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Summary

Type 1 diabetes (T1D) is due to a loss of immune tolerance to islet antigens,
such as glutamic acid decarboxylase 65 (GAD65), for which islet transplanta-
tion is a promising therapy. Therefore, the generation of tolerance aiming at
both alloantigen and GAD65 will help therapeutic intervention greatly in
T1D. In this study, we tested the effect of programmed death-1 ligands
(PD-L1)-transfected dendritic cells (DC) loaded with GAD65 on the allore-
sponse and GAD65-reactive lymphocyte response. The DC2·4 cell line was
transfected with PD-L1 and co-cultured with GAD65. BALB-c mice were
primed, respectively, by intraperitoneal injection with GAD65, PD-L1-
transfected- or non-transfected DC (PD-L1/DC or DC), and PD-L1-
transfected- or non-transfected DC loaded with GAD65 (PD-L1/DC/GAD65
or DC/GAD65). Splenocytes of treated mice were isolated and restimulated in
vitro with GAD65 or the various DC populations above being used as stimu-
lators, respectively. In the mixed lymphocyte reaction, DC/GAD65 were able
to stimulate both allogeneic and GAD65-reactive lymphocytes. However,
PD-L1/DC/GAD65 were poorer than DC/GAD65 at activating the GAD65-
reactive lymphocyte response. Further, although PD-L1/DC could inhibit the
alloresponse, PD-L1/DC/GAD65 were more effective at down-regulating
the GAD65-reactive lymphocyte response. More importantly, PD-L1/DC/
GAD65-primed lymphocytes exhibited the weakest proliferation when again
restimulated in vitro by PD-L1/DC/GAD65. Additionally, PD-L1/DC/GAD65
down-regulated interferon-g and up-regulated interleukin-10 production by
activated lymphocytes. Therefore, combined stimulation in vivo and in vitro
by PD-L1/DC/GAD65 could inhibit both the alloresponse and the GAD65-
reactive lymphocyte response, which may contribute to controlling diabetes
and islet transplant rejection.
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Introduction

The ultimate goal of treatment for type 1 diabetes (T1D) is
antigen- and/or site-specific suppression of pathology. Pre-
vious studies have shown that glutamic acid decarboxylase
65 (GAD65) is an important target of the immune response
associated with b cell destruction [1–3]. Therefore, inhibi-
tion of the reactive T cell-mediated immune response in
an antigen-specific manner without causing systemic im-
mune suppression may prevent disease development [4,5].
Pancreatic-islet transplantation has long been considered a
safer alternative and a potentially preferable alternative than

conventional exogenous-insulin therapy for T1D [6]. There-
fore, inhibiting the alloresponse to building allograft toler-
ance and controlling the aggressive response to generate
GAD65-reactive immune tolerance simultaneously might be
a promising strategy to prevent graft rejection and halt the
progression of this disease.

Recent studies have revealed that tolerogenic donor
dendritic cells (DC) can tolerize allogeneic T cells in vitro
and can inhibit allograft rejection in vivo [7]. Negative
co-stimulatory signals on DC delivered to T cells serve
to limit alloantigen responses and to prevent inappro-
priate immune responses to build target-specific immune
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tolerance [8,9]. Some reports [10–12] have shown antigen-
specific T regulatory (Treg) therapy which, working through
secondary cell types such as DC, has the greatest poten-
tial to treat autoimmune diseases in which target anti-
gens and epitopes have been identified, indicating further
the potential use of antigen-specific DC in inducing
target-specific immune tolerance. Therefore, DC are poten-
tially useful candidates for inducing antigen-specific
tolerance.

Termination of an immune response is achieved through a
number of different mechanisms, including regulatory co-
stimulatory molecules [13]. The inhibitory co-stimulatory
molecules programmed death-1 ligands (PD-L1) have been
shown to play an important role in regulating T cell activa-
tion and peripheral tolerance [8,14–16]. PD-L1 has been
found to play a unique role in protecting the pancreas
from T cell-mediated tissue damage [17]. Therefore, it sug-
gests that these molecules play significant roles in maintain-
ing immunological tolerance in physiological situations
[18–20].

Thus, we propose a strategy of generating a modified
DC line which can, on one hand, express high-level
co-inhibitory molecules PD-L1 and, on the other hand, has
the capability to present both target antigen of T1D,
GAD65 and alloantigens. We presume that using these
modified DC could induce allogeneic immunotolerance
and prevent a GAD65-reactive response, also aiming
directly at islet b cells. This study was performed to
examine the role of these modified DC on activation
and proliferation of both allogeneic and GAD65-reactive
lymphocytes in a cell model seeking further to build the
foundation for islet transplantation and prevention of
T1D.

