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Abstract: Immunotherapy of brain tumors is rapidly emerging as a potential clinical option [1-3]. The quality and magnitude of immune 
responses evoked by the new generation anti-tumor vaccines is in general highly dependent on the source or choice of peptide antigens, 

and as well, a suitable immunopotentiator. Poorly immunogenic antigens, such as those present in tumor cell lysates, may not reliably 
provide stimulation like recombinant or DNA-encoded protein antigens might be expected to. In addition, the efficacy of the vaccine may 

depend on inherent counteracting measures of the tumor which dampen immune surveillance and immune effector activity triggered by 
immunization [4]. Our body has many means of limiting an immune response to our own (self) proteins. In particular, patients with glio-

mas exhibit a broad suppression of cell-mediated immunity [5-8]. Unfortunately, for most tumor vaccines the induction of local or sys-
temic immune effector cells does not necessarily translate into objective clinical responses or increased survival [9]. Here we review im-

munotherapeutic approaches against gliomas and recent pre-clinical and clinical initiatives based on cellular or active immunization of 
the patient’s immune system using autologous and allogeneic tissues or cultured cells. Available evidence shows that single modality 

cancer therapies likely remain suboptimal. Combination regimens targeting the immune system at multiple coordinated levels must be 
developed, and possibly combined with strategies to inhibit immune suppressive factors if significant clinical benefit is to be achieved.  
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INTRODUCTION 

 Glioblastoma multiforme (GBM) is the most common and 
malignant of all gliomas, with 75% of patients dying within 18 
months of diagnosis. Brain tumors are graded according to their 
likely rate of growth, from grade I (benign) to grade IV (most ma-
lignant), with grades III and IV considered high-grade gliomas. 
Grade IV glioma is also known as glioblastoma multiforme (GBM). 
The prognosis for patients with this tumor is very poor. Glioblas-
toma overall survival rates are less than 3.3% at 5 years [10]. In the 
United States alone over 18,000 primary brain tumors are estimated 
to occur each year. Of these 18,000, over 60% are diagnosed 
gliomas. The median survival time of untreated GBM tumors is 3 
months, with death most commonly due to cerebral edema or 
increased intracranial pressure. Even with the best available current 
therapy, which includes surgery, radiation, and chemotherapy, the 
median survival time is 14.6 months [11]. Due to their highly 
infiltrative nature complete surgical resection is difficult. These 
tumors are, therefore, inevitably recurrent either locally, usually 
within 2 cm of the original tumor, or at distant sites. Treatment of 
these recurrent lesions by a second surgery and further 
chemotherapy may increase the symptom free interval, but the 5-
year survival remains 10%. The present review discusses various 
typical immunotherapeutic strategies in a comprehensive way, with 
a focus on active therapeutic immune intervention. All these 
therapies will serve as additions to, rather than a replacement of 
current medical practice. Due to many examples it is impossible to 
cover all preclinical approaches and past or ongoing clinical trials. 
We will, therefore, address only the most promising or remarkable 
strategies, but omission from or inclusion into this review should 
not be interpreted as rejection or support of a particular approach; 
they are examples. We propose that immune adjuvant therapies 
need to be explored to improve median or overall survival. 
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THE LONG ROAD TO CURRENT GLIOMA THERAPEU-
TIC VACCINE APPROACHES 

 The first report on cancer therapy dates from the Edwin Smith 
Papyrus, 1600 B.C., the oldest known historical text on surgery. It 
mentions primitive surgical excision of a tumor using a knife. It has 
only been for the past two hundred years that surgical excision be-
came established as the preferred option for treating solid tumors. 
Radiation therapy was introduced shortly after 1895, when Roent-
gen first reported the use of x-rays for diagnostic medical purposes, 
and remained a primary treatment option of certain tumors, espe-
cially solid tumors. Today radiation therapy can be tailored to the 
irregular shape of the tumor, allowing a reduction of intensity. Dur-
ing World War I, exposure of soldiers to nitrogen mustard gases 
resulted in pancytopenia. This observation triggered interest for 
chemotherapeutic therapy, especially in patients with hematologic 
malignancies. Today chemotherapy is a well documented treatment 
option. For glioblastomas, the alkylating agent temozolomide has 
become a well-appreciated option [12]. 

 About one hundred years ago William B. Coley, an early 20th 
century New York City surgeon, observed that some of his patients 
with sarcoma would undergo spontaneous regression of their tumor 
and that this regression was associated with antecedent bacterial 
infection (erysipelas, or streptococcus pyogenes in the first patient) 
which eliminated malignant cells [13, 14]. He intentionally injected 
cancer patients with a mixture of killed bacterial lysates, later 
called Coley's Toxins, to stimulate a cytokine storm. William Coley 
thus became the godfather of cancer immunotherapy [15]. He was 
the first to recognize the potential role of the immune system in 
cancer treatment. Activation of the patient’s immune system to 
better recognize the tumor and to eliminate invasive tumor cells that 
are not adequately removed by surgery will be discussed in greater 
detail. This area in cancer therapy is based on knowledge accumu-
lated in the vaccine and immunology fields. 

 Immunization attempts for glioma patients date back to the 
early 1960s [16]. Two investigative teams hypothesized that brain 
tumors were hidden from the immune system because of location in 
the central nervous system. To ensure that immune cells located 
systemically could “see” the tumor, they placed autologous glioma 
cells into the thighs of patients. The vaccines given into the thighs 
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actually started growing there and metastasized to regional nodes 
[16, 17]. Ten years later, Bloom and colleagues administered irradi-
ated, whole autologous tumor cell vaccines. Again, there was no 
effect, but the results may well have been different had they used an 
adjuvant, such as that used by Trouillas and Lapras [18] who im-
munized 20 patients with autologous tumor and Freund’s complete 
adjuvant. These early attempts at active immunotherapy had obsta-
cles consisting of potentially radiation resistant cells, and the ab-
sences of, or inappropriate, immune adjuvant. Degrees of sophisti-
cation in vaccine development have occurred in the past 50 years; 
and at last the benefits of active immunotherapy are finally docu-
mented. 

KEY CONSIDERATIONS FOR DEVELOPMENT OF IM-
MUNOTHERAPY APPROACHES 

Tumor Directed Immune Responses 

 Distinct from classical preventive vaccines, which mostly re-
quire the generation of antibodies, the goal of most therapeutic 
GBM vaccines is to stimulate tumor-specific cytotoxic T cells 
(CTL) to function at the tumor site. Over the past 20 years we have 
only begun to learn how to accomplish this. A key factor for the 
success of a vaccine concerns the requirement of expression of 
unique tumor antigens, preferably in the context of class I Major 
Histocompatibility Complex (MHC), on suitable target tumor cells. 
Upon stimulation of the immune response, the host can specifically 
target these antigens, by producing antibodies, or by activating 
immune effector cells which recognize specific antigens in context 
of MHC Class I antigens. Studies have shown that human glioma 
cells do express variable levels of class I MHC antigens, and that 
IFN-  upregulates these class I antigens [19]. In addition, Fas is 
expressed on glioma cells [20], providing a possible mechanism for 
tumor cell death [20]. Therefore under the appropriate conditions, 
glioma cells can be a target of CTL. 

 Remarkably, recent animal experiments in various tumor mod-
els showed that apart from CD8-positive cytotoxic T cells, which 
are considered the current “gold standard” effector cell in tumor 
immunotherapy, CD4 T cells can eliminate tumors that are resistant 
to CD8-mediated rejection [21]. Indeed, CD4 T cells collaborated 
with natural killer (NK) cells to achieve this antitumor effect. These 
findings suggest that adaptive CD4 T cells can also be successful 
effector cells, and in some cases, even outperform CD8 positive T 
cells as mediators of cell death. This observation of efficient tumor 
elimination by CD4 T cells, using indirect mechanisms that do not 
require MHC expression by the tumor cell, suggests that it might be 
possible to attack even poorly MHC expressing tumors by design-
ing strategies to elicit CD4 T cell responses against the tumorigenic 
proteins [21]. 

Adoptive Transfer of Effector T Cells 

 Adoptive transfer of lymphocytes into patients is classified as a 
variant of passive immunotherapy. Adoptive transfer of lympho-
cytes into brain tumor patients is not a new concept. Indeed, think-
ing that the blood brain barrier inhibited the passage of immune 
cells into the brain, one of the first clinical trials involved the adop-
tive transfer of autologous, unstimulated lymphocytes intrathecally 
into glioma patients, accompanied with or without interferon [22]. 
Since the advent of recombinant growth factors, adoptive immuno-
therapy now in principle, is based on the concept of infusing ex vivo 
expanded effector cells after their in vitro activation against tumor 
antigens and/or culture in growth factor containing media, back into 
the patient. The whole gamut of effector cells have been tested 
including autologous or allogeneic cells that are nonspecifically or 
specifically activated [23, 24]. In newly diagnosed malignant glio-
mas, this approach revealed several

 
objective clinical responses 

without adverse effects [25]. Expansion of autologous tumor-
specific T lymphocytes in vitro with IL-1, IL-2, and/or IL-4, fol-
lowed by injecting directly into the tumor site gave response rates  
 

that were not consistently encouraging [26]. A further variant of 
this approach included genetic manipulation of such ex vivo isolated 
cells by the introduction of immunostimulatory transgenes [27]. 

