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Leflunomide protects mice from multiple low dose streptozotocin
(MLD-SZ)-induced insulitis and diabetes
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SUMMARY

In certain animal models of autoimmunity the isoxasol derivative leflunomide has been reported to exert
a protective effect against autodestruction. In the present study, the immunomodulatory potential of the
main metabolite of leflunomide, A77 1726, in experimentally induced autoimmune diabetes was
investigated. The disease was induced in genetically susceptible CBA/H mice by multiple low doses
of streptozotocin (MLD-SZ, 40 mg/kg per day, given intraperitoneally for 5 consecutive days). Effects

of leflunomide were evaluated by two treatment protocols: mice treated with MLD-SZ were injected
intraperitoneally with A77 1726 for 10 consecutive days, either during the first 10 days of the disease
(early treatment), or starting from day 10 after disease induction (late treatment). Disease manifestations
defined by hyperglycaemia, mononuclear infiltration into pancreas, expression of interferon-gamma
(IFN-v) and inducible nitric oxide synthase (iNOS) and destruction of the islets of Langerhans were
reduced in a dose-dependent fashion after early treatment with A77 1726 (dose range of 5—35 mg/kg per
day). Moreover, late treatment with the high dose of the drug (25 mg/kg per day), started when the
autoimmune disease was already apparent, arrested progression of ongoing inflammatory response.
Analysis of the effects of A77 1726 on the adhesive interactions of spleen-derived or peripheral blood-
derived mononuclear cells from MLD-SZ-treated and normal mice demonstrated that the drug inhibits
bothex vivoandin vitro spontaneous mononuclear cell aggregation, thus suggesting that an important
component of leflunomide’s immunomodulatory action is suppression of adhesive interactions. These
results demonstrate both preventive and therapeutic effects of leflunomide in a model of MLD-SZ-
induced diabetes and suggest that the drug may be considered a potent therapeutic tool for autoimmune
inflammatory disorders, including diabetes.
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INTRODUCTION treatment of autoimmune and other immunoinflammatory diseases.

In the search for new immunomodulatory drugs, recent preclinicat'gr\;lve;/e:]’d;hzz |iengf(ier\]/:g:a;scteinv;hnemerolgg:{l OTelgerr?ggl rEal'latztglcli
and clinical trials revealed the potential of the isoxasol derivative pou y P » presu y

leflunomide for the therapy of rheumatoid arthritis [1]. In addition, triggered disease—insulin-dependent diabetes meliitus (IDDM).

preclinical studies in animals have shown that leflunomide mayThere Is a consensus that experimental models of IDDM in mice

. : and rats represent an autoimmune disorder in which T cells and
favourably influence the course of several experimental auto- P

immune disorders such as tubulonephritis [2], gIomeruIonephritismacrOphages play a major pathogenic role [8]. Therefore, the aim

[3], autoimmune uveitis [4], autoimmune encephalomyelitis [5], O:;lé:::%dgf\f’; ?j |trc1) :X;Tr;]rﬁ sze;?aegéitn%nt'gg r::g ?,LZOSTa(\j/;g
autoimmune manifestations in MRL/Ipr mice [6] and autoimmune” u u ) ' u

myocarditis [7]. Considering the effectiveness and good tolerabil-the influence of leflunomide’s primary metabolite, A771726,

ity of the drug [1], these data predict a role for leflunomide in the\.NhICh m¢d|ates d|seas¢_e-mod|fy_|ng effects of th? parent drug [9),

in a murine model of diabetes induced by multiple low doses of
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Leflunomide prevents autoimmune diabetes 45

