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Excitement has recently been generated by the
FDA’s licensing of Provenge for the treatment of
prostate cancer [1], the first vaccine therapy in

oncology. In contrast to systemic organs, the brain
has conventionally been thought of as an immune
privileged site and so less amenable to
immunotherapy. This resistance is due to the
excluding effect of the blood brain barrier (BBB), the
lack of lymphatics, the muting effects of the high
levels of immunoregulatory cells and poor antigen
presentation due to the low levels of the relevant
major histocompatibility complex (MHC) molecules.
More correctly however, the brain should be thought
of as a site of specialised immune surveillance.
Activated T lymphocytes have the ability to cross the
BBB, there is evidence of complement system activity
and functional B cells have been found in the central
nervous system (Figure 1). Most approaches to the
immunotherapy of brain tumours have attempted to
enhance the activity of T lymphocytes. It is therefore
important to understand the mechanics of this system.

Glioma specific antigens finding their way into the
systemic circulation are recognised by ‘professional’
antigen presenting cells, particularly dendritic cells.
Activated dendritic cells acquire expression of co-
stimulatory molecules (CD80/CD86) and migrate to
regional lymph nodes. They process glioma antigens
as small peptides and present them in association
with MHC molecules to naïve T cells, which are then
activated to become either T-helper, or T-killer cells.
They also induce clonal expansion. In turn these
immunoactive lymphocytes can cross back into the
brain to take part in the immune response against
cells in the glioma expressing the relevant antigen [2]
(Figure 2). 

Gliomas have a well-recognised ability to
emasculate the immune response and can both
evade and suppress the immune system in a variety

of ways. Antigen recognition is made less effective
either through poor expression of MHC molecules or
failure of the necessary co-stimulation. The tumour
itself can secrete a variety of immunosuppressive
factors including TGF-β, IL-10 and PGE-2. These
render the activated T cells less effective whilst at the
same time enhancing the aggressive characteristics
of the tumour. Also, there is an accumulation of
CD4+ regulatory T cells (Tregs), whose normal role
is the maintenance of homeostasis. However, in this
situation they can overly suppress an appropriate
immune response. 

From this brief introduction it can be appreciated
that it might be possible to enhance the influence of
the immune system, either through stimulation or by
overcoming the glioma’s immunosuppressive effects.

Glioma immunotherapy
Immunostimulation
Primitive, early attempts at immunotherapy for
glioblastoma (GBM) were based on an attempt at
‘global immunostimulation’, using agents such as
BCG and Imuvert, derived from a Serratia bacterium.
Not surprisingly, this unfocussed approach was
unsuccessful and subsequent attention switched to
the more directed immunostimulant effect of specific
cytokines. 

T-Helper cells (Th) secrete cytokines of different
classes. The Th1 class, which is of prime interest,
includes the interferons (IFN-α, IFN-γ) and
interleukins (IL-2 and IL-12) that promote cell
mediated immune responses. In contrast, the Th2
class, (including IL-4) and Th3 (including the TGF
family) are largely immunosuppressive. In the 1990’s
experiments were performed using recombinant IFN-
α, IFN-γ and IL-2 on the basis that they would up-
regulate glioma-associated and MHC antigens, and
would promote the recruitment and activation of
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Figure 1: An H&E stained section of a glioblastoma, showing lymphocyte infiltration and macrophages (arrowed).
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leukocytes. Systemic administration, often
with co-administration of lymphokine-
activated killer (LAK) cells, and direct
intratumoural injection studies were
performed without success, though the design
and power of these trials could be criticised.
Furthermore there was an increase in toxicity
and the approach has largely been abandoned
[3]. A more sophisticated approach has used
vectors including viruses, neural stem cells
and marrow stromal cells, molecularly
engineered to deliver interleukins 2,4,12 and
23. Some success has been seen in animal
glioma models and early encouraging pilot
studies in humans await confirmation [4].

Passive antibody mediated
immunotherapy
Differences exist between normal and
malignant cells in the concentration and
structure in certain protein-carbohydrate
complexes on the cell surface. These can be
targeted by monoclonal antibodies, which are
considered to be agents of passive
immunotherapy, since they do not directly
invoke the patient’s own immune system.
They can be used alone or linked to a cytotoxic
agent. A typical example is EGFR, which is
over-expressed in up to 50% of patients with
GBM and mutated in 40%. A limitation of this
approach is the relatively poor penetration of
these agents into the tumour and trial results
are mixed [5]. A similar approach targeting the
vasculature (with Bevacizumab) has been
more promising [6].

Adoptive antigen specific T cell therapy
One method of avoiding the immuno-
suppressive influence of the glioma is to
extract naïve T cells and to expand and
activate them ex vivo against tumour
antigens in an optimal environment. These
activated cells (e.g. IL-2 activated killer
cells; LAKs) are then re-infused systemically
or intratumourally. Early reports of this
approach were disappointing with little
improvement in outcome and considerable
toxicity. However, more recent and refined
studies are more encouraging and phase 2
studies are in progress [7].

