
Breaking down the barriers to cancer 
immunotherapy
Ellen Puré, James P Allison & Robert D Schreiber

Emerging insights into the mechanisms of activation and negative regulation of innate and adaptive immune cells 
are providing new opportunities for the development of safe and effective cancer vaccines.

Immunity against microorganisms comprises 
a highly orchestrated and integrated innate 

and adaptive immune response that represents 
a delicate balance between positive and nega-
tive regulatory pathways. The nature of tumor 
immunity is no less complex and is perhaps 
even more so because of the need to target what 
are for the most part self antigens. The data 
presented at the annual meeting sponsored by 
the Cancer Research Institute, Cancer Vaccines 
2005: Barriers, Endpoints and Opportunities, 
held in New York City in October 2005, 
described recent advances in understanding 
the cellular and molecular basis of innate and 
adaptive immunity to tumors (Fig. 1) and 
opportunities for developing immune-based 
therapies for cancer (Fig. 2).

The first attempts to unleash the power 
of the immune system against tumors were 
undertaken by William Coley, who noted in 
the late 1800s that immune stimulation by 
microbes could result in the regression of 
tumors in some patients. Over the next 100 
years or so, evidence both for and against the 
hypothesis of immune surveillance for tumors 
and for the prospects of developing immune-
based therapies for cancer was reported. At 
Cancer Vaccines 2005, it was apparent that 
evidence for immune surveillance and immune 

responses to cancer continues to mount. In the 
1950s, it was shown that the immune system 
could recognize and respond to tumor-associ-
ated antigens1. However, reports in the 1970s 
that nude mice do not demonstrate an increase 
in tumor incidence were considered by some 
to contradict the hypothesis of tumor immu-
nosurveillance2. The hypothesis was ‘rejuve-
nated’ by Robert Schreiber (St. Louis, USA), 
who reported an increase in the incidence of 
chemically induced tumors, and a wider spec-
trum of tumors deficient in the tumor suppres-
sor p53, in mice defective in responsiveness to 
interferon-γ (IFN-γ)3–5. Those studies also 
could explain results obtained using nude 
mice that, though deficient in lymphocytes, 

have IFN-γ-producing innate immune cells, 
such as natural killer (NK) cells. Papers from 
Mark Smyth (East Melbourne, Australia) 
have provided further evidence for immune 
surveillance and have shown that perforin-
mediated killing is an important mechanism in 
tumor immunity6–8. At Cancer Vaccines 2005, 
Smyth presented evidence suggesting perforin 
functions as a tumor suppressor in mice that 
have a variety of molecular genetic defects, 
including v-abl-transgenic mice and mice 
deficient in mlh1 (a DNA mismatch–repair 
gene) and p53 that, when crossed with perfo-
rin-deficient mice, produce offspring that have 
increased plasmacytomas and lymphomas. An 
important issue is whether these mouse models 
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Figure 1  Innate and adaptive immune cell mediated tumoricidal activities. α-GalCer, 
α-galactosylceramide; DC, dendritic cell; TAA, tumor-associated antigen.
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relate to human disease. Notably, some patients 
with lymphoma may have mutations in the 
gene encoding perforin9.

The meeting also featured data showing 
spontaneous and vaccine-induced tumor 
immunity in patients, as well as correlations 
between T cell infiltration of tumors and 
increased patient survival. However, despite 
some exciting and successful cases, most 
patients receiving cancer vaccines do not seem 
to mount an antitumor response, and even in 
those patients that do so, the response can be 
transient and less than robust and does not cor-
relate with tumor regression. In isolation, the 
results of these clinical trials can be considered 
disappointing. However, responses obtained in 
some patients in clinical trials using a range of 
immune-based therapeutic approaches suggest 
that although the promise of cancer immuno-
therapy has so far remained mostly elusive, all 
is not lost. Data presented at this meeting pro-
viding insight into why immunotherapy fails 
in most cases, showing how an effective and 
integrated immune response can be induced 
and identifying the targets of adaptive and 
innate immune cell–mediated tumoricidal 
activity represent the most compelling reasons 
for forging ahead.