Materials and methods

Mice and cell culture

BALB/c (H-2d) male mice aged between 6 and 8 weeks,
weighing approximately 20 g (Experimental Animal Center,
Tongji Medical College, Wuhan, China) were maintained in
standard environmental conditions with free access to food
and water. They were allowed to adapt to their environment
for 1 week before the experiments were initiated. The
DC2·4 cell line (H-2b, kindly provided by Dr Cong-Yi Wang
from the Georgia’s Health Science University, GA, USA)
originated from C57BL/6 mice, as described previously
[21].

Expression and purification of GAD65 protein

Recombinant mGAD65 was produced from
BL21(DE3)pLysS Escherichia coli containing the bacterial
expression vector pET3ad10-mGAD65 (kindly provided by
Dr Dai Yang from Torrey Pines Institute for Molecular

Studies, San Diego, CA, USA). The expression procedure
was conducted according to the pET system manual. Puri-
fication of the protein was carried out using HiTrapTM
columns (Amersham Pharmacia Biotech, Uppsala, Sweden)
according to the manufacturer’s instructions. The presence
and purity of GAD65 were confirmed by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
and enzyme-linked immunosorbent assay (ELISA) analysis.
After removal of endotoxin with EndoTrap column (Profos
AG, Regensburg, Germany), those fractions containing
purified GAD65 were then pooled and dialysed 10 times
against phosphate-buffered saline (PBS). The purified
GAD65 was then lyophilized and resuspended to a concen-
tration of 1 mg/ml. Endotoxin concentration was below the
detection limit of 0·05 EU/ml using the Limulus amoeb-
ocyte lysate test (Profos AG).

Generation of a PD-L1-transfected dendrictic cell line

DC2·4 cells (DC) were plated in 24-well tissue culture
plates (2 ¥ 105 cells/well) in RPMI-1640 medium supple-
mented with 10% FCS (Gibco, Carlsbad, CA, USA) and 1%
penicillin/streptomycin. The enhanced green fluorescence
protein gene (pEGFP-N1) plasmid containing the gene for
PD-L1 (PD-L1/pEGFP-N1, constructed in our laboratory)
was transfected into DC2·4 cells by LipofectamineTM2000
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer’s instructions. After 72 h of transfection, the cells were
selected with G418 (500 mg/ml; Sigma, St Louis, MO, USA)
for 4 weeks for establishment of stable transfectants. An
empty pEGFP-N1 vector was transfected into DC2·4 used as
a control. To determine the expression of PD-L1 by trans-
fected DC, the cells were stained with biotin-conjugated
anti-mouse PD-L1 monoclonal antibody (mAb) and
streptavidin-conjugated antigen presenting cells (APC) (BD
Biosciences, San Jose, CA, USA), PD-L1-positive cells were
gated, and its expression was evaluated using flow cytometry
(FCM). Furthermore, the above DC were also stained with
phycoerythrin (PE)-labelled mAb to CD40 (Biolegend, San
Diego, CA, USA), CD80 (Biolegend), CD86 (Biolegend),
major histocompatibility complex (MHC) class I or II (eBio-
science, San Diego, CA, USA) molecules and analysed by
flow cytometer (BD LSRII; BD Biosciences), respectively.

Antigen loading and endocytosis

PD-L1/DC or parental DC, respectively, were incubated with
GAD65 at a final concentration of 100 mg/ml for 12 h prior
to the following assay. For endocytosis experiments, fluores-
cein isothiocyanate (FITC)–dextran (molecular weight,
70 000, FD-70s; Sigma) uptake was performed as described
previously [22]. The uptake of FITC–dextran was analysed
by FCM and evaluated by fluorescence microscopy at
400¥ magnification.

GAD65-pulsed DC down-regulate GAD65 response

87© 2007 British Society for Immunology, Clinical and Experimental Immunology, 151: 86–93



Primed splenocytes purification and
5,6-carboxy-succinimidyl-fluorescein ester
(CFSE) labelling

BALB/c mice were injected intraperitoneally (i.p.) with the
following groups of DC (2 ¥ 107/mouse): (i) parental DC2·4
cells (DC); (ii) DC loaded with GAD65 (DC/GAD65); (iii)
PD-L1-transfected DC (PD-L1/DC); (iv) empty vector-
transfected DC (GFP/DC); and (v) PD-L1-transfected DC
loaded with GAD65 (PD-L1/DC/GAD-65), respectively. In
addition, the sixth group of BALB/c mice was injected i.p.
with a 0·5-ml immunofluorescence assay (IFA)/PBS solution
containing 500 mg of GAD65 protein. After 14 days, the
above six groups of mice were killed and their splenocytes
were isolated. The above lymphocytes were labelled with
CFSE tracking dye (Molecular Probes, Portland, OR, USA) at
a concentration of 1 mM in PBS for 30 min at 37°C [23].
After washing, the labelled lymphocytes were used for
further analyses.

