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Summary. We have tested whether  experimental  
insulitis induced by multiple subdiabetogenic injec- 
tions of streptozotocin can be transferred by lympho- 
cytes to normal recipients. C57BL/6J  mice were 
treated on 5 consecutive days with 40 mg strep- 
tozo toc in /kg  body weight. 5 • 107 nucleated spleen 
cells f rom 20 animals which had developed hypergly- 
caemia with concomitant  insulitis three weeks after 
the first streptozotocin-injection, were transferred 
into congenic thymusless C57BL/6J-nu/nu mice. The 
cell transfer led to lymphocytic infiltrations of pan-  
creatic islets in 75% of the recipients. Hypergly-  
caemia was not observed. I t  is concluded that low- 
dose streptozotocin t reatment  induces cellular 
immune reactions against pancreatic islets. 

cin-induced diabetes. It  has been suggested that the 
immune reactions are directed against altered struc- 
tures of islet cells which would be generated during 
s treptozotocin-treatment  [1, 4]. 

The purpose of our study was to investigate 
whether  immune reactions involved in the low-dose 
streptozotocin-induced diabetes are transferable by 
spleen cells of s treptozotocin-treated mice to normal 
athymic recipients. If this is the case it would suggest 
that autoimmune lymphocytes with specificity for 
pancreatic islets are involved in streptozotocin in- 
sulitis. 

Materials and Methods 
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Mice 

Male C57BL/6J/Bom f and C57BL/6J/Bom-nu/nu of 8-12 weeks 
of age were received from G1. Bomholtgard Ltd., Ry, Denmark. 
Mice were kept under conventional conditions with water and food 
ad libitum. 

Repea ted  injections of low doses of streptozotocin 
induce hyperglycaemia with concomitant  insulitis in 
some mouse strains [1, 2]. Several similarities have 
been repor ted to exist between this type of experi- 
mental  insulitis and diabetes in mice and the insulin- 
dependent  diabetic syndrome in humans [3]. 

The manifestation of low-dose streptozotocin- 
induced diabetes could not be prevented by blocking 
the B-cell cytotoxic activity of streptozotocin with 3- 
o-methyl-D-glucose.  However ,  the administration of 
anti lymphocyte serum completely protected animals 
f rom the development  of diabetes [4]. Thus, cellular 
immune reactions against pancreatic islets appear  to 
be involved in the aetiology of low-dose streptozoto- 

Streptozotocin Treatment 

Donor mice received five doses of 40mg streptozotocin 
(Boehringer, Mannheim, Germany)/kg body weight on consecu- 
tive days. Intraperitoneal injections were given between 0900 and 
1100 h to nonfasted mice, immediately after dissolving the chemi- 
cal in sodium citrate buffer (25 mmol/1 at pH 4.0). Control groups 
received injections of the buffer alone or were untreated. 

Transfer Procedure 

Three weeks after the first streptozotocin-injection all animals had 
developed diabetes as judged from blood glucose estimation. They 
were sacrificed and their spleens removed. Spleen cells were iso- 
lated by shredding the spleen with steel wire mesh (gauge 
0.12 mm) followed by two washes of cells at 200 g for 10 min in 
Hank's buffer. Viability of cells was between 85 and 90% as 
judged from eosin dye exclusion tests [5]. 
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Table 1. Summary of blood sugar values and morphological characteristics in donors and recipients 
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Donor mice Recipient mice 

Strain n Strepto- Hyper- Insulitis Periduc- Strain n Glucose Hyper- Insulitis Periduc- 
zotocin gly- tulitis intoler- gly- tulitis 
treat- caemia anee caemia 
ment 

Test 
C57BL/6J 20 + 20 20 2 C57BL/6J 20 5 

/'//d/H/,/ 

Control 
C57BL/6J 10 - 0 0 0 C57BL/6J 10 2 

nU/,v//~ 

0 i0 7 

0 1 0 

Spleen cells, 5 x 107, of a single donor mouse were transferred into congenic recipients. Donor mice were sacrificed 3 weeks after the first 
streptozotocin-injection. Analysis of recipient mice was 2 weeks after the cell transfer. In the control experiment donor mice were sham- 
treated with injections of citrate buffer, n = numbers per group 

For cell transfer spleen cells from individual donor mice were 
kept separately. Each recipient mouse received IP an aliquot of the 
spleen cell isolate containing 5 • 10 7 live nucleated cells in a total 
volume of 0.5ml. Recipients were sacrificed for histological 
examination two weeks after cell transfer. Only recipients of 
spleen ceils from donors with insulitis were studied. 

