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Abstract 
Immunotherapy has dramatically changed the outcome of many tumours. Whether it is by using antibodies as a 

humoral form of tumour control and clearance or active vaccines that allow the immune system to mount a response, 
the methodologies are quite different yet sharing an inherent similarity; finding the right epitope and eliciting the right 
response within the proper time frame of cellular maturity. The initial enthusiasm of using degraded proteins and 
priming T-cells against these vaccines has faded away with less than satisfactory outcomes in clinical trials. Albeit 
our understanding of how Dendritic Cells and T-cells interact and display antigens has been improving, we have not 
been able to clearly pinpoint a proper way in using peptide vaccines in clinical settings. This eventually prompted 
the use of whole proteins, necessitating antigen processing inside antigen presenting cells to give to suitable 
immunogenic epitopes. This has proven successful in a few clinical trials so far; however, recent evidence clearly 
demonstrates that eradication of a tumour is not just a matter of which protein is most likely to be immunogenic, but 
a combination of several other factors in its immediate and possibly distant environment. Hence our methodology in 
tumour clearance by using active vaccines is unlikely to be met with much success until we clearly understand the 
environment which allows these tumours to be nurtured. Henceforth, a whole cell vaccine in the context of enhanced 
adoptive T- cell immunotherapy will most likely be successful but still will not be the ultimate way in eradicating 
tumours. Our discussion will focus on several treatment modalities and success stories as well as possible modalities 
that will prove to be successful in the not so distant future. 

Introduction 
The latest advancements in tumour immunology have opened new 

horizons in cancer vaccines. These developments have incorporated 
crucial inter-cellular signal transduction mechanisms and cellular 
maturity signals. The clinically successful vaccines that we have 
incorporated in our clinical practice have come a long way from the 
early nineteenth century vaccines. With more developments coming 
to fruition, cancer vaccines in all forms and modalities are likely to 
complement clinical chemotherapy and surgery with even more success. 

Methods 

We ran a search on Pubmed Central, Scirrus, Cancer immunity, 
Medscape and Cancer-testis antigens dating from 1995-2012 
inclusive. We had more than 400 clinical reports and articles of 
agents, biochemicals, peptides, proteins and whole cell vaccines with 
or without adjuvants. We filtered these down to agents that showed 
clinical promise based on its repetitive inclusion in several “Entrez”s or 
ones that have passed phase I clinical trial . However, any agent that was 
tested and deemed to be a failure was discarded. 

Results 

Several agents have surfaced as key mediators in immunotherapy; 
two key monoclonal antibodies, Ipilimumab and Tremelimumab 
have shown a significant advantage in tumour therapy. Another set of 
proteins and their associated breakdown peptides have shown to have 
promising results as well. Of particular importance is Sipuleucel-T, 
which is the first fully approved vaccine against metastatic castration 
resistant prostate cancer. Additionally our search demonstrated 
another important modality in controlling tumour progression; the 
peritumoural environment, the key player being Myeloid Derived Stem 
Cells. Finally, Listeria Monocytogenes appeared as a plausible answer to 
some vaccine adjuvants and its use could change the practice of tumour 
vaccines in the future. 

Conclusion 

Tumour vaccines are an important modality in tumour control. 

Albeit the fact that they are unlikely to change the surgical management 
of tumours, they are and will definitely become an important adjunct 
to tumour growth control, particularly for chemotherapy resistant 
tumours like pancreas, lung and melanomas. The latest mediocre 
successes of tumour vaccines will pave the way for more successful 
vaccines that might ultimately affect the overall survival of tumours. 

The Immune Synapse 
Tumour peptides shed by tumours are regarded as exogenous by-

products; they are phagocytosed by Antigen Presenting Cells (APCs), 
in particular by dendritic cells (DCs) in the vicinity of the tumour. 
These cells will eventually uptake this debris and present them to T 
cells in draining lymphatic nodes. In the draining lymph nodes of the 
tumour bed lays the most important cellular mechanism of tumour 
immunology which is the immune synapse [1]. The synapse; which is 
the interaction of APC/DC loaded with tumour peptide and presented 
to T-cell clone heralds the start of this crucial interaction. In classic 
terms, an APC will present antigen on its surface bound either on 
MHCI or MHCII, its corresponding ligand would be a T- Cell Receptor 
(TCR) expressed on the surface of CD8 or CD4 T cells respectively. 
Within this context of immune synapse additional co-stimulatory 
ligands would be also interacting [2]. In structural terms, the immune 
synapse is a circular zone of molecular interaction between a T cell and 
an APC, with the antigen sandwiched between the TCR-CD4/8-MHC 
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complexes, followed by a circumferential zone of molecular interactions. 
These interactions play a key role in directing the immune response 
towards either tolerance or immunity against the target protein. Within 
this context, the interaction of CD80/86 on APCs with CTLA4 an 
inhibitory protein on T cells will abrogate the immune response and 
hence render them intolerant. However the interaction of CD80/86 
with CD28- a stimulatory molecule, will result in the development of T 
cell immune response against the target antigen [3]. 

A step further in detail regarding immune synapse is the mechanism 
of antigen presentation which has undergone immense scrutiny. 
Antigen Presenting Cells (APC) has mainly two ways of expressing 
antigens to the immune system. 1) Endogenous antigens, such as 
intracellular pathogens are usually degraded by a specialised organelle- 
the proteasome. Proteasomes act as an intracellular breakdown 
organelles whereby all debris mainly proteins will eventually be broken 
down to 7 or 8 mer peptides and latched on to MHC I molecules for 
subsequent presentation to TCR/CD8 expressing T cells in draining 
lymph nodes [4]. 2) Exogenous peptides; such as tumours and viruses 
are broken down by protease to be latched on to MHC II which would 
further present it to TCR/CD4 expressing T-cells. 

