, 6, 9,12, 15 and 18 months. 

H L A - D R  type was determined in all subjects. Islet cell and in- 
sulin antibodies were measured at entry, 3, 6, 9 and 12 months. Fast- 
ing blood glucose (fBG) and HbAic were measured at all time points, 
but were only available for us at entry. For further details consult the 
principal report of the trial [9]. 
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C-peptide in plasma was analysed in two different laboratories 
using the same RIA techniques according to Heding [11] and Faber 
[12] with a good correlation (r = 0.96). Proinsulin was analysed with 
an enzyme linked immunoassay [13]. Detection limit was 1.2 pmol/1. 
Below that, the figure 1.1 pmol/1 was given. C-peptide did not cross- 
react up to a concentration of 10,000 pmol/1 and insulin not up to 400 
pmol/1 at 50% dilution. Both intact proinsulin and major split pro- 
ducts were measured. The islet cell antibody titres were measured 
using workshop methodology as recently described in detail [14]. 

A group of 60 normal subjects were selected from a pool of 176 
healthy non-diabetic subjects. All were without first degree Type 1 
diabetic relatives. Selection criteria was an age range of 9 to 35 years 
and a body mass index below 25 kg/m z. 

Statistical analysis 

C-peptide and proinsulin results are indicated as median, 25th and 
75th percentile. Between-group comparisons were made with 
Mann-Whitney Rank Sum Test, and within-group with Wilcoxon 
Test for Pair Differences. Log~ (proinsulin) and 1Oge (proinsulin/C- 
peptide ratio) were used as dependent variables in the analyses of 
variance and in the regression analyses. Only complete records were 
entered in the former, n=113 (proinsulin) and n= 112 (prohl- 
sulin/C-peptide ratio). BMDP software programmes (version 1987, 
Los Angeles, Calif., USA) were used for the statistical analyses. 

Results 

Prior to cyclosporin treatment 

Plasma from the t ime of entry to the study were available 
f rom 176 of the 188 diabetic subjects for proinsulin and C- 
peptide measurements.  The characteristics of these pa- 
tients and the 60 normal  subjects are indicated in Table 1. 
The two groups were matched with regard to age and 
weight when considering the two sexes separately. 

Fasting proinsulin was approximately doubled 
(p < 0.01) and fasting C-peptide approximately halved 
(p < 0.001) in the male insulin-treated patients at entry 
compared to the normal  male subjects (Table 1), leading 
to a markedly elevated proinsulin/C-peptide ratio, 
p < 0.001. Fasting proinsulin was not significantly elevated 
in the female group but C-peptide was halved (p < 0.001) 
leading to the same level of increased proinsulin/C-pep- 
tide ratio (p < 0.001) as in male subjects (Table 1). Com- 
paring the two sexes revealed no significant differences in 
proinsulin, C-peptide, proinsulin/C-peptide ratio or any 
other of the available parameters  at entry or at any time 
point during the study, except for the higher weight and a 
significantly higher HbAIr among male diabetic patients 
(Table 1, p < 0.05). In spite of these minor differences be- 
tween sexes, the data of both  sexes are pooled in Figures 1 
and 2 and in the subsequent results. 

As is apparent  f rom Figures 1 and 2, the fasting proin- 
sulin and proinsulin/C-peptide ratio cannot be approxi- 
mated  to a normal  distribution. However,  the loge values 
showed normal  distributions with similar shapes in Type 1 
diabetic and normal  subjects. 

Neither  fasting proinsulin nor proinsulin/C-peptide 
ratio at entry of the study were related to age, weight, 
U b A l c ,  fBG concentration, insulin dose per kg or insulin 
antibodies. Islet cell antibody titres were not correlated to 
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proinsulin or proinsulin/C-peptide ratio at any time. Fur- 
thermore, there were no significant differences in pro- 
insulin and proinsulin/C-peptide ratio, when dividing the 
population according to the H L A - D R  types, DR3/4, 
DR4/X, DR3/X and DRX/X. 

Diabetic patients on insulin therapy _< 14 days prior to 
allocation had significantly lower proinsulin levels and 
proinsulin/C-peptide ratio at entry. Excluding subjects 
with > 6 weeks of symptoms according to the definition 
used in the principal report [9], these differences disap- 
peared. 

