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Acquired pMHC I Complexes Greatly Enhance CD4" Th Cell’s
Stimulatory Effect on CD8" T Cell-Mediated Diabetes in
Transgenic RIP-mOVA Mice

Khawaja Ashfaque Ahmed"?, Yufeng Xie" %, Xueshu Zhang1 and Jim Xiangl’ 3

CD4" helper T (Th) cells play pivotal roles in induction of CD8" CTL immunity. However, the mechanism of CD4"
T cell help delivery to CD8" T cells in vivo is still elusive. In this study, we used ovalbumin (OVA)-pulsed dendritic
cells (DCova) to activate OT-II mouse CD4" T cells, and then studied the help effect of these CD4" T cells on CD8"
cytotoxic T lymphocyte (CTL) responses. We also examined CTL mediated islet B cell destruction which led to
diabetes in wild-type C57BL/6 mice and transgenic rat insulin promoter (RIP)-mOVA mice expressing B cell
antigen OVA with self OVA-specific tolerance, respectively. In adoptive transfer experiments, we demonstrated that
help, in the form of peptide/major histocompatibility complex (pMHC) I acquired from DCgyy by DCoya
activation, was required for induction of OVA-specific CTL responses in C57BL/6 mice. However, in combination
with TCR transgenic OT-I mouse CD8" T cells, the tolerogenic dosage of CD4" Th cells with acquired pMHC I, but
not CD4" (Kb'/') Th cells without acquired pMHC I were able to cause diabetes in 8/10 (80%) RIP-mOVA mice.
This study thus expands the current knowledge in T cell-mediated autoimmunity and provides insight into the
nature of CD4" T cell-mediated help in CD8" CTL induction. Cellular & Molecular Immunology. 2008;5(6):407-415.
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Introduction

The mechanism of T cell-mediated autoimmunity has been
widely investigated in transgenic mice which expressed self
antigens (Ags) under the control of tissue-specific promoters.
Given the prominent role played by T cells in pathogenicity
of diabetes mellitus type I, efforts were made particularly to
unravel the nature of T cell tolerance to pancreatic islet  cell
Ags. In some of these studies, viral proteins were expressed
in pancreatic islets (1, 2). Autoimmune diabetes did not occur
in these mice, unless they were infected with the respective
virus. These seminal studies demonstrated that CD8" T cells
with specificity for model self antigens usually ignore their
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specific self antigens under normal circumstances, but could
be induced to become auto-aggressive by cross-reactive
pathogen-associated Ags (3).

It is now generally been recognized that CD4" helper T
(Th) cells are essential for induction of CD8" cytotoxic T
lymphocyte (CTL) responses against many cell-based Ags,
including male-specific Ags, model Ags loaded onto
splenocytes, or tumor Ags transfected into cell lines (4-6).
Further, it was shown that many cell-based Ags activate
CD8" CTLs through the cross-priming pathway, which
involves bone marrow-derived Ag-presenting cells (APCs)
that take up exogenous Ags and present them via the major
histocompatibility complex (MHC) class I pathway (7, 8).
Thus, CD4" T cells are also essential for in vivo cross-
priming (4-6) and avoiding induction of CTL tolerance (9).
Several studies have implicated CD40 signaling (6, 10) and
IL-2 secretion (4, 11) from CD4" T cells as important helper
factors in generation of effective CTL responses. Recently,
using transgenic mice model (RIP-OVA™) expressing high
amount of ovalbumin (OVA) protein in pancreas under the

Abbreviations: DC, dendritic cell; DCova, OVA-pulsed DC; FITC,
fluorescein isothiocyanate; PE, R-phycoerythrin; TCR, T cell receptor;
pMHC 1, peptide/major histocompatibility complex; OT-I, OVA-specific
class I-restricted TCR transgenic; OT-II, OVA-specific class Il-restricted
TCR transgenic; RIP, rat insulin promoter; Th, helper T cell; CTL, cytotoxic
T lymphocyte.
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control of rat insulin promoter (RIP), Behrens and colleagues
attempted to define the nature of CD4" T cell help for
induction of islet B cell destruction and diabetes by CTL
effectors (10). They demonstrated that the effector phase of
CTL responses is influenced by CD4" T cell help and that
CD154 signaling is an important helper factor provided by
CD4" T cells in induction of CD8" CTL responses. Although
considerable knowledge has been acquired in T cell
activation, the factors that contributed by the CD4" T cell
help in CD8" CTL generation are still not well understood
(11, 12).

Stimulation of T cells by APCs involves at least two
signaling events: one elicited by T cell receptor (TCR)
recognition of peptide-MHC (pMHC) complexes and the
other by costimulatory molecule signaling (e.g., T cell CD28/
APC CD80) (11, 13). Consequent to Ag-specific T cell-APC
interactions, immunological synapse is formed comprising a
central cluster of TCR-MHC-peptide complexes and CD28-
CD80 interactions surrounded by rings of engaged accessory
molecules (e.g., complexed LFA-1-CD54) (14, 15). It has
been demonstrated that APC-derived surface molecules are
transferred to the Th cells during the course of their TCR
internalization (16). Recently, we have shown that CD4" T
cells can acquire not only the synapse-composed MHC class
IT and costimulatory molecules (CD54 and CDS80), but also
the bystander pMHC I from APCs, and act as CD4" Th-APCs
in stimulation of CTL responses (11). Although, the efforts to
delineate the role played by MHC class II in induction of
CTL responses have been investigated in RIP-OVA™ mice
(10, 17), the contribution of pMHC I acquisition by CD4" Th
cells in CTL responses resulting in pancreatic islet  cell
destruction and diabetes is elusive.

