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Summary. Five low doses (40 mg. kg -1 .day -1) of streptozo- 
tocin were given to CD-1 mice to induce "immune" diabetes 
with insulitis. T-splenocytes (L3T4 § and Lyt 2 +) from strep- 
tozotocin-treated mice were previously reported to display in 
vitro an increased binding for Beta cells, preceding the onset 
of hyperglycaemia and of insulitis. Since heparin inhibits 
lymphocyte traffic, displays anti-adhesive properties, and at- 
tenuates some cell-mediated immune diseases, we have in- 
vestigated the effects of heparin and N-desulphated heparin: 
1) in vivo on low-dose streptozotocin-induced diabetes and 
insulitis, and 2) in vitro on the increased binding of T-spleno- 
cytes from streptozotocin-treated mice to rat insulinoma 
(RINm5F) cells. Daily subcutaneous low doses (5 btg or 
10 gg) of heparin induced a delay in onset and a reduction of 
the severity of hyperglycaemia and insulitis (p < 0.01), and re- 
duced the incidence of diabetes (p < 0.01). Similar effects 
swere obtained with 5 btg daily doses of N-desulphated he- 
parin devoid of anticoagulant activity. In contrast, lower 

(1 gg) or higher (200 gg) doses of heparin were ineffective. 
Heparin (10 btg) did not modify the "toxic" diabetes induced 
by a single high dose (200 mg/kg) of streptozotocin. On 
the other hand, heparin dose-dependently (0.1btg/ml to 
500.0 gg/ml) inhibited the increased binding of splenocytes 
from streptozotocin-injected mice to RIN cells as compared 
to splenocytes from control mice. This in vitro anti-adhesive 
effect was detected when either splenocytes or RIN cells 
were pretreated with heparin before their co-incubation, and 
was also obtained with N-desulphated heparin. Heparinoids 
display anti-adhesive and immunomodulatory properties 
that are of therapeutic potential in this model of Type 1 (in- 
sulin-dependent) diabetes mellitus. 
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The pathogenesis of Type i (insulin-dependent) dia- 
betes mellitus involves anti-Beta-cell autoimmune pro- 
cesses [1]. "Immune" diabetes with insulitis induced in 
mice by low-doses of streptozotocin (STZ) [2] is use- 
ful to study these autoimmune processes and thera- 
peutic strategies [3]. In this model, results of adoptive 
transfer, reconstitution experiments, and treatments 
with anti-lymphocyte serum or with monoclonal anti- 
bodies to L3T4 or Lyt 2, support a role for cell-mediated 
immunity, while humoral immunity appears to be of 
minor importance [4]. The ability of activated T-lympho- 
cytes to extravasate into pancreatic islets inducing in- 
sulitis, and then adhering to Beta cells might be a target 
for therapeutic interventions. As demonstrated during 
experimental autoimmune encephalomyelitis [4], the 
ability of T-lymphocytes to negotiate through the vascu- 
lar barrier into inflammed tissues may depend on the ex- 
pression of a heparanase that degrades the heparan sul- 
phate of the extracellular matrix. With regard to the 

adhesion of T-lymphocytes to Beta cells, we have re- 
ported an increased binding of circulating T-lympho- 
cytes from Type 1 diabetic patients to membrane anti- 
gens of xenogeneic insulin-producing cells [5, 6]. This 
marker, called "diabetic rosettes", can be detected be- 
fore the onset of hyperglycaemia and before insulitis in 
low-dose STZ-treated mice [7] and in diabetes-prone 
NOD mice [8]. It was also detectable in some human 
subjects at risk for Type 1 diabetes [9] 

Heparin is a glycosaminoglycan displaying, besides its 
anticoagulant activity, a broad spectrum of biological ef- 
fects [10] including immunomodulating properties [11-14] 
mainly due to its ability to interact with plasma and cell 
membrane components [15] as well as anti-adhesive 
properties [16]. With regard to autoimmune diseases, low 
doses of heparin can suppress experimental autoimmune 
encephalomyelitis and adjuvant arthritis in rats [16], and 
may thus have a therapeutic potential in autoimmune dis- 
eases in which it would be desirable to inhibit both lympho- 
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cyte  t raff ic  a n d  the  a d h e r e n c e  of  T - l y m p h o c y t e s  to  t a rge t  
cells. 

