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B Abstract

AIMS: Autologous dendritic cells (DC) are a promising tool
for induction of cytotoxic CD8+ T cell immunity against
tumors and chronic viral infections. When armed with the
death-inducing Fas-ligand (FasL, CD195), DC attenuate de-
layed-type hypersensitivity reactions and allotransplant rejec-
tion by promoting activation-induced cell death in T cells.
We investigated the possibility of using FasL-expressing DC
to induce deletion of islet-reactive CD8+ T cells 7 vivo, and
to prevent destruction of pancreatic islets in a model of
autoimmune diabetes. METHODS: DC, propagated from
mouse bone marrow cells, were purified and made to ex-
press FasL and islet-antigen via plasmid transfection. CD8+
T cells (OT-I cells) recognizing the antigen, ovalbumin, were
adoptively transferred to transgenic mice expressing oval-
bumin in islets (RIP-OVAl mice), and these mice were

primed with ovalbumin. To test the potential of DC to pre-
vent diabetes in this model, the mice were later intrave-
nously vaccinated with the transfected DC. RESULTS:
Transfected DC induced partial deletion of antigen-reactive
CD8+ T cells 7z vivo and reduced the level of lymphocyte
infiltration into pancreatic islets. Diabetes developed less
frequently in vaccinated mice, but this effect was limited.
Further zn vitro analysis showed that FasL-expressing DC not
only deleted many of the responding CD8+ T cells but also
promoted the expansion of surviving cells and their IFN-y
production. CONCLUSIONS: FasL-expressing DC can also
have stimulatory effects on CD8+ T cells warranting further
investigation into the optimal design of tolerance-promoting
DC-vaccination to prevent autoimmune diabetes.

Keywords: type 1 diabetes - autoimmunity - dendritic cell
+ Fasl. - CD8 - islet-antigen - tolerance * vaccination

Introduction

{ o daptive immune responses are initiated in
oy lymph nodes by an interaction between den-
‘B dritic cells (DC) and T cells displaying suitable
antigen specificity towards a peptide presented on the
surface of the DC [1]. Activation of a T cell depends
on different factors such as strength and duration of

signals received via its T cell, cytokine and costimula-

www.The-RDS.org

tory receptors [2-4], strength of cell-to-cell adhesion
with DC [5], and availability of essential nutritional fac-
tors such as tryptophan [6]. Shortly after their activa-
tion, T cells also become susceptible to signaling via
death-inducing receptors, which can lead to pro-
grammed cell death (PCD) and apoptosis [7, 8]. The
death receptor Fas (CD95) belongs to the tumor ne-
crosis factor (TNF) receptor family and induces apop-
tosis upon ligand binding via activation of the intracel-
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lular caspase cascade [9-11]. Activated T cells express
Fas eatly in their life cycle and begin to co-express
FasL at a later stage, leading to autocrine and paracrine
apoptosis signaling known as activation-induced cell
death (AICD) [12].

Interestingly, deletion (via PCD) of ovalbumin-
reactive CD8+ T cells, after activation in pancreatic
(and kidney-draining) lymph nodes of RIP-mOVA
mice, was previously shown to occur equally in wild-
type or TNFR2-deficient cells, but not in cells from a
ipr/ Ipr (Fas-deficient) background [13]. Thus, signaling
via Fas appears to be critical for physical elimination of
islet-reactive CD8+ T cells and maintenance of self-
tolerance in this model of autoimmunity. Moreover,
defects in Fas-FasL. signaling are associated with lym-
phoproliferation and increased production of autoan-
tibodies [14], and the Fas/FasL pathway has also been
implicated in the pathogenesis of several autoimmune
diseases [15-19].