Fasting proinsulin was correlated to fasting C-peptide 
(r = 0.41, p < 0.001), to glucagon-stimulated C-peptide 
(r = 0.41, p < 0.001) and very closely to glucagon-stimu- 
lated proinsulin (r = 0.94, p < 0.001). Thus, the latter has 
not been considered further in the present study. 

Data obtained during cyclosporin or placebo treatment 

Of the 93 patients allocated to cyclosporin and the 95 to 
placebo, only data from 83 and 86 were included in the 
present part of the study. The others were either excluded 
from the original trial or no plasma for proinsulin mea- 
surements were available. 

Fasting proinsulin, fasting C-peptide, proinsulin/C- 
peptide ratio and insulin dose per kg during the 12 months 
cyclosporin or placebo treatment are given in Table 2, 
together with data from the subsequent six months, when 
no immunotherapy was given. Proinsulin increased in the 
placebo group from entry to one month (p < 0.01) and 
from one month to three months (p < 0.001). It remained 
elevated the following nine months and then declined sig- 
nificantly to entry levels (p < 0.01). The proinsulin/C-pep- 
tide ratio displayed a similar development in this group. A 
smaller but significant increase of fasting proinsulin was 
seen during the first three months of cyclosporin 
(p < 0.01), followed by unchanged levels. The ratio did not 
change from baseline in this group. 

Proinsulin/C-peptide ratio was significantly lower dur- 
ing cyclosporin treatment at 3, 6, 9 (p < 0.01) and 12 
months (p<0.05) and fasting proinsulin lower at 3 
(p < 0.05) and 9 months (p < 0.05) (Table 2). The one-way 
analyses of variance showed a significant treatment effect 
on proinsulin/C-peptide ratio (p < 0.01), but not on pro- 
insulin. 

An inverse correlation was found between the mean 
values of insulin dose per kg at each time point and the 
respective loge (proinsulin) values in both treatment 
groups, cyclosporin: r = - 0 . 9 4 ,  p<0.01  and placebo: 
r = - 0.88, p < 0.05. The individual correlations expressed 
as the median r-values were - 0.45 ( - 0.70 to - 0.01) and 
-0.43 ( -  0.77 to -0.11), respectively. However, insulin 
dose was only correlated to the mean C-peptide values 
during cyclosporin (r = - 0.97, p < 0.01), and not during 
placebo (r= -0.49, NS). The individual coefficients of 
correlation were - 0.55 ( -  0.70 to - 0.25) and - 0.34 
( -0 .67  to -0.08), respectively. Insulin dose and loge 
(proinsulin/C-peptide ratio) seem to be better related in 
the placebo-treated group ( r = - 0 . 6 2 ,  individual r- 
values: -0.40 ( -  0.66 to -0.07)) compared to the cy- 
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Fig.1. Fasting proinsulin in 176 recent onset insulin-treated Type 1 
(insulin-dependent) diabetic subjects and 60 age and weight 
matched control subjects. The median value was 4.8 pmol/1 in the 
Type I diabetic group and 2.8 pmot/1 in the control group, (bars) 
p < 0.01. Arrow indicates proinsulin values of 44, 50, 52, 71, 72 and 
160 pmol/1 
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Fig.2. Fasting proinsulin/C-peptide ratio in 175 recent onset insulin- 
treated Type 1 (insulin-dependent) diabetic subjects and 60 age and 
weight matched control subjects. The median value was 2.4% in the 
diabetic group and 0.72 in the control group (bars), p < 0.001. Arrow 
indicates values of 40, 55, 56 and 59% 



O. Snorgaard et al.: Proinsulin and C-peptide at onset of Type 1 diabetes mellitus 

Table 2, Fasting proinsulin, C-peptide, proinsufin/C-peptide ratio 
and insulin dose per kg during i year of treatment with cydosporin 
(cy) or placebo (pla) and 6 months follow-up. Median, 25th and 75th 6- 
percentile 

o 5- Fasting Fasting Proinsulin/ Insulin .= 
Proinsulin C-peptide C-peptide dose 
(pmol/1) (nmol/1) ratio (%) (U/kg) 

Baseline 

cy (n = 80) 5.1 0.19 2.7 0.50 
(1.6-11) (0.13-0.26) (1.4-5.2) (0.36-0.66) 

pla(n=81) 4.7 0.21 2.2 0.45 
(2.0-10) (0.174).27) (1.1-4.6) (0.334).60) 