An alternative mechanism has developed within the immune 
system whereby exogenous peptides rather than being presented with 
MHCII are expressed on MHC I molecules on dendritic cells and thus 
interact with CD8 expressing T cells. This mechanism has been termed 
cross-presentation. It is unclear why this mechanism has evolved when 
there are clearly two separate modalities of antigen presentation. A 
suitable explanation would be to offload the incoming traffic of proteins 
and use a more robust MHC I system which would degrade proteins 
in a more effective way via the proteasome. Additionally, it would be 
an ideal mechanism to prime two cells lines CD4, as well as cytotoxic 
CD8 cells which would be useful in mounting an immune response 
(Figure 1) [5]. Within these interactions, three elements have come to 

play a key role in tumour peptide presentation; these are interferon, 
hyperthermia, and Heat Shock Proteins 

Interferon, Hyperthermia and Heat Shock Proteins 
As discussed earlier, the simple display of tumour peptides on 

MHC-I or II molecules is far from being a simple mechanism of antigen 
presentation. In fact recent modulation of antigen presentation by 
several factors have shown that the effectiveness of the presentation of 
the peptides can be augmented through the use of certain cytokines, 
such as GM-CSF as well as Interferon –α particularly when dealing 
with dendritic cell vaccines. Upon stimulation with Interferon-α 
several intracellular proteins which play a key role in loading peptides 
on to MHC I have been shown to be increased, in particular TAP1/2 
and tapasin. Additionally, under these conditions, the proteasome 
displays more enhanced activity generating a broad repertoire of 
8-9 amino acid peptides to be loaded on MHCs [6]. An additional 
yet quite controversial effect comes from hyperthermia which is a 
well established modality in patients with peripheral melanomas. 
Hyperthermia obviously causes protein denaturation and heralds 
cellular apoptosis. However, hyperthermia releases Heat Shock Proteins 
which are on one hand key elements in protecting the cellular proteins 
from degradation, and on the other hand act as chaperones for the same 
proteins to be degraded by proteasomes [7]. This duality of their action 
has prompted many researchers to look into Heat Shock Proteins as 
modulators in immunotherapy. Two particular candidates have been 
revealed -HSP70 and HSP90, each having a different mechanism of 
action. Latest research demonstrates that HSP70 has an important role 
in chaperoning tumour proteins towards degradation by proteasomes 
and an equally important role in mounting the degraded products 
on APCs [8]. Experimental tumour vaccines laden with Mucin1 and 
HSP70 gene have demonstrated this effect quite dramatically [9]. On 
the other hand, HSP90 is a chaperone which catalyses the activation 
and maturation of several proteins involved in proliferation, cell cycle 
control and anti-apoptosis activity. HSP90 inhibitors in this case act 

Figure 1: An artist’s impression of endogenous and exogenous antigen uptake and presentation. The section on the left displays antigens broken down and 
display to MHCI/TCR/CD8+ pathway while the right side shows antigens endocytosed and presented to MHCII/TCR/CD4+ pathway. In the middle lies a key 
pathway called cross-presentation which takes antigens from MHCII to MHCI display which is a robust mechanism for presenting tumour antigens as well. 
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as a potent adjuvant in any chemotherapy cycle [10]. Several HSP90 
inhibitors are in phase I/III clinical trials and the results have been quite 
promising. 

Avidity and Clonal Deletion 
Human immune system has a unique capacity in removing self 

reactive T and B cells in an attempt to prevent autoimmunity. Central 
deletion occurs in the thymus; the development of high avidity 
autoimmune cytotoxic T lymphocytes is promptly deleted during 
embryological development and as far as early years of neonatal life. 
An example of “foreign antigen-central tolerance” would be the lack 
of immune response in neonates with chronic hepatitis B; whereby 
exposure to the antigen in utero in a manner that it is regarded as “self 
antigen” results in the persistence of infection postnatally. In the process 
of negative selection the entire repertoire of self proteins is screened 
and the most reactive T cells are selected towards apoptotic deletion. 
A small subpopulation of low affinity T cells escape to the peripheral 
lymph nodes were those cells play a crucial role in autoimmunity; or in 
a diametrically opposite manner can be used to mount response against 
tumours. The relative maturity of the DCs involved in the antigen 
presentation, as well as the expression of costimulatory signals plays 
an additional role in the ultimate outcome of the immune response. 

Figure2: an artist’s impression of 6 ways of T-cell maturity or regression. a) 
Central deletion of auto-reactive in thymus. b) Strong stimulation of lympho
cytes by dendritic cells and their subsequent development towards comito
genic TH1 or TH2. c) A naive non-stimulated cell maturing with strong cells 
to become activated. d) The same activated T-cell becomes anergic when it 
does not receive enough stimulation. e) Th1 or Th2 allowing the transforma
tion of B cells to plasma cell. f) Lysis of target cell with strong interaction and 
the costimulation of death receptor CD95/95L. 

Evidence is mounting that indeed the Tumour Infiltrating Lymphocytes 
(TIL) possesses the necessary avidity and reactivity to mount an 
immune response against tumours; however, the peripheral tolerance 
mechanisms that are effectively dampening this activity seems to reside 
more in the peritumoural environment [11]. The dose, duration and 
site (subcutaneous, intratumoural or intravenous) of vaccine delivery 
ultimately determines the modality of the immune response (Figure 2) 
[12]. Ex vivo peptide loading on DC works in some settings, even when 
injected directly into tumours but the novel discoveries in peripheral 
tolerance have shifted the attention from the classical scenario of 
Dendritic Cell-Tumour Antigen-T cell towards two rather important 
cells; Regulatory T cells, Tregs and Myeloid Derived Stem Cells which 
we will be discussing further on [13]. 

Monoclonals 
Obviously the discussion about monoclonal antibodies will not 

be exhaustive but we will keep the discussion relevant to monoclonal 
antibodies involved inter-cellular signal transduction between T-Cell 
and APC only. 

Two monoclonal antibodies Ipilimumab and Tremelimumab 
against CTLA4 played a key role in immunotherapy against solid 
tumours as the development of another novel monoclonal antibody. 

Ipilimumab (IgG1) is a fully human monoclonal antibody 
patented by Bristol Myers Squibb®. It blocks the interaction of CTLA
4 with CD80/86 causing an abrogation of the immune response in 
the T-cell population or total dampening of the immune synapse. A 
similar mechanism of action has been described for Tremelimumab 
(IgG2). Currently there are at least 25 registered clinical trials which 
have been initiated involving Ipilimumab with various combinations 
against solid tumours mainly against melanoma, metastatic castration 
resistant prostate carcinoma (MCRCP) and lung carcinoma. A recent 
trial by Robert C et al in patients with previously untreated metastatic 
melanoma, 502 patients were randomly assigned to receive Ipilimumab 
10 mg/kg plus dacarbazine 850 mg/m2 or dacarbazine plus placebo. In a 
cardinal objective of overall survival (OS), the Ipilimumab+Dacarbazine 
had a 47.3% survival versus 36.3% for the dacarbazine only group at 1 
year follow-up. The advantage continued after 3 years with 20.8% for 
the combined therapy versus 12.2% for the dacarbazine only group 
[14]. A key point in this trial was the fact that none of the patients were 
screened for the BRAF mutation-V600E. A similar successful result has 
been observed with metastatic castration resistant prostate cancer but 
the results have not been made available yet. Tremelimumab, which has 
been developed after Ipilimumab has been undergoing phase II clinical 
trials on patients with refractory colorectal cancer but there are no 
phase III randomised clinical trials have been reported yet [15]. 

On the other hand, PD1/PD1L is a similar molecule to CTLA4 and 
shares almost the same mechanistic interaction between T-cell and 
DCs whereby it interacts as potentiator of inhibitory signals causing the 
activation of the T cells upon antigen loading. BMS 963558 is an IgG4 
antibody which interacts PD1 blocking its interaction with PDL1. At the 
moment there are a few pilot studies of this novel immunotherapeutic 
agent, with studies of its efficacy being used in lung cancer, renal cancer 
melanoma and colorectal cancer [16]. Although these “bulleted” 
therapies do not conform to the classical vaccination modality; however, 
a structurally homologous diabody or scFv body specific to CTLA-4 
might act as an important adjunct to vaccine therapy in the future. 
Similarly, it is possible to construct a non-signalling CTLA-4 decoy 
agent through gene therapy which would bind to CD86 co stimulatory 
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molecule, but would still activate the immune response; however, these 
modalities are still in very early stages of development. 

The candidate peptides and vaccine trials 

Peptide vaccines have been the foundation of tumour vaccines 
loaded onto dendritic cells. The discussion will focus on common 
Tumour Associated Antigens in common tumours and their 
corresponding clinical trials 

Carcinoembryonic Antigen: Carcinoembryonic Antigen (CEA) 
is a tumour associated antigen secreted in almost all gastrointestinal 
tumours of endodermal origin but more commonly in lower 
gastrointestinal tumours. CEA is a glycoprotein that is elevated in 
familial and non-familial colorectal carcinomas. Colorectal cancer 
being a common tumour; CEA was the first tumour associated antigen 
to be cloned. Several CEA splice variants have undergone extensive 
trials in mice with very encouraging results showing an elevation of 
Cytotoxic CD8+ T cells as well as increase in the secretion of interferon. 
Unfortunately, the same translational analogy was not observed in 
human trials albeit the fact that Phase I/II trials have been successfully 
completed with a substantial immune response but mediocre clinical 
response. To overcome the resistance, the CEA gene has been cloned 
with TRICOM (Triad of Co-Stimulatory molecules; B7.1, LFA3 and 
ICAM-1) or cloning the CEA gene with GM-CSF or IL-4 which has 
demonstrated a better efficacy and safety profile [17,18]. Depending 
on the epitope or splice variant used with the corresponding HLA-
restricted T cell, many of the murine or even human trials showed 
evidence of development of autoimmunity in the form of colitis, and 
some cases even requiring cessation of vaccination. To overcome the 
lack of clinical response one of the early pioneering trials by Gulley 
JL et al incorporated MUC1 antigen with CEA and TRICOM which 
clearly demonstrated a sustainable and durable response [19]. With 
all the multitude of murine trials, only a handful of trials have made 
any clinically significant impact; however, the combinatorial use of two 
antigens with co-stimulatory molecules holds promise for the future. 

MAGE: MAGE gene family is over expressed in a variety of 
tumours but not in normal tissues except testes hence it is described as a 
cancer testis antigen. MAGE3 is overexpressed in Non-Small Cell Lung 
Carcinoma (NSCLC) and Melanoma. Its vaccine properties have been 
the focus of attention for vaccine trials. Unfortunately, as with other 
vaccine trials against melanomas, there have been dramatic success 
stories but equally disappointing results as well. One of the earliest 
phase I trials was conducted by Banchereau et al., the authors vaccinated 
6 patients with a spectrum of melanoma antigens with Keyhole Limpet 
Hemocyanin (KLH) loaded on to CD34+ DC which resulted in no 
significant advantages in survival in patients with stage IV melanoma 
albeit the fact that 4 of the patients were still alive as of the assessment 
date [20]. Another successive phase II trial was attempted by a different 
team when 56 patients with stage IV melanoma were vaccinated with 
melanoma antigens including MAGE3, 28 of the participants were able 
to complete the trial. Six of the patients were disease free for more than 
5 years with an elevation of interferon levels against the antigens in 
another 3 patients. Vitilgo was a side effect of the treatment but was 
not a factor of prognosis or tumour clearance [21]. Another recent 
phase II trial randomised 2 groups to receive MAGE, Tyrosinase 1, gp
100 and MART with or without low dose IL-2 OR, autologous tumour 
lysate with or without IL-2 in patients with disseminated melanoma. 
Median survival for all patients was 18.5 months with no difference 
between the subgroups; however, there were 2 partial responses and 
3 patients with stable disease in the 9 patients receiving peptide+IL-2. 
However, the costs of treatment compared with the mediocre results 

were not enough to justify further treatment [22]. A dramatic change 
in approach towards MAGE3 was pioneered with landmark MAGRIT 
(MAGE-A3 as Adjuvant Non Small Cell Lung Cancer Immunotherapy) 
trial. The trial started recruiting participants in 2007 based on previous 
promising phase II results which demonstrated a 27% reduction in 
lung cancer recurrence compared to surgery alone. The trial is aiming 
to recruit 2270 patients with IB/II/III stage NSCLC, from 580 centres 
in 33 countries with a 2:1 randomisation of patients receiving either 
immunotherapy or placebo. The vaccine is composed of purified 
recombinant MAGE-A3 protein fused to protein D and a special 
adjuvant. Thirteen injections will be given intramuscularly over 27 
months and the patients will be followed up for 5 years with the primary 
endpoint being disease free survival. As of this moment there are more 
than 1600 patients already randomised and the trial will finish accrual 
by the end of 2011, the results of which are keenly awaited [23] . 

MUC1: MUC1 is a member of the mucin family of transmembrane 
glycoproteins found on almost all apical cell surfaces in normal non
cancerous cells. The protein undergoes extensive O-glycosylation 
and acquires a highly branched structure. Overexpression, defective 
glycosylation or diffuse expression on the basal and apical surfaces is 
associated with carcinogenesis. Structurally, MUC1 is a transmembrane 
glycoprotein with an intracellular portion involved in cell signalling. 
The extracellular portion has a variable number of tandem repeats 
(VNTR) of 20 amino acid residues, rich in serine, threonine and proline 
permitting O-glycosylation. Functionally, MUC1 has a multitude of roles 
that are either directly or indirectly involved in preventing cell death, 
shielding the tumour cell from chemotherapy and T cells, promoting 
cell growth through an EGFR dependent manner and promoting 
tumour cell invasion through the stabilisation of beta-catenin. MUC1 
is further regulated by hormones like estrogens (breast cancer), insulin 
and growth hormone [24]. On the other hand, structural variabilities 
between the nascent and the defectively glycosylated MUC1 could 
open potential sites for glycosylated peptide vaccines in patients with 
breast, pancreas, lung, ovarian and colon carcinomas, or in other 
terms almost all tumours with luminal epithelium. Early vaccines of 
MUC1 antigen used peptide structures only but these have been further 
superseded with GlaNAc tagged peptide vaccines [25]. An alternative 
model has been implemented with the use of the entire MUC1 gene and 
IL-2 (TG4010) in patients with stage III/IV NSCLC which gave good 
results in phase II clinical trial [26]. However, the pivotal trial comes 
from a new agent called Emepepimut (L-BLP25) in patients with non
resectable stage III NSCLC. The vaccine mimics the core of the MUC1 
and has been showing promising results in phase II trials with 1 year 
survival approaching 82% and 2 year survival approaching 64% [27]. 
The phase III START clinical trial which has randomised 1444 patients 
so far is finishing accrual in June 2011; the results of which are keenly 
awaited. 

Heparanase: As the name implies is the key enzyme that breaks 
extracellular and intracellular heparin sulphate to oligosaccharides. 
Heparanase plays a key role in tumour metastasis with a direct 
causality between its expression and tumour invasiveness. Heparanase 
makes an ideal candidate for immunotherapy because of its universal 
expression in metastasis prone tumours [28]. Heparanase is expressed 
in sites of inflammation and highly expressed in liver tumours, 
pheochromocytomas, gastric tumours, sarcomas as well as a multitude 
of other tumours. Early experimental design of vaccines against 
heparanase aimed at using microRNA against heparanase in metastatic 
breast carcinoma showed encouraging results [29]. Subsequent 
vaccines using HLA-A2 restricted CTLs showed further encouraging 
results, due to the use of branched multiantigenic peptides which gave a 
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broader spectrum of action, high specificity and high safety [30]. There 
have been no randomised clinical trials with heparanase; however, we 
can say with certainty that there are high hopes for a vaccine against 
heparanase. 

Survivin: Survivin is regarded as a major player in tumourigenesis. 
Survivin is an inhibitor of apoptosis; it inhibits caspase3 and 7 and is 
regarded as an oncogene. During embryogenesis, Survivin is highly 
active to promote growth and proliferation of the entire organism. 
The protein product of human Survivin is usually absent in life except 
under severe inflammatory conditions and obviously in tumours. 
Survivin has been found to be expressed in almost all tumours subtypes 
and its expression is regarded as a poor prognostic marker. Survivin 
promotes neural development, hematopoiesis, cardiogenesis but 
above all in vasculogenesis. Early experimental phase I results with, 
HLA-A24 restricted, 9-peptide splice variant (survivin-2B80-88) were 
quite encouraging with potent CTL response against several tumours 
[31]. The first case report of using Survivin vaccine came from a 72 
year old patient suffering from metastatic pancreatic cancer refractory 
to gemcitabine who initially maintained a partial response that soon 
became a complete remission after 8 months of vaccine therapy. The 
patient went back into progression after weaning off from vaccination 
[32]. In a small phase I trial on 21 patients with metastatic melanoma, 
showed a decrease in FOXP3/CD4+/CD25+ regulatory T cells 
and myeloid derived stem cells; but there was no statistical clinical 
significance in terms of tumour progression or durability of response 
[33]. A recent phase I/II trial in 36 patients with malignant melanoma 
receiving Survivin peptide, p53 with IL-2 and interferon 2b, showed a 
longer mean survival time in patients with stable disease versus patients 
with progressive disease (18.5 months vs. 5 months). Although the 
overall number of partial responders was small (n=11), the response 
rate of almost 24%, indicates a significant response to vaccine treatment 
[34]. The poor response rate of tumours expressing Survivin especially 
in chemotherapy resistant tumours makes this antigen a very attractive 
target for immunotherapy. However, more dynamic approaches in the 
future are to be expected to tackle such resistant tumours. 

Cancer mucosa antigens: Some areas of the body are regarded 
as immunoprivileged or shielded from the immune system. Recent 
evidence showed that the expression of intra-luminal antigens could 
be particularly attractive as immunotherapeutic targets. The intestinal 
luminal barrier which protects against intestinal bacteria creates a 
delicate balance between luminal breakdown by macrophages versus 
luminal invasion by enteric bacteria. A conspicuous antigen among 
them is Guanylyl Cyclase C (GCC) which is normally expressed 
endoluminally on the intestinal epithelium and in colorectal tumours 
[35]. As such, this antigen which we postulate, has been shielded from 
the immune system should be able to mount a potent immune response 
since the immune system will regard it as a novel antigen but with 
limited autoimmune injury. GCC immunisation has been successfully 
attempted in mice but not in human candidates yet [36]. However, it 
opens a new dimension in vaccination strategies and may hold much 
promise for the future. 

Glypican 3: The Glypicans are one of the cell surface glycoproteins 
composed of heparan sulphate with a glycosylphosphatidylinositol 
membrane anchoring portion. The Glypicans are involved in cell 
transformation and cell signalling. Elevated levels of Glypican 3 
have been reported in Hepatocellular carcinoma, ovarian carcinoma, 
mesothelioma and thyroid tumours as well as elevated level of Glypican 
1 in breast and brain tumours. The expression of the glypicans 
is confined to the cell membrane with close association of these 

structures with growth factors and hormones. The glypicans are hereby 
described as oncofetal antigens just like alphafetoprotein whereby their 
expression is increased during hepatic embryogenesis, post fulminant 
hepatitis regeneration focii and tumourigenesis, with specific increase 
of Glypican 3 in yolk sac derived tumours although to some extent this 
is not uniquely consistent [37]. Hepatocellular carcinoma being one of 
the most resistant tumours against chemotherapy has been the focus of 
Glypican 3 in this particular setting [38]. There are no human phase III 
trials with Glypican 3 currently but a study of 14 human subjects with 
HLA-A2 restricted CTLs clones, has demonstrated good immunological 
response but a mediocre clinical response [39]. Certainly, this novel 
oncofetal antigen might hold good promises for the future; however, 
until we get sustained clinical results the success about this new antigen 
will be confined to the laboratory. 

Sipuleucel-T: Sipuleucel has been hailed as a success of 
immunotherapy. Sipuleucel-T (APC8015) Provenge® is the first 
therapeutic vaccine for metastatic castration resistant prostate cancer 
(MCRPC), fast tracked by the US FDA and approved in April 2010. 
Albeit the fact that the overall survival benefit compared with placebo is 
4 months, it principally proves an important concept in immunotherapy 
[40]. Sipuleucel-T has to be prepared individually for every patient. 
The patient’s blood is withdrawn and the white cells are harvested with 
specific emphasis on DCs which can be isolated ex-vivo by magnetic 
beads. These cells are further incubated with a fusion protein comprising 
of Prostatic Acid Phosphatase- an immunogen or cancer antigen and 
GM-CSF which acts as an amplifier of the antigenic stimulus; in this 
case Prostatic Acid Phosphatase. Following an incubation period 
of 36-44 hours, modulated DCs are infused back to the patient [41]. 
The combination of Sipuleucel-T with docetaxel confirmed a survival 
advantage of 4 months which unequivocally proves an advantage of 
immunotherapy with standard chemotherapy although the cost of 
treatment is quite significant (93,000$ per treatment). 

Lucanix: Lucanix™ or (Belagenpumatucel-L) is a new specially 
tailored vaccine against advanced stage III/IV NSCLC. Lucanix™ is a 
cellular vaccine collected from immortalised human lung cancer cell 
lines; H460, H520, SK-Lu-1 and transfected with EBV promoter/ 
antisense TGFβ2 which are further irradiated to maintain attenuation 
of the cell strains. The cells are harvested and injected subcutaneously 
in 0.4 ml aliquots [42]. In a phase II study of Lucanix™ which recruited 
75 patients with a total of 550 injections, of the 61 assessable patients, 
15% achieved a partial response. The 1 and 2 year survival rate was 
68% and 52% respectively heralding a further phase III trial [43]. The 
multicentre phase III STOP trial started recruiting in 2008 with an 
intention to recruit 506 patients will finish sometime in late 2012. The 
trial is aimed to randomise two subgroups into a treatment group with 
vaccine and best supportive care while the placebo group receives best 
supportive care. The trial uses the same protocol of cellular preparation 
with once monthly injections for 18 months and then once at the 21st 

and 24th month provided there is no toxicity or disease progression. The 
primary endpoint is overall survival (OS) while the secondary endpoints 
are progression free survival (PFS), quality of life (QOL) and time to 
progression between the vaccine and placebo. The results of this trial 
are keenly awaited and will definitely be a landmark vaccine trial for 
NSCLC and might change the way we treat these tumours indefinitely. 

Listeria monocytogenes: Although Listeria Monocytogenes is a 
gram positive bacterium, one might wonder what is the relevance of 
a bacterium to immunotherapy? Listeria has some unique cellular and 
immunological properties. Listeria escapes the immune system and 
replicates intracellularly with up to 40% mortality. In contrast, another 
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unique feature of this bacterium is its ability to mount an immune 
response that could potentially kill cancer cells. One of the mechanisms 
is its inherent intracytoplasmic nature and its direct stimulation of MHC 
class I CD8+ cells. In an experiment by Olino K et al. bioengineered 
Listeria cells expressing tumour associated antigens were able to mount 
an effective primary and memory T-cell response in murine models of 
colorectal liver metastasis, indicating that the use of Listeria is a possible 
option for cancer therapy [44]. The advantages of using Listeria or other 
bacterium is the fact that attenuating mutations are well documented 
and easily manipulated (1), the dose of the bacterium can be titrated 
(2), the response can be measured (3) and multiple sites could be used 
to inject the bacterium [45]. The use of L. Monocytogenes has been 
approached with trepidation but this unique bacterium could hold 
much promise for the future. 

The tumour environment and the balance between suppressor and 
effector cells 

Several investigators have been able to describe the fact that a 
tumour mass is a combination of tumour cells, the surrounding stroma 
with its fibroblastic reaction, released chemokines, immunosuppressive 
myeloid progenitor cells and regulatory T cells and in diametric 
contrast; immunostimulatory NKT and NK cells as well as gamma delta 
cells. Henceforth our discussion will focus on these particular factors 
and how modulating them can alter tumour prognosis and outcome. 

The stromal reaction: The stromal reaction is a recent concept 
that has emerged that predicts survival in many tumours, particularly 
in colorectal carcinoma and pancreatic carcinoma. The concept has 
been revived after it was overlooked by so many investigators. The 
histological description of this reaction is that of myofibroblastic 
regeneration in response to tumour activation. The original description 
of this reaction and its significance in tumour progression was described 
by Desmouliere and colleagues [46] which is quite similar to a normal 
tissue injury and repair mechanism with the exception of persistence 
of myofibrolastic elements in tissue suggesting a local imbalance 
between survival and apoptosis of these cells. A recent analysis of 
hepatocellular carcinoma stromal reaction was able to identify specific 
gene signatures and compare them with other modes of classification 
(TNM and Barcelona Clinic Liver Cancer Stage) giving the study of 
stromal reactions further impetus [47]. Finally in a recent presentation, 
Mesker and colleagues, demonstrated the poor prognosis of a high 
stroma to tumour ratio in primary colorectal cancer giving pathologists 
another advantage in commenting and reporting these findings [48]. 
The significance of the stromal reaction is highlighted by the release 
of CCL2 and CXCL12 from the aforementioned myofibroblasts. These 
chemokines recruit Myeloid derived stem cells (MDSC) which become 
nitrated and nitrosylated and further suppress the recruitment of 
effector CD8+ cells. These MDSCs release TGF-β and IL-10 creating 
a paracrine immunosuppressive environment as well. Thus the tumour 

HSP (kDa) Location(s) Significant function(s) 
26-28 Cytosolic and nuclear Stabilisation of microfilaments and 

cytokine signal transduction 
60 Mitochondrial Protein assembly 
70-74 Cytosolic, nuclear, endoplasmic 

and Mitochondrial 
Protein folding and translocation 

90 Cytosolic, nuclear and 
endoplasmic 

Protein translocation and receptor 
regulation 

100-104 Cytosolic Protein folding 

Table 1: shows the heat shock proteins, their locations and their corresponding 
function 

stroma; contrary to what was known before is a dynamic entity that is 
just getting investigated more thoroughly. 

Myeloid derived stem cells; MDSCs: Myeloid derived stem cells 
(MDSC) have been described just over 10 years ago. Research into this 
elusive heterogeneous subset of myeloid cells has raised many questions 
that have prompted immunologists to look further than the tumour cell. 
Human myeloid stem cells share a common myeloid surface antigen 
CD33 or broadly defined as CD14lowCD11+. On tissue sections MDSCs 
are defined by their high expression of inducible nitric oxide (iNOS) 
and arginase. Under normal circumstances MDSC are dormant cells 
that reside mainly in the bone marrow. Stimulation of MDSCs whether 
it is by infection, trauma or tumour by stem cell factor (SCF) promotes 
the migration of immature myeloid derived cells into the zone of injury 
coupled with several stimuli which include cytokines and chemokines. 
Myeloid derived stem cells have a unique immunosuppressive role 
in any tumour environment hence their maturation directly affects 
any therapeutic treatment modality. There are several factors that 
maintain the population of MDSCs in a tumour milieu. These include 
cyclooxygenase-2, IL-6, Granulocyte/macrophage-colony stimulating 
factor GM-CSF, SCF and Vascular endothelial growth factor VEGF. 
These agents finally converge on a JAK2/STAT3 signalling pathway 
which further promotes the expression of survival proteins –Survivin 
as well as anti-apoptotic proteins like BCL-XL, or the JAK3/STAT1/ 
STAT6 pathway which promotes the production of TGF-β, iNOS and 
arginase. The combined action of these cytokines and released proteins 
directly or indirectly influences Tumour infiltrating lymphocytes (TILs) 
and hence suppresses their cytotoxic function. Keeping all these points 
in perspective, a tumour destroying vaccine must tackle these cells in 
an equal par with tumours. Several modalities have been implicated in 
abrogating these cells. 

(1) Inhibitors of cyclooxygenase-2 mainly aspirin and celecoxib are 
being thoroughly investigated as chemo-preventive modalities against 
adenocarcinomas of the colon and the breast. 

(2) Alternatively, All Trans-retinoic acid (ATRA) promotes the 
dedicated maturation of MDSCs into DCs. In an experiment by Mirza 
et al, administration of ATRA in patients with Renal cell carcinoma 
resulted in the decrease of MDSC population [49]. 

(3) Another modality would be by reducing the MDSC population. 
Gemcitabine which is currently being used for NSCLC of the lung has 
the capability of eliminating MDSCs directly. 

(4) Finally, another modality of intervention would be the blockade 
of maturation signals, like SCF and VEGF. In a recent large scale 
randomised trial- the VELOUR trial (Aflibercept Versus Placebo in 
Metastatic Colorectal Cancer after Failure of an Oxaliplatin Based 
Regimen) a novel scavenger antibody which binds to VEGF-A, VEGF-B 
and PGF, has been used on patients with refractory colorectal cancer 
who have already failed initial chemotherapy. The trial randomised 
1200 patients to receive standard chemotherapy plus or minus 
Aflibercept (600 in each subgroup). The results were quite significant, 
with a doubling of the response to chemotherapy from 10 % to 20% in 
the chemotherapy plus Aflibercept subgroup. The results demonstrated 
an increase in progression free survival by almost 45 days, but most 
significantly was the increase on overall survival from 12 months to 
13.5 months. This discovery yet again proves that targeting a tumour is 
not a single modality of a peptide or protein vaccine but a combination 
of several important parameters that need to be dealt together. 

Regulatory T cells (Tregs): Our discussion about cellular modalities 
of immunosuppression would not be complete without mentioning 
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Regulatory T cells or Tregs. Tregs are currently described as CD4+/ 
CD25+/FOXP3+ T cells; initially described by Sakaguchi, Tregs play 
a key role in the maintenance of balance between autoimmunity and 
tumourigenesis such that its absence or attenuation results in a severe 
autoimmunity whereas its overwhelming presence in tumour milieu 
or peripheral circulation indicates a poor prognosis and a reduced 
survival [50]. The presence of high proportion of Tregs with/without 
CD8+ tumour infiltrating lymphocytes in a particular specimen has 
been implicated as a poor prognostic indicator in many tumours due 
to their immunosuppressive, antimitotic, antichemotactic and anti
apoptotic effect that they exert on their neighbouring cells or new cells 
being recruited through chemokine signals released from the TILs. It is 
still not known what drives the maturity of these cell types to become 
dedicated Tregs or exactly how they come to reside next to tumours 
but radical excision of tumours as demonstrated from several studies 
certainly reduces their number and improves overall prognosis [51]. 
Henceforth, there have been several attempts to exactly quantify these 
cells with more exact markers such as CD127 [52]. Furthermore there 
have been efforts to preferentially delete these cells in an effort to enhance 
tumour killing. So far two chemotherapeutic agents have surfaced as 
potential modulators of Tregs; cyclophosphamide and gemcitabine. In 
a recent multicentre randomised trial on melanoma peptides on 167 
patients, the outcome whether cyclophosphamide ameliorates the CD8 
response was non-significant [53]. Another methodology which uses 
gemcitabine, has shown to transiently reduce the number of Tregs 
allowing a window of opportunity for vaccines [54]. Finally another 
novel modality fruitioned with the use of Denileukin difitox which is 
an engineered protein made from IL-2 and diphtheria toxin and thus 
preferentially binds to IL-2 receptor (IL-2R) which also happens to be 
highly elevated in Tregs. In a recent trial on mice use of denileukin 
difitox preferentially depleted the Tregs and made them more accessible 
for HER2/neu vaccine [55]. This elegant trial will certainly pave way for 
more trials and thus create a background on which Tregs are modulated 
until full vaccine therapy is implemented. 

The counterbalancing effector cells 

Gamma-delta T cells: Gamma delta T-cells are a unique subset 
of cells that have been investigated for the last five years for their 
potential in cellular immunotherapy and adoptive T-cell therapy. 
Traditional T-cells express α/β T-cell surface receptor that binds to 
MHCI or MHCII expressing APCs with an antigen loaded between the 
two grooves. However, unlike traditional α/β T-cells, γ/δ T cells have 
a limited T-cell surface repertoire. For simplicity we will suffice with 
the discussion of the canonical Vγ9Vδ2 cells which are mainly found 
in peripheral blood whereas intraepithelial γ/δ cells that line the gut 
are mainly Vδ1. Additionally, γδ-T cells do not recognise antigens with 
the help of MHCI or MHCII, instead they interact with stress induced 
MHC Like molecule called MICA or MICB expressed on tumour cells 
or cells infected with bacteria. Upon appropriate stimulation these cells 
are able to induce apoptosis as well as cell lysis. This has been attributed 
to direct ligand-ligand interaction or release of granzyme and perforin. 
Aminobiphosphonates like risedronate and zoledronic acid have been 
shown to be unique stimulants for these types of cells. Harvesting 
these cells, followed by their stimulation with zoledronic acid and 
Interleukin-2, has been a key methodology in using these cells as 
adoptive T-cell therapy in patients in Non Small Cell Lung Cancer [56]. 
Subsequent experiments with patients harbouring terminally advanced 
breast cancer has shown a 20% partial response rate and 10% stable 
disease in a group of 10 patients [57]. Another experiment conducted 
by Cabillic et al used DCs to pulse the γ/δ T cells and demonstrated a 
higher level of cytotoxicity [58]. These results accompanied by several 

other pilot experiments being conducted have shown that γ/δ T cells 
demonstrate a reasonably reliable clinical outcome. However, further 
experiments have equally shown that the tumour inhibitory effect 
of these cells is further reliant on the cell surface receptors that they 
carry (Natural Killer Receptors) as well as the cytokine milieu that 
they are maturing in which could skew the immune response towards 
immunostimulatory or immunosuppressive [59,60]. Additionally, 
stimulation of γ/δ cell lines promotes the stimulation of NK cells 
carrying the NKG2D surface receptor CD137/CD137L which is crucial 
in clearing of MHC negative tumours [61]. Ultimately, we state that the 
use of γ/δ cells is in its infancy but evidence is accumulating for their 
potential use in the future protocols of cellular immunotherapy. 

iNKT cells: Invariant Natural Killer T cells are another unique 
heterogenous subset of T cells that share common features with T cells 
(CD3+) as well as variable amount of Natural Killer cell features such 
as CD16 and CD56. Another unique characteristic of these cells is that 
they have a fixed TCR rearrangement similar to γ/δ T cells which gets 
activated by an MHC like glycoprotein on DCs or B cells called CD1d. 
Peripheral counts of iNKT cells vary considerably among species but 
are about 0.2%-0.5% in humans with substantially greater numbers in 
spleen, omentum and bone marrow. One of the earliest enthusiasms 
about this peculiar subset of cells was that it was able to directly lyse 
tumour cells through activation with a glycolipid molecule, alpha 
galactosyl ceramide in murine models. Further proof of their immune 
surveillance capabilities came from evidence collected from tissue 
specimens in patients with colorectal cancer as an independent marker 
of favourable prognosis [62]. However, in other solid tumour specimens 
like liver, even with infiltration of the tumour microenvironment with 
iNKT cells, they did not generate the same favourable prognostic 
parameters [63]. Further evidence demonstrated that iNKT cells have 
almost the same plasticity and variability with CD4+T cells and release 
the same variety of cytokines as Th1, Th2 and Th17 dedicated T cell lines 
which made these cells more difficult to work with. Recent citations 
have shown that native tumours secreting the chemokines CXCL16 
which is another favourable prognostic indicator for colorectal cancer 
might shape the reciprocal iNKT response [64]. CXCR6 is the receptor 
for the ligand CXCL16 and happens to be expressed on CD4 -, low 
cytokine, non-lymphoid homing, and high granzyme producing cells 
which is another measure of complexity to these cells [65]. Early clinical 
trials using the T-cell ligand alpha-galactosyl ceramide(KRN7000) 
showed disappointing results when the initial dose was escalated 
96 fold [66]. Henceforth, iNKT cells were approached with tepidity 
for the subsequent years. A more recent trial in patients with head 
and neck squamous cell carcinoma pulsed with KRN7000 showed a 
better response when DCs were used as primary stimulating cells as 
opposed to iNKT cells. In this modality, KRN7000 pulsed DCs were 
administered intranasally while the iNKT cells were infused into the 
tumour feeding vessels. Five patients demonstrated objective tumour 
regression while 7 of the original patients showed iNKT cell dependent 
regression in the tumour environment [67]. 

NK cells: Natural Killer cells are a subtype of cytotoxic lymphocytes 
that express CD16 and CD56 as surface markers but lack the pan-T cell 
CD3 marker. Natural killer cells have been named after the notion that 
they do not need stimulation to kill MHCI low or deficient cells. NK 
cell activity is delicately balanced between stimulatory and inhibitory 
signals (Table 2), FC-gamma-RIII, cytokines and recently stimulated 
DCs. In brief, NK cells have been known to kill tumour cells by 
“surveying” their respective surfaces for low levels of MHC expression, 
and hence direct cytotoxic killing by releasing perforin and granzyme. 
A similar mechanism is used to kill cells infected with viruses. It has 
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NK Receptors Corresponding Ligand/Cell Receptors 

I n h i b i t o r y 
signals 

KIR2DL1 HLA-C group 2 
KIR2DL2/3 HLA-C group 1
 KIR3DL1 HLA-Bw4 
KIR3DL2 HLA-A3 and HLA –A11 
LIR-1 HLA class I molecules 
NKG2A HLA-E 

A
ctivating 

signals 

KIR2DS1 HLA-C 
NKG2D ULBP-1-ULBP4, MICA and MICB 
NKp46 Viral heamagglutinin 
CD16 igG 
BY55 HLA-c 

Table 2: NK cells harbour two sets of receptors; inhibitory and activating. 
Depending on the interaction of the ligand with the corresponding receptor, NK 
will signal the activating or inhibitory downstream cascade. In addition to the 
ligand/receptor interaction, debris from apoptotic and tumour cells, cytokines 
and costimulatory ligands as well dendritic cells can potentially skew the relevant 
signal, the interaction and hence the immune outcome. 

been difficult to use NK cell in vaccine therapy; however, there is 
evidence that using NK cells in paediatric and adult haplo-identical 
allogenic transplants is effective in controlling minimal residual disease 
or imbalanced chimerism post haplo-stem cells transplant [68]. The 
experimental protocols that purely use NK cells as the sole modality 
of tumour therapy have not been as abundant but they are increasingly 
being studied in haematological malignancies [69]. On the other hand, 
NK cells are naturally used in conjunction with DCs in immunotherapy 
whereby both cell types engage in elaborate cross talk and hence NK 
cells assist DCs in tumour eradication. The mechanism of DC and NK 
cell interaction is explained in figure below. 

The Future 
Our discussion has not touched on every vaccine trial and pioneering 

methodology; however, the future holds promise for combinatorial 
approaches of vaccines in conjunction with immunomodulators. The 
latest success story of the latest lung vaccine trials has boosted the 
enthusiasm in cellular vaccines. The comparatively overwhelming 
success of monoclonal antibodies with respect to cellular vaccines or 
peptide vaccine components has prompted researcher to approach 
cellular vaccine with trepidation. Yet the complexity of cellular 
interactions has just recently given fruition to Aflibetacept, which once 
again simplifies the problem of cellular vaccines down to single bulleted 
agents. Another setback came a few months ago when the androgen 
suppressor Abiraterone has superseded Sipuleucel with at least 3 
months. However, very recent evidence has shown that Sipuleucel is 
indeed useful for patients over the age of 70 which proves a concept that 
there is room for this treatment modality. These and several other failed 
active cellular vaccines have practically distanced several researchers 
from active cellular therapy and opted them for looking towards more 
simple options that give tangible results. Henceforth, the question raises 
itself, what is the problem with cellular vaccines? We can clearly quote 
that viral vaccine components have a predictable and resolute outcome; 
however, when it comes to tumour vaccines our immune system is 
indeed mounting a response but it is not enough in terms of tumour 
eradication or even tumour control. Thus although our understanding 
of interactions of DCs and T-cells has matured, there is a possibility 
that we have to vaccinate at risk patients like smokers, alcohol abusers, 
diabetics, or patients with colonic polyposis well before there is full 
manifestation of tumour(s). This might seem provocative but with ever 
increasing burden of tumours, there might be no opportunity other 
than to adopt radical methodologies and vaccinate the greatest number 
of at risk patients. Whether cellular vaccine biology will triumph over 

chemotherapy and monoclonal vaccine therapy is subject to successful 
trials and outcomes. 

Definition 

SEREX: Serological Analysis of Recombinant cDNA Expression 
libraries of human tumours with autologous serum. Is basically 
a technique aimed at finding autologous human sera against 
human tumours. For more information about SEREX: http://www. 
cancerimmunity.org/SEREX/introduction.htm 

Cross Presentation: is the mechanism whereby extracellular antigens 
are presented on MHC I as opposed to MHC II and thus stimulate 
CD8+ T cells. Cross presentation is one of the unique pathways that 
allow the detection and mount an immune response against viruses 
and parenchymal mutations outside the bone marrow. The outcome of 
cross presentation, depending on the costimulation and other factors is 
either tolerance or immune response. Cross Presentation has important 
implications for vaccine subunit development. 

CD137: is a member of the Tumour Necrosis Factor Receptor 
Superfamily (TNFRSF9) which binds to TNFSF9 expressed on Antigen 
Presenting Cells, Dendritic Cells and Activated B cells. The interaction 
acts as a protective mechanism for CD8+ cells from activation induced 
cell death which is crucial for maintaining tumour specific CD8 clones. 
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