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Abstract

Abstract

It is now understood that CDZ cells play a central role in antitumour immunityey
are important in the priming of CTL and can augmewtotoxicity; they are also
responsible for enhancing antitumour responsesinirect mechanisms such as
recruitment of accessory cells to the tumour ik they are crucial in the formation of
memory T cells. CDAT cells recognise antigen in the context of pepfdesented on
MHC class Il molecules, therefore recent reseaahfbcused on the identification of
these peptides in order to formulate more effecimeunotherapeutic strategies. As
such, the aim of this study was to identify novaH®I class Il HLA-DR1 and HLA-
DR4 restricted immunogenic peptides derived frore MART-1 and Tyrosinase
tumour antigens. A computer algorithm (SYFPEITHVaiable on the World Wide
Web) was used to predict immunogenic peptides filoentwo tumour antigens; these
peptides were then used to immunise HLA-DR1 and HOR transgenic mice in
order to assess their immunogenicity. At the same efforts were made to optimise
the screening process by fully characterising th&[BC used in proliferation assays
and employing antioxidants in conjunction with Tl @ulture. A second aspect of the
project utilised p53 peptides in order to invedtigtne effects of protein specific T cell
help on the generation of effector and memory CTL.

Efforts were made to maximise the efficiency of MeIC class Il peptide screening
method by optimising expression of co-stimulatorglesules and cytokine production
by BM-DC. Testing of BM-DC derived from FVB/N-DRLT57bl/6-DR4 and C57bl/6
HHD Il HLA-A2 transgenic mice revealed that difieg maturation protocols were
required to generate BM-DC with the optimal T csiimulatory capacity, depending
upon the strain of transgenic mice employed. Theestng process was further
optimised by the use of Vitamin E in conjunctiorttwil cell culture; this antioxidant
was found to increase peptide specific prolifetresponses against the immunised
peptide. Using the optimised screening protocatsnunisation of transgenic mice with
predicted epitopes led to the discovery of the hélleA-DR1 restricted MART-%9.43
and the HLA-DR1/DR4 restricted Tyrosinageie: peptides. Further experiments also
indicated that the Tyrosinase protein was procebgadurine dendritic cells to produce
the Tyrosinasgr.11 peptide. This study demonstrated that HLA-DR retsd
responses to novel peptide can be obtained in HRA-nd HLA-DR4 transgenic

mice.
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Abstract

In order to determine the most effective type ofcdll help (protein specific/non-
specific) for augmentation of a CTL response a nemab experiments were performed
using p53 class | peptides in conjunction with it Hep B or p53 class Il helper
peptide. Results showed that in short teimmyitro, experiments the p53 helper peptide
augmented cytotoxicity more than a Hep B helpertidep however in long term
experiments involving recall by memory CTL, the H&fnelper peptide out-performed
the p53 epitope; further investigation is requirgo these phenomena.

Collectively these data demonstrate that the ustramisgenic mice allows for rapid
screening of novel MHC class Il peptide epitoped tould be useful in the formulation
of future cancer vaccines. It also highlights teguirement for further investigation into
the precise nature of the T cell help required tximise antitumour effects and the

generation of memory CTL.
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Chapter 1: Introduction

Chapter 1: Introduction

1.1 Cancer, what isit and what are the common treatments?

1.1.1 Cancer is a multi-factorial disease
Cancer is not a single disease but a group of nesladharacterised by uncontrolled cell

growth. In normal tissues there exist two typessighals that govern cell behaviour:
growth promoting signals and growth inhibiting satgy However in the case of tumour
cells these signals have been circumvented leamingncoupling from downstream
regulatory mechanisms. These transformed cells lteasme resistant to programmed
cell death, cell-cell contact inhibition and/or gt factor removal and develop infinite
proliferative capacity (Bertram, 2000).
Subsequent research revealed that there were raatoyd that could elicit the onset of
cancer in an individual. However it is generallyesgl that these can be sub categorised
into three main types of causative agent:

1. Exposure to either chemical or physical carcinogergs drugs or radiation

respectively
2. Exposure to microbial carcinogens e.g. viruses
3. Inherited chromosomal defects e.g. multiple end&crineoplasia type 2
(Peczkowska & Januszewicz, 2005)

Having been exposed to one or more of the aboWs, may incur genetic damage. If
this damage occurs to a gene responsible for regulaf the cell cycle then the cell
may become capable of avoiding normal homeostaéichanisms. However, because
of checkpoints incorporated in the cell cycle, agle mutation is not sufficient to
initiate cancer. It is necessary for damaged ¢elfsroliferate to approximately i@ells
before it is statistically likely that further mtian would occur (Bertram, 2000). In fact
it has been shown that human cells are requireat¢amulate at least five mutations
before cancer will arise where each successive trootallows the damaged cell to
become more adapted to its surrounding environnagick thus undergo unlimited
growth (Cahill et al.,, 1999). The mutations prodlicgan vary depending upon the
cancer type, however the following requirements Haman cell transformation have
been proposed: the maintenance of telomere sequeheeinactivation of Rb and p53
pathways, the activation of protein phosphatasea@d the expression of activated Ras
(Akagi, 2004). By mutating these particular genes tell becomes more resistant to
apoptosis and uncoupled from proliferative contng@ichanisms. The telomere is at the

end of the chromosome and shortens in length eaehd cell divides. After a certain
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Chapter 1: Introduction

number of divisions the telomere gets “too shonttl ecell death is triggered. The
enzyme that controls telomere length, telomeraseften mutated in cancer leading to
maintenance of telomere length and no triggeringmdptosis (Binz et al., 2005). Rb
and p53 act to monitor cellular stress and can ialisiate cell death if irreparable cell
damage is incurred. As a result these genes aseralgated in cancer as they confer a
survival advantage (Bertram, 2000). Protein phosga2A is involved in regulating
the function of the Rb protein so it is commonlytatad in cancer for the same reason
(Akagi, 2004). Ras is a signalling molecule regediaby the binding of GTP. Mutations
in this protein lead to uncoupling from the GTP elegant regulatory processes and
downstream signal molecules are constitutivelywattid (Minamoto et al., 2000). This
can lead to uncontrolled cell proliferation, théitnark of tumour formation.

1.1.2 Oncogenes and tumour suppressor genes
Analysis of DNA damage in human tumours has hidgiéd two genetic subclasses of

mutation required for carcinogenesis: oncogenes tantbur suppressor genean
oncogene can be defined as a mutated and/or opeessed version of a normal gene,
found within animal cells, that in a dominant fashican release the cell from normal
restraints on growth and thus alone or in concétt ether changes, convert a cell into
a tumour cell. Oncogenes originate from normal ggdakobisiak et al., 2003), which
then undergo mutation and become constitutively aberrantly activated. Most
oncogenes are involved in signalling pathways ttanulate cell proliferation. A
tumour suppressor gene can be defined as a genentt@des a product that normally
negatively regulates the cell cycle and that mésimutated or otherwise inactivated
before a cell can proceed to rapid division. Thuedur suppressor genes function at
the opposite end of the spectrum and are involvedhée regulation of cell cycle
checkpoints and cell death. These tumour suppressuatergo mutations that result in
loss of function, thereby allowing genetically dayed cells to proliferate and accrue
further genetic damage. Thus it is entirely logittet mutations in both oncogenes and
tumour suppressors are required for generatiometeoplastic phenotype (Gumus et
al., 2002).

Proto-oncogenic signalling pathways control celut@meostatic processes such as
gene up or down regulation, cytoskeletal rearrareggs) protein synthesis and
degradation, cell-cell contact inhibition and metegm. It is mutations in proto-
oncogenes that lead to uncoupling from externalleggry signals. The ramifications of

this are clear; factors produced by other cellsrardonger capable of mediating the
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Chapter 1: Introduction

growth of those cells harbouring oncogenes (Lutas. €2002), (Bertram, 2000). There
are several modes of action for oncogenes:

1. Inappropriate expression of growth factors or gtowdctor receptors such as

PDGF or Erb-b respectively
2. Activation of downstream signal transduction patisvhy proteins such as Ras
3. Inappropriate activation of nuclear transcripti@etbrs such as c-myc, fos and
jun

Early experiments investigating the transformingatalities of oncogenes utilised
immortalised mouse cell lines. However as work peeged it became apparent that the
concept of oncogenes alone initiating carcinogenesis too simplistic and that there
existed other genes that could prevent transfoonakor example when oncogenic Ras
was transfected into hamster cells that had notn bpeeviously immortalised,
transformation did not occur. In contrast, afteorggneous immortalisation of cells in
culture, Ras was capable of inducing transformaithaincating that it did not act alone
but in concert with other genes (Scholl et al., 200 hese experiments coupled with
the fact that fusion of normal cells with malignacells resulted in a loss of
tumourigenicity in the hybrids meant that furthewestigation was required. It was
observed that transfer of certain chromosomes eeérftom normal cells could effect
suppression of the neoplastic phenotype (AndersoSt#&bridge, 1993). These and
subsequent experiments lead to the discovery ofodunsuppressor genes as we
understand them today.
There are a number of crucial differences in howatnons in tumour suppressor genes
exert their effects compared to those of oncogedesnentioned previously, mutations
in tumour suppressor genes result in loss of fonctHowever in most cases the normal
suppressor allele can function alongside the mditaliele, therefore it is necessary for
both genes to be inactivated before loss of funcisoseen. A further consequence of
the differing mode of mutagenic action is that defan tumour suppressor genes can
be inherited. Oncogene expression exerts a domietiatt and normally prevents
development of a viable embryo, whereas loss ahglestumour suppressor allele is
generally sub-critical in embryonic developmentr{Bam, 2000). Individuals who have
inherited one genetically mutated tumour suppregsoe are known as heterozygous;
thus when the second gene becomes mutated it wrkm@s loss of heterozygosity
(LOH) and a tumour can form. This familial inherita of suppressor gene knockouts
leads to the development of early onset canceuch sdividuals (Bamne et al., 2005;
Fearnhead et al., 2004).
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There are a number of tumour suppressors but twbeomost important are RB and
p53. Mutations in the RB gene lead to childhoodebrf retinoblastoma, the most
common ocular malignancy. The RB protein functiaasa checkpoint for cells to entry
into S-phase (see Fig 1.1). The p53 tumour suppregmne monitors cellular stresses
such as anoxia, lack of nucleotides for DNA synthemappropriate activation of
oncogenes, DNA lesions such as single strand bratk<ovalent adducts (Graeber et
al., 1996; Guidos et al., 1996; Linke et al., 199Bhere is also evidence for the
involvement of p53 in the monitoring of telomeradéh and therefore cell senescence
(Bertram, 2000). Thus it is unsurprising that pS3ften termed “the guardian of the
genome”. Mutation of p53 is so critical to the pres of carcinogenesis that over 70%
of all tumours have defects in this gene and alnadsthave mutations in genes

immediately upstream or downstream of p53 (Levir$8)7).
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Figure 1.1: Mammalian cell cycle checkpoints. Cells possessumb®r of mechanisms to
prevent improper progress from one stage of thiecgele to the next (Taken from Bertram,
2000).
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In studying the mechanism of action of p53 it beesrolear why it is so often mutated
in tumours. It forms the centre of a complex retpriasystem involving both the cell
cycle and control of apoptosis and functions irseloollaboration with the Rb tumour
suppressor (Levine, 1997). P53 functions via mdddaexpression levels of the
protein p2l; by increasing p2l expression the oydl/CDK4 complex is not

phosphorylated leading to a block in cell cyclegvession (el-Deiry et al., 1993). P53
itself is negatively regulated by MDM2, which attsreverse checkpoint control and
allow cell cycle progression. Therefore mutatiomgb3, which allow uncoupling from

this cell cycle regulation, would likely be selettéor in a growing dysplasia thus
allowing full transformation to the malignant stagudies to identify mutational hot
spots within p53 have borne this idea out (Fig {&2)o et al., 1994).
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Figure 1.2: A shows the localisation of mutations within pS8lated from a wide range
of tumours. The large majority of these mutatioreslacalised within the DNA binding
region of the gene. This is visualised in B whiblows a number of the more common

mutations
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More than 90% of all mutations recorded fall wittine DNA binding domain, the large
majority of these being missense mutations leatbrgn amino acid substitution. Such
alteration in amino acid sequence leads to dissaptif the hydrogen bonds between
p53 and the DNA, preventing gene transcription #ng allowing the cell cycle to
progress or prevent apoptosis (Cho et al., 1994)tatbns also occur within the
transactivation zone, which disrupts the formatioh the transcription complex
preventing downstream gene expression. The lasbrnfaym of mutation is found
within the tetramerisation zone of p53; amino asudbstitutions prevent the formation
of the p53 tetramers required for downstream gentiwagion, leading to uncoupling
from regulatory pathways (Bertram, 2000).

In summary, uncontrolled cell proliferation resodfiin the formation of tumours is a
direct consequence of mutations in key regulateoggins involved in cell growth and

survival.

1.1.3 Cancer is a multi step disease
The vast majority of cancers are not established essult of a single mutation, it is

necessary for a group of genes to become damadpedpibbability of a single cell
acquiring all these mutations at once is regardadfanitesimally small, thus the multi-
step hypothesis was formulated. It is reasonedaltatl undergoes a mutation and then
clonally expands until it is statistically likelynat another mutation will occur. As the
cells continue to expand further genetic damagéngsirred with each subsequent
mutation allowing the cells to become better adapdetheir surrounding environment.
Finally, as the disease progresses to the latgestthe cells acquire the ability to

invade surrounding tissues and metastasise (Fig8je
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Figure 1.3: The stages of tumour progression from a sindle@eventual metastasis in

prostate cancer (taken from http://faculty.umdnj/edbm/faculty _abate_shen.asp)
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1.1.4 Current treatments and limitations
There are three common treatments for cancer:

1. Surgery; removal of the tumour from the patierdtiempted wherever possible
2. Radiotherapy; radiation is applied to the tumote(s) because tumour cells are
more sensitive to radiation than normal cells.sltimherently necessary for
tumour cells to have defective DNA repair mechasisitherefore when their
DNA is badly damaged by radiation the tumour cdlks as it is impossible to
effect the required repairs as normal cells would.
3. Chemotherapy; this consists of delivery of a sindteg or a combination
therapy which targets rapidly dividing cells.
Unfortunately there are problems associated wittheaf these treatments. Surgery
although quite radical is effective provided thentwr is localised and has not invaded
surrounding tissues. However such therapy is usetes patient who has metastases.
The remaining two therapies both target rapidlyidihg cells. However it is not only
tumour cells that rapidly proliferate in the humady, therefore significant toxicity is
usually associated with both radiotherapy and clieerapy. These traditional
treatments are not specific enough for tumour calld five year survival rates vary a
great deal depending upon the cancer type (Fig Th®refore it is necessary to develop
new treatment modalities that can both increaseivair and reduce toxicity by
targeting tumour cells in a more specific mannemmunotherapy is one possibility as
the immune system is highly directed and has mialtigvels of control ensuring low

toxicity.
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Figure 1.4: five year survival rates for selected cancers;ddults diagnosed during
1998-2001, England (taken from http://www.statsiov.uk/cci/nugget.asp?id=861)

1.1.5 Strategies for immunotherapy and definitions oftyp
If immunotherapy is to be used in cancer patienés tsome sort of treatment regimen

must be compiled; what circumstances should theyd®sl under, how many doses
should be given and at what intervals etc? The munadd doses and the intervals
between administrations would be different depegadin the vaccine; however when
they would be administered is up for debate. Tlaeeea number of possibilities:
1. Individuals with a familial risk of a certain camdgpe could be immunised in
order to reduce the risk of disease
2. Immunisation of patients before commencing traddiotreatment. If a patient
were to be immunised while on the waiting list fohemotherapy or
radiotherapy then it might be possible to genesmt@D4 memory response
resistant to both chemo/radiotherapy
3. Immunisation of patients with minimal residual dise in order to achieve long
lasting disease remission
4. Immunotherapy of solid tumour masses
At present it would seem most sensible to utilimenunotherapy on patients who have
minimal residual disease. It may be possible totheeimmune system to monitor for
the presence of low numbers of tumour cells thateweot eliminated by previous

treatments.
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There are a number of types of immunotherapy tbatdcbe exploited so a decision
must be made as to which would be used:
1. Active immunotherapy relies on specific stimulatioh a patient’'s immune
system with vaccines and/or non-specific stimutatising adjuvants.
2. Passive immunotherapy involves treatment of a patieith exogenously
produced therapeutics such as antibodies
3. Adoptive immunotherapy is based upon the transfetymphocytes and/or
cytokines
4. Restorative immunotherapy is designed to restoyedaficiencies in a patients
immune response
5. Cytomodulatory immunotherapy is designed to enhaneexpression of MHC
molecules on the surface of tumour cells
Cancer vaccines usually fall under active specifitnunotherapy and are often
combined with adjuvants in order to boost immurspomses (Minev et al., 1999). The
aim is to augment any one or several types of imemasponse against a tumour mass
(Fig 1.5)
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Figure 1.5: Positive and negative regulation of anti-tumonmmunity. Active specific immunotherapy aims to puble balance towards tumour
rejection. Activating pathways are red arrows; liitioiry pathways are black arrows. Effector points the yellow areas (taken from(Mocellin et al.,
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1.2 Theimmune system

1.2.1 The immune system and its components
The cells that comprise the immune system originat¢he bone marrow. All the

cellular components of immunity are derived frompapulation of bone marrow
progenitor cells known as the haemopoietic sters.celis this population of stem cells
that give rise to both the myeloid and lymphoidgaoitor cells (Akashi et al., 2000;
Kondo et al., 1997).