of Langerhans. Experimentally induced IDDM in rodents with Quantification of glucose in the blood
MLD-SZ is a widely used model which has clinical and histo- Clinical diabetes was defined by hyperglycaemia (blood glucose
immunological features similar to those of human disease, with T>11-8 mmoll). Blood samples were obtained from the retroorbital
cells and macrophages playing a major pathogenic role [8]. Whemplexus of non-fasted animals. Plasma glucose determination was
administered in animals at multiple low dose&s$, cell toxin performed at weekly intervals by a glucose oxidase method using a
streptozotocin is thought to induce initial cell damage by alkylatingglucometer (Glucotronic C; Macherey-Nagel, Duren, Germany).
the DNA in islet cells [10] and/or by spontaneously releasing nitric
oxide [11]. Subsequently, as a result of a nogetell antigen In vivo treatment with A77 1726
expression, mononuclear cells that infiltrate the islets will start aA77 1726 was diluted in PBS and injected intraperitoneally in a
multifactorial process [12] resulting in the expansion of patho-volume of 0-2ml at daily doses ranging from 5 to 35 mg/kg per
logical response from a ‘mini-autoimmune response’ into chronicday, as indicated in Results. A77 1726 was given as continuous 10
immune-mediated disease. The main functional and histopathadays treatment starting either jointly with the MLD-SZ doses (the
logical defects in the MLD-SZ model of diabetes appear to befirst injection of A771726 given at day 0), or after MLD-SZ
induced by T helper 1 (Th1) lymphocytes and T cytolytic 1 (Tcl) (starting at day 10 in relation to the first SZ dose). Control, non-
cells which secrete soluble molecules that promote autoimmun&eated mice received injections of PBS. A modest but significant
destruction of theislets [13,14]. Therefore, in order to analyse theeduction in body weight was noticed in the mice treated with
possible mechanism of A77 1726 effects on cell interactions in theA77 1726 in comparison with control animals. Adverse effects
development of inflammatory lesions in the pancreata we alsavere clearly dose-dependent, as most of the mice (12 out of 15)
analysed the capacity of the drug to modify spontaneous aggrereated with the highest tested dose of the drug (35 mg/kg per day)
gation of normal murine mononuclear cells and cells derived fromdisplayed a progressive worsening of their general condition and
diabetic animals. became moribund within 50 days of the observation period.
By using this model, we demonstrated that leflunomide’s
active compound A77 1726 suppresses disease manifestations, thiiggregation assay
suggesting that the drug may have a role in the treatment ofn vitro analysis of spontaneous cell aggregation was performed
autoimmune reaction against pancregticells. according to modification of the protocol of Rothlein & Springer
[15]. Briefly, mononuclear cells (MNC) were isolated from per-
ipheral blood (PB) and spleen (SPL) obtained from A771726-
MATERIALS AND METHODS treated i vivo treatment) and/or MLD-SZ-treated mice 10 days
) after diabetes induction, as well as from normal untreated animals.
Mice o ) ~ Cells were incubated in triplicates for 2h at°87in 96-well
Genetically susceptible m_bred ma_le C_BA/H mice, maintained picrotitre plates (1x 10°/well) in RPMI 1640 medium (Gco,
from the colony at the Institute of Biological Research, Belgrade,paisleyy UK) supplemented with 10% fetal calf serum (FCS) in the

Yugoslavia, were used from 8 to 10 weeks of age. Mice Werffresencei(] vitro treatment) or absence of a8 of A77 1726, as
housed under conventional conditions with laboratory chow anqpgjcated in Results. For quantification of cells in aggregates, free

waterad IibitL_lm Anim_als were randomly divided into groups of o5 were counted in a haemocytometer by two independent
5-10 to receive the different treatment protocols. observers. The percentage of cells in aggregates was calculated
as follows: 100x (1 — (number of free cells in test/number of free
cells in control)) , where control represents the total number of free
gells (1x 10%/ml). The percentage inhibition of aggregationiny

vivo or in vitro treatment with A77 1726 was determined using the
formula: inhibition of aggregation (% (1— (total number of

free cells—number of free cells in test/total number of free

sodium salt, prepared in the Chemistry Department, Hoechst Acsells—number of free cel'ls in control)). The total number of free
(Wiesbaden, Germany). Mouse MoAb specific for mouse Thy-1,2€lls was 1x 106{”‘" while control represents the number of
(F7D5), rat MoAbs specific for mouse CD4 (GK1.5), CD8 free cglls in medium. Cell viability was checked by trypan blue
(YTS 169), and interferon-gamma (IFN-(F3), as well as rabbit ~ €xclusion.

anti-INOS antibody (anti-NO16; kindly provided by Dr C.