Innate antitumor immunity
The involvement of Toll-like receptors (TLRs) 
in the activation of innate immunity is well 
established. Bruce Beutler (La Jolla, California, 
USA) presented results of an unbiased muta-
genesis screen in mice that is helping to define 
the signaling pathways that mediate activa-
tion of innate immune cells by various mem-
bers of the TLR family. Several vaccines have 

incorporated adjuvants such as CpG and 
imiquimod that activate innate immune cells 
through specific TLRs. A greater understand-
ing of TLR-mediated signaling will facilitate 
the development of more effective adjuvants, 
which may require targeting of particular TLRs 
or combinations of TLRs or their ‘downstream’ 
signaling pathways. New vaccine strategies are 
incorporating the increasing knowledge in this 
area. Jorge Galán (New Haven, Connecticut, 
USA), for example, is exploiting salmonella as 
a tumor antigen delivery platform based on its 
purported capacity to simultaneously deliver 
multiple antigens and activate innate immune 
cells via TLR-dependent and TLR-independent 
mechanisms (Fig. 1).

Several speakers addressed the molecular 
mechanism of NK cell–mediated tumor rec-
ognition and killing. One focus was on the 
NKG2D-activating receptor as well as the 
MULT-1 and Rae-1 families of NKG2D ligands 
(Fig. 1). Smyth reported that treatment with 
antibody to NKG2D (anti-NKG2D) increases 
tumors in a fibroscarcoma model to amounts 
equivalent to those in perforin-deficient mice. 
Notably, the tumors that develop in perforin-
deficient and anti-NKG2D treated mice are 
mainly positive for the NKG2D ligand Rae-1, 
whereas tumors from fully immunocompetent 
mice are heterogeneous in Rae-1 expression. 
Smyth also demonstrated that perforin-
mediated killing is required for rejection of 
tumors expressing Rae1β. Moreover, interleu-
kin 2 (IL-2), IL-12 and IL-21 all enhance the 
killing of tumors expressing NKG2D ligand, 
and the effect of IL-21 is dependent on NKG2D. 
David Raulet (Berkeley, California) provided 
compelling studies on the involvement of 

genotoxicity in inducing NKG2D ligand 
expression. An array of genotoxic stimuli, 
such as gamma rays, ion radiation, ultraviolet 
A and drugs that induce DNA damage such 
as cisplatin, Ara-C and aphidicolin, but not 
other common cell stressors such as hypoxia, 
induce expression of NKG2D ligands of the 
MULT-1 and Rae-1 families. The studies 
presented by Raulet indicate involvement of 
the protein kinase ATM, which is activated in 
response to double-stranded DNA breaks, and 
ATR, which mediates replication stress path-
ways, in NKG2D ligand expression by nor-
mal cells in response to genotoxic stimuli as 
well as the constitutive expression of NKG2D 
ligands in tumors after DNA damage10. Those 
studies raise interesting issues regarding the 
possibility that chemotherapy and radiation 
therapy may lead to enhanced NKG2D ligand 
expression and increased sensitivity of tumors 
to NK cell–mediated killing. Alternatively, 
NKG2D ligand expression on normal cells 
may divert cytolytic activity away from tumor 
cells. Although the idea is still open to debate, 
NKG2D may also be involved in antitumor 
T cell responses. Andrey Shaw (St. Louis, 
USA) suggested that Rae-1 can enhance T 
cell responses to weak TCR agonists. These 
findings represent important advances in our 
understanding of NK cell–mediated tumori-
cidal activity, but NKG2D-independent 
mechanisms can be expected to be delineated 
in future studies. Finally, data presented by 
Ralph Steinman (New York, USA) indicated 
that mobilization of NKT cells by α-galacto-
sylceramide on dendritic cells at the time of 
immunization with irradiated J558 plasma-
cytoma cells results in long-lasting CD4+ and 
CD8+ T cell immunity.