In this study, we chose a well studied transgenic mouse
model, RIP-mOVA mice with moderate expression of self
OVA Ag and OVA-specific self immune tolerance (17) to
retest the stimulatory effect of CD4" Th cells with or without
acquired pMHC I complexes. We then investigated the role
of acquired pMHC I complexes on DCya-activated CD4" Th
cells in activation of OVA-specific CD8" CTL responses in
wild-type C57BL/6 mice and transgenic RIP-mOVA mice
with self OVA-specific tolerance. Our results clearly
demonstrated a targeting role of acquired pMHC I complexes
on CD4" Th cells in stimulation of OVA-specific CD8" CTL
responses leading to destruction of islet B cells and diabetes
in transgenic RIP-mOVA mice. This study thus expands the
current knowledge in T cell-mediated autoimmunity and
provides insight into the nature of CD4" T cell-mediated help
in CD8" CTL induction.

Materials and Methods

Reagents, cell lines and animals

Ovalbumin (OVA) protein was obtained from Sigma (St.
Louis, MO). OVA 1I (ISQAVHAAHAEINEAGR) specific
for Ia® of OVA protein and OVA I (SIINFEKL) peptide (11)
and Mutl (FEQNTAQP) peptide (18) specific for H-2K® of
OVA protein and an irrelevant 3LL lung carcinoma,
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respectively, were all purchased from Multiple Peptide
Systems (San Diego, CA). The biotin-conjugated monoclonal
anti-mouse H-2K", Ia", CD4, CD11c, CD69, CD80 antibodies
(Abs), and FITC-conjugated anti-CD1lc, R-phycoerythrin
(PE)-conjugated anti-mouse IL-4 and IFN-y Abs were all
obtained from Pharmingen Inc. (Mississauga, Ontario,
Canada). The anti-H-2K*/OVA 1 peptide (pMHC I) Ab was
obtained from Dr. T. Germain, National Institute of Health,
Bethesda, MD (19). The recombinant mouse granulocyte/
macrophage-colony stimulation (GM-CSF), IL-2, IL-12 and
IL-4 were purchased from R&D Systems (Minneapolis, MN).
Female C57BL/6 mice (B6) were obtained from Charles
River Laboratories (St. Laurent, Quebec, Canada). The
OVA-specific TCR transgenic OT-I and OT-II mice (11), and
H-2K" gene knockout (KO) mice on C57BL/6 background
were purchased from the Jackson Laboratory (Bar Harbor,
MA). Homozygous OT-II/H-2K"" mice were generated by
backcrossing the designated gene KO mice onto the OT-II
background for three generations, homozygosity was
confirmed by polymerase chain reaction (PCR) according to
Jackson Laboratory’s protocols. The transgenic rat insulin
promoter (RIP)-mOVA mice on C57BL/6 background were
obtained from Dr. W. Heath, Walter and Eliza Hall Institute
of Medical Research (Melbourne, Australia) (17). These
transgenic mice express OVA under the RIP and have, as
such, OVA as a neo-self-Ag. They are transgenic for
truncated OVA gene that is expressed as a membrane-bound
molecule in pancreatic islets, kidney proximal tubules, and
testis of male mice. All mice were treated according to
animal care committee guidelines of University of
Saskatchewan.

Generation of bone marrow-derived dendritic cells

The preparation of bone marrow (BM)-derived dendritic cells
(DCs) was previously described (11). Briefly, BM cells
prepared from femora and tibiae of normal C57BL/6 mice
were depleted of red blood cells with 0.84% ammonium
chloride and plated in DC culture medium [DMEM plus 10%
FCS, GM-CSF (20 ng/ml) and IL-4 (20 ng/ml)]. On day 3,
the nonadherent granulocytes, and T and B cells were gently
removed, and fresh media were added. Two days later, the
loosely-adherent proliferating DC aggregates were dislodged
and replated. On day 6, the nonadherent cells were harvested.
These DCs were pulsed with OVA (0.3 mg/ml) for overnight
at 37°C, then washed extensively with PBS, and termed
DCpva- DCs generated from the H-2K° gene KO mice were
referred to as (Kb'/ ) DCova.

Preparation of OT-1 CD4" and OT-1 CD8" T cells

Naive OVA-specific CD4" T and CD8" T cells were isolated
from OT-II and OT-I mouse spleens, respectively, and
enriched by passage through nylon wool columns (C&A
Scientific Inc, VA). CD4" and CD8" T cells were then
purified by negative selection using anti-mouse CDS8 (Ly2)
and CD4 (L3T4) paramagnetic beads (DYNAL Inc, Lake
Success, NY) to yield populations that were > 95%
CD4"/Va2VB5" and CD8"/Va2VB5™ T cells, respectively. To
generate DCoya-activated CD4" T cells, CD4" T cells (2 x
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10° cells/ml) from OT-II mice were stimulated for three days
with irradiated (4,000 rads) DCoys (1 x 10° cells/ml) in
presence of IL-2 (10 U/ml), IL-12 (5 ng/ml) and anti-IL-4 Ab
(10 pg/ml) (R&D Systems, Minneapolis, MN) (11). These in
vitro DCoya-activated CD4" T cells were then isolated by
Ficoll-Paque (Sigma) density gradient centrifugation and
purified using CD4 microbeads (Milttenyi Biotec, Auburn,
CA). Activated CD4" T cells derived from OT-II/H-2K""
which was primed by irradiated (K>) DCoya was termed
CD4" (K*") Th cells. The phenotype and cytokine profile of
the CD4" (K*") Th cells are similar to those of CD4" Th cells
derived from OT-II mice, except for the designated gene
deficiency i.e. activated CD4" (K"") Th cells did not express
acquired pMHC I .