Upon encounter with any pathogen or aberrant bellimmune system must react in
two ways, it must first recognise the threat anehtheact in order to eliminate it. The
responses to threat are made up of two immune coemp® namely the innate and
adaptive responses. These responses differ intlleatdaptive immune response is
highly specific for a certain antigen and is cusgad depending upon the nature of the
threat. Adaptive immunity also allows for the geatem of a “memory” response
thereby allowing efficient antigen clearance orengounter (Janssen et al., 2005). The
innate immune response however is based upon naable pathogen receptors and
only generates a short lived response (Heine & UI2@05).

The myeloid progenitor cells give rise to cells Isuas macrophages, dendritic cells,
mast cells, eosinophils and basophils that comphieennate immune system, the first
line of defence. The recognition system of innatemunity is based upon the
expression of a number of germline-encoded pathogeeptors, such as the toll like
receptors, which bind to a plethora of microbialgarcts allowing rapid threat detection
and response without the delay of clonal expanftach-Olszewska, 2005). It is the
macrophages and in particular the dendritic c&)IS’§) that are of the most interest as
these are the cells that present antigen to th@timdaimmune system. Immature
dendritic cells continuously sample antigen fromr@unding tissues and are capable of
ingesting large quantities of protein, which isrth@ocessed into small peptides and
displayed on the cell surface. Upon encounter aithathogen or aberrant cell DC’s
rapidly mature, up regulate expression of costimamjamolecules and migrate to the
lymph nodes to facilitate peptide presentation tdymphocytes (Clark & Kupper,
2005).

The common lymphoid progenitor (CLP) cells giveeri® lymphocytes and natural
killer cells (NK cells). In this case it is the lynocytes which comprise the adaptive
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immune system that are of greatest interest as thes the cells targeted by active
vaccination strategies (Dermime et al., 2004; Em2085; Mosolits et al., 2005).
The CLP generates two types of lymphocyte: B lyngytes which when activated
differentiate into plasma cells that secrete lamgeantities of antibodies; and T
lymphocytes of which there are a number of subdype
1. Cytotoxic T-lymphocytes (CD8 CTL's) are capable of recognising virus
infected cells, tumour cells etc and killing themredtly
2. T-helper-1 cells (CD% Thy) interact with phagocytic cells from the innate
system and aid in pathogen clearance. They alsp glarucial role in the
development of CTL responses
3. T-helper-2 cells (CD4Th,) mediate the development of B cell responses
Precursor T-lymphocytes migrate from the bone marto the thymus where they
undergo maturation into T-cells which can be fulstivated upon correct contextual
antigen encounter (Misslitz et al., 2004).
The lymphocytic component of the immune systemedsfffrom the other immune cells
in one very important way; lymphocytes are ablentmunt an antigen specific adaptive
immune response. This is achieved via the abilityTecells to recombine gene
segments encoding an antigen binding molecule kn@snthe T-cell receptor
(Sleckman, 2005). It is this T-cell receptor thagdhates antigen recognition/binding
and allows T-cell activation to begin. This is ased in conjunction with a number of
co-stimulatory molecules such as CD28, CD40L and3CDhese co-stimulatory
molecules on the T-cells are bound by the corredipgnligands on dendritic cells
CD80/86 and CD40 respectively leading to co-conding of both cell types (Ridge et
al., 1998). This area will be discussed in furtthetail later on in section 1.7.
Such interaction between the innate and adaptiwgoaents of the immune system is
crucial to mounting a competent immune responsaldepf dealing with an immune
threat. Phagocytes internalise antigens, processi tand then present them to T-
lymphocytes in a format they can recognise. Thisc@dure is known as antigen
presentation and is an absolute requirement fodévelopment of an adaptive immune
response. Those T-lymphocytes stimulated by antg@ounter in turn produce soluble
factors known as cytokines, such as InterleukifL2] and 12, which act to stimulate
phagocytes further in a feed back loop (Clark & geip 2005; Watanabe et al., 2004).
This stimulation leads to enhancement of antigesgmtation by phagocytes resulting

in the destruction of the antigen internalised. r€fare in the early stages of infection
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innate responses dominate and antigen presentatibates the adaptive immune
responses. However after ~96 hours the activatgunphocytes have begun to clonally
expand and dominate the process of antigen clearafibese cells then further
differentiate into memory cells, upon secretionllof7 and IL-15 by dendritic cells,
allowing rapid antigen clearance upon re-encouwitlr a specific antigen (Franco et
al., 2000; Huster et al., 2004).

This discussion will focus mainly on the adaptimemune system as immunotherapy
aims to modulate those components of the immunesyshat can generate specific

recognition of a threat.

1.2.2 The adaptive immune response
As stated above, initiation of adaptive immunitypeieds upon the innate immune

system to present antigen by a specific group @gphbytic cells known as antigen
presenting cells (APC’s). One of the most efficiemtigen presenting cells is the
dendritic cell (DC) that appears critical for thetigation of CD4 T helper (Th) cells
via surface molecule costimulation and productibrytokines as described in section
1.2.1 (Clark & Kupper, 2005; Ridge et al., 1998; tavmbe et al., 2004). Antigens are
phagocytosed by DC’s and processed into peptigdsatie presented to the Th cells on
major histocompatibility complex (MHC) class Il neclles (Fig 1.6a) (Marsman et al.,
2005). Th cell recognition of MHC bound peptide gmeted by APC'’s is achieved via
the T cell receptor (TCR), which is composed of @& dimer that specifically
recognises one peptide antigen presented on an MHSEs I molecule. Upon
MHC/TCR interaction, APC’s deliver costimulatorygsals that induce Th cell
activation (Fig 1.6a). In response to stimulatibe Th cells then begin to proliferate
and secrete cytokines, such as IL-2, which bods&s &ctivation status in an autocrine
manner. This results in differentiation into ;TAnd Th cells that regulate both cell
mediated and humoral immunity respectively whilsintcolling the production of
memory cell phenotypes (Dubey & Croft, 1996; Holekal., 2003).
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Figure 1.6: Collaboration between innate and adaptive imnyur{st) APC’s take up
antigen, process and present it to CD® helper cells that become activated via
costimulation. Activated Th cells then produce éaggnounts of IL-2 resulting in T-cell
proliferation and differentiation into Th Th, and memory T cells. (b) Ehcells
stimulate B cell differentiation into plasma cebbsd memory cells. (c) Thcells
orchestrate maturation of CTL's and the formatibmemory CTL.

Interaction between the TCR of Jetells and antigen loaded MHC class Il molecules of
B cells induces B cell proliferation and differetion into memory B cells and antibody
secreting plasma cells. During MHC/TCR interactidnnding of costimulatory
molecules expressed by Jlftells (CD28, BRP-1) to their respective ligands on
immature B cells (CD86, ICOS) in conjunction with,Tcell mediated secretion of IL-
2,4, 6, 7 and 10 are necessary events for B gelhal/function and the initiation of B
cell maturation and differentiation (Fig 1.6b) (Witand & Schmidt, 2005).

The Th cells aid in the maturation and expansion of CBFL’s via conditioning of

dendritic cells along with the secretion of IL-AdRA..6a+c). The costimulatory process
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that occurs between dendritic cells and CID4 cells matures both cell types; therefore
allowing DC's to activate naive CD8T cells (Ridge et al., 1998). This
activation/maturation of the Th cells by DC’s indadhe production of IL-2, which in
turn induces proliferation and differentiation ob& T cells into effector and memory
phenotypes (Rocha & Tanchot, 2004).

Thy and Th responses are mutually inhibitory to one anottieerefore modulation of
the balance between the Th subtypes plays a cemti@lin the regulation of cell
mediated and humoral immunity by generating theired type of immune response to
meet a pathogenic/altered self threat (Kidd, 208®8)ce tumour cells are regarded as
altered self it is generally believed that theiation of a Th and CTL based, cell
mediated response, rather than a f@gulated humoral response would be most useful

for the elimination of cancer cells (Knutson & Bis2005b).

1.3 The major histocompatibility complex and antigen recognition by T
cells

The major histocompatibility complex (MHC) is a dar group of genes that were
identified as a result of their effects on transped tissues. MHC genes are found on
chromosome 6 in humans (Fig 1.7) and the equivdi@ngenes on chromosome 17 in
mice. Within these regions are also multiple ganeslved in the regulation/production
of MHC: peptide complexes (Shiina et al., 2004).

The role of MHC is to present antigenic peptidesTtgells in order to stimulate
immunity. Early experiments showed that cells pnésg antigen must share the same
MHC alleles as the target T-cells in order for \eaiion to occur (Saito & Germain,
1988). This MHC genotype dependant restriction afell antigen specificity became
known as MHC restriction. MHC molecules are compos&a subunits ora andf3
subunits arranged in different combinations to fahIC class | or MHC class I
molecules respectively (Bjorkman et al., 1987; Bmogt al., 1995; Gao et al., 1997).
These combinations generate a binding groove thewvsa for both stable peptide
binding and heterologous peptide presentation bystime MHC allele (Fig 1.8). As
many individuals are heterozygous at MHC loci fartetnhancement of the peptide
binding repertoire is achieved via polymorphismghwi the MHC genes. Thus a
potentially huge range of antigenic peptides canplesented to T-cells (Reche &
Reinherz, 2003).
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Figure 1.7: The human major histocompatibility complex (MHCgUs is located on the

short arm of the chromosome 6 at 6p21.3. The chsome 6 is estimated to be 150-
180 Mb in size. The MHC locus spans about 4 megse qaairs. From HLA-F
(telomeric in the MHC locus) to TABP (TAPASIN) (deomeric in the MHC locus),
the MHC locus contains at least 121 functional geaed, among them, all the MHC
class | (classical | and non-classical Ib), the MEI&ss IIl and MHC class Il genes,
MHC class | like genes, genes involved in the amtigrocessing and cytokines. Taken
from
http://imgt.cines.fr/textes/IMGTrepertoireMHC/Locasnes/chromosomes/human/Hu_
MHCchrom6.html
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Figure 1.8: Allelic variation results in specific amino aatanges within MHC molecules (Taken from Reeha, 2003). Al, B1 and C1 show variability in MHC

class | molecules and A2, B2 and C2 show varighiitMHC class Il molecules with red being non-edte and blue being highly variable.
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Peptide epitopes presented on MHC molecules amgnéesed by T cells via the T cell
receptor (TCR), which is comprised of anchain and g3 chain and resembles a
membrane bound Fab fragment. On both dhand 3 chains there are hypervariable
regions which allow each TCR to be totally uniquel especifically recognise one
peptide on a given MHC molecule (Fig 1.9). T celteptor genes are very similar to
immunoglobulin genes in their organisation. The Tk#Ra locus contains V, D and J
segments like the IgH locus and the TCR alpha loomsains V and J segments like the
Ig light chain loci. In fact the mechanism of geearrangement for T cell receptors is
essentially identical to Ig gene rearrangement @iides a number of recombinases.
Mutations, which lead to a failure of rearrangemaitect both Ig and TCR; such
mutations produce a lack of both T and B cells #metefore a complete lack of
adaptive immunity and a severe immunodeficiencylQBCwhich is naturally fatal.
(Chlewicki et al., 2005).

TCR binding to the appropriate peptide loaded MHGlarule in conjunction with
either CD4 or CD8 binding (MHC class Il and MHC sdal binding respectively)
accompanied by co-expression with the multimeric3Gbmplex leads to initiation of
cell signalling cascades involved in T-cell activat Ligation of other T cell surface
molecules such as CD40 and CD28 is then requiretid full T-cell activation. Thus
MHC/TCR interaction is critical to antigen presditta and T-cell activation (Saito &
Yamasaki, 2003).
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Figure 1.9: Gene rearrangement to form the T cell receptost Fhe beta chain is
formed and paired with a germline “temporary” algttein. Successful pairing with
this germline subunit induces cessation of betanctemrrangement and leads to T cell
survival. The alpha chain is then produced andrtlell must undergo further selective
processes before entering general circulation (fethp from http://www-

immuno.path.cam.ac.uk/~immuno/partl/lec08/lec8 t&)h
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1.3.1 MHC class |
The MHC class | gene loci code for thiechain and th@, microglobulin (3,-m), which
together comprise the MHC class | molecule. Thestteembrane chain is made up of
three external domains,;, a,, andas and thep,-m is non-covalently associated with
these three domains. The particular manner in wtheta; anda, domains conform
leads to the formation of a groove. It is this g@ahat binds peptides of between 8-10
amino acids in length (Fig 1.10) (Bjorkman et 4887; Gao et al., 1997).
MHC class | is expressed on all lymphoid tissues muncleated cells. However, thymic
epithelia, hepatocytes, kidney and brain only esprsiHC class | at relatively low
levels and red blood cells not at all. The functadrMHC class | is to present peptides
of predominantly intracellular origin to CDJ cells. Under normal circumstances these
molecules would be loaded with self-peptides, wland recognised as “normal” by the
immune system; however if a cell were virally irtet then a panel of non-self, virus
derived, peptides would be displayed. This leadsetmgnition of a threat by the
immune system and the infected cells are destr(§edstri et al., 2005).
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Bound peptide

Figure 1.10: Side view of the crystal structure of the MHCsdd molecule. The
subunits are shown in red and fBiem subunit is shown in blue. Bound peptide sitting
in the cleft formed by thex; and a, subunits is shown in yellow (modified from

http://nfs.unipv.it/nfs/minf/dispense/immunology/astr.html).
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1.3.2 MHC class I
The MHC class Il gene loci is much more complexttitee MHC class | gene locus due

to the MHC class Il molecule being made up of twtemal transmembrane domains.
The expression of these genes is regulated in ootiun with the expression of the
invariant chain and HLA-DM by a conserved group tdnscription factors; RFX,
CREB, NF-Y and CIITA (Class Il transactivator) (Bo& Jensen, 2003).

The MHC class Il molecule is a heterodimer consgstif a 33kDax chain and a 28kDa
B chain, which associate via non covalent interactiach of these transmembrane
proteins is made up of two domairtel, a2, f1 andf32 respectively. In humans there
are three types of MHC class Il molecules; HLA-OBE, and DQ, each of which have
their own particulanr and3 subunits. However further variation in the MHC edpire

is produced by multiple types af andf3 chain for each type of class Il molecule; there
are fivea chains (1 DR, 2 DRy, 2DQu) and eight3 chains (3 to 4 DR, 2 DH3, 2
DQPB) (Campbell & Trowsdale, 1993; Newell et al.). If particular individual is
heterozygous for the MHC genes, not only are pateilHC molecules expressed on
the cell surface, combinations of the differentegmé@ala and3 chains can be produced
giving rise to a huge peptide binding repertoirdiefefore MHC heterozygosity is
advantageous in that an individual would be capablpresenting a wider range of
antigens to T cells than a homozygous individugbglich et al., 2003).

In the case of MHC class Il it is the non-covalbahding between the and3 chains
creates the peptide binding cleft from tng andp1 subunits (Fig 1.11) (Brown et al.,
1995). Unlike MHC class I, which has a peptide bwgdgroove that is closed at both
ends, the MHC class 1l cleft is open ended. Theneadf the binding groove means that
the peptides that are MHC class Il restricted carvdriable in length; between 13-18
amino acids long but they can be much larger (Rskiept al., 1991).

It has been shown that the MHC class Il moleculeajzable of forming a dimer of two
MHC molecules, @B). or superdimer. These dimers, which associate ioracovalent
manner, are oriented so that the peptide bindieffscare diametrically opposite one
another (Schafeet al, 1995). The formation of such superdimers is siamdous with
the formation of stable MHC class Il peptide compke demonstrating that peptide-
MHC binding can initiate superdimer formation (Skeraet al, 1998). Class I
superdimer formation may be important in T cellpeasses to low affinity peptides as
antibody blocking experiments showed that disrupbbsuperdimer assembly was able
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to inhibit responses to low affinity peptides bt to high affinity peptides (Schafer et
al., 1995).

Another role for these superdimers could be toiksabthe interaction of the MHC
molecules with CD4. This interaction could be inmtpat in allowing “cross-talk”
between a T cell and an APC such as a dendriticTde¢ dimer could also act to cross
link CD4 and therefore influence TCR signalling Klb@amaet al, 1995).