Barriers and checkpoints
Engagement of the cell surface molecule 
CTLA-4 can downregulate immune responses 
by inhibiting T cell proliferation11,12. 
CTLA-4 blockade enhances antitumor 
responses in mice, either alone, as in immu-
nogenic tumors, or in combination with 
vaccines, in less immunogenic tumors12. 
CTLA-4 blockade is now being incorporated 
in clinical trials (Fig. 2). Steven Rosenberg 
(Bethesda, Maryland, USA) reported 
responses in a small percentage of patients 
with melanoma and renal cancer treated with 
anti-CTLA-4 alone. Perhaps not unexpectedly, 
however, the treatment was associated with 
grade 3 or 4 autoimmunity that was manage-
able in most cases with steroids. Although the 
number of responsive patients is still small, 
patients who experience complications of 
autoimmunity are typically those who also 
show clinical benefit.

Figure 2  Opportunities for adaptive immunotherapy and cancer vaccines. Tg, transgenic; TH cell,
T helper cell.
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Glenn Dranoff (Boston, USA) reported pre-
liminary clinical studies from the Dana-Farber 
Cancer Institute showing that CTLA-4 block-
ade results in additional tumor destruction 
in patients that were previously treated with 
GM-VAX (autologous tumor cells engineered 
to express the proinflammatory cytokine  
GM-CSF). Initial results suggest that CTLA-4 
blockade may induce antibodies that interfere 
with endogenous regulation of NKG2D-medi-
ated killing. James Allison (New York, USA) 
reported that in a mouse melanoma model, 
the effects of CTLA-4 blockade are not 
associated with impaired regulatory T cell–
mediated suppression but instead seem to be 
due to enhanced effector T cell proliferation due 
to rescue from cell autonomous inhibition.

New opportunities for blockade of check-
points may emerge from other studies reported 
by Allison, who described a member of the B7 
family, B7x, that is expressed on tumors of 
epithelial origin. B7x inhibits effector T cell 
function, including cytolysis, via an unidenti-
fied receptor. Its expression pattern suggests 
that exploring the therapeutic potential of 
B7x blockade may provide another exciting 
opportunity in the treatment of epithelium-
derived tumors. Studies presented by Leiping 
Chen (Baltimore, USA) may extend that idea to 
targeting B7-H1, B7-DC and PD1 cosignaling 
pathways that have been linked to the regula-
tion of the effector and memory phases of the 
immune response.

Regulatory T cells (Treg cells) represent 
another recently appreciated barrier to effective 
tumor immunity (Fig. 1). Hiroshi Shiku (Mie, 
Japan) addressed the concern that some tumor 
antigens induce Treg cells as well as helper CD4+ 
T cells and therefore may have limited utility in 
cancer vaccines. However, Shiku suggested that 
these limitations may be overcome by immu-
nization together with cytotoxic T lymphocyte 
(CTL) epitopes or administration of antibody 
to glucocorticoid-induced tumor necrosis 
factor receptor because they block the immu-
nosuppressive activity of Treg cells. Moreover, 
the function of Treg cells is inhibited by IFN-γ. 
Alexander Rudensky (Seattle, USA) reported 
that the transcription factor Foxp3 is essential 
for Treg cell specification and may therefore 
prove a useful target for enhancing antitumor 
immunity.

Recently developed imaging technolo-
gies allow direct visualization of the immune 
response in living cells and in intact tissues. 
One theme to emerge at this meeting was the 
importance of the quality and quantity of the 
immune response to tumor antigens. Shaw 
discussed data that combine imaging, signal 
transduction and computational modeling. 
His studies suggest that the half-life of the 

TCR-peptide-MHC complex is governed by 
the quality and quantity of receptor ligand, 
which thereby determine the balance between 
TCR triggering and degradation after ‘immune 
synapse’ formation. The data further indicate 
that although synapse formation may limit the 
response to strong agonists, it enhances the 
response to poor agonists by prolonging sig-
naling. Applying similar approaches to tumor 
antigens in the future should provide a new 
level of understanding of the adaptive immune 
response to tumors.