T h e  a im  of  the  p r e s e n t  s t u d y  was  to  i n v es t i g a t e  in v ivo  
a n d  in  v i t ro  the  effects  of  h e p a r i n  a n d  N - d e s u l p h a t e d  he-  
p a r i n  o n  l ow-dose  S T Z - i n d u c e d  d i a b e t e s  in mice .  T h e  
onse t  a n d  the  sever i ty  of  h y p e r g l y c a e m i a  a n d  insul i t i s  
were  c h e c k e d  in  vivo,  whi le  a n  i n h i b i t o r y  effect  o n  the  in-  
c r ea sed  b i n d i n g  of  s p l e n o c y t e s  f r o m  S T Z - t r e a t e d  mice  to 
ra t  i n s u l i n o m a  ( R I N m 5 F )  cells was  i n v e s t i g a t e d  in  vi t ro .  

Materials and methods  

Mice, induction of diabetes, heparin and desulphated 
heparin treatments in vivo 

Five-week-old male CD-1 mice were purchased from Charles River 
France (St Aubin les Elbeuf, France), randomly distributed, and 
housed under conventional conditions with laboratory chow and 
water ad libitum. "Immune" diabetes was induced as described by 
Like and Rossini [2]. Streptozotocin (STZ) (Upjohn, Kalamazoo, 
Mich., USA) was dissolved in citrate buffer (pH 4.5), and immedi- 
ately injected i. p. at doses of 40 rag- kg- 1. day-~ during five consecu- 
tive days. Control mice were treated by the vehicIe of STZ. The day of 
the first injection of STZ was designed as day 0. "Toxic" diabetes was 
in duced by the i. p. injection of a single high dose (200 mg/kg) of STZ. 
Blood samples from non-fasted mice were obtained by retro-orbital 
plexus bleeding without anaesthesia. Serum glucose levels were 
determined by the glucose oxidase method. Serial samples were ob- 
tained at the following time points: day 0 (just before the first STZ in- 
jection), days 4, 9,10,12, 14,16, and 20. The diagnosis of diabetes was 
made when the serum glucose level exceeded 11.0 mmol/l. 

Heparin (Roche, Neuilly, France) or N-desulphated heparin de- 
void of anticoagulant activity (Sigma, St Louis, Mo., USA) were 
diluted in phosphate buffered saline (PBS) and injected s. c. in a vol- 
ume of 0.1 ml at daily doses of 1 gg, 5 btg, 10 gg, and 200 •g. Non- 
treated mice received injections of PBS. The first injection of he- 
parin was given at day - 2 (2 days before the first injection of STZ) 
and the treatment was maintained until day 20. 

Histological and immunohistochemical analysis 
of insulitis 

Pancreases were removed into 10% formalin, embedded in paraffin, 
and 5 btm sections were obtained. Every 10 th section was stained with 
haematoxylin-eosin and scored double blind as follows to assess the 
degree of insulitis: (0) no mononuclear cell infiltration of the pancre- 
atic islets; (1) minimal mononuclear cell infiltration restricted to one 
pole of 10% of at least 50 islets of the same pancreas with no infiltra- 
tion seen within the islets; (2) infiltration around and within at least 
30% of the islets; (3) severe infiltration within at least 60% of the is- 
lets. The scores were expressed as integer values to generate mean 
values +_ SEM. Five sections were examined at varying depths for 
each pancreas. Results are presented as the mean degree of insulitis 
in seven pancreases for each group. 

Other pancreases were frozen in liquid nitrogen for immunohis- 
tochemicai analysis ofT-cell subsets in the insulitis. Cryostat sections 
(5 gm) were acetone-fixed for 5 min, washed with PBS, and incu- 
bated for 45 rain with 1:100 diluted rat monoclonal antibodies to 
mice T-cell subsets: Thy 1.2 (pan-T cell), Lyt 1 (helper/inducer cells), 
and Lyt 2 (cytotoxic/suppressor cells). After washing, sections were 
incubated for 30 min with 1:200 diluted goat biotinylated antibodies 
to rat IgG (Vector Laboratory, Burlingame, Calif., USA). After a 
further 30 min incubation with avidin-biotin-peroxidase complex 
(Vector Laboratory, dilution 1:50), sections were treated for 15 rain 
with 1 mg/ml diaminobenzidine (Sigma) and 0.3% H202. The final 
brown colour was assessed by light microscopy. Endogenous peroxi- 
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dase activity was blocked with methanol containing 0.3% H202. The 
number of lymphocytes stained with each antibody was calculated as 
the percent of total lymphocytes within one given islet. The mean 
percentage within 15 islets was then calculated. Finally, the mean 
percentage _+ SEM of stained lymphocytes from five different pan- 
creases was calculated in each group for the statistical evaluation of 
differences. 

