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The relative ineffectiveness of current therapies for malignant
gliomas has led to the need for novel therapeutics. Therapies
based on biologic modifiers are among a variety of cancer
treatments currently in use or under experimental evaluation
and have shown great promise, especially since several potent
stimulators of the immune system have been cloned and are
now available for clinical use. Early attempts at glioma therapy
based on biologic modifiers, however, have failed to
demonstrate significant effectiveness. In this review, we select
and summarize the results of preclinical and clinical studies
published during the past two years that focus on
immunotherapy and biologic modifiers for treating gliomas.
Despite limited clinical success, we conclude that an
increased understanding of molecular biology and immunology
from recent studies may pave the way for more effective
approaches. Curr Opin Oncol 15:204-208 © 2003 Lippincott Williams &
Wilkins.
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Introduction

Malignant gliomas are the most commonly diagnosed
primary brain tumors, with 16,800 new cases reported
each year in the United States and 13,100 deaths [1].
Despite aggressive surgical resection and external beam
irradiation, the median survival time for these patients is
less than one year [2,3]. The addition of systemic che-
motherapy may improve survival slightly, but such che-
motherapy is associated with significant systemic toxic-
ity. The relative ineffectiveness of current therapies for
malignant gliomas has led to a widespread search for
novel therapeutics.

Among the cancer treatments currently in use or under
experimental evaluation, advances in molecular biology
have spurred intense interest in strategies aiming at us-
ing the body’s own defenses to fight cancer especially as
many potent biologic modifiers have been cloned and are
now available for use. By enhancing normal biologic pro-
cesses, biologic modifiers can change the environment of
cancerous cells and lead them to death or they can trigger
the body’s immune response toward cancer cells. The
role of the immune system in the response to CNS tu-
mors, however, still remains unclear.

It is well known that the blood—brain barrier (BBB) is
capable of both limiting antigen escape from and lym-
phocyte entry into the CNS. For many years it was be-
lieved that this barrier and the limited availability of
antigen presenting cells (APCs) actively prevented any
interaction between the immune system and the brain
parenchyma. In recent years, however, the results of sev-
eral studies indicate that the immune system may play
an important role in the body’s natural response to brain
tumors. The breakdown of the BBB that occurs with
both malignant and metastatic brain tumors clearly
causes infiltration of inflammatory cells within the prox-
imity of the tumor. Moreover, there is evidence that ac-
tivated 'T" cells can cross the BBB and enter the CNS [4].
The identification of tight connections between the
CNS and the immune system through cervical lymphat-
ics has further demonstrated that both the afferent and
efferent arms of the immune system are functional and
that passage of lymphocytes into the CNS can occur via
expression of specific adhesion molecules [5,6]. Taken as
a whole, the results of these studies clearly indicate that
the immune system plays an important although not
fully understood role in the response to brain tumors.
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In the present review, we select and summarize the re-
sults of preclinical and clinical studies published during
2001 and 2002 that focus on immunotherapy and biologic
modifiers for treating gliomas.

Biologic findings

Cytokines

Cytokines are nonantibody proteins secreted by inflam-
matory leukocytes (and some nonleukocytic cells) that
act as intercellular mediators, most often locally in a para-
crine or autocrine fashion rather than an endocrine fash-
ion. Cytokines play important roles in lymphocyte acti-
vation. Recent observations have strengthened the idea
that the immune system’s failure to recognize tumor
cells may be attributed to tumor-associated cytokine dys-
regulation. Different T helper (Th) lymphocyte subsets
secrete cytokines whose properties vary with the nature
of the immune response generated. Thl cytokine class,
such as interferon y (IFN- ), interleukin-1 (IL-1), IL.-2,
IL-12, TL.-15, lymphotoxin (I.'T), and tumor necrosis fac-
tor-a (NF-a) promote cell-mediated immune re-
sponses and are capable of exerting antitumor effects. A
recent study showed that high levels of the pro-
inflammatory cytokine IL-1B within glioblastomas are
associated with prolonged survival, suggesting that this
cytokine is capable of suppressing tumor growth [7]. More-
over, a number of studies have shown that local delivery
of the cytokines IL.-2, 11.-12, and GM-CSF can generate
an antitumor immune response and, consequently, sup-
press tumor growth even within the CNS [8-18].