MHC class Il expression is limited to lymphoid ties and activated T-cells with
constitutive, high level, expression seen on pitesl antigen presenting cells such as
dendritic cells. All other nucleated cells and i@dod cells do not naturally express
class Il antigens but can when exposed to cytokswesh as TN& or interferons
(Schartner et al., 2005), also aberrant class Hression is seen on tumour cells
(Muhlethaler-Mottet et al., 1997). The functionMHC class Il is to present peptides of
predominantly exogenous origin to CD#-cells. Peptides presented in such a manner
are likely to play a significant role in the inifian of an adaptive immune response as

CD4" T helper cells help orchestrate immune regulafiorutson & Disis, 2005a).
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Bound peptide

Figure 1.11: Side view of the crystal structure of the MHCsddl molecule. Thex
subunits are shown in yellow and tiesubunits are shown in magenta. Bound peptide

sitting in the cleft formed by the; and3; subunits is shown in blue (modified from

http://nfs.unipv.it/nfs/minf/dispense/immunology/ostr. html).
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1.3.3 Antigen presentation and processing
As previously discussed, it is necessary for antigebe presented to T cells as peptide

epitopes on MHC molecules in order to generate daptave immune response.
Therefore antigen degradation and presentationddha basis for much of the body’s
immunity. Antigens are processed and presentecdne&of two pathways; the MHC
class Il pathway is only in operation in professibrAPC’s where exogenous
endocytosed material is the source of antigen.omirast, the MHC class | pathway
operates in all nucleated cells of the body andticoausly displays intracellular
peptides derived from old or incorrectly synthedisew proteins (Griekspoor et al.,
2005).

By constantly presenting the intracellular peptidpertoire, the MHC class | pathway
allows the immune system to monitor cellular proteontent. Thus when viral infection
or aberrant protein expression occurs it is recsgghivia a change in the presented
peptide repertoire and CDF cells then kill the abnormal cells.

Peptide loading onto MHC class | molecules occuusing synthesis. They are
assembled in the endoplasmic reticulum (ER) withiségnce from the chaperones
calnexin, calreticulin and ERp57. MHC molecules nthdock with the peptide
transporter associated with antigen processing JTARP is a member of the large
family of ABC transporters that translocate a widariety of substrates across
membranes. TAP is a heterodimeric protein complexsisting of two subunits; the
70kDa TAP1 and the 72kDa TAP2 (Ortmann et al., J987%pecialised protein known
as tapasin facilitates the MHC-TAP docking procds$sP then “pumps”, in an active
ATP dependant manner, virally derived or cellulatigenic peptides produced by the
proteasome and other peptidases into the ER luiReris(et al., 2000). It was found
that TAP exhibits some specificity regarding thegth of the peptides transported with
7-13 amino acids being optimal (Shepherd et al93)9which corresponds to the
approximate binding range of the MHC class | peptithding groove (~8-12aa). Once
in the ER lumen, these peptides bind to the MHGscla molecules that are then
released from the TAP-tapasin loading complex. Thmsling of peptide to the MHC
class | molecule stabilises the whole complex. [Bagled class | molecules then leave
the ER and are transported to the cell surface evtiay interact with the TCR of CD8
T cells (Fig 1.12) (Griekspoor et al., 2005; Ingb#aba, 2005; Marsman et al., 2005).
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Figure 1.12: MHC class | peptide loading. A) Partially fold&HC class la chains bind to
calnexin until B,-microglobulin binds. B) MHC class &3,>-m complex is released from
calnexin, binds a complex of chaperones (Erp5#etallin) and binds TAP via tapasin. C)
Cytosolic proteins are degraded into peptide fragmby the proteasome, a large multicatalytic
protease. D) TAP delivers a peptide that bindhheoMHC class | molecule and completes its
folding. The fully folded MHC class | molecule i®leased from the TAP complex and

exported.
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MHC class | and MHC class Il are very similar inusture and both bind and present
peptide fragments, however they differ in almosergvother aspect. The primary
difference between the two is the source of thegans presented. MHC class | presents
antigen fragments derived from either the cytoplasnthe nucleus (Griekspoor et al.,
2005; Marsman et al., 2005). MHC class Il moleciypessent peptides derived from
exogenous proteins degraded in the endocytic patfi@eesswell, 2000; Wubbolts &
Neefjes, 1999). Therefore it would seem likely thetny steps in the process required
for peptide loading of MHC class Il molecules woublel different from those for MHC
class I. As previously mentioned MHC class Il moles are comprised of anand a3
chain which assemble in the endoplasmic reticul&@R)(to form anaf3 heterodimer
(Marsman et al., 2005).

Post heterodimer formation, a third chain knowthasinvariant chain (li) interacts with
the a3 subunits to form a heterotrimer. In fact a trinoérthis heterotrimer is formed,
resulting in a nonameric complex (Cresswell, 19%943cts as a mock peptide antigen
by allowing a small segment of itself (called CLfBr, Class Il associated li peptide) to
associate with the MHC class Il peptide bindingoye It has also been shown that Ii is
required for MHC transport out of the ER, as midgéhvand li deletion show a reduced
surface expression of MHC class Il (Bikoff et 4993).

Most proteins, including MHC class |, are transpdrivia the Golgi directly to the
plasma membrane, whereas |i targets MHC class lecotes from the trans-golgi
network to late endosomal structures called MIIG fMHC class Il containing
compartments” (Neefjes et al., 1990). The MIIC eams all the required components
for efficient loading of peptide onto MC classfirst, proteases degrade Ii until only the
CLIP fragment is left in the peptide binding grodqideefjes & Ploegh, 1992). Second,
proteases, reductases and unfoldases processramtigggments which have entered
the cell by receptor mediated or fluid phase entsiy (Lennon-Dumenil et al., 2002).
Finally, a chaperone known as HLA-DM mediates tkehange of CLIP for a peptide
fragment (~13-25aa long) generated from the enzgiigested endocytosed antigens
(Sanderson et al., 1994). The activity of HLA-Divhdae controlled by a chaperone of
chaperones called HLA-DO (Denzin et al., 1997). §/hwithin these specialised MIIC,
the unique combination of endosomal chaperonegautdolytic activity facilitates the
proper peptide loading of MHC class Il moleculeke3e are then transported to the cell
surface for antigen presentation to CD#cells (Germain & Rinker, 1993; Neefjes &
Ploegh, 1992) (Fig 1.13).
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Cytosol

Endoplasmic reticulum @)

MicC

Figure 1.13: MHC class Il peptide loading. A) Invariant chdli) forms a complex with MHC
class Il blocking the binding of peptides and midéal proteins. B) li is cleaved in an acidified
endosome, leaving a short peptide fragment, CLtilPbsund to the MHC class Il molecule. C)
Endocytosed antigens are degraded to peptidesdiasemes but CLIP blocks the binding of
peptides to the MHC class Il molecules. D) HLA-Dindbs to the MHC class 1l molecule in the
MHC class Il compartment (MIIC), releasing CLIP aaltbwing other peptides to bind. The
MHC class Il molecule then travels to the cell aoé.
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The above mechanisms described are often refewedst the classical antigen
presentation pathways. However it is becoming napearent that MHC class | and
MHC class Il molecules do not strictly adhere teithprescribed roles of presenting
endogenous and exogenous antigen respectively. Maks | molecules are capable of
presenting exogenous antigen in a phenomenon kasvanoss-presentation (Decker et
al., 2006). This is particularly the case for denclcells where it is thought that fusion
between the ER and phagosomes leads to class indgpadth exogenous antigen
(Ackerman et al., 2003; Guermonprez et al., 2008ud¢ et al., 2003). This would
mean that DC’s could directly induce CTL primingaatst tumour antigens without
direct CTL-tumour cell interaction. Similarly it eccepted that MHC class Il is capable
of presenting endogenous antigen although the sgeciechanisms for endogenous
peptide loading onto MHC class Il molecules is legsl understood. Such cross
presentation is thought to be important in the thgrwhere MHC class Il molecules
presenting endogenous peptides are involved inlBekection (Yang et al., 2006). The
ability of MHC class Il molecules to present endoggs antigen to T-helper cells
should be harnessed for possible use in clinicaktras this would theoretically enable

a pre-existing CTL response to be boosted.

1.4 Thedefinitions of tumour associated antigens

1.4.1 The molecular definition
In the 1950’s Baldwiret al pioneered the field of tumour immunology and depelb

the idea of tumour associated antigens and theatien with the host immune system
by utilising a chemically induced tumour model iats (Baldwin, 1955a; Baldwin,
1955b; Baldwin, 1971; Baldwin et al., 1971). Inelayears these ideas were taken and
developed further to give rise to a sophisticateacept of immunosurveillance and the
tumour host interaction (Dunn et al., 2004). Inesrdo develop an effective cancer
vaccine it is necessary to understand the mechanisimantigen processing and
presentation in conjunction with defining tumous@sated antigens (TAA) that can
provoke an immune response. In the last decadea deal of progress has been made
in the identification of tumour antigens that could targeted for the purposes of
immunotherapy. The first human TAA to be identified humans, MAGE-1, was
isolated by genomic DNA expression cloning usindamema-reactive CTL generated
from PBMC of a patient (van der Bruggen et al., )9@DNA expression cloning then
became a primary technique for the identificatidntionour antigens recognised by
CDS8' T cells (Kawakami et al., 2004). However using thiethod makes it difficult to
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determine the MHC restriction of antigens unlesscking antibodies or MHC tumour
loss variants are available. In order to focustwsé tumour antigens most relevant to
in vivo tumour rejection, cultured tumour infiltrating Iyanocytes able to elicit tumour
regression in conjunction with high dose IL-2 warsed. However, such tumour
specific CTL clones are both difficult to obtaindamaintainin vitro. These limitations
led to the development of other techniques to iflentiable tumour antigens
(Kawakami et al., 2004).

Many cancers do not seem to generate readily édtiectevels of tumour-reactive T
cells, with the exception of melanoma, thereforeother approach was deemed
necessary. This led to the development of seraddgaoalysis of recombinant cDNA
expression libraries (SEREX) (Li et al., 2004; Saét al., 1995). The principle of the
technique relies upon cancer patients eliciting 24 CT-helper response and B-cell
activation leading to production of anti-TAA antities. The cDNA libraries are
screened using these serum IgG antibodies prodincedncer patients, thus specific
antigens in the library can be associated withranrtamour response. SEREX has also
been found capable of isolating tumour-associatejens recognised by CDETL
(Old & Chen, 1998) and represents a powerful tegmiwhich is continuously being
used to identify further tumour antigens in a widage of cancers (Kawakami et al.,
2004).

It is now feasible to identify possible tumour g@eth candidates by systematic gene
analysis. Mutation searches performed by DNA seguen coupled with the use of
DNA databases allow the identification of tumouedfic mutated antigens. There is a
wide range of techniques used such as single niadepolymorphism (SNP) searches;
gene amplification can be identified by comparatgenomic hybridisation (CGH);
MRNA/cDNA subtraction methods; DNA chip/microarranalysis and expressed
sequence tag (EST) database searches. Using rewensenology, any candidate
antigens identified can then be evaluated to determ they are capable of eliciting an

immune response in cancer patients.
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Group Antigen Cancer
Mutated peptides B-catenin, CDK4, MART-2, MUM3, Melanoma
Fusion proteins bcr-abl, TEL-AML1 Leukaemia
Tissue-specific proteins  Gp100, MART-1, Tyrosinase, Melanoma

Cancer testis antigen
Molecules related to

tumourigenesis

PSA, PAP, PSM, PSMA,
Proteinase 3
MAGE, NY-ESO-1

Her2/neu, WT1, survivin, hTERT

Prostate cancer
Myelogenous leukaemia

Various cascer

Various cancers

Oncofetal antigens CEA, AFP Various cancers, hepato

Mucin MUC-1 Breast, ovarian, pancreas cancers
Viral proteins EBV-EBNA, HTLV-1 tax, HPV-16-E7  Lynima, ATL, cervical cancer
Idiotype Antibody B cell ymphoma, Myeloma

MHC mutation Mutated HLA-A2 Renal cell cancer

mHa HAL Various leukaemia/lymphoma
Others SART-3, GnT-V Various cancers

Table 1.1: Examples of the human tumour antigens recogrbget cells (adapted from
Kawakami et al, 2004).

1.4.2 Tumour antigens and their use in immunotherapy
The techniques described in the above section baga used to identify a number of

antigens with potential application for immunoth®raThe ideal immunotherapeutic
target antigen would be exclusively expressed wittie tumour tissue but not in
normal tissues in order to minimise the risk ofsamoimmune reaction. However this is
not necessarily the case for all tumour-associatgtyens, which can be sub divided
into a number of classes. These classes will beussed below with regard to the
definition and possible usefulness within immunodipy.

The first class of TAA is known as the cancer &6fiT) antigens, so called because of
their expression in various human tumours and erreptocytes/spermatogonia of the
testis and occasionally placenta. CT antigens avdyged as a result of reactivation
genes that are normally silent in adult tissues beeome transcriptionally activated in
various tumours. The first member of this familyb® discovered was MAGE-1, which
was cloned in 1991 and one year later the firstell epitope for this protein was
defined. Other members of this group of antigerduote further MAGE antigens,
BAGE and GAGE families, NY-ESO1 and its alternatojgen reading frame products
LAGE and CAMEL (Aarnoudse et al., 1999; Boel et 4P95; De Backer et al., 1999;
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Jager et al., 1998; Traversari et al., 1992; Vamégnde et al., 1995; van der Bruggen
et al., 1991). The reason these genes are gronpedaimilies becomes apparent when
sequence comparison is performed; all the proteivase certain regions of homology
although it is still not clear what role the proigiplay in the cell (Xiao & Chen, 2004).
More genes from this group are being identifiedea®arch continues so further class |
and class Il epitopes are certain to follow. Expi@s of these genes can be found in a
variety of solid tumours such as melanoma, livemces, ocular melanoma, gastric
cancer and testicular cancer. These particulargamsi make excellent targets for
immunotherapy because their expression is redriictéumour tissue and the immune
privileged testis. Therefore CT antigen expression testis does not lead to
autoimmunity because the cells of the testis doaxprress class | and class Il HLA

molecules (Novellino et al., 2005).
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HLA
Gene HLA Frequency Peptide
(%)
MAGE-1 Al 26 EADPTGHSYs1.160
A3 22 SLFRAVITKgs.104
A24 20 NYKHCFPE]35 143
DR13 19 LLKYRAREPVTKAE;14.127
DR15 20 EYVIKVSARVRFg; 29>
MAGE-3 Al 26 EVDPIGHLYeg.176
A2 44 FLWGPRALVs71.276 KVAELVHFL 115120
A24 20 IMPKAGLLI g5.003 TFPDLESER7.105
DP4 75 TQHFVQENYLE Yas7.258
DR1 18 ACYEFLWGPRALVETSg7.282
DR4 24 VIFSKASSSLQLyg.160
DR7 25 VIFSKASSSLQLyg.160
DR11 25 TSYVKVLHHMVKISGg1.209s GDNQIMPKAGLLIIV 191205
DR13 19 AELVHFLLLKYRAR 114.127LLKYRAREPVTKAE 151134
NY-ESO 1 A2 44 SLLMWITQC57.165 MLMAQEALAFL ore,
A31 5 ASGPGGGAPR .6, LAAQERRVPRogE2
DP4 75 SLLMWITQCFLPVHRs7.170
DR4 ” VLLKEFTVSGy51.130PGVLLKEFTVSGNILTIRLT,19.138
AADHRQLQLSISSCLQQL39.156
DR7 25 PGVLLKEFTVSGNILTIRLTAADHR,19.143

Table 1.2: Table showing a list of class | and class Il niesgd cancer testes antigen
derived peptides recognised by T cells, which abogenously processed. T cells were
stimulated with protein, peptide, dendritic cells autologous tumour cells. Peptide
epitopes have also been developed for HLA-B, C, @@ DQ alleles. Figures in

subscript = residue no’s (Taken from http://www @ammmunity.org/peptidedatabase).

The second class, known as the differentiationgans is shared between the tumour
and the normal tissue from which they arose. Mahthese are found in melanomas
and normal melanocytes and are involved in theyhitesis of melanin, for example
MART-1 and Tyrosinase (Kawakami et al., 1994; Wodeal., 1994). The function of
the tyrosinase enzyme has been defined; it is @eropontaining oxidase involved in
the production of pigment and catalyses the ratéifig step in the formation of various
DOPA compounds from tyrosine. Production of tyrasi is increased on exposure to
UV-B radiation (Riley, 1993). Other differentiatiantigens are also being discovered
in epithelial tissues (CEA), tumours such as ptes{SA) and breast carcinomas

(mammaglobin-A) enabling specific immunotherapetdigeting of such solid tumours
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(Correale et al., 1997; Jaramillo et al., 2002;nbsat al., 1995). Although this group of
antigens are not exclusively expressed in the tuntioey are regarded as legitimate
immunotherapeutic targets provided that the antigamt expressed in critical tissues

such as the brain, lung and liver etc.