Nathan, Cornell University Medical College, NY) were used for
immunohistochemical stainings.

Reagents

Streptozotocin (SZ, S-0130) was purchased from Sigma (S
Louis, MO). Leflunomide (N-(4-trifluoromethylphenyl)-5-methyl-
isoxazol-4-carboxamide), in the form of its active metabolite
A77 1726, was provided by Dr Kamerer as the water-soluble

Histological examination of pancreas

Pancreata were prepared for histology by fixing in neutral buffered
formalin and then embedding in paraffin. The fixed blocks were
sectioned (:m in thickness) and haematoxylin and eosin (H—E),
Induction of diabetes Maldonado or Masson’s trichrome stainings were performed to
Autoimmune diabetes with delayed onset was induced byassess the incidence of inflammatory changes, degree of islet cell
MLD-SZ, as described by Like & Rossini [10]. SZ was dissolved destruction and proliferation of connective tissug-antitrypsin

in citrate buffer pH4-5, and injected intraperitoneally within (o;-AT) was used for detection of macrophages. Histological
10 min of dissolution, at doses of 40 mg/kg of body weight daily examination of the pancreatic islets, viewed by light microscopy
for 5 consecutive days. In all studies, day 0 was defined as the firgif the slides, was undertaken in a blind fashion by two observers
day of MLD-SZ administration. In one series of experiments, unaware of the status and/or treatment of the animals. The
‘toxic’ diabetes, due to the direct toxic effect of the drug ®n  magnitude of insulitis and the degree of islet destruction were
cells, was induced by the i.p. injection of a single high SZ dose ofgraded according to an arbitrary scale as follows:ifitact islet;

200 mg/kg of body weight. 1=area of MNC infiltration within an islek 25%; 2= 25-50%;

© 1999 Blackwell Science LtdClinical and Experimental Immunolog$17:44—-50



46

3= >50%, and 4=small retracted islet with or without some
residual infiltrates, cords of connective tissue, extensive destruc-
tion of islet,3 cell necrosis. At least 20 islets were counted for each

pancreas. The mean score for each animal (group) was calculated

by dividing the total score by the number of islets examined.

Immunohistochemical analyses of pancreas

Tissues were quick frozen in liquid nitrogen with OCT compound.
Cryomicrotome sections (7-+8n thick) were prepared and dried
onto gelatin-coated slides. Before staining, the slides were fixed in
cold acetone for 5min at20°C, then rinsed in 0-& Tris buffer
solution (TBS) and incubated with primary antibodies (F7D5,
GKb5.1, YTS 169, F3, anti-NO16) overnight atCl After addi-
tional washings in TBS, sections were incubated for 1 h with either
anti-mouse or anti-rat IgG peroxidase (for mouse and rat MoAbs,
respectively) or with anti-rabbit immunoglobulin biotin followed
by streptavidin biotinylated peroxidase complex (for rabbit anti-
iINOS antibody). Peroxidase reaction was visualized with 0-05%
diaminobenzidine (DAB) in 0-01% 4@, for 7—8 min. The colour
reaction was stopped by washing slides in running water. All slides
were lightly counterstained with haematoxylin, mounted in gelatin/
glycerol medium and assessed by light microscopy.