Tumor Associated Antigens (TAAs) 

 One important step in producing a therapeutic vaccine is the 
identification of appropriate glioma-associated antigens. Limited 
knowledge of molecularly defined antigens explains why initial 
approaches used tumor lysates derived from autologous irradiated 
glioma cells as the source of tumor antigens. This approach war-
rants specific activation of the immune response against a broad set 
of potential tumor associated antigens, which may enhance immune 
therapy but may also result in immune reactions against unwanted 
antigens [28]. Glioma associated, rather than glioma specific, ap-
pears to be the more correct terminology since the antigens appear 
to be present at very low levels on normal brain cells, but overex-
pressed on glioma cells. Importantly, for the majority of studies no 
evidence of adverse autoimmunity was noted after such immuniza-
tions. The premise was that by providing the entire tumor cell, all 
the appropriate antigens would be made available to the antigen 
presenting cells of the immune system. Unfortunately, these proce-
dures did not lead to successful therapies [26]. The advent of mo-
lecular biology enabled approaches aimed to identify the specific 
glioma-associated antigens (GAA) at the molecular level [3, 20, 29, 
30]. Jadus and colleagues analyzed adult and pediatric brain tumor 
cell lines and some primary tissues for tumor-associated antigens 
[30, 31]. The glioma cell lines were characterized for 20 tumor-
associated antigens by quantitative reverse-transcriptase real time 
polymerase chain reactions (qRT-PCR), and where antibodies were 
available, the protein expressions were confirmed microscopically 
using flourescently-tagged antibodies or by intracellular flow cy-
tometry. In general, the glioma cell lines had high mRNA expres-
sion for the antigens and also made the proteins. Thus, primary 
malignant brain tumors and the cell lines express many tumor asso-
ciated antigens; a truncated list of them is given in Table 1. From 
these data we conclude that either primary tumor specimens or cell 
lines could serve as suitable sources for antigens for vaccine devel-
opment. In general, the surgical specimens from the adult glioblas-
tomas had a more robust antigenic profile than those from the pedi-
atric tumor specimens. Since many of the tumor associated antigens 
display HLA-restriction, we also conclude that given the known 
HLA type of the tumor patient, one might predict which antigens 
might likely be associated with his tumor [30]. Certainly in con-
junction with cytogenetic information, especially genomic imbal-
ances, one might predict overexpression of certain antigens. 

 Interestingly, recent genomic studies have revealed the genes of 
human glioblastomas and provided insight into associated molecu-
lar pathways [32-34]. The genetic subtypes are associated with 
prognosis. These analyses may provide further refinement on poten-
tial glioma-associated target antigens. The Cancer Genome Atlas 
(TCGA) Research Network Comprehensive genomic characteriza-
tion defines human glioma genes and core pathways [35]. 

 The tumor antigens most suitable to activating the host specific 
T cell response are still under investigation. Prominent tumor-
associated antigens that others have considered suitable for vaccine 
development include tenascin (glioma-specific extracellular ma-
trix), gp240 (chondroitin sulfate-associated antigen found in 
glioma), MAGE 1 and MAGE 3 [36, 37]. For development of their 
vaccines, Okada et al. focused on epitopes that specifically bound 
to the class I HLA-A2 such as EphA2, IL-13Ra2, YKL-40 and GP-
100 [29]. More specifically, the IL-13 Ra2 and EphA2-derived 
epitopes were shown to stimulate immune activity. The successful 
use of these antigens may also largely depend on the immunopoten-
tiator system used for switching on and maintaining the specific 
immune reaction directed towards the antigen of interest [38]. This 
will be addressed later. 
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Activation of Antigen Presenting Cells 

 The activation of the cytotoxic T cells generally requires the 
stimulatory interaction with T helper cells, which recognize antigen 
in context of Class II expression. Therefore cells that express high 
levels of class II antigens are most efficient antigen presenting cells 
(APC) for triggering helper T cells. Although macrophages and 
microglia express Class II, dendritic cells (DC) are the most effi-
cient antigen presenting cells [39]. Dendritic cells are also called 
“nature’s adjuvant”, and represent the key APCs for induction of 
primary immune responses. As sentinels they sample peripheral 
tissue for potential antigens and bring them to draining peripheral 
lymph nodes to present the processed antigens to potential antigen-
specific T lymphocytes. 

 Therefore events that trigger the maturation and activation of 
these cells under natural conditions at the tumor site, or in the cer-
vical lymph nodes are considered valuable for natural tumor sur-
veillance. By contrast, maturation of APCs at the site of the vaccine 
inoculums or in the local draining lymph node are likely important 
for producing an effective vaccine [38]. There is substantial evi-
dence that DCs exposed to tumor antigens under the right circum-
stances are potent stimulators of cytotoxic T cells. 

Dendritic Cell Vaccines 

 In recent years there have been numerous attempts to use den-
dritic cells in therapeutic “vaccines” [3, 40-42]. The isolation of 
dendritic cells by elutriation enabled the handling and in vitro load-
ing with antigens. Unfortunately, there is no consensus on the best 
protocol to isolate and use DCs; different DC subtypes may exert 
distinct functions and efficacy. Recently, several dendritic cell vac-
cines have been tested in glioblastoma immunotherapy. These were 
based on either crude tumor lysates or acid-eluted peptides from 
cell cultures derived from surgically removed glioblastoma multi-
forme [9, 43-45]. In some

 
patients, a peripheral CTL response was 

detected. However, only sporadic objective responses and modest 
increases in

 
the patient's survival were observed, with no long-term 

survivors, from these approaches [9, 43-45]. Importantly, no evi-
dence of adverse autoimmunity was noted after these immuniza-
tions. 

 Siesjo et al. showed that co-administration of autologous tumor 
cells with autologous DC decreased tumor growth [46]. Liau et al. 
demonstrated that autologous DC incubated with autologous tumor 
protein increased survival, and increased tumor-specific cytotoxic T 
cells within the tumor [9]. These initial studies that were performed 
in only a few patients led to clinical trials. Different methods to 
activate these DC were explored. Expanding the immune response 
was first approached by using non-specific immunomodulators, 
such as BCG, IL-2, interferon (IFN)- , which had been registered 
as approved immunostimulants. 

Immunopotentiators Co-Administered with Tumor Antigens 

 As mentioned earlier the success of glioma immunotherapy will 
depend on better understanding of glioma biology but also from 
lessons learned from the vaccine and immunology fields [47]. It is 

beyond the scope of this review to mention the plethora of distinct 
immunopotentiators used in various pre-clinical and clinical set-
tings, in most cases with different types of antigen formats. 

 Here we briefly mention a few types which employ in most 
cases immunostimulants that were approved for human application. 
In a rat model, IL-4 was shown to have the most potent therapeutic 
results, mediating local endothelial cell activation, recruiting im-
mune T cells, and stimulating antibody production [45]. IFN-  was 
also a possible candidate because this cytokine stimulated endothe-
lial cells to produce CXCL-10, a chemokine shown to induce hom-
ing of cytotoxic T cells (Tc1) to the tumor site [48]. Granulocyte 
macrophage-colony stimulating factor (GM-CSF) has also been 
used as an effective adjuvant to attract large numbers of antigen 
presenting cells to the vaccination site [25]. The heat shock protein 
(HSP) 70, in particular, has been shown to directly activate NK 
cells and indirectly stimulate the dendritic cell population; in addi-
tion, this extracellular secreted product induces the release of IFN-  
from peripheral blood leucocytes of tumor patients thereby further 
stimulating the immune response [49]. Other studies showed that 
poly I:C, the ligand for the toll-like receptor (TLR)3, was effective 
in triggering the maturation and functional activity of DC [50]. 
Further studies used lysine and carboxymethyl cellulose stabilized 
poly I:C (poly ICLC) to activate cells, however no significant ad-
vantage to survival in humans was reported [29]. Yet another ap-
proach used CpG-oligonucleotide (ODN), which binds to TLR9, 
and thereby stimulates immune responsiveness [7]. Although no 
registered effective

 
treatments are currently available, sporadic 

positive clinical responses were observed following immunization 
with vaccines prepared from the patients'

 
autologous irradiated 

glioma tumor cells mixed with GM-CSF, irradiated GM-CSF se-
creting K562 cells,

 
or IL-4-secreting fibroblasts (www.clinicaltrials. 

gov NCT00694330) [25, 45, 51]. In general, increases in
 
patient 

survival were observed, however these approaches yielded no long-
term survivors [9, 43, 45]. Importantly, no evidence of adverse 
autoimmunity was noted after these immunizations. 

 Collectively, these studies emphasize the importance of both 
the correct activation of the cell population presenting the antigen, 
as well as the accurate delivery of the targeted antigen, as part of 
the vaccine approach. It should be realized that a potent new anti-
gen is not enough to make a vaccine. The antigen should be pre-
sented to the immune system in a formulation which activates the 
desired immune pathway required for tumor eradication. Vaccine 
immunopotentiators comprise a diverse group of molecules or for-
mulations, which have been used routinely as critical components 
of inactivated antimicrobial vaccines for almost a century. Ad-
vances in vaccine research are expected to emerge from better 
knowledge of immune pathways and antigen delivery [52]. Apart 
from the historic examples of immunopotentiator technologies a 
variety of other options have not been explored as yet because of 
restrictions for use in human subjects [47]. 

