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Abstract

Aims/hypothesis. A mechanism implicated in pancre-
atic islet beta-cell destruction in autoimmune diabe-
tes is the binding of the Fas ligand (FasL) on T cells
to Fas receptors on beta cells, causing their destruc-
tion. Evidence for this mechanism is, however, con-
troversial. The aim of this study was to find whether
the Fas ligand contributes to beta-cell death in au-
toimmune diabetes.

Methods. We transplanted syngeneic islets under the
renal capsule in non-obese diabetic (NOD) mice and
treated the mice with a neutralizing monoclonal anti-
body to the Fas ligand. Survival of beta cells in islet
grafts and phenotypes of graft-infiltrating cells were
investigated.

Results. We found 58 % (7 of 12) of mice treated with
anti-Fas ligand antibody were normoglycaemic at
30 days after islet transplantation compared with

none (0 of 9) of the mice treated with control anti-
body. Immunohistochemical analysis of islet grafts
showed that infiltration of leucocytes (CD4" T cells,
CD8" T cells, macrophages and neutrophils) and apo-
ptosis of beta cells in the grafts was significantly de-
creased in mice treated with anti-Fas ligand antibody.
Expression of proinflammatory cytokines (interleu-
kin 1 alpha, tumour necrosis factor alpha and inter-
feron gamma) was not different in islet grafts of
mice treated with anti-Fas ligand and control anti-
bodies.

Conclusion/interpretation. These findings indicate
that Fas ligand-mediated mechanisms play a major
part in promoting leucocytic infiltration of islets and
beta-cell destruction in autoimmune diabetes. [Dia-
betologia (2000) 43: 1149-1156]
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A variety of immune system cells, including macro-
phages, CD4* T cells and CD8" T cells have been im-
plicated as mediators of pancreatic islet beta-cell de-
struction in Type I (insulin-dependent) diabetes mel-
litus. One of the mechanisms of T-cell cytotoxicity is
a receptor-mediated mechanism in which Fas ligand
(FasL) (CD95L) molecules on the surface or released
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from T cells bind to Fas (CD95) receptor molecules
on target cells [1]. Ligation of Fas receptors by FasL.
usually triggers apoptotic death of the cells express-
ing Fas receptors [2].

Recent studies have supported a role for Fas-FasLL
interactions in autoimmune beta-cell destruction.
Notably, Fas expression was detected only on beta
cells in pancreatic sections from two children with re-
cent-onset Type I diabetes and apoptosis was detect-
ed in Fas™ beta cells located close to FasL* T cells in-
filtrating the islets [3]. Interleukin (IL)-18 induces
Fas on mouse [4] and human [5] beta cells in vitro
and IL-1-sensitized Fas-expressing islet cells are kil-
led by addition of anti-Fas monoclonal antibody [4].
Also, apoptosis was reported to be the mode of beta-
cell death in non-obese diabetic (NOD) mice that de-
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veloped diabetes [6]. In another study in NOD mice,
FasL was detected on CD4" and CD8" T cells and
Fas expression was detected on beta cells in syngene-
ic islet grafts undergoing autoimmune destruction;
also, Fas expression correlated with expression of
the proinflammatory cytokines, IL-1 alpha (IL-1a),
tumour necrosis factor alpha (TNF-a) and interferon
gamma (IFN-y) in the islet grafts [7]. In contrast, up-
regulation of Fas expression on the majority of
NOD mouse beta cells did not correlate with the on-
set of autoimmune diabetes in another study. Expres-
sion of Fas on a small number of beta cells suggested,
however, that some Fas-mediated destruction can oc-
cur [8].

