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Summary. In mice, an experimental autoimmune diabetes can 
be induced by multiple injections with low doses of streptozo- 
tocin. Since different mouse strains show a varying susceptibil- 
ity towards this treatment, we have examined whether the 
experimental autoimmune diabetes is under the genetic control 
of the major histocompatibility complex (H-2 complex). Mice 
of five congenic resistant strains, differing in their genome only 
at the H-2 region, were identically treated on five consecutive 
days with 40 mg streptozotocin/kg body weight. Genes at the 
H-2 complex were found to determine the susceptibility to- 
wards the diabetogenic effect of streptozotocin: mice of H-2 
haplotype k (B10.BR) developed persistent and strong hyper- 

glycaemia (blood glucose approximately 17 retool/l), mice of 
strain B10.A (H-2a), C57BL/10 (H-2 b) and B10.D2 (H-2 d) re- 
acted with moderate hyperglycaemia (between 11.5 and 
15.5 mmol/1), whereas mice of strain B10.S (H-2 ~) were resis- 
tant to the diabetogenic effect of low-dose streptozotocin ex- 
cept for a small and transient rise of blood glucose levels. It is 
concluded that genes within the major histocompatibility com- 
plex affect the diabetogenic response to multiple low-dose 
streptozotocin treatment. 
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Streptozotocin, when given on consecutive days in sub- 
diabetogenic doses, induces in susceptible mice a pro- 
gressive loss of  B islet cell function leading to hypergly- 
caemia [1, 2]. The low-dose streptozotocin-induced dia- 
betes has been taken as a model  of  human  Type I (insu- 
l in-dependent) diabetes. In both cases lymphocytic  infil- 
tration (insulitis) was observed during the early phases of  
the disease. An impact of  viral and immune factors in the 
pathogenesis has been postulated [3-5]. Mice can be pro- 
tected from the disease by immunosuppressive treat- 
ment  [6]. Low-dose streptozotocin-induced insulitis has 
been transferred into healthy mice by means of  lympho- 
cytes f rom diabetogenic animals [7]. Whether  recipient 
mice develop hyperglycaemia is still a matter of  dispute 
[7-10]. As in the human disease, genetic factors seem to 
be involved in the animal model,  i.e. inbred mouse 
strains differ widely in their susceptibility towards the di- 
abetogenic effect of  streptozotocin [11, 12]. In addition, 
we have shown that the successful transfer of  insulitis by 
lymphocytes depends on a permissive genetic back- 
ground [13]. This study was designed to investigate 
whether genes within the major  histocompatibility com- 
plex (H-2 complex) in mice affect the low-dose strepto- 
zotocin-induced diabetes. 

Materials and Methods 

Male mice of the following five congenic resistant strains: Bt0.A/01a 
(H-2a), C57BL/10ScSn/01a (H-2b), BlO.D2/n/Ola (H-2d), B10.BR/01a 
(H-2 k) and BI0.S/01a (H-2~), aged 8-10 weeks, were obtained from 
OLAC 1976 Ltd, Shaw's Farm, Bicester Oxon, UK. The experimental 
animals received five doses of streptozotocin (40 mg/kg body weight, 
Boehringer, Mannheim, FRG) on consecutive days. The compound 
was injected IP immediately after solution in sodium citrate 
(0.025 tool/l, pH 4.0), using 0.5 ml per animal. In each strain, 13-26 ani- 
mals were injected with streptozotocin and 6-12 control mice received 
injections of buffer alone. All mice were kept on the same standard 
diet ('ssniff M', Ssniff, Soest, FRG). 

Blood of non-fasted mice was drawn from the retro-orbital vein 
plexus between 0900 and 1100 h. Blood was sampled before starting 
the experiments and on days 21, 50 and 100 and determined in a Tech- 
nicon autoanalyzer using the hexokinase method of Boehringer. 

All data are expressed as mean + SEM. Statistical significance of 
differences were determined by Student's t-test for independent sam- 
ples (two-tailed). 

Results 

The response of  the five congenic mouse strains is com- 
pared in Table 1 and Figure 1. Mice of  strain B10.BR 
(H-U) responded to low-dose streptozotocin treatment 
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Table 1. Corresponding alleles of the H-2 subregions of congenic resis- 
tant mouse strains and their response to treatment with streptozotocin 

Response to 
K A B J E C S G D streptozotocin 

B10.BR k k k k k k k k k high 

B10.A k k k k k /  d d d d moderate 
B10.D2 d d d d d d d d d moderate 
C57BL/10 b b b b b b b b b moderate 