Immunotherapeutic Concepts 

 The human body has evolved a complex immune system to 
eliminate pathogens and abnormal cells with minimal damage to 

Table 1. Tumor-Associated Antigens Overexpressed in Primary Malignant Brain Tumors 

Aim-2 Ezh2 HNRPL Prame Sox11 Ube2V 

Art-1 Fosl1 IL-13Ra2  PTH-rP SSX-2 Whsc2 

Art-4 Gage-1 Mage-1 Sart-1 Survivin Wt-1 

B-cyclin Galt-3 Mart-1 Sart-2 Tert YKL-40 

CD133 GnT-V MELK Sart-3 TRP-1  

EGFRvIII Gp100 MRP-3 Sox 10 TRP-2  

Epha2 Her2 NY-Eso-1 Sox 2 Tyrosinase  
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healthy tissues. The immune system has multiple levels of regula-
tion to guarantee the appropriate balance between immune activa-
tion and immune suppression. Over the last two decades the funda-
mentals of this regulation have become clearer. This knowledge 
now provides new opportunities for rational intervention based on a 
tailored response of the immune system against tumors that may 
lead to clinical benefit. 

 Since the observations by William Coley there has been a long 
held belief that the immune system can prevent the emergence and 
growth of cancer. Indeed, Galon and coworkers elegantly demon-
strated that an adaptive immune response influences the behavior of 
human colon cancer tumors by in situ analysis of tumor-infiltrating 
immune cells [53, 54]. Also, in ovarian cancer the presence of in-
traepithelial tumor infiltrating lymphocytes is associated with sig-
nificantly longer clinical remission after chemotherapy and with 
improved overall survival [55]. Similar observations have been 
made for other tumors, including renal carcinoma [56], prostate 
cancer [57] and breast carcinoma [58]. The observation that im-
proved survival is linked to the capacity to mount natural immune 
responses supports the concept to stimulate the patient’s immune 
effector responses by active immune programming. 

 As for most traditional vaccines the quality and magnitude of 
immune responses evoked by new generation immunotherapeutic 
anti-tumor approaches is in general highly dependent on the choice 
of vaccine antigen and the provision of a suitable immunopotentia-
tor or concurrent immune activation strategy; especially for poorly 
immunogenic antigens, such as tumor cell lysates, recombinant or 
DNA-encoded protein antigens [38, 47]. 

 Despite decades of failed attempts to develop effective cancer 
vaccines, several candidates are now progressing towards commer-
cial approval. Several distinct technological concepts have been 
pursued to achieve immunotherapeutic cancer treatment, which are 
summarized in Table 2. 

 i) Classical vaccines consisting of tumor antigens, isolated ei-
ther from tumor cell lines or ex vivo tumor tissue obtained by surgi-
cal removal, and formulated or co-administered together with an 
effective immunopotentiator into a vaccine formulation. This vac-
cine is injected parenterally and able to unlock the required immune 
response [1, 29]  

 ii) The source of tumor associated antigens (TAA) may also be 
generated by recombinant biotechnology procedures, such as labo-
ratory-based expression from mammalian, bacterial, yeast, insect or 
plant cells, or as synthetic protein peptides. 

 iii) The loading of TAAs, either contained in surgically re-
moved tumor cells or isolated as tumor-derived peptides, or as syn-
thetic or recombinant molecular mimics, on the patient's own den-
dritic cells, which are isolated from the patient by leukapheresis, 
and after a culture period in the laboratory, transfused back into the 
patient [9, 40]. These autologous dendritic cells are activated in the 
culture dish by a mixture of recombinant cytokines or immu-
nostimulatory ligands. 

 iv) Instead of protein antigens, investigators have used the 
genes encoding these antigens, either in RNA or DNA format or 
inserted in replicating viral or bacterial vectors which produce the 
TAAs in the patient after parenteral injection. Such genetic vac-
cines contain immunostimulatory sequences which directly activate 
immune cells after recognition by specific receptors. In addition, 
the provision of gene-encoded antigens allows for intracellular 
expression and correct processing of candidate antigens by the pa-
tients antigen presenting immune cells.  

 v) As a variation of the above strategy, the same genes can be 
delivered directly into isolated dendritic cells by transfection in 
culture dishes before infusion. This approach assures the correct 
targeting of the gene-encoded TAAs into the patients dendritic cells 
in the laboratory before infusion. 

 vi) Instead of providing TAAs in the context of a favorable 
immune system activating conditions, clinical trials have been de-
signed with patient-derived tumor-specific T cells. These cells have 
been developed in the patient and are isolated and expanded in the 
laboratory in specialized culture media supplemented with T cell 
growth promoting molecules before reinfusion back into the patient. 

 vii) Another strategy involves the administration of 
immunostimulatory agents which strengthen the endogenous 
immune response of the patient in order to better attack the tumor. 
For example, this approach comprises intravenous administration of 
recombinant cytokines (IL-2, IL-12) or microbe-derived immu-
nostimulants, including toll-like receptor agonists, like synthetic 
CpG motifs [59], stabilized synthetic RNA oligonucleotides (ODN) 
[60] or resiquimod

®
 [61]. 

 viii) The above approach activates the systemic immune activ-
ity and may enforce the critical local anti-tumor effector responses 
to a limited extent. Therefore, alternative strategies involve local 
immune manipulation by local administration of immune activating 
agents in combination with local destruction of tumor tissue, and 
associated liberation of TAAs following surgical ablation or tumor 
targeting by “magic bullets” such as TAA-specific or tumor cell 
DNA-targeting antibodies . Examples include the radiotherapeutic 
strategy, called Cotara

®
, that employs the isotope 131Iodine conju-

gated to an antibody that binds the necrotic core found in all solid 
tumors [62], or antibody-targeted delivery of chemokines by 
chemokine/antibody fusion proteins, which results in high local 
tumor-associated concentrations of chemokines that attract mono-
cytes, neutrophils and lymphocytes [63]. Yet another variant of this 
concept includes locoregional or intratumor application of oncolytic 
viruses, e.g. NDV [64] or HSV [65], which cause a pro-
inflammatory immune response in the vicinity of the tumor tissue. 

 ix) All above-mentioned approaches are based on expanding 
tumor–specific immune effector elements. In addition, it is known 
that during immune surveillance reactions, local or systemic immu-
nosuppressive regulation contributes to the escape of solid brain 
tumors and that such processes may also contribute to the inhibition 
of suboptimal, vaccination-triggered immunotherapy [5-7, 66]. 
Hence, inhibition of immunosuppressive molecules, such as CTLA-
4 [67] PD-1 [68-71], TGF-  [72], IL-10, or immunosuppressive 
regulatory T cell [50, 73, 74], may also contribute to anti-tumor 
immunity. Abrogation of immunosuppression can be achieved by a 
stand–alone approach, or as a push-and-pull tactic in combination 
with one of the active immunotherapeutic approaches mentioned 
earlier [75]. 

 x) Combinations of two or more of the above-mentioned ap-
proaches. 

Tumor Mediated Immune Suppression 

 Despite stimulatory strategies, the production of active immu-
notherapy in cancer patients at an advanced stage of disease may be 
hampered by the suppression of systemic immune responsiveness in 
these patients [4]. Radiation and chemotherapy can induce general-
ized immune suppression because these treatments reduce the pro-
duction of immune competent cells. Such therapies can provide the 
natural selection process resulting in the development of resistant 
tumors [4, 76, 77]. Furthermore, the administration of highly im-
munosuppressive glucocorticoids to control brain edema would 
tend to point toward vaccine administration early after diagnosis 
rather than later, after patients develop systemic immune suppres-
sion. Evidence collected long ago showed that glucocorticoids such 
as dexamethasone transcriptionally inhibit IL-2 synthesis in T lym-
phocytes. They interfere with nuclear factor activating protein-1 
binding to the IL-2 promoter and also with calcineurin dependent 
pathways for T cell activation [78]. Since endogenous immune cell 
activation and proliferation must be engendered upon successful 
immunization and is reliant upon mRNA and protein synthesis [79], 
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vaccination would be optimal if given to patients who are not ster-
oid-dependent. 

 In addition to drugs, the tumor itself can regulate immune reac-
tivity. It has been recognized for some time that patients with ma-
lignant gliomas demonstrate a profound immune suppression when 
compared to normal persons, suggesting that gliomas produce an 
immune inhibitory environment [20, 80]. Such immune suppression 
is mediated by soluble cytokines and growth factors. For example, 
transforming growth factor (TGF)- , and interleukin (IL)-10 have 
been reported to be secreted by glioma cells [81, 82]. These cytoki-
nes functionally impair T cell activity and are responsible for the 
development of immunotolerizing T regulatory (T reg) cells [83]. 
Gliomas also produce prostaglandin E2 (PGE2), and IL-6, both 
potential immune suppressive agents, as well as macrophage 
chemoattractive protein (MCP-1) [29, 84, 85]. In addition, local 
synthesis of Vascular Endothelial Growth Factor (VEGF) inhibits 
DC maturation on the one hand, and induces tumor-promoting an-
giogenesis on the other hand [86]. Apart from these soluble factors, 
gliomas may express membrane-bound Fas ligand (FasL), which 
induces apoptotic cell death of infiltrating immune cells when inter-
acting with Fas, and/or PD-1, an inhibitory co-receptor, a B-7 fam-
ily member, which attenuates T cell receptor signaling of infiltrat-
ing lymphocytes [29]. These mechanisms can shut down anti-tumor 
immunity and can be viewed as a counterattack by the tumor. 