Blood Glucose Estimation 

Blood of non-fasted donor mice was sampled between 0900 and 
1100 h one day before the first streptozotocin-injection and two 
days before the transfer of spleen cells. Glucose tolerance tests on 
non-fasted animals were performed between 0900 and 1100 h by 
injecting 0.014 mol of glucose/kg body weight IP. Blood was 
drawn at 0, 30 and 60 min one day before the transfer and 14 days 
later. Glucose was determined in an Autoananalyser (Technicon 
Instruments Corp., New York, USA), using the GOD-perid 
method of Boehringer, Mannheim (Germany). Animals with basal 
blood glucose values under 11 mmol/1 were considered normal, 
over 11 mmol/1 hyperglycaemic. The border line for glucose intol- 
erance of C57B1/6J-nu/nu mice was set for a 60 rain value higher 
than 14 mmol/l; the average 60 rain value of 26 untreated nude 
mice was 9.0 +_ 0.5 retool/1. 

Histology 

For histological examination the pancreata of donors and re- 
cipients were dissected, carefully attached to a piece of cork, 
immediately fixed in Bouin solution and embedded in paraffin. 
Pancreatic sections always included both head and tail region. 
They were stained with haemotoxylin-eosin and Giemsa solution 
[for routine observation (5)], paraldehyde-fuchsin [to differentiate 
between A- and B-cells (6)] and van Gieson stain [to detect fi- 
brosis (5)]. 

Eight to eighteen islets were observed per section. All were 
screened for pathological changes. Insulitis was arbitrarily clas- 
sified either as weak (10-20 lymphocytes observed per islet sec- 
tion) or as strong (more than 20 lymphocytes per islet section). 
Pancreatic sections were read by two investigators without know- 
ing the experimental protocol. 

In addition, pieces of the livers and kidneys of recipient mice 
were fixed in formalin and embedded in paraffin. Staining was 
performed with haematoxylin-eosin. 

Results 

C57BL/6J mice that had developed hyperglycaemia 
three weeks after the first of 5 injections of 40 mg 
streptozotocin/kg body weight were sacrificed and 
their spleen cells transferred into congenic C57BL/ 
6J-nu/nu mice. Table 1 summarises the results of 5 
separate transfer experiments. It is apparent that 
most recipients of lymphocytes from donors with 
streptozotocin-induced diabetes and insulitis 
developed insulitis and/or periductulitis whereas 
almost all recipients of control lymphocytes showed 
no pathological changes in the islets. The same result 
was obtained in non-treated C57BL/6J-nu/nu mice 
(cf. Fig. 2). 

A detailed analysis of donor and recipient histol- 
ogy is given in Table 2. In recipient mice with insulitis 
between 20 and 80% of islets (average 45%) were 
found to be infiltrated by lymphocytes. 

Insulitis in recipient mice had similar characteris- 
tics to that in donor mice. In both cases infiltrating 
cells were mostly lymphocytes as judged by light mi- 
croscopy. Small lymphocytes were characterised by 
small cytoplasmic content of the cells, which allowed 
differentiation from cells being rich in cytoplasm, 
(such as islet cells, plasma cells, granulocytes and his- 
tiocytes). 

In Figure 1 the various types of inflammatory 
responses observed in recipient mice are demon- 
strated. Lymphocytic infiltration was found within 
the islets (Fig. 1A), at the periphery of islets 
(Fig. 1B) and/or in areas between islet and ducts 
(Fig. 1B). Islets often showed signs of progressive 
degeneration. 