Matsue and coworkers employed genetic modifica-
tion of DC by plasmid transfection to produce DC ex-
pressing FasL. When pulsed with antigen, these DC
suppress i vivo delayed-type hypersensitivity reactions
and contact hypersensitivity reactions [20]. When given
together with an allogenic bone marrow transplanta-
tion, Fasl-expressing DC of the same allotype prevent
a graft-versus host response [21]. As several lines of
evidence indicate an important role for CD8+ T cells
in autoimmune diabetes [22-25], we decided to investi-
gate the effects of a DC vaccination consisting of
FasL-expressing DC on the development of diabetes
during ongoing beta-cell destruction by islet-specific
CD8+ T cells. We used the RIP-OVAP transgenic

pl2G DEEIRGFP

pGOI2G GFP[YAA GFP

pGOleasL»EiEOVAllzl; _

Figure 1. Gene constructs used to express the autoan-
tigen and FasL. Plasmid pGOI2G encoding the OVA anti-
gen as a GFP fusion protein was constructed using the
pl2G (pIRES2EGFP) backbone. Plasmid encoding for both
the GFP-OVA and death ligand FasL was generated by
replacing the GFP gene downstream of IRES (I12) sequen-
ce with FasL cDNA to produce the plasmid pGOI2FasL.
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model expressing ovalbumin in islets [26], and immu-
nized them with ovalbumin to ensure maximal activa-
tion of adoptively transferred, ovalbumin-reactive
CD8+ T cells. Our results indicated that vaccination
with DC co-expressing ovalbumin and Fasl. reduced
the number of ovalbumin-reactive CD8+ T cells in
pancreatic lymph nodes and spleen, and formation of
inflammatory infiltrates (“insulitis”) in islets. However,
preservation of islet-function achieved by vaccination
with FasL. and ovalbumin co-expressing DC was lim-
ited. In witro analyses indicated enhanced activity of
surviving T' cells, possibly explaining the limited effect
on islet destruction in the 7z vivo situation.

Materials and methods

Mice and cell lines

OT-1 mice [26], carrying transgenic T cell receptors
(TCR) specific for MHC class I restricted chicken o-
valbumin (OVA) peptides, were used as donors for na-
ive T cells. RIP-OVAl mice expressing OVA under
the control of a rat insulin promoter [26] were used as
recipients of these cells. Both these transgenic mouse
strains were originally generated by Drs. L.C. Heath, .
Allison and F.R. Carbone in the Walter and Eliza Hall
Institute, Melbourne, Australia.

Rag2-/- mice were used as donors of bone-marrow
cells for DC propagation. All the above-mentioned
mice had the same C57BL/6 background. Mice were
bred and maintained under specific pathogen-free
(SPF) conditions in Central Animal Laboratory in
Turku University and all animal experiments were ap-
proved by the Institutional Ethical Committee of
Turku University.

Plasmid construction

In this study, DC were engineered to express cell
surface Fas ligand together with a model autoantigen
(OVA), in an attempt to induce deletion of autoanti-
gen-specific T cells after DC vaccination. To ensure
that all of the nucleofected DC would express both the
antigen and the death-receptor ligand (FasL), a bicis-
tronic expression vector was used. The pIRES2EGFP
vector (Clontech; Palo Alto, CA) was chosen and
modified by introducing a silent mutation to one Msel
site located in the kanamycin/neomycin resistance
gene (resulting in a plasmid named pI2G), thus allow-
ing the replacement of the EGFP gene using the other
M site just upstream of the gene. A cDNA encoding
the GFP-OVA fusion protein was digested from the
pGO plasmid [27] using Nbhel and EcRI restriction
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enzymes to the multiple cloning site of pI2G to pro-
duce the pGOI2G plasmid. A plasmid encoding both
the GFP-OVA fusion protein and the death ligand
FasL. was constructed by replacing the EGFP gene
downstream of the IRES2 sequence with FasL. cDNA
using Mscdl and NoA restriction enzymes. The Fas
ligand was cloned from activated OT-1 T cells using
gene specific primers: N-terminal primer 5 GAT-
TACTGGCCACAACC ATG CAG CAG CCC ATG
AAT TAC CC and C-terminal primer 5 CGA-
TATGCGGCCGCT TTA AAG CIT ATA CAA
GCC G (Mse and NoA sites are underlined and FasL
binding sequences are in italics). The purified PCR
fragment was digested with Ml and No restriction
enzymes and then ligated with similarly digested
pGOI2G plasmid to produce the pGOI2FasL plasmid.
Gene constructs are depicted in Figure 1.