 CD8- and CD4-positive T cells become inhibited after expres-
sion of CTLA-4 and subsequent interaction with its ligands, CD80 
or CD86. Hence, the use of the anti-CTLA-4 antibody has resulted 
in better and more sustained anti-tumor responses [87]. Another 
recent approach to reversing this immune suppression is the use of 
small molecule inhibitory drugs to block the common signaling 
pathway to these suppressive activities, including the Signal Trans-
ducers and Activators of Transcription 3 (STAT3) activation path-
way [80]. Thus it has to be appreciated that multiple factors must be 
taken into account when considering an immune therapy approach. 
Regardless of the stimulatory concepts attention should be given to 
factors which promote immune escape. 

 In addition, immunosuppressive enzymes may provide another 
way for tumor cells to evade immune responses. Ninety percent of 
human glioblastomas are positive for indoleamine 2,3, dioxgenase 

(Ido-1) [4, 88]. Ido expression is accompanied by a lack of accumu-
lation of specific T cells at the tumor site. 

Recent Encouraging Pre-Clinical Results 

 As mentioned earlier, initial tumor vaccine approaches used 
tumor lysates derived from irradiated glioma cells as the source of 
tumor antigens or whole irradiated tumor cells themselves. How-
ever, while the tumor cells contain a plethora of tumor associated 
antigens, they may be present at relatively low levels. Additionally, 
tumor specimens can contain normal, nonmalignant cells as well as 
tumor cells. Nevertheless, in a rat model where systematic subcuta-
neous administration of either allogeneic or xenogeneic tumor cells, 
or that combined with syngeneic cell lysates, proved safe and pro-
tective in early and advanced malignant glioma growth [89]. These 
results suggest that injections of allogeneic cells and/or lysates, or 
xenogeneic cell lines, can activate the immune system and can 
break anti-self/tumor. Also, these cells likely contained critical 
antigenic determinants shared with the implanted tumor, leading to 
a reduction in tumor growth. These data therefore, support the po-
tential viability of this cancer vaccine strategy as an adjuvant treat-
ment to prevent tumor relapse in cancer patients after standard sur-
gical removal of the tumor. The impact of such data may be far 
reaching when translation of this strategy to patients proves possi-
ble. Indeed, alloresponsive effects may prove to be powerful. 

Immunotherapy Approaches Utilizing Allogeneic Cells for 

Cancer Treatment 

 Table 3 provides examples of open or pending clinical trials 
utilizing allogeneic cells for immunotherapy of cancer. There are 
cellular therapy trials using allogeneic effector T cells a) sensitized 
to tumor associated antigens or patient human leukocyte antigen, b) 
genetically modified T cells with targeting elements for brain tumor 
antigenic receptors as well as to T cell receptor (TCR) signaling, or 
T cells sensitized to highly antigenic viral proteins. For the latter, 
cytomegalovirus-specific T cells are used because of subclinical 
reactivation in CMV-exposed brain tumor-bearing individuals [90-
92]. Since the allogeneic effector cells are administered directly 
into the brain they are protected, at least for a short while, from 
destruction by the host’s immune cells. The use of allogeneic cells 
also obviates the use of immune cells from immunosuppressed 

Table 2. Survey of Immunotherapy Approaches 

 Tumor Associated Antigens (TAA) Immunopotentiation Category 

1 From lysates extracted from cell lines or tumor tissue 
Classical vaccine adjuvants, or cytokines such as interleukin 

(IL)-12, GM-CSF, TNF, haptens, BCG, etc 
Classical vaccine 

2 Recombinant proteins or peptides 
Classical vaccine adjuvants, or cytokines such as interleukin 

(IL)-12, GM-CSF, TNF, haptens, BCG, etc 
Modern vaccine 

3 
Antigens from 1 or 2 loaded on patient-derived autologous 

dendritic cells 
Activating cytokine (or cocktail) Dendritic cell vaccine 

4 RNA, DNA, or viral/microbial vector encoding the TAA Direct parenteral injection, without or with immunopotentiators Genetic vaccine 

5 RNA, DNA, or viral vector encoding the TAA Transfection into dendritic cells Dendritic cell vaccine 

6 Endogenous TAAs expressed/released by the tumor 

Patient-derived or allogeneic T lymphocytes  cultured in medium 

facilitating T cell survival and expansion, sometimes gene modi-

fied T cells expressing transgenic T cell receptors specific for 

defined TAA 

Adoptive T cell transfer 

7 Endogenous TAAs expressed (released) by the tumor 
Cytokine or immunostimulant administration (IFN, IL-2, IL-12, 

TLR agonists etc.) 

Non-specific stand-alone 

immunostimulation 

8 
Endogenous TAAs released from the tumor after local destruc-

tion of tumor tissue by ablation 

Local inflammatory responses resulting from apoptosis or necro-

sis of tumor tissue, optionally combined with immunostimulants. 

Tumor necrosis therapy  

(TNT) by non-specific local 

immune activation 

9 
One of the categories of exogenous or endogenous TAAs de-

scribed above 

Blockade of endogenous immunosuppressive cells or molecules 

(PD-1, CTLA-4, TGF- , IL-10, regulatory T cells, etc.) 

Inhibition of local or sys-

temic immune suppression 

10 Two or more combinations of the above approaches  Multi-modal 
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cancer patients. The peripheral blood mononuclear cells of glioma 
patients has been documented to contain higher numbers of T regu-
latory cells [8]; as well, the CD4 to CD8 ratios of T cells are about 
1:1 instead of 2:1 as it is in normal individuals [93]. 

 Other immunotherapy approaches listed in Table 3 involving 
allogeneic cells employs whole tumor cell vaccines using alloge-
neic tumor cells with TGF-  knockdown, or the use of autologous 
dendritic cells that are pulsed with antigens derived from allogeneic 
tumor cells. While the majority of clinical trials still remain in the 
Phase I or I/II arena, no phase III clinical trials have been com-
pleted at this time. The results from a handful of immunotherapy 
trials are finally being reported. A prominent example is DCVax

®
-

Brain, an immunostimulant cancer vaccine, based on experimen-
tal autologous cellular therapy, produced by the American  
pharmaceutical company Northwest Biotherapeutics, Inc., which 
exhibits promising efficacy (www.clinicaltrials.gov NCT00045968) 
[9]. DCVax-Brain vaccine is manufactured using a patient’s den-
dritic cells loaded with a tumor cell lysate prepared from surgically 
resected tumor tissue. The clinical data from a cohort of 141 newly-
diagnosed glioblastoma patients treated in a Phase II study is still 
being collected, however, assessments from their Phase I trials sug-
gest overall safety, with delayed time to disease recurrence and 
increased survival, especially in glioblastoma patients with stable 
disease at entry [see http://www.nwbio.com/clinical_dcvax_ 
brain.php]. Indeed, for those patients treated in the Phase I trials, 
the company is reporting that the median survival is 33.8 months, 
with 9 of 19 patients still alive at 8-82 months from initial surgery. 

 A multiinstitutional Phase II trial where 82 patients were treated 
was supported by Pfizer Pharmaceutical company, Celldex Thera-
peutics [see http://www.celldextherapeutics.com/]. The trial is de-
scribed at (www.clinicaltrials.gov NCT00458601) and they report 
interim positive results from the Phase 2b study. This involves a 
non-cell based vaccine using an EGFRviii peptide conjugate, CDX-
110, given in conjunction with temozolomide [94, 95]. Newly diag-
nosed WHO Grade IV glioma patients were treated. The trial is still 
active for follow-up, but not currently recruiting patients.  

 The company ImmunoCellular Therapeutics, Ltd 
(http://www.imuc.com/) has supported a Phase I study using ICT-
107 for glioblastoma. This a dendritic cell-based vaccine that tar-
gets multiple glioma associated antigens [44, 96]. In a June, 2010 
company report they say that the median overall survival had not 
yet been reached at the 26.4 months analysis point, with 12 out of 
16 treated newly diagnosed patients alive (http://www.imuc.com 
/pdf/Brain-Cancer-Vaccine-Looks-Promising-in-Small-Trial-1.pdf# 
zoom=100). Other clinical trials involving immunotherapy for brain 
gliomas can be found at www.clinicaltrials.gov by refining search 
terms using key words at that site.  