Phenotypic characterization of DCoyy-activated CD4" T cells
For the phenotypic analysis, CD4" T cells were stained with
Abs specific for CD4, CD69 and pMHC I, respectively, and
analyzed by flow cytometry. To examine the intracellular
expression of cytokines, the above cells were processed using
a commercial kit (Cytofix/CytoPerm Plus with GolgiPlug;
Pharmingen, Inc), and stained with PE-conjugated anti-1L-4
and IFN-y Abs, according to the manufacturers’ protocols
(11). Cytokine secretion of CD4" Th cells in the supernatants
was assessed using the commercial enzyme-linked
immunosorbent assay (ELISA) kits (Endogen, Woburn, MA).
The results were normalized to the recombinant cytokine
standard curves.

T cell proliferation assay

C57BL/6 mice and RIP-mOVA mice were iv. immunized
with DCoya (1 x 10° cells per mouse) and CD4" Th or (K"")
Th cells (3 x 10°cells per mouse), respectively. Six days after
the immunization, 100 pl blood was taken from the tail of
each mouse. The blood samples were incubated with 10 ul
PE-conjugated H-2Kb/OVA257_264 tetramer (Beckman coulter,
Mississauga, Ontario, Canada) and 1 pl FITC-conjugated
anti-CD8 mAb for 30 min at room temperature. The
erythrocytes were then lysed using lysis/fixed buffer
(Beckman coulter). The cells were washed and analyzed by
flow cytometry.

Cytotoxicity assay

C57BL/6 mice and RIP-mOVA mice were i.v. immunized
with DCoya, CD4" Th or CD4" (K™") T cells (3 x 10° cells
per mouse), respectively. Naive mouse splenocytes were
incubated with either high (3.0 pM, CFSE"") or low (0.6
puM, CFSE"Y) concentrations of CFSE, to generate
differentially labeled target cells. The CFSE™" cells were
pulsed with OVA 1, whereas the CFSE"" cells were pulsed
with the irrelevant 3LL lung carcinoma H-2K" peptide Mut1
and served as internal controls. These peptide-pulsed target
cells were washed extensively to remove free peptide, and
then i.v. co-injected at 1:1 ratio into the above immunized
mice six days after the immunization. Sixteen hours after
target cell delivery, the spleens were removed and residual
CFSE"e" and CFSE"™ target cells remaining in the recipients’
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spleens were sorted and analyzed by flow cytometry.

Animal studies

In RIP-mOVA mice model, the cross-presentation of self
OVA Ag was able to delete the autoreactive CD8" T cells
leading to tolerization of the CD8" T cell compartment to
self-Ag OVA (9). We have recently demonstrated that (i) a
high frequency of OVA-specific CD8" T cell precursor can
overcome OVA-specific immune tolerance from DCqys
immunization in RIP-mOVA mice and (ii) the OVA-specific
CDS8" CTL responses reached a maximal level in presence of
1 x 10° OT-I CD8" T cell precursors (20). Therefore, we
chose the amount of 1 x 10® OT-1 CD8" T cell precursors for
transfer to induce maximal CD8" CTL responses in
RIP-mOVA mice immunized with CD4" Th cells. To assess
whether CD4" Th cells can also overcome immune tolerance
and induce mouse diabetes in RIP-mOVA mice in presence
of 1 x 10° OT-1 CD8" T cells, the transgenic RIP-mOVA mice
(10 mice per group) were i.v. transferred with 1 x 10° naive
OT-I CD8" T cells. One day after the T cell transfer, mice
were i.v. immunized with variable numbers of CD4" Th cells
with acquired pMHC I (0.1 x 10%, 0.5 x 10°, 1 x 10° and 2 x
10° cells) or CD4" (K*") Th cells without acquired pMHC 1.
The above mice were monitored for 2 weeks after
immunization for diabetes by urine glucose testing. Animals
were considered to be diabetic after 2 consecutive days with
readings of more than 55 mmol/L. Pancreatic tissue samples
were collected for histopathological examination to ascertain
islet B cell destruction.