Ulrich von Andrian (Boston, USA) used 
two-photon microscopy to capture images 
showing the ‘kiss of death’ delivered by cyto-
lytic T cells to B cells expressing cognate 
antigen. Contact with TCR-transgenic CTLs 
induces loss of motility followed by a decrease 
in fluorescence intensity of adoptively trans-
ferred fluorescence-labeled B cell targets dur-
ing cell death. However, CTL-mediated killing 
is reduced considerably in the presence of Treg 
cells. CTLs can still establish contact with B 
cells and show no defects in their lytic granules, 
effector molecules or proliferative response in 
the presence of Treg cells; however, degranula-
tion is inhibited. Selective depletion of Treg cells 
restores CTL activity. Although those results 
were obtained in a model system and require 
verification using nontransgenic T cells and 
tumor cell targets, the evidence indicates that 
CTL activity may be readily restored by deple-
tion of Treg cells, providing new opportunities 
for enhancing antitumor immunity in patients. 
Indeed, the potential clinical benefit of target-
ing Treg cells in patients with ovarian cancer 
was discussed by Tyler Curiel (New Orleans, 
USA; Fig. 2). In a phase I–II dose escalation 
trial in patients with ovarian cancer, Treg cells 
have been targeted using ONTAK (IL-2–
diptheria toxin fusion protein), which results 
in a reduction in CD4+CD25+ Treg cells and an 
increase in IFN-γ+CD3+ T cells in the blood. 
This trial was not designed to assess clinical 
efficacy, but future trials that do so will be of 
considerable interest. Rongfu Wang (Houston, 
USA) suggested another approach using TLR8 
ligands to reverse the suppressive activity of 
Treg cells.

Others addressed whether CD4+ T cells 
are required for or enhance the genera-
tion of CD8+ T cell responses. Ron Germain 
(Bethesda, Maryland, USA) described the 
dynamics of immune cell activity in lymph 
nodes. Alex Huang, for his group, showed 
that CD4+ T cells enhance the accumulation 
of CD8+ T cells in antigen-immunized lymph 
nodes. The enhanced CD8+ T cell accumula-
tion is prevented by neutralizing antibodies to 
CCL3 and CCL4. Those data suggest that vac-
cines designed to trigger CD4+ T cells as well 

as CD8+ T cells, or incorporating chemokines, 
may enhance the efficacy of cancer vaccines.

Cell transfer may perhaps be considered the 
most effective approach to immunotherapy so 
far (Fig. 2). Phil Greenberg (Seattle, USA) and 
Steven Rosenberg addressed the requirements 
for the in vitro generation of tumor-reactive 
T cells for use in adaptive immunotherapy. 
Greenberg demonstrated that ‘adding back’ 
CD4+ helper cells during the initial priming 
event results in better survival and more robust 
production of IFN-γ, as well as enhanced 
cloning efficiency of activated CD8+ T cells, 
compared with cytokines alone. Stephen 
Schoenberger (La Jolla, California, USA) also 
reported that the presence of CD4+ T helper 
cells during the initial priming event endows 
CTLs with the capacity to expand their popula-
tions after secondary stimulation with antigen, 
whereas CTLs generated in the absence of T cell 
help undergo TRAIL (tumor necrosis factor–
related apoptosis-inducing ligand)–dependent 
activation-induced cell death after restimula-
tion with antigen. Greenberg also addressed 
whether it might be possible to ‘rescue’ self-
reactive CD8+ T cells that have been tolerized 
in the host. Tolerant TCR-transgenic CD8+ T 
cells were collected from mice expressing the 
cognate antigen of the transgenic TCR on liver 
parenchymal cells. By moving the tolerized 
CD8+ T cells to a nontolerizing environment 
(by adaptive transfer into wild-type mice), he 
demonstrated that antigen-reactive CD8+ T 
cells could be ‘rescued’. The tolerant state could 
also be overcome in vitro by treating the cells 
with IL-15 or high doses of IL-2. An important 
next step is to determine whether tolerized T 
cells from patients can be ‘rescued’ if cultured 
in defined conditions (for example, in the 
presence of IL-15) and used as effective 
‘weapons’ in adoptive immunotherapy.