Active immunotherapy –
therapeutic vaccines
Recently, researchers have returned to active
immunotherapy as a treatment approach,
only now with more specific and potent
vaccines. Active immunotherapy involves
initiating or enhancing natural immunity in
vivo by vaccinating against tumour antigens.
The aim is to induce tumour-specific effector
and memory T cells and hence to control
tumour growth. There are two main
strategies: dendritic cell-based and peptide-
based vaccines.

Dendritic cell vaccines
We saw in the introduction that the initial
step in the immunisation process is the
activation of dendritic cells by glioma

antigen. This process can be very inefficient
and, hence, an interest developed in
producing vaccines comprising dendritic
cells that have been activated ex vivo under
ideal conditions prior to vaccination and so
represent a potent ‘second step’ vaccine. 

Dendritic cells can be cultured from bone
marrow or peripheral blood monocytes.
They are then co-cultured for loading with
an appropriate tumour-derived antigen. In
various experiments the antigen has been
provided by whole tumour cells, tumour cell
lysates, MHC restricted peptides, acid eluted
tumour peptides and tumour RNA and
cDNA. Maturation may be encouraged ex
vivo using TNF-α, IL-1 and PGE2 or the
immature, loaded cells can be injected
directly and allowed to mature in vivo.

Numerous studies have been undertaken
using this approach to therapy. Although the
outcome in terms of response is not yet clear,
some consistent data has been obtained.
Where tumour resection has been possible
after vaccine therapy an increase in the
number of tumour infiltrating lymphocytes
has been seen in many of the tumours. This
correlates best with those patients that are
younger, have the lowest tumour burden, are
without evidence of tumour growth at the
time of vaccination and who have low levels
of TGF-β. These patients also seem to have
better survival characteristics compared to
unvaccinated peers with similar
demographics, promoting considerable
optimism for this strategy [8].

Peptide vaccines
The ideal vaccine for glioblastoma would
comprise a mix of strongly immunogenic
peptides that are over-expressed in the
majority of gliomas (c.f. normal brain cells)
and are also present in glioma stem cells.
The advantage of such a vaccine is the
potential use of high doses of well-defined
immunogens selected on criteria of
expression and immunogenicity. The use of
multiple peptides would help overcome the
problems of heterogeneous expression of any
one antigen, genetic instability in the tumour
and loss of a targeted antigen due to
therapeutic intervention (known as
‘immunoediting’). Ideally of course the
targeted antigen(s) would be ‘tumour
specific’ rather than ‘tumour associated’ in
type. However, only a few of the former have
been recognised in GBM.

Vaccines of this type are usually injected
intradermally, typically in association with
an immune stimulant such as GM-CSF, in
order to activate dendritic cells. Once
activated the immune response proceeds as
outlined in the introduction. 

The most clinically advanced vaccine of
this type comprises a peptide fragment
(PEPvIII) that spans the novel lysine
junction of the tumour specific truncated
epidermal growth factor receptor (EGFRvIII).
This has been used to generate a dendritic
cell vaccine and more recently has been
injected directly as a peptide vaccine.
Promising early results in a phase 2 study

Figure 2: Tumour antigen enters the systemic circulation where it is recognised by peripheral dendritic cells.
Activated dendritic cells mature en route to the regional lymph nodes where, as mature antigen presenting cells,
they activate naïve T cells which in turn migrate to the antigen source within the brain.
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using the peptide vaccine have led to the initiation of a
randomised phase 3 study[9].

An alternative to the single tumour specific peptide
approach is one using multiple peptides. IMA950 contains 11
tumour associated peptides (TUMAPs) and one viral peptide
marker. Nine TUMAPs were isolated directly from resected
GBM samples and were selected on the basis of their
functional relevance, over-expression, and proven
immunogenicity in T cell assay. Meaningful toxicity and
efficacy experiments in animal systems cannot be done and
this agent has gone directly into early clinical trial in patients
with newly diagnosed, resected GBM. The aim of these early
experiments, the first of their kind in the UK, is to examine
safety and to see whether a meaningful T-cell immune
response is generated [10].

Reversing Immunosuppression
For activated T cells to function optimally against the tumour,
attempts should be made to reduce local immunosuppression.
Although this is not proving easy, some attempts have been
made including the use of intratumoural antisense
oligonucleotides (against TGF-β) and the modification of T-reg
activity with anti CD-25 monoclonal antibodies [11]. Such
studies are in their infancy but some early indicators of success
are giving rise to optimism.

Summary
From this brief article it can be seen that the field of
immunotherapy in malignant glioma carries considerable
promise. However, immune response to neoplasia is extremely
complex and we would be naïve to think that our early
experiments will bring spectacular results. It will only be
through the performance of detailed studies, designed to
enhance our understanding to the point that we can optimise
our vaccination strategy, that real progress will be made.
However, as we have seen in prostate cancer, at some time in
the future we may hope for the introduction of a successful
vaccine therapy against malignant glioma, most likely in
combination with reversal of immunosuppression. n
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