Lymphocyte proliferation and cytokine assay

In all the experiments, after CFSE labelling, the above six
groups of primed splenocytes (5 ¥ 106/well as the responder)
were restimulated in vitro with the same above five groups
of DC (5 ¥ 105/well as the stimulator), in 24-well, flat-
bottomed plates for 5 days, respectively. GAD65 and ovalbu-
min (OVA) were also used as stimulators and their final
working concentration was 100 mg/ml. Proliferation was
analysed using FCM. Five days later, supernatants of the
co-cultures were collected and the concentrations of inter-
leukin (IL)-10 and interferon (IFN)-g were measured by
ELISA kits (eBioscience).

Statistical analysis

Statistical analysis was performed using theStatistical
Package for the Social Sciences (SPSS version 12·0). Differ-
ences among groups were evaluated statistically by analysis

of variance (anova) and comparison of means (Student’s
t-test). In both cases, P < 0·05 was considered significant.

Results

PD-L1/DC can express a high-level of PD-L1

First, we established a stable PD-L1/DC and GFP/DC line.
FCM analyses indicated that the parental DC2·4 and
GFP/DC expressed a low level of PD-L1 molecules, while
PD-L1/DC showed a high level of PD-L1 (Fig. 1a). Fluores-
cent microscopy revealed that there was an obviously green
fluorescence on the cell surface of PD-L1/DC (Fig. 1b).

Transgene-derived PD-L1 molecules decreased the
expression level of CD80 and CD86 on DC

In order to examine if high-level expression of PD-L1 mol-
ecules could impact the other phenotype on DC, we tested
the expression of CD40, MHC-I, MHC-II molecules, CD80
and CD86 before and after DC transfected with PD-L1. No
noticeable difference was found among PD-L1/DC, GFP/DC
and parental DC for the expression level of CD40, MHC-I
and MHC-II molecules (Fig. 2c). However, our results show
that DC were 94·8% and 94·5% positive for CD80 and CD86,
respectively, and there was no noticeable difference among
the above three DC populations for the expression rate of
CD80 and CD86. However, the mean fluorescence intensity
(MFI) of both CD80 and CD86 by PD-L1/DC was lower
than that of parental DC and GFP/DC (P < 0·01), but with
no difference between parental DC and GFP/DC (Fig. 2b),
showing that the enhanced PD-L1 molecules decreased the
expression level, not the expression rate, of CD80 and CD86
on DC.

PD-L1/DC and parental DC both have high
phagocytic capability

SDS-PAGE showed the presence of the putative GAD65
(Fig. 3a) and this was confirmed by ELISA analysis (data

Fig. 1. Expression of programmed death-1

ligands (PD-L1) by DC2·4 stable transfectants.

(a) Cells were stained with biotin-labelled

anti-PD-L1 monoclonal antibodies (mAb) and

streptavidin-labelled antigen-presenting cells

and analysed by flow cytometer. (a) Negative

control; (b) parental DC; (c) green fluorescence

protein gene (GFP/DC); (d) PD-L1/DC. The

results are representative of at least three

independent experiments. (b) Fluorescent

microscopy of DC2·4 stable transfectants

for PD-L1 (original magnification 400¥).

PD-L1-GFP fusion protein was expressed on

the cell surface of PD-L1/DC.
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not shown). To analyse the DC-antigen capture, phagocy-
tosis was assessed by the uptake of FITC–dextran. FCM
analyses indicated that both PD-L1/DC and parental DC
internalized large amounts of FITC–dextran (Fig. 3b), a
marker of fluid macropinocytosis and mannose receptor-
mediated endocytosis [24]. The phagocytosis rate of DC

and PD-L1/DC at 37°C for 2 h was 78·6% and 79·1%,
respectively. To confirm the FCM data, we next used FCM
to visualize endocytosis directly by both PD-L1/DC and
parental DC. After 2 h at 37°C, the fluid-phase marker
FITC–dextran (green) was found clearly in intracellular
vesicles in both PD-L1/DC and parental DC (Fig. 3c). The
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Fig. 2. The high-level expression of programmed death-1 ligands (PD-L1) molecules resulted in a reduced level expression of CD80 and CD86 on

dendritic cells (DC). (a) DC, GFP/DC and PD-L1/DC were stained with phycoerythrin (PE)-labelled anti-CD80 monoclonal antibodies (mAb) and

