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Effect of human lymphoblastoid interferon on insulin synthesis 
and secretion in isolated human pancreatic islets 
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Summary. Human islets of  Langerhans were isolated from the 
pancreas removed from a 13-year-old female transplant do- 
nor. The islets were incubated in a culture medium for 24 h 
in the presence of human lymphoblastoid interferon 
(1000 units/ml). Insulin secretion, proinsulin biosynthesis, to- 
tal protein biosynthesis and total insulin content were as- 
sessed at various concentrations of  glucose in the presence of 
interferon. In interferon-treated islets glucose-stimulated insu- 

lin secretion was unaltered from that of  control islets; how- 
ever, glucose-stimulated proinsulin biosynthesis was specif- 
ically inhibited by interferon (48%, p <0.025). Total protein 
biosynthesis and total insulin content were not significantly 
affected by interferon. 
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I n t e r f e r o n  is able  to p ro tec t  m o s t  types  o f  m a m m a l i a n  
cells f r o m  a viral  in fec t ion  b y  m o d i f y i n g  the  p ro te in  
synthes iz ing  sys tem o f  the  hos t  cell [1, 2]. At  low concen-  
t ra t ions,  ( <  50 u n i t s / m l ) ,  in te r fe ron  preferen t ia l ly  inhi- 
bits viral  repl ica t ion ,  leaving  hos t  cell p ro t e in  synthes is  
u n t o u c h e d  [1]. Howeve r ,  at h igher  concen t ra t ions  
( >  1 5 0 u n i t s / m l ) ,  in te r fe ron  also m a y  r educe  hos t  cell 
p ro te in  synthesis  [3], and  inhibi t  the  synthesis  o f  cer ta in  
induc ib le  pro te ins  [4, 5]. 

A n u m b e r  o f  vi ruses  are k n o w n  to induce  d iabe tes  
in e x p e r i m e n t a l  an ima l s  b y  direct  effects  on  the  islets o f  
L a n g e r h a n s  [6]. Viruses  also can  induce  the  p r o d u c t i o n  
o f  in te r fe ron  in s o m e  cells [1]. Whi le  in te r fe rons  u n d e r  
s o m e  c i r cums tances  can  pro tec t  aga ins t  s u b s e q u e n t  in- 
ocu la t ion  o f  such  d i abe togen i c  vi ruses  [7, 8], it is no t  
k n o w n  whe the r  h igh  local  concen t ra t ions  o f  in te r fe ron  
m a y  have  o the r  effects  on  fl-cell funct ion.  Wi th  this in 
mind ,  we  have  inves t iga ted  the  effect  o f  a h igh  concen-  
t ra t ion  o f  in te r fe ron  on  h u m a n  panc rea t i c  islet fl-cell 
funct ion .  

Materials and methods 

Human islet isolation 

Part of the tail of the pancreas from a renal transplant donor was re- 
moved surgically in a minimum ischaemic period and placed in ice- 
cold sterile RPMI 1640 tissue culture medium containing glucose 
(5 mmol/1), 10% fetal calf serum, penicillin (100U/ml) and strepto- 

mycin (0.1 mg/ml), for carriage back to the laboratory. Removal of the 
pancreas was conducted under the guidelines of The London Hospi- 
tal Ethical Committee. The patient was a 13-year-old female with a 
brain tumour. There was no previous history of diabetes or other me- 
tabolic disorder. The pancreas was washed in sterile bicarbonate buf- 
fered medium gassed with O2+CO2 (95%:5%) immediately before 
use [9] and then cut into pieces of approximately 1 g weight. These 
pieces were distended by injection with bicarbonate buffered medium 
(pH 7.4), containing collagenase (1 mg/ml) (Type I, Sigma (London), 
Poole, Dorset, UK), chopped into small pieces (2-3 mm3), centrifuged 
(2,500 rev/min for 20 s) and the collagenase solution decanted. The 
pancreas pieces were then suspended in fresh bicarbonate buffer 
(10 ml) [91, containing collagenase (3 mg/ml) and shaken for 30 min at 
37 ~ using a mechanical flask shaker (Griffin, London, UK). From 
the resultant digest, islets were harvested as described by Howell and 
Taylor [10], using a drawn out Pasteur pipette under aseptic condi- 
tions and viewing under a dissection microscope. From approximate- 
ly 5 g of pancreas 543 islets were obtained. 

Islet treatment and assay of  islet fl-cell function 

Harvested islets were placed in groups of 100/ml in RPM11640 tissue 
culture medium containing glucose (2 mmol/1), 10% fetal calf serum, 
penicillin (100 U/ml) and streptomycin (0.1 mg/ml). The islets were 
incubated for 24 h either with or without addition of human lympho- 
blastoid interferon (1000 units/ml, Burroughs Wellcome, Beckenham, 
Kent, UK), in a CO2 incubator (LEEC, Leicester, UK) at 37 ~ After 
washing in bicarbonate buffer [9], islets were placed in groups of 
10-15 in microcentrifuge tubes. Each group was incubated in bicarbo- 
nate buffer (150p.1) with glucose (2 or 20mmol/1) and L-phenyl- 
[2,3-3H]-alanine (80 gCi/ml) (Amersham International, Amersham, 
Bucks, UK) for 90 min at 37 ~ in a shaking water bath. After centrifu- 
gation (2,500 rev/min for 20s), the supernatant was removed for 
radioimmunoassay of insulin secreted [111. (Human insulin stan- 
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Table 1. Effects of human leucocyte interferon on various parameters of isolated human islet function at basal and raised glucose concentrations 

