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High-grade glioma is associated with an 
extremely poor prognosis despite standard 
treatment with surgery, radiotherapy and 
chemotherapy. There is a pressing need to 
develop more effective treatments. Recent 
advances in immunotherapy for solid can-
cers have invigorated the search for an 
effective immunotherapy for glioma. There 
are many formidable obstacles such as the 
need to break tolerance to self-antigens and 
overcome tumor-induced immune suppres-
sion. Another fundamental problem is the 
fact that the optimum antigen targets for 
T-cell-based glioma immunotherapy remain 
unknown. Until recently, glioma immuno-
therapies reaching clinical translation have 
mainly targeted unselected antigens derived 
from autologous tumor tissue or defined self-
antigens overexpressed in tumor relative to 
normal tissues (tumor-associated antigens 
[TAAs]). Theoretically, the ideal targets for 
cancer immunotherapy would be the prod-
ucts of tumor-specific mutations not previ-
ously encountered by the host immune sys-
tem. Recent literature linking the success of 
checkpoint blockade in melanoma patients 
with responses directed at neoantigens has 
added weight to this idea. One described 
glioma neoantigen, EGFRvIII, is already 
at an advanced stage of assessment in clini-
cal trials. However, with respect to glioma 
immunotherapy, the relative importance of 
targeting neoepitopes as opposed to TAA 
is not yet clear. Compared with other solid 
cancers, glioma harbors a relatively low num-

ber of mutations, reducing the likelihood of 
immunogenic neoepitopes [1].

Other fundamental but unresolved ques-
tions concern the optimum number and 
MHC restriction of the target antigens. Glio-
mas are highly heterogeneous and genetically 
unstable so that targeting a single epitope can 
lead to antigen-loss and immune escape. A 
vaccine targeting an EGFRvIII epitope suc-
cessfully eliminated EGFRvIII positive cells 
but did not prevent the recurrence of EGFR-
vIII negative tumors [2]. Although targeting a 
single specificity in association with a strong 
adjuvant can lead to epitope spreading, immu-
notherapies that target multiple specificities 
simultaneously seem more likely to succeed. 
With respect to MHC class restriction, it is 
now well established that CD4+ T cell help 
is necessary for a fully competent cytotoxic 
CD8+ T cell response. Indeed, there is some 
evidence that CD4+ T cells alone may be capa-
ble of mediating effective antitumor immune 
responses. This would suggest that the ideal 
cancer vaccine should incorporate both MHC 
class I and MHC class II-restricted epitopes.

Autologous tumor cells (ATC) have long 
been used as a source of antigens for incorpo-
ration into vaccines for glioma patients. ATC 
have the potential to provide a broad range 
of personalized tumor antigens that includes 
TAA and unique neoantigens, as well as epit-
opes for both CD4+ and CD8+ T cells. Anti-
gens derived from ATC have most commonly 
been loaded on to dendritic cells, which are 
then administered as a vaccine. However, the 
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tumor cells themselves provide a ready-made vehicle for 
delivery of antigens to antigen-presenting cells (APCs) 
within the host.

We have previously explored the potential of a whole 
tumor cell vaccine comprised of irradiated murine glioma 
cells pulsed with the glycolipid α-galactosylceramide 
(α-GalCer), a compound that stimulates type I invari-
ant natural killer T cells (NKT cells). The glycolipid is 
acquired by host APCs and presented to NKT cells via 
the MHC class I-like molecule CD1d [3]; NKT cells rec-
ognizing their cognate antigen deliver a stimulatory sig-
nal through CD40–CD40L interactions that licences 
APCs to present tumor antigens to T cells. Since CD1d 
is nonpolymorphic and the transgenic T cell receptor of 
NKT cells is largely invariant, licensing by NKT cells 
is independent of tissue type, making α-GalCer an 
attractive immune adjuvant with general utility. Puls-
ing tumor cells with α-GalCer provides a platform that 
delivers antigen and adjuvant to the same APC, a phe-
nomenon shown to be essential for inducing effective 
immune responses [4]. In this orthotopic murine model 
of glioma, we have previously demonstrated that the 
α-GalCer-adjuvanted vaccine is capable of eradicating 
established intracranial tumors, but only if regulatory 
T cell (Treg)-mediated suppression is attenuated [5]. 
No strategy currently exists to specifically deplete Treg 
in human patients, leading us to explore other ways of 
enhancing vaccine efficacy in a therapeutic setting.