Statistical analysis
Results were expressed as meanss.e.m. Student's-test was
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Fig. 1. Dose-dependent suppression of MLD-SZ-induced hyperglycaemia
in mice treated with A771726. Plasma glucose levels in mice § in

used to determine the significance of differences between mean§ach group) receiving, respectively, MLD-SZ (40mg/kg per day, for 5
consecutive days) in conjunction with 10 daily i.p. injections of saline
only (@), or different doses of A771726: 5mg/k#l), 10mg/kg ©), or

RESULTS

Effects of A77 1726 treatment on hyperglycaemia
Preliminary experiments have shown that A77 1726 does not affect
blood glucose level in normal untreated CBA/H mice (data not
shown). In order to evaluate the ability of leflunomide to interfere
with the autoimmune diabetogenic process, we used the murine
model of autoimmune diabetes induced with MLD-SZ. In this
model, sustained hyperglycaemia and insulitis occur over a 2-week
period following administration of five daily low doses of SZ [16].
Three groups of MLD-SZ-treated mice received different doses of
A77 1726 (ranging between 5 and 20 mg/kg per day) over a period
of 10 days, starting in conjunction with SZ. The control group of
mice received MLD-SZ plus 10 daily i.p. injections of equivalent
volumes of saline. Figure 1 shows that after completion of
MLD-SZ treatment elevated levels of glucose in blood were
observed in control animals, which is in accordance with a
previous report [16]. Treatment with A77 1726 significantly
reduced MLD-SZ-induced hyperglycaemia in a dose-dependent
way. The protective effect of A771726 on the development of
diabetes did not appear to depend on continuous application of the
drug, since after interruption of treatment with A77 1726 none of
the mice developed hyperglycaemia for an overall 70-day observa-
tion period. An age- and sex-matched control group of mice treated
similarly with A77 1726, but without MLD-SZ, showed no effect
on basal normoglycaemia (not shown).

In order to analyse further potentially therapeutic properties of
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20mg/kg @). Significantly different from the value of MLD-SZ-treated
but non-A77 1726-treated control miceP* 0-01; Student’s-test.
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leflunomide, the experiments were repeated with additional group§!9- 2- Comparison of the early and late treatment of mice with A77 1726

of mice to include the delayed treatment with A771726. In
addition to previously described concomitant treatments, group

on MLD-SZ-induced development of hyperglycaemia. Plasma glucose
levels in mice receiving MLD-SZ only (40 mg/kg per day, for 5 consecutive
ﬁays) @), or mice treated with MLD-SZ in conjunction with A77 1726

of mice were injected for 1_0 subsequent dgys Wlth _A77 _1726 bL_n(zs mg/kg per day) from day O to day @), or from day 10 to day 194 in
starting 10 days after the first streptozotocin administration. ThiSgjation to the first SZ injectionn(=10 in each group). Significantly
regimen was based on histological studies demonstrating the firgfifferent from the value of MLD-SZ-treated but non-A77 1726-treated
cellular influx in the islets of Langerhans by day 7 [12]. As shown control mice: P < 0-01; Student's-test.
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in Fig. 2, after the late treatment with A77 1726 at a lower doseare summarized in Fig. 4. The results revealed that in MLD-SZ-
(5mg/kg per day) suppression of hyperglycaemia was notreated mice spontaneoes vivoMNC clustering was significantly
observed, which confirmed our preliminary report [17]. However, increased, compared with the aggregation of MNC from normal
high doses of the drug (25mg/kg per day) exhibited protectivehealthy mice. As shown in Fig. 4, higher percentages of cell
action, although less effective than early concomitant treatment. Iclusters were detected both in SPL- and PB-derived MNC obtained
addition, therapeutic effectiveness was not obtained in an acuten day 10, or day 20 after diabetes inducti&n< 0-05). However,
form of diabetes induced by a single toxic dose of streptozotocirtreatment of mice with A77 1726, started either concomitantly with
(‘toxic’ diabetes), when A77 1726 was administered at dosedVLD-SZ or 10 days after the first MLD-SZ challenge, significantly
that were protective in an immune-mediated MLD-SZ-induced(P < 0-005) suppresseelx vivoaggregation in comparison with

diabetes (data not shown). MNC clustering of control MLD-SZ-treated mice. The influence of
A77 1726 on MNC aggregation was further evaluatedvitro,
Histological and immunohistochemical analysis using the drug during an aggregation assay. MNC were isolated