Nucleofection of dendritic cells

DC were propagated from bone-marrow cells ac-
cording to a modified method designed by Inaba ez a/.
[28, 29]. After 5 days of culture the DC were activated
using 10 pg/ml of anti-CD40 antibody (clone HM40-
3, Pharmingen). After overnight culture, DC were pu-
rified using anti-CD11c-MACS-beads and MACS-LS™
columns (Miltenyi Biotech, Bergisch Gladbach, Ger-
many). Purified CD11c+ DC cells were counted and
used in nucleofection. The Amaxa nucleofection sys-
tem was used, as previ-
ously, optimized for mouse
BM-DCs [27]. Briefly, 24
hours after activation the
cells were counted and up
to 5 X 100 cells were sus-
pended in the “5034” nu-
cleofection solution, mixed
with 5 pg of plasmid DNA
and  immediately = nu-
cleofected using the T-24
program. After nucleofec-
tion, the cells were cultured
overnight in complete me-
dium (RPMI 1640 supple-
mented with 10% FCS, 20
mM L-glutamine, 5 X 10-
M 2-mercaptoethanol,
penicillin/streptomycin), in
the presence of 20 pg/ml
recombinant murine GM-
CSF  (Immunotools, Fri-
esoythe, Germany), in 5 ml
polypropylene tubes (Bec-

CD86

Number of cells ——3
pGOI2G

pGOI2FasL
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Fluorescence intensity

ton Dickinson, San Jose, CA) at a density of 1 X 10¢
cells/ml/tube.

The next day, the expression level of activation
markers on nucleofected DC was analyzed by flow cy-
tometry. The cells were collected, washed twice and
labeled with phycoerythin (PE) conjugated anti-CD86
or anti-CD40, using anti-rat IgG2a as a control anti-
body (Ab). MHC class II (IAb) and FasL were detected
using specific primary Abs (KH74 and Kay-10, respec-
tively) and PE-conjugated anti-mouse IgG secondary
Ab. Anti-human VAP-1 Abs TK-8-14 and 2D10, pre-
pared in our laboratory, were used as species- and iso-
type-matched control Abs in these stainings. All other
antibodies were from Pharmingen/Becton and Dickin-
son. The cells were analyzed using FACScalibur flow
cytometer (Becton and Dickinson) and the expression
levels were analyzed from GIFP* cells using WinMDI
2.8 softwate (http://facs.scripps.edu/software.html).

T cell preparation and activation

Naive OT-I T cells were prepared from the lymph
nodes and spleens of OT-I mice using standard tech-
niques. Their numbers were determined by labeling the
cells with FITC-conjugated anti-CD8 (Pharmingen)
and the H2-Kb-SIINFEKIL-specific tetramer (Beck-
man Coulter, Fullerton, CA). This tetramer consists of
the MHC-restriction element and the particular 8-mer
linear peptide sequence (SIINFEKL). When these 2

CD40 MHC class Il FaslL

>

Figure 2. Nucleofected DC have the phenotype of activated DC and can be
engineered to express FasL. DC were nucleofected with pGOI2G (upper row), or
pGOI2FasL plasmid (lower row) and the next day CD86, CD40, MHC class Il and
FasL expression was assessed by flow cytometry. The specific staining of
nucleofected (GFP+) DC is shown as light grey open histograms and control staining
is shown as black histograms.
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elements ate combined they are recognized by the
TCR of OT-I cells. The purified naive OT-I cells were

cose levels greater than 14.3 mmol/l at one or two
readings were considered to be diabetic. To study the

then used either for adoptive cell transfer or for in vitro  effect of DC vaccination on lymphocyte infiltration
experiments as responder T cells in co-cultures with  into pancreatic islets, RIP-OVAl° mice were sacrificed
nucleofected DC, in complete medium supplemented — on day 7 or day 11 after disease induction and DC vac-

with 50 pM 2-mercaptoethanol.