CONCLUSION 

 To conclude, the results of the most recent clinical trials suggest 
that systemic immunotherapy using dendritic cells or peptide vac-
cines are capable of inducing an immune response in malignant 
glioma; increased patient survival has been reported, though no 
phase III clinical trials are completed to this time. Apart from better 
targeted radiotherapy and more fine tuned surgery, we will experi-
ence a gradual continuing increase of immunological insight that 
will enable novel intervention strategies. Successful vaccine ap-
proaches will likely result from the “golden” combination of anti-
gen(s) and immunopotentiators [97-101]. 

ACKNOWLEDGEMENTS 

 This work was supported in part by The Joan S. Holmes Memo-
rial Research Fund (CAK), NIH RO1 CA121258 (CAK), R01 
CA12544 (CAK), R01 CA154256 (CAK), CBCRP IDEA Award 
14IB-0045 (CAK), DOD CDMRP BC076070 (CAK), and The 
Save- A- Brain Foundation (TCC). 

REFERENCES 

[1] Itoh, K.; Yamada, A.; Mine, T.; Noguchi, M. Recent advances in 

cancer vaccines: an overview. Jpn. J. Clin. Oncol., 2009, 39 (2), 

73-80. 

[2] Steiner, H. H.; Bonsanto, M. M.; Beckhove, P.; Brysch, M.; 

Geletneky, K.; Ahmadi, R.; Schuele-Freyer, R.; Kremer, P.; 

Ranaie, G.; Matejic, D.; Bauer, H.; Kiessling, M.; Kunze, S.; 

Schirrmacher, V.; Herold-Mende, C. Antitumor vaccination of 

patients with glioblastoma multiforme: a pilot study to assess 

feasibility, safety, and clinical benefit. J. Clin. Oncol., 2004, 22 

(21), 4272-4281. 

[3] Wheeler, C. J.; Black, K. L.; Liu, G.; Mazer, M.; Zhang, X. X.; 

Pepkowitz, S.; Goldfinger, D.; Ng, H.; Irvin, D.; Yu, J. S. 

Vaccination elicits correlated immune and clinical responses in 

glioblastoma multiforme patients. Cancer Res., 2008, 68 (14), 

5955-5964. 

[4] Gomez, G. G.; Kruse, C. A. Mechanisms of malignant glioma 

immune resistance and sources of immunosuppression. Gene Ther. 

Mol. Biol., 2006, 10 (A), 133-146. 

[5] Dix, A. R.; Brooks, W. H.; Roszman, T. L.; Morford, L. A. 

Immune defects observed in patients with primary malignant brain 

tumors. J. Neuroimmunol., 1999, 100 (1-2), 216-232. 

[6] El Andaloussi, A.; Lesniak, M. S. An increase in 

CD4+CD25+FOXP3+ regulatory T cells in tumor-infiltrating 

lymphocytes of human glioblastoma multiforme. Neuro. Oncol., 

2006, 8 (3), 234-243. 

[7] Grauer, O. M.; Molling, J. W.; Bennink, E.; Toonen, L. W.; 

Sutmuller, R. P.; Nierkens, S.; Adema, G. J. TLR ligands in the 

local treatment of established intracerebral murine gliomas. J. 

Immunol., 2008, 181 (10), 6720-6729. 

Table 3. Immune Therapies Using Allogeneic Cells or Tissue 

Site/Investigator Description Disease 
Study Phase-

Enroolment 
References 

City of Hope, Duarte, CA/ B Badie 
Allogeneic T Cells modified with  

chimeric IL 13 2  TCR  
Brain tumor I  10 [97] 

Penn State Univ, Hershey, PA/ K Lucas Allogeneic, CMV specific CTL Brain tumor I/II  10 [98] 

UCLA, Los Angeles, CA/L Liau & C Kruse Alloreactive CTL and IL 2 Brain tumor I  15 [93, 99] 

NovaRx, San Diego, CA/H Fakhrai 
Allogeneic Tumor Cell Vaccine with  

TGF2 knockdown 

Non small cell lung 

carcinoma and brain 

tumor 

II 75 [100] 

Baylor, Houston, TX/ J Fay 
Autologous DC pulsed with  

Allogeneic Melanoma Tumor 
Melanoma I/II  33 

Clinicaltrials.gov, 

NCT00313235 

IDM Res Lab, Sanofi Aventis, Paris, France/ 

M Salcedo 

Autologous DC pulsed with  

Allogeneic Melanoma Tumor 
Melanoma I/II  15 [101] 

Univ Pittsburgh, Pittsburgh, PA/ G Chatta 
Autologous DC pulsed with  

Allogeneic Prostate Tumor 
prostate cancer I  12 

Clinicaltrials.gov, 

NCT00970203 



Immunotherapy of Malignant Gliomas Using Autologous and Allogeneic Anti-Cancer Agents in Medicinal Chemistry, 2010, Vol. 10, No. 6    7 

[8] Fecci, P. E.; Mitchell, D. A.; Whitesides, J. F.; Xie, W.; Friedman, 

A. H.; Archer, G. E.; Herndon, J. E., 2nd; Bigner, D. D.; Dranoff, 

G.; Sampson, J. H. Increased regulatory T-cell fraction amidst a 

diminished CD4 compartment explains cellular immune defects in 

patients with malignant glioma. Cancer Res., 2006, 66 (6), 3294-

3302. 

[9] Liau, L. M.; Prins, R. M.; Kiertscher, S. M.; Odesa, S. K.; Kremen, 

T. J.; Giovannone, A. J.; Lin, J. W.; Chute, D. J.; Mischel, P. S.; 

Cloughesy, T. F.; Roth, M. D. Dendritic cell vaccination in 

glioblastoma patients induces systemic and intracranial T-cell 

responses modulated by the local central nervous system tumor 

microenvironment. Clin. Cancer Res., 2005, 11 (15), 5515-5525. 

[10] Deorah, S.; Lynch, C. F.; Sibenaller, Z. A.; Ryken, T. C. Trends in 

brain cancer incidence and survival in the United States: 

Surveillance, Epidemiology, and End Results Program, 1973 to 

2001. Neurosurg. Focus, 2006, 20 (4), E1. 

[11] Stupp, R.; Mason, W. P.; van den Bent, M. J.; Weller, M.; Fisher, 

B.; Taphoorn, M. J.; Belanger, K.; Brandes, A. A.; Marosi, C.; 

Bogdahn, U.; Curschmann, J.; Janzer, R. C.; Ludwin, S. K.; Gorlia, 

T.; Allgeier, A.; Lacombe, D.; Cairncross, J. G.; Eisenhauer, E.; 

Mirimanoff, R. O. Radiotherapy plus concomitant and adjuvant 

temozolomide for glioblastoma. N. Engl. J. Med., 2005, 352 (10), 

987-996. 

[12] Koukourakis, G. V.; Kouloulias, V.; Zacharias, G.; Papadimitriou, 

C.; Pantelakos, P.; Maravelis, G.; Fotineas, A.; Beli, I.; 

Chaldeopoulos, D.; Kouvaris, J. Temozolomide with radiation 

therapy in high grade brain gliomas: pharmaceuticals 

considerations and efficacy; a review article. Molecules, 2009, 14 

(4), 1561-1577. 

[13] Starnes, C. O. Coley's toxins in perspective. Nature, 1992, 357 

(6373), 11-12. 

[14] Coley, W. B. The treatment of malignant tumors by repeated 

inoculations of erysipelas. With a report of ten original cases. 1893. 

Clin. Orthop. Relat. Res., 1991, (262), 3-11. 

[15] Hall, S. S. A commotion in the Blood: Life, death and the immune 

system. Holt Paperbacks 1997. 

[16] Mahaley, M. S., Jr.; Gillespie, G. Y. Immunotherapy of patients 

with glioma: fact, fancy, and future. Prog. Exp. Tumor Res., 1984, 

28, 118-135. 

[17] Bloom, W. H.; Carstairs, K. C.; Crompton, M. R.; Mc, K. W. 

Autologous glioma transplantation. Lancet, 1960, 2 (7141), 77-78. 

[18] Trouillas, P.; Lapras, C. Active immunotherapy of cerebral tumor. 

20 cases. Neurochirurgie, 1970, 16 (2), 143-170. 

[19] Read, S. B.; Kulprathipanja, N. V.; Gomez, G. G.; Paul, D. B.; 

Winston, K. R.; Robbins, J. M.; Kruse, C. A. Human alloreactive 

CTL interactions with gliomas and with those having upregulated 

HLA expression from exogenous IFN-gamma or IFN-gamma gene 

modification. J Interferon Cytokine Res., 2003, 23 (7), 379-393. 

[20] Parney, I. F.; Hao, C.; Petruk, K. C. Glioma immunology and 

immunotherapy. Neurosurgery, 2000, 46 (4), 778-791; discussion 

791-772. 

[21] Perez-Diez, A.; Joncker, N. T.; Choi, K.; Chan, W. F.; Anderson, 

C. C.; Lantz, O.; Matzinger, P. CD4 cells can be more efficient at 

tumor rejection than CD8 cells. Blood, 2007, 109 (12), 5346-5354. 

[22] Neuwelt, E. A.; Clark, K.; Kirkpatrick, J. B.; Toben, H. Clinical 

studies of intrathecal autologous lymphocyte infusions in patients 

with malignant glioma: a toxicity study. Ann. Neurol., 1978, 4 (4), 

307-312. 