Histological examination of the livers revealed in 
both experimental and control groups slight activa- 
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Fig. 1A and B. Morphology of pancreatic inflammation in C57BL/6J-nu/nurecipient mice 14 days after transfer of 5 • 107 lymphocytes 
from streptozotocin-treated C57BL/6J donors. A Severe infiltration of lymphocytes, characterised by diffuse distribution of lymphocytes 
throughout the islet (magnification 300 x, haematoxytin-eosin stain). B Infiltration at the periphery of the islet and around the duct 
(magnification 200 x, haematoxylin-eosin stain) 

tion of the Kupffer  cells, but no signs of necrosis or 
hepatitis. The kidneys showed no abnormal  changes. 

In each recipient mouse glucose tolerance tests 
were per formed before and after transfer of lympho- 
cytes (Fig. 2). Glucose tolerance was normal  at the 
onset of the experiments.  A few recipients of spleen 
cells f rom diabetic donors developed abnormal  glu- 
cose tolerance, but differences were not significant. 
None  of the animals became hyperglycaemic during 
the observation period after cell transfer. No correla- 

tion between the degree of insulitis and the degree of 
glucose intolerance was apparent  (Fig. 2). 

Discussion 

Lymphocytic  infiltration in the islets of Langerhans 
were described as "insulitis" in human diabetics who 
died shortly after the onset of the disease [7, 8]. 
Insulitis may reflect an immune-media ted  reaction. 
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Table 2. Individual analysis of islet morphology 

Donor mice 
(Streptozotocin- treated) 

Recipient mice 

No. Periduc- Insulitis Periduc- Insulitis Number  of 
tulitis tulitis islets with 

insulitis of 
total per 
section 

1 - + + - 0/11 
2 + + + - 0/14 
3 - (+)  + -- 0/12 
4 - (+)  + (+)  4/ 8 
5 -- (+)  -- (+)  2/ 9 
6 -- + - - O/ 9 
7 -- (+)  -- + 3/14 
8 + + + - 0/15 
9 - + + + 3/ 8 

lO - (+)  - - 0/13 
11 - -  (+)  (+)  - 0/18 
12 - + - - 0/10 
13 - + - + 18/18 
14 - + -- + 8/12 
15 -- + -- (+)  3/13 
16 - + - + 8/12 
17 - + + + 4/12 
18 - + - + 3/13 
19 - + - - 0/12 
20 - + - - 0/12 

Insulitis was arbitrarily classified as weak [(+)]  with 10-20 lym- 
phocytes found per islet section or strong [+] with more than 20 
lymphocytes 
For details see Table 1 

E v i d e n c e  for  this  is p r o v i d e d  by  our  d e m o n s t r a t i o n  
in mice  tha t  this p h e n o m e n o n  can b e  p r o d u c e d  in 
hea l thy  rec ip ien ts  fo l lowing t rans fe r  of sp leen  cells 
f r om an a f fec ted  animal .  

O u r  f inding  tha t  l o w - d o s e  s t r e p t o z o t o c i n - i n d u c e d  
insuli t is  can b e  t r a n s f e r r e d  by  l y m p h o c y t e s  to  n o r m a l  
rec ip ien ts  a rgues  in f avour  of an i m m u n e  m e d i a t e d  
m e c h a n i s m  be ing  presen t .  A s  lymphocy t i c  in f i l t ra t ion  
was no t  f o u n d  in the  k idneys  and  l ivers  of the  re-  
c ip ients  bu t  only  in the i r  islets  of L a n g e r h a n s  we con-  
c lude  tha t  specif ic  ce l lu lar  i m m u n e  reac t ions  agains t  
is le t  cells  a re  involved .  