Reports that NOD mice lacking Fas (NOD-Ipr/Ipr
mice created by crossing NOD mice with MRL-/pr/
Ipr mice that have an incapacitating mutation in the
fas gene) do not develop diabetes and are resistant
to adoptive transfer of diabetes [9,10] suggested that
Fas expression by beta cells is necessary for their de-
struction during the course of the insulitis process.
Subsequent studies suggested that the failure of dia-
betes development in Fas-deficient NOD-Ipr/Ipr
mice could, however, be due to immune defects in
the Ipr mouse other than Fas deletion [11-13]. The
possibility that the abnormal immune phenotype of
NOD-Ipr/Ipr mice could complicate interpretation of
results was circumvented in two newly derived mouse
strains in which FasL and Fas gene expressions were
deleted, and still diabetes was prevented [14]. In addi-
tion, diabetes was prevented when Fas expression
was abrogated in transgenic NOD mice with CD4* T
cells bearing highly diabetogenic beta-cell specific T-
cell receptors [15]. Also, activation of beta-cell cyto-
toxic CD8* T cells in T cell receptor transgenic NOD
mice was associated with expression of FasL on the
diabetogenic T cells [16].

In view of the controversial findings regarding a
pathogenic role for Fas-FasL interactions in autoim-
mune diabetes, using genetically manipulated NOD
mice, this study was initiated to find whether FasLL
has a pathogenic role in spontaneous autoimmune di-
abetes in NOD mice. We investigated the effects of a
neutralizing antibody to FasL on the recurrent au-
toimmune response that leads to destruction of beta
cells in syngeneic islet grafts transplanted into diabet-
ic NOD mice. The results provide evidence that
Fasl.-mediated mechanisms play a major part in islet
infiltration by leucocytes and beta-cell destruction in
autoimmune diabetes.

Materials and methods

Animals. Male and female NOD mice (Taconic, Germantown,
N.Y., USA), aged 4 weeks, were used as islet donors and dia-
betic NOD mice (males and females, aged 17-22 weeks) were
used as islet recipients. Diabetic mice (diabetes duration
3-6 weeks) were treated by daily subcutaneous injections of

ultralente beef and pork insulin (1.0 U/100 g body weight) until
the day before transplantation. All mice were cared for accord-
ing to the guidelines of the Canadian Council on Animal Care.

Transplantations. Islets were isolated by collagenase digestion
of the pancreas and Ficoll density gradient centrifugation and
then hand picked [17]. A total of 500 freshly isolated islets
(pooled from approximately four donor NOD mice) were
transplanted under the left renal capsule in each diabetic
NOD mouse, according to a previously described procedure
[18]. Transplantation was considered successful if the non-fast-
ing blood glucose returned to normal (< 7.0 mmol/l) and re-
mained normal for the first 4 days after transplantation. Tail
vein blood glucose was monitored daily after transplantation
by using an Accu-Chek IIm glucose monitore (Boehringer
Mannheim, Laval, Quebec. Canada). Islet graft rejection was
diagnosed by return of hyperglycaemia (blod glucose
> 11.1 mmol/l) accompanied by glucosuria and ketonuria on 2
consecutive days.

Experimental Design. Diabetic NOD mice were transplanted
with NOD islets and divided into three groups. The first group
was treated with a mouse anti-mouse FasL monoclonal anti-
body (mAB) (Kay 10, PharMingen, San Diego, Calif., USA)
[19],250 pgi.p. three times a week from day 0 to 30 after trans-
plantation; the second group was treated with the same dose of
an isotype control mouse IgG2b (PharMingen); and the third
group received no treatment. We confirmed that the anti-
FasL antibody used, Kay 10 mAB, prevented hepatocyte apo-
ptosis induced by concanavalin A (Sigma, St. Louis, Mo.,
USA), 15 mg/kg injected i.v. 30 min after the anti-FasL anti-
body was given to NOD mice, as reported previously [11]. In
the first study, we compared the effects of anti-FasL. mAB,
control mAB and no treatment on the survival of the islet
grafts. The mice were monitored daily by blood glucose mea-
surements for 30 days after islet transplantation and the day
of diabetes recurrence defined the duration of islet graft sur-
vival. In the second study, islet grafts were examined histologi-
cally and graft-infiltrating leucocytes were analysed by cyto-
chemical staining and by immunohistochemistry at 8-14 days
after transplantation. In the third study, islet grafts were re-
moved at 6 days after transplantation and leucocytes and beta
cells in the grafts were examined for apoptotic events. In the
fourth study, islet grafts were removed at 8-14 days after trans-
plantation and RNA was extracted from the grafts to measure
mRNA expression of IL-1a, TNF-o and IFN-y by PCR assay.