To determine the effect of A77 1726 administration on the islets,from MLD-SZ-treated animals and incubated for 2h in medium
we examined histological sections of the pancreata from controlcontaining 5um of A77 1726, a concentration shown to be the
MLD-SZ-treated and A77 1726-treated mice. Histological analysismost effectivein vitro [18]. The capability of A77 1726 to inhibit
were done at days 10, 20, 30 and 84 after the induction of theell aggregationin vitro was as effective ai vivo treatment
disease with MLD-SZ, as well as before any treatment. Repre{Fig. 4).
sentative examples of the light microscopical evaluation of the

islets are presented in Fig. 3. Control mice displayed normal
architecture without MNC infiltration and islet necrosis. Pancreatic

islets in mice killed 10 days after receiving five daily injections of In this study, the immunomodulatory potential of a novel com-
SZ revealed massive infiltrations accompanied with initial necroticpound leflunomide was evaluated in the MLD-SZ-induced auto-
changes. However, numerous islets were well preserved at thisnmune diabetes in mice. Since this animal model has an
stage of the disease evolution (mean histological grade 0-8), whichutoimmune cell-mediated component [8] and typically shows a
is probably sufficient for the normoglycaemic status of the animalschronic and persistent course of disease, it is regarded as useful for
(Fig. 1). The majority of infiltrated MNC were ThyIt2and CD4'. studies concerning immunological manipulations of IDDM. To
Macrophages o;-AT+) were detected at the periphery of the assess the role of the drug in the pathology of a complex disease
infiltrates (Fig. 3). Some of the cells in the islets were stronglyprocess, we used leflunomide’s primary metabolite A77 1726 and
IFN-y*" and iNOS'". At day 20 (mean grade 1.7) and day 30 (meanobtained evidence tham vivo administration of the drug during
grade 2.4) islet necrosis was more prominent, which correlatediisease induction protects mice from development of hyper-
with the sustained hyperglycaemia (Fig. 1). From this period up toglycaemia, massive islet cell invasion agdcell destruction.

84 days, the destructive process progressed (mean grade 3.6) aRdrthermore, with late treatment with A77 1726 we presented
necrotic areas were replaced with fibrotic tissue (Fig. 3). In generalevidence indicating drug effectiveness in ameliorating IDDM
during the disease course, all of the first three histological gradeprogression. Although the protective and therapeutic potential of
were found at every time point in the same pancreas, althougleflunomide has been demonstrated in several experimental models
maximal infiltration was observed between days 10 and 20pforgan-specific autoimmune diseases [4,5,7], its mode of action is
necrosis between day 20 and 30 and fibrosis at day 84. Adminisaot completely understood. The drug-induced protection from
tration of A771726 (5-25mg/kg per day), concomitantly with IDDM may involve several complementary mechanisms. First,
MLD-SZ, protected animals from insulitis and destruction@f by inhibiting tyrosine phosphorylation and subsequent tyrosine
cells. In comparison with control MLD-SZ-treated mice, in kinase-dependent cell activation [6,19], and/or by inhibitifey
pancreatic islets of leflunomide-treated mice mononuclear cellsovo pyrimidine nucleotide synthesis and cell proliferation
participating in the insulitis process, e.g. Thy-1.ZD4", CD8" [19,20], leflunomide may interfere with the initial events of
andoy-AT™ cells, were significantly reduced, as well as IFN-  activation of autoreactive T cells and their expansion. However,
and iINOS cells. Mean histological grade did not exceed 0-5the development of the disease is determined not only by the
during the whole investigation period. If A77 1726 was given later expansion of cell-specific autoreactive cells, but also by adhesion
(from day 10 to day 19), at a period of apparent MNC infiltration cascade-mediated cell-cell interactions and homing of MNC into
and initial necrosis, protection was less effective, at least when lovthe target tissue. Sequential mononuclear cell interactions,
dose of the drug (5 mg/kg per day) was used. In contrast, A77 1728 wolving CD28/B7 molecules [21], as well as a number of
given at a higher dose (25mg/kg per day) preserved numerouadhesion receptors and ligands [22], are required for antigen
islets from further autoimmune attack and necrosis (Fig. 3): at dayresentation, T cell activation, killer T cell-mediated lysis of
20 mean grade was 1-0; at day 30 mean grade was 1-4; and at dayget cells, and adhesion and transendothelial migration of
84 mean grade was 1-7, which was significantly lower than inleucocytes. Thus, a second mechanism by which leflunomide
animals treated with MLD-SZ only. In addition, both IFN- and could exert its effect is by altering the adhesion molecules
iNOS' cells were again reduced in A771726-treated micewhich mediate cell-cell contacts and provide communication of