HLA
Gene HLA Frequency Peptide
(%)
Melan-A / MART-1 A2 44 (E)AAGIGILTV6(27)-35ILTVILGVL 35.49
DR4 24 RNGYRALMDKSLHVGTQCALTRR1.73
Tyrosinase Al 26 KCDICTDE Ya43.251 SSDYVIPIG T Y45 156
A2 44 MLLAVLYCL 1.4 YMDGTMSQV369.377
A24 20 AFLPWHRLRgg.214
DR4 24 QNILLSNAPLGPQFR; 70 SYLQDSDPDSFQRy0.462
DR15 20 FLLHHAFVDSIFEQWLQRHRRss.406
PSA A2 44 FLTPKKLQCVig5.174 VISNDVCAQV 178.187
Mammaglobin-A A3 22 PLLENVISK;3.31
CEA A2 44 YLSGANLNLgoe.613IMIGVLVGV gg1.699
A3 22 HLFGYSWYKs1.60
DR9 3 YACFVSNLAGRNNSs3 657
DR11 25 LWWVNNQSLPVSR77.189 and 355-367
DR13 19 LWWVNNQSLPVSR77.189 and 355-367
DR14 6 LWWVNNQSLPVSR77.189 and 355-367

Table 1.3:Table showing a list of class | and class Il riestd differentiation antigen
derived peptides recognised by T cells, which abogenously processed. T cells were
stimulated with protein, peptide, dendritic cells autologous tumour cells. Peptide
epitopes have also been developed for HLA-B, C, @@ DQ alleles. Figures in
subscript = residue no’s (Taken from http://www @ammmunity.org/peptidedatabase).

A third class is referred to as widely occurringerexpressed TAA’s. These antigens
are not restricted to a specific tumour type arel @ften present in normal tissue at
lower expression levels. It is thought that thestgans do not evoke a T cell response
in normal tissues because the quantity of epitapegssed and presented on the cell
surface is below the threshold level for T cellaggition. However overexpression in
tumour cells leads to increased surface epitogcesentation, which triggers an anti-
cancer response by breaking previously establisbledance (Novellino et al., 2005).
This phenomenon makes this particular group ofgens reasonable targets for
immunotherapy provided care is taken to avoid fdssautoimmunity. This can be
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achieved by carefully checking the level of ovemesggion by either quantitative PCR
or DNA microarrays when comparing tumour cells witbrmal tissues (Page et al.,
2006; Weinschenk et al., 2002). Statistical analgsin then be applied to expression
data in order to determine if there is a significdifference in expression between the
normal and tumour tissue; for example the percentalgl increase between normal and
cancer tissue could be compared using Mann Whithdy this is the case then further
study of the antigen would be deemed necessary.wbrthy of mention that some of
these overexpressed TAA were discovered by DNA adaicays coupled with newer
technologies such as reverse immunology and tetrataning (Weinschenk et al.,
2002). Examples of antigens within this group dre anti-apoptotic proteins livin,
survivin, hTERT and the tumour suppressor p53.

Normal HLA

Gene tissue HLA®  Frequency® Peptide
expression (%)
p53 ubiquitous A2 44 LLGRNSFEV¢4.272
(low level) A2 44 RMPEAAPPY;.73
survivin ubiquitous A2 44 ELTLGEFLKLs.104

Table 1.4: Table showing a list of class | and class Il niestd peptides derived from
overexpressed TAA recognised by T cells, whicherdogenously processed. T cells
were stimulated with protein, peptide, dendritidieor autologous tumour cells.
Peptide epitopes have also been developed for HL&EDP and DQ alleles. Figures
in subscript correspond to protein amino acid m@sidnumber (Taken from

http://www.cancerimmunity.org/peptidedatabase).

The fourth class is known as the unique and altsheded, tumour specific antigens.
The unique TAA'’s arise due to mutations in normahes such gs-catenin, CDK4 and
N-ras etc. Many of these molecular changes arecedsd with transformation or
progression and in humans a T cell response agsuickt antigens is associated with a
good patient prognosis. However a major problenhihis group of antigens is that
they are rarely expressed outside of the tumowvhich they were first identified.
Therefore, although these antigens represent anellext tumour specific
immunotherapy target they are unsuitable for usthénclinic because of they do not
represent a widely applicable therapeutic (Novellet al., 2005). The altered shared
antigens are generated by processes that occireitutnour cells but not in normal
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cells, such as splicing errors and point mutatigBgertsen et al., 1997; Khong &
Restifo, 2002). Again these alterations are nonnadhuired for disease progression,
thus generation of antigen loss variants is redyiwunlikely under selective pressure
from immunotherapeutic strategies (Novellino et 2005). Such TAA's would be
useful in the therapy of a wide range of cancerd eould generate a truly tumour
specific response. Unfortunately only a narrow earg these antigens has been
identified so far.

HLA
Gene/protein - Tumour HLA Frequency Peptide
(%)
beta-catenin melanoma  A24 20 SYLDSGIHg. 37
CDK4 melanoma A2 44 BADPHSGHF\b3.35
N-ras melanoma Al 26 ILDTAG REEYss.64

Table 1.5: Table showing a list of class | and class Il niestd peptides derived from
unique and altered shared tumour specific antigensgnised by T cells, which are
endogenously processed. T cells were stimulated pyitein, peptide, dendritic cells or
autologous tumour cells. Peptide epitopes havelzen developed for HLA-B, C, DP
and DQ alleles. Figures in subscript correspongratein amino acid residue number
(Taken from http://www.cancerimmunity.org/peptidetsmse). Amino acids in red

correspond to altered residues due to mutation.

The fifth class is the fusion proteins. Severaloeas, particularly the leukaemias, can
be characterised by chromosomal translocationsrigdd production of fusion proteins
such as BCR-ABL in CML (Clark et al., 2001). TheilBtelphia translocation that
occurs in CML joins the ABL gene on chromosome 9¢848BCR on chromosome
22911. The resulting BCR-ABL messenger RNA comgriaeBCR derived portion
ending in exon 3 fused to ABL exon 2 which generate?210kDa protein. This protein
possesses an improperly regulated tyrosine kinaswitp leading to constitutive
activation of phosphoinositide 3-kinase (PI3K). Gequently downstream PI3K
effectors become permanently activated resultingropagation of signals promoting
myeloid and lymphoid transformation resulting inkaemogenesis (Kharas & Fruman,
2005). The region of novel protein sequence spanttie fusion junction has great
immunotherapeutic potential as it generates new ‘Giddl CD8 T cell epitopes that
could be employed in a wide range of patients anwbur types (Parmiani et al., 2002).
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The risk of therapeutically induced autoimmunityalso minimal because normal cells

would not contain the targeted fusion protein ragio

HLA
Genelprotein HLA Frequency Peptide
(%)
BCR-ABL fusion protein (b3a2) A2 44 SKALQRPVg6.934
A3 22 KQSKALQRg24-932
DR4 24 ATGFKQSKALQRPVASg;0.936
DR9 3 ATGFKQSKALQRPVASg0.936

Table 1.6: Table showing a list of class | and class Il niettd peptides derived from
fusion proteins recognised by T cells, which ardagienously processed. T cells were
stimulated with protein, peptide, dendritic cellsautologous tumour cells. Figures in
subscript correspond to protein amino acid residoember (Taken from

http://www.cancerimmunity.org/peptidedatabase).

The sixth and final category comprises the virafrived antigens. These arise as a
result of viral transformation initiating tumourigesis in cells. The transformed cells
often express/shed viral proteins which can leadl4cell responses against virally
derived epitopes. These viral proteins represecgleent immunotherapeutic targets and
can elicit strong immune responses as the immums¢ersy has often “seen” such
antigens before. One application of viral antigemivied anti-tumour therapeutics can
be seen in the treatment of cervical cancer. O086 8f cervical cancers contain HPV,
the most common oncogenic forms of which are HP¥hf HPV18. Although the
whole HPV genome is not contained within tumouls;eghe E6 and E7 genes which
are essential for the transformation process aranuanly retained and expressed
(Boursnell et al.,, 1996). These two proteins foime basis for immunotherapeutic
targeting of cervical cancer with a number of CTlitepes and viral vaccines being
developed (Boursnell et al., 1996; Garcia-Hernaretea., 2006; Ressing et al., 1995).
However in the case of cervical cancer prophylaetccines as well as therapeutic
vaccines have been developed (Mahdavi & Monk, 200Bgse prophylactic vaccines
are based upon the HPV-16 L1 capsid protein, whikbn expressed in a recombinant
system will form virus like particles (VLP) thatsemble native virions. These VLPs
have been proven to be highly antigenic and irgectf these can elicit high titres of

neutralising antibodies as well as conferring prtte against viral challenge (Zhou et
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al., 1991). Since then this work has progressemltim clinic with a number of notable

clinical trials (see Table 1.7)

Study Koutsky et al, 2002 Harper et al, 2004
(Merck study) (GlaxoSmithKline study)
Design Randomised double-blind controlled Randomised double-blind controlled
trial trial
Age (years) 16-25 15-25
No. of enrolees 2392 1113
Location 16 sites in the US 32 sites in North America andzBr
Antigen 40pg HPV-16 L1 VLP 20pg HPV-16 L1 VLP
20pg HPV-18 L1 VLP
Adjuvant 225ug aluminium hydroxyphosphate 500ug aluminium hydroxide and 50ug
sulphate 3-deacylatedmonophosphoryl lipid
(ASO4)
Vaccination 0, 2 and 6 months 0, 1 and 6 months
schedule
Follow up Mean of 17.4 months Up to 27 months
Specific titres 60 times greater 50 times greater for HPV-16
compared to 80 times greater for HPV-18

natural infection
Clinical outcome

Adver se effects

100% efficacy in preventing persistent 100% efficacy in preventing persistent

HPV-16 infection

No cytologic or histologic
abnormalities
Non-significant

HPV-16/18 infection

93% efficacy in preventing cytological
abnormalities

Non-significant

Table 1.7: Shows a comparison of two prophylactic HPV vaation trials based upon
VLP L1 designed to prevent infection (Adapted frfahdaviet al, 2005).

There are a number of other viruses that are imfgd in the induction of cancer.

Epstein-Barr virus (EBV) is a human herpesvirust tisa linked to three B-cell

malignancies; post transplant lymphoma, Hodgkirseake, and all endemic (African)

plus some sporadic cases of Burkitts Lymphoma (BdRickinson, 2003). Human T-

cell leukaemia virus (HTLV) is associated with Tl deukaemia (Greaves et al., 1984),

Herpes type Il is associated with Kaposi’'s sarcof@monarski et al., 2005) and

Hepatitis B is associated with liver cancer (GB005). Immunotherapies against these

varied virally induced cancers are currently inithi&fancy but the viral proteins within

these tumours represent excellent candidate amstig@ther work investigating the

efficacy of viral antigens as tumour therapeutgsni process using gp70 as a model

antigen (Ahmad et al., 2005). This work paves ttey ior developing further T cell
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based therapeutics against viral antigens thateadmgenously expressed by tumour

tissue.
HLA
Gene/protein  HLA  Frequency Peptide
(%)
HPV16 E7 A2 44 YMLDLQPETT;1.90LLMGTLGIV g,.95TLGIVCPlgg 93
gp70 H2-K¢ 44 SPSYVHQIs5.147

Table 1.8: Table showing a list of class | restricted pepsidierived from viral proteins
recognised by T cells. T cells were stimulated witlotein or peptide. Figures in
subscript correspond to protein amino acid residuaber (Adapted from Ressiegal,
1995 and Ahmaseit al, 2005)

The above information begs a simple question; witbh a wide range of antigens for
the immune system to target why is it that an adeganti-tumour response is rarely
developed? A reason for this phenomenon is thattuh®ur itself has mechanisms

capable of engendering immune evasion.

1.5 Tumour evasion

1.5.1 Mechanisms of tumour evasion
In order to grasp the underlying mechanisms of wmescape it is necessary to

highlight some of the basic assumptions and priasipf immunosurveillance and its
potential role in tumour development. The tumowage hypothesis assumes that if left
unchecked the immune system would spontaneousiijcata a tumour. In other words
the very idea of immune escape implies attack efitist place.

Murine models designed to test the immunosurvaibahypothesis and discover its
underlying mechanisms have been developed, for pleaRobert Schreiber’s group has
shown that an IFiNdependant tumour suppressor system exists in (il@aplan et al.,
1998). However the relevance of this finding widlgard to the immunosurveillance of
human tumours is unclear because only a minorityusfian tumour cell lines tested in
this study showed a permanent K-Nhsensitivity (Kaplan et al., 1998). When
examining the mechanisms of tumour development oaust be taken when drawing
conclusions from these murine studies and it isredgtpossible that there could be
fundamental differences between the developmenumiours injected into mice or
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induced by chemical carcinogens when compared t® taturally occurring
spontaneous tumours in humans that arise over yearg (Khong & Restifo, 2002).
IFNy, perforin and tumour necrosis factor (TNF)-relat@goptosis inducing ligand
(TRAIL) act as immune effectors for the preventafrtumour development. Mice that
are deficient in T cells and/or in IRNsignalling pathways have a much higher
incidence of spontaneous sarcoma, lymphoma antedpittumours (Shankaran et al.,
2001; Street et al., 2002). Other studies demaestrehat in perforin deficient mice
there was a higher rate of spontaneous lymphomdusrgdadenocarcinoma (Smyth et
al., 2000). When these lymphoma cells were tram¢gthinto syngeneic wild type mice
they were rejected by CTL mediated activity. Thuglence exists, that under certain
circumstances immunosurveillance can play a rolegiowth suppression of early
tumours. In this respect, when tumours arise, #lireyregarded as having escaped from
immunosurveillance (Khong & Restifo, 2002). Anothreodel proposes that tumours
are seen as immunologically normal tissue. It ssomed that tumour cells appear as
normal healthy growing cells because they do notipce any danger signals to activate
the immune system (Restifo et al., 2002). Thus wmniostology and phenotype could
influence early tumour growth as a result of stealtd non-recognition or as the result
of immune sculpting.

Later in tumour development, during progressivewgho tumours may activate the
immune system due to the disruption of surroundisgue, production of reactive
oxygen species, up regulation of heat shock prsetand death by apoptosis or necrosis.
At the same time continual genetic dysregulati@u$eto the production and expression
of large numbers of neoantigens. All these factoay contribute to the activation of
local innate immunity resulting in development of aell mediated adaptive immune
response against the tumour (Khong & Restifo, 2002)

However, whatever mechanisms exist it is certaiat ttvhen a tumour becomes
clinically detectable spontaneous regression racelgurs. Once a solid tumour has
become established it is not known if immune esdagequired because it is unclear
whether or not these tumours are even capablerdrgégng an immune response that
could lead to regression (Restifo et al., 2002).

Although the concept of immunosurveillance remambe proven beyond doubt there
are a number of mechanisms present within the tureamironment that could, and
probably do, influence the course of tumour progias For example tumour cells can
be looked at in a Darwinian manner; one of the nmapbrtant factors that influence the

survival of an organism is genetic diversity. Geimomstability is an inherent property
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shared by all tumours and results in a genetidadierogeneous cell population. This
means that in any given tumour natural selectiomatiswork when certain cells
possessing traits beneficial to their survival angbroliferation outgrow other tumour
cells (Cahill et al., 1999). The same process waygly to tumour growth in the face
of an effective immunotherapy.

The loss or down regulation of HLA molecules on tamour cell surface is another
possible escape mechanism. Once again though tharenflicting evidence in the
literature (Rees et al., 1988; Rodriguez et alQ®2®&an Hall et al., 2006), it would be
expected that loss of H2 expression in TAP-1 or LR&eficient mice would increase
the onset and variety of spontaneous tumours; hemw#vdoes not (Johnsen et al.,
2001). In contrast some recurring tumours lose salface MHC class | in mice
immunised with B7-1 transfected tumour cells andhitmans after partial responses to
immunotherapy (Restifo et al., 1996; Zheng et H99). Decreased or absent HLA
class | expression is associated with invasiveraathstatic lesions. Total loss of HLA
class | expression is not uncommon in many tumaekiding melanoma, colorectal
carcinoma and prostate adenocarcinoma. In breasinoma the frequency of total
HLA class | loss is >50% (Khong & Restifo, 2002huE it is entirely possible that in
HLA-loss and MHC class | processing defective tumeells the loss of HLA class |
antigens occurs as a result of the immunoeditingasly tumours (Dunn et al., 2002).
Genetic mutation of the tumour genome can leadttd HLA loss or selective loss of a
particular HLA class | haplotype due to mutationghim chromosome 6 (Ramal et al.,
2000).

Loss of tumour antigens and immunodominance cad teatumour escape. Loss of
antigen expression on the cell surface can ocalgpendently of HLA loss or down
regulation. It has been shown that tumour antigepression even within a single
tumour is heterogeneous and that decreased exgrestSimelanoma differentiation
antigens such as gp100, MART-1 and tyrosinasesscested with disease progression
(de Vries et al., 1997). In one study there wa$% 2lecrease in MART-1 expression
when patients with stage IV disease were comparigd patients at stage I; such
decreased antigen expression has also been observedidual tumour mass post
peptide vaccination (Hofbauer et al., 1998; Jagat.e1996; Lee et al., 1998).

The precise mechanisms underlying the phenomendanodur antigen loss or down
regulation are as yet largely undefined; however phoduction of such antigen loss
variants could be due to epitope immunodominanegethéory an immunodominant

epitope acts as a focal point for the immune systenattack, thus allowing other
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antigen loss variants to develop in the absencattehtion from the immune system.
Once these immunogenic parent cells have beenogedtra new hierarchy is
established amongst the remaining tumour cell spblations and a new epitope
becomes dominant (Schreiber et al., 2002).

Defective death receptor signalling is another pitaé cause of tumour escape. Two
death receptor ligands that have been shown tmpertant for immunosurveillance of
tumours are Fas ligand (FasL) and TRAIL. If sigmglpathways from these molecules
are disrupted then a survival advantage is cordetece the tumour cells allowing
continued proliferation and growth (Khong & Resti#002). For example when Fas is
engaged by its ligand a complex is formed on itsghasmic tail allowing the activation
of an enzyme known as caspase-8, this enzyme tterates further caspases, which
can induce cell death. The caspase-8 inhibitorluleel FLICE-inhibitory protein
(cFLIP), is expressed in a number of tumours amdees these cells resistant to death
receptor mediated apoptosis as well as contributng cell immunoresistanda vivo
(Irmler et al., 1997; Medema et al., 1999). Dowgulation or loss of Fas expression in
tumour tissue due to total gene deletion or missenstation has also been shown to
contribute to tumour escape in both myeloma andinmgha. Mutations in the pathways
downstream of Fas signalling have also been idedt{Khong & Restifo, 2002).

With regard to TRAIL mediated apoptosis, loss opression of TRAIL receptors
occurs by one of the following mechanisms: chromaaoloss; chromosomal loss of
caspase-8; lack of signalling from the death indgaignalling complex; inhibition of
caspase-3 and low expression of death receptorsodpest-transcriptional regulation
are all hallmarks of tumour resistance to TRAIL ma¢ed apoptosis (Hersey & Zhang,
2001). Thus it can be seen that there could becttef multiple sites in the death
receptor signalling pathways contributing to tumescape.

A major factor in the escape of tumours from thenume system is a simple lack of co-
stimulation. This is because most tumours grow inoa-inflammatory environment
that is sub-optimal for the generation of an immtesponse. A number of clinical trials
have shown that tumour specific T cells can be ggad; unfortunately these cells are
not necessarily functional. However, when remowvednfthe tumour environment and
restimulated with antigen and specific cytokinesytltan be reactivated (Greenberg,
2001). Therefore anti-tumour T cells generated mo¢ dysfunctional but merely
rendered anergic in some way (Pardoll & Topalie#98t Ridge et al., 1998). It seems
likely that the dendritic cells encountering tumantigen presented under the non-

inflammatory conditions found in the tumour micrggonment would not become
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activated; such dendritic cells would not exprdss full repertoire of costimulatory
molecules and would render tumour antigen speg€iftells anergic (Fig 1.14). Tumour
cells themselves can also cause anergy when T eetlsuntering antigen upon the

tumour cell surface do not receive the approprastimulation (Khong & Restifo,
2002).

Cancer Viral infection
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Figure 1.14: Induction of T cell tolerance by tumours and ramivated APCs. The
figure also shows the normal activation route forcdlls where the co-stimulatory
molecules are present (taken from Pardoll, 1998).

Immune escape does not necessarily have to be teedwry cell-cell contact; the

presence of immunosuppressive cytokines in the twmmicroenvironment also

influences the outcome of tumour growth. Tumourscelan produce a variety of
cytokines that are capable of down regulating amume response such as VEGF, IL-
10, PGk and TGB. VEGF acts to inhibit the differentiation and nraiion of
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haematopoietic stem cells into DC by suppressiotheftranscription factor NkB. In
patients with lung, head and neck and breast cartbere were decreases in both the
number and the function of DC associated with iaseel plasma concentrations of
VEGF (Almand et al., 2000). Increased concentratioinlL-10 are regularly detected in
cancer patient sera, which can affect DC diffeagin from stem cell precursors as
well as compromising the maturation and functiostatus of DC. IL-10 is capable of
inhibiting antigen presentation, IL-12 productiondainduction of Thl type helper
responsesn vivo (De Smedt et al., 1997; Sharma et al., 1999).0lalko protects the
tumour from the immune system via enhancement ofaD©lysis, down regulation of
HLA class | and class Il molecules and ICAM-I. Suoks of HLA class | expression
could be due to IL-10 mediated down regulation 8P1 and TAP2 molecules within
tumour cells (Khong & Restifo, 2002). P@iS a proinflammatory cytokine that is
expressed in multiple human tumours; it acts toease the production of IL-10 by
lymphocytes and macrophages and inhibits IL-12 petdn by macrophages (Huang et
al., 1998). Elevated TG¥Flevels are seen in many cancer patients and acciased
with disease progression and poor response to imatharapy. TGB acts to inhibit the
activation, proliferation and activity of lymphoegin vivo (Fontana et al., 1989).
However despite the effects of the various cytakimentioned above, it must be borne
in mind that these may not necessarily be escaphanesmsper se but merely side
effects of the angiogenic and growth factor funtsiof these proteins.

It has been proposed that tumour cells might beallapof inducing apoptosis of
activated T cells via the expression of death rexdmands on the tumour cell surface.
Currently there is contrasting evidence in therditere on this subject (Khong &
Restifo, 2002). However an additional mechanisnt thdikely to occur pertains to
activation induced cell death (AICD) of antitumolircells. Once T cells have become
activated by tumour antigen recognition they expitagh levels of FasL, which induces
both apoptosis of these T cells (suicide) and betw€ cells (fratricide). Such AICD
can be reduced by the addition of vitamimnEvitro or by administration of a high oral
dose of vitamin En vivo (Malmberg et al., 2001).

In recent years the role of “suppressor” or “retpig T cells has become more
apparent with regard to tumour escape. These imregntatory CD4 CD25 T cells
control immunological tolerance to self-antigengmoval of these cells, which
comprise 5-10% of all CO4T cells in humans and rodents, induces autoimmune
disease in a wide variety of tissues. Depletionheke regulatory cells in conjunction

with injection of a CTLA-4 blocking antibody waslalto enhance reactivity against a
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known tumour associated antigen (Sutmuller et2801). However simply blocking or
removing regulatory T cells in order to overcomemiume suppression and elicit
regression of established tumours is unlikely to duecessful as there would be

autoimmune complications (Assudani et al., 2006).

1.5.2 T-cell selection and tumour immunology
As discussed in the previous section T cells carehdered tolerant to tumour antigens

due to lack of costimulation etc. However tolergnoeth central and peripheral, is a
natural mechanism employed by the body to proteot iadividual against
autoimmunity. A more fundamental level of control © cell auto-reactivity is
employed during the process of T cell productiorgell progenitors (thymocytes) are
actively selected against during their developniiethtey are auto-reactive. During their
early life, thymocytes begin rearrangement of tieaell receptors in a random manner
(see Fig 1.8). During this process of rearrangenaeiit cell could produce a T cell
receptor that is specific for a self antigen, whicluld lead to autoreactivity or a T cell
receptor that is specific for a foreign antigen,ickhcould be beneficial to the host.
Therefore it is necessary for a mechanism to exsth is capable of selecting those T
cells that recognise non-self antigens and delgtinge that recognise self antigen and
could cause autoimmunity (Goldrath & Bevan, 1998Bhis process of repertoire
selection occurs at the CE8f stage of T cell development in the thymus and lve®
positive selection, leading to T cell maturationtihe CD4+8- and CD§" stages and
negative selection which induces cell death in pmddy autoreactive thymocytes
(Anderson et al., 1998).

The driving factor in determining whether a CB4thymocyte undergoes positive or
negative selection is the avidity of its TCR meedhinteraction with peptide loaded
MHC complexes on thymic stromal cells (Ashton-Rickaet al., 1994; Ashton-
Rickardt & Tonegawa, 1994). Over a period of 3-4ysdasuccessiveafTCR
combinations, produced by continuous T@Rhain gene rearrangement, are tested for
interaction with stromal MHC/peptide ligands. Thasals that do not interact with
stromal MHC complexes during this time die from leeg while low avidity
interactions lead to positive selection and sutyitdgh avidity interactions lead to
negative selection through apoptosis (Andersoh e1298; Surh & Sprent, 1994).
There is also evidence that other factors besidE®R Tavidity are involved in
determining the outcome of thymic selection. E#idi positive selection is dependant

upon interaction with peptide/MHC complexes on tityneortical epithelial cells
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whereas negative selection is most efficiently et by dendritic cells (Faro et al.,
2004). The reasons for this specialisation in $elecare currently unclear; however it
is likely that it may be linked to the repertoirep@ptide presented by a certain cell type
or the dependence upon additional costimulationcaticsignalling to initiate either cell
differentiation or cell death (Mariathasan et 4099).

As a result of these selective processes, T catigrating from the thymus into the
periphery display a low affinity for self peptideaded MHC and represent a diverse
pool of naive T cells with varied specificity. Hover, the large majority of tumour
antigens are in fact overexpressed self proteimesgfore the T cell selection process by
its very nature eliminates those T cells that wdagdmost tumour reactive! As a result
immunotherapy seeks to boost the response of thaineng low/moderate affinity T
cells in order to clear a tumour mass with the athge that these T cells are less likely
to induce autoimmunity elsewhere in the body. Sunmunotherapeutics must be
carefully formulated in order to ensure maximumticosglation of T cells upon antigen
encounter in order to compensate for the lowengyfiof the circulating antitumour T

cells and prevent tolerance.

1.6 Cancer vaccines, their design and limitations

1.6.1 Considerations
Growing tumours act to suppress the immune systieenefore any cancer vaccination

strategy must overcome this by targeting a thertapestrategy towards correctly
activated antigen presenting cells. As a resultiyge number of vaccination trials have
utilised tumour derived peptides/antigens in coajiom with an adjuvant in order to
maximise the chances of efficient immune stimulaiiBerzofsky et al., 2004). To date
the majority of cancer vaccine trials have focused the generation of a CD8
antitumour T cell mediated response as these healle the ability to directly clear a
tumour mass (Pardoll & Topalian, 1998). Howeveraoent years it has become more
apparent that CD4T cells are also important in cancer vaccines|idray lasting CD8
antitumour response is to be generated (Wang, 2001)s the design of any cancer
vaccine should be carefully considered in orderntaximise therapeutic efficacy.
Currently there is a wide range of cancer vaccigatities available (Fig 1.15), each
of which has its own advantages and disadvant&gew, some of the most common

of these are discussed.
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Figure 1.15: Shows the various approaches available for antitr vaccination. (A)
Irradiated tumour cells transfected with a virattee encoding cytokines designed to
attract DC’s in order to maximise antigen preseomato the immune system. (B) DC’s
can be directly loaded with TAA via a number of huts e.g. tumour lysates peptide
etc. (C) DC can be locally supplied with antigendisect injection, DC will then take
this up and migrate to draining lymph nodes whéee antigen is presented to T cells
(taken from Berzofsky et al, 2004).

1.6.2 Modified tumour cell vaccines
The most plentiful supply of rejection antigens t@nfound within a tumour itself; thus

the idea of utilising whole autologous tumour celtsa cancer vaccine arose. However
this is difficult to apply within the clinic as Ige scale vaccine production is difficult
and tumour tissue is often unavailable. Thereftineroapproaches have been developed
that utilise more widely applicable allogeneic dalles as vaccines (Berzofsky et al.,
2004).

Tumour cells have been engineered to secrete aeroflifferent cytokines with the
idea of enhancing tumour recognition and destract@f the cytokines tested, GM-CSF
appears to be the most effective. Expression of G3f by the tumour cells leads to
increased numbers of DC’s and other APC within tamour microenvironment,

specifically at the site of injection (Dranoff ek,al993). The problem is that solid
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tumours are often inaccessible for direct injectiierefore a patient must first undergo
surgery to remove the primary tumour then recemmunotherapy in the hope that it
would prevent relapse due to metastasis.

Studies performed in patients with advanced prestahcer (Simons et al., 1999) and
metastatic malignant melanoma (Soiffer et al., J98&d irradiated autologous tumour
cells which had been transfected with a retroweadtor coding for GM-CSF, resulting
in one partial response out of 21 melanoma patiémta separate trial, 14 patients who
had undergone surgery to remove pancreatic caneee waccinated with GM-CSF
transfected allogeneic cancer cell lines, threewvbich remained disease free at 23
months (Jaffee et al., 2001).

1.6.3 Peptide based vaccines
The discovery of the crystal structure of the MHGI@eule and of the peptides bound

to it in conjunction with anchor residue sequencetii® accounting for binding
specificity of peptides to MHC molecules has maidpassible to understand how T
cells recognise antigen in the form of short peggtidStern & Wiley, 1994). Native
peptide vaccines have been used but strategies diswebeen developed to improve
peptide immunogenicity and to steer the immuneesystowards the desired type of
response. However individual peptides would onlyubeful in patients expressing the
appropriate HLA molecules capable of presentingitBerzofsky et al., 2004).
Modification of the amino acid sequence of the [as, referred to as epitope
enhancement, can improve the ability of vaccinegédnerate a clinically significant
response via several means: (1) increasing theitgffiof peptide for the MHC
molecule; (2) increasing TCR triggering; (3) intibg the proteolysis of the peptide by
serum proteases (Berzofsky et al., 2004). It isesexély important whenever the peptide
sequence is altered to confirm that the induceclls @re still capable of recognising
the native peptide sequence.

Another approach that has been applied to peptabeines is the use of adjuvants
containing cytokines, chemokines, costimulatory evales etc in order to amplify and
direct the immune response (Berzofsky et al., 200h) CD4" T cells and CD8
cytotoxic T cells are crucial for antitumour immtynand are stimulated most efficiently
by professional APC such as dendritic cells. Theeefit seemed logical to combine
peptides with cytokines, to induce DC recruitmeBM-CSF), costimulatory molecules
and promote DC maturation (CD40L) in conjunctiorthwlhy cytokines such as IL-12
and IL-15 (Ahlers et al., 2002). The use of pegtideth broad MHC class Il binding,
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endogenous helper epitopes or enhanced helpepepito stimulate CD4+ T cell help
also has the ability to increase an antitumour CB&ponse (Ahlers et al., 2001).

The most comprehensively studied clinical modeldeptide vaccination is malignant
melanoma. Rosenbemy al tested vaccination with native gp%gé.17 ITDQVPFSV)
and found that it was only capable of inducing liewels of T cell activity in 2 of 8
melanoma patients, whereas the enhanced epito® dg209-2M, sequence modified
to IMDQVPFSV) generated strong T cell reactivity in 014 immunised patients
(Rosenberg et al., 1998). Despite these T celloresgs, only a single objective clinical
response was reported. However, immunisation viiéhenhanced g209-2M epitope in
conjunction with high dose IL-2 resulted in antitoun responses in 42% of patients
with T cell reactivity in only 10% of patients. Atidnally, there is quite a wide range
of adjuvants to consider each of which has advastamnd disadvantages, with usage
limits imposed by law in some countries restrictihg available choice. The problem is

that results can vary depending upon the adjuMaoden (Schaed et al., 2002).

1.6.4 Recombinant viral vectors
A number of trials and preclinical models are cotliie in progress that utilise

recombinant viral vectors expressing tumour ansgsuch as PSA or CEA, some with
immunomodulatory cytokines (Marshall et al., 20B@gs et al., 2002; Zhu et al., 2000).
A range of vectors has been used including ademsyvivaccinia and avipox. The
presence of high titres of antiviral neutralisingtibodies could limit the use of such
vectors, especially when multiple doses are reduiog effective therapy, except for
fowlpoxes that do not seem to induce neutralisingbadies (Berzofsky et al., 2004).
Resistance against poxviruses due to prior exposout be potentially overcome by
mucosal immunisation, which is capable of inducingth systemic and mucosal
immunity (Belyakov et al., 1999). Immunodominanoeld also lead to problems as the
immune response generated may focus upon the noteatpviral antigens rather than
against the weaker tumour antigens. The potensuadi vectors may be enhanced by
the addition of genes encoding immunostimulatoryetes or cytokines (Hodge et
al., 1999; Lipsitch et al., 2003), many of whicle arow entering clinical trials. These
vectors can also be used to transfect antigendendritic cells that can themselves be

used as a form of vaccine, as described later.
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1.6.5 DNA vaccines
Intramuscular injection of naked DNA expressiontees has been shown to induce

immune responses (Tang et al., 1992; Ulmer etl8B3). These DNA vaccines target
antigen into DC’s for endogenous processing andgeotation to CTL in draining
lymph nodes or into other cells for cross pres@matithout the requirement for viral
vectors. Therefore there is no concern over imnugrepetition from viral antigens or
reduced therapeutic efficacy due to antiviral amdies and potential risks from live
virus are eliminated. These vaccines can also lediuadapted to specific requirements
by the use of constitutive, tissue or tumour spe@fomoters for selective expression
(Berzofsky et al., 2004).

The results of a number of plasmid DNA vaccineld¢rtizave now been published. Of 12
patients with follicular lymphoma vaccinated wittagmids encoding tumour specific
idiotypes four mounted a humoral anti-idiotype orspecific anti-idiotype T cell
proliferative response (Timmerman et al., 2002)algeparate trial, 17 patients with
metastatic colorectal carcinoma vaccinated withlasmid encoding both CEA and
hepatitis B surface antigen (HBs) as a control,d@xeloped protective levels of anti-
HBs antibody but none mounted a response to CEAvender 4 out of 17 mounted an
anti-CEA lymphoproliferative response (Conry et @002). Therefore it would seem
that DNA vaccines have not yet shown much promgearaantitumour therapeutic in

the clinic.

1.6.6 Dendritic cell vaccines
As a consequence of the tumour microenvironmeninix@uration and function can be

impaired in cancer patients; therefore it seemg#dghatex-vivo generated DC should
form the basis of a therapeutic antitumour vacamatGabrilovich and colleagues
reported improper CTL induction in conjunction wittlefects in DC function
(Gabrilovich et al., 1996a; Gabrilovich et al., £8). Supernatants harvested from
tumour cells were capable of suppressing DC maturatia VEGF (Gabrilovich et al.,
1996a; Gabrilovich et al., 1996b). However DC’s gratedin vitro from bone marrow
progenitors were found capable of stimulating alogjic T cells and induced mutant
p53 peptide-specific T cell responses (Porgador ifbda, 1995). Immunisation with
mutant p53 peptide pulsed DC was able to inhil@tghowth of established tumours in
mice (Berzofsky et al., 2004).

DC’s pulsed with a variety of therapeutics suchtasour lysates, peptides, nucleic
acids encoding TAA either transfected into DC bysior by electroporation and RNA
have all proved effective to a varying extent (Bésky et al., 2004). Antigens can also
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be targeted to DC’s by coupling to DC specific botiies (Bonifaz et al., 2002).
Transfer of genes encoding costimulatory moleci(B%) and cytokines (IL-12) into
DC'’s has also proven successful in boosting therapefficacy (Zitvogel et al., 1996).
One of the hurdles to overcome when using DC vatidin is the generation of large
numbers of clinical grade human DC’s. Currentlyr¢gha@are two commonly used
techniques: (1) purification of immature DC preaussfrom peripheral blood (Fong &
Engleman, 2000) and (2x vivo differentiation of DC’s from CD34haematopoietic
progenitor cells or peripheral blood monocytes,allguby culture of monocytes with
GM-CSF and IL-4. Immature DC can be matured inréetaof ways e.g. CD40 ligand,
LPS, TNFx or Poly I.C. (Berzofsky et al., 2004).

One experiment in humans raised concerns aboutigbeof immature DC’s in the
clinic, which could potentially lead to the genévat of tolerance to the targeted
antigens (Dhodapkar & Steinman, 2002; Jonuleit1et2900). Two healthy donors
receiving immature DC’s pulsed with influenza matpeptide (FMP) showed a
reduction in the number of active FMP specific CO8cells (Dhodapkar et al., 2001).
As a result the recent protocols employed TNEDA40 ligand, monocytes conditioned
media or cytokine cocktails to mature the DC (Nes2D00).

The results of several DC cancer vaccine trialseshaew been reported. The first of
these, conducted by Hstial, was for the treatment of cancer patients withdolar B
cell lymphomas, which express a unique clonal B meptor (idiotype, Id) that can
distinguish lymphoma cells from non-malignant lyropites. Ten patients were treated
with peripheral blood derived DC’s pulsed with antwr specific Id protein. Eight
developed Id specific proliferative responses am# aeveloped a specific CTL
response (Hsu et al., 1996). Two patients had ce@pkesponses (CR) and one had a
partial response (PR). A follow up study was conedaovith a further 25 patients of
which 15 out of 23 that completed the trial geredlail cell and humoral anti-Id
responses (Timmerman et al., 2002).

Multiple myeloma (plasma) cells that also expressque clonal immunoglobulin
idiotypes can be detected by CTL that recognisepdghtide presented on HLA
molecules. Of 26 patients treated with Id pulsed &@r high dose chemotherapy and
stem cell transplantation, four developed Id spedifcell proliferative responses. The
stem cell transplant itself resulted in 5 CR andPRL, however 8 patients who partially
responded had further reduction in their serum rolmmal spike post DC vaccination
and of the four patients who developed an immuspaese two remained in CR at 35

and 25 months after transplantation (Liso et &I0®.
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The efficacy of DC vaccines in patients with sdliehours has also been tested. Out of
21 patients with recurrent or metastatic prostatecer and elevated serum prostatic
acid phosphatase (PAP) treated with rodent PAPeduBC, 10 developed T cell
proliferative T cell responses against PAP (Fonglet2001). Among 16 patients with
metastatic melanoma receiving peptide or tumouatgspulsed DC injected directly
into lymph nodes, eleven mounted delayed type legmesitivity responses to peptide
pulsed DC and two had long lasting CR’s (Nestlalet 1998). Out of 11 melanoma
patients being treated with monocyte derived DCsedllwith a HLA-AL restricted
MAGE-3 peptide, eight developed a CTL responsesamde minor tumour regressions
were observed (Thurner et al., 1999).

The variable results produced by these trials cbelthe result of a number of variables
such as the type and quality of the DC generatesl epitope loading method and the
dose, route and frequency of vaccination. Therefanédst the use of DC as a cancer
vaccine is attractive in terms of their ability ttowart some tumour immune evasion
mechanisms, there are still a number of technigsligs to be resolved before these

vaccines could be used routinely.

1.6.7 Strategies to enhance cancer vaccines efficacy
It is apparent that the hurdles created by evasiothe immune system hamper the

majority of immune responses generated againstnauu As discussed previously in
section 1.5.1 there are a number of tumour-derifetors that can inhibit DC
maturation and function, therefore the generatioth maturation of these cekx vivo
can negate this problem. The use of immunomoduylatgtokines, chemokines and
costimulatory molecules in conjunction with peptelgitope enhancement can also be
used to improve T cell responses to a particuligan.

More recently research efforts have focused onptissibility of circumventing those
mechanisms that serve to down regulate or attenomeine responses. Tumours have
adopted these mechanisms in order to evade immoekance. T cells express
inhibitory receptors themselves, the most studieevimch is CTLA-4; this molecule
binds to CD80 and CD86 leading to a reduction icell activation (Egen et al., 2002).
Recently anti-CTLA-4 antibodies have been use ia thinic either alone or in
conjunction with cancer vaccines in order to asissberapeutic potential (Phan et al.,
2003). A significant number of objective responsaese observed in a melanoma trial
in conjunction with a number of autoimmune sidecef$, all of which ceased when

treatment was stopped.
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Another well studied regulatory mechanism is the4ACDD25 regulatory T cell. These
cells are induced by antigens, especially in thesg@nce of high IL-2 but their action is
not antigen specific (Thornton & Shevach, 2000}hé&i blocking or elimination of
these cells has been shown to enhance tumour insunrellance and improve the
efficacy of cancer vaccines (Shimizu et al., 1999)act concurrent blockade of CD4
CD25 regulatory T cells and CTLA-4 was found to be sgistic when applied in
conjunction with a cancer vaccine (Sutmuller et2001).

A different approach is to try to selectively inéuaigh avidity T cells, which have been
shown to be more efficient at killing tumour cedisd eradicating tumours (Yee et al.,
1999; Zeh et al., 1999). It was recently found ttinet use of a triad of costimulatory
molecules (CD80, ICAM-1 and LFA-3) administered comently with a vaccine, could
selectively induce CTL’s skewed toward higher ayicand more effective at killing
tumour cells (Oh et al., 2003). Indeed, IL-15 esgexl by a vaccine was found to
selectively induce longer lived CTL that may behigher avidity and more effective
(Oh et al., 2003). It would seem likely that CDR cell help is crucial in inducing such
long lived CD8 CTL, possibly by helper cell stimulation of DCgeoduce IL-15 when
they present antigen to CTL (Gett et al., 2003sdan et al., 2003; Shedlock & Shen,
2003; Sun & Bevan, 2003). Thus it would seem tihat inclusion of CD4 T cell
epitopes in future cancer vaccine formulations mgiove critical in order to prevent

patient relapse.

1.7 Thecentral role of CD4" T-cellsin anti-tumour immunity
Early experiments established the crucial role DBE T cells in the recognition and

eradication of tumour cells. The majority of stididemonstrated tumour regression
after adoptive transfer of tumour specific CDB cells into tumour bearing mice.
Immunisation of animals with MHC class | peptideaswalso shown to induce tumour
regression; however these models largely ignoredrtile of CD4 T cells. When
adoptive transfer therapies were applied clinicatlgspite the generation of CTL,
objective anti-tumour responses were rarely obskei@ormier et al.,, 1997; Wang,
2001). In animal models it was seen that CD4 cells played a central role in
orchestrating the immune response against the turgells as well as directly
mediating tumour rejection. In recent studies frins laboratory, it was seen that
treating mice with established CT-26 tumours ugM§C-HSV virus led to regression
of tumours in about 70% of animals and that both4CBnd CD8 T cells were
important for efficient tumour regression (Ali dt,2002; Rees et al., 2002). Now that
the importance of CD4T cells is clear, efforts to identify MHC class rigstricted
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peptides have intensified, leading to the discovdrg number of naturally processed
class Il peptides; these could potentially be ipooated into future cancer vaccines in
conjunction with existing MHC class | peptides (&ojet al., 2005; Touloukian et al.,
2000).

Models of CD4 T cell knockout mice and adoptive transfer of CDH cells have
clearly demonstrated the ability of CDZ cells to mediate tumour rejection without
CD8" T cells (Ali et al., 2002; Segal et al., 2002)u@es in severe combined
immunodeficient (SCID) mice showed that human CD4sells generated from PBMC
of lung cancer patient could mediate rejectionwtbbbgous lung tumour xenografts in
them despite tumour cells being HLA negative (Egimet al., 2002). Tumour
rejection by CDZ T cells was mostly mediated directly by IRNiependent
mechanisms, whereas in other models it has beemnstobe through the recruitment
of macrophages and/or eosinophils. lf+Ras indeed been shown to have pro-apoptotic
and anti-proliferative effect on tumour cells andsnalso shown to inhibit angiogenesis
and by inducing up regulation of MHC class | molesy making tumour cells more
susceptible to CTL mediated killing (Assudani et @006). The majority of studies
suggest that CD4T cell mediated tumour rejection is not MHC resed; however,
some evidence suggests that CD4cells can recognise tumour cells and lyse them i
an MHC restricted fashion (Thomas & Hersey, 199&)Jependent studies have shown
CD4" T cells to directly mediate tumour cell lysis thgh TRAIL, FasL and granzyme-
perforin dependent pathways, traditionally emploggdCTL. However, this is unlikely
to be the primary role for CD4+ T cells as most tums are MHC class Il negative
(Assudani et al., 2006). Despite the fact that CD4ells can mediate tumour rejection
directly on their own, their main role involves bestrating the immune response
through CTL, and macrophages and eosinophils iraicecases.

Clinical trials using adoptive transfer of CTL iarer patients have also reinforced the
value of CD4 T cells. Adoptive transfer of CD8+ T cell clondlistrated that the
transferred T cells could persist for prolongedqgus of time provided that the antigen
burden was low, however these cells rapidly disapg if higher levels of antigen
were present (Yee et al., 2002). Co-transfer of TD4ell help with the CD8T cells
has been shown to prolong the survival of adoptitteinsferred TIL (Yee et al., 2002).
Therefore CDA T cell help is required for prolongéd vivo survival and expansion of
tumour reactive CTlex vivo. Some early work showed that it was possible ttate
tumour antigen specific CD4T cells from tumour infiltrating lymphocytes in
melanoma patients (Topalian et al., 1994). Adoptreasfer of unfractionated T cells
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into patients (CD4and CDS8 T cells) has been shown to promote tumour regrassi
(Rosenberg & Dudley, 2004; Rosenberg et al., 2084th studies indicated that the
full activation of auto-reactive CD4T cells was likely to be an important component
currently missing from many clinical trials.

Dudley and Rosenberg have pioneered work in tHd 6&adoptive T cell transfer in
the clinic. Results from the most recent trials@up the notion that CO4T cells are
critical for efficient immunotherapy. In early tisa cloned melanoma reactive T cells
were adoptively transferred into 13 patients witktastatic melanoma followed by
administration of IL-2 (Dudley et al., 2001). Thdsansferred cells had high reactivity
against a number of melanoma antigens when tastedtro and yet not a single
objective response was seen in any of the 13 patibmthe second trial, patients with
metastatic melanoma were given cloned high avi@ligells that were transferred post
non-myeloablative chemotherapy. This study utiliseédcreasing doses of
cyclophosphamide and fludarabine in conjunctionhwiit-2. No objective clinical
responses were seen in 15 patients tested (Dutdéy 2002).

In both trials it was speculated that the poor igegace of the adoptively transferred
clones was responsible for the lack of clinicapesses. As a result the protocol for a
subsequent clinical trial was modified to administeheterogeneous population of TIL
containing both CD4and CD8 T cells. In this ongoing trial 35 patients haveste
treated, 18 of which (51%) have generated an dlgectinical response, including four
patients with a complete response. Thus adminigtratof |lympho-depleting
chemotherapy in conjunction with a minimally cuéidr heterogeneous T cell
population may be responsible for this increaseljective response rate. Moreover T
cells were shown to persist for extended period$simé (up to two years) and this
persistence correlated with clinical responses ¢Rbsrg & Dudley, 2004; Rosenberg
et al., 2004).

Although CD4 T cells will undoubtedly prove useful in the clinthe precise nature of
T cell help required in order to further improven@al efficacy of tumour-specific CTL
is unclear. Is non-specific help, for example \yralerived antigen such as Hepatitis B
core antigen, the most effective way to promote @€83ponse or would protein specific
T cell help i.e. the CTL epitope and the helpeta® derived from the same protein
prove more effective? Preliminary transgenic mou&s7bl/6-HHD 1) studies
performed utilising human class | p53 peptides ombination with either Hep B or
mouse class Il p53 peptides indicated that therlaths more effective and could boost
both number and magnitude of CTL responses to &cpkar antigenin vitro (Horton
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R, Unpublished data). Theoretically, if a pre-arigtresponse to a class | restricted
tumour antigen is present then there may alsodlass Il response to the same antigen.
By immunising with class | and class Il peptidesivid from the same protein against
which there is a prior immune response, it wouldnsdogical that a stronger and
possibly longer lasting anti-tumour response cdgdgenerated. Moreover, the nature
of the T cell help required could be dependanthenpgeptides involved, which might
dictate generation of either a jTar Th, response. It is widely believed that cytokines
secreted by Thl cells facilitate CTL generationevelas a Thcytokine profile might
favour an antibody based response and be detritmen@rL induction (Nishimura et
al., 1999).

Although most studies published to date sugges$t@msd™ T cell help is required for
the generation of memory CTL responses, some studiicate that they are also
essential in the priming phase of the CD8+ T cdllse requirement for CD4T cell
help might be dependent on the MHC class | epitdperity. Francoet al showed that
peptides with high affinity for their MHC class lakecules did not require CDA cell
help (Franco et al., 2000). They observed that imsing mice with three different
high affinity MHC class | epitopes generated CTikespective of T cell help, whereas
immunisation with subdominant epitopes required CD4cell help for generation of
CTL,; the nature of help required to generate cytictoesponse itself was dependent on
the class | peptide (Franco et al., 2000). Thisgests that the generation of CTL is
influenced by the period of MHC restricted peptidsplay on APC, TCR-MHC
binding affinity/duration and whether or not CD# cell mediated help is necessary.
The formation of long lasting MHC-peptide-TCR coexes depends upon the binding
affinity of the peptide and establishes a crods-tatween CD8T cell and the APC.
This ultimately leads to activation of the APC a@dL generation in the absence of
CD4" T cell help. However, any conclusions drawn fraansgenic mouse models or
murine adoptive therapy experiments must be coresdeith caution as such data may
not be directly applicable in humans.

In specific circumstances, a primary CDg cell response might be generated
effectively in the absence of a helper responsecoimrast, the memory response to
secondary challenge upon re-exposure of animaétigen is defective suggesting a
critical requirement for CD4T cells in the initial memory priming phase (Shoak &
Shen, 2003). The requirement for CDB cell help in the generation of optimal CTL
responses might be dependent upon the antigerhardHIC class | epitope. However,
because of their ability to enhance the anti-tun@DB8" T cell response, many believe
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that the generation of tumour specific CD#cells should be an essential component of
any clinical trial.

Recently, it was shown that CDZ cells control the generation of memory CDB
cells via a TRAIL-dependent mechanism. COBcells primed in the absence of CD4
T cell help, up-regulated TRAIL and upon secondancounter with the antigen
underwent activation induced cell death (AICD), vdas those primed in presence of
help did not up-regulate TRAIL and were able toengd significant clonal expansion
on re-encounter of antigen (Janssen et al., 200®3. potentially represents a complex
mechanism through which the immune system avoidsirmmunity, as most of the
CDS8' T cells generateih vivo to self antigens would occur in the absence qf.lEhus
on re-encountering the same antigen, T cells waomdergo AICD. This could also
explain the limited success in generating highnéificancer antigen-specific CTL, as
high affinity CTL would undergo AICD.

It must be remembered that the frequency of naiwigen specific precursor T cells is
normally very low, hence, antigen carrying APC andering such rare antigen-
specific CD4 T cells and equally rare CD8T cells at the same time seems highly
unlikely, although it has been argued that cortb@tiveen APC and CD4T cells could
be long lasting, providing sufficient time for tremtigen specific CD8 T cells to
encounter this complex. Ridgeal showed that DC can first engage CD4cell and
the cross talk between them through CD40-CD40Lraati®on licenses the DC to then
activate naive antigen specific CD8+ T cells ahterl stage (Ridge et al., 1998). This
two step model seems more realistic as the raigeanspecific CD8and CD4 T cells
do not have to come into contact with the few D@yag the specific antigen at the
same time. Recently, another two-cell dynamic mdédal been suggested by Xiagtlg

al (2005). Their study reveals that during the inigatounter between antigen carrying
APC and CDA T cells, along with the MHC-class Il peptide compto-stimulatory
molecules, CD4 T cells also acquire the MHC-class | peptide caxes from DC.
These activated CD4T cells can themselves act as APC for the naiv8'QDcells by
virtue of displaying MHC class | peptide complerray with co-stimulatory molecules.
Moreover, these CO4APC were able to effectively generate CTL and damthour
immune response in a murine tumour model (Xiang.e005). It seems possible that
a number different help mechanisms act synerglitickor optimum immune
activation. Considering the above, it would seeat #my cancer vaccination protocol

unable to generate optimal CDZ cell help is unlikely to succeed as many T cells
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reactive against high affinity epitopes are likelyhave been deleted by either central or
peripheral tolerance mechanisms (Hogquist et @052

It is generally believed that tolerance is a consege of anergy, exhaustion,
ignorance, peripheral deletion or immunosuppressigmphocytes can remain alive
for a prolonged period of time but become functlgnhyporesponsive after antigen
encounter. This anergy can either be clonal, uradegrowth arrest state after an
incomplete activation, or adaptive as proliferataomd effector functions are inhibited
following a lack of co-stimulation or an excesscotinhibition (Schwartz et al., 1989).
The involvement of T-regulatory cells (Treg) as tpaf peripheral tolerance
mechanisms has further complicated the pictureranthins controversial (Ahmad et
al., 2004). Treg are the major subset of regulalopells involved in tolerance against
tumour cells and tumour immunotherapy; recent dgweents in the
control/modulation of Treg may allow boosting oéthaction of cytotoxic and helper T
cells against tumour cells.

The Treg population accounts for 2% to 5% of thaltpopulation of CD4 T cells in
both rodents and humans and are generally chaserdeny a CDACD25" phenotype
(Assudani et al., 2006). They can either be geadrataturally following selection in
the thymus to create an anti-self repertoire olingkiced in the periphery leading to
expression of the CD25 marker upon encounter witininosuppressive cytokines
such as IL-10 or TGFor both (von Boehmer, 2005). Contrary to mice, CD25
expression in humans is variable with a report deisiy a correlation between levels
of CD25 expression by peripherally-induced Treg dhd histological grade of a
tumour (Talpur et al., 2006). However, another-spkcific marker is now used to
identify Treg; the transcription factor foxp3. F&pxpression is undetectable in other
lymphoid or non-lymphoid cells and is strongly latk with the immunosuppressive
activity of natural or adaptive Treg (Chatila, 2D0%0xp3 protein on its own is
sufficient to induce an immunosuppressive respamsaice; however mechanisms in
humans are more complicated and even the simulignegection of two isoforms of
foxp3 is not enough to completely down-regulateithmune response suggesting that
other factors such as target antigens are reqtoretie generation of Treg (Allan et al.,
2005).

Antigen specificities and molecular mechanismshafse Treg are largely unknown.
Treg may derive from CD€D25 T cells which have been converted to COB25'
Treg because of suppressive cytokines present eattumour site or after direct

interaction with naturally occurring Treg accordittgthe “infectious” tolerance theory
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(Assudani et al., 2006). This is subject to cordrgy as another subset of
CD3'CD4'CD25 T cells present in the non-adherent fraction ofepehymal
splenocytes, has been shown to be strongly linkidd progression of tumours in an
established Balb/c colon carcinoma tumour modelnfatd et al., 2004). Complete
tumour regression was observed in 70% of micedceain the other hand in progressor
mice, lymphocytes from the parenchymal fractiontoé spleen were capable of
negatively regulating AH-1 peptide-specific CTL aga CT26 tumour cells. Contrary
to the “infectious” tolerance theory developed biyedkmann and colleagues, relying
mainly on the secretion of IL-10 by anergised COB25 T cells to inhibit syngeneic
CD4" T cells (Dieckmann et al., 2002), the inhibitiofi GTL activity by these
suppressive CD€D25 T cells occurred in a cell-to-cell contact deperidishion
similar to CD4CD25 Treg (M. Ahmad, unpublished resultsjreg can deprive
autoreactive T cells of autocrine IL-2; trigger thaetivation of the indoleamine 2,3-
dioxygenase in DC via an inhibitory molecule, cgtat T lymphocyte-associated
antigen 4 (CTLA-4), causing immunosuppression of€lls; down-regulation of the
expression of co-stimulatory molecules such as C@B0CD86 or secrete the
immunosuppressive cytokine TGRollowing engagement of CTLA-4 (Assudani et al.,
2006).

Treg have been extensively studied in cancer patiand are mainly present within
lymphoid tissues. There is also increasing evidafddeir presence within peripheral
blood and tumour-infiltrated lymphocytes. Curetlal demonstrated the link between
the presence of Treg in individuals with ovariamaa and the decrease of tumour-
specific CTL activity coincidental with tumour grthw (Curiel et al., 2004). A
correlation was identified between high infiltratizates of CDACD25"" cells into
lymph nodes surrounding gastric tumours, when caoetpao infiltration of control
distant lymph nodes, and impaired cell-mediated umity in cancer patients (Kawaida
et al., 2005).

It has been proposed that Treg could be the magwan for failure of immunotherapy.
Using a CT26 colon carcinoma model in Balb/c mdepletion of Treg allowed the
induction of both CD4 and CD8 anti-tumoural response. By depleting both Treg and
CD8' T cells, CD4 T cells were also capable of rejecting MHC cldsselgative CT26
tumour cells via IFN-dependent anti-angiogenic activity. Restorationtlod Treg
population over time results in repression of thé-umour response (Casares et al.,
2003). For example vaccination utilising autologtwsiour cells transfected with GM-

CSF was proven to be efficient in some subjecth séivere disease such as advanced
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melanoma, non-small cell lung carcinoma, ovariaicinama or myeloid leukaemia. T-
and B-lymphocytes were found to be densely infiétdain distant metastases resulting
in extensive tumour necrosis (Assudani et al., 20@86wever, despite obvious signs of
improved immunity, the majority of vaccinated pate eventually evolved to
progressive disease (Dranoff, 2002). More recerdlystudy showed that a CTL
response was obtained after immunisation of melanpatients with MHC class |
peptide- or melanoma tumour lysate-pulsed antigessgnting cells which peaked at
seven days post-immunisation. The CTL responseteasin decline reaching the pre-
vaccine level 28 days after administration of tlaeome. This decrease correlated with
the expansion of the IL-10-secreting Treg poputaiio post-vaccine peripheral blood
lymphocytes (Chakraborty et al., 2004). These tesnlmice and humans emphasise a
similar role for Treg in both species, which is tmaintenance of tolerance and the
down-regulation of the anti-tumour response.

The critical issue is to define a balance betweeantanance of tissue integrity by
avoiding autoimmune responses and induction of tnpotumour-specific immune
response allowing successful tumour therapy. Im\eé the results reported in recent
clinical trials, successful control of the Treg ptgiion appears to be necessary for
formulation of an efficient cancer vaccine and gatien of a potent long-lasting anti-
tumour response resulting in tumour eradication.

There have been a number of methods proposed tateraot Treg and figure 1.16
summarises some of these. Further work is requwedearly identify the different
subsets of regulatory T cells, understand thearatdtions with effector cells, clarify the
molecular mechanisms behind the maintenance ofatode to tumour cells and boost

the action of cytotoxic and helper T cells agatnstour cells.
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; CTLA-4
SEREX self-Ag or CTL epitope A g B
Helper epitope A PolyG10

Cbh4

GITR-Ig

Tumour cell death

Figure 1.16: Mechanisms of inhibition of Treg suppressivedttiand enhancement of
cytotoxic and helper T-cell activity. A: Blockadé GTLA-4 using anti-CTLA-Ig. B:
Reversal of TLR8 using CpG or polyG10. C: Elimioatiof Treg using the recombinant
IL-2 diphtheria toxin conjugate DARBJL-2. D: Blockade of GITR using anti-GITR-Ig.
E: Production of IFN by cytotoxic T cells inhibiting Treg activity falving co-
immunisation with SEREX-defined self-antigen andLCdpitope. Any of these five
mechanisms allows blocking of Treg immunosuppressigtivity while immunisation
with a CTL epitope accompanied with a helper peptidggers clonal expansion of

antigenic peptide-specific cytotoxic T cells leaglio tumour cell death.
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1.8 ldentification of MHC class |l-restricted peptides derived from
tumour antigens
Research has focused upon the generation of MHS€3 dlgeptides over the last ten

years; as a result a wide range of epitopes haea lkentified that could be applied
clinically. However the importance of CD4+ T celias now been recognised, thus
there is a need for tumour immunologists to idgMiiHC class Il restricted epitopes in

order to improve the efficacy of future cancer vaes.

The identification of MHC class Il epitopes has meg@proached in a number of ways.
In order to streamline the process of peptide ifleation an indirect strategy known as
“reverse immunology” was developed and is stilwidespread use. In this system, a
computer algorithm is used to screen the sequeh@tomour antigen for peptides
containing preferred or tolerated anchor residwesaf particular HLA allele. These
peptides are then given a predicted binding scodecan be chosen based upon their
binding affinity to the desired HLA molecule. Thhosen peptides are then tested for
the ability to elicit peptide specific T cell resp®sin vitro; the natural processing of
the parent antigen into these peptides by tumolls isealso investigated (Rojas et al.,
2005). T cells used to test the peptides can eltbeterived from MHC transgenic mice

or from PBMC cultured from human blood samples.

Another method using MHC transgenic mice was dbedriby Touloukiaret al in
2000. In this case mice were immunised with ther@mirotein of interest, which was
naturally restricted by processing into a rang@e@pbtides and presented to the mouse
immune system. CD4T cell lines were established from the immuniseidemA
computer algorithm was then employed to predictcWwtsections of the protein used to
immunise mice with would bind to transgenic DR4 emniles; peptides with a high
binding score were synthesised and CD4cell lines, in conjunction with splenocytes
taken from immunised mice, used to test whetharabran immune response could be
generated. Peptide specific production of yaias judged to be indicative of a positive
response (Touloukian et al., 2000). One advantéghi® method was that the whole
mutant protein was given to mice so any epitopeslyrced were naturally restricted,
however it is uncertain whether the human antigertgssing system would restrict a

protein in the same manner.

Wanget al (1999) employed a different approach; they geedrah easily transfectable
cell line with the ability to process and presdiss Il restricted antigens to T cells. At

the same time an li fusion library was createdgeting li fusion proteins to the
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endosomal or lysosomal compartment for efficientigegm processing (Wang et al.,
1999). Assembly of thea and chains of the MHC class Il molecules as well asrth
association with the invariant chain (li) occurs timle endoplasmic reticulum. A
targeting sequence in the cytoplasmic tail of lrasponsible for the transportation of
nonameric @pli)3 complexes from the endoplasmic reticulum totraoellular
compartments with endosomal or lysosomal charattesi and ultimately into acidic
endosomal or lysosomal like structures known as MSs || compartments (Wang et
al., 1999). Thus the cell line constructed was ablerocess and present the peptides
produced by li-cDNA’s transfected from the librargnd was used to test
immunogenicity by co-culture with CD4umor infiltrating lymphocytes derived from a
patient intramuscular metastatic lesion. The maghwvantage of this study was the range
of cDNA’s that could be tested; the wide range loé tibrary gave the potential for
discovery of previously unknown immunogenic pepgideom a range of different

proteins, which could be tested against the Tioedk.

Halder et al. employed a biochemical approach for the isolawbrthe antigens for
screening. In this study endogenous peptides bdanthe constitutively expressed
MHC class Il molecules HLA-DR and HLA-DQ of the mabma cell line FM3 were
examined. Techniques such as narrow bore and agpilteversed-phase high
performance liquid chromatography with subsequepbttslg on polyvinylidene
difluoride membranes, matrix assisted laser degorpgbnization mass spectrometry
and Edman microsequencing were able to isolateigerdify a panel of self peptides
from FM3 cells (Halder et al., 1997). Peptides bam MHC can be eluted directly
from the surface of tumour cells; following purditon of these peptides, mass
spectrometry can be used to determine isolateddespbf interest/significance. This
approach has permitted the identification of pegstidfom the cell surface as well as
enabling the definition of the molecular interansdetween the MHC molecule and the
peptide to which it is bound (Bjorkman et al., 198Tark et al., 2001; Falk et al., 1991,
Hunt et al., 1992). Unfortunately this method regsilarge numbers of cells (>2xX)0
in order to facilitate the purification of minoritgeptide populations from within a
complex mixture and provides no indication of timemunological relevance of the
peptides isolated.

Each of the above methods has advantages and digages and should be employed

appropriately in order to maximize the informatgained within a particular project.

75



Chapter 1: Introduction

1.8.1 Rationale and outline of the study
Since CD4 T cells appear to be critical in mediating antitum responses, this study

aims to identify new MHC class Il restricted pepsdderived from melanoma antigens.
Furthermore, the influence of MHC class |l peptidesthe generation of a CDETL
response will be investigated. Identification o&sd Il peptide targets could aid the
development of more effective cancer vaccines dsagsdurthering our understanding
of the role of CD4 T cell help in an antitumour setting. It is propdsto combine
peptide immunogenicity studies using MHC-transgemice with a classical reverse
immunology approach in order to identify “novel” MHclass Il restricted epitopes
from melanoma associated antigens.

To identify MHC class Il restricted responses, HDRB31*0101 and HLA-DR31*0401
transgenic mice will be immunised with MART-1 angirdsinase derived peptides. A
computer-assisted algorithm generally availabletvea\World Wide Web (SYFPEITHI;
(Rammensee et al., 1999) will be used for the ptexh of peptides binding to the
HLA-DR[(1*0101 and HLA-DRB1*0401 alleles. The algorithm is written in Object
Pascal and works as follows; briefly, a two-dimensi data array is built up, where the
letters of the amino acids represent the row inaledt the pocket numbers (within the
MHC binding groove) represent the column index. Eheres in the array matrix can
then be addressed directly by a pair of indiceartig at the first amino acid, the
sequence is divided into peptides of the desired and for each oligomer the sum of
the scores for the amino acids contained is caledld his process is then repeated until
the end of the sequence is reached. As this prograawidence based, amino acids are
scored based on their frequency in certain postidgherefore amino acids that are
commonly found in anchor positions are given thersmf ten, those that are rarely
found in this postion are given a score of six #mabe that are unfavourable to binding
given a negative score. In this way all the oligosmeresent within a sequence can be
ranked and given a relative score. Peptides witgoad binding score from the
melanoma antigens MART-1 and Tyrosinase will beceld for peptide screening in
FVB/N-DR1 and C57bl/6-DR4 transgenic mice. DC vaél used as antigen presenting
cells and the optimal conditions to mature DC fartigen presentation will be
established. Studies will be undertaken to optintige survival of activated T cells in
order to facilitate more efficient peptide discoyethus allowing the identification of
MHC class Il peptides.