Rosenberg discussed results in patients 
treated with nonmyeloablative therapy fol-
lowed by adoptive transfer of diverse popula-
tions of tumor-reactive CD8+ T cells whose 
populations were expanded in vitro. About 
50% of the patients that underwent adap-
tive transfer of autologous cells in this study 
showed objective responses independent of 
disease bulk and site13. However, populations 
of tumor-reactive cells could not be expanded 
from all patients and thus these results rep-
resent the outcome for a subset of patients. 
Furthermore, although the responses in 
some patients were prolonged, in others the 
responses were short lived. Efficacy was asso-
ciated with persistence of oligoclonal popula-
tions of transferred T cells, whereas persistence 
of the transferred cells correlated with telomere 
length. Thus, adaptive immunotherapy con-
tinues to hold promise. However, the quality 
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of the T cell response must be optimized and 
maintained long term. The present protocols 
for generating T cells will need to be optimized 
and the treatments used to ‘make room’ for a 
sufficient number of tumor-reactive cells to 
expand and persist in patients must be modi-
fied. Both Greenberg and Rosenberg suggested 
that introducing high-affinity tumor-reactive 
TCRs into autologous cells before their reintro-
duction into the patient may also improve the 
quality of their antitumor response.

Targets of antitumor immunity
A wealth of tumor-associated antigens have 
been identified, and several have been used to 
generate vaccines used in clinical trials. It is not 
yet clear, however, which antigens will be most 
effective in inducing antitumor immunity. 
Tumor immunity may require vaccination with 
multiple target antigens. Furthermore, it may 
be critical to target antigens that are essential 
for cancer cell survival and that are expressed 
on most cancer cells. The existence of cancer 
stem cells, which may be the source of cancer 
cell renewal, indicates the targeted antigens 
may also need to be expressed on putative can-
cer stem cells, as discussed by Irving Weissman 
(Stanford, California, USA). One category of 
tumor-associated antigens, often referred to 
as ‘CT antigens’, was discussed by Andrew 
Simpson (New York, USA) who reviewed the 
progress made in defining the genetic regula-
tion of these antigens and initial insights into 
the potential function of the most commonly 
expressed CT antigens. Based on the restricted 
expression of CT antigens on germ cells and 
cancer cells, it has been proposed that neoplas-
tic transformation may recapitulate gameto-
genesis14. If indeed CT antigens confer some of 
the essential characteristics of malignancy on 
tumor cells and are expressed on cancer stem 
cells, as suggested, CT antigens could poten-
tially be important therapeutic targets.

Monitoring patient antitumor responses 
Danila Valmori (New York, USA) and Kunle 
Odunsi (Buffalo, New York, USA) presented 
the results of laboratory monitoring of 

spontaneous as well as vaccine-induced anti-
tumor immune responses in patients in trials 
done under the auspices of the Cancer Vaccine 
Collaborative, a joint venture of the Cancer 
Research Institute and the Ludwig Institute 
for Cancer Research. Such analyses are pro-
viding clues about how to generate the ‘most 
fit’ T cell response by taking advantage of the 
relative benefits of peptide versus protein 
immunogens, as well as RNA, DNA and viral 
vector vaccines (Fig. 2). The results presented 
emphasize the potential advantage of using 
vaccines that will result in the generation of 
naturally processed peptides and provide both 
MHC class I– and MHC class II–restricted 
peptides to engage CD4+ and CD8+ T cells, 
respectively. A view is also emerging that 
monitoring tumor reactivity may prove the 
most informative and that more comprehen-
sive monitoring as a means for assessing the 
quality of the immune response as a whole 
is impractical. Furthermore, although labo-
ratory monitoring remains invaluable for 
learning more about the immune response in 
patients, many were of the opinion that it is 
now critical to move toward efficacy trials. In 
this context, some argue that it is essential to 
define clinical responses to immunotherapy 
strictly according to the standard criteria set 
forth by the World Health Organization and 
the RECIST criteria (defined by the National 
Cancer Institute) that are used to assess the 
efficacy of chemotherapy and radiation 
therapy regimens. Others are exploring the 
usefulness of expanding the criteria used to 
define clinical efficacy to accommodate ideas 
associated with immunotherapy, such as dis-
ease stabilization.