Results

Activated CD4" Th cells acquire pMHC I complexes from
DCoyy by DCoyy activation

We showed that OVA-pulsed dendritic cells (DCoya)
expressed H-2K", 1a®, CD1lc, CD80 and pMHC I (Figure
1A), indicating that they are OVA-specific mature DCs. We
previously showed that in vitro DCqys-activated OT-I1 CD4"
T cells acquired DC’s MHC 1 and II and costimulatory
molecules (CD54 and CD80) (11). In this study, we more
accurately assessed the acquisition of DC’s pMHC 1
complexes by CD4" Th cells using the specific anti-pMHC I
Ab. As shown in Figure 1B, these in vitro DCoys-activated
OT-II CD4" T cells purified by positive selection using CD4-
microbeads showed expression of CD4 and CD69 compared
to naive OT-II CD4" T cells without expression of CD69,
indicating that they are activated CD4" T cells. In addition,
these activated CD4" Th cells also expressed intracellular
IFN-y, but not IL-4, indicating that they are type 1 helper T
(Th1) cells. This was further confirmed by ELISA analysis
showing that these in vitro irradiated OVA-pulsed DC
(DCoya)-activated CD4" T cells secreted IFN-y (~ 2 ng/ml/
10° cells/24 h), but not IL-4. The naive OT-II CD4" T cells
did not express pMHC 1. However, these DCqya-activated
CD4" Th cells did show some expression of pMHC I by
using the specific anti-pMHC I Ab, indicating that they may
acquire pMHC I from DCqya by DCqya activation. This was
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Figure 1. Phenotypic analysis of DCs and CD4" T cells. (A) OVA-pulsed DCs (DCgy,) were stained with a panel of Abs for analysis of cell
surface expression of K", 1a®, CD11c, CD8O, pMHCI (thick solid lines). Isotype-matched irrelevant Abs were used as controls (dotted lines).
(B) The naive CD4" T cells derived from OT-II mice were in vitro activated by DCqy,. These activated CD4" T and the naive CD4" T cells
were then stained with biotin-conjugated anti-CD4, CD69, pMHCI, IL-4 and IFN-y Abs and FITC-streptavidin (solid lines), respectively.
Biotin-conjugated isotype-matched Abs were used as controls (thin dotted lines). (C) The naive CD4" T cells derived from normal OT-II and
OTII/K® KO mice were in vitro activated by DCoys and (K*)DCoya, respectively. These activated CD4" T cells were then stained with
biotin-conjugated anti-pMHC 1 Ab and FITC-streptavidin (solid lines), respectively. Biotin-conjugated isotype-matched Ab was used as
controls (thin dotted lines). The value of mean fluorescence intensity (MFI) of pMHC I expression on CD4" Th cells with acquired pMHC I or
(Kb™) Th cells without acquired pMHC I using FITC-pMHC 1 Ab/the control FITC-Ab is presented in each panel. One representative

experiment of two in the above different experiments is shown.

further confirmed by the evidence that CD4" (K") Th-APC
did not express any pMHC I complex when stimulated by
(K*") DCoya without pMHC 1 expression (Figure 1C),
confirming that these activated CD4" T cells do acquire
pMHC I from DCqys by DCqya activation. To rule out the
possibility of irradiated-DCoya contamination in these
activated CD4" Th cell population, we also analyzed them
using the anti-CD4 and anti-CD11c Abs specific for CD4" T
cell and DC markers, respectively, by flow cytometry. There
was no detectable CD11¢c" DCqya contamination in purified
activated CD4" Th cell population (data not shown) due to

not only the powerful positive selection process, but also the
killing activity of these activated CD4" Th cells expressing
OVA-specific TCR to pMHC Il-expressing DCoya (21).

Activated CD4" Th, but not activated CD4" (K*") Th cells
without acquired pMHC I stimulate effective CD8" T cell
proliferation and effector function in wild-type C57BL/6 mice
To dissect the functional effect of pMHC I, we conducted
CDS8" T cell proliferation assay. We immunized the wild-type
C57BL/6 mice with DCqys, DCoya-activated CD4" Th and
CD4" (K™") Th cells. Six days after immunization, we
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Figure 2. Functional analysis of CD4" Th cells. (A) Tetramer staining assay. Wild-type C57BL/6 mice were i.v. immunized with DCqy, or
DCova-stimulated CD4" T or CD4" (Kb'/‘) T cells. Six days after immunization, the tail blood samples of immunized mice were incubated with
PE-H-2K’OVA 1 tetramer and FITC-anti-CD8 Ab, and then analyzed by flow cytometry. The value in each panel represents the percentage of
tetramer-positive CD8" T cells versus the total CD8" T cell population. The value in parenthesis represents the SD. (B) In vivo cytotoxicity
assay. The above immunized mice were i.v. co-injected at 1:1 ratio of splenocytes labeled with high (3.0 pM, CFSE"") and low (0.6 pM,
CFSE'"™) concentrations of CFSE and pulsed with OVA I and Mutl peptide, respectively six days after immunization with DCoy, or activated
CD4" T or activated CD4" (K®) T cells. Sixteen hours after target cell delivery, the residual CFSE"®" and CFSE" target cells remaining in the
recipients’ spleens were sorted and analyzed by flow cytometry. The value in each panel represents the percentage of CFSEME cells vs
CFSE" cells remaining in the spleens. The value in parenthesis represents the SD. One representative experiment of three in the above

different experiments is shown.

performed tetramer staining assay to detect OVA-specific
CDS8" T cells in these immunized mice. As shown in Figure
2A, DCova and activated CD4" Th cells stimulated
H-2K’’OVA 1 tetramer-positive CD8" CTL responses
accounting for 2.3% and 1.8% of the total peripheral blood
CDS8' T cells in wild-type mice, respectively, indicating that
these activated CD4" Th cells with acquired pMHC I can
efficiently stimulate in vivo OVA-specific CD8 T cell
proliferation. However, activated CD4" (K*") Th cells
without acquired pMHC I complexes could not stimulate
H-2K’/OVA 1 tetramer-positive CD8" T cell proliferation
(0.02%) in wild-type CS57BL/6 mice, indicating the
importance of acquired pMHC I in efficient stimulation of in
vivo OVA-specific CD8" T cell proliferation. Besides, we
adoptively transferred OVA 1 peptide-pulsed splenocytes that
had been strongly labeled with CFSE (CFSE™"), as well as
the control peptide Mutl-pulsed splenocytes that had been
weakly labeled with CFSE (CFSE"Y), into the above
immunized mice. We found that there were substantial loss of
the OVA-specific and CFSE"-labeled cells in both positive
control DCoya- (95%) and activated CD4" Th cell-
immunized (76%) mice (Figure 2B), but not in activated
CD4" (K"") Th cell-immunized mice (0%), indicating that

activated CD4" (K*") Th cells without acquired pMHC I
failed in stimulation of CD8" T cell differentiation into CTL
effectors, whereas activated CD4" Th cells with acquired
pMHC 1 are capable of efficiently eliciting CD8" CTL
responses.