DISCUSSION

compared with control MLD-SZ-treated animals. cells with their environment.
It is worth noting that some adhesion molecules can undergo
Effect of A77 1726 on spontaneous MNC aggregation changes in activity which are independent of their surface expres-

In order to determine the effect of A771726 on the adhesivesion. Therefore, in order to elucidate the effects of leflunomide
interactions of MNC, analysis of spontaneous cell aggregation waspon cell—cell adhesion, in the current study we measured the
performed using both PB- and SPL-derived MNC obtained fromfunctional state of adhesion molecules rather than surface
MLD-SZ-treated and normal mice. Results of these experimentexpression. In order to test this, we performed studies using an
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Fig. 3.Histology of pancreatic isletsin MLD-SZ-induced diabetes in mice. (a) Massive mononuclear cell (MNC)infiltration (arrow) 10 days after
disease induction. (H-E staining, mag250.) (b) CD4 cells (arrows) within MNC infiltrate 20 days after disease induction. (Immuno-
peroxidase staining, mag. 250.) (C)as-antitrypsin ¢;-AT)* cells at the periphery of MNC infiltrate 20 days after disease induction. (Mag.

x 312.) (d) Extensive necrosis (arrow) and loss of islet margins 30 days after disease induction. (H—E stainin@@ taade) Proliferation of
connective tissue 84 days after disease induction. (Maldonado stainingxn2§.) Histology of pancreatic islets in A77 1726-treated diabetic

mice (dose 25 mg/kg per day, given from day 10-19). (di) Well preserved islets without MNC infiltrate and necrosis 30 days after disease
induction. (H-E staining, mags 250.) (ei) Absence of islet fibrosis 84 days after disease induction. (Maldonado stainings 2y)
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100 - (a) (b) Beside APC, the other cell type which is crucial for the
initiation and perpetuation of the disease is islet antigen-reactive
80 L T lymphocytes. Reduction of the severity of insulitis, observed in
mice treated with A77 1726, thus may result in the impairment of
60 |- . local release of proinflammatory cytokines, as well as the other
- N relevant cytokines by the cells infiltrating the pancreas [13,14], and
& 40 - T T . reduce subsequent cytokine-inducible generation of the free radical
= i gas NO byg cells [25]. Indeed, immunohistochemical analysis
T 20 * i . revealed that both IFN-" and iNOS™ intra-islet cells were rare
E‘ H H - after treatment with A77 1726. Bearing in mind the role for NO in
% 0 ! & ot pancreatic3 cell damage [26], it is tempting to speculate that
@ “ ‘ leflunomide may reduce NO-mediated destruction of pancr@atic
S _20 cells.
5 However, there is a question of the mechanism possibly
'g —40 employed by A77 1726 to suppress iNOS activation in the islets.
P L Previous findings support a role for protein tyrosine kinase (PTK)
—60 : activity in macrophage iNOS induction [27]. Since A771726 has
- been found to inhibit PTK activity in various cell types [6,19] it is
—80 conceivable that similar down-regulation of PTK might be
responsible also for the leflunomide-mediated suppression of NO
-100 synthesis in the islets. The precise mechanism of leflunomide’s
a b 2 d a b i d action on NO synthesis at the level gfcells is at present not

