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Abstract

lymph node T cells (CD3+).

the severity of acute rejection episodes.

Background: Direct allorecognition, i.e,, donor lung-derived dendritic cells (DCs) stimulating recipient-derived T

lymphocytes, is believed to be the key mechanism of lung allograft rejection. Myeloid (cDCs) and plasmacytoid

(pDCs) are believed to have differential effects on T cell activation. However, the roles of each DC type on T cell
activation and rejection pathology post lung transplantation are unknown.

Methods: Using transgenic mice and antibody depletion techniques, either or both cell types were depleted in
lungs of donor BALB/c mice (H-2% prior to transplanting into C57BL/6 mice (H-2°), followed by an assessment of
rejection pathology, and pDC or cDC-induced proliferation and cytokine production in C57BL/6-derived mediastinal

Results: Depleting either DC type had modest effect on rejection pathology and T cell proliferation. In contrast, T
cells from mice that received grafts depleted of both DCs did not proliferate and this was associated with
significantly reduced acute rejection scores compared to all other groups. cDCs were potent inducers of IFNy,
whereas both cDCs and pDCs induced IL-10. Both cell types had variable effects on IL-17A production.

Conclusion: Collectively, the data show that direct allorecognition by donor lung pDCs and cDCs have differential
effects on T cell proliferation and cytokine production. Depletion of both donor lung cDC and pDC could prevent
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Introduction

Lung transplantation is the only therapeutic modality for
many patients with end stage lung disease. However, the
lung is rejected more often than other grafts and the
five year survival is only 50% which is the worst of all
solid organs transplants. Many pathologies contribute to
the graft dysfunction post transplantation and include
primary graft dysfunction (PGD) [1,2], acute rejection
and bronchiolitis obliterans syndrome (BO/BOS). All of
these are believed to have a component of immune
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activation resulting in either allo- or autoimmunity that
contributes to graft pathology.

Immune activation post lung transplant may be
mediated by one of three pathways, direct, indirect or
semi-direct [3]. The direct pathway, i.e., mediated by
donor derived DCs interacting with recipient T cells, is
believed to be the predominant pathway involved in
alloimmune activation that leads to rejection in the early
post transplant period. Unlike other solid organ allo-
grafts, the lung is capable of inducing local alloimmune
activation in the absence of any secondary lymphoid
organs. Indeed, studies from Kriesel’s group demon-
strated direct allorecognition occurs in situ within the
graft as shown by recipient derived T cells interacting
directly with donor derived antigen presenting cells
(APCs) leading to activation of allo-reactive T cells [4].
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Once activated, recipient lymphocytes may reside within
the graft or traffic to regional lymphoid tissues such as
the mediastinal lymph nodes [4-7].

While there are multiple types of APCs in the lung,
dendritic cells (DCs), the most potent APCs, are
believed to have key roles in direct allorecognition post
lung transplantation [6,7]. DCs can play a dual role fol-
lowing transplantation; they can induce an alloreactive
response against the allograft; or by contrast, they could
induce donor-specific tolerance [8]. DCs may be divided
into two major subsets, myeloid DCs (cDCs) and plas-
macytoid DCs (pDCs), each are known to have specific
functions in terms of immune activation. Specifically,
c¢DCs, which are derived from myeloid precursors can
drive a potent Thl immune response [9]. pDCs, on the
other hand, which are derived from lymphoid precur-
sors, may have roles in immune regulation, including
promoting Th2 driven immune response, as well as
IFN-a driven responses [9]. However, the contribution
of ¢DCs and pDCs in allorecognition, in general, as well
as post lung transplantation, in particular, are unknown.

In the current study we utilized a BALB/c (H-29) to
C57BL/6 (H-2P) full MHC mismatch transplant model
to assess which APC (cDC or pDC) is responsible for
driving the rejection response. Prior to transplantation,
we depleted ¢DCs in the donor lung via a DTR Tg
mouse model, or depleted pDCs in the donor lung via a
pDCA-1 antibody, or both ¢cDCs and pDCs, followed by
an assessment of T cell activation, cytokine networks
and rejection pathology.

Materials and methods

Animals

Specific pathogen-free male inbred wild-type (Wt) mice
BALB/c (H2%) and C57BL/6 (H2") were purchased from
Harlan Sprague-Dawley (Indianapolis, IN) C.FVB-Tg
(Itgax-DTR/EGFP)57Lan/] (CD11c-DTR) mice breeder
pairs were purchased from The Jackson Laboratory (Bar
Harbor, ME). In these mice, known as DTR Tg, the
CD11c promoter is under the control of DTR, and will
be referred to as DTR Tg in the current study [10]. The
DTR Tg mice were bred onto a BALB/c backcrossing at
least eight generations. All studies were done in accor-
dance with institutional guidelines of Laboratory Animal
Resource Center at Indiana University School of Medi-
cine. For local DC depletion, Preliminary studies using a
range of 10 - 500 ng Diptheria Toxin-DT/mouse
injected intratracheally into DTR Tg mice revealed that
optimal ¢DC depletion and minimal toxicity occurred
using 50 ng DT/mouse (DT in saline; Sigma-Aldrich,
Inc.,, St. Louis, MO). For local and systemic depletion of
pDCs mice were injected intraperitoneally with 500 pg/
mouse of anti-mouse PDCA-1 pure functional grade
antibody (Ab) clone JF05-1C2.4.1 (Miltenyi Biotech,
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Auburn CA). All donor and recipient mice were 8-12
weeks of age and 24-32 g.