Activated CD4" Th cells with acquired pMHC I failed in
stimulation of CD8" T cell proliferation and induction of
diabetes in RIP-mOVA mice with OVA-specific self immune
tolerance

The transgenic RIP-mOVA mice with moderate expression of
self OVA Ag have OVA-specific self immune tolerance (10).
RIP-mOVA mice were then i.v. immunized with DCqys and
activated CD4" Th cells, respectively. Six days after immu-
nization of DCqy,s, mouse tail blood samples were analyzed
for CD8" CTL responses by double (PE-tetramer/FITC-CDS8)
staining. In contrast to C57BL/6 mice showing significant
OVA-specific CD8" T cell responses (Figure 2B), RIP-
mOVA mice did not respond to the above stimulation with
OVA-specific T cell responses which accounted for only
0.06% of the total peripheral blood CD8' T cells (Figure 3A).
However, they also resumed their responses to DCgya
stimulation after the treatment of mice with anti-CD25 Ab to
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Figure 3. Activated CD4" T cells failed in stimulating CD8" T cell proliferation and effector function in RIP-mOVA mice. (A) B6 mice
or RIP-mOVA transgenic mice treated with anti-CD25 Ab were immunized with DCqy,. Six days after the immunization, the mouse tail blood
samples were stained with PE-tetramer and FITC-CD8 Ab. One representative experiment of two is displayed. (B) RIP-mOVA transgenic mice
were i.v. immunized with activated CD4 " Th cells. Six days after immunization, CD8" T cell proliferation was estimated by tetramer staining.
The value in each panel represents the percentage of tetramer-positive CD8" T cells vs the total CD8" T cell population. The value in
parenthesis represents the SD. One representative experiment of three in the above different experiments is shown.

deplete CD4"25" Tr cells, but not with the control rat IgG,
confirming the existence of OVA-specific CD4" Tr cell-
mediated immune tolerance in RIP-mOVA mice. Similarly,
activated CD4" Th cells also failed in induction of
OVA-specific CD8" T cell proliferation accounting for only
0.04% of the total peripheral blood CD8" T cells in
RIP-mOVA mice (Figure 3B), indicating that activated CD4"
Th cells alone can not overcome immune tolerance in
RIP-mOVA mice.

Tolerogenic dosage of activated CD4" Th cells has
stimulatory effect on CD8" T cells only in presence of OT-1
CDS" T cell precursors in RIP-mOVA mice leading to islet
tissue destruction and diabetes

To break the immune tolerance, RIP-mOVA mice with a
previous transfer of 1 x 10° OT-I CD8" T cells were
immunized with different amounts of CD4" Th cells, and

then monitored for 2 weeks for diabetes by urine glucose
testing. We found that a previous transfer of a constant
amount of OT-I T cells (I x 10° cells) and subsequent
injection of 0.1 x 10° 0.5 x 10° 1 x 10%and 2 x 10° activated
CD4" T cells with acquired pMHC I was able to induce
diabetes in 0/10, 3/10, 6/10 and 8/10 RIP-mOVA mice,
respectively. Diabetes which occurred 8-14 days after T cell
transfer into these RIP-mOVA mice were further confirmed
by histopathological examination of pancreas as evidenced
by the destruction of pancreatic islet tissues with lymphocyte
infiltration (Figure 4A). Our data are consistent with a
previous report by Kurts and colleagues demonstrating that
when OT-I and OT-II T cells co-injected, OT-II CD4" T cells
stimulate OT-I CD8" T cells to destroy pancreatic B cells
leading to diabetes in RIP-mOVA mice (9). Here, it is
interesting to note that 2 x 10° activated CD4" (K*") Th cells
without acquired pMHC I were unable to induce diabetes in

Volume 5 Number 6 December 2008



Cellular & Molecular Immunology

RIP-mOVA mice with previous transfer of 1 x 10° OT-I
CD8" T cells (Figure 4A), confirming the importance of
acquired pMHC 1 in induction of diabetes in RIP-mOVA
mice. To explain the fact that activated CD4" T cells with
acquired pMHC I mediated an enhanced CD8" CTL response,
we and others proposed that activated CD4" T cells could
supply cytokines, such as IL-2 that may enhance the
expansion and/or survival of CD8" T cells (11, 22) and
augment the survival of activated CD8" T cells possibly due
to the induction of survival genes like bcl-xL or other
antiapoptotic mechanism (9, 23) thereby shifting the
autoreactive CD8" T cell response from tolerogenic to
immunogenic pathway in RIP-mOVA mice.

Discussion

Generation of effective CD8" CTL responses to minor
histocompatibility or tumor antigens not associated with
danger signals often requires help from CD4" Th cells via
cross-priming (24). A three-cell interaction model was
originally proposed suggesting that antigen-specific CD4"
and CD8" T cells must interact simultaneously with a
common antigen-specific APC and CD4" T cell activated by
APC provides CD8" T cell help via its IL-2 secretion (25).
Later, Ridge et al. proposed a dynamic model of two
sequential interactions by APC, in which activated CD4" Th
cells license APC via CD40/CD40L signalling, which
become capable of directly stimulating CD8" T cell responses
(26). Recently, we have proposed a new dynamic model of
two sequential interactions by Th-APC (11), in which CD4"
Th cells activated by APC acquire APC’s membrane
molecules and become CD4" Th-APC capable of stimulating
CD8" CTL responses. Although there is still no final
conclusion regarding these models, we have demonstrated
that DCs stimulate effector memory CD8" CTL responses,
whereas CD4" Th-APC stimulate central memory CD8" CTL
responses (21).