) known, but warrants further study.
Fig. 4. Effect of A77 1726 on the spontaneous aggregation of mononuclear Temporal analysis of the effect of A771726 on MLD-SZ-
cells (MNC). Quantitative aggregation assay was performed by usingy,ceq giapetes has shown that early treatment completely or

spleen-derived (A), or peripheral blood (PB)-derived MNC (B). a, Control . . . .
cells from normal, untreated mice; b, cells from MLD-SZ-treated mice partially prevented disease induction. Moreover, the drug arrested

isolated 10 daysi) or 20 days M) after the first MLD-SZ challenge: c, progression to cIi_nicaIIy overt diabetes when a_dministered at a
cells from mice treated with MLD-SZ and A77 1726 from days 0 to 9 and More advanced disease stage, namely when active cell destruction
isolated on day 1), or treated from days 10 to 19 and isolated on day 20 Was present. These effects could be related to the A771726
(m); d, cells from MLD-SZ-treated mice isolated 10 da{) or 20 days  prevention of MNC aggregation at the site of autoimmune
(m) after the first MLD-SZ challenge incubateid vitro with 50um challenge, as indicated bgx vivo and in vitro experiments
AT71726. Results represent mean values (bassp.m. of individual  (Fig. 4). Effectiveness of A771726 in preventing MLD-SZ-
analyses performed in six different mice from each group. Negativejndyced diabetes, but lack of the protective effect in a ‘toxic’
values indicate inhibition of aggregation referring to thg ceII_s O_b_taineddiabetes induced by a single high dose of Sz, indicate that the drug
frpm MLD-SZ-treated but non-A77 1726-treated cgntrol mice. Slgnlflcantlyinterferes with immune-mediated events rather than with the
different from the value of normal untreated mice (b), or of MLD-SZ- . . .
treated but non-A77 1726-treated control mice (c,d):= 0-05; Student’s direct no_n'lmmunc’lOglc’c_ll effects of Sz dﬁ(_:e”s' It seems t_hat
t-test. leflunomide protects mice from MLD-SZ-induced IDDM in a
permanent fashion, most probably as a result of suppression of a
cascade of events associated with progression of the disease
aggregation assay and demonstrated, for the first time, tha@tom ‘mini autoimmune response’ into chronic immune-mediated
increased MNC aggregation, which is associated with MLD-SZdamage of endocrine pancreas.
treatment of mice [23], was inhibited by A77 1726 bettvivoand In our study we confirmed the immunosuppressive properties
in vitro. From this, we can assume that the anti-adhesive propertpf A771726, and showed its dose-dependent effect. Positive
of the drug may interfere with the movement of leucocytes to sitesffects of leflunomide were achieved in doses ranging between 5
of inflammation and tissue destruction, affecting both their acti-and 25 mg/kg per day. However, caution should be exercised when
vation and effector function. Beside direct modulation of adhesiveextrapolating these results to the clinical setting, because lefluno-
cell interactions, leflunomide may also interfere with the produc-mide is metabolized more rapidly in rodents than in humans, and
tion of chemoattractant cytokines, thereby disturbing the process dbwer doses of the drug are likely to exhibit immunosuppressive
insulitis. Both of these mechanisms fit well with histological properties in humans (clinical trial of the safety and pharmaco-
observation, since we provided evidence that leflunomide inhibitecinetic profile of leflunomide; Hoechst AG, Wiesbaden, Germany).
accumulation of MNC participating in the insulitis process of the If maintenance of immunosuppressive effects with concomitant
pancreatic islets. In the immunological diabetic process dendriticeduction of dose-dependent side-effects may be achieved by
cells/macrophages are the first cells to infiltrate the islets andombined treatment with ‘low’ doses of leflunomide and other
therefore initiate the autoreactive process as typical antigenimmunosuppressive drugs, this may be a novel safe and feasible
presenting cells (APC) [12,14]. In addition, these cells are theform of immunotherapy to be considered for the prophylaxis/
first and major source of inflammatory mediators in the islettherapy of IDDM, and possibly other autoimmune diseases.
infiltrates [24]. Sinceay-AT™ cells are rare in the islets of
A77 1726-treated mice, this indicates that leflunomide may

influence the disease by interfering with migration of blood-born ACKNOWLEDGMENTS
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