Insulin-producing target-cell line 

The rat insulinoma RINm 5F [17] cell line was maintained as a mono- 
layer in culture flasks (Falcon, Oxnard, Calif., USA). When con- 
fluent, cells were detached and dissociated with 0.05% trypsin- 
0.02% EDTA at 37 ~ resuspended in RPMI containing 10% fetal 
calf serum (FCS; Flow, Irvine, UK), and incubated for 2 h at 37 ~ 
before experiments. RIN cells were used at culture passages less 
than 75 when more than 30% of the cells were still stained with A2B5 
monoclonal antibody (Sera-Lab, Sussex, UK) in an indirect immu- 
nofluorescence assay (data not shown). 

Splenocyte isolation 

Spleens were removed in Hanks' balanced salt solution (HBSS) 
(Seromed, Berlin, FRG) with 2% FCS, and splenocytes were flushed 
from the parenchyma. Erythrocytes were lysed by ammonium 
chloride (0.17 mol/1; 10 min; 4 ~ The cell suspension was washed 
twice and resuspended in RPMI 1640 (Gibco, Grand Island, NY, 
USA) with 10% FCS, 100 U/ml penicillin and 100 btg/ml strepto- 
mycin. Splenocytes were then depleted from macrophages by incu- 
ba tion on plastic dishes (Nunc, Rostkilde, Denmark) for 2 h at 37 ~ 
The loss of plastic-adherent cells was similar in control and STZ- 
treated mice. 

RIN/splenocyte binding assay and inhibition 
by heparinoids 

The numeration of splenocytes adhering to RIN cells in vitro was 
performed as previously described [5 9]. Splenocytes from either 
STZ-treated or control mice (1.5 • 106) and irradiated (3000 rads) 
RIN cells (2 x l0 s) were co-incubated in 1 ml of RPMI + 10% FCS 
into 5 ml polypropylene culture tubes (Sarstedt, Numbrecht, FRG) 
for 18 h (37 ~ 5% CO2). After a careful homogenization, aliquots 
of the cell mixture were laid on Malassez counting chambers. 
Splenocytes bound and not bound to RIN cells, as well as RIN cells 
binding (and those free of) splenocytes were simultaneously 
counted under light microscopy. All the results are expressed as the 
total number of RIN-bound lymphocytes among the total number of 
splenocytes (1.5 x 106) initially seeded in each tube. Assays were per- 
formed blindly, and each mouse was tested in triplicate (intra-assay 
variability less than 10%). 

Inhibition experiments of this RIN/splenocyte binding by he- 
parinoids were performed in two ways: First, heparin (final concen- 
tration: 0.1, 1.0, 10.0, 100.0, 200.0, or 500.0 btg/ml) was added to the 
RIN/splenocyte mixture during the entire co-incubation period 
(18 h). Similar inhibition experiments were performed with N-desul- 
phated heparin. Secondly, either the RIN cells or the splenocytes (or 
both) were pre-incubated for 2 h(37 ~ 5% CO~_) with heparin 
(500.0 btg/ml) and then washed. After these washes, treated or un- 
treated RINcells were co-incubated with treated or untreated 
splenocytes for 18 h as described above. 

Statistical analysis 

Data are presented as mean values _+ SEM, and statistical differen- 
ces between groups were evaluated using the two-tailed Student's t- 
test for independent samples or the non pararnetric U test when 
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n < 5. p < 0.05 was considered as significant. The Z 2 test was per- 
formed to evaluate the significance of differences between percent- 
ages. 

Results 

Effects of heparin and of N-desulphated heparin 
on low-dose STZ-induced hypergIycaemia 

Mice receiving five low doses (40 mg. kg - 1 day-  t) of STZ 
(n = 30) developed hyperglycaemia by the 9th day after 
the first STZ injection (Fig. 1). Thereafter, the serum glu- 
cose level and the incidence of diabetes increased pro- 
gressively until it reached 80%. Administration of 5 btg or 
10 gg/day of heparin (n = 30 each) led to a two-day delay 
in the onset of hyperglycaemia and to a statistical decrease 
(p < 0.01) of the severity of hyperglycaemia (Fig. 1). 
Moreover, heparin (5 btg or 10 btg/day) reduced (p < 0.01) 
the incidence of diabetes (80% vs 50% by day 20 after the 
first injection of STZ. Administration of a lower dose 
(1 btg/day) or of a higher dose (200 btg/day) of heparin had 
no effects of STZ-induced diabetes (Fig. 1). Figure 1 also 
shows that when, instead of heparin, CD 1 mice were 
treated daily with 5 btg of N-desulphated heparin (n = 30) 
devoided of anti-coagulant activity, a similar attenuation 
of low-dose STZ-induced diabetes was observed. Heparin 
(10 btg) did not modify the onset or the severity of hyper- 
glycaemia in CD i mice injected with a single high "toxic" 
dose of STZ: by 3 days following the single injection of 
STZ, the glycaemia was 19.5 + 2.7 mmol/1 in the heparin- 
injected mice, and 20.9 + 2.3 mmol/1 in the non-heparin- 
treated mice (n = 15 each). 

Effects of heparin and of N-desulphated heparin 
on low-dose STZ-induced insulitis 
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Fig.1. Serum glucose levels in CD-1 mice (n 30 in each group) re- 
ceiving low doses of streptozotocin (STZ) only ( � 9  or treated con- 
comitantly with heparin at four different daily doses: i btg (A), 5 btg 
( [] ), 10 btg ( �9 ), 200 btg( O ). CD-1 mice treated concomitantly with 
5 gg of N-desulphated heparin ( � 9  are also presented. Asterisks 
denote statistical differences from STZ-treated but non-heparin- 
treated mice (*p < 0.01) 

of N-desulphated heparin similarly attenuated the in- 
sulitis process. Administration of either i btg or 200 btg of 
heparin had no inhibitory effects on insulitis. 

The immunohistochemical analysis of the insulitis ob- 
served by day 12 following the first STZ injection revealed 
a predominant infiltration by Thy 1.2 § cells in low-dose 
STZ-treated mice receiving, or not receiving 10 btg/day of 
heparin (80 + 13% vs 79 + 15% ; n = 5 in each group). In 
the insulitis of heparin-injected mice, Lyt 1 + cells were 
more numerous than Lyt 2 + cells (56 + 16% vs 32 + 11%, 
p < 0.01). This predominance of the Lyt i subset was simi- 
larly recorded in STZ-treated mice that did not receive 
heparin (54 +_ 17% vs 34 + 14% p < 0.01). 

Mice injected with five doses of STZ displayed insulitis. 
The degree of this insulitis increased with time between 
the 8th and the 14th day following the first STZ injection 
(Table 1). Administration of heparin (5 btg or 10 gg) led to 
a delay in the onset of insulitis and to a decrease in the de- 
gree of this process (Table 1). Table i also shows that 5 btg 

Table 1. Evolutive degree ofinsulitis in CDl-mice injected with five 
daily low doses (40 mg/kg) of streptozotocin (STZ). Mice were 
treated, or not, with increasing doses of heparin or of N-desulphated 
heparin. Seven animals were included at each point. The degrees 
were scored as indicated in Materials and methods. The day of the 
first injection of STZ was designed as day 0 

Dailyheparin Degree ofinsulitis 
dose (btg) Days (related to the first STZ-injection) 

6 8 10 12 14 

None 0.1+0.1 0.9_+0.3 1.6+0.2 2.6+0.2 2.8-+0.1 
1 0.1_+0.1 0.8_+0.3 1.7.+0.3 2.6+_0.3 2.7+_0.2 
5 0.1_+0.1 0.2.+0.2 0.7+_0.1 1.0_+0.3 1.4+-0.2 

10 0.1+0.1 0.2+0.2 0.6_+0.2 1.1+0.2 1.4.+0.3 
200 0.1_+0.1 0.8_+0.3 1.5+0.2 2.5+-0.3 2.7_+0.3 

N-desulphated 
heparin(5btg) 0.1_+0.1 0.2+0.1 0.8_+0.2 1.2+0.2 1.6_+0.2 

RIN-adherence of splenocytes from low-dose 
STZ-treated mice and inhibition by heparinoids 

The number of RIN-adherent  splenocytes was statistically 
(p < 0.001) higher in STZ (40 mg.kg 1 day 1)-treated 
mice (n = 30) than in control mice (n = 30): 28000 + 1000 
vs 14900+ 920 (Fig.2). This increased number of RIN- 
binding splenocytes from STZ-treated mice was abolished 
when heparin was added to the medium from the ini- 
tiation until the end (18 h) of the RIN/splenocytes co- 
incubation period (Fig.2). This inhibition was dose- 
dependent: undetectable with 0.1btg/ml and maximal 
(p < 0.001) at 200.0 gg/ml when the number of RIN-bind- 
ing splenocytes from STZ-treated mice returned to 
the "background" control level. A similar dose-depend- 
ent inhibition of the increased number of RIN-binding 
splenocytes from STZ-treated mice was also obtained 
with N-desulphated heparin (n = 5): undetectable until 
10.0 btg/ml (24000 + 1100) and complete at 200.0 gg/ml 
(14800 + 1000). This increased number of RIN-binding 
splenocytes from STZ-treated mice was also inhibited 
when either RIN cells or splenocytes were pre-incubated 
for 2 h with heparin (500.0 btg/ml) before being washed 
and co-incubated (Fig. 3). 
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Fig.3. Numbers of RIN-adherent splenocytes in STZ-treated ( � 9  
or control ( [] ) CD i mice. Either RIN cells (B), or splenocytes (C), 
were pre-incubated for 2 h in the presence of heparin (500.0 gg/ml), 
washed and then co-incubated for 18 h. Asterisks denote statistical 
differences from the "spontaneous" binding (A) in the absence of 
pre-incubation with heparin (*p < 0.01). Each column represents 
17=5 

Discuss ion  

The present results show that low doses of heparin were 
able to delay the onset and to reduce the severity and the 
incidence of low-dose STZ-induced "immune" diabetes 
and insulitis. Furthermore, the increased RIN-binding in 
vitro of splenocytes from STZ-treated mice, as compared 
to control animals, was dose-dependently inhibited by he- 
parin. 

Since cell-mediated immunity plays a role in this animal 
model, it is regarded as useful for studies concerning immu- 
nological manipulations of Type i diabetes [3]. As in all 
autoimmune diseases, the extravasation of lymphocytes 
through the target-vascular barrier, and the adherence of 
lymphocytes to the target cells may represent critical steps 
of the immune aggression of Beta cells leading to Type 1 
diabetes. The glycosaminoglycan heparin is a crude mix- 
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ture of ill-defined molecules (Mr 12000 to 20000). In addi- 
tion to its anticoagulant activity, heparin has numerous bi- 
ological effects, including immunomodulatory effects on 
lymphocytes, mainly due to interactions with plasma and 
cell membrane components [15, 23, 24]. Effects on delayed- 
type hypersensitivity, allogeneic mixed lymphocyte reac- 
tion, mitogen- or antigen-induced blastogenesis, and cyto- 
toxicity of natural killer cells have also been described 
[25-27]. Heparin also demonstrates anti-tumour activity 
[28]. It inhibits the infection of human T-lymphocytes by 
the HIV virus by interacting with the CD4 molecule [29] 
and inhibiting HIV adsorption. It induces lymphocytosis 
and influences the traffic of lymphocytes [30]. Concerning 
autoimmune diseases, low doses of heparin inhibit expres- 
sion of heparanase by T-lymphocytes [31], experimental 
autoimmune encephalomyelitis, adjuvant arthritis in rats, 
and allograft rejection in mice [16, 32]. 