"T'h2 class cytokines, such as IL-4, IL-6, 11.-9, IL.-10, and
IL-13 stimulate humeral immune responses and thus
down-regulate tumor-specific immunity. Other cyto-
kines, belonging to the Th3 class and including mem-
bers of the transforming growth factor (T'GF) family, are
strongly immunosuppressive.

The well-known, immune-suppressive intratumoral mi-
lieu of gliomas is partially owing to the action of cyto-
kines. Malignant gliomas appear to secrete Th2 (IL-6,
IL.-10) and 'Th3 (transforming growth factors) cytokines
whose immunosuppressive properties may abrogate cy-
totoxic anti-tumor immune responses [19-21]. A recent
study confirmed the dominant expression of Th2/Th3
cytokines in human glioblastomas. This dominant ex-
pression accounts for the “immunosuppressive status” of
these tumors [22]. Type beta transforming growth factor
(TGF-B) is produced by human GBM cell lines and
TGF-B mRNA has been demonstrated in experimental
rat glioma cells iz situ [23]. TGF-B appears to be in-
volved in the suppression of antitumor immune surveil-
lance and the regulation of angiogenesis in anaplastic
gliomas [24]. Finally, survival is prolonged in glioblastoma
patients with low levels of intratumoral TGF-B2 [7].
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T'he role of the pleiotropic cytokine 11.-6 in glioma pro-
gression 1s controversial. Under physiologic conditions,
IL-6 expression within the CNS is very low but becomes
significantly elevated in pathologic conditions, including
brain tumors. IL.-6 has been recognized as a potent au-
tocrine growth factor in human glioblastoma multiform
cell lines [21]. A recent study showed that glioblastomas
display significantly higher IL.-6 levels compared with
lower-grade gliomas, suggesting that IL.-6 overexpres-
sion is a marker of malignancy [25]. More recently, it has
been reported that the expression of 11.6 may correlate
with resistance to ionizing radiation [26]. However, T9
glioblastoma cells genetically modified to express 11.-6
are less tumorigenic when implanted into the brains
of syngeneic animals, presumably due to a neutrophil-
dependent antitumor response [27]. Recently, an iz vitro
study demonstrated that the Fas-Fasl. system induces
IL-6 expression by CRT-MG glioma cells in a time- and
dose-dependent manner [28]. In addition, glioblastoma
samples were found to contain high levels of IL.-6, which
correlates with increased Fas levels [28].

Interferons

Interferons have held great promise in preclinical glioma
studies. IFN-B exerts its antitumor effects by inhibit-
ing glioma growth in S-phase, enhancing NK cell and
cytotoxic T-cell activity, and synergizing with chemo-
therapeutic agents such as nitrosoureas. An additional
mechanism relies on the enhancement of macrophage
cytotoxicity toward glioma cells. Recent studies have
demonstrated that macrophage activation is mediated by
inducible nitric oxide synthase (iNOS) induction and the
production of nitric oxide (NO)[29,30]. A recent study
has also shown that there is a significant increase of
iNOS expression and NO production at the immuniza-
tion site and within brain tumors of rats immunized with
rat glioma cells engineered to produce IFN-y [31]. How-
ever, due to its pleiotropic effects, the full role of NO in
the immune response is not completely understood.

Microglia and MHC Il class molecules

In both human and experimental gliomas, a high propor-
tion of macrophage/microglia cells reside around or
within the tumor. Many such phagocytes are presumably
derived from intrinsic microglia, but the exact role of
these cells within gliomas has become very controversial.
Microglia cells are considered the main immune effector
cell population within the CNS. They are the primary
cells capable of antigen presentation to T cells patrolling
the CNS [32ee]. This function, however, appears to be
compromised by gliomas partially because of a down-
regulation of the major histocompatibility complex
(MHC II) class molecule presentation by microglia cells.
Glioma culture supernatants are capable of down-
regulating MHC II expression, but this can be reversed
by anti-IL.-10 antibodies and indomethacin. Thus, glio-
mas appear to be capable of suppressing the competence
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of microglial-specific antigen presentation [32ee]. More-
over, microglia have been recently identified as a major
source of Fasl. expression suggesting, given the pro-
posed role of Fasl. on immune escape, an additional
contribution to the local immune suppressive status of
gliomas [33]. Additional evidence suggests that microglia
may support tumor cell migration and infiltration [34].