[23] Kruse, C.A.; Merchant, R.E. Cellular Therapy of Brain Tumors: 

Clinical Trials Futura Publ. Co.: Armonk, NY, 1997; pp. 487-504. 

[24] Paul, D. B.; Kruse, C. A. Immunologic approaches to therapy for 

brain tumors. Curr. Neurol. Neurosci. Rep., 2001, 1 (3), 238-244. 

[25] Plautz, G. E.; Miller, D. W.; Barnett, G. H.; Stevens, G. H.; 

Maffett, S.; Kim, J.; Cohen, P. A.; Shu, S. T cell adoptive 

immunotherapy of newly diagnosed gliomas. Clin. Cancer Res., 

2000, 6 (6), 2209-2218. 

[26] Tsuboi, K.; Saijo, K.; Ishikawa, E.; Tsurushima, H.; Takano, S.; 

Morishita, Y.; Ohno, T. Effects of local injection of ex vivo 

expanded autologous tumor-specific T lymphocytes in cases with 

recurrent malignant gliomas. Clin. Cancer Res., 2003, 9 (9), 3294-

3302. 

[27] Rosenberg, S. A. Overcoming obstacles to the effective 

immunotherapy of human cancer. Proc. Natl. Acad. Sci. USA, 

2008, 105 (35), 12643-12644. 

[28] Mahaley, M. S., Jr.; Bigner, D. D.; Dudka, L. F.; Wilds, P. R.; 

Williams, D. H.; Bouldin, T. W.; Whitaker, J. N.; Bynum, J. M. 

Immunobiology of primary intracranial tumors. Part 7: Active 

immunization of patients with anaplastic human glioma cells: a 

pilot study. J. Neurosurg., 1983, 59 (2), 201-207. 

[29] Okada, H.; Kohanbash, G.; Zhu, X.; Kastenhuber, E. R.; Hoji, A.; 

Ueda, R.; Fujita, M. Immunotherapeutic approaches for glioma. 

Crit. Rev. Immunol., 2009, 29 (1), 1-42. 

[30] Zhang, J. G.; Eguchi, J.; Kruse, C. A.; Gomez, G. G.; Fakhrai, H.; 

Schroter, S.; Ma, W.; Hoa, N.; Minev, B.; Delgado, C.; Wepsic, H. 

T.; Okada, H.; Jadus, M. R. Antigenic profiling of glioma cells to 

generate allogeneic vaccines or dendritic cell-based therapeutics. 

Clin. Cancer Res., 2007, 13 (2 Pt 1), 566-575. 

[31] Zhang, J. G.; Kruse, C. A.; Driggers, L.; Hoa, N.; Wisoff, J.; Allen, 

J. C.; Zagzag, D.; Newcomb, E. W.; Jadus, M. R. Tumor antigen 

precursor protein profiles of adult and pediatric brain tumors 

identify potential targets for immunotherapy. J. Neurooncol., 2008, 

88 (1), 65-76. 

[32] Phillips, H. S.; Kharbanda, S.; Chen, R.; Forrest, W. F.; Soriano, R. 

H.; Wu, T. D.; Misra, A.; Nigro, J. M.; Colman, H.; Soroceanu, L.; 

Williams, P. M.; Modrusan, Z.; Feuerstein, B. G.; Aldape, K. 

Molecular subclasses of high-grade glioma predict prognosis, 

delineate a pattern of disease progression, and resemble stages in 

neurogenesis. Cancer Cell, 2006, 9 (3), 157-173. 

[33] Liang, Y.; Diehn, M.; Watson, N.; Bollen, A. W.; Aldape, K. D.; 

Nicholas, M. K.; Lamborn, K. R.; Berger, M. S.; Botstein, D.; 

Brown, P. O.; Israel, M. A. Gene expression profiling reveals 

molecularly and clinically distinct subtypes of glioblastoma 

multiforme. Proc. Natl. Acad. Sci. USA, 2005, 102 (16), 5814-

5819. 

[34] Huse, J. T.; Holland, E. C. Targeting brain cancer: advances in the 

molecular pathology of malignant glioma and medulloblastoma. 

Nat. Rev. Cancer, 2010, 10 (5), 319-331. 

[35] Cancer Genome Atlas Research Networks. Comprehensive 

genomic characterization defines human glioblastoma genes and 

core pathways. Nature, 2008, 455 (7216), 1061-1068. 

[36] Chi, D. D.; Merchant, R. E.; Rand, R.; Conrad, A. J.; Garrison, D.; 

Turner, R.; Morton, D. L.; Hoon, D. S. Molecular detection of 

tumor-associated antigens shared by human cutaneous melanomas 

and gliomas. Am. J. Pathol., 1997, 150 (6), 2143-2152. 

[37] Kurpad, S. N.; Zhao, X. G.; Wikstrand, C. J.; Batra, S. K.; 

McLendon, R. E.; Bigner, D. D. Tumor antigens in astrocytic 

gliomas. Glia, 1995, 15 (3), 244-256. 

[38] Schijns, V. E. Immunological concepts of vaccine adjuvant 

activity. Curr. Opin. Immunol., 2000, 12 (4), 456-463. 

[39] Banchereau, J.; Briere, F.; Caux, C.; Davoust, J.; Lebecque, S.; Liu, 

Y. J.; Pulendran, B.; Palucka, K. Immunobiology of dendritic cells. 

Annu. Rev. Immunol., 2000, 18, 767-811. 

[40] Cerundolo, V.; Hermans, I. F.; Salio, M. Dendritic cells: a journey 

from laboratory to clinic. Nat. Immunol., 2004, 5 (1), 7-10. 

[41] De Vleeschouwer, S.; Fieuws, S.; Rutkowski, S.; Van Calenbergh, 

F.; Van Loon, J.; Goffin, J.; Sciot, R.; Wilms, G.; Demaerel, P.; 

Warmuth-Metz, M.; Soerensen, N.; Wolff, J. E.; Wagner, S.; 

Kaempgen, E.; Van Gool, S. W. Postoperative adjuvant dendritic 

cell-based immunotherapy in patients with relapsed glioblastoma 

multiforme. Clin. Cancer Res., 2008, 14 (10), 3098-3104. 

[42] Ardon, H.; Van Gool, S.; Lopes, I. S.; Maes, W.; Sciot, R.; Wilms, 

G.; Demaerel, P.; Bijttebier, P.; Claes, L.; Goffin, J.; Van 

Calenbergh, F.; De Vleeschouwer, S. Integration of autologous 

dendritic cell-based immunotherapy in the primary treatment for 

patients with newly diagnosed glioblastoma multiforme: a pilot 

study. J. Neurooncol., 2010, 99 (2), 261-272. 

[43] Rutkowski, S.; De Vleeschouwer, S.; Kaempgen, E.; Wolff, J. E.; 

Kuhl, J.; Demaerel, P.; Warmuth-Metz, M.; Flamen, P.; Van 

Calenbergh, F.; Plets, C.; Sorensen, N.; Opitz, A.; Van Gool, S. W. 

Surgery and adjuvant dendritic cell-based tumour vaccination for 

patients with relapsed malignant glioma, a feasibility study. Br. J. 

Cancer, 2004, 91 (9), 1656-1662. 

[44] Yu, J. S.; Liu, G.; Ying, H.; Yong, W. H.; Black, K. L.; Wheeler, 

C. J. Vaccination with tumor lysate-pulsed dendritic cells elicits 

antigen-specific, cytotoxic T-cells in patients with malignant 

glioma. Cancer Res., 2004, 64 (14), 4973-4979. 

[45] Okada, H.; Lieberman, F. S.; Edington, H. D.; Witham, T. F.; 

Wargo, M. J.; Cai, Q.; Elder, E. H.; Whiteside, T. L.; Schold, S. C., 



8    Anti-Cancer Agents in Medicinal Chemistry, 2010, Vol. 10, No. 6 Hofman et al. 

Jr.; Pollack, I. F. Autologous glioma cell vaccine admixed with 

interleukin-4 gene transfected fibroblasts in the treatment of 

recurrent glioblastoma: preliminary observations in a patient with a 

favorable response to therapy. J. Neurooncol., 2003, 64 (1-2), 13-

20. 

[46] Siesjo, P.; Visse, E.; Sjogren, H. O. Cure of established, 

intracerebral rat gliomas induced by therapeutic immunizations 

with tumor cells and purified APC or adjuvant IFN-gamma 

treatment. J. Immunother. Emphasis Tumor Immunol., 1996, 19 (5), 

334-345. 

[47] Schijns, V. E.; Degen, W. G. Vaccine immunopotentiators of the 

future. Clin. Pharmacol. Ther., 2007, 82 (6), 750-755. 

[48] Nishimura, F.; Dusak, J. E.; Eguchi, J.; Zhu, X.; Gambotto, A.; 

Storkus, W. J.; Okada, H. Adoptive transfer of type 1 CTL 

mediates effective anti-central nervous system tumor response: 

critical roles of IFN-inducible protein-10. Cancer Res., 2006, 66 

(8), 4478-4487. 