CESE dilution assays were used to
analyze T cell activation by nu-
cleofected DC. After nucleofection,
DC werte rested overnight (o/n) and
then the cells were collected, washed
and counted. Subsequently, 5000 viable
DC were plated on a flat-bottom 96-
well plate together with 0.5 X 100
CESE labeled OT-I cells. On day 3 and
5, the cells were collected and the
CFSE dilution in viable (7-AAD") cells
was analyzed using flow cytometry.

T cell activation was also analyzed
by measuring IFN-y production from
culture supernatants. For this purpose,
viable nucleofected DC and naive T
cells were plated at the DC-T cell ratio
of 1:200, 1:80 and 1:40 in a round-
bottom 96-well plate (0.2 X 100 T
cells). The culture supernatants were
collected at day 3. IFN-y levels were
measured using specific ELISA with
anti-IFN-y (R4 6A2) as capture anti-
body and with biotinylated anti-IFN-y
(XMG1.2) as the detecting antibody
(both from Pharmingen/Becton and
Dickinson).

Induction of antoimmune diabetes and vacci-
nation with DC

To study the effect of DC vaccina-
tion on autoimmune diabetes, RIP-
OVAl mice were adoptively trans-
ferred with 2.5 X 106 OT-I T cells (cell
number determined as explained
above) and immunized subcutaneously
with 200 pg of ovalbumin (Grade V,
Sigma) in incomplete Freund’s adju-
vant, to allow effective activation of
OT-1 T cells and reliable disease induc-
tion [30, 31]. On day 5 thereafter, mice
were vaccinated intravenously using 1
X 106 DC nucleofected one hout eat-
lier. Blood glucose levels were meas-
ured on day 10 and 14 using MediSen-
se™ Glucometer. Mice with blood glu-
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Figure 3. DC expressing OVA and FasL are able to become graf-
ted in recipient mice and can reduce the numbers of activated
OVA-specific CD8+ T cells in lymphoid tissues. A: Proliferation of
CFSE-labeled (naive) OT-l cells at day 3 can be detected in the
spleen of mice receiving an i.v. injection of either antigen-only expres-
sing DC (left), or DC co-expressing FasL (right), and is comparable
between the two cell populations. B: A representative staining of OT-I
cells (“OVA-tetramer PE”) from a mouse that received DC nucleofec-
ted either with pGOI2G or pGOI2FasL, i.e. with antigen only or FasL
co-expressing DC. C: On average, the reduction in OVA-specific CD8
T cells was from 21.3% to 13.8% in the spleen (p = 0.04), and also
reduced slightly (from 12.3% to 9%, not significant) in pancreas-
draining lymph nodes (D). Percentages of OT-I cells are expressed as
cells reactive with H-2Kb-SIINFEKL-specific tetramer among CD8+ T
cells as determined by flow cytometry in mice vaccinated with 1 x 10°
DC nucleofected with indicated plasmids. In panels C and D, results
are mean + SD of three individual experiments in which mice were
vaccinated with pl2G (7 mice), pGOI2G (9 mice) and pGOI2FasL (9
mice).
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cination, as explained above. The level of lymphocyte
infiltration (insulitis) was evaluated, as described be-
low.

To examine the effect of DC vaccination on anti-
gen-specific T cell number 7z vivo, a larger number (4 X
106) of OT-1 T cells were transferred to allow their suf-
ficient recovery for physical detection. In these ex-
periments, recipient RIP-OVAl® mice were killed 2
days after the DC vaccination, and lymphocytes were
isolated from the spleen and pancreas-draining lymph
nodes. The percentage of OV A-specific CD8+ T cells
was measured using flow cytometry after isolated cell
suspensions were labeled with anti-CD8 and H-2Kb-
SIINFEKI-specific tetramers.