Malignant glioma cells also express MHCII class mol-
ecules suggesting that they may be capable direct anti-
gen presentation to CD4+ T cells. Soos er al. [35] re-
cently demonstrated that glioma cell stimulation by
IFN-y up-regulates MHC II expression through the ac-
tivation of the MHC class II transactivator (CII'TA), the
key intermediate that controls class Il expression. They
also found that glioma cells can process native antigens
for presentation to CD4 (+) MHC class II-restricted Th1
cells [35]. Thus, CII'TA may be a key target for future
malignant glioma therapeutics.

Telomerase

Telomerase, a ribonucleoprotein enzyme, is another po-
tential target for cancer treatment. Telomerase activity
within malignant gliomas is greatly increased, while ex-
pression in normal brain is nearly absent. Telomerase
expression is tightly regulated at the transcriptional level
by human telomerase reverse transcriptase (h'TERT).
T'wo different approaches to telomerase-based therapies
have been proposed [36ee]. One approach involves the
direct inhibition of the telomerase activity, which indi-
rectly leads to apoptosis. The other aims at targeting
telomerase-expressing cells to selectively kill tumor
cells. This strategy includes, among others, immuno-
therapy as well as gene therapy transfer of suicide genes
under the control of the h"TERT promoter [37-40].

Immunotherapy

Many immunologic approaches have been proposed for
treating gliomas. The advent of recombinant DNA tech-
niques first opened the doors to nonspecific immune
therapy strategy via the administration of cytokines.
These immune adjuvants have been administered sys-
temically to boost the immune response in patients har-
boring brain tumors. A recent study has determined both
the safety and efficacy of high-dose intravenous recom-
binant I1.-2 therapy for treating patients with brain me-
tastases from renal cell carcinoma and melanoma. Treat-
ment, however, was associated with significant dose-
related adverse effects, which must be monitored
closely. Nevertheless, this study has determined that se-
lected patients can safely receive high-dose IL-2 therapy
and have a clinically significant response to the treat-
ment [41]. Systemic administration of cytokines for the
treatment of primary brain tumors, however, has not pro-
duced similar results. Conversely, direct local injection
often results in considerable toxicity. For instance, intra-
thecal administration of IFN-a in a group of patients

affected by neoplastic meningitis showed modest thera-
peutic results associated with considerable toxicity [42].

In an attempt to more closely mimic their natural bioac-
tivity, cytokines are generally delivered locally either by
implanting genetically transduced cells or by using
in vive gene transfer techniques. Genetically engineered
cells acting as a sort of biologic pump could deliver bio-
logic modifiers in a paracrine fashion. Intratcumorally in-
jected allogeneic fibroblasts genetically engineered to
secrete 11.-2 were effective in the treatment of estab-
lished primary and metastatic brain tumors in mice
[43,44]. INF-B has been successfully delivered to the
CNS by using bone marrow cells [45]. Most exciting is
the current work with neural stem cells. Recently, neural
stem cells were successfully engineered to deliver 11.-12
[46]. Given the highly tropism for glioma cells displayed
by neural stem cells, this vehicle represents an appealing
modality of tracking infiltrating tumor cells [47,48].

Tumor cells can be genetically engineered using either
in vive or ex vivo gene transfer techniques to express not
only cytokines but also co-stimulatory molecules (B7-1,
B7-2) or MHC molecules. In addition, tumor cells can be
genetically modified to produce antisense molecules
against glioma-derived immunosuppressive factors such
as TGF-B. Tumor cells ex vivo transfected to express
antitumor biologic modifiers must be re-injected into the
brain. This strategy combines the potential of the vacci-
nation (active immunotherapy) with the actions exerted
by the biologic modifier. The use of tumor cells how-
ever, raises obvious concerns about the possibility of in-
troducing active tumor. To address this issue, neoplastic
cells after gene transfection undergo irradiation thereby
inhibiting any further cell division and the onset of
secondary tumors. Furthermore, irradiation (200 Gy)
of tumor cells genetically transduced to express either
GM-CSF, or 11.-12, or B7-2 molecule does not appear to
alter therapeutic gene expression [49]. On the other
hand, most cells are not viable by the tenth day after
irradiation, suggesting the possible need for multiple
vaccinations [49].