Recently, we have found that combining the vac-
cine with CTLA-4 blockade augments the antitumor 
immune response and leads to regression of established 
tumors in 80–100% of mice [Field  et  al. Unpublished 

Data]. Therapeutic efficacy is associated with enhanced 
proliferation and accumulation of T cells in the lym-
phoid tissues without any obvious changes in the 
stimulatory function of APCs or the number of Tregs, 
suggesting recently primed T cells were the targets of 
checkpoint inhibition. While tumors regressing under 
this combined treatment were highly infiltrated with 
a variety of leukocytes, tumor eradication was strictly 
dependent on CD4+ T cells. These findings suggest 
that a vaccine consisting of ATC, pulsed with a power-
ful adjuvant and supplemented with checkpoint block-
ade, could be worth evaluating further in patients. The 
simple vaccine production method described in our 
studies could be adapted to generate a personalized 
ATC vaccine from resected tumor material in a short 
time frame, possibly requiring only 24 h in an GMP 
facility before administration. Alternatively, the vac-
cine could be cryopreserved until required.

In fact, a variety of ATC vaccines have already been 
tested in glioma patients. Nine clinical trials and 
two case reports of vaccination with ATC in 101 
patients with high-grade glioma have been reported 

to date [6–16]. Note that this discussion does not include 
trials in which the main purpose of vaccination was 
to generate lymphocytes for adoptive T-cell transfer 
immunotherapy [17]. In most studies, tumor cells were 
irradiated prior to administration. In some, tumor cells 
were inactivated by exposure to chemotherapy or forma-
lin fixation [10]. The ATC vaccines were administered 
subcutaneously or intradermally, with one exception 
in which irradiated ATC were enclosed in semiperme-
able diffusion chambers implanted temporarily in the 
rectus sheath [6]. Immunogenicity of the injected tumor 
cells has been enhanced in a variety of ways including 
admixture with fibroblasts engineered to release IL-2 [15] 
or IL-4 [12], continuous infusion of GM-CSF at the 
vaccination site [7], coadministration with BCG [10] or 
infection of the tumor cells with Newcastle virus [14,16]. 
In other studies the tumor cells were engineered prior 
to injection, to express proinflammatory cytokines and 
costimulatory molecules [13], to downregulate expression 
of the immunosuppressant cytokine TGF-β2 [8] or to 
downregulate expression of Insulin-like growth recep-
tor-1 which in turn induces tumor cell apoptosis [6]. 
The vaccines were well tolerated and the results of these 
studies have been broadly similar to clinical studies of 
DC vaccines with most reporting objective responses 
in a minority of patients and/or a survival benefit in 
comparison to historical controls. It is likely that these 
results could be significantly improved by incorporating 
recent advances in the field. Importantly, the often com-
plex methods used to enhance immunogenicity of the 
tumor cells meant that significant feasibility issues were 
encountered in several of these studies [7,12]. The simple 
vaccine production method described here would avoid 
these difficulties.

A valid concern about ATC vaccines is the risk of 
side effects from targeting self-antigens. Lethal allergic 
encephalomyelitis has been reported in rats vaccinated 
with human glioblastoma multiforme tumor cells [18]. 
However, no adverse events attributable to autoimmu-
nity were reported in any of studies of ATC vaccines 
in human patients, including one study that specifically 
assessed humoral responses to myelin basic protein and 
evidence of demyelination on MRI [7]. Another issue is 
the route of administration. While animal studies have 
shown that glioma cells can be highly immunogenic 
when injected subcutaneously [19], it has been reported 
that T cells become licensed to enter the central nervous 
system by prior transit through the lung [20]; it is possible 
that this may be more readily achieved by intravenous 
vaccine administration. In our studies, where the vac-
cine was administered intravenously to optimize access 
to NKT cells, we noted some coagulation-related toxic-
ity, which could be completely abrogated by pretreat-
ment with heparin. Nonetheless, we suggest that further 
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studies are required to optimize efficacy and safety with 
respect to route of administration.

In summary, we have described a simple ATC-based 
vaccine in a glioma model that holds promise for clini-
cal translation. The development of high-throughput 
gene sequencing and advanced bioinformatics has 
opened the exciting possibility of identifying neo-
epitopes for personalized immunotherapy in patients 
with cancer, including glioma. A clinical trial based 
on this approach in GBM patients is already underway 
(NCT02149225). However, the method is complex 
and time consuming and feasibility is yet to be estab-
lished. In the meantime, ATC remain attractive as a 
ready-made source of personalized antigens that can 
also serve as a physical platform for efficient delivery 

of antigen coupled to adjuvant to host APC. Although 
this immunotherapeutic strategy has met with only 
modest success in glioma patients to date, it is possible 
that ATC vaccines could be markedly more effective if 
their full power is unleashed by checkpoint blockade.
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