Recently, Hwang et al. (27) reported that the presence of
cognate memory CD4" T cells increases the capacity of
memory CD8" T cells to proliferate after Ag rechallenge,
migrate into tumor-associated tissue and differentiate into
effector phenotype cells, resulting in substantially enhanced
control of tumor outgrowth. Several reports demonstrated
improved antitumor (28, 29) and antiviral (30, 31) responses
in vivo following a combined transfer of transduced CD8"
and CD4" T cells compared to either T-cell subset alone.
Moreover, in a tissue transplantation study, graft rejection
was pronounced by simultaneously raising the frequency of
CD4" T cells to ~0.5% and CD8" T cells to ~5% despite
CD28/CD154 blockade. Although the exact mechanism of
specific protection of CTL responses by CD4" Th cells is still
unknown, Kennedy and Celis (23) reported that CTL
response was tightly controlled by the availability of CD4" T
cell help. By providing direct survival signals to CTL, CD4"
Th cells blocked AICD and increased the functional life span
of CD8" CTL responses. This antiapoptotic effect may
explain the need for CD4" T cell help to maintain CTL
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Figure 4. The stimulatory effect of CD4" Th cell is targeted to
CD8" T cell responses against mouse pancreatic islet p cell
antigen leading to diabetes in RIP-mOVA mice via acquired
PMHC L. (A) RIP-mOVA transgenic mice were i.v. immunized with
constant number of OT-I CD8" T cells (1 x 10° cells/mouse) alone
or in combination with different numbers (0.1 x 10° 0.5 x 10° 1 x
10® and 2 x 10°) of CD4" Th cells/mouse or 2 x 10° CD4* (K*") Th
cells/mouse, respectively. Mice were monitored for diabetes from
day 6 post immunization for at least 20 days by urine glucose
testing. Animals were considered diabetic after 2 consecutive days
with readings > 56 mmol/L urine glucose. (B) Pancreatic tissues of
the transgenic RIP-mOVA mice immunized with CD4" Th cells
alone or in combination with OT-I T cells were fixed in 10% neutral
buffered formalin and embedded in paraffin. Tissue sections were
stained with HE and examined by microscopy (x 150). The
destruction of pancreatic islet tissues and lymphocyte infiltration
(arrows) were only found in OT-I CD8" T cells (1 x 10° cells) +
CD4" Th cells (2 x 10° cells) immunized RIP-mOVA mice, whereas
RIP-mOVA mice injected with CD4" Th cells (2 x 10° cells) alone
showed normal pancreatic tissues (arrow head). One representative
experiment of three in the above different experiments is shown.

responses to viruses such as CMV, HIV, lymphocytic
choriomeningitis virus and hepatitis viruses (32-34). Further
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work is needed to elucidate the exact mechanism(s) by which
CD4" and CD8" T cells interact for CTL responses. Our
unpublished results suggest that it is the acquired pMHC 1
complexes on CD4" Th cells, that target the stimulatory
effects derived from IL-2 secretion, CD40L and acquired
CD80 costimulations to the Ag-specific CD8" T cells in vivo,
leading to induction of OVA-specific central memory CTL
responses and antitumor response. These studies corroborate
the importance of CD4" T cell’s stimulatory effect on
effective CD8" CTL responses.

More recently, Cox et al. have demonstrated that CD4"
Th cells with acquired bystander pMHC I complexes from
APCs became susceptible to CTL killing in an Ag-specific
manner (35). However, the molecular mechanism for CD4"
Th cell acquisition of the bystander pMHC I from DCs by
DC activation is unclear. We have recently demonstrated that
CD4" Th cells acquired the bystander pMHC I because the
bystander pMHC 1 complexes colocalized with pMHC II
complexes in the same synapse formed between a DC and a
CD4" T cell, which was internalized by CD4" T cell and
subsequently recycled on the surface of the CD4" T cell (36).
In this study, we have further elucidated the critical role of
the acquired pMHC I in regulation of immune responses. We
note that it is the acquired pMHC I complexes on CD4" Th
cells, that target its stimulatory effect to OVA-specific CD8"
T cell responses, leading to destruction of pancreatic islet
tissues and diabetes. These results are also supported by our
another two recent reports showing that the acquired pMHC 1
complexes on DCoya-activated CD4" Th and CD8" Tc cells
can target their helper effects onto adoptive CDS8" Tc
cell-immunotherapy of cancer and stimulation of CD8" CTL
responses, respectively (37, 38). The targeting role of the
acquired pMHC 1 complexes on CD4" Th-APC may also be
applied to interpret the generation of Ag-specific regulatory T
(Tr) cells in vivo after encounter with Ag presented by DCs
(39, 40). Zhang et al. demonstrated that double negative Tr
cells used their TCR to acquire allo-MHC peptides from
APCs, and became Ag-specific Tr cells in suppression of
graft rejection (41). Tarbell et al. also showed that CD4 25"
Tr expanded in vitro by Ag-specific DC stimulation became
20-fold more efficient in suppression of autoimmune diabetes
caused by diabetogenic T cells in nonobese diabetic mice
than polyclonal unexpanded CD4 25" Tr cells (42). However,
they did not elucidated the molecular mechanism on how the
immune suppressive effect of these Tr cells can be
specifically or more efficiently delivered to the in vivo
T-cell-mediated graft rejections or autoimmune diseases.
Based upon the above principle elucidated in this study, we
assume that these CD4" or DN Tr cells may become
Ag-specific after acquisition of pMHC I or pMHC II
complexes by DC stimulation in vivo. This assumption has
recently been proved. It has been shown that these DN Tr
cell-mediated antigen-specific suppression is via in vivo
trogocytosis of alloantigen (43). We have also demonstrated
that antigen specificity of adoptive CD4" regulatory T cells
was obtained via acquired pMHC I complexes from IL-10-
secreting antigen-specific DCs by DC stimulation (44).

Taken together, our data provide direct evidence that it is

PMHC I Enhances CD4" Th Cell’s Stimulatory Effect

the acquired pMHC 1 complexes on CD4" Th cells that
enhances CD4" T cell helper effect in induction of CD8" T
cell-mediated pancreatic islet destruction and diabetes. Thus,
the present findings may have significant implications in
autoimmunity and antitumor immunotherapy.

Acknowledgements

This study was supported by research funds from Canadian
Institute of Health Research (MOP 79415, 81228 and 89713).

References

1. Oldstone MB, Nerenberg M, Southern P, Price J, Lewicki H.
Virus infection triggers insulin-dependent diabetes mellitus in a
transgenic model: role of anti-self (virus) immune response.
Cell. 1991;65:319-331.

2. Ohashi PS, Oehen S, Buerki K, et al. Ablation of "tolerance"
and induction of diabetes by virus infection in viral antigen
transgenic mice. Cell. 1991;65:305-317.

3. Kurts C, Sutherland RM, Davey G, et al. CD8 T cell ignorance
or tolerance to islet antigens depends on antigen dose. Proc Natl
Acad Sci U S A. 1999;96:12703-12707.

4. Keene JA, Forman J. Helper activity is required for the in vivo
generation of cytotoxic T lymphocytes. ] Exp Med. 1982;155:
768-782.

5. Rees MA, Rosenberg AS, Munitz TI, Singer A. In vivo
induction of antigen-specific transplantation tolerance to Qala
by exposure to alloantigen in the absence of T-cell help. Proc
Natl Acad Sci U S A. 1990;87:2765-2769.

6. Schoenberger SP, Toes RE, van der Voort EI, Offringa R, Melief
CJ. T-cell help for cytotoxic T lymphocytes is mediated by
CD40-CDA40L interactions. Nature. 1998;393:480-483.

7. Bevan MJ. Cross-priming for a secondary cytotoxic response to
minor H antigens with H-2 congenic cells which do not cross-
react in the cytotoxic assay. J Exp Med. 1976;143:1283- 1288.

8. Huang AY, Golumbek P, Ahmadzadeh M, Jaffee E, Pardoll D,
Levitsky H. Role of bone marrow-derived cells in presenting
MHC class I-restricted tumor antigens. Science. 1994;264:961-
965.

9. Kurts C, Carbone FR, Barnden M, et al. CD4" T cell help
impairs CD8" T cell deletion induced by cross-presentation of
self-antigens and favors autoimmunity. J Exp Med. 1997;186:
2057-2062.

10. Behrens GM, Li M, Davey GM, et al. Helper requirements for
generation of effector CTL to islet B cell antigens. J Immunol.
2004;172:5420-5426.

11. Xiang J, Huang H, Liu Y. A new dynamic model of CD8" T
effector cell responses via CD4" T helper-antigen-presenting
cells. J Immunol. 2005;174:7497-7505.

12. Hernandez J, Aung S, Marquardt K, Sherman LA. Uncoupling
of proliferative potential and gain of effector function by CD8"
T cells responding to self-antigens. J Exp Med. 2002;196:
323-333.

13. Lenschow DJ, Walunas TL, Bluestone JA. CD28/B7 system of
T cell costimulation. Annu Rev Immunol. 1996;14:233-258.

14. Grakoui A, Bromley SK, Sumen C, et al. The immunological
synapse: a molecular machine controlling T cell activation.
Science. 1999;285:221-227.

15. Viola A, Schroeder S, Sakakibara Y, Lanzavecchia A. T
lymphocyte costimulation mediated by reorganization of

Volume 5 Number 6 December 2008



Cellular & Molecular Immunology

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

membrane microdomains. Science. 1999;283:680-682.

Huang JF, Yang Y, Sepulveda H, et al. TCR-Mediated
internalization of peptide-MHC complexes acquired by T cells.
Science. 1999;286:952-954.

Kurts C, Heath WR, Kosaka H, Miller JF, Carbone FR. The
peripheral deletion of autoreactive CDS" T cells induced by
cross-presentation of self-antigens involves signaling through
CD95 (Fas, Apo-1). J Exp Med. 1998;188:415-420.

Zhang W, Chen Z, Li F, et al. Tumour necrosis factor-a. (TNF-a.)
transgene-expressing dendritic cells (DCs) undergo augmented
cellular maturation and induce more robust T-cell activation and
anti-tumour immunity than DCs generated in recombinant
TNF-a. Immunology. 2003;108:177-188.

Porgador A, Yewdell JW, Deng Y, Bennink JR, Germain RN.
Localization, quantitation, and in situ detection of specific
peptide-MHC class I complexes using a monoclonal antibody.
Immunity. 1997;6:715-726.

Ye Z, Ahmed KA, Huang J, Xie Y, Munegowda MA, Xiang J. T
cell precursor frequency differentially affects CTL responses
under different immune conditions. Biochem Biophys Res
Commun. 2008;367:427-434.

Sokke U, Huang H, Xie Y, et al. CD4 Th-APC with acquired
pMHC I and II complexes stimulate type I helper CD4 and
central memory CD8 T cell responses. J Immunol. 2009; in
press.

Kirberg J, Bruno L, von Boehmer H. CD4 8" help prevents rapid
deletion of CD8" cells after a transient response to antigen. Eur
J Immunol. 1993;23:1963-1967.

Kennedy R, Celis E. T helper lymphocytes rescue CTL from
activation-induced cell death. J Immunol. 2006;177:2862-2872.
Pardoll DM. Cancer vaccines. Nat Med. 1998;4:525-531.
Bennett SR, Carbone FR, Karamalis F, Miller JF, Heath WR.
Induction of a CDS8" cytotoxic T lymphocyte response by
cross-priming requires cognate CD4" T cell help. J Exp Med.
1997;186:65-70.

Ridge JP, Di Rosa F, Matzinger P. A conditioned dendritic cell
can be a temporal bridge between a CD4" T-helper and a T-killer
cell. Nature. 1998;393:474-478.

Hwang ML, Lukens JR, Bullock TN. Cognate memory CD4" T
cells generated with dendritic cell priming influence the
expansion, trafficking, and differentiation of secondary CD8" T
cells and enhance tumor control. J Immunol. 2007;179:5829-
5838.

Gyobu H, Tsuji T, Suzuki Y, et al. Generation and targeting of
human tumor-specific Tcl and Thl cells transduced with a
lentivirus containing a chimeric immunoglobulin T-cell receptor.
Cancer Res. 2004;64:1490-1495.

Moeller M, Haynes NM, Kershaw MH, et al. Adoptive transfer
of gene-engineered CD4" helper T cells induces potent primary
and secondary tumor rejection. Blood. 2005;106:2995-3003.
Walker RE, Bechtel CM, Natarajan V, et al. Long-term in vivo
survival of receptor-modified syngeneic T cells in patients with
human immunodeficiency virus infection. Blood. 2000;96:467-
474.

Mitsuyasu RT, Anton PA, Deeks SG, et al. Prolonged survival

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

415

and tissue trafficking following adoptive transfer of CD4{
gene-modified autologous CD4" and CDS" T cells in human
immunodeficiency virus-infected subjects. Blood. 2000;96:785-
793.

Matloubian M, Concepcion RJ, Ahmed R. CD4" T cells are
required to sustain CD8" cytotoxic T-cell responses during
chronic viral infection. J Virol. 1994;68:8056-8063.

Cardin RD, Brooks JW, Sarawar SR, Doherty PC. Progressive
loss of CD8" T cell-mediated control of a gamma-herpesvirus in
the absence of CD4" T cells. J Exp Med. 1996;184:863-871.
Walter EA, Greenberg PD, Gilbert MJ, et al. Reconstitution of
cellular immunity against cytomegalovirus in recipients of
allogeneic bone marrow by transfer of T-cell clones from the
donor. N Engl J Med. 1995;333:1038-1044.

Cox JH, McMichael AJ, Screaton GR, Xu XN. CTLs target Th
cells that acquire bystander MHC class I-peptide complex from
APCs. J Immunol. 2007;179:830-836.

He T, Zong S, Wu X, Wei Y, Xiang J. CD4" T cell acquisition of
the bystander pMHC I colocalizing in the same immunological
synapse comprising pMHC II and costimulatory CD40, CD54,
CD80, OX40L, and 41BBL. Biochem Biophys Res Commun.
2007;362:822-828.

Huang H, Hao S, Li F, Ye Z, Yang J, Xiang J. CD4" Thl cells
promote CD8" Tcl cell survival, memory response, tumor
localization and therapy by targeted delivery of interleukin 2 via
acquired pMHC I complexes. Immunology. 2007;120:148-159.
Xia D, Hao S, Xiang J. CD8" cytotoxic T-APC stimulate central
memory CD8" T cell responses via acquired peptide-MHC class
I complexes and CD80 costimulation, and IL-2 secretion. J
Immunol. 2006;177:2976-2984.

McGuirk P, McCann C, Mills KH. Pathogen-specific T
regulatory 1 cells induced in the respiratory tract by a bacterial
molecule that stimulates interleukin 10 production by dendritic
cells: a novel strategy for evasion of protective T helper type 1
responses by Bordetella pertussis. J Exp Med. 2002;195:221-
231.

Zhang X, Huang H, Yuan J, et al. CD4'8" dendritic cells prime
CD4" T regulatory 1 cells to suppress antitumor immunity. J
Immunol. 2005;175:2931-2937.

Zhang ZX, Yang L, Young KJ, DuTemple B, Zhang L.
Identification of a previously unknown antigen-specific
regulatory T cell and its mechanism of suppression. Nat Med.
2000;6:782-789.

Tarbell KV, Yamazaki S, Olson K, Toy P, Steinman RM. CD25"
CD4" T cells, expanded with dendritic cells presenting a single
autoantigenic peptide, suppress autoimmune diabetes. J Exp
Med. 2004;199:1467-1477.

Ford McIntyre MS, Young KJ, Gao J, Joe B, Zhang L. Cutting
edge: in vivo trogocytosis as a mechanism of double negative
regulatory T cell-mediated antigen-specific suppression. J
Immunol. 2008;181:2271-2275.

Hao S, Yuan J, Xu S, et al. Antigen specificity acquisition of
adoptive CD4" regulatory T cells via acquired peptide-MHC
class I complexes. J Immunol. 2008;181:2428-2437.

Volume 5 Number 6 December 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