PE-cy5-labelled anti-CD86 mAb and analysed by flow cytometer, respectively. (b) Results are expressed as the mean fluorescence intensity, which

represents the average level of CD80 and CD86 surface expression on DC or PD-L1/DC. Bars represent standard deviation of the mean of three

independent experiments. (c) The expression of CD40, major histocompatibility complex (MHC) class I and II antigens was not noticeably different

between PDL1/DC and wild-type DC. DC, GFP/DC and PD-L1/DC were stained with PE-labelled mAb to CD40, MHC class I or II mAb and

analysed by flow cytometer, respectively. (a) Negative control; (b) parental DC; (c) GFP/DC; (d) PD-L1/DC. The asterisks indicate that the

difference in responses are statistically significant between three groups (*P < 0·01).
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Fig. 3. Programmed death-1 ligands/dendritic cells (PD-L1/DC) and parental DC both have high phagocytic capability. (a) The expression

and purity of glutamic acid decarboxylase 65 (GAD65) protein. GAD65 protein and protein marker were loaded onto a sodium dodecyl

sulphate-polyacrylamide gel electrophoresis gel and subsequently stained with Coomassie blue. M, protein marker. (b) Flow cytometry analyses

of endocytosis by PD-L1/DC and parental DC. They were incubated in medium containing fluorescein isothiocyanate (FITC)–dextran for 2 h

at 37°C or 4°C (as control). (a) Negative control; (b) parental DC (at 4°C); (c) parental DC (at 37°C); (d) PD-L1/DC (at 37°C). The results are

representative of at least three independent experiments. (c) Fluorescent microscopy shows FD700-positive parental DC (magnified ¥400) which

were exposed to FITC–dextran (green) for 2 h at 37°C.
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expression of PD-L1 molecules did not affect the endocy-
tosis of DC.

Stimulation of allogeneic and GAD65-reactive
lymphocytes by DC/GAD65

In the following report, because GFP alone had no influence
on the results in our study and the proliferation of GFP/DC-
primed lymphocytes is similar to that of DC-primed lym-
phocytes, data for the proliferation of GFP/DC-primed
lymphocytes are not shown.

First, we examined whether allogeneic and GAD65-
reactive lymphocytes would be activated by injection with
DC/GAD65. As shown in Fig. 4b, DC/GAD65-primed sple-
nocytes showed a higher proliferative response to GAD65
than their response to OVA (P < 0·01), whereas DC-primed
splenocytes showed a similar response to both GAD65 and
OVA (data not shown), indicating GAD65-reactive stimula-
tion by DC/GAD65. Furthermore, DC/GAD65-primed sple-
nocytes also showed an obvious proliferative response to
both DC/GAD65 and DC with, however, a higher response
to DC/GAD65 than to DC (Fig. 4d, P < 0·01). In contrast,
DC-primed splenocytes showed a similar response to both

DC/GAD65 and DC (Fig. 4d). These results indicate that DC
have high antigen-presenting capabilities and that combined
stimulation in vivo and in vitro by DC/GAD65 was able to
stimulate both allogeneic and GAD65-reactive lymphocytes.

PD-L1/DC inhibited alloresponse

As shown in Fig. 4a, the proliferative response of lympho-
cytes isolated from DC-pretreated or PD-L1/DC-pretreated
mice co-cultured with PD-L1/DC was significantly lower
than that of those co-cultured with DC (P < 0·01). Further-
more, the proliferative response of PD-L1/DC-primed lym-
phocytes to the above stimulator DC was correspondingly
lower than that of DC-primed lymphocytes (P < 0·01).
These results indicate that combined stimulation in vivo and
in vitro by PD-L1/DC inhibited the proliferation of alloge-
neic lymphocytes.