Histological studies. Grafts were fixed in 10 % buffered forma-
lin, embedded in paraffin, sectioned at 4.5 um, then stained
with an anti-insulin antibody (Dako, Carpenteria, Calif.,
USA) using an immunoperoxidase technique and counter-
stained with haematoxylin. Coded slides were examined by
light microscopy (Labophot-2, Nikon, Mississauga, Ontario,
Canada).

Islet graft cell preparations. Islet grafts were removed from the
renal subcapsular transplant site and processed separately
from each mouse. Grafts were placed in RPMI 1640 medium
supplemented with 10 % heat-inactivated fetal calf serum (Life
Technologies, Burlington, Ontario, Canada) and kept on ice,
then transferred into Eppendorf tubes containing 500 ul Ca?*/
Mg?*-free PBS with 0.2 mg/ml EDTA (cell dissociation buffer)
(Life Technologies). While on ice, the grafts were cut into small
pieces with fine scissors and disrupted mechanically by syringe
injection though progressively narrower gauge needles. The re-
sulting tissue fragments were dissociated into single cells by in-
cubation in the cell dissociation buffer at 37 °C for 20 min.
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Cytochemical stainings. Differential leucocyte staining of cells
isolated from islet grafts was done by the buffered-differential
Wright-Giemsa cytochemical stain technique (Baxter, McGaw
Park, Ill., USA). Further identification of neutrophils was
done by using a naphthol AS-D chloroacetate stain for specific
esterase (Sigma) to exclude lymphocytes [20] and fluoride in-
hibition to exclude esterase-positive monocytes [21].

Immunohistochemical studies. Immunohistochemical staining
of cells isolated from islet grafts was done to identify and
quantify total leucocytes (CD45%) and subsets of T cells
(CD4" and CDS8"), B cells and macrophages infiltrating islet
grafts. The cells were fixed in 4% paraformaldehyde in PBS
for 30 min at room temperature and washed twice in PBS by
centrifugation at 400 g for 5min at 4°C. The fixed cells
(2 x 10*in 10 pl) were placed on glass slides coated with 3-am-
inopropyltriethoxysilane (Sigma) and the slides were stored at
—86 °C until processed. Slides were thawed and all subsequent
incubations were done in a humidity chamber to prevent dry-
ing of the cells. First, cells attached to the slides were treated
with 1% paraformaldehyde in PBS for 10 min at 4°C. Cells
were then incubated for 3 h at 25°C in PBS containing 10 %
normal goat serum with 3% bovine serum albumin to block
non-specific binding of secondary antibody. Next, cells were
incubated for 2 h at 4 °C with the following rat mABs to mouse
leucocyte subsets: Ly-5/T200 (CD45), L3T4 (CD4), Lyt-2
(CD8), Ly-5/B220 (B cell) and M1/70 (Mac-1) (Cedarlane,
Hornby, Ontario, Canada) or rat IgG control antibody, 10 pg/
ml. Cells were then washed in PBS for 30 min and incubated
for 20 min at 25°C with a secondary antibody, biotinylated
goat anti-rat mouse-absorbed IgG (Cedarlane), diluted 1:50
in PBS. Next, cells were washed in PBS, incubated with strep-
tavidin-alkaline phosphatase conjugate (Zymed Laboratories,
South San Francisco, Calif., USA) for 15 min at 25°C, washed
in PBS and incubated with alkaline phosphatase Fast-blue
(Vector Laboratories, Burlingame, Calif., USA) diluted 1:2 in
TRIS-HCI buffer, pH 9.5 for 3-5 min until staining (blue) of
cell surface antigens (CD45, CD4, CDS8, B-220, Mac-1)
reached maximum intensity. Slides were sealed with Crystal/
Mount followed by Clarign mounting medium (Bigmeda, Fos-
ter City, Calif., USA). Cell preparations were stained in dupli-
cate with each test or control antibody and 3000 cells were
scored blindly by two independent observers who each scan-
ned 60 different microscopic fields (oil immersion, 100 x )
(Labophot-2, Nikon).