[49] Qiao, Y.; Liu, B.; Li, Z. Activation of NK cells by extracellular 

heat shock protein 70 through induction of NKG2D ligands on 

dendritic cells. Cancer Immunol., 2008, 8, 12. 

[50] Grauer, O. M.; Nierkens, S.; Bennink, E.; Toonen, L. W.; Boon, L.; 

Wesseling, P.; Sutmuller, R. P.; Adema, G. J. CD4+FoxP3+ 

regulatory T cells gradually accumulate in gliomas during tumor 

growth and efficiently suppress antiglioma immune responses in 

vivo. Int. J. Cancer, 2007, 121 (1), 95-105. 

[51] Okada, H.; Lieberman, F. S.; Walter, K. A.; Lunsford, L. D.; 

Kondziolka, D. S.; Bejjani, G. K.; Hamilton, R. L.; Torres-Trejo, 

A.; Kalinski, P.; Cai, Q.; Mabold, J. L.; Edington, H. D.; 

Butterfield, L. H.; Whiteside, T. L.; Potter, D. M.; Schold, S. C., 

Jr.; Pollack, I. F. Autologous glioma cell vaccine admixed with 

interleukin-4 gene transfected fibroblasts in the treatment of 

patients with malignant gliomas. J. Transl. Med., 2007, 5, 67. 

[52] O'Hagan, D. T.; Schijns, V. E., Immunopotentiators in Modern 

Vaccines. In Immunopotentiators in Modern Vaccines, Elsevier 

Science & Technology, USA: 2005. 

[53] Galon, J.; Costes, A.; Sanchez-Cabo, F.; Kirilovsky, A.; Mlecnik, 

B.; Lagorce-Pages, C.; Tosolini, M.; Camus, M.; Berger, A.; Wind, 

P.; Zinzindohoue, F.; Bruneval, P.; Cugnenc, P. H.; Trajanoski, Z.; 

Fridman, W. H.; Pages, F. Type, density, and location of immune 

cells within human colorectal tumors predict clinical outcome. 

Science, 2006, 313 (5795), 1960-1964. 

[54] Naito, Y.; Saito, K.; Shiiba, K.; Ohuchi, A.; Saigenji, K.; Nagura, 

H.; Ohtani, H. CD8+ T cells infiltrated within cancer cell nests as a 

prognostic factor in human colorectal cancer. Cancer Res., 1998, 

58 (16), 3491-3494. 

[55] Zhang, L.; Conejo-Garcia, J. R.; Katsaros, D.; Gimotty, P. A.; 

Massobrio, M.; Regnani, G.; Makrigiannakis, A.; Gray, H.; 

Schlienger, K.; Liebman, M. N.; Rubin, S. C.; Coukos, G. 

Intratumoral T cells, recurrence, and survival in epithelial ovarian 

cancer. N. Engl. J. Med., 2003, 348 (3), 203-213. 

[56] Nakano, O.; Sato, M.; Naito, Y.; Suzuki, K.; Orikasa, S.; Aizawa, 

M.; Suzuki, Y.; Shintaku, I.; Nagura, H.; Ohtani, H. Proliferative 

activity of intratumoral CD8(+) T-lymphocytes as a prognostic 

factor in human renal cell carcinoma: clinicopathologic 

demonstration of antitumor immunity. Cancer Res., 2001, 61 (13), 

5132-5136. 

[57] Vesalainen, S.; Lipponen, P.; Talja, M.; Syrjanen, K. Histological 

grade, perineural infiltration, tumour-infiltrating lymphocytes and 

apoptosis as determinants of long-term prognosis in prostatic 

adenocarcinoma. Eur. J. Cancer, 1994, 30A (12), 1797-1803. 

[58] Marrogi, A. J.; Munshi, A.; Merogi, A. J.; Ohadike, Y.; El-

Habashi, A.; Marrogi, O. L.; Freeman, S. M. Study of tumor 

infiltrating lymphocytes and transforming growth factor-beta as 

prognostic factors in breast carcinoma. Int. J. Cancer, 1997, 74 (5), 

492-501. 

[59] Vollmer, J.; Krieg, A. M. Immunotherapeutic applications of CpG 

oligodeoxynucleotide TLR9 agonists. Adv. Drug Deliv. Rev., 2009, 

61 (3), 195-204. 

[60] Scheel, B.; Aulwurm, S.; Probst, J.; Stitz, L.; Hoerr, I.; 

Rammensee, H. G.; Weller, M.; Pascolo, S. Therapeutic anti-tumor 

immunity triggered by injections of immunostimulating single-

stranded RNA. Eur. J. Immunol., 2006, 36 (10), 2807-2816. 

[61] Schon, M. P.; Schon, M. TLR7 and TLR8 as targets in cancer 

therapy. Oncogene, 2008, 27 (2), 190-199. 

[62] Jensen, R.; Shan, J.; Freimark, B.; Harris, D.; King, S.; Lai, J.; 

Parseghian, M. Clinical Update: treatment of glioblastoma 

multiforme with radiolabeled antibodies that target tumor necrosis. 

Curr. Cancer Ther. Rev., 2010, 6, 13-18. 

[63] Li, J.; Hu, P.; Khawli, L. A.; Epstein, A. L. LEC/chTNT-3 fusion 

protein for the immunotherapy of experimental solid tumors. J. 

Immunother., 2003, 26 (4), 320-331. 

[64] Apostolidis, L.; Schirrmacher, V.; Fournier, P. Host mediated anti-

tumor effect of oncolytic Newcastle disease virus after locoregional 

application. Int. J. Oncol., 2007, 31 (5), 1009-1019. 

[65] Hoffmann, D.; Bayer, W.; Wildner, O. Local and distant immune-

mediated control of colon cancer growth with fusogenic membrane 

glycoproteins in combination with viral oncolysis. Hum. Gene 

Ther., 2007, 18 (5), 435-450. 

[66] Ha, S. J.; West, E. E.; Araki, K.; Smith, K. A.; Ahmed, R. 

Manipulating both the inhibitory and stimulatory immune system 

towards the success of therapeutic vaccination against chronic viral 

infections. Immunol. Rev., 2008, 223, 317-333. 

[67] Phan, G. Q.; Yang, J. C.; Sherry, R. M.; Hwu, P.; Topalian, S. L.; 

Schwartzentruber, D. J.; Restifo, N. P.; Haworth, L. R.; Seipp, C. 

A.; Freezer, L. J.; Morton, K. E.; Mavroukakis, S. A.; Duray, P. H.; 

Steinberg, S. M.; Allison, J. P.; Davis, T. A.; Rosenberg, S. A. 

Cancer regression and autoimmunity induced by cytotoxic T 

lymphocyte-associated antigen 4 blockade in patients with 

metastatic melanoma. Proc. Natl. Acad. Sci. USA, 2003, 100 (14), 

8372-8377. 

[68] Zhang, L.; Gajewski, T. F.; Kline, J. PD-1/PD-L1 interactions 

inhibit antitumor immune responses in a murine acute myeloid 

leukemia model. Blood, 2009, 114 (8), 1545-1552. 

[69] Dotti, G. Blocking PD-1 in cancer immunotherapy. Blood, 2009, 

114 (8), 1457-1458. 

[70] Ahmadzadeh, M.; Johnson, L. A.; Heemskerk, B.; Wunderlich, J. 

R.; Dudley, M. E.; White, D. E.; Rosenberg, S. A. Tumor antigen-

specific CD8 T cells infiltrating the tumor express high levels of 

PD-1 and are functionally impaired. Blood, 2009, 114 (8), 1537-

1544. 

[71] Blackburn, S. D.; Shin, H.; Freeman, G. J.; Wherry, E. J. Selective 

expansion of a subset of exhausted CD8 T cells by alphaPD-L1 

blockade. Proc. Natl. Acad. Sci. USA, 2008, 105 (39), 15016-

15021. 

[72] Thomas, D. A.; Massague, J. TGF-beta directly targets cytotoxic T 

cell functions during tumor evasion of immune surveillance. 

Cancer Cell, 2005, 8 (5), 369-380. 

[73] Dannull, J.; Su, Z.; Rizzieri, D.; Yang, B. K.; Coleman, D.; 

Yancey, D.; Zhang, A.; Dahm, P.; Chao, N.; Gilboa, E.; Vieweg, J. 

Enhancement of vaccine-mediated antitumor immunity in cancer 

patients after depletion of regulatory T cells. J. Clin. Invest., 2005, 

115 (12), 3623-3633. 

[74] Strauss, L.; Bergmann, C.; Szczepanski, M.; Gooding, W.; 

Johnson, J. T.; Whiteside, T. L. A unique subset of 

CD4+CD25highFoxp3+ T cells secreting interleukin-10 and 

transforming growth factor-beta1 mediates suppression in the 

tumor microenvironment. Clin. Cancer Res., 2007, 13 (15 Pt 1), 

4345-4354. 

[75] Ahlers, J. D.; Belyakov, I. M.; Terabe, M.; Koka, R.; Donaldson, 

D. D.; Thomas, E. K.; Berzofsky, J. A. A push-pull approach to 

maximize vaccine efficacy: abrogating suppression with an IL-13 

inhibitor while augmenting help with granulocyte/macrophage 

colony-stimulating factor and CD40L. Proc. Natl. Acad. Sci. USA, 

2002, 99 (20), 13020-13025. 