B10.S s s s s s s s s s low 

The position where crossing-over occurred in the recombinant B10.A 
strain is indicated by (/) 
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Fig. 1. H-2 dependence of experimental autoimmune diabetes in con- 
genic resistant mouse strains as demonstrated by the development of 
blood glucose concentrations after treatment with streptozotocin 
(40 mg/kg body weight) daily for 5 days. Mean values _+ SEM are 
shown with the relevant numbers of mice in parantheses. �9 . . . . . .  �9 
= B10.BR(H-2k); �9 - -  - - �9 = C57BL/10(H-2b); A . . . .  A = 

B10.A (H-2~); �9 . . . . . . .  �9 = B10.D2 (H-2d); 0 - -  0 = 
B10.S (H-2~). Hatched area = range of mean blood glucose values of 
buffer treated control animals of all five mouse strains 

with persistent hyperglycaemia (mean blood glucose 
values approximately 17 mmol/1). Mice of strain 
C57BL/10 (H-2b), B10.A (H-2 a) and B10.D2 (H-2 a) re- 
sponded with moderate hyperglycaemia (mean blood 
glucose concentrations of 11.5 and 15.5 mmol/1 on days 
21 and 50 falling to 12 retool/1 on day 100 after streptozo- 
tocin treatment). Most of these values were significantly 
different from those of strain B10.BR (2 p < 0.05 or 0.01, 
respectively). The lowest blood glucose concentrations 
following streptozotocin injections were seen in mice of 
strain B10.S (H-2~). After an initial rise to 11 retool/l, 
mean blood glucose concentrations fell to approximate- 
ly 8 mmol/1, which was significantly different from the 
results seen in the other four strains (2p < 0.01). Also in- 
cluded in Figure I is the area of normoglycaemic values 
of buffer-treated control animals of all five congenic re- 
sistant strains. 

The body weight was determined regularly in all 
experimental animals and no major loss was observed. A 
few apparently sick animals were seen only in strain 
B10.D2 and these were eliminated from the study in or- 
der not to bias average blood glucose levels. 

Discussion 

In the experiments presented here an attempt has been 
made to determine whether genes within the major his- 
tocompatibility complex control low-dose streptozoto- 
cin-induced diabetes in mice. The comparison of five 
strains differing only at their H-2 region shows signifi- 
cant differences in the susceptibility towards the diabe- 
togenic action of low-dose streptozotocin. Mice of strain 
B10.BR (H-2 k) responded with strong and persistent hy- 
perglycaemia and mice of strains C57BL/10 (H-2b), 
B10.A (H-2 ") and B10.D2 (H-2 d) had significantly lower 
mean blood glucose levels during the observation period 
of 100 days. Mice of strain B10.S (H-2 s) did not develop 
hyperglycaemia except for a transient and moderate in- 
crease of blood glucose values. 

These data indicate that genes located at the H-2 re- 
gion of mice affect the diabetic response to low-dose 
streptozotocin treatment. Different haplotypes of H-2 
determine a state of high susceptibility (H-2 k) or a state of 
resistance (H-2S). It is of interest that strain DBA/2, car- 
rying the H-2 d gene complex on a different genetic back- 
ground, has turned out to be highly susceptible to low- 
dose streptozotocin treatment [14]. This observation sug- 
gests that genes outside the H-2 region are also involved 
in the genetic control of this disease. A major influence 
of non-H-2 genes has been concluded from the compar- 
ison of several mouse strains with similar H-2 regions 
[111. 

The susceptibility of mice to the diabetogenic action 
of low-dose streptozotocin thus appears to be controlled 
by at least two genes, one within and one outside the ma- 
jor histocompatibility complex. Our results do not allow 
any conclusion on the mode of action of H-2 genes. Re- 
sistance or susceptibility to low-dose streptozotocin may 
be determined on the level of streptozotocin - B cell in- 
teractions, B cell regeneration and/or  immunological B 
cell destruction. We have recently presented evidence 
that resistance to low-dose streptozotocin treatment is 
controlled at the level of immunoregulation in mouse 
strain BALB/c (H-2 d) [12]. Mice of this strain become 
susceptible to the diabetogenic effect of low-dose strep- 
tozotocin after application of low doses of cyclophos- 
phamide. Such a treatment is known to inactivate T-sup- 
pressor cells preferentially [15]. Experiments to deter- 
mine the mechanism of H-2 gene control of low-dose 
streptozotocin-induced diabetes are in progress. 

Our observations relate to findings in other animal 
models of human Type I diabetes. In the diabetes of mice 
induced by the M-variant of EMC virus, an influence of 
either non-H-2 genes [16, 17] and H-2 genes [18] was 
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found ,  whereas  the i n d u c t i o n  of  glucose in to le rance  af- 
ter  i m m u n i z a t i o n  with panc rea t i c  an t igens  seems to be 
on ly  H-2 con t ro l led  [18]. 
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