Apoptosis studies. Early during apoptosis phosphatidylserine
translocates from the inner to the outer plasma membrane of
the cell and exposure of phosphatidylserine on the outer sur-
face of the cell is detected by the binding of annexin V to the
cell surface [22]. Islet graft cells undergoing apoptosis were
identified by using an annexin V-fluorescein isothiocyanate
(FITC) apoptosis detection kit (PharMingen). Cells (5 x 10%)
were incubated in 100 pl annexin-binding buffer for 45 min at
4°C in Eppendorf tubes, then 1 pl of annexin V-FITC (final
concentration 0.25ug/ml) was added to the cell suspension
and the incubation was continued for 30 min in the dark at
4°C. All subsequent incubations were done in the dark. The
cells were then washed in PBS, fixed in 4 % paraformaldehyde
in PBS for 30 min at room temperature and washed in PBS.
The fixed cells were placed on glass slides coated with 3-amin-
opropyltriethoxysilane (Sigma) and stained by immunohisto-
chemical methods to identify apoptotic cells as leucocytes or
beta cells. Leucocytes were stained with a rat mAB to mouse
CD45 antigen or rat IgG control antibody using an immunoen-
zymatic method as described (see Immunohistochemical stud-
ies). Beta cells were stained by incubation for 2 h at 4°C with

guinea-pig anti-insulin antibody (Linco Research, St. Louis,
Mo., USA) or control guinea-pig antibody, diluted 1:1000 in
PBS. Next, cells were washed in PBS, then incubated for
20 min at 25°C with biotinylated goat anti-guinea-pig Ig (Zy-
med), diluted 1:200 in PBS. This was followed by incubation
for 15 min at 25 °C with streptavidin-alkaline phosphatase con-
jugate (Zymed), washing in PBS and incubation with 5-bromo-
4-chloro-3-indolyl phosphate/nitrobluetetrazolium chromogen
(Bigmeda) diluted 1:2 in TRIS-HCl buffer, pH 9.5 for 7-10 min
until staining (blue) of intracellular insulin reached maximum
intensity. Slides were sealed with Crystal/Mount and Clarign
mounting medium (Bigmeda). Stained cells were identified
microscopically by using an inverted microscope with epi-fluo-
rescence and brightfield attachments (Diaphot 300, Nikon).
Apoptotic beta cells stained green by fluorescence microscopy
(annexinV-FITC") and blue intracellularly by brightfield mi-
croscopy (insulin*). Apoptotic leucocytes stained green by flu-
orescence microscopy (annexinV-FITC") and blue on the cell
surface by brightfield microscopy (CD45%). Cell preparations
were stained in duplicate with each test or control antibody
and 3000 cells were scored blindly by two independent observ-
ers who each scanned 60 different microscopic fields (oil im-
mersion, 60 x ).

Annexin V-FITC staining to detect apoptotic cells was vali-
dated as follows. Thymocytes (2 x 10°ml) were prepared from
9-day-old NOD mice and activated with anti-CD3 mAB
(145-2C11, PharMingen), 2 ug/ml in PBS for 24 h, then incu-
bated on plates coated with hamster anti-mouse Fas mAB
(Jo-2, PharMingen) or hamster control IgG2a (PharMingen),
2 ug/ml in PBS for 8 h. Anti-CD3 mAB-activated thymocytes
incubated with control antibody were 3 +1% annexin V-
FITC*, whereas those incubated with anti-Fas mAB were
86 + 4% annexin V-FITC* and served as positive controls for
annexin V-FITC staining of islet graft cells in each staining run.