I month 

cy (n = 74) 7.3 0.24 3.2 0.33 
(2.7-13) (0.16-0.30) (1.3-4.9) (0.21-0.49) 

pla(n=73) 7.2 0.23 2.6 0.29 
(3.1-16) (0.19-0.30) (1.6-6.0) (0.21-0.44) 

3 months 

cy (n = 76) 7.6" 0.25 2.9 b 0.16 
(3,3-14) (0.204).35) (1.7-4.7) (0.00-0.38) 

pla (n = 74) 11.5" 0.23 5.0 b 0.23 
(3.7-25) (0.1%0.33) (2.2-8.9) (0.00-0.38) 

6 months 

cy (n = 74) 6.7 0.27 b 2.8 b 0.09 b 
(3.1-19) (0.214).35) (1.5-6.3) (0.00-0.33) 

pla (n = 73) 9.7 0.21 b 4.9 b 0.24 b 
(5.9-16) (0.144).29) (3.2-8.5) (0.114).42) 

9 months 

cy (n = 62) 6.22 0.248 2.9 ~ 0.19 b 
(2.7-14) (0.19-0.32) (1.4-5.6) (0.00-0.36) 

pla (n = 72) 10.5 a 0.178 5.3 ~ 0.32 b 
(5.9-18) (0.124).30) (2.8-10.6) (0.11-0.47) 

12 months 

cy (n = 74) 9.0 0.26 b 3.7 a 0.208 
(3.3-17) (0.184).34) (1.9-5.6) (0.004).33) 

pla(n=78) 9.9 0.1& 5.4 a 0.36 b 
(3.7-16) (0.134).27) (2.4-8.1) (0.204).51) 

15 months 

cy (n = 42) 6.8 0.23 = 2.9 
(1.1-11) (0.14-0.31) (1.2-4.2) 

pla(n=41) 3.0 0.16" 2.2 
(1.3-9.7) (0.104).22) (1.4-4.4) 

18 months 

cy (n = 35) 7.2 0.20 3.5 
(3.0-11) (0.134).26) (1.9-5.5) 

pla (n = 35) 3.5 0.13 3.7 
(1.1-10) (0.09-0.23) (1.6-5.3) 
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closporin group  ( r =  -0 .15 ,  individual  r-values: - 0 . 2 4  
( - 0.56 to 0.20) ). 

Similar inverse corre la t ions  could be  demons t r a t ed  be-  
tween  m e a n  HbA1c at entry, 3, 6, 9 and 12 mon ths  [9] and 
the respect ive  m e a n  1oge (proinsulin) values  in bo th  
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Fig.3. Median fasting proinsulin/C-peptide ratio during 12 months 
cyclosporin or placebo treatment and 6 months follow-up of respec- 
tively, 83 and 86 recent onset Type 1 (insulin-dependent) diabetic 
subjects either achieving or not achieving non-insulin requiring re- 
mission (NIR). Cyclosporin and NIR, n = 44 ( ;  =); cyclosporin 
without NIR, n = 39 (-" "-); placebo and NIR, n = 27 (o---o); place- 
bo without NIR, n = 59 (zx----zx) 

groups  (cyclosporin: r = - 0 . 9 3 ,  p lacebo:  r = - 0 . 9 3 ;  
p < 0.05) and m e a n  fasting C-pep t ide  values in the cyclo- 
spor in- t rea ted  g roup  (r = - 0.99, p < 0.01), but  not  in the 
p lacebo  group  (r = -0.22, NS). HbAlc  t ended  to corre la te  
to loge (proinsul in /C-pept ide  rat io)  in the p lacebo  but  not  
in the  cyclospor in- t rea ted  group;  r = - 0.85 (p = 0.07) and 
r = - 0.18, respectively. 

The  H L A - D R 3 , X  posit ive subjects did not  display a 
fur ther  increase of  the pro insul in /C-pept ide  rat io af ter  
i m o n t h  of p lacebo  t r e a t m e n t  as seen  in the rest  of  the 
group.  

Proinsulin and pro insul in /C-pept ide  rat io  r ema ined  
significantly lower  during the first 6 mon ths  in the place-  
bo- t rea ted  subjects with a short  dura t ion  of insulin ther-  
apy  ( < 14 days) pr ior  to en t ry  c o m p a r e d  to pat ients  with a 
long durat ion.  