Determination of insulitis

Insulitis scoring was determined using hematoxylin-
eosin stain. Stained sections of paraffin-embedded
pancreata (50-100 islets from different parts of each
pancreas) were evaluated for the level of lymphocytic
infiltration into each islet. Each islet was given a score

(0-3) depending on whether it was free of infiltrating
cells (0), had minor or sparse infiltration in islet pe-
riphery (1), was more densely infiltrated but had more
than half of islet area intact (2), or was densely infil-
trated into more than half of the total islet area (3).
From the total analyzed islets, the mean score was cal-
culated, representing the insulitis score. Each pancreas
was assessed in a blinded fashion by one investigator.
Photomicrographs were taken with Olympus BX51
microscope using DP Manager software.

Statistical methods

Statistical significance for differences in the num-
bers of OT-I cells in mice vaccinated with one of the
three different DC preparations was determined using
a one-way ANOVA with Bonferroni’s correction. Sig-
nificance of differences in the level of insulitis between
the two groups was determined by a nonparametric
Mann-Whitney test. Differences in the proportion of
mice developing diabetes were evaluated using the

Fisher’s exact test.

Results

Day 7 Day 11
31 31

¢ Activated DC can be engineered to co-

2 ,] 2, . express antigen and Fas ligand
§ . E o p=0.002 When DC were nucleofected
£ o £ . LI with pGOI2G, all of the success-
2" . 2" e fully nucleofected DC (i.e. GFP+
5 ) cells, typically 80% of DC which
0 : L 0 : , remained viable o/n) were highly
pI2G pGOI2FasL pl2G pGOI2FasL positive for CD86 (B7.2), CD40

Figure 4. Mice vaccinated with DC expressing OVA and FaslL

and MHC class II, but did not ex-
press detectable levels of FasL
(Figure 2, upper row). When DC
were nucleofected with
pGOI2FasL, all the GFP* cells ex-
pressed equal levels of activation
markers and FasL up to a detect-
able level (Figure 2, lower row).
This was comparable to previous
reports following FasL transfection
[21].

(pGOI2FasL) have less islet-infiltrating lymphocytes compared to mi-

ce vaccinated with control DC (pl2G). RIP-OVA” mice received the DC
vaccination 5 days after disease induction and on day 7 (A) or day 11 (B),
lymphocyte infiltration into the pancreatic islets was analyzed. None of the

DC-expressing antigen and Fas ligand
are able to induce partial deletion of islet-
specific CD8+ T cells in vivo

mice in A were included in the analyses presented in Figure 3. C: A repre-

sentative islet without insulitis (left panel) and with insulitis (right panel)
from an animal treated with either pGOI2FasL- or pl2G-nucleofected DC,

respectively.

Rev Diabet Stud (2008) 5:144-153

In order to justify the use of
nucleofected DC as 77 vivo modula-
tors of CD8+ T cell response, it
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was necessary to ensure that after they were adoptively
transferred to recipient animals, they were able to mi-
grate to lymphoid tissues, surviving sufficiently to be
able to encounter and activate antigen-specific T cells.
In these experiments, we used conventional C57BL/6
mice, not receiving any antigen immunization but only
nucleofected DC. Therefore, we were able to use the
vivo proliferation of OT-1 T cells as a read-out of DC
“grafting”.

CESE-labeled OT-1 T cells, analyzed 3 days after
their transfer, proliferated in the spleen (Figure 3A)
and lymph nodes (not shown) of mice which had re-
ceived 1 X 106 nucleofected DC one hour preceding
OT-I transfer. Proliferation in mice transferred with
antigen-only was comparable to mice transferred with
Fasl. co-expressing DC, indicating that Fasl. co-
expressing DC achieved comparable grafting to recipi-
ent mice. To test for their potency to specifically kill
activated CD8+ T cells involved in autoimmune tissue
destruction, 1 X 10¢ nucleofected DC were injected i.v.
into RIP-OV Al mice, transferred with OT-1 T cells 5
days ecarlier and were primed with OVA to induce T
cell activation. Two days after i.v. injection of DC, the
percentage of OT-I T cells among total CD8+ T cells
in the spleen and in the pancreas draining lymph nodes
was calculated from the analysis.