In our study, heparin has attenuated the low-dose STZ- 
induced diabetes in mice. We cannot comment about the 
mechanisms for this attenuation. The finding that heparin 
had no beneficial effect on "toxic" diabetes induced by a 
single high dose of STZ was probably not due to an inter- 
ference of heparin with the STZ action on Beta cells, but 
rather was the result of a complex of effects since heparin 
is a mixture of molecules that interact with many cell types 
and binding sites. In any case, these effects impede the 
penetration of the islets by lymphocytes and thus reduce 
the severity of insulitis. This effect was directed against 
both L3T4 and Lyt 2 cells since the proportion of these 
two subsets within the insulitis was similar both in the 
presence or in the absence of heparin. The fact that he- 
parin was only partially protective may be accounted for 
by two complementary explanations. On the one hand, 
this may be due to the fact that part of the hyperglycaemia 
induced by low doses of STZ is not due to immune mech- 
anisms but to the cumulative toxicity of the drug on Beta 
cells [33]. Monoclonal antibodies to L3T4 or Lyt 2 or anti- 
lymphocyte serum only attenuate the hyperglycaemia in 
this model [3] and, similarly, the cumulative toxicity of 
STZ to Beta cells was probably not inhibited by heparin, 
as suggested by the absence of effect of heparin on "toxic" 
diabetes induced by a single high dose of STZ. On the 
other hand, heparin was only effective in limiting (and not 
completely inhibiting) the extravasation through the islet- 
vascular barrier leading to insulitis. Such a partial effect of 
heparin was also revealed during skin allograft rejection 
and adoptively transferred experimental autoimmune 
encephalomyelitis [16, 32]. This may reflect the refractori- 
ness of the immune system to complete inhibition by this 
therapeutic strategy. In any case, the in vivo effects of he- 
parin described here and previously by others [16] were 
unrelated to the effects on coagulation, although coagula- 
tion plays a role in cellular immune reactions: N-desul- 
phated heparin depleted for anticoagulant activity was 
also effective, and the doses used are lower than those re- 
quired for anticoagulation. In a previous study [16], he- 
parin displayed a specific inhibitory effect on T-lympho- 
cyte heparanase expression that was less effective at high 
doses than it was at low doses both in vivo and in vitro. 
This decreased expression of heparanase by T-lympho- 
cytes may have accounted for the surprising dose-re- 
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sponse also observed in our  study. Since hepar in  is a mix- 
ture of  ill-defined molecules,  only some of  which are in- 
hibitors of  heparanase,  o ther  componen t s  m a y  have dis- 
played biological activities counteract ing,  at the higher 
doses, the inhibitors of  heparanase.  

Moreover ,  our  results reveal  an inhibi tory effect of  he- 
parin and N-desulphated  hepar in  on the increased ad- 
herence  of  splenocytes f rom STZ- t rea ted  mice to rat in- 
sul inoma cells. We can only assume that  this in vitro 
anti-adhesive proper ty  may  have been  involved in the at- 
tenuat ion of  STZ- induced  diabetes. Ra t  insul inoma cells 
are not  identical to normal  Beta  cells, and display a xe- 
nogeneic  system in relat ion to mouse  splenocytes and 
Beta  cells. Fur thermore ,  the loss of  effectiveness of  he- 
parin in vivo at the highest doses when  high doses were ef- 
fective in vitro, suggests that  the inhibition of  adherence  
observed in vitro m a y  not  be the major  mechan i sm ac- 
count ing for the a t tenuat ion of  diabetes. This in vitro ef- 
fect resulted f rom a binding of  hepar in  to bo th  splenocytes 
and R I N  cells. The  biochemical  nature  and funct ion of  the 
binding sites are no t  known.  Concern ing  lymphocytes,  
binding sites for hepar inoids  have been  repor ted  on CD4 
[11] and on other  glycoproteins  including member s  of  the 
immunoglobul in  gene superfamily [15]. We can only 
speculate f rom our  results that  these binding sites were  lo- 
cated bo th  on L3T4 and Lyt 2 splenocytes which are in- 
volved in the genera t ion  of  "diabetic roset tes"  in STZ-  
t reated mice [7] as well as in N O D  mice [8]. Fur thermore ,  
we provide  the first suggestion for  hepar in-binding sites 
on R I N m 5 F  cells. This might  be analysed fur ther  with re- 
gard to the potent ial  implicat ion of  these sites to the ad- 
herence  of  T- lymphocytes  f rom diabetic patients or  ani- 
mals to their target  cells, even if Beta  cells may  show 
differing binding sites compared  with the t umour  cells 
used in our  study. The  molecules  involved in the increased 
R I N  cell adherence  of  lymphocytes  f rom STZ- t rea ted  
mice, as well as f rom N O D  mice and f rom Type 1 diabetic 
patients,  are expressed on plasma membranes  [5-9], and 
two complemen ta ry  mechanisms may  account  for the oc- 
currence of  "diabetic rosettes".  First, they m a y  be due to 
the recogni t ion of  antigens by xenogeneic  T- lymphocytes  
in the absence of  "classic" MHC-res t r ic t ion  [34-36]. Sec- 
ond, they may  involve adhesion molecules  for  lympho-  
cytes, such as I C A M - 1  and LFA3 preliminarily do- 
cumented  in h u m a n  islets [37, 38]. Nevertheless,  relatively 
low doses of  hepar in  m a y  thus have a therapeut ic  poten-  
tial in " a u t o i m m u n e "  diabetes by at tenuat ing the insulitis 
and the binding of  T- lymphocytes  to Beta  cells. 
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