Control islets 

Glucose (2 retool/l) Glucose (20 retool/l) 

Interferon-treated islets 

Glucose (2 mmol/l) Glucose (20 mmol/1) 

Total protein biosynthesis 
(103 cpm 3H-phenylalanine incorporation. 
~tg DNA -1 .h -1) 

Proinsulin biosynthesis 
(103 cpm 3H-phenylalanine incorporation. 
gg DNA -1 .h -1) 

Insulin secretion 
(pg �9 l-tg DNA -1 "min -1) 

Total insulin content 

14.41+ 2.38 (5) 25.24+ 4.81 (5) a 11.41+ 1.54 (4) 18.60+ 2.16 (6)" 

0.47 + 0.14 (5) 4.26 q- 0 .87  (5) b 0.56_+ 0.09 (5) 2.23 + 0.18 (6) ~,c 

65.32 + 7.90 (5) 234.79 _+ 38.24 (5) b 86.03 ___ 10.09 (5) 253.56 + 25.17 (6) b 

(ng/l.tg DNA) 114.05 _+ 26.47 (5) 97.34 + 21.57 (5) 104.28 + 19.13 (5) 87.49 + 17.37 (6) 

Results are given as mean + SEM with the number of observations in parentheses, a p < 0.05 or b p < 0.005 statistically different from equivalent 
2 retool/1 glucose-treated islets C p < 0.025 statistically different from equivalent control islets. 

dard and binding reagent were from Wellcome Research Reagents, 
Beckenham, Kent, UK). The islets were then washed in phosphate 
buffered saline (PBS, l ml), containing phenylalanine (10mmol/1) 
and resuspended in 100 ~tml PBS and sonicated (25 watts for 15 s, 
Branson - B15P, Dawe Instruments, London, UK). The resulting son- 
icate was assayed for islet total insulin [11] and DNA content [12]. In- 
corporation of labelled phenylalanine into total protein and 
immuno-extractable proinsulin was assessed by the method of Berne 
[13]. In these experiments, no attempt was made to distinguish be- 
tween proinsulin and insulin. 

Statistical analysis 

Results are expressed as mean_+ SEM, with the number of observa- 
tions in parentheses. Significant differences between results were as- 
sessed by Student's t-test. Values with p < 0.05 were regarded as sig- 
nificant. 

Results 

The rates of proinsulin biosynthesis and insulin secre- 
tion at glucose (20 mmol/1) were specifically increased 
in control isolated human islets when compared with 
the rate at glucose (2 mmol/ l)  (Table 1). The rate of total 
protein biosynthesis was similarly raised, but to a much 
lesser extent. Total insulin content of control islets was 
not significantly affected by altering glucose concentra- 
tions. 

In islets treated with interferon (1000 units/ml), in- 
sulin secretion and total insulin content were unaltered, 
giving results similar to those obtained in control islets 
incubated with glucose (2 and 20 mmol/1). By contrast, 
interferon specifically and significantly inhibited 
20mmol/1 glucose-induced proinsulin biosynthesis 
(p < 0.025). There was a slight reduction in total protein 
biosynthesis with glucose (2 and 20mmol/1) in inter- 
feron-treated islets; however, this was not statistically 
significant. 

The DNA content of the islets (0.137+ 
0.007~g/islet) did not vary significantly between 
groups of islets and was comparable to that of other hu- 
man islet studies. 

Discussion 

That high glucose concentration induces an increase in 
insulin secretion and proinsulin biosynthesis in isolated 
human islets has been reported elsewhere [14-16]. Total 
protein biosynthesis (to a lesser extent) is also signifi- 
cantly raised by high glucose concentrations, and this 
may be a reflection of increased glucose utilisation [14], 
as well as increased proinsulin biosynthesis. 

In this study, a high level of human lymphoblastoid 
interferon (1000units/ml) inhibits glucose-induced 
proinsulin biosynthesis in isolated human pancreatic is- 
lets. Similar observations for interferon inhibition of the 
synthesis of inducible proteins have been made in other 
systems [4, 5, 17]. At this high interferon concentration, 
total protein biosynthesis may also be reduced [3]. 

Interferon is thought to inhibit protein biosynthesis 
by inducing at least two enzyme systems via specific re- 
ceptors on the host cell [1, 2]. One of the enzymes in- 
duced by interferon, 2'-5'oligoadenylate synthetase, 
synthesises certain oligoadenylates from ATE These ol- 
igoadenylates activate latent endoribonucleases which 
cleave free single-stranded RNA (including free cyto- 
plasmic mRNA), resulting in a decrease in new protein 
synthesis in the host cell. The other interferon-induced 
enzyme is a protein kinase, which phosphorylates an 
initiation factor involved in the initiation of protein syn- 
thesis, known as eIF2. Once phosphorylated, eIF2 ac- 
tivity is inhibited, hence the initiation of new protein 
biosynthesis in the cell is reduced. We suggest that inter- 
feron is inducing these enzyme systems in the isolated 
human islet/3 cells, which in turn inhibits glucose-in- 
duced proinsulin biosynthesis. 

It is uncertain whether the effect of high concentra- 
tions of interferon are important in virus-induced dia- 
betes, in which under some circumstances proinsulin 
biosynthesis may be decreased [18]. With regard to this, 
a high local concentration of interferon in the vicinity of 
the islet/3 cells might temporarily diminish proinsulin 
biosynthesis. 
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