S t r e p t o z o t o e i n  a p p a r e n t l y  induces  in d o n o r  mice  
ce l lu lar  i m m u n e  reac t ions  agains t  par t s  of panc rea t i c  
is lets  which a re  p r e sen t  in bo th  d o n o r  and  rec ip ien t  
mice.  If  the  insuli t is  in d o n o r  an imals  were  due  to  
l y m p h o c y t e s  r eac t ing  with new or  a l t e r ed  d e t e r m i -  
nan ts  on  is let  cells - g e n e r a t e d  by  the  ac t ion  of  s t r ep-  
t ozo toc in  - t r ans fe r  of  the  d i sease  cou ld  no t  be  
ach ieved  s ince n o r m a l  r ec ip ien t s  w o u l d  lack  the  
p r o p e r  t a rge t  d e t e r m i n a n t ,  unless  t h e r e  is suff icient  
c ro s s - r eac t i on  b e t w e e n  or ig ina l  and  a l t e r ed  de t e r -  
minants .  

Changes  in an t igenic  s t ruc ture  of is le t  cells by  
s t r ep tozo toc in  neve r the l e s s  m a y  be  i m p o r t a n t  for  the  
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Fig. 2. Degree of insulitis or periductulitis and glucose intolerance. 
The blood glucose value 60 rain after the glucose load is shown for 
individual C57BL/6J-nu/nu mice. Group A: untreated controls. 
Group B: control recipients 14 days after transfer of 5 • 10 7 
lymphocytes of sham-treated C57BL/6J donors. Group C: reci- 
pients 14 days after transfer of 5 X 10 7 lymphocytes of low-dose 
streptozotocin-treated donors. O = no insulitis, A = weak 
insulitis, �9 = severe insulitis 

i nduc t ion  of the  a u t o i m m u n e  process .  Thus  it is 
k n o w n  tha t  immun i sa t i on  of mice  with fore ign  or  
a l t e r ed  islet  t issue leads  to  ce l lu lar  and  h u m o r a l  au to -  
i m m u n e  reac t ions  agains t  the i r  own islets  ([9]; Ko lb ,  
Kiese l  and  F rey tag ,  u n p u b l i s h e d  expe r imen t s ) .  

I t  is of in te res t  tha t  h is to logica l  charac ter i s t ics  of 
insuli t is  in l o w - d o s e  s t r e p t o z o t o c i n - i n d u c e d  d iabe t i c  
mice  and  in rec ip ien ts  of l y m p h o c y t e s  f rom such mice 
were  similar .  L y m p h o c y t i c  in f i l t ra t ion  was o f t en  
o b s e r v e d  at  the  p e r i p h e r y  a n d / o r  at  the  duc tu l a r  po le  
of islets. In  4 0 %  of the  rec ip ien ts  p e r i d u c t u l a r  infil- 
t r a t ion  also occur red .  This  f inding suppor t s  ou r  sug- 
ges t ion  tha t  l ymphocy te s  reac t  wi th  s imilar  pa n c re -  
at ic s t ruc tures  in bo th  d o n o r  and  rec ip ien t  animals .  
A n  u l t r as t ruc tu ra l  analysis  of the  p a n c r e a s  m o r p h o l -  
ogy in rec ip ien ts  is in progress .  

In  the  p r e s e n t  e x p e r i m e n t s  a v i ra l  or ig in  of 
insulit is  o b s e r v e d  in rec ip ien ts  canno t  be  exc luded .  
S t r ep tozo toc in  has  b e e n  shown to ac t iva te  C - t y p e  
vi ruses  [10]. The re fo re ,  a t r ans fe r  of l ymphocy te s  
m a y  inc lude  the  t rans fe r  of ac t iva t ed  e n d o g e n o u s  C- 
type  virus. 

A successful  t r ans fe r  of insuli t is  by  l y m p h o c y t e s  
has  no t  been  desc r ibed  before .  H o w e v e r ,  a successful  
t r ans fe r  of h y p e r g l y c a e m i a  f rom low-dose  s t rep-  
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tozotocin-treated mice to normal syngeneic and con- 
genic recipients by means of lymphocytes has been 
reported [11, 12]. In the experiments presented here 
hyperglycaemia was not observed. 
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