Mice receiving the DC vaccine (pI2G) had ap-
proximately 21% of their CD8+ T cells reactive with
the OVA-specific tetramer (a representative staining is
shown in Figure 3B). On average, mice receiving DC
expressing OVA and FasL had 14% tetramer-reactive
CD8+ T cells, and thus FasL. co-expression resulted in
a 33% reduction in the relative number of OT-I T cells
in the spleen (Figure 3C). This reduc-
tion was also visible in the pancreas-
draining lymph nodes, but the effect

CD8* T cells in the OT-I T cell population, the effect
of the vaccine on lymphocyte infiltration into pancre-
atic islets of RIP-OVAl mice was investigated. Diabe-
tes was induced in RIP-OVAP mice as detailed in the
methods section. Nucleofected DC (1 X 106 DC) were
injected in the mice on day 5, and mice were sacrificed
on day 7 or day 11 and analyzed for lymphocyte infil-
tration into pancreatic islets.

As changes in the level of insulitis ate a relatively
insensitive measure of treatment efficacy, we chose to
vaccinate the control group with DC expressing the
pI2G plasmid (i.e. with 7o antigen) instead of DC ex-
pressing the pGOI2G plasmid (i.e. with antigen). Since
DC expressing the pGOI2G plasmid (i.e. antigen) re-
sulted in a slight reduction in the numbers of OT-I
cells in the spleen (as depicted in Figure 3C) it was re-
garded to be less suitable as a control vaccine when de-
termining the natural level of insulitis in this model. In
the group receiving DC expressing the pI2G plasmid,
the level of insulitis was anticipated to fall into the
natural range. On day 7 mice vaccinated with control
DC (pI2G) displayed slightly more insulitis compared
to mice vaccinated with DC nucleofected with
pGOI2Fasl. (Figure 4A), and this difference became
statistically significant on day 11 (Figure 4B).

Vaccination with Fasl. co-expressing DC protects a limited
number of mice from diabetes

As vaccination with DC expressing antigen and
FasL (from the pGOI2FasL plasmid) was able to both
reduce the numbers of OT-1 T cells in the spleen (by
roughly one third) and decrease lymphocyte infiltration

did not achieve statistical significance A" bay10 B Day 14

(Figure 3D). .Mlce receiving DC nu- = 07 eeees e o =27 . .o

cleofected with pGOI2G also had ° °%° 3 .:, .

slightly less OVA-specific T cells E 2 . £ 5 .:: o°

compared to  control-vaccinated 2 * 8

mice, suggesting a low level of cell- E oo . S .

death induction by mere antigen re- 2109 N 517 . Cees

encounter on DC at a vulnerable 8 3

stage. % , . D . .
pGOI2G pGOI2FasL pGOI2G pGOI2FasL

Infiltration of hmphocytes into pancreatic
istet is reduced in mice vaccinated with DC
expressing OV'A and Fas ligand

Figure 5. FasL co-expressing DC protect only a limited number of
mice against islet-destruction by CD8+ T cells. RIP-OVA® mice, indu-

ced to develop autoimmune diabetes, were vaccinated on day 5 using

As DC expressing both the anti-
gen and FasL were able to induce
partial iz vivo deletion of islet-specific
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DC nucleofected with the indicated plasmids. Blood glucose levels were
measured on day 10 (A) and 14 (B). Mice with blood glucose levels grea-
ter than 14.3 mmol/l were considered to be diabetic.
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Figure 6. DC nucleofected with pGOI2FasL (i.e. Fas co-expressing DC) in-
duce proliferation and IFN-y production of naive CD8+ T cells. After nucleo-
fection the DC were rested o/n and then used to activate OT-I T cells. A: Prolife-
ration of naive OT-I T cells was determined using the CFSE dilution assay on
day 3 (left panels) and day 5 (right panels) in the presence of DC nucleofected
with pGOI2G (top panels) and pGOI2FasL (bottom panels). Only viable (7-AAD")
cells are shown. B: From the CFSE peaks, the percentage of cells dividing 3 or
more times were counted on day 3 (top) and day 5 (bottom). C: IFN-y production
of naive OT-I T cells activated by 1000 (top), 2500 (middle) or 5000 (bottom) via-
ble nucleofected DC was measured from the culture supernatant on day 3 using
specific ELISA. (n.d. = not detectable). The CFSE histograms are representative
of three experiments and the IFN-y and proliferation data are shown as the ave-