PCR analyses. RN A was extracted from islet grafts by a modifi-
cation of the guanidinium thiocyanate method [23] and cyto-
kine mRNA transcripts were measured in a semi-quantitative
RT-PCR assay as described previously [24]. The synthesis of
c¢DNA was carried out on 5 pg of total RNA with a Superscript
Reverse-Transcriptase Kit (Life Technologies), using oligo
(deoxythymidine);, ;s and Moloney murine leukemia virus re-
verse transcriptase (20 U) in a 25-ul volume at 37°C for 1.5 h.
The reverse transcription product was diluted 1:20, 1:100, and
1:500 in sterile H,O. The PCR amplification of cDNA was
done on 5l of each dilution in a 20-ul volume containing
80 ng of each primer, 0.25 mmol/l of each deoxyribonucleoside
triphosphate, 92.5 KBq of [a-**P]deoxycytidine triphosphate
111 MBg/nmol, Du Pont, Mississauga, Ontario, Canada), 2 U
of AmpliTaq (Perkin Elmer Cetus, Norwalk, Conn., USA)
and 3 mmol/l Mg?*. Samples were amplified through 40 cy-
cles at 94°C for 20 s, 60 °C for 20 s, and 72 °C for 30 s in a Gene
Amp PCR System 9600 (Perkin Elmer Cetus). The sequences
of the sense and antisense oligonucleotide primers, respective-
ly, were as follows: IL-1a: CGTCAGGCAGAAGTTTGTCA
and TGATGAGTTTTGGTGTTTCTGG; TNF-a: CTTA-
GACTTTGCGGAGTCCG and ACAGTCCAGGTCACT-
GTCCC; IFN-y: CGCTACACACTGCATCTTGG and GG-
CTGGATTCCGGCAACA; cyclophilinn GACAGCAGA-
AAACTTTCGTGC and TCCAGCCACTCAGTCTTGG.
The PCR reaction products were electrophoresed on 1.5%
agarose gels and transferred to nylon membranes. Incorpora-
tion of *P in the PCR product bands was measured by phos-
phor imager analysis (Fujix BAS 1000, Fuji Photo Film, Tokyo)
and expressed as photon-stimulated luminescence per minute.
Each cytokine signal was normalized to the cyclophilin signal
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Fig.1A-C. Blood glucose values in individual diabetic NOD
mice before (day 0) and for 30 days after transplantation of
500 syngeneic islets under the left renal capsule. The mice re-
ceived islets only (A, O, n = 6), islets and a control mAB (B,
A, n=9), and islets plus an anti-mouse FasL. mAB, 250 pg i.p.
three times a week from day O to 30 after transplantation (C,
A, n =12). Islet graft destruction is indicated by recurrence of
hyperglycaemia (blood glucose > 11.1 mmol/l)

of the same sample. All samples compared were amplified in
the same PCR run to avoid inter-assay variation and the final
results are the averages from two separate PCR assays.

Statistical analysis. Data are presented as means + SEM and
statistical comparisons were made by Welch’s unpaired ¢ test,
with a two-tailed p value less than 0.05 considered statistically
significant.

Results

Effects of anti-FasL antibody on islet graft survival.
Syngeneic islet grafts restored normoglycaemia
(blood glucose < 7.0 mmol/l) in diabetic NOD mice
8-12 h after transplantation. Diabetes recurred, how-
ever, (blood glucose > 11.1 mmol/l) between day 7
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Fig.2. Anti-FasL antibody treatment prolongs survival of syn-
geneic islet grafts in NOD mice. Graft survival was measured
by the blood glucose concentrations shown in Figure 1. Islet
grafts survived and maintained normoglycaemia for 30 days in
58 % (7 of 12) of the mice treated with anti-FasL mAB (A) com-
pared with none (0 of 9) of the mice treated with a control mAB
(A) and none (0 of 6) of the mice that received islets only (O)

and 14 after transplantation. In contrast, treatment
of islet-transplanted NOD mice with anti-FasL. mAB
maintained normoglycaemia for 30days in 7 of
12 mice (58 % ) compared with none of 9 mice treated
with a control mAB (Fig.1). Median graft survival
was 12 days for NOD mice that received islets only,
9 days for mice that received islets and a control
mAB, and > 30 days for mice that received islets and
anti-FasL. mAB (Fig.2).