PD-L1/DC/GAD65 inhibited both alloresponse and
GAD65-reactive lymphocyte response

First, compared with DC/GAD65-primed splenocytes,
PD-L1/DC/GAD65-primed splenocytes displayed a lower
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Fig. 4. Programmed death-1 ligands/dendritic cells/glutamic acid decarboxylase 65 (PD-L1/DC/GAD65) inhibited both alloresponse and

GAD65-reactive lymphocyte response. (a) PD-L1/DC inhibited alloresponse. Lymphocytes isolated from PD-L1/DC- or DC-pretreated mice were

co-cultured with DC or PD-L1/DC. (b) PD-L1/DC/GAD65 were poorer than DC/GAD65 at activating GAD65-reactive response. Splenocytes

isolated from DC/GAD65- or PD-L1/DC/GAD65-pretreated BALB/c mice were stimulated with GAD65 or ovalbumin, respectively. (c)

PD-L1/DC/GAD65 had a reduced capability to stimulate GAD65-reactive response in vitro compared with DC/GAD65. Immunofluorescence assay

(IFA)/GAD65-primed splenocytes were stimulated with DC, DC/GAD65, PD-L1/DC or PD-L1/DC/GAD65, respectively. (d) Combined stimulation

in vivo and in vitro by PD-L1/DC/GAD65 inhibited both alloresponse and GAD65-reactive lymphocyte response. Splenocytes isolated from DC-,

DC/GAD65- or PD-L1/DC/GAD65-pretreated BALB/c mice were stimulated with DC, DC/GAD65, PD-L1/DC or PD-L1/DC/GAD65, respectively.

The proliferation of lymphocytes determined by 5,6-carboxy-succinimidyl-fluorescein ester labelling in mixed lymphocyte reaction for 5 days. The

asterisks indicate that the difference in responses are statistically significant between two values indicated by lines (*P < 0·01). The data are each

representative of three independent and reproducible experiments with similar results.
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response to GAD65 (Fig. 4b), which indicated that PD-L1/
DC/GAD65 were poorer than DC/GAD65 at activating
GAD65-reactive response. Secondly, IFA/GAD65-primed
splenocytes, displaying a higher proliferative response to
GAD65 than their response to OVA (data not shown),
exhibited a lower response to PD-L1/DC/GAD65 compared
with their response to DC/GAD65 (Fig. 4c), indicating
that PD-L1/DC/GAD65 had a reduced capability to stimu-
late GAD65-reactive response in vitro compared with
DC/GAD65. Thirdly, although PD-L1/DC/GAD65 and
PD-L1/DC were both able to down-regulate the PD-L1/
DC/GAD65-primed lymphocyte proliferation, the response
of PD-L1/DC/GAD65-primed lymphocytes co-cultured
with PD-L1/DC/GAD65 was even lower than those
co-cultured with PD-L1/DC (Fig. 4d, P < 0·01). In contrast,
for DC-primed lymphocytes, there was no significant
difference between their response to PD-L1/DC/GAD65
and to PD-L1/DC (Fig. 4d). This observation indicated
that PD-L1/DC/GAD65 were better at down-regulating a
GAD65-reactive response than PD-L1/DC. Fourthly, we
observed that when PD-L1/DC/GAD65 were used to pre-
immunize BALB/c mice in vivo, the proliferation of primed
lymphocytes would be reduced remarkably in vitro. As
shown in Fig. 4d, all the proliferative responses of PD-L1/
DC/GAD65-primed lymphocytes to the various stimulator
DC were correspondingly lower than those of DC/GAD65-
primed lymphocytes (P < 0·01). Additionally, our obser-
vations also showed that PD-L1/DC/GAD65-primed
lymphocytes showed the weakest proliferation when they
were again restimulated in vitro by PD-L1/DC/GAD65
(Fig. 4d). All these results indicate that combined stimula-
tion in vivo and in vitro by PD-L1/DC/GAD65 inhi-
bited the proliferation of allogeneic and GAD65-reactive
lymphocytes.

PD-L1/DC/GAD65 altered the cytokine profiles of
activated lymphocytes, with increases seen in IL-10 and
a decrease in IFN-g

In order to explore the mechanisms underlying the suppres-
sive effect of PD-L1/DC/GAD65, IFN-g and IL-10 levels
in cultures were studied further. As shown in Fig. 5a and b,
the highest levels of IFN-g and undetectable levels of IL-10
were produced by activated lymphocytes isolated from
DC/GAD65-pretreated mice after restimulation for 5 days
with DC/GAD65, whereas IFN-g production was greatly
reduced and higher levels of IL-10 were detected when
PD-L1/DC/GAD65 were used as stimulatory cells in those
cultures. Furthermore, our results also demonstrate that
lymphocytes isolated from PD-L1/DC/GAD65-pretreated
mice secreted the highest IL-10 and the lowest IFN-g after
they were restimulated in vitro by PD-L1/DC/GAD65
(Fig. 5a and b). In addition, concentrations of IFN-g and
IL-10 of the other groups or cultures were either lower than
the maximum or higher than the minimum (data not
shown).