complete alleviation of islet
destruction, we examined the
effects of these DC in an
vitro system. The response of
naive and pre-activated
CD8+ T cells was measured
using the same OT-I T cells
as in the n vivo deletion ex-
periments. The proliferation
of naive OT-I T cells induced
by nucleofected DC required
correct antigen presentation
because control DC (pI2G)
did not induce any prolifera-
tion. DC expressing OVA
and FasL (pGOI2FasL) in-
duced more vigorous cell di-
vision than DC expressing
the OVA antigen only
(pGOI2G) (Figure G6A). The
percentage of cells dividing 3
or more times was calculated
from the CFSE peaks. Re-
sults obtained from this
analysis indicated an accelera-
tion of OT-1 T-cell cell divi-
sion (Figure 6B). At the high-

rage of 3 to 4 experiments + SEM.

into pancreatic islets, we investigated if this treatment
would also protect mice from diabetes. Therefore,
RIP-OVAl° mice were observed for the occurrence of
hyperglycemia, indicating immune-mediated islet-cell
destruction or dysfunction. To study if FasL co-
expressing DC reduced diabetes specifically due to
Fasl. and antigen, we chose to vaccinate the control
group with DC expressing antigen (not an “empty”
plasmid).

Blood glucose levels were measured on day 10 and
14 after the mice were sacrificed. On day 10, 8 and 6
mice out of 11, respectively, vaccinated with either
OVA encoding or OVA + FasL encoding DC had be-
come diabetic (Figure 5A; p = 0.36 using Fishet’s exact
test). By day 14, two more mice in the control group
had become diabetic (p = 0.15 using Fishet’s exact
test) (Figure 5B).

FasL co-expressing DC induce CDE+ T cell responses stronger
than normal DC

As injection of Fasl. co-expressing DC was able to
cause partial deletion of OT-1 T cells iz wvivo, yet in-

Rev Diabet Stud (2008) 5:144-153

est DC-T cell ratio (1:40), DC
expressing OVA and FasL
induced more than a twofold

increase in IFN-y production in naive OT-I cells (Fig-
ure 6C).

Discussion

In this study, the effects of DC expressing both an
islet-antigen and the death-ligand FasL. on CD8+ T
cell activation were investigated. We tested if such DC
were able to attenuate islet destruction mediated by is-
let-reactive CD8+ T cells iz vivo. We chose to express
both the antigen and Fas ligand from a single bicis-
tronic expression cassette, to ensure that none of the
nucleofected DC would express antigen without the
death ligand. Nucleofection of DC with the
pGOI2FasL plasmid or the pGOI2G control plasmid
resulted in a population of highly activated DC, and
nucleofection with pGOI2FasL. plasmid also enabled
expression of Fasl.. Using such DC as a vaccine, we
found it was possible to reduce both the numbers of
antigen-specific CD8+ T cells in animals and the level
of insulitis in their pancreatic islets, but the effect on
the development of diabetes was more limited. We
chose to inject 1 X 10° nucleofected DC because we
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were able to detect proliferation of naive OT-I cells in
response to this number of injected (OVA-expressing)
DC, and because this allowed a reasonable number of
mice per experiment to be treated. Although in this
setting, the difference in diabetes incidence did not
achieve statistical significance. The number of mice
remaining normoglycemic was greater in the group re-
ceiving FasL. co-expressing DC. It remains to be de-
termined if vaccinating a greater number of injected
DC or a greater number of mice with these DC would
have allowed the detection of a beneficial effect in the
development of diabetes.