Histology of islet grafts. At 12 days after islet trans-
plantation, there was extensive leucocytic infiltration
of islet grafts in mice treated with a control mAB; fur-
thermore, there was a great reduction of beta cells in
islet grafts of control mAB-treated mice that became
diabetic (Fig.3). In contrast, leucocytic infiltration
was less and abundant beta cells were found in islet
grafts of mice treated with anti-FasL. mAB at
12 days (Fig.3) and at 30 days after transplantation.

Leucocyte subsets in islet grafts. Anti-FasL. mAB sig-
nificantly decreased the number of leucocytes
(CD45* cells) that infiltrated islet grafts and the ef-
fect was greatest in mice in which beta cells in islet
grafts were preserved and normoglycaemia was
maintained (Fig.4). Reductions in leucocytic infiltra-
tion of islet grafts resulting from anti-FasL. mAB
treatment affected all leucocyte subsets identified by
cytochemical staining; lymphocytes, monocytes and
neutrophils (no eosinophils or basophils were found).
Also affected were all leucocyte subsets identified by
immunohistochemical staining — T cells (CD4* and
CD&8"), B cells (B-220*), macrophages (Mac-1*) and
esterase-containing neutrophils (esterase*) (Fig.4).
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Fig.3A-D. Photomicrographs of syngeneic islet grafts trans-
planted under the left renal capsule in diabetic NOD mice. At
6 h after islet transplantation, abundant beta cells (stained
brown with anti-insulin antibody) were detected in an islet
graft placed under the renal capsule and overlying the kidney
(A). At 12 days after islet transplantation, many leucocytes
(small cells with blue-staining nuclei) had infiltrated the renal
subcapsular space overlying the islet graft in a control mAB-
treated mouse that was normoglycaemic (B). Also, many leu-
cocytes infiltrated the islet graft and few beta cells remained
in a control mAB-treated mouse that was diabetic (C). In con-
trast, leucocytic infiltration was less and the beta-cell mass of
the islet graft was preserved at 12 days after transplantation in
a mouse treated with anti-FasL mAB (D).

Apoptosis in islet grafts. In addition to significantly
decreasing leucocytic infiltration and preserving beta
cells in islet grafts, anti-FasL. mAB significantly de-
creased the frequency of apoptotic events in beta
cells (from 9.0 + 0.7% to 1.1 + 0.8 %) at 6 days after
islet transplantation (Fig.5). In contrast, apoptosis in
leucocytes was similar ( ~ 15-20% of CD45" cells) in
islet grafts of anti-FasL and control mAB-treated
mice (Fig.5).

Cytokines expressed in islet grafts. The mRNA ex-
pressions of the proinflammatory cytokines, IL-1a.,
TNF-a and IFN-y were not significantly different in
islet grafts of NOD mice treated with anti-FasL. and
control mABs (Fig.6).
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Fig.4. Leucocyte subsets in islet grafts of NOD mice trans-
planted with syngeneic islets and treated with either an anti-
FasL mAB or a control mAB. At 8-14 days after islet trans-
plantation, total leucocytes (CD45" cells) and all leucocyte
subsets [lymphocytes (Lymphs), monocytes (Monos) and neu-
trophils (Neutros)], including T cells (CD4* and CD8*), B-cells
(B-220%), macrophages (Mac-1*) and neutrophils (esterase™)
were decreased in islet grafts of mice treated with anti-FasL
mAB compared with those treated with control mAB. Values
are means + SEM. *p < 0.05, **p < 0.01 for anti-FasL mAB-
treated diabetic mice (fZ, n = 3) vs control mAB-treated dia-
betic mice (MM, » = 6) and for anti-FasL. mAB-treated normo-
glycaemic mice ([, n = 7) vs control mAB-treated normogly-
caemic mice ([, n = 6)
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Fig.5A-D. Anti-FasL antibody decreases leucocytic infiltra-
tion and beta-cell apoptosis in syngeneic islet grafts transplant-
ed into diabetic NOD mice. Islet grafts in mice treated with
control mAB (], n = 6) and anti-FasL. mAB ([, n = 6) were
examined in normoglycaemic mice at 6 days after islet trans-
plantation. A total cells, beta cells (insulin*) and leucocytes
(CD45%) in islet grafts, B per cent of total islet graft cells that
were apoptotic (Annexin V*), C per cent of beta cells that
were apoptotic (Annexin V*insulin*), D per cent of leucocytes
that were apoptotic (Annexin V* CD45%). Values are means
+ SEM. *p < 0.01 vs [

