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Although technical advances have resulted in marked 
improvements in the ability to diagnose and surgically treat primary 
brain tumors, the incidence and mortality rates of these tumors are 
increasing [1]. The present standard treatment modalities following 
surgical resection including cranial irradiation and systemic or local 
chemotherapy each have serious adverse side effects. The few long-
term survivors are inevitably left with cognitive deficits and other 
disabilities [2,3]. The difficulties in treating malignant gliomas can be 
attributed to several factors. Glial tumors are inherently resistant to 
radiation and standard cytotoxic chemotherapies [4,5]. The existence 
of blood-brain and blood-tumor barriers impedes drug delivery to the 
tumor and adjacent brain infiltrated with tumor. The low therapeutic 
index between tumor sensitivity and toxicity to normal brain severely 
limits the ability to systemically deliver therapeutic doses of drugs to 
the tumor. 

Antigenic differences between normal and malignant cells of the 
cancer patient form the rationale for clinical immunotherapeutic 
strategies. Because the antigenic phenotype of neoplastic cells 
varies widely among different cells within the same malignant cell-
population, immunization with a vaccine that stimulates immunity 
to the broad array of tumor antigens expressed by the cancer cells is 
likely to be more efficacious than immunization with a vaccine for a 
single antigen. A vaccine prepared by transfer of DNA from the tumor 
into a highly immunogenic cell line can encompass the array of tumor 
antigens that characterize the patient’s neoplasm. Poorly immunogenic 
tumor antigens, characteristic of malignant cells, can become strongly 
antigenic if they are expressed by highly immunogenic cells. The 
enhanced immunotherapeutic properties of a vaccine prepared by 
transfer of a cDNA expression library derived from breast cancer 
cells into a mouse fibroblast cell line appears to have great potential 
in treatment of intracerebral tumors [6]. As the transferred cDNA 
integrates spontaneously into the genome of the recipient cells, 
replicates as the cells divide and is expressed, the vaccine could be 
prepared from small amounts of tumor tissue, enabling treatment at an 
early stage of the disease, when tumor tissue is available in only limited 
amounts and the tumor is most susceptible to immune-based therapy. 
However, like other cellular tumor vaccines, only a small proportion 
of the transfected cell population was expected to have incorporated 
cDNA fragments that specified tumor antigens. A novel enrichment 
strategy has also been developed to increase the proportion of 
immunotherapeutic cells in the vaccine [7]. Finally, regulatory T cells 
(CD4+CD25+Fox p3+-positive) were found to be relatively deficient in 
the spleen cells from the tumor-bearing mice injected intracerebrally 
with the enriched vaccine. 

A number of other different strategies have been attempted 
to develop vaccines that generate enhanced anti-tumor immune 

responses in mice and patients with intracerebral neoplasms involving 
the central nervous system. Vaccines have been prepared by “feeding” 
antigen presenting (dendritic) cells apoptotic bodies from tumor 
cells or tumor cell lysates. Introduction of tumor cell-derived RNA 
into dendritic cells is another approach which has been developed. 
Immunization with dendritic cells “fed” derivatives of tumor cells or 
transfected with tumor-RNA can result in the induction of immune 
responses against the broad array of tumor antigens expressed by the 
population of malignant cells including tumors of neuroectodermal 
origin [8,9]. In patients, immunization with autologous dendritic 
cells transfected with mRNA from malignant glioma elicited tumor-
specific CD8+ cytotoxic T-lymphocyte (CTL) responses against the 
patient’s malignant cells [10]. Novel and more specific targets such 
as glioma stem-like cells have been shown to increase the success of 
dendritic cell immunotherapy [11]. Although results of dendritic 
cell immunotherapy have demonstrated promise in animal models, 
clinical trials have demonstrated relatively short benefits or limited to a 
minority of treated patients [12]. 

Other tumor vaccination strategies have been used including 
modification of neoplastic cells to generate anti-tumor immune 
responses. Immunization with tumor cells modified to secrete 
immune-augmenting cytokines such as IL-2 and GM-CSF has resulted 
in the development of generalized MHC-restricted anti-tumor immune 
responses in animal models [13-21]. Selective tumor regression was 
observed in experimental animals receiving immunotherapy alone, 
in support of the potential of this type of treatment for patients 
with malignant disease. The effects of cytokine expression by central 
nervous system tumors (CNS) were examined initially using glioma 
cells that were engineered to secrete IL-4 [21]. In these studies, it 
was demonstrated that IL-4 transduced glioma cells resulted in the 
development of anti-tumor immune responses. Delivery of an IFN-β 
expression plasmid by cationic liposomes to the CNS tumor site was 
also found to induce significant anti-CNS tumor immunity in pre-
clinical models [22]. Use of a high-titer adenoviral vector encoding 
IL-12 is another strategy that was reported to induce anti-tumor 
responses in a glioma model [23]. Epidermal growth factor variant III 
is a common alteration of the epidermal growth factor receptor found 
in human tumors, and a peptide vaccine has now proceeded to phase 
1 and 2 clinical trials in patients bearing a malignant glioma with the 
ability of inducing potent T- and B-cell immunity and prolongation 
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of survival [24,25]. To specifically target natural killer cell activity 
against gliomas, cells capable of expanding human natural killer cells 
(NK-92/5.28.z cells which express an ERbB2-specific chimeric antigen 
receptor) have been shown to significantly prolong survival of mice 
with an intracranial tumor [26]. Semi-allogeneic vaccines produced by 
fusion of a tumor line with an allogeneic cell line have been shown to 
prolong survival in mice with an intracranial tumor when the irradiated 
cells were injected subcutaneously [27].

Tumor cells may evade immune responses by losing expression 
of antigens or major histocompatiblity complex (MHC) molecules or 
by producing immunosuppressive cytokines. In addition, T cells that 
recognize self-antigens may differentiate into suppressor or regulatory 
cells, which inhibit the activation and/or functions of effector cells. 
Primary brain tumors along with tumors metastatic to the brain have 
been found to express a variety of immunosuppressive mechanisms 
that may be targeted for therapeutic gain [28,29]. The inhibitory 
effects of suppressor cells may be mediated by cytokines; in particular 
interleukin-10 and TGF-β are two examples of such cytokines. 
Successful methods to induce immunity to TAAs along with the use 
of checkpoint inhibitors [29,30], which target immune cell receptors 
that interfere with the activation of immune effector cells, could lead 
to tumor cell destruction and prolong the survival of cancer patients. 

The ultimate goal of cancer therapy is the elimination of every 
remaining tumor cell from the patient. It is unlikely that a single form 
of therapy is capable of achieving this goal. However, immunotherapy 
in combination with surgery, radiation therapy and chemotherapy 
will likely find a place as a new and important means of treatment for 
patients with brain tumors. Further research involving the development 
of immunotherapeutic strategies that optimize immunogenicity and 
target tumor adaptive immunosuppressive factors in patients with 
brain tumors is needed. 
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