Our results showed that FaslL-expressing DC can
become grafted in lymphoid tissues of recipient mice.
Although they were able to reduce the number of pre-
activated CD8+ T cells specific for an antigen co-
expressed by the DC, FasL-expressing DC enhanced
proliferation of surviving CD8+ T cells and their IFN-
y production # vitro. More than a decade ago Alderson
and coworkers found that Fas-ligation using an agonis-
tic antibody enhanced proliferation of anti-CD3-
stimulated human peripheral blood mononuclear cells
in vitro [32]. Later, this was confirmed using recombi-
nant FasL-antibody chimeras for Fas-ligation, and
shown to involve caspase activation [33]. Our group
also studied this phenomenon earlier, and extended it
to activation of antigen-specific CD4+ T cells by natu-
ral antigen-presenting cells, namely DC [34]. More-
over, absence of functional Fas on diabetogenic CD4+
T cells (BDC2.5 T cells) has been shown to dampen
their pathogenic potential due to a defect in their pro-
liferation and IL-2 production [35]. Thus, the concept
of Fas-mediated costimulation of T cells and its rele-
vance for iz vivo T cell-mediated response is strongly
supported, and, according to the present study, could
be extended to involve antigen-specific CD8+ T cells.

When we applied FasL. co-expressing DC 7n vivo,
they were able to significantly reduce the numbers of
ovalbumin-specific CD8+ T cells in the spleen and, to
a lesser extent, also in pancreatic lymph nodes. This
could be a result of better targeting of intravenously
injected DC into the spleen compared to the pancre-
atic lymph node. Vaccination with these DC also de-
creased the level of insulitis in the RIP-OVA mice ex-
pressing ovalbumin as a model autoantigen in islets.
However, development of hyperglycemia in the majot-
ity of vaccinated mice, together with a decrease in the
level of cellular infiltrates in pancreatic islets suggests
that effector CD8+ T cells surviving Fas-engagement
by FasL co-expressing DC possessed stronger effector
functions on a per cell basis. Because islet beta-cells are
susceptible to vatious inflaimmatory mediators includ-
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ing IFN-y [36, 37], this paradox could be explained by
the finding that FasL-costimulated OT-I cells pro-
duced elevated amounts of IFN-y. In addition, numer-
ous target cells can be killed by a single CD8+ cyto-
toxic T cell before its own demise [38], suggesting that
if hyperstimulated, fewer cytotoxic T cells could ac-
count for a similar level of target cell destruction via
cellular cytotoxicity.

In some eatlier studies, where DC engineered to
co-express FasL have been applied to induce tolerance,
they have been ineffective or shown adverse effects,
such as pulmonary inflammation and pleuritis [39, 40].
Although we observed no such adverse side effects in
our mice, our present study is reminiscent of work
where beneficial effects were either incomplete or ac-
companied by adverse effects. In studies by Matsue ef
al. |20, 21] and Min e# al. [41], FasL co-expressing DC
prevented delayed-type hypersensitivity treactions, al-
lograft rejection and graft-versus-host reactions suc-
cessfully.

At the first glance, these different outcomes may
look conflicting. However, the biology of DC is com-
plicated and possible differences between the DC used
by different investigators must not be overlooked. In
studies by Matsue ¢ a/. |20, 21] for instance, DC were
transfected with FasL. using particle-mediated gene de-
livery device. Differences in the transfection method-
ology, the plasmid used, and the nature, soutce and
characteristics of DC could all account for the differ-
ences observed in the function of FasL. co-expressing
DC. Moteover, factors related to differences in target
cells and tissues, and in priming and activation of ef-
fector CD4+ and/or CD8+ T cells could also explain
the variability in the final effects of FasL. co-expressing
DC in different models of immune-mediated diseases.
Thus, it seems reasonable to conclude that FasL. co-
expressing DC, while representing a potentially effec-
tive and promising form of antigen-specific immuno-
suppression, need to be evaluated catefully in yet other
relevant models of autoimmune diabetes before their
translation to clinical trials with patients exhibiting risk
of developing type 1 diabetes.
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