Discussion

Recent studies have either supported or denied a role
for Fas-FasL interactions in the development of au-
toimmune diabetes. In this study, we used a neutraliz-
ing monoclonal antibody to FasL to directly address
the question of whether Fas-FasL interactions partic-
ipate in autoimmune beta-cell destruction. We found
that anti-FasL. antibody significantly decreased au-
toimmune destruction of beta cells in syngeneic islet
grafts transplanted into diabetic NOD mice. Thus,
58 % of mice treated with anti-FasL antibody were
normoglycaemic at 30 days after islet transplantation
compared with none of control antibody-treated
mice. Although leucocytic infiltration of the islet
grafts still occurred in mice treated with anti-FasL an-
tibody, this was significantly less than in mice treated
with control antibody. These findings indicate that is-
let infiltration by leucocytes and beta-cell destruction
in autoimmune diabetes in NOD mice involves FasL-
mediated mechanisms.

In another study, the authors concluded that Fas
plays only a minor part in beta-cell death in NOD
mice because NOD islet grafts lacking Fas expression
(from NOD-Ipr/Ipr mice) were protected only mar-
ginally from autoimmune destruction when grafted
into diabetic NOD mice [12]. In the latter study the
NOD or NOD/Ipr (Fas deficient) fetal pancreas
grafts transplanted into diabetic NOD mice did, how-
ever, not reverse diabetes [12], whereas we trans-
planted a mass of islets isolated from NOD mice suf-
ficient to reverse diabetes and, in this setting, we ob-
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Fig.6 A-C. Proinflammatory cytokines, IL-1a (A), TNF-o (B)
and IFN-y (C) are expressed at similar levels in syngeneic islet
grafts of NOD mice treated with anti-FasL and control mABs.
Islet grafts were harvested at 8-14 days after transplantation
and cytokine mRNA expressions were determined by reverse
transcriptase PCR assay. Cytokine mRNA expressions are giv-
en as percentages of cyclophilin mRNA. Mean values + SEM
are shown for the groups of mice treated with control and
anti-FasL. mABs and for individual normoglycaemic (O) and
diabetic (@) mice

served that FasL neutralization significantly de-
creased leucocytic infiltration of islet grafts and pre-
vented beta-cell destruction and diabetes recurrence.
Therefore, we conclude that both studies ([12] and
this study) provide evidence that Fas-FasL interac-
tions are involved in autoimmune beta-cell destruc-
tion; the experimental approach used in our study
suggests that FasL has a major pathogenic role.
Interestingly, the anti-FasL antibody that prevent-
ed leucocytic infiltration of islets and beta-cell de-
struction in our study failed to prevent autoimmune
destruction of beta cells elicited by cyclophospha-
mide and adoptive transfer of diabetogenic spleno-
cytes in NOD mice in another study [11]. Taken to-
gether, these findings suggest that FasL is involved
in the initiation phase of insulitis because this is elicit-
ed by islet transplantation but not by cyclophospha-
mide and adoptive transfer of diabetogenic cells, pro-
cedures that bypass the initiation phase. Similarly,
FasL appeared in the pancreas of NOD mice during
insulitis onset [25] but was not detected in the pancre-
as after adoptive transfer of NOD splenocytes into
immunodeficient (scid/scid) mice [26]. Further evi-
dence that FasL plays a part in initiating insulitis was
provided by a recent report that anti-FasL antibody
prevented insulitis and diabetes development when
given to pre-insulitic (2-week-old) but not to post-in-
sulitic (5-week-old) NOD mice [27]. Similarly, we
found that anti-FasL antibody significantly decreased
islet infiltration by leucocytes; furthermore, beta-cell
destruction and diabetes were prevented only when
leucocytic infiltration was greatly reduced by the
anti-FasL antibody. This suggests that FasL plays an
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important part in recruiting leucocytes into the islets,
both in pancreatic insulitis development in natural
course autoimmune diabetes in NOD mice and in re-
current autoimmune diabetes after syngeneic islet
transplantation.