Proinsul in and non-insul in requiring remission (NIR)  

Fif ty-four  pe r  cent  of  the cyc lospor in- t rea ted  subjects 
par t ic ipat ing in the p resen t  s tudy acquired  a non-insul in 
requir ing state during the first year  against  31% in the 
p lacebo  g roup  (p < 0.01). Pro insul in /C-pept ide  rat ios at  
each t ime point  in the two groups  with or  wi thout  NIR ,  
are indicated in Figure  3. Cyclospor in  had  the same  im- 
pact  on the rat io as earl ier  described,  i ndependen t  of  
NIR.  

The  possible  value of the rat io at onset  in the predic-  
t ion of remiss ion is i l lustrated in Table  3. A proinsul in/C- 
pep t ide  rat io  above  0.024 (med ian  value of all diabetic 
subjects) at en t ry  to the trial fo l lowed by cyclosporin t reat-  
merit  was associa ted with a f requency  of  N I R  of  64% 
against  42% if the  rat io  was below 0.024 (p = 0.077). This  
t endency  was not  seen in the p lacebo  group.  Fu r the rmore ,  
a significant effect of  cyclosporin was only p resen t  if the 
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Table 3. The relationship between the frequency of non-insulin re- 
quiring remission (NIR) during the first year of Type i (insulin-de- 
pendent) diabetes mellitus and fasting proinsulin/C-peptide ratio 
(P/C ratio) at diagnosis in 80 cyclosporin- (Cy) and 81 placebo- (Pla) 
treated patients. Eight subjects were not included due to missing 
values at entry. Number of subjects achieving NIR out of the total 
number in each subgroup are indicated 

Treatment p 

Cy Pla 

All patients 43/80 25/81 < 0.01 

P/C ratio >_ 0.024 27/42 11/39 < 0.01 
p 0.077 NS 
P/C ratio < 0.024 16/38 14/42 NS 

HLA-DR 3,4 4,X and X,X 
P/C ratio >_ 0.024 23/35 10/28 < 0.05 
p 0.008 NS 
P/C ratio < 0.024 9/30 10/33 NS 

HLA-DR 3,X 
P/C ratio >_ 0.024 4/7 1/11 NS 
p NS 0.06 a NS < 0 ,05  b 

P/C ratio < 0.024 7/8 4/9 NS 

"Cy and pla together; b All Cy vs all pla 

ratio was above 0.024 (p < 0.01). Considering the HLA 
subgroups separately revealed that this association origin- 
ated from the HLA-DR 3,4 4,X and X,X groups, whereas 
a low rather than high ratio at entry tended to be related to 
a higher frequency of remission among HLA-DR 3,X sub- 
jects (Table 3). 

Neither fasting nor glucagon-stimulated C-peptide at 
entry could predict NIR in either of the treatment groups 
or in any of the HLA subgroups. 

Discussion 

The Canadian/European study of cyclosporin was de- 
signed to test the possible effect of the drug on the fre- 
quency of remission and C-peptide levels as a measure of 
B-cell function [9]. No hypothesis concerning proinsulin 
levels or the proinsulin/C-peptide ratio was suggested be- 
forehand. This must be kept in mind in the evaluation of 
the present results. Another problem is the large amount 
of missing values especially during the follow-up period 
(Table 2). Mainly because of the descriptive nature of the 
results, we included all patients with available plasma for 
proinsulin measurements not excluded from the original 
study. In the choice of statistical methods we have tried to 
take this into account. 

The present study had given evidence for the Presence 
of an altered B-cell function, with a three to fourfold ele- 
vation of the molar ratio between fasting proinsulin and 
C-peptide in recent onset insulin-treated Type 1 diabetic 
subjects. Thereby, we have substantiated the findings of 
Ludvigsson [8] and Heding [7]. Furthermore, we have de- 
scribed further changes of [3-cell function during rex 
mission and relapse of Type 1 diabetes (placebo group). A 
plateau-shaped nine months long further elevation of the 
proinsulin/C-peptide ratio at entry was demonstrated 
(Fig.3). 