Discussion

It has been reported that high-level expression of PD-L1
molecules by DC could inhibit T cell activation and suppress
the function of activated T cells [25,26]. Therefore, by using
DC with stably high expression of PD-L1, it is possible to
prevent T cell activation or lead to inhibition/limitation
of the activated T cell response. In this study, we exerted a
negative co-stimulatory signal, PD-L1, to generate DC with a
tolerogenic character. By this means we generated success-
fully a stable PD-L1-transfected DC2·4 cell line and exam-
ined the influence of enhanced PD-L1 on the function of
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Fig. 5. Programmed death-1 ligands/dendritic cells/glutamic acid decarboxylase 65 (PD-L1/DC/GAD65) altered the cytokine profiles of activated

lymphocytes. (a) PD-L1/DC/GAD65 decreased interferon (IFN)-g production by activated lymphocytes. (b) PD-L1/DC/GAD65 enhanced

interleukin (IL)-10 production by activated lymphocytes. Lymphocytes isolated from PD-L1/DC/GAD65- or DC/GAD65-pretreated BALB/c mice
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with similar results.
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those DC. On one hand, we have demonstrated that over-
expression of PD-L1 decreased the expression of activation
markers, CD80 and CD86, on DC (Fig. 2a and b). The reason
for this phenomenon is not clear. Previous studies have
reported that IL-10-pretreated DC expressed lower levels of
CD80 and CD86 molecules than parental DC [27–28], so we
presume that PD-L1 itself may be capable of decreasing
CD80 and CD86 expression and finally contributed to these
results. In addition, as we know, lower levels of these two
molecules have been proposed to account for the poor
capacity of DC to stimulate T cells. Therefore, this may be
another potential mechanism contributing to the suppres-
sive effect of PD-L1. On the other hand, by comparing the
capacity to stimulate proliferative responses between PD-L1-
expressing DC populations (including both PD-L1/DC and
PD-L1/DC/GAD65) and wild-type DC (Fig. 4a and d), this
indicates that over-expression of PD-L1 impaired the capac-
ity of those DC to induce immune responses. Moreover, we
also found that enhanced PD-L1 inhibited the proliferation
and altered the cytokine profiles of activated lymphocytes,
with increases seen in IL-10 and a decrease in IFN-g (Fig. 5),
which is consistent with the report by Dong et al. [29]. Taken
together, these observations suggest that over-expression of
PD-L1 impaired the ability of DC to induce an immune
response and regulated the proliferation and cytokine pro-
duction by activated lymphocytes.

Shen [21] has reported that DC2·4 cells express B7-1 and
B7-2 and, as a result, can be used to present antigens on both
MHC class I and class II molecules. Our data show that both
DC2·4 and PD-L1/DC have a high phagocytic capability,
which provides the opportunity for DC to present GAD65
to T cells. In the following experiments we found that
PD-L1/DC/GAD65 were poorer stimulators compared with
DC/GAD65. Further, both DC populations with hyper-
expressing PD-L1 (including both PD-L1/DC and PD-L1/
DC/GAD65) showed an inhibitory effect on activated lym-
phocyte response, indicating that PD-L1 make an important
contribution to the poor stimulatory capacity of DC. In
addition, we observed that although PD-L1/DC/GAD65-
primed lymphocytes showed little proliferative response to
GAD65, they still showed a further decreased proliferation
when they were again restimulated by themselves. Therefore,
it seems that combined stimulation in vivo and in vitro
by PD-L1/DC/GAD65 may contribute to their suppressive
effect. For these phenomena our interpretation is that, com-
pared with DC/GAD65, PD-L1/DC/GAD65 might activate a
lesser amount of lymphocytes or even render the activated
lymphocytes anergic, which may have contributed finally to
their down-regulative effect.

In summary, high-level expression of PD-L1 molecules
can render DC immunosuppressive and impair their ability
to induce immune response and regulate the proliferation
and cytokine production by activated lymphocytes. Further-
more, PD-L1/DC/GAD65 can result in down-regulation
of the alloresponse and the GAD65-reactive lymphocyte

response. These findings are of special importance in appli-
cation of DC-based immunotherapies for inhibition of
graft rejection and prevention of T1D. Further islet-
transplantation animal models will be built to validate this
strategy.
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