Both cell membrane-bound FasL [28] and soluble
FasL cleaved from membrane-bound FasL by a tissue
metalloproteinase [29,30] exhibit potent chemoat-
tractant activity for human and mouse neutrophils.
The molecular mechanism(s) governing FasL-depen-
dent chemotactic activity are not known. One study
suggested that the chemoattractant activity of soluble
FasL was mediated by ligation of Fas on neutrophils
and activation of a new signalling function, indepen-
dent of the Fas death domain-mediated apoptosis of
these cells [29]. In another study, FasL was reported
to induce the processing and release of IL-15 from
mouse peritoneal macrophages and I1L.-15 was found
to be responsible for the neutrophilic infiltration
[28]. These proinflammatory effects of FasL could ex-
plain the neutrophilic infiltration and destruction of
islet grafts observed when mouse islet beta cells
were engineered to express FasL, either transgenical-
ly [31, 32] or by gene transfection [32, 33]. Also, we
recently reported that FasL expression by testicular
Sertoli cells co-transplanted with syngeneic islets in
NOD mice was associated with neutrophilic leuco-
cyte infiltration and destruction of the islet graft
[34]. Our finding that FasL neutralization significant-
ly reduced islet infiltration by neutrophils and pre-
vented beta-cell destruction in the present study sug-
gests that FasL-dependent neutrophil recruitment
contributed to islet beta-cell destruction.

In addition to significantly decreasing leucocytic
infiltration and preserving beta cells in islet grafts,
anti-FasL antibody significantly decreased apoptosis
of beta cells in the islet grafts. The latter finding is
consistent with our previous report that FasL is ex-
pressed on CD4* and CD8* T cells that infiltrate syn-
geneic islet grafts in NOD mice and that beta cell de-
struction correlates with Fas receptor expression on
beta cells in the islet grafts [7]. Therefore, by blocking
FasL on islet-infiltrating T cells from interacting with
Fas on beta cells, anti-FasL. antibody would be ex-
pected to prevent beta-cell apoptosis, as we observed
in the present study.

Although significantly fewer macrophages and T
cells infiltrated islet grafts after anti-FasL. antibody
treatment, expression of proinflammatory cytokines
(IL-1a, TNF-a and IFN-y) by the islet-infiltrating
cells was not decreased. This could explain why anti-
FasL antibody did not provide complete protection
against beta-cell destruction (~40% of islet grafts
were destroyed despite anti-FasL antibody treat-
ment). Thus, proinflammatory cytokines could still
activate mechanisms of beta-cell destruction other
than those mediated by FasL; for example, IL.-1 and
TNF-a-mediated cytotoxic effects on beta cells and

IFN-y-induced activation of perforin and granzyme
production by cytotoxic lymphocytes. Notably, auto-
reactive CD8* T-cells were reported to lead to islet
beta-cell destruction by either the FasL-Fas or perfo-
rin pathway [35] and the authors of this study suggest-
ed that, in the NOD mouse, the FasL-Fas pathway
contributes predominantly in the early stages of au-
toimmunity, whereas perforin-mediated beta-cell de-
struction might dominate in the later stages.

We have used a monoclonal antibody to FasL and
shown that FasL-mediated mechanisms are involved
in the development of insulitis, beta-cell apoptosis
and recurrent autoimmune diabetes after syngeneic
islet transplantation in NOD mice. Given the find-
ings that Fas-FasL interactions could also have a
pathogenic role in human Type I diabetes [3,36],
our study suggests that FasLL neutralization has clini-
cal application for prevention of Type I diabetes de-
velopment or disease recurrence after islet trans-
plantation.
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