This pattern and the inverse correlation between mean 
HbAlc at each time point and the respective loge (pro- 
insulin) and log~ (proinsulin/C-peptide ratio) values 
together with the lack of a "cross sectional" correlation at 
entry between these parameters, speak against a metabo- 
lic "drive" on a reduced number of B ceils as the only 
explanation for the elevated proinsulin/C-peptide ratio 
in Type 1 diabetes [15]. The finding of elevated pro- 
insulin levels in non-diabetic siblings of Type 1 diabetic 
subjects further oppose this explanation [16]. The hy- 
pothesis, however, is a likely explanation for the observed 
elevation in poorly controlled Type 2 diabetes [15, 17, 18]. 
The inverse correlations between proinsulin and both 
HbA~o and insulin dose in the placebo group suggest that 
proinsulin may be a better indicator of B-cell function 
than C-peptide. This is supported by the finding of a 
significantly lower insulin dose during late remission 
(6 months) compared to shortly after the onset, in spite of 
similar fasting C-peptide levels (Table 2). The released 
proinsulin could have some metabolic effects during the 
late remission. Changes in insulin resistance may, how- 
ever, be the primary determinant of this phenomenon 
[19]. 

Another explanation for the inverse correlation be- 
tween proinsulin and insulin dose could be a negative 
feedback control of insulin on proinsulin release, 
probably through a inhibition of glucagon. A feed- 
back control has been demonstrated in non-diabetic 
subjects [20], but remains to be studied in Type 1 
diabetes. 

There is no evidence of a changed metabolic clearance 
rate of either proinsulin or C-peptide in diabetic subjects 
[21-23]. Thus, apart from the possible modulating effect 
of insulin, it seems justified that the plateau-shaped fur- 
ther elevation of proinsutin/C-peptide ratio in the placebo 
group reflects alterations of B-cell function during re- 
mission and relapse. 

One could speculate that the relief of the hypergly- 
caemic drive on the islets makes a partial regeneration of 
the B cells possible. The ratio between primitive high 
proinsulin releasing and mature lower proinsulin releas- 
ing cells may then increase. The finding of an increased 
proinsulin to insulin ratio in newborn babies compared to 
adults supports this theory [24]. Another possibility is the 
existence of a pool of primitive high proinsulin releasing 
cells more resistant to destruction. 

In the cyclosporin-treated group no elevation of the 
proinsulin/C-peptide ratio was seen during the remission 
period, indicating that cyclosporin in some way prevents 
or delays the further alteration of B-cell function ob- 
served in the placebo group during remission. There is evi- 
dence suggesting a supressive action of cyclosporin on in- 
terleukin-1, which may be an important mediator of B-cell 
destruction in Type 1 diabetes [25, 26]. Interleukin-1 in- 
duces hypoglycaemia in rodents by increasing insulin lev- 
els and probably through other, at the moment, unknown 
mechanisms [27]. A significant part of the measured in- 
sulin in this study could have been proinsulin. Thus, a sup- 
pression of interleukin-1 may explain why no further in- 
crease of proinsulin/C-peptide ratio is observed in the 
cyclosporin-treated group. The level of the ratio may in 
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some way be related to the cytotoxic activity against the 
B cells. 

The  association be tween  a proinsul in/C-peptide ratio 
above 0.024 and the effect of  cyclosporin gives, in our  
opinion no f irm guideline for a future therapy, but  avo- 
cates testing the possible predict ive value of  the pro-  
insulin/C-peptide ratio in new randomized  control led 
trials of  cyclosporin or  o ther  drugs with a possible effect 
on  the f requency of  remission. 

Renal  failure is associated with a decline in clearance 
and increasing serum levels of  C-peptide and proinsulin 
[28]. Cyclosporin  t rea tment  was in the present  study 
associated with a significant decline of  calculated 
creatinine clearance [9], whereas  no change was 
observed in the p lacebo group. Thus,  a cyclosporin- 
induced change of  proinsulin clearance cannot  explain 
the effect of  cyclosporin on the proinsul in/C-peptide 
ratio. 

Thus, we have conf i rmed that  the proinsulin to C-pep-  
tide mola r  ratio is e levated in recent  onset  Type 1 diabetic 
subjects and identified fur ther  alterations of  B-cell func- 
t ion during remission and relapse with a 9 m o n t h  long fur- 
ther  elevation of  the ratio. This pat tern  is discussed in de- 
tail and various hypotheses  are proposed.  A n  association 
be tween  a relatively high proinsul in/C-pept ide ratio at 
entry to the study and a significant effect of  cyclosporin on 
the induct ion of  remission, suggest a possible value of  the 
ratio in the predict ion of  remission of  Type 1 diabetes 
t reated with cyclosporin. 
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