Although highly effective, the above strategies often fail
to eradicate established tumors. Inadequate antigen pre-
sentation is one of the proposed mechanisms underlying
incomplete tumor eradication obtained by cytokine-
based immunotherapy. To facilitate antigen presenta-
tion, Iwadate er /. [50] proposed a strategy based on
subcutaneous vaccination with replication-incompetent
tumor cells and local transplantation of IL-2 secreting
cells at the tumor site. This combinatory strategy has
proven effective in eliminating established brain tumors.
In their experiments, locally delivered 11.-2 from either
genetically engineered 9L cells or xenogenic neuroblas-
toma cells seems to act as a chemo-attractant for acti-
vated T cells with tumor-specific cytotoxicity. On the
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other hand, glioma cell exposure to professional antigen-
presenting cells such as the dendritic cells, which are
abundant in subcutaneous tissues, is essential in priming
effector T cells. The up-regulation of MHC class I an-
tigen may also be involved in this mechanism [50].

Many practical considerations, however, may ultimately
prevent the translation of gene therapy strategies for the
local delivery of cytokines or other biologic modifiers
into clinical use. Indeed, the /# virro gene-transduction
process is not uniformly successful and can require up to
several months to perform successfully. Transduced cells
must then be selected and re-implanted, necessitating a
second surgical operation. Furthermore, /#z vivo gene
therapy models utilizing viral vectors encoding cytokine
genes are limited by the low efficiency of /# vivo gene
transfer. Therefore an alternative approach have been
developed based on the controlled local release of cyto-
kines using synthetic, biodegradable polymers. Hanes
et al. [51] have developed a method to encapsulate 11.-2
into microspheres composed of gelatin and chondroitin-
6-sulfate. This polymeric system has proven to be ca-
pable of delivering active recombinant IL.-2 in a con-
trolled fashion following intratumoral injection for up to
21 days i vive. 11.-2 releasing microspheres have also
shown to be at least equally effective in treating animals
bearing either primary or metastatic brain tumors as I1.-2
transduced tumor cells. The process of manufacturing I1.-2
microspheres is relatively easy and may provide a more
controlled product as compared to genetically engineered
cells. The use of a synthetic system should greatly fa-
cilitate the eventual translation of cytokine-based immu-
notherapeutic approaches into the clinical field.

Passive immunotherapy is based on the administration of
antibodies directed against tumor-specific antigens. Pre-
clinical studies have identified several glioma antigens
and consequently several specific monoclonal antibodies
have been produced. These antibodies can be conju-
gated with drug, toxin, or radioisotope. Grana ez a/. [52]
have described an interesting three-step radioimmuno-
therapy method as an alternative to the intralesional in-
jection of radiolabeled antitenascin monoclonal antibod-
ies previously proposed by Riva er a/. [53-55]. This
system exploits the high affinity of the avidin-biotin
complex. In the first step, the patient is injected with
biotinylated monoclonal antibodies against tenascin. In
the second step, streptavidin is injected and binds to the
biotinylated antibodies over the tumor surfaces. In the
third step, radiolabeled Yttrium-90 biotin is injected to
target streptavidin molecules. Preliminary clinical obser-
vations using this method have shown encouraging re-
sults without major side effects [52]. According to the
authors, this system has the advantage of decreasing the
load of targeting monoclonal antibodies, while at the
same time increasing the specific delivery of the radio-
active agents to the target.
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Adoptive immunotherapy is based on effector cell tar-
geting. Autologous lymphocytes, derived from peripheral
blood or from the tumor, are pulsed either with 11.-2
(Lymphokine-Activated Killer cells or LAKSs) or with au-
tologous tumor cells and then re-infused intravenously or
intratumorally. Recently, there has been great interest in
using adoptive dendritic cells derived from peripheral
blood and pulsed 77 vitro with relevant tumor antigens to
generate C'TL response that is tumor specific [56]. In an
interesting study, Yoshida e7 «/. [57] generated mature
dendritic cells from peripheral blood mononuclear cells
(PBMC) of patients affected by a variety of malignant
brain tumors using GM-CSF, 1L.-4, and TNF-a. Den-
dritic cells were then pulsed with autologous tumor ly-
sate prepared from freshly resected brain tumors. After
pulsation with tumor lysate, dendritic cells were shown
to induce cytotoxic 'T' lymphocytes, and produce a strong
and specific antitumor effect [57]. In a recent clinical
phase I trial, dendritic cells from patients bearing high-
grade gliomas were pulsed with peptides eluted from the
surface of autologous tumor cells. Patients subsequently
underwent biweekly intradermal injection of peptide
pulsed dendritic cells. This technique elicited systemic
cytotoxicity in four of seven patients. In two patients
who underwent re-operation, a strong cytotoxic and
memory-T" cell infileration was detected in the tumor
bed. This study demonstrated the safety and potential
bioactivity of this novel approach [58].
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