[76] Gomez, G. G.; Hutchison, R. B.; Kruse, C. A. Chemo-

immunotherapy and chemo-adoptive immunotherapy of cancer. 

Cancer Treat. Rev., 2001, 27 (6), 375-402. 

[77] Gomez, G. G.; Varella-Garcia, M.; Kruse, C. A. Isolation of 

immunoresistant human glioma cell clones after selection with 

alloreactive cytotoxic T lymphocytes: cytogenetic and molecular 

cytogenetic characterization. Cancer Genet Cytogenet., 2006, 165 

(2), 121-134. 

[78] Paliogianni, F.; Boumpas, D. T. Glucocorticoids regulate 

calcineurin-dependent trans-activating pathways for interleukin-2 

gene transcription in human T lymphocytes. Transplantation, 1995, 

59 (9), 1333-1339. 

[79] Varesio, L.; Holden, H. T.; Taramelli, D. Mechanism of 

lymphocyte activation. II. Requirements for macromolecular 



Immunotherapy of Malignant Gliomas Using Autologous and Allogeneic Anti-Cancer Agents in Medicinal Chemistry, 2010, Vol. 10, No. 6    9 

synthesis in the production of lymphokines. J. Immunol., 1980, 125 

(6), 2810-2817. 

[80] Wei, J.; Barr, J.; Kong, L. Y.; Wang, Y.; Wu, A.; Sharma, A. K.; 

Gumin, J.; Henry, V.; Colman, H.; Priebe, W.; Sawaya, R.; Lang, 

F. F.; Heimberger, A. B. Glioblastoma cancer-initiating cells 

inhibit T-cell proliferation and effector responses by the signal 

transducers and activators of transcription 3 pathway. Mol. Cancer 

Ther., 2010, 9 (1), 67-78. 

[81] Kjellman, C.; Olofsson, S. P.; Hansson, O.; Von Schantz, T.; 

Lindvall, M.; Nilsson, I.; Salford, L. G.; Sjogren, H. O.; Widegren, 

B. Expression of TGF-beta isoforms, TGF-beta receptors, and 

SMAD molecules at different stages of human glioma. Int. J. 

Cancer, 2000, 89 (3), 251-258. 

[82] Gomez, G. G.; Kruse, C. A. Cellular and functional 

characterization of immunoresistant human glioma cell clones 

selected with alloreactive cytotoxic T lymphocytes reveals their up-

regulated synthesis of biologically active TGF-beta. J. 

Immunother., 2007, 30 (3), 261-273. 

[83] Bettini, M.; Vignali, D. A. Regulatory T cells and inhibitory 

cytokines in autoimmunity. Curr. Opin. Immunol., 2009, 21 (6), 

612-618. 

[84] Fontana, A.; Kristensen, F.; Dubs, R.; Gemsa, D.; Weber, E. 

Production of prostaglandin E and an interleukin-1 like factor by 

cultured astrocytes and C6 glioma cells. J. Immunol., 1982, 129 (6), 

2413-2419. 

[85] Sawamura, Y.; Diserens, A. C.; de Tribolet, N. In vitro 

prostaglandin E2 production by glioblastoma cells and its effect on 

interleukin-2 activation of oncolytic lymphocytes. J. Neurooncol., 

1990, 9 (2), 125-130. 

[86] Gabrilovich, D. I.; Chen, H. L.; Girgis, K. R.; Cunningham, H. T.; 

Meny, G. M.; Nadaf, S.; Kavanaugh, D.; Carbone, D. P. Production 

of vascular endothelial growth factor by human tumors inhibits the 

functional maturation of dendritic cells. Nat. Med., 1996, 2 (10), 

1096-1103. 

[87] Tarhini, A. A.; Iqbal, F. CTLA-4 blockade: therapeutic potential in 

cancer treatments. Oncol. Targets Ther., 2010, 3, 15-25. 

[88] Uyttenhove, C.; Pilotte, L.; Theate, I.; Stroobant, V.; Colau, D.; 

Parmentier, N.; Boon, T.; Van den Eynde, B. J. Evidence for a 

tumoral immune resistance mechanism based on tryptophan 

degradation by indoleamine 2,3-dioxygenase. Nat. Med., 2003, 9 

(10), 1269-1274. 

[89] Stathopoulos, A.; Samuelson, C.; Milbouw, G.; Hermanne, J. P.; 

Schijns, V. E.; Chen, T. C. Therapeutic vaccination against 

malignant gliomas based on allorecognition and syngeneic tumor 

antigens: proof of principle in two strains of rat. Vaccine, 2008, 26 

(14), 1764-1772. 

[90] Limaye, A. P.; Kirby, K. A.; Rubenfeld, G. D.; Leisenring, W. M.; 

Bulger, E. M.; Neff, M. J.; Gibran, N. S.; Huang, M. L.; Santo 

Hayes, T. K.; Corey, L.; Boeckh, M. Cytomegalovirus reactivation 

in critically ill immunocompetent patients. JAMA, 2008, 300 (4), 

413-422. 

[91] Scheurer, M. E.; Bondy, M. L.; Aldape, K. D.; Albrecht, T.; El-

Zein, R. Detection of human cytomegalovirus in different 

histological types of gliomas. Acta Neuropathol., 2008, 116 (1), 79-

86. 

[92] Mitchell, D. A.; Xie, W.; Schmittling, R.; Learn, C.; Friedman, A.; 

McLendon, R. E.; Sampson, J. H. Sensitive detection of human 

cytomegalovirus in tumors and peripheral blood of patients 

diagnosed with glioblastoma. Neuro Oncol., 2008, 10 (1), 10-18. 

[93] Kruse, C. A.; Mitchell, D. H.; Lillehei, K. O.; Johnson, S. D.; 

McCleary, E. L.; Moore, G. E.; Waldrop, S.; Mierau, G. W. 

Interleukin-2-activated lymphocytes from brain tumor patients. A 

comparison of two preparations generated in vitro. Cancer, 1989, 

64 (8), 1629-1637. 

[94] Li, G.; Mitra, S.; Wong, A. J. The epidermal growth factor variant 

III peptide vaccine for treatment of malignant gliomas. Neurosurg. 

Clin. N Am, 2010, 21 (1), 87-93. 

[95] Heimberger, A. B.; Sampson, J. H. The PEPvIII-KLH (CDX-110) 

vaccine in glioblastoma multiforme patients. Expert Opin. Biol. 

Ther., 2009, 9 (8), 1087-1098. 

[96] Wheeler, C. J.; Black, K. L. DCVax-Brain and DC vaccines in the 

treatment of GBM. Expert Opin. Investig. Drugs, 2009, 18 (4), 

509-519. 

[97] Kahlon, K. S.; Brown, C.; Cooper, L. J.; Raubitschek, A.; Forman, 

S. J.; Jensen, M. C. Specific recognition and killing of glioblastoma 

multiforme by interleukin 13-zetakine redirected cytolytic T cells. 

Cancer Res., 2004, 64 (24), 9160-9166. 

[98] Bao, L.; Sun, Q.; Lucas, K. G. Rapid generation of CMV pp65-

specific T cells for immunotherapy. J. Immunother., 2007, 30 (5), 

557-561. 

[99] Kruse, C. A.; Rubinstein, D. Cytotoxic T Lymphocytes Reactive to 

Patient Major Histocompatibility Proteins for Therapy of Recurrent 

Primary Brain Tumors. In Brain Tumor Immunotherapy, Liau, L. 

M.; Cloughesy, T. F.; Becker, D. P.; Bigner, D. D., Eds. Humana 

Press: Totowa, 2001; pp. 149-170. 

[100] Nemunaitis, J.; Dillman, R. O.; Schwarzenberger, P. O.; Senzer, 

N.; Cunningham, C.; Cutler, J.; Tong, A.; Kumar, P.; Pappen, B.; 

Hamilton, C.; DeVol, E.; Maples, P. B.; Liu, L.; Chamberlin, T.; 

Shawler, D. L.; Fakhrai, H. Phase II study of belagenpumatucel-L, 

a transforming growth factor beta-2 antisense gene-modified 

allogeneic tumor cell vaccine in non-small-cell lung cancer. J. Clin. 

Oncol., 2006, 24 (29), 4721-4730. 

[101] Salcedo, M.; Bercovici, N.; Taylor, R.; Vereecken, P.; Massicard, 

S.; Duriau, D.; Vernel-Pauillac, F.; Boyer, A.; Baron-Bodo, V.; 

Mallard, E.; Bartholeyns, J.; Goxe, B.; Latour, N.; Leroy, S.; 

Prigent, D.; Martiat, P.; Sales, F.; Laporte, M.; Bruyns, C.; Romet-

Lemonne, J. L.; Abastado, J. P.; Lehmann, F.; Velu, T. Vaccination 

of melanoma patients using dendritic cells loaded with an 

allogeneic tumor cell lysate. Cancer Immunol. Immunother., 2006, 

55 (7), 819-829. 

 

 

Received: ????????????? Revised: ????????????????? Accepted: ????????????????? 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 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 /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