In summary, although cancer vaccines 
so far have shown limited success, the bar-
riers to inducing effective tumor immunity 
are rapidly being defined. Advances in this 
area will continue to provide new opportuni-
ties for overcoming these barriers. Adaptive 
immunotherapy has arguably proven more 
successful, although the cellular and molecu-
lar bases for failure in most patients are less 
well understood. If the last proves to be an 

issue of ‘too little of a good thing’ even in a 
setting in which massive numbers of tumor-
reactive cells are adoptively transferred, then 
it may be difficult to reach the ultimate goal 
with this approach. However, if it is because 
of the quality of the tumor reactivity of the 
cells or the presence of inhibitory popula-
tions, for example, then this approach likely 
holds much promise. The data presented at 
this meeting and from future studies should 
provide the foundation for designing the next 
generation of cancer vaccines that circumvent 
the natural barriers and checkpoints designed 
to protect against autoimmunity and chronic 
inflammation. The findings presented at this 
meeting also give much reason to believe 
that such vaccines will induce robust anti-
tumor immune responses that may suffice to 
control the survival and growth of tumors. 
Future challenges include investigating 
whether immunotherapy is most effective as 
a combinatorial therapy with surgery, che-
motherapy and/or radiation therapy. It was 
evident from the meeting that continuing the 
iterative process of combining basic research 
with patient-oriented research and clinical 
trials will greatly facilitate the development 
of cancer immunotherapy.

1. Old, L.J. & Boyse, E.A. Annu. Rev. Med. 15, 167–
186 (1964).

2. Stutman, O. Science 183, 534–536 (1974).
3. Kaplan, D.H. et al. Proc. Natl. Acad. Sci. USA 95, 

7556–7561 (1998).
4. Shankaran, V. et al. Nature 410, 1107–1111 

(2001).
5. Dunn, G.P., Old, L.J. & Schreiber, R.D. Annu. Rev. 

Immunol. 22, 329–360 (2004).
6. van den Broek, M.E. et al. J Exp Med. 184, 1781–

1790 (1996).
7. Street, S.E., Trapani, J.A., MacGregor, D. & Smyth, 

M.J. J. Exp. Med. 196, 129–134 (2002).
8. Smyth, M.J. et al. J. Exp. Med. 192, 775–760 

(2000).
9. Clementi, R. et al. Blood 105, 4424–4428 

(2005).
10. Bartkova, J. et al. Nature 434, 864–870 (2005).
11. Egen, J.G., Kuhns, M.S. & Allison, J.P. Nat. 

Immunol. 3, 611–618 (2002).
12. Chambers, C.A., Kuhns, M.S., Egen, J.G. & Allison, 

J.P. Annu. Rev. Immunol. 19, 565–594 (2001).
13. Dudley, M.E. et al. J. Clin. Oncol. 23, 2346–2357 

(2005).
14. Old, L.J. Cancer Immunology 1, 1 (2001). 

1210 VOLUME 6   NUMBER 12   DECEMBER 2005   NATURE IMMUNOLOGY

MEET ING  REPORT
©

20
05

 N
at

ur
e 

P
ub

lis
hi

ng
 G

ro
up

  
ht

tp
://

w
w

w
.n

at
ur

e.
co

m
/n

at
ur

ei
m

m
un

ol
og

y



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice


