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SUMMARY

A

major reason chemotherapy fails in cancer treatment is
drug resistance. New targets against chemotherapy resistance have been developed with the identification of molecular pathways in drug resistance. These targets are proteins
that are highly expressed in human gliomas and are known to
be tumor antigens. The immune system produces specialized
white blood cells called dendritic cells (DCs). DCs are the
most potent antigen-presenting cell of the immune system.
DCs have demonstrated the ability to stimulate antibodies and
cell-mediated immune responses against tumor antigens. Immunotherapy has emerged as a novel treatment strategy for
gliomas with tumor antigens serving as the driving force.
Clinical immunotherapy trials for glioma patients using vaccinations made of tumor antigens combined with dendritic
cells ex vivo have shown promising results. DC vaccinations
may increase sensitivity to chemotherapy, as demonstrated by
a significant increase in 2-year survival rates in patients with
malignant gliomas who received chemotherapy after immunotherapy (51). The use of DC vaccinations to increase
sensitivity of tumor cells to chemotherapy can be rationalized
as a novel strategy. Hence, this review will focus on the
recent advances in the identification of tumor-associated
antigens in gliomas, as well as their biological function
related to drug resistance. The current research status and the
future direction of DC vaccines to treat glioma in animal
models and clinical trials will also be discussed.

INTRODUCTION
Increases in median survival in patients with glioblastoma
multiforme remain modest despite recent advances in surgery,
chemotherapy, and radiation therapy. To date, the best known
treatment for the most aggressive and malignant brain tumor,
glioblastoma multiforme, increases median survival by only 2 to
3 months. Chemotherapy resistance by malignant tumor cells is
a major reason for this modest response to therapy. Resistance to
chemotherapy is due to either an innate property of malignant
tumor cells or by their ability to acquire resistance during drug
Copyright © 2006 by Lippincott Williams & Wilkins
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treatment. Researchers over the past decade have been successfully decoding the mystery behind the mechanism of drug
resistance in tumor cells and have begun to pave the road to
understanding the molecular mechanisms by which brain tumor
cells develop a drug-resistant phenotype.9 Fas antigen (Fas) and
Fas ligand has been shown to participate in cytotoxicity mediated by T lymphocytes and natural killer cells. Drug resistance in
ovarian cancer was overcome as shown by Wakahara et al.50 in
1997, by using the combination of anti-Fas Ab and various
drugs. Efficient elimination of both intrinsically resistant myeloma cells and acquired multiple drug resistance (MDR) tumor
cells was shown with granulocyte-macrophage colony-stimulating factor (GM-CSF) and interleukin-12 (IL-12) expressing
tumor cell vaccines in animal models.44 In addition, some drug
resistant tumor cells expressed significantly higher HLA class I
surface antigens and TAP messenger ribonucleic acid (mRNA)
than drug-sensitive cells, which indicate that drug-resistant tumors are probably more readily lysed by MHC-restricted, tumor-associated CTLs.16,33 Extensive investigations of intracellular vaccinations targeting molecules related to drug resistance
have been performed.40 Immunotherapy is demonstrating,
through collected evidence, to be an effective approach in
overcoming a major treatment barrier in cancer treatment-drug
resistance with chemotherapy. Generating an effective antitumor immune response is limited in many cancer immunotherapy trials. However, newer DC-based approaches have been
successful in generating an effective anti-tumor immune response. In fact, targeting of tumor-associated antigen TRP-2 by
DC vaccination was demonstrated for the first time by Dr. Liu
and his colleagues to significantly increase chemotherapeutic
sensitivity. Immunotherapy not only induces T cell cytotoxicity,
as is well established, but can also make tumors more sensitive
to drug therapy.29 The synergistic effect of immunotherapy
along with cancer chemotherapy is gaining evidence and popularity as a promising adjunct to cancer therapy for brain tumors.51

DENDRITIC CELLS ARE THE MOST POTENT
ANTIGEN-PRESENTING CELLS
Cytotoxic T Cells, as established by a strong body of
evidence, plays a vital role in mounting an effective anti-
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tumor immune response.12,19,22 The presence of tumor antigen is necessary to generate effective tumoricidal T cell
immunity. T cell activation, clonal expansion, and exertion of
cytolytic effector function follows the introduction of naı̈ve T
cells to tumor antigen. Patients with malignant gliomas have
been shown to have a faulty ability to mount an effective
anti-tumor immune response. This is due largely to tumor
cells’ amplified immunosuppressive chemokines which depresses native antigen presenting cells’ ability to recognize,
ingest, and process tumor derived antigens.22,53,57 Effective
cytotoxic T cell effector function is dependent on effective
antigen presentation; thus, the establishment of a viable
immunotherapeutic approach to the treatment of malignant
gliomas requires a strategy that successfully introduces tumor
antigens to T cells in vivo. DC-based vaccines are a promising treatment strategy that elicits tumor specific antigen
presentation to the immune system. Many co-stimulatory
molecules are abundantly expressed on DCs. These co-stimulatory molecules are essential for effective activation of
naı̈ve T cells and possess the ability to efficiently process and
present antigenic peptides in combination with cell-surface
MHC. The most potent of the APCs are the DCs. DCs are
capable of initiating cytolytic T cell function in vitro and in
vivo.6 Due to recent advances in DC biology, we are now able
to generate large numbers of DCs in vitro where normally, in
circulation, DCs are present only in extremely small numbers.46 DCs, derived in vitro from PBMCs, can be primed
against tumor specific antigens in culture and, upon subsequent vaccination in tumor-bearing hosts, have the ability to
elicit anti-tumor immunity in a variety of neoplastic models
including lymphoma, melanoma, prostate and renal cell carcinoma.20,25,35,47 The efficacy of a peripherally administered
tumor-derived peptide pulsed DC vaccine in generating antitumor cytotoxic immunity was first demonstrated by Siesjo45
in a rodent glioma model. A correlation between the development of antigen-specific T cell responses and a favorable
clinical outcome was shown in the DC vaccine study in
melanoma.5

DC VACCINATIONS INDUCE ANTIGENSPECIFIC CYTOTOXIC T CELLS IN GLIOMA
PATIENTS
Liau et al.27 first described the successful treatment of
established intracranial gliomas in rats treated with tumorpeptide pulsed DC vaccination after successful reports describing the efficacy of DC-based vaccination in extracranial
experimental neoplastic models.32 In a Phase I clinical trial
involving patients with newly diagnosed high grade glioma,
Yu et al.55 described the use of a DC vaccine in nine patients
with newly diagnosed glioma (seven with GBM and two with
AA). Three intradermal vaccinations of DC pulsed ex vivo
with autologous tumor cell surface-derived peptides isolated
by means of acid elution of cultured tumor cells were admin-
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istered to the nine patients. Assessing vaccine-elicited generation of tumor-specific cytotoxic immunity was performed to
determine therapeutic efficacy. PBMC isolated from patients
before vaccination and at various time points after the initiation of therapy, were restimulated in vitro by re-exposure to
autologous tumor targets and then subjected to a JAM assay.
Four out of seven patients had a detectable CTL response
subsequent to the third DC vaccination. A robust infiltration
with CD8⫹ and CD45RO⫹ T cells was found in two of four
patients who underwent re-resection for tumor recurrence,
which was not apparent in the same patient’s tumor specimen
before receiving the DC vaccinations. Long-term survival
data of vaccine study group was compared to similar age- and
gender-matched controls that underwent surgical resection
after external beam radiotherapy. On comparison, the median
survival was higher in the study group compared with the
control population, 455 and 257 days, respectively. Therefore, an inference can be made that DC vaccination may
generate a survival benefit. The study data also demonstrated
that DC vaccination was effective in generating anti-tumor
immune responses as shown by peripheral cytotoxicity assays
and intratumoral T cell infiltration. In addition, DC vaccination was determined to be safe, as described in the data. There
has been no report from past and ongoing DC trials of Grade
III or Grade IV NCI common toxicity criteria (CTC) adverse
events associated with DC vaccinations. The safety, effectiveness, and survival benefits of DC vaccinations have led to
the expansion of this study into Phase II clinical trials at
Cedars-Sinai Medical Center.
As described above, current strategies using DCs in the
treatment of brain tumors are based on loading these cells
with tumor-derived proteins ex vivo. Sufficient loading requires surgical resection of ample amount of tumor to serve
as an antigenic source for DC priming. Therefore, malignant
tumors in eloquent areas that are deemed surgically unresectable limit the applicability of current DC vaccination paradigms. However, recent evidence has described that actual
physical interaction between DCs and tumor cells may be
necessary for proper induction of effective therapeutic immunity.11 Recent data has also shown that DCs are capable of
processing apoptotic tumor cells to induce CTL activity.3,4
To enhance glioma specific antigen presentation to the
immune system in vivo, Yu et. al. proposed the novel approach of administering DCs directly into tumor after a
course of stereotactic radiotherapy to induce apoptosis. Using
this approach would circumvent the prerequisite of surgically
acquiring sufficient amount of tumor for making the vaccine
and the process of DC pulsing with tumor antigen ex vivo
before vaccination. In light of this, investigators designed and
tested a novel therapy involving inoculation of immature
bone marrow-derived DC directly into established intracranial gliomas in rats.14 To provide an appropriate antigenic
source for DC priming, implanted gliomas were partially
© 2006 Lippincott Williams & Wilkins
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irradiated to induce apoptosis. After intracranial inoculation,
DCs drained to deep cervical lymph nodes and elicited
systemic anti-tumor cytotoxic immunity. When compared
with monocyte-treated controls, a robust intratumoral T cell
infiltration, inhibition of glioma growth, and a significant
prolongation in survival was found. As demonstrated by the
aforementioned results, an effective method of stimulating
anti-tumor immunity, leading to tumor rejection and immune
memory, is by directly placing immature DCs in contact with
partially apoptotic tumor. Radiotherapy, along with this strategy, may be of particular benefit. In fact, Kikuchi et al.22
found encouraging results in a similar intracranial DC vaccination strategy that involved inoculation of immature DCs
into partially irradiated intracranial gliomas. Akasaki et al.1
vaccinated DC-glioma fusion cells in intracranial glioma
bearing mice as part of a strategy to improve DC mediated
tumor antigen presentation by means of enhancing tumor
cell-APC interaction. Their results demonstrated that this
strategy significantly inhibited intracranial glioma growth,
improved survival in treated animals and strongly increased
specific anti-timor CTL activity. Kikuchi et al.23 later used
this strategy in a Phase I clinical trial. A series of between
three and seven peripheral intradermal vaccinations of DCautologous glioma fusion cells was administered to a total of
eight patients (five with glioblastoma multiforme, two with
Grade III astrocytoma, and one with anaplastic oligodendroglioma). The results did not demonstrate significant increase
in tumor specific CTL activity, and only very small and
temporary responses to therapy were detected in two patients
who later developed progressive disease.
The disappointing results of their Phase I clinical trial
were speculated by Kikuchi et al.23 to be attributed to the in
vitro glioma culture process, which, during that time, may
have changed the profile of tumor expressed immunogenic
antigens, thereby rendering their fusion vaccines ineffective
against the residual primary or recurrent tumor cells in vivo.
In their earlier preclinical study, this was not a factor.1 Their
preclinical study used a uniform immortalized glioma cell
line that was not subject to the same degree of in vitro
selection pressures as the primary glioma explants used in
their clinical trial. Systemic and intracranial T-cell responses
modulated by the local central nervous system tumor microenvironment induced by DC vaccination in glioblastoma
patients was recently reported by Liau et al.28
A DC vaccine pulsed ex vivo with fresh whole tumor
cell lysate was another described clinical trial using DC
pulsed with autologous tumor lysate. This study involved
fourteen patients, 12 of whom had recurrent disease (nine
with GBM and three with AA), whereas two were newly
diagnosed (one each with GBM and AA). Yet to be identified,
an optimal source of immunogenic tumor antigens was hypothesized to be tumor lysate. A significant cytotoxic response against tumor in six out of 10 patients was demon© 2006 Lippincott Williams & Wilkins

strated after vaccination with tumor lysate primed DCs, as
determined by qPCR analysis of IFN␥ message in restimulated PBMC,54 clearly demonstrating that DC therapy generates potent peripheral anti-tumor cytotoxic immunity. In a
subset of glioma patients treated with DC vaccinations, the
presence of MHC class I-restricted CTL recognizing the
tumor associated antigen TRP-2, HER-2, MAGE-1, and
gp100 in PBMC was demonstrated, using HLA restricted
tetramer staining,38 to be significantly increased after treatment (results from one representative patient are depicted in
Figure 41.1).30 A powerful tool to monitor the efficacy of
generating antigen-specific responses is the utilization of
HER-2, MAGE-1, and gp100, TRP-2 and AIM-2 as markers.2,29 –31,54,55

FIGURE 41.1. Representative flow cytometry plots from a
single glioma patient vaccinated with autologous tumor lysate
pulsed DCs. PBMC isolated pre- (left column) and post-vaccination (right column) were stained with HLA restricted tetramers for HER-2, gp100, and MAGE-1 (y-axis). Additionally, cells
were stained for the CD8 antigen (x-axis). Plots indicate a
significant increase in the number of cells that registered as
double positive (i.e. bound to antigen specific tetramers and
positive for CD8). This demonstrates an expansion in the
populations of CTL specific for these TAAs in this patient after
DC vaccination.

347

Yu et al.

Clinical Neurosurgery • Volume 53, 2006

SENSITIZATION OF GLIOMA CELLS TO
CHEMOTHERAPY AFTER DENDRITIC CELL
THERAPY
In 1998, Firk16 found that, after tumor cells were
co-cultured with CTLs to eliminate tumor cells expressing
higher levels of MHC-I and relevant tumor antigen, CTLresistant tumor cells exhibited increased drug sensitivity. Liu
et al. recently found significant drug resistance to carboplatin
and temozolomide compared to wild type U-373 (W-U373)
resulted from the TRP-2 transfected cell line (TRP-2-U373).
CTL-resistant tumor cells (IS-TRP-2–373) developed significant increased sensitivity to carboplatin and temozolomide,
compared with W-U373, after immunoselection by TRP-2
specific CTL clone.
After active immunotherapy against unselected glioma
antigens using tumor lysate-loaded DCs in our Phase I DC
vaccination clinical trial, TRP-2-specific cytotoxic T cell
activity was detected in patients’ PBMC.30 Tumor cell specimens were taken from post-vaccination resections from two
patients who developed CTL to TRP-2. Compared with
autologous cell lines derived from pre-vaccination resections
in two patients who demonstrated CTL response to TRP-2
(Fig. 41.2), these specimens demonstrated significantly lower
TRP-2 expression (Fig. 41.3) and higher drug sensitivity to
carboplatin and temozolomide. Given this finding, targeting
TRP-2 may provide a new strategy in improving chemotherapy sensitivity. However, all forms of drug resistance in
tumor cells do not seem to develop with TRP-2. One can,
therefore, speculate that other drug resistance-related proteins, such as EGFR, MDR-1, MRPs, HER-2, and survivin,
may also decrease after DC vaccination. In unpublished data,
CJ Wheeler found that EGFR expression was specifically

FIGURE 41.3 TRP-2 expression in primary (P) and recurrent (R)
tumor cells. Total RNA was extracted from tumor cells derived
from patient No. 81 and patient No. 11. TRP-2 mRNA expression was measured by real-time qPCR. The expression was
firstly normalized by internal control B-actin. The relative TRP-2
mRNA level of recurrent tumor was presented as the fold
decrease compared to autologous primary tumor cells. (from,
Liu G. et al.: Cytotoxic T cell targeting of TRP-2 sensitizes
human malignant glioma to chemotherapy. Oncogene 24:
5226 –5234, 2005).

decreased after vaccination in glioma patients. Given this,
determining whether or not immune responses to other drug
resistance modifiers can similarly influence chemotherapeutic
efficacy in human cancer will be important.
Loss of chromosomal arms 1p and 19 q is another
mechanism that may contribute to the sensitization of tumor
cells to chemotherapy after vaccination. A unique constellation of molecular changes have been identified in previous
studies, including allelic loss of chromosome 1p and coincidental loss of chromosomal arms 1p and 19q (frequency,
50 –70%), which, in some gliomas, particularly in anaplastic

FIGURE 41.2. Drug sensitivity of in primary (P)
and recurrent (R) tumor cells. Tumor cells derived from patient No. 81 and patient No. 11
were treated with various concentrations of (A
and B) carboplatin; (C and D) temozolomide for
48 hours. Asterisk indicates P ⬍ 0.05 compared
with autologous primary tumor cells. Data are
from three independent experiments. (from, Liu
G. et al.: Cytotoxic T cell targeting of TRP-2
sensitizes human malignant glioma to chemotherapy. Oncogene 24: 5226 –5234, 2005).
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FIGURE 41.4. Overall survival in vaccine, chemotherapy, and
vaccine⫹ chemotherapy groups. Overall survival was defined
as the time from first diagnosis of brain tumor (de novo GBM
in all cases) to death due to tumor progression. Kaplan-Meier
survival plots with censored values in open circles are shown for
each group. Survival of the vaccine group was identical to that
of chemotherapy group (P ⫽ 0.7, log-rank test). Survival of
vaccine ⫹ chemotherapy group was significantly greater relative to survival in the other two groups together (P ⫽ 0.048,
log-rank test), greater than survival in the chemotherapy
group alone (P ⫽ 0.028, log-rank test), and greater than
survival in the vaccine group alone (P ⫽ 0.048, log-rank test).
Two of the three patients exhibiting objective tumor regression survived for more than 2 years (730 d) after diagnosis.
(from, Wheeler CJ, et al.: Clinical responsiveness of glioblastoma multiforme to chemotherapy after vaccination. Clin
Cancer Res 10:5316 –5326, 2004).

and non-anaplastic oligodendroglioma, strongly predicts a far
greater likelihood of chemotherapeutic response.7,10 In a
series of 55 Grade II and III oligodendrogliomas, for example, the principal independent predictor of progression-free
survival after chemotherapy with procarbazine, lomustine,
and vincristine plus radiotherapy was loss of heterozygosity
of chromosome 1p; the median progression-free survival for
19 patients whose tumors retained both copies of 1p was only
6 months compared with 36 patients whose tumors had lost
1p alleles was 55 months.7 Specific molecular genomic
changes may prove useful as markers of relative chemosensitivity in a subset of high-grade gliomas, particularly in
anaplastic oligodendrogliomas. Loss of heterozygosity
(LOH) at the chromosomal loci, as previously described
using polymorphic micro-satellite markers, of tumor DNA
from laser-dissected pre- and post-vaccine pathological specimens was analyzed.37 This analysis revealed that after DC
vaccination of young (responsive, ⬍55 yr) patients, a prominent change in allelic loss frequency was localized to chromosomal region 1p36; 100% of patients’ tumors exhibited
1p36 LOH after vaccination, whereas only 33% of patient’s
tumor exhibited 1p36 LOH before vaccination (n ⫽ 6)
(Wheeler CJ, unpublished data). The potential of improving
© 2006 Lippincott Williams & Wilkins

FIGURE 41.5 Tumor regression following post-vaccine chemotherapy. Relative days after diagnosis are represented by the
numbers under individual MRI scans, with individual patient
scans in each row. Patient 11 recurred 82 days after vaccine
initiation; Patient 9 recurred 147 days after vaccine initiation,
was treated surgically, and recurred 227 additional days (374
d total) after vaccine initiation. (from, Wheeler CJ, et al.:
Clinical responsiveness of glioblastoma multiforme to chemotherapy after vaccination. Clin Cancer Res 10:5316 –5326,
2004).

chemosensitivity of GBMs by using DC active immunotherapy to elicit fundamental physiological changes have been
demonstrated in current studies.

CLINICAL RESPONSIVENESS OF
GLIOBLASTOMA MULTIFORME TO
CHEMOTHERAPY AFTER VACCINATION
A novel approach for the treatment of recurrent malignant gliomas involves the use of cancer vaccines.52 Two
excellent reviews have recently described the clinical and
immunologic outcome of these vaccination studies in cancer
patients.15,42 There is controversy surrounding the clinical
efficacy of therapeutic cancer vaccines for the treatment of
any human tumor, as tumor destruction and/or extended
survival have not been consistently observed in cancer patients who have received vaccinations.17,26,43,54,110 The use of
passive, adoptive, and non-specific strategies yielded limited
benefits in previous immunotherapeutic treatments for gliomas56; such treatments involved intrathecal or intratumoral
administration of autologous lymphocytes, interleukin 2
(IL-2) and lymphokine-activated killer (LAK) cells, and interferons.24,36,48,49 The non-specific immune response that
those approaches generated was likely due to the absence of
a significant anti-tumor effect. Presently, DC cancer vaccines,
in most patients, reliably elicit tumor-reactive cytotoxic T
lymphocytes (CTL).8,26,41 In a subset of patients with glioblastoma, DC vaccination have been shown to induce a
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cytotoxic T cell response to autologous tumor and specific
tumor associated antigens.2,29,30,51,54,55 Induction of cytotoxic
memory T cells to localize in intracranial tumor in a subset of
patients was also demonstrated.54,55 It is unclear why tumor
recurs despite CTL induction by DC vaccination, however,
the processes of immunoselection and immunediting, which
allows tumor cells to escape from CTLs by antigen loss, is
one possibility.13,21 The potential synergies between immunotherapy and other therapies must, therefore, be investigated
due to the clinical inconsistency of cancer vaccines and the
effects of immunoselection on tumor evolution.34,39,51
Clinical trials conducted at Cedars-Sinai Medical Center51 and Brigham and Women’s Hospital18 examine the
synergy of vaccines with chemotherapy treatment. A retrospective analysis of clinical outcomes (survival and progression times) in 25 vaccinated (13 with and 12 without subsequent chemotherapy) and 13 non-vaccinated de novo
glioblastoma (GBM) patients receiving chemotherapy was
performed. Longer survival times and significantly longer
times to tumor recurrence after chemotherapy relative to their
own previous recurrence times, as well as to patients receiving vaccine or chemotherapy alone, was demonstrated in
patients who received post-vaccine chemotherapy (Fig. 41.4).
A dramatic response was demonstrated in two of these
patients who underwent treatment with temozolomide after
recurrence (Fig. 41.5). Therapeutic DC vaccination works in
synergy with subsequent chemotherapy to elicit tangible
clinical benefits for GBM patients mediated by sensitizing
tumor cells to therapeutic drugs after CTL immune selecting
to deplete drug resistant tumor cells. This is based on the
evidence that DC vaccinations induce specific CTL targeting
the drug resistance-related tumor-associated antigens and
clinical observations. These clinical trials strongly support
the concept for the use of immunotherapy to sensitize tumor
cells in chemotherapy.
REFERENCES
1. Akasaki Y, Kikuchi T, Homma S, et al.: Antitumor Effect of Immunizations With Fusions of Dendritic and Glioma Cells in a Mouse Brain
Tumor Model. J Immunother 24:106 –113, 2001.
2. Akasaki Y, Liu G, Chung NH, et al.: Induction of a CD4⫹ T regulatory
type 1 response by cyclooxygenase-2-overexpressing glioma. J Immunol 173:4352– 4359, 2004.
3. Albert ML, Pearce SF, Francisco LM, et al.: Immature dendritic cells
phagocytose apoptotic cells via alphavbeta5 and CD36, and crosspresent antigens to cytotoxic T lymphocytes. J Exp Med 188:1359 –
1368, 1998.
4. Albert ML, Sauter B, Bhardwaj N: Dendritic cells acquire antigen from
apoptotic cells and induce class I-restricted CTLs. Nature 392:86 – 89,
1998.
5. Banchereau J, Palucka AK, Dhodapkar M, et al.: Immune and clinical
responses in patients with metastatic melanoma to CD34(⫹) progenitorderived dendritic cell vaccine. Cancer Res 61:6451– 6458, 2001.
6. Banchereau J, Steinman RM: Dendritic cells and the control of immunity. Nature 392:245–252, 1998.
7. Bauman GSI, Ueki K, Zlatescu MC, Fisher BJ, Macdonald DR, Stitt L,
Louis DN, Cairncross, JG: Allelic loss of chromosome 1p and radio-

350

8.

9.
10.

11.

12.
13.
14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

therapy plus chemotherapy in patients with oligodendrogliomas. Int J
Radiat Oncol Biol Phys 48:825– 830, 2000.
Bodey B, Bodey B Jr, Siegel SE, et al.: Failure of cancer vaccines: The
significant limitations of this approach to immunotherapy. Anticancer
Res 20:2665–2676, 2000.
Bredel M, Zentner J: Brain-tumour drug resistance: The bare essentials.
Lancet Oncol 3:397– 406, 2002.
Cairncross JGU, Zlatescu MC, Lisle DK, Finkelstein DM, Hammond
RR, Silver JS, Stark PC, Macdonald DR, Ino Y, Ramsay DA, Louis DN:
Specific genetic predictors of chemotherapeutic response and survival in
patients with anaplastic oligodendrogliomas. J Natl Cancer Inst 90:
1473–1479, 1998.
Celluzzi CM, Falo LD Jr: Physical interaction between dendritic cells
and tumor cells results in an immunogen that induces protective and
therapeutic tumor rejection. J Immunol 160:3081–3085, 1998.
Dermime S, Armstrong A, Hawkins RE, et al.: Cancer vaccines and
immunotherapy. Br Med Bull 62:149 –162, 2002.
Dunn GP, Bruce AT, Ikeda H, et al.: Cancer immunoediting: from
immunosurveillance to tumor escape. Nat Immunol 3:991–998, 2002.
Ehtesham M, Kabos P, Gutierrez MA, et al.: Intratumoral dendritic cell
vaccination elicits potent tumoricidal immunity against malignant glioma in rats. J Immunother 26:107–116, 2003.
Figdor CG, de Vries IJ, Lesterhuis WJ, et al.: Dendritic cell immunotherapy: Mapping the way. Nat Med 10:475– 480, 2004.
Fisk B, Ioannides CG: Increased sensitivity of adriamycin-selected
tumor lines to CTL-mediated lysis results in enhanced drug sensitivity.
Cancer Res 58:4790 – 4793, 1998.
Fong L, Hou Y, Rivas A, et al.: Altered peptide ligand vaccination with
Flt3 ligand expanded dendritic cells for tumor immunotherapy. Proc
Natl Acad Sci U S A 98:8809 – 8814, 2001.
Gribben JG, Ryan DP, Boyajian R, et al.: Unexpected association
between induction of immunity to the universal tumor antigen CYP1B1
and response to next therapy. Clin Cancer Res 11:4430 – 4436, 2005.
Holladay FP, Lopez G, De M, et al.: Generation of cytotoxic immune
responses against a rat glioma by in vivo priming and secondary in vitro
stimulation with tumor cells. Neurosurgery 30:495–504, 1992.
Hsu FJ, Benike C, Fagnoni F, et al.: Vaccination of patients with B-cell
lymphoma using autologous antigen-pulsed dendritic cells. Nat Med
2:52–58, 1996.
Khong HT, Restifo NP: Natural selection of tumor variants in the
generation of “tumor escape” phenotypes. Nat Immunol 3:999 –1005,
2002.
Kikuchi T, Akasaki Y, Abe T, et al.: Intratumoral injection of dendritic
and irradiated glioma cells induces anti-tumor effects in a mouse brain
tumor model. Cancer Immunol Immunother 51:424 – 430, 2002.
Kikuchi T, Akasaki Y, Irie M, et al.: Results of a phase I clinical trial of
vaccination of glioma patients with fusions of dendritic and glioma cells.
Cancer Immunol Immunother 50:337–344, 2001.
Kruse CA, Cepeda L, Owens B, et al.: Treatment of recurrent glioma
with intracavitary alloreactive cytotoxic T lymphocytes and interleukin-2. Cancer Immunol Immunother 45:77– 87, 1997.
Kugler A, Stuhler G, Walden P, et al.: Regression of human metastatic
renal cell carcinoma after vaccination with tumor cell-dendritic cell
hybrids. Nat Med 6:332–336, 2000.
Lee KH, Wang E, Nielsen MB, et al.: Increased vaccine-specific T cell
frequency after peptide-based vaccination correlates with increased
susceptibility to in vitro stimulation but does not lead to tumor regression. J Immunol 163:6292– 6300, 1999.
Liau LM, Black KL, Prins RM, et al.: Treatment of intracranial gliomas
with bone marrow-derived dendritic cells pulsed with tumor antigens.
J Neurosurg 90:1115–1124, 1999.
Liau LM, Prins RM, Kiertscher SM, et al.: 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 11:5515–5525, 2005.
Liu G, Akasaki Y, Khong HT, et al.: Cytotoxic T cell targeting of TRP-2
sensitizes human malignant glioma to chemotherapy. Oncogene 24:
5226 –5234, 2005.
Liu G, Khong HT, Wheeler CJ, et al.: Molecular and functional analysis

© 2006 Lippincott Williams & Wilkins

Clinical Neurosurgery • Volume 53, 2006

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

42.
43.
44.

of tyrosinase-related protein (TRP)-2 as a cytotoxic T lymphocyte target
in patients with malignant glioma. J Immunother 26:301–312, 2003.
Liu G, Yu JS, Zeng G, et al.: AIM-2: a novel tumor antigen is expressed
and presented by human glioma cells. J Immunother 27:220 –226,
2004.
Mayordomo JI, Zorina T, Storkus WJ, et al.: Bone marrow-derived
dendritic cells pulsed with synthetic tumour peptides elicit protective
and therapeutic antitumour immunity. Nat Med 1:1297–1302, 1995.
Melguizo C, Prados J, Marchal JA, et al.: Modulation of HLA class I
expression in multidrug-resistant human rhabdomyosarcoma cells. Neoplasma 50:91–96, 2003.
Nair S, Boczkowski D, Moeller B, et al.: Synergy between tumor
immunotherapy and antiangiogenic therapy. Blood 102:964 –971, 2003.
Nestle FO, Alijagic S, Gilliet M, et al.: Vaccination of melanoma
patients with peptide- or tumor lysate-pulsed dendritic cells. Nat Med
4:328 –332, 1998.
Neuwelt EA, Clark K, Kirkpatrick JB, et al.: Clinical studies of intrathecal autologous lymphocyte infusions in patients with malignant
glioma: a toxicity study. Ann Neurol 4:307–312, 1978.
Newsham IF, Gorse KM, Rempel SA, et al.: Use of horizontal ultrathin
gel electrophoresis to analyze allelic deletions in chromosome band
11p15.5 in gliomas. Neuro-oncol 2:1–5, 2000.
Nielsen MB, Monsurro V, Migueles SA, et al.: Status of activation of
circulating vaccine-elicited CD8⫹ T cells. J Immunol 165:2287–2296,
2000.
Nowak AK, Robinson BW, Lake RA: Synergy between chemotherapy
and immunotherapy in the treatment of established murine solid tumors.
Cancer Res 63:4490 – 4496, 2003.
Pich A, Rancourt C: A role for intracellular immunization in chemosensitization of tumor cells? Gene Ther 6:1202–1209, 1999.
Rosenberg SA, Schwartzentruber DJ, Hwu P, Marincola FM, Topalian
SL, Restifo NP, Dudley ME, Schwarz SL, Spiess PJ, Wunderlich JR,
Parkhurst MR, Kawakami Y, Seipp CA, Einhorn JH, White DE: Immunologic and therapeutic evaluation of a synthetic peptide vaccine for the
treatment of patients with metastatic melanoma. Nat Med 4:321–327,
1998.
Rosenberg SA, Yang JC, Restifo NP: Cancer immunotherapy: moving
beyond current vaccines. Nat Med 10:909 –915, 2004.
Rosenberg SA, Yang JC, Schwartzentruber DJ, et al.: Immunologic and
therapeutic evaluation of a synthetic peptide vaccine for the treatment of
patients with metastatic melanoma. Nat Med 4:321–327, 1998.
Shtil AA, Turner JG, Durfee J, et al.: Cytokine-based tumor cell vaccine
is equally effective against parental and isogenic multidrug-resistant

© 2006 Lippincott Williams & Wilkins

45.

46.
47.
48.

49.

50.
51.
52.
53.

54.
55.
56.
57.

myeloma cells: the role of cytotoxic T lymphocytes. Blood 93:1831–
1837, 1999.
Siesjo P, Visse E, Sjogren HO: 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 19:334 –345, 1996.
Thurner B, Roder C, Dieckmann D, et al.: Generation of large numbers
of fully mature and stable dendritic cells from leukapheresis products for
clinical application. J Immunol Methods 223:1–15, 1999
Tjoa BA, Simmons SJ, Bowes VA, et al.: Evaluation of phase I/II
clinical trials in prostate cancer with dendritic cells and PSMA peptides.
Prostate 36:39 – 44, 1998.
Vaquero J, Martinez R, Barbolla L, et al.: Intrathecal injection of
autologous leucocytes in glioblastoma: circulatory dynamics within the
subarachnoid space and clinical results. Acta Neurochir (Wien) 89:37–
42, 1987.
Vaquero J, Martinez R, de Haro J, et al.: Adoptive immunotherapy in
glioblastoma multiforme: Experience with the use of intrathecal infusions of autologous leukocytes. Arch Neurobiol (Madr) 50:183–190,
1987.
Wakahara Y, Nawa A, Okamoto T, et al.: Combination effect of anti-Fas
antibody and chemotherapeutic drugs in ovarian cancer cells in vitro.
Oncology 54:48 –54, 1997.
Wheeler CJ, Das A, Liu G, et al.: Clinical responsiveness of glioblastoma multiforme to chemotherapy after vaccination. Clin Cancer Res
10:5316 –5326, 2004.
Yamanaka R, Yajima N, Abe T, et al.: Dendritic cell-based glioma
immunotherapy (Review). Int J Oncol 23:5–15, 2003.
Yang T, Witham TF, Villa L, et al.: Glioma-associated hyaluronan
induces apoptosis in dendritic cells via inducible nitric oxide synthase:
implications for the use of dendritic cells for therapy of gliomas. Cancer
Res 62:2583–2591, 2002.
Yu JS, Liu G, Ying H, et al.: Vaccination with tumor lysate-pulsed
dendritic cells elicits antigen-specific, cytotoxic T-cells in patients with
malignant glioma. Cancer Res 64:4973– 4979, 2004.
Yu JS, Wheeler CJ, Zeltzer PM, et al.: Vaccination of malignant glioma
patients with peptide-pulsed dendritic cells elicits systemic cytotoxicity
and intracranial T-cell infiltration. Cancer Res 61:842– 847, 2001.
Zeltzer PM, Yu JS, Black KL: Immunotherapy of malignant brain
tumors in children and adults. Childs Nerv Syst 15:514 –528, 1999.
Zou JP, Morford LA, Chougnet C, et al.: Human glioma-induced
immunosuppression involves soluble factor(s) that alters monocyte cytokine profile and surface markers. J Immunol 162:4882– 4892, 1999.

351