Orthotopic lung transplantation

All surgical procedures were performed utilizing sterile
techniques. A Prescott’s operating microscope (Zeiss
6SFC, Monument, USA) with 20-40x magnification was
used for both donor and recipient operations. Both
donor and recipient were anesthetized with Isoflurane.
The donor—recipient transplanted groups were as fol-
lows: Wt BALB/c—>Wt C57BL/6; DTR Tg BALB/c—>Wt
C57BL/6; anti-mPDCA-1 Ab injected Wt BALB/c—>Wt
C57BL/6; anti-mPDCA-1 Ab injected DTR-Tg BALB/
¢—>Wt C57BL/6. The donor and recipient surgical pro-
cedures were performed as previously reported [11]. No
mice received any immunosuppressive agents.

Histology

Mice were euthanized by ketamine (50 mg/kg)/xylazine
(10 mg/kg), native and donor lungs harvested, glutaral-
dehyde-fixed, and paraffin embedded. A portion of the
lower lobe of each lung was sectioned and stained with
hematoxylin/eosin. Three to six sections from the lower
lobes of transplanted lungs were examined and grading
of rejection pathology conducted in a blinded fashion
utilizing standard criteria for clinical lung transplanta-
tion [12]. Scoring was focused on the severity of vascu-
lar lesions ("A” scores). A0 = no acute rejection, Al =
minimal acute rejection, A2 = mild acute rejection, A3
= moderate acute rejection, A4 = severe acute rejection.

Cell Isolation and Characterization

T cells

Single cell suspensions were prepared from the mediast-
inal lymph nodes of transplant recipient mice. T cells
were isolated using CD90.2 (Thyl.2)" Microbeads (Mil-
tenyi Biotech, Auburn CA) according manufacturer’s
instructions and were > 98% CD3" as reported [13].

Plasmacytoid and Myeloid Dendritic cells

Single cell suspensions were prepared from the lungs of
wild-type BALB/c mice. Plasmacytoid DCs cells were
isolated using anti-mPDCA-1 microbeads and ¢DCs
were isolated using CD11c microbeads (Miltenyi Bio-
tech, Auburn CA) according manufacturer’s
instructions.

Mixed Leukocyte Reaction (MLR)

Mixed leukocyte reactions were conducted by culturing
irradiated stimulator cells [(3 x 10%*) Wt BALB/c ¢DC or
pDC] in the in the presence of responder CD3" T cells
isolated from the mediastinal lymph nodes of C57BL/6
transplant recipient mice (1 x 10°/ml) in 96-well plates.
Cultures were pulsed after 48 hr with 1 uCi of [H?]
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thymidine, and of [H?] thymidine incorporation was
measured 18 hr later.

Cytokine profiling by cytometric bead array (CBA)
Culture supernatants from allograft transplant C57BL/6
recipients were collected and cytokine protein levels of
IL-17A, IL-10, TNF-a, IFN-y, IL-6, and IL-4 were mea-
sured using the Mouse Th1/Th2/Th17 Cytokine Kit (BD
Biosciences, San Jose, CA) according to manufacturer’s
instructions.

Flow cytometry

All staining reactions were performed at 4°C and 2.4G2
Fc receptor Ab (CD16/CD32) was added to reduce non-
specific binding. Lung mononuclear cells were obtained
by homogenizing lungs using the gentle MACS Disso-
ciator (Miltenyi, Auburn, CA) followed by Percoll gradi-
ent purification. The mononuclear cells were stained for
APC subsets using F4/80-APC Cy7 (BMS; Biolegend),
PDCA-1-Alexa Fluor 647 (eBio927; eBioscience),
CD11b-PerCPCy5.5 (M1/70; BD Biosciences), CD11c-PE
Cy7 (HL3; BD Biosciences), B220-PE Cy5 (RA3-6B2; BD
Biosciences), MHC class II-PE (M5/114; eBioscience)
and Grl1-PE (RB6-8C5, BD Biosciences). Cells were fixed
using 1% paraformaldehyde and analyzed using a BD
LSRII Flow Cytometer System. cDCs were defined by
CD11c*, CD11b'"%, MHC class II*, B220°, Grl". pDCs
were defined as PDCA”, CD11c'°", B220", Grl’, MHC
class II".

Statistical analysis

Statistical analysis was conducted using one-way
ANOVA test and posthoc comparisons using Tukey’s
test for multiple comparisons. Data expressed as means
+ Standard Deviation. A “p value” of < 0.05 was consid-
ered significant. All analyses were performed using a
statistics software package (GraphPad Prism 4).

Results

Donor lung ¢DC or pDC depletion prior to transplantation
With previous reports suggesting that the initiation of
lung rejection may be due to T cell priming in the lung
allograft following transplantation, and with evidence
demonstrating the involvement of dendritic cells (cDCs
and pDCs) in allorecognition, we determined the role of
each DC subset in stimulating alloimmune responses in
T cells. To address this we utilized a full-MHC mis-
match orthotopic transplant model, in which a BALB/c
(H-2%) donor lung was transplanted into a C57BL/6
recipient (H-2" [Figure 1A]. This model was chosen due
to the reproducible and robust development of severe
acute rejection (ISHLT Grade A4) within seven days
post transplantation [14]. To examine the role of each
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cell subset, we depleted cDCs or pDCs or both cell
types in donor mice prior to harvesting lungs for trans-
plantation. ¢cDCs were depleted using a DTR Tg (BALB/
¢) mouse model, in which 50 ng of diphtheria toxin
(DT) was delivered via intratracheal instillation (i.t.)
[Figure 1B]. Two days later, the time at maximal ¢cDC
depletion, the left lung was used as a donor lung and
transplanted into a wildytpe C57Bl/6 mouse. Seven days
later, the mediastinal lymph nodes from the transplant
recipient were harvested and CD3" T cells were isolated
and cultured. In complementary studies, pDCs were
depleted using an antibody approach, in which a BALB/
¢ mouse was injected intraperitoneally with 500 pg of
anti-mPDCA-1 Ab [Figure 1C] as reported [15]. Three
days later, the time to maximal pDC depletion, the left
lung was transplanted into a wildtype C57BL/6 mouse.
Seven days following, the mediastinal lymph nodes were
harvested from the transplant recipient and CD3" T
cells were isolated and cultured. To deplete both sub-
sets, the DTR Tg mice were utilized as the donor and
were given an i.p. injection of 500 pg of anti-mPDCA-1
Ab 3 days prior to transplantation and 50 ng of DT was
given two days prior to transplantation [Figure 1D].
Again, seven days later the mediastinal lymph nodes
were harvested and CD3" T cells were isolated and cul-
tured. In all conditions, the transplant recipient was a
C57Bl/6 mouse from which mediastinal lymph node T
cells were purified (CD3"). pDCs and ¢DCs utilized for
restimulating T cells ex-vivo were always isolated from
the lungs of normal BALB/c mice and therefore were
derived from the same strain of mice in which DC
depletion occurred.

To verify that cDCs were depleted in the DT treated
DTR Tg donor lung, mononuclear cells were isolated
from the donor treated lungs and assessed for cDCs by
flow cytometry as described in Methods. As shown in
Figure 2A, compared to DT treated Wt BALB/c donor
lungs, a representative DT treated DTR Tg donor lung
showed a 63% reduction in the cDC population, thereby
demonstrating ¢cDC depletion in the donor lung. It is
important to note that in addition to depleting cDCs, in
this DTR Tg mouse model, alveolar macrophages are
also depleted by roughly 50%. F480 staining was utilized
to monitor macrophage depletion during these studies.
To verify pDC depletion in the anti-mPDCA-1 Ab trea-
ted donor lung, lung mononuclear cells were isolated
from the donor treated lungs and assessed for pDCs as
described in Methods. As shown in Figure 2B, compared
to isotype (rat IgG2b) treated Wt BALB/c donor lungs,
mPDCA-1 Ab treated wildtype BALB/c donor lungs
showed a nearly 84% reduction in the pDC population
in a representative lung, thereby demonstrating pDC
depletion in the donor lung.
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Figure 1 ¢DC and/or pDC depletion setup in murine orthotopic transplant model. Donor —recipient transplanted groups: Wt BALB/c—Wt
C57BL/6; DT (50 ng) injected DTR-Tg BALB/c—Wt C57BL/6; anti-mPDCA-1 Ab (500 ng) injected Wt BALB/c—Wt C57BL/6; anti-mPDCA-1 Ab (500
ug) and DT (50 ug) injected DTR-Tg BALB/cc—Wt C57BL/6. N = four to six mice per group.
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recipient

T cell alloreactivity in response to cDC or pDC stimulation
It is unclear as to which DC subset drives the allore-
sponse and which DC is important in inducing T cells
proliferation. With verification of ¢cDC or pDC depletion
in the donor lung prior to transplantation, we next
examined spontaneous T cell proliferation from
untreated Wt allograft recipients, cDC depleted allograft
recipients, pDC depleted allograft recipients or double
depleted (cDC and pDC) allograft recipients. Figure 3A
represents the culture of transplant recipient CD3* T
cells alone, in the absence of any stimulation (cDCs or
pDCs). As shown in Figure 3A, T cells from the wild-
type allograft (Wt T) recipient [white bar] spontaneously
proliferate. Additionally, T cells from the DTR Tg

allograft (DTR T) recipient [hatched bar], and T cells
from the mPDCA-1 Ab treated allograft (pDCA1 T)
recipient [gray bar] both spontaneously proliferate, with
the DTR T proliferating significantly more than the Wt
T cells (p < 0.05). Interestingly, T cells from the double
depleted allograft (DTR/pDCA1 T) recipient [black bar]
did not spontaneously proliferate, as compared to the
Wt T cells.

Next, we examined the alloresponsiveness of T cells
from the allograft recipient (C57BL/6-derived) following
restimulation with BALB/c mouse-derived cDCs or
pDCs. These studies would allow for determining which
donor lung DC subset had key roles in priming of reci-
pient T cells. To assess this, allograft recipient
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A. Wt Balb/c + DT (control) DTR Tg Balb/c + DT
105 CD11c + MHCII+ CD11c + MHCII+

0.507% 107 0.198%

o 1 -
) )
o 10 O
102
n L T
010 100 10*  10° 0 100 100 10°
CDl11e CDll1e

Wt Balb/c + mpDCA-1 Ab

% of total cells | % of total cells | |
Cell Type (Pre-depletion) | (Post-depletion) % Depleted
cDC 0.507 0.189 63%
pDC 0.161 0.027 84%

Figure 2 Verification of ¢cDC or pDC depletion by flow cytometry. Lung mononuclear cells were stained for DC subset markers. Cells are
reported as percent of total population. Macrophages were excluded using FL1 autofluorescence and the macrophage specific marker F4/80. A)
Myeloid dendritic cells: B220", Gr1, CD11b* and CD11c*. Wt BALB/c + DT (non-depleted control) vs. DTR Tg BALB/c + DT (depleted) yield a 63%
depletion. B) Plasmacytoid dendritic cells: CD11clow, B220*, and PDCA*. Wt + isotype Ab (non-depleted control) vs. Wt Balb/c + mPDCA-1 Ab
(depleted) yields a 84% depletion. Data are representative of four to six mice in each group.
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Group Combination Scoring of acute rejection
A WitBalb/c> Wt C57BL/6 A4.0020.00
B DTR (DTx)Balb/c—»WtC57BL/6 A383041
C pDCA-1AbBalb/C->WtC57BL/6 A3.750.50
D DTR (DTx)+ pDCA-1AbBalb/C>WICS7BL/6 A2.67=0.58*
*P<0.05 vs other groups

Figure 3.

Figure 3 T cell alloreactivity in response to cDC or pDC stimulation. Lung transplantation was performed as described in Methods and
transplanted lungs harvested at 7 days post transplant. A-D) Mediastinal lymph node CD3+ T cells from lung transplant recipient (C57BL/6) mice
were cultured alone (3 x 10°) or in the presence of Wt donor (BALB/c)-derived cDCs or pDCs (3 x 10%). Cells were incubated for 72 h at 37°C. T-
cell proliferation was measured by 3H thymidine incorporation. A) Spontaneous T cell proliferation of Wt, DTR, PDCA1 and DTR/pDCAT1 transplant
groups. B) ¢cDC and pDC were co-cultured with Wt T cells isolated from lung transplant recipients that received dendritic cell sufficient lung
allografts. C) cDC and pDC co-cultured with recipient-derived T cells isolated from ¢DC, pDC or cDC/pDC depleted transplant groups. D) pDC
and ¢DC co-cultured with recipient-derived T cells isolated from ¢DC and pDC depleted transplant groups. Responses of recipient cells were
compared using one-way ANOVA analysis. ** p < 0.01, # p = 0.01, ## p = 002 * p < 0.05 Panels E-H represent H&E stained lung sections from
allografts harvested at day 7. Table 2) Histologic rejection scores for transplant groups. Data represent the mean +/- SD of “A” scores for four to
six mice in each group harvested at 7 days. *p < 0.05 compared to other groups. (40x magnification).
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mediastinal lymph node CD3" T cells were co-cultured
with lung-derived ¢cDCs or pDCs. Due to the limitations
in acquiring large enough numbers of ¢cDCs, and pDCs
from the transplanted mice for the purposes of multiple
co-cultures with the CD3" recipient T cells, we chose
take a different approach. In each co-culture condition,
wild-type lung-derived BALB/c ¢cDCs or pDCs were iso-
lated and co-cultured with the various transplant recipi-
ent CD3" mediastinal lymph node T cells; T cell
proliferation was then assessed [Figure 3B-D].

In panel B of Figure 3, we examined the response of
Wt T cells to cDCs or pDCs. As compared to the spon-
taneous proliferation of the Wt T cells alone, when
BALB/c-derived cDCs or pDCs were co-cultured with
Wt T cells from normal C57BL/6 mice, the cells did not
proliferate briskly. Moreover, when recipient T cells
from the DT treated DTR allograft (cDC depleted) were
restimulated with BALB/c-derived cDCs, there was no
significant change in proliferation as compared to T
cells alone [Figure 3C, hatched bar]. Interestingly, when
recipient T cells from mPDCA-1 treated allograft (pDC
depleted) were restimulated with BALB/c-derived pDCs,
they proliferated less, as compared to the spontaneously
T cells from pDCA1-treated mice [Figure 3C, gray bar].
When BALB/c-derived cDCs or pDCs were used to res-
timulate recipient T cells from the double DC-depleted
allograft recipients, there was a significant increase in
proliferation as compared to unstimulated T cells alone
[Figure 3C, black bars]. When BALB/c-derived pDCs
were used to restimulate T cells (C57BL/6) from DT
treated DTR mice lung transplant recipients, there was
a significant increase in proliferation compared to the
spontaneously proliferating DTR T cells [Figure 3D,
hatched bar]. Lastly, when T cells from pDC-depleted
lung transplant recipients were restimulated with BALB/
¢ ¢DCs, there was no change in proliferation when com-
pared to the spontaneously proliferating pDCA1 T cells
[Figure 3D, gray bar]. Collectively, these data suggest
that both ¢DC and pDC in the donor lung contribute to
alloantigen-induced priming of recipient T cells. How-
ever, donor lung-derived pDCs appear to more potent
than ¢DCs in alloantigen-induce priming post lung
transplantation.

Lung allograft rejection is believed to be initiated by
donor derived lung DCs activating recipient T cells.
Data showing that lymph node T cells from mice that
had lungs depleted of both ¢DCs and pDCs did not
spontaneously proliferate (Figure 3A) could suggest that
depletion of both c¢DCs, pDCs, or both may prevent or
down regulate rejection pathology. Using standard rejec-
tion pathology criteria [12] we examined the histology
in the BALB/c—>C57BL/6 full mismatch model. All
untreated transplanted lungs had undergone severe
acute rejection (Grade A4) within seven days post
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transplantation [Figure 3E]. ¢cDC depletion in the allo-
graft lung, DTR(DT) BALB/c—C57BL/6, slightly
decreased acute rejection [Figure 3F]. pDC depletion in
the allograft lung, mPDCA-1 Ab BALB/c—~>C57BL/6,
resulted in a similar decrease in acute rejection com-
pared to ¢cDC depletion [Figure 3G]. However, double
depletion, DTR/mPDCALI, significantly decreased acute
rejection even further as compared to all other groups
[Figure 3H] (p < 0.05).

<DC or pDC-induced cytokine production

With data demonstrating that pDCs may be important
for initiating the alloimmune response, we next deter-
mined spontaneous, pDC or cDC-induced cytokine pro-
duction-derived from mediastinal lymph node T cells
isolated from lung transplant recipients. Cytokine pro-
files were assessed within the supernatants from the co-
culture experiments shown in Figure 3. Figure 4 data is
shown to match the groups show in the proliferation
studies of Figure 3. Spontaneously proliferating recipient
T cells from each condition secreted low or non-detecti-
ble levels of IFN-Y, and neither BALB/c ¢cDC nor pDC
induced IFN-Y from wildtype T cells (CD3+) isolated
from normal C57BL/6 mice [Figure 4A]. Notably, recipi-
ent T cells produced IFN-y when either ¢cDC, pDCs or
both were depleted from the graft prior to transplanta-
tion (Figure 4A). However, cDCs appear to have a major
role in IFNy induction since IFN-y responses were most
robust in T cells isolated from mice that received lungs
depleted of pDCs and restimulated with c¢cDCs (Figure
4A). These data suggest a role for donor lung-derived
¢DC in stimulating IFN-y production. These data are
consistent with the known role of ¢cDCs in the induction
of Thl (IFN) responses [16].

T cell cultures revealed low level IL-6 production,
constitutively. Since IL-6 is made by mononuclear cells,
other than T cells, then this production could have been
due to the presence of non-T cells in the cultures (Fig-
ure 4B). However, T cells may induce DCs to produce
IL-6. Interestingly, very low levels of IL-6 were detected
in the co-cultures of ¢cDCs or pDCs with wildtype
lymph node T cells [Figure 4B]. In contrast, IL-6 was
detected in co-cultures in which T cells had been
primed with c¢DCs, pDCs, or severely reduced popula-
tions of both ¢cDC and pDC (¢cDC + DTR T, ¢DC +
pDCA T, or cDC + DTR/pDC T groups) (Figure 4B).

Depletion of cDCs resulted in significantly greater
spontaneous IL-10 production from recipient T cells
(DTR T group) as compared to wildtype T cells or T
cells isolated from lung allograft recipients depleted of
pDCs or both ¢cDCs and PDCs (Figure 4C), These data
could suggest pDC may have a role in stimulating IL-10
production from recipient T cells, and could be consis-
tent with reports demonstrating that pDCs can promote
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Figure 4 Cytokine production in response to ¢cDC or pDC stimulation. Mediastinal lymph node CD3" T cells from lung transplant recipient
(C57BL/6) mice were cultured alone (3 x 10°) or in the presence of Wt donor (BALB/c)-derived ¢DCs or pDCs (3 x 10%. Cells were incubated for
72 h at 37°C. Culture supernatant was collected and A) IFN-y, B) IL-6, C) IL-10, and D) IL-17A were measured by cytometric bead assay. * p <
0.01, # p < 0.05 compared to cDC + Wt T and pDC + Wt T groups by one-way ANOVA with Dunnett's Multiple Comparison post-test.
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regulatory T cell (Treg) development, which is in part
characterized by expression of CD4+Foxp3+ in T cells
[17]. However, the highest level of IL-10 was induced by
¢DCs in co-culture with T cells from pDC-depleted
lung allograft recipients (cDC + pDCA T). Furthermore,
pDCs and cDCs appear comparable in stimulating IL-10
production from mice that received lungs deficient in
¢DCs (¢cDC + DTR T, and pDC + DTR T groups), [Fig-
ure 4C]. Collectively, these data suggest a complex rela-
tionship of ¢cDC or pDC-alloantigen induced IL-10
production from recipient T cells.

Similar to IL-10, depletion of ¢cDCs resulted in signifi-
cantly greater spontaneous IL-17A production from
recipient T cells (DTR T group) as compared to wild-
type T cells or T cells isolated from lung allograft recipi-
ents depleted of pDCs or both ¢cDCs and PDCs [Figure
4D]. In general, the production of IL-17A from T cells
[Figure 4D] followed the same patterns as shown for IL-
10 [Figure 4C]. One exception is data showing that
pDCs, in contrast to cDCs, were not able to induce any
IL-17A production from mice that received lungs

deficient in both ¢cDC and pDCs. These data could also
be explained by pDC-induced suppression of IL-17A
production. Neither TNF-a nor IL-4 were detected at
significant levels in any assay condition (data not
shown).

Discussion

Dendritic cells (DC) are the most potent APCs in regu-
lating adaptive immune responses. As such, DCs have
been reported to have important/dual roles in regulating
alloimmunity leading to either transplant rejection or
tolerance. Since lung allograft rejection is thought to be
initiated by donor derived lung DCs activating recipient
T cells, we examined the role of donor-derived DC sub-
sets (cDCs and pDCs) in stimulating the responsiveness
of recipient T cells. In this study we demonstrated that
depletion of both donor allograft cDCs plus pDCs down
regulated the pathology of lung allograft rejection.
Furthermore, T cells isolated from mice that received
lungs depleted of both ¢cDCs and pDCs did not sponta-
neously proliferate, as compared to T cells from mice



Benson et al. Respiratory Research 2012, 13:25
http://respiratory-research.com/content/13/1/25

that received grafts depleted of either ¢cDC or pDCs. In
our assessment of T cell priming, we demonstrated that
although both ¢DC and pDC in the donor lung contri-
bute to alloantigen-induced priming of recipient T cells,
donor lung-derived pDCs appear to be more potent
than ¢DCs in alloantigen-induced proliferation, whereas
donor lung-derived ¢cDCs were potent inducers of IFN-y
responses.

Maturation status has been linked to the ability of
DCs to induce or suppress immune responses. Specifi-
cally, immature DCs may be suppressive/tolerogenic
whereas mature DCs may be highly immunogenic [16].
However, DC immunogenicity may also be linked to
specific subsets. cDCs and PDCs comprise two major
groups of DCs in all tissues [18]. In the context of
organ transplantation, cDCs are reported to be highly
immunogenic and efficient in stimulation anti-T cell
alloimmunity, including production of IFN-y [19]. In
contrast, pDCs have been reported to be tolerogenic
[20]. Specifically, suppression of alloreactive T cell via
induction of regulatory T cells or clonal deletion of
alloreactive T cells have been functions ascribed to
pDCs [21]. pDCs may be responsible for suppressing
activation and proliferation of alloreactive T cells via
induction of T regulatory cells (Tregs), inhibiting mem-
ory T cell responses or clonal deletion, thereby promot-
ing tolerance and preventing graft rejection in non-
pulmonary allografts [14-16,22-24]. Consistent with
prior reports in other organs, the current study shows
that lung ¢DCs are potent inducers of IFN-y production,
and contribute to induction of IL-10. However, pDCs
did not appear to be tolerogenic as shown by studies in
which ¢DC depletion did not lead to improved out-
comes histologically. Abe et al., reported that pDCs pro-
pagated from donor or third-party bone marrow could
prolong murine cardiac allograft survival [22]. In
another study, host-derived pDCs played an important
role in development of allograft tolerance. In this study,
host-derived pDCs acquired donor antigens from the
allograft and migrated to the lymph node, where they
induced alloantigen-specific Tregs, which lead to the
induction of tolerance. Depletion of pDCs in this model,
inhibited Treg development and the induction of toler-
ance [24]. Similar findings have been reported in human
liver transplant studies [17]. In contrast, depletion of
both ¢DC and pDC resulted in diminished spontaneous
T cell proliferation and prevented rejection pathology.
These data highlight a role for both lung ¢DCs and
pDCs in initiating allo-responsiveness post lung trans-
plantation. The differences in the potential roles of
pDCs in tolerance and immunogenicity in the current
study could be related to the fact that lung-derived DCs
are phenotypically and functionally distinct from other
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tissue-derived DCs [25]. Accordingly, data derived from
a non-pulmonary transplant models are not likely to be
extrapolated to, or reproduced in the lung.

In our model, we utilized naive cDCs and pDCs as sti-
mulators in the presence of recipient T cells. Since
¢DCs and pDCs make up less than 1% of the total cell
population in the lung, we were not able to isolate suffi-
cient allograft cDCs or pDCs to use for ex vivo stimula-
tion. Doing so would have allowed us to examine the
function of DCs conditioned by the allograft environ-
ment in stimulating T cells. However, this assessment
would have required transplanting and harvesting more
donor and recipient allografts than could be performed
in an individual experiment. Another aspect that could
have impacted our results examining T cell activation is
effect of donor lung-derived non-professional APCs,
such as epithelial [26,27] and endothelial [28] cells in
stimulating T cells.

Conclusion

These data highlight the importance of both DC subsets
in initiating alloimmune responses post lung transplan-
tation. A limitation of the data presented is that there
were residual ¢cDC and pDC in depleted mice as has
been reported by other using these techniques [10].
Accordingly, some observed effects could have been to
due residual cells of each type in treated mice, or possi-
bly due to effects mediated by recipient DCs [29].
Although it has been thought that pDCs are required to
promote tolerance and prolong allograft survival, it
appears that the absence of both cell subsets contribute
to alloimmune activation. Therefore, it is interesting to
speculate that depletion of both pre-transplant could
lead to diminished acute rejection episodes.

Acknowledgements

Support for this work was provided by NIH grants HL067177 and
POTAIB4853 (DSW), and PO1 PO1AI056097 (RB, JSB, DSW) and by
T32HL007910 (CW).

Author details

'Department of Medicine, Microbiology and Immunology, Indiana University
School of Medicine, Indianapolis, IN 46202, USA. “Center for Immunobiology,
Indiana University School of Medicine, Indianapolis, IN 46202, USA.
3Departmem of Thoracic Surgery, Chiba University, Chiba, Japan.
“Department of Anesthesia, Indiana University School of Medicine,
Indianapolis, IN 46202, USA.

Authors’ contributions

Note HLB and HS are co-first authors due to equal contributions

HLB prepared the manuscript and conducted in vivo and in vitro
experiments. HS prepared the manuscript and conducted lung transplant
surgeries. JL performed cell isolation and proliferation assays. AF assisted will
tissue harvest post transplantation. CW conducted flow cytometry for
dendritic cells. KH assisted HB, AJ and AF. RB bred the DTR Tg mice. JSB
provided expertise in dendritic cell isolation. DSW conceived the study and
developed overall experimental design, and manuscript preparation. All
authors read and approved the final manuscript.



Benson et al. Respiratory Research 2012, 13:25 Page 10 of 10
http://respiratory-research.com/content/13/1/25

Competing interests 18.  Rissoan M-C, Soumelis V, Kadowaki N, Grouard G, Briere F, Malefyt RdW,

DSW is co-founder and Chief Scientific Officer of ImmuneWorks Inc, a Liu Y-J: Reciprocal Control of T Helper Cell and Dendritic Cell

biotech company developing novel therapeutics for immune mediated lung Differentiation. Science 1999, 283(5405):1183-1186.

diseases. No other authors have any conflicts to disclose and no part of this 19. Young JW, Merad M, Hart DNJ: Dendritic Cells in Transplantation and

work was supported by a commercial organization, including ImmuneWorks. Immune-Based Therapies. Biology of Blood and Marrow Transplantation
2007, 13(Supplement 1):23-32.

Received: 19 January 2012 Accepted: 20 March 2012 20. Matta BM, Castellaneta A, Thomson AW: Tolerogenic plasmacytoid DC.

Published: 20 March 2012 European Journal of Immunology 2010, 40(10):2667-2676.

21. Abe M, Colvin BL, Thomson AW: Plasmacytoid Dendritic Cells: In Vivo
Regulators of Alloimmune Reactivity? Transplantation Proceedings 2005,
37(9):4119-4121.

22. Abe M, Wang Z, De Creus A, Thomson AW: Plasmacytoid Dendritic Cell
Precursors Induce Allogeneic T-Cell Hyporesponsiveness and Prolong

References

1. Daud SA, Yusen RD, Meyers BF, Chakinala MM, Walter MJ, Aloush AA,
Patterson GA, Trulock EP, Hachem RR: Impact of immediate primary lung
allograft dysfunction on bronchiolitis obliterans syndrome. American - . :
Journal of Respiratory and Critical Care Medicine 2007, 175(5):507-513. Heart Graft Survival. American Journal of Transplantation 2005,

2. Huang HJ, Yusen RD, Meyers BF, Walter MJ, Mohanakumar T, Patterson GA, 5(8):1808-1819. . . . .
Trulock EP, Hachem RR: Late Primary Graft Dysfunction After Lung 23. Ezzelarab M, Thomson AW: Tolerogenic dendritic cells and their role in

Transplantation and Bronchiolitis Obliterans Syndrome. American Journal transplantation. Seminars in /mmuho/ogy ' Corrgcted Proof. o
of Transplantation 2008, 8(11):2454-2462. 24. Ochando JC, Homma C, Yang Y, Hidalgo A, Garin A, Tacke F, Angeli V, Li Y,

3. Game DS, Lechler RI: Pathways of allorecognition: implications for Boro% P, Ding Y, et al. Alloantigen—presenting plasmacytoid dendritic cells
transplantation tolerance. Transplant Immunology 2002, 10(2-3):101-108. mediate tolerance to va;cularlzed grafts. Nat /mmuno/ 2006, 7(6):652-662.

4. Gelman AE, Li W, Richardson SB, Zinselmeyer BH, Lai J, Okazaki M, 25. Webb TJ, .Sumpter TL, Thlele'AT, Swanso.n. KA, V\/|.\kes DS: The phenotype
Kornfeld CG, Kreisel FH, Sugimoto S, Tietjens JR, et af: Cutting Edge: Acute and function of lung dendritic cells. Critical Reviews In Immunology 2005,

Lung Allograft Rejection Is Independent of Secondary Lymphoid Organs. 25(6):465-491. .
The Journal of Immunology 2009, 182(7):3969-3973. 26.  Scholz M, Gool3 A, Blaheta RA, Encke A, Markus BH: Cultured human biliary
5. Mazariegos GV, Zahorchak AF RéyesJ Chaprnan H, Zeevi A, Thomson AW: epithelial cells induce allogeneic lymphocyte activation in vitro: possible
Dendritic Cell Subset Ratio in Tolerant, Weaning and Non-Tolerant Liver relevf‘mce in liver transplant rejection. /mmunology Letters 1997,
Recipients Is Not Affected by Extent of Immunosuppression. American 55(1):27-34. ) . .
Journal of Transplantation 2005, 5(2):314-322. 27. Elssner A, Jaumann F, Wolf W-P, Schwaiblmair M, Behr J, First H,
6. Grossman EJ, Shilling RA: Bronchiolitis obliterans in lung transplantation: Re|‘cher?spumer H, Briegel J, Niedermeyer J, ngeIme\er C: Bronchial
the good, the bad, and the future. Translational Research 2009, epithelial ce.II B7-1 and. B7-2 mRNA expression after lung )
153(4):153-165. transplantation: a role in allograft rejection? European Respiratory Journal
7. Austyn JM, Larsen CP: Migration Patterns of Dendritic Leukocytes: 200_2' 20(1):165’1_69‘ _ ) P
Implications for Transplantation. Transplantation 1990, 49(1):1-7. 28. Stemhoff GBM, Richter N, Schlitt HJ, C.remer J,.Haverlch A: Distinct .
8. Paantiens AWM, van de Graaf EA, Heerkens HD, Kwakkel-van Erp JM expression of cell-cell and cell-matrix adhesion molecules on endothelial

Hoefnagel T, van Kessel DA, van den Bosch JMM, Otten HG: Chimerism of cells in human heart and lung transplants. The Journal of heart and lung
dendritic cell subsets in peripheral blood after lung transplantation. The transplantation 1995, 14(6 Pt 1)1 ]45,’] 1_55' . .
Journal of Heart and Lung Transplantation 2011, 30(6):691-697. 29. Cahalan MD: Imaging transplant rejection: a new view. Nature medicine

9. Liu Y}, Kanzler H, Soumelis V, Gilliet M: Dendritic cell lineage, plasticity 2011, 17(6)662-663.
and cross-regulation. Nat Immunol 2001, 2(7):585-589.

10. Jung S, Unutmaz D, Wong P, Sano G, De los Santos K, Sparwasser T, Wu S,
Vuthoori S, Ko K, Zavala F, et al In vivo depletion of CD11c+ dendritic
cells abrogates priming of CD8+ T cells by exogenous cell-associated
antigens. Immunity 2002, 17(2):211-220.

11. Fan L, Benson HL, Vittal R, Mickler EA, Presson R, Fisher AJ, Cummings OW,
Heidler KM, Keller MR, Burlingham WJ, et al: Neutralizing IL-17 Prevents
Obliterative Bronchiolitis in Murine Orthotopic Lung Transplantation.
American Journal of Transplantation 2011, 11(5):911-922.

12. Stewart S, Fishbein MC, Snell Gl, Berry GJ, Boehler A, Burke MM, Glanville A,
Gould FK, Magro C, Marboe CC, et al- Revision of the 1996 Working
Formulation for the Standardization of Nomenclature in the Diagnosis of
Lung Rejection. The Journal of heart and lung transplantation: the official
publication of the International Society for Heart Transplantation 2007,
26(12):1229-1242.

13. Swanson KA, Zheng Y, Heidler KM, Zhang ZD, Webb TJ, Wilkes DS: FIt3-
ligand, IL-4, GM-CSF, and adherence-mediated isolation of murine lung
dendritic cells: assessment of isolation technique on phenotype and

doi:10.1186/1465-9921-13-25

Cite this article as: Benson et al: Donor lung derived myeloid and
plasmacytoid dendritic cells differentially regulate T cell proliferation
and cytokine production. Respiratory Research 2012 13:25.

function. J Immunol 2004, 173(8):4875-4881. ( 7
14.  Okazaki M, Krupnick AS, Kornfeld CG, Lai JM, Ritter JH, Richardson SB, ; . ;
Huang HJ, Das NA, Patterson GA, Gelman AE, et al: A Mouse Model of Submit your next manuscript to BioMed Central
Orthotopic Vascularized Aerated Lung Transplantation. American Journal and take full advantage of:
of Transplantation 2007, 7(6):1672-1679.
15. Shen H, Iwasaki A: A crucial role for plasmacytoid dendritic cells in « Convenient online submission
antiviral protection by CpG ODN-based vaginal microbicide. The Journal .
of Clinical Investigation 2006, 116(8):2237-2243. * Thorough peer review
16.  Athanassopoulos P, Vaessen LMB, Maat APWM, Balk AHMM, Weimar W, * No space constraints or color figure charges

Bogers AJJC: Peripheral blood dendritic cells in human end-stage heart
failure and the early post-transplant period: evidence for systemic Th1
immune responses. Furopean Journal of Cardio-Thoracic Surgery 2004, ¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
25(4):619-626. * Research which is freely available for redistribution
17.  Ezzelarab M, Thomson AW: Tolerogenic dendritic cells and their role in
transplantation. Seminars in immunology 2011, 23(4):252-263.

¢ Immediate publication on acceptance

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVied Central



http://www.ncbi.nlm.nih.gov/pubmed/17158279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17158279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18785961?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18785961?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12216939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12216939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19299693?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19299693?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15643991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15643991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19304274?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19304274?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2405548?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2405548?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21388830?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21388830?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11429541?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11429541?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12196292?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12196292?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12196292?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21521466?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21521466?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15470028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15470028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15470028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15470028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17511692?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17511692?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16878177?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16878177?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15037281?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15037281?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15037281?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21741270?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21741270?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10024247?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10024247?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17222766?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17222766?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20821731?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16386640?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16386640?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15996227?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15996227?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15996227?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16633346?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16633346?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16390323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16390323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9093878?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9093878?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9093878?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12166565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12166565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12166565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8719462?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8719462?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8719462?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21647143?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Animals
	Orthotopic lung transplantation
	Histology
	Cell Isolation and Characterization
	T cells

	Plasmacytoid and Myeloid Dendritic cells
	Mixed Leukocyte Reaction (MLR)
	Cytokine profiling by cytometric bead array (CBA)
	Flow cytometry
	Statistical analysis

	Results
	Donor lung cDC or pDC depletion prior to transplantation
	T cell alloreactivity in response to cDC or pDC stimulation
	cDC or pDC-induced cytokine production

	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