In order to determine whether CD4estricted peptides influence the generation of
CD8" T cell effectors, experiments will be performed @57bl/6 HLA-A2 HHD I
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transgenic mice utilising a panel of pre-existirgd @mnd HepB peptides. Why use p53
class | and class Il peptides for this study? ExsMART-1 and Tyrosinase class | and
class Il peptides will be available and represdmwt ideal choice to investigate the
influence of class Il helper peptides on the geimaraof CTL. This choice was made
was due to lack of double transgenic mice exprgsBuman MHC class | and human
MHC class Il molecules. The HHD Il mice availables dransgenic for human MHC
class | (HLA-A2) but express mouse class Il {):Athe MART-1 and Tyrosinase
peptides to be identified will not be I2Arestricted and so could not be used in
conjunction with HLA-A2 restricted MART-1/Tyrosinageptides in these animals. In
contrast I-A restricted p53 peptides have previously been ifietitwhich could be
used in conjunction with HLA-A2 restricted peptidasorder to test if protein specific
helper epitopes could boost a CTL response. PE8dslf antigen, like MART-1 or
Tyrosinase, so central and peripheral tolerancenaresms are liable to act in the same
manner regardless of the antigen employed in tegperiments. Murine and human
p53 genes are also readily available for clonirig amvector of choice, whereas murine
MART-1 and Tyrosinase are unavailable without léygprocedures for cloning the
genes from murine genomic DNA. Therefore, becawsk peptides and murine/human
DNA constructs are available for p53 and not MAR®¢ITyrosinase, p53 will be used
as a surrogate model self antigen for the studp@influence of MHC class Il peptides
on the generation of a CTL response. The longeMty cell responses generated by
various class | and class Il peptide combinatioflsalso be investigated; in this way
the optimal type of T cell help can be determineldich is essential for the formulation

of future cancer vaccines.
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Chapter 2: Materialsand M ethods

2.1 Materials

2.1.1 Reagents and list of producers
Reagents were stored as per manufacturer instnscéiod used before the expiry date.

Culture media Company

DMEM Bio Whittaker Europe
RPMI Bio Whittaker Europe
IMDM Bio Whittaker Europe
Supplementsto culture media Company

Foetal calf serum Bio Whittaker Europe
Glutamine Cambrex
2-mercaptoethanol Gibco
Penicillin/Streptomycin Gibco

HEPES buffer Bio Whittaker Europe
Fungizone Gibco

Geneticin (G418) Gibco

Other cell culturereagents Company

DMSO Acros

Trypsin Gibco

Versene Gibco
Lipopolysaccharide (LPS) Sigma

DNAase Sigma

Collagenase Calbiochem

Polyinosinic polycytidylic acid (Poly I.C) Sigma

Trypan blue Sigma
Incomplete Freunds Adjuvant Sigma
OM-197 OM-Pharma
Molecular grade chemicals Company
Glycerol Sigma
Ethanol BDH
Isopropanol Sigma
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Plastic ware

24 well tissue culture (TC) plates
48 well TC plates

96 well (round bottom) TC plates
T25 TC flasks

T75 TC flasks

T175 TC flasks

Petri dishes (bacterial grade)
Pasteur pipettes

25ml pipettes

10ml pipettes

5ml pipettes

1ml pipettes

Cell scraper

7ml bijoux

15ml tubes

30ml universal tubes

50ml tubes

FACS tube

1.5ml eppendorf

0.5ml eppendorf

0.2um filters

0.5-1Qul tips

20-20Qul tips

200-100Qul tips

10ml syringe

Needle Microlance 3 (0.5x16mm)
ELISA plates

1ml cryovials

2ml cryovials

Company
Sarstedt
Iwaki
Sarstedt
Sarstedt
Sarstedt
Sarstedt
Sarstedt
Scientific Laboratory SuppliesSSL
Sarstedt
Sarstedt
Sarstedt
Sarstedt
Sarstedt
Sterilin (SLS)
Sarstedt
Sterilin (SLS)
Sarstedt
Elkay
Sarstedt
Sarstedt
Sartorius
Sarstedt
Sarstedt
Sarstedt
BD
BD
Costar
TPP
TPP
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Kits

ELISA:

Mouse IL-5
Mouse IFNy
Mouse GMCSF

Protein assays:
Bio-Rad [ protein assay

Lymphocyte depletions:

Mouse CD8: Dynabeads mouse CD8

DNA extraction from agarose gel:

Geneflow DNA isolation kit

Company

R&D Systems
R&D Systems
R&D Systems

Biorad

Dynal

Geneflow
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Company

Bio Whittaker Europe
Gibco

Sigma

Acros
Calbiochem
MWG Biotech
R&D Systems
BDH

Sarstedt

Nunc

Iwaki

Scientific Laboratory Supplies (SLS)
Elkay

BD

Costar

TPP

Biorad

Dynal

Promega
Fischer Scientific
Serotec
Pharmingen
Harlan

Diaclone

Dako

Zymed
OM-Pharma

Address
Wokingham, UK
Paisley, UK
Gillingham, UK
Loughborough, UK
Nottingham, UK
Germany
Abingdon, UK
Leicester, UK
Leicester, UK
Loughborough, UK
Stone, UK
Nottingham, UK
Basingstoke, UK
Cowley, UK
Loughborough, UK
Switzerland
Hemel Hempstead, UK
Bromborough, UK
Southampton, UK
Loughborough, UK
Oxford, UK
Cowley, UK
Loughborough, UK
Boldon, UK
Ely, UK
Cambridge, UK

Switzerland
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2.1.2 Equipment

Equipment
Cryostore
-80°C freezer
PCR machine
Flow cytometer

Microcentrifuge
Centrifuge
Water bath
Cell harvester
Drying cabinet

Safety cabinet

Incubators

Dynabeads separation unit

Electrophoresis gel tank

Power supply for electrophoresis

Transfer Apparatus

Microscope
ELISA plate readers

Scintillation counter

Model/Company
Cryo 200rorma cientific
Ultima 11, Revco
PCR Sprintthermo Hybaid
Epics XL-MCLBeckman-Coulter
MicrocentaulISE
Mikro 22R, Hettich Zentrifugen
Mistral 1000MSE
Mistral 2000RMSE
Y14, Grant
Filtermate harvesteackard
Scientific Laboratory Supplies
Microflow biological safety cabinet,
Wal ker
CQwater jacketed incubatdforma
Scientific
MPC-EEynal
Mini ProteanBiprad
Power Pac 8idrad
Trans Blot SD, semi dry trancédl,
Biorad
Model PIMWorld Precision Instruments
Spectraflodiecan
Model 680,Biorad
Top Count XPackard
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2.1.3 Cell line description and media

Tumour cell lines

Name Tumour type HLA of interest Expression of
tumour Ag of
interest
SaOs-2 Osteosarcoma HLA-A2 Transfected with
p53 273 or p53 175
NW145 Melanoma HLA-DR4 Mart-1 and
Tyrosinase positive
WM852 Melanoma HLA-DR4 Mart-1 and
Tyrosinase positive
EL4 HHD I Lymphoblastoma HLA-A2 -
Hybridoma
Name Specificity Species and Isotype
FGK-45 Anti-mouse CD40 Rat IgG2a
L243 Anti HLA-DR Mouse IgG2a
N418 Anti-mouse CD11c Hamster IgG
Other
Name Description
X-63 Myeloma transfected with murine GM-CSF gene
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2.1.4 Cell line and hybridoma media

Cédl line Media Modification Origin
DMEM+10% Transfected with University of
Sa0s-2/175 FCS+50Qug/mi p53 bearing p53 Sheffield
G418 175 mutation
DMEM+10% Transfected with University of
Sa0s-2/273 FCS+50Qug/ml p53 bearing p53 Sheffield
G418 273 mutation
DMEM+10% . . .
Transfected with University of
Sa0s-2/v FCS+50(ug/ml vector alone Sheffiel>/d
G418
IMDM+4% University of
FGK-45 FCS+5QM 2- - Leiden
mercaptoethanol (Netherlands)
L243 IMDM + 10% FCS - ECACC
N418 RPMI + 10% FCS - ATCC
X-63 IMDM+10% Transfected with Na}f(')?”ﬁgg}ig}me
FCS+1mg/ml G418 MGM-CSF
Research, London
NW145 RPMI + 10% FCS - ESTDAB
WM852 RPMI + 10% FCS - ESTDAB
EL4 HHD I RPMI + 10% FCS Trgnsfe_cted with a Institute Pasteur,
+ 50Qug/ml G418 chimeric HLA-A2 France

2.1.5 Primary culture medium
Culture media was prepared and used within a m@dmplete BM-DC media was

prepared fresh just before use.

Name
CTL/T cell media

BM-DC media

Complete BM-DC media

Composition

RPMI +
10% FCS +
20mM HEPES buffer +
50uM 2-mercaptoethanol +
50 U/ml penicillin/streptomycin+
0.25ug9/ml fungizone

RPMI +
5% FCS +
10mM HEPES buffer +
50uM 2-mercaptoethanol +
50 U/ml penicillin/streptomycin+
0.25u4g9/ml fungizone

BM-DC media + required % X63
supernatant equivalent to 0.1ng/ml
mGM-CSF
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2.1.6 Buffers

Buffers were prepared as indicated below:

Name Composition
PBS 1 tablet dissolved into 100ml| d8
Freshly prepared each day (Oxoid)
PBA PBS
Stored at 4C 0.1% (w/v) BSA (Sigma)
0.02% (w/v) sodium azide (Sigma)
TBS 10mM Tris (Sigma)
Stored at room temperature 150mM NacCl (Sigma)
pH 7.4
TBST TBS

Freshly prepared prior to each experim

£At05% (v/v) Tween 20 (Sigma)

IXTAE
Freshly prepared from 10x solution

stored at room temperature

40mM Tris acetate (Sigma)
1mM EDTA (Sigma)

Sample reducing buffer
(Western Blot) Stored at room

temperature

0.5M Tris HCI (Sigma)

2% (w/v) SDS (Acros)

10% (w/v) glycerol (Fischer Scientific)
1% (w/v) Dithiothreitol (Sigma)

10x Running Buffer
(Western Blot) Stored at room

temperature

0.25M Trizma base (Sigma)
2M glycine (Fischer Scientific)
1% (w/v) SDS (Acros)

Transfer buffer
(Western Blot) Stored af@

48mM Tris (Sigma)
39mM glycine (Fischer Scientific)
20% (v/v) methanol
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2.1.7 Antibodies: anti mouse

Specificity Species |Isotype Coupling Dilution Clone Source
Isotype control rat
Rat lgG2a No 1yl LO-DNP-16 Serotec
IgG2a
Isotype control rat
Rat lgG2b No 1ul LO-DNP-1 Serotec
lgG2b
Mouse CD80 Rat lgG2a No 1l RMMP-1 Serotec
Dr Melief
1oqul .
Mouse CD40 Rat lgG2a No FGK-45 (Diehl et al,
supernatant
1999)
Mouse I-A/I-E Rat IgG2a No 5ul 2G9 Pharmingen
Mouse F4/80 Rat lgG2b No 1ul C1:A3-1 Serotec
Mouse DEC 205 Rat lgG2a No oul NLDC-145 Serotec
Mouse CD45R Rat lgG2a No 1l RA3-6B2 Serotec
BD
Mouse CD62L Rat IgG2a FITC 1l MEL-14 o
Biosciences
BD
Mouse CD127 Rat lgG2b RPE 1l SB/199 o
Biosciences
Isotype control
Hamster 19G No 1l 530-6 Serotec
Hamster 1gG
1o0ul ATCC
Mouse CD11c Hamster 19G No N418
supernatant HB224
2.1.8 Anti-human
Specificity  Species Isotype Coupling Dilution Clone Source
1:1000 for )
Human p53 wt Mouse IgG2b No DO-7 Pharmingen
western blot
1:250 for ] )
Human Mart-1 Mouse IgG2b No M2-7C10 Biomedia
western blot
Human 1:500 for
) Mouse IgG2a No T311 Zymed
Tyrosinase western blot
Supernatant
HLA-DR Mouse lgG2a No N L243 ATCC HB55
2ug/ml purified
Isotype control .
Mouse lgG2a No 2pg/mi G155-178 Pharmingen

azide free
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2.1.9 Secondary reagents

Specificity  Species Isotype Coupling Dilution Clone Sour ce
Rat IgG (mouse
Goat - FITC 1:50 Polyclonal Serotec
adsorbed)
Rat IgG (mouse
Goat - RPE 1:25 Polyclonal Serotec
adsorbed)
Mouse IgG Goat - FITC 1:50 Polyclonal Sigma
Mouse IgG (Rat
Goat - RPE 1:20 Polyclonal Serotec
adsorbed)
Mouse IgG Goat - HRP 1:1000 Polyclonal Dako
Hamster 1gG Goat - FITC 1:50 Polyclonal Serotec
Streptavidin - - HRP 1:2500 - Zymed
2.2 Methods
2.2.1 Animals

FVB/N-DR1 colonies were bred under licence at Thettikgham Trent University
animal house. FVB/N-DR1 animals were received ageaerous gift from D. M.
Altmann. FVB/N-DR1 F mating positive animals were maintained inbrecehguring
they have a commonyRncestor. Mouse class Il (I2Aknockout C57bl/6 HLA-DR4
mice were bought from Taconic, USA and bred at Nwogtingham Trent University
animal house in the same manner. C57bl/6 HLA-A2 HHEransgenic mice were a
kind gift from the Pasteur Institute, Paris. The I transgenic mice are devoid of
murine class I, but express a chimeric HLA-A2.1 ecole in which thex1, 02 andp2-
microglobulin are human and the3 domain murine. These were bred at the

Nottingham Trent University animal house in the samanner as other mice.

2.2.2 Peptide and peptide immunisation
Peptides (Alta Bioscience) were dissolved in 10089 to a working concentration

of 10mg/ml and then stored at <80 Each mouse was immunised at the base of the talil
with 100ul of a peptide/IFA emulsion containing L@0of peptide in incomplete
Freunds adjuvant (IFA, Sigma). For MHC class Il iomsations, two rounds of
immunisation with the same peptide were undertateseven-day intervals. For MHC
class | peptides only one round of immunisation veagiired. Table 2.1 below indicates

the source of the peptides used for immunisatigregments.
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. Protein of MHC Mouse
Peptide Ay uence . Source ) Reference
& origin Seq restriction Strain
. . FVB/N-
University
Influenza DRB1*0101 DR1 Sterkers et al,
HAwras | paemagglutinin| <Y VKQNTLKLAT DRBL0A0L | yorior i | C570I6 1984
9 HLA-DR4
FVB/N-
DRB1*0101 Alta DR1
Mart-lzo4s Mart-1 GIGILTVILGVLLLI DRB1*0401 | Biosciences| C57bl/6
HLA-DR4
FVB/N-
DRB1*0101 Alta DR1
Mart-ls1.65 Mart-1 RNGYRALMDKSLHVG DRBL0401 | Biosciences| C57bl/6
HLA-DR4
FVB/N-
DRB1*0101 Alta DR1
Mart-lior-11s Mart-1 PPAYEKLSAEQSPPP DRB1*0401 Biosciences| C57bl/6
HLA-DR4
FVB/N-
. ) DRB1*0101 Alta DR1
Tyrosinaseis Tyrosinase AVLYCLLWSFQTASG DRB1*0401 Biosciences| C57bl/6
HLA-DR4
DRp1*0101 | University F\éllgfe/i\l )
Tyrosinasez-1e1 Tyrosinase SDYVIPIGTYGQMKN of
DRBL*0401 | \ottingham |  C570V6
9 HLA-DR4
FVB/N-
) ) DRB1*0101 Alta DR1
Tyrosinases;-ags Tyrosinase AAMVGAVLTALLAGL DRB1*0401 Biosciences| C57bl/6
HLA-DR4
University
P5317.225 p53 VVPYEPPEV HLA-A*0201 of HHD A2
Nottingham
Alta
_ A% -
P5364.-272 p53 LLGRNSFEV HLA-A*0201 | i oo o| HHD-A2
University
MpP530s-122 Murine p53 LGFLQSGTAKSVMCT I-R of HHD-A2
Nottingham
. University
HepBus.1so Hepatitis B TPPAYRPPNAPIL 1A of HHD-A2
core .
Nottingham
OM-1977 p53 CERVVPYEPPEV HLA-A*0201| OM-Pharma  HHD-AZ
OM-197108m Murine p53 CERLGFLQSGTAKSVMST I-A OM-Pharma| HHD-A2
Table 2.1: List and providers of peptides used for immurndsat

2.2.3 Immunological methods: one step fluorescence detilvaell sorting

(FACS)

2x10° cells were added to each FACS tube. These werdeadasvice in PBA by

centrifugi
was then
the dark.

ng twice at 4009 for 3 minutes &C4 The fluorochrome conjugated antibody
added at the appropriate concentrationrexutbated for 30 minutes on ice in

Species matched isotype controls werd f@eeach experiment. Cells were

washed twice in PBA as above and then finally nesnded in 200-5Q0 of Isoton
(BD). Samples were analysed on an Epics XL-MCL @e&n-Coulter) flow

cytometer.
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2.2.4 Two step staining
2x10@ cells were added to each FACS tube. These werdedasvice in PBA by

centrifuging twice at 400g for 3 minutes a4 The primary antibody was then added
at the appropriate concentration and incubate@@ominutes on ice in the dark. Once
again, species matched isotype controls were useegach experiment. Cells were
washed twice in PBA as above and incubated with @ppropriate fluorochrome

conjugated secondary antibody for 30 minutes onndée dark. Cells were washed as
previously described and resuspended in 204660 Isoton. Samples were analysed
on an Epics XL-MCL (Beckman-Coulter) flow cytometsr gating on cells that had the
forward and side scatter characteristics typicabehdritic cells At least 20000 cells

were run per sample.

2.2.5 Enzyme linked immunosorbent assay (ELISA)
IFNy, IL-5 and IL-13 ELISA was performed as per manufacturer’'s instonst (R&D

Systems). ELISA plates were purchased from Cosfamples were run in either

duplicate or triplicate and results were read usi®$ well plate reader (BioRad).

2.2.6 Western Blotting: sample preparation
Greater than 1x¥0cells were cultured and harvested at 400g for Butes at 2. Cells

were washed twice in serum free media to remove ranyaining FCS containing
media. The cell pellet was resuspended in 1-2ndisiflled water and homogenized for
30 seconds to break up cell membranes. Followimgdgenization, lysates were left on
an orbital shaker at°€ for a further hour to ensure complete cell lykissate was then
centrifuged at 10,000g for 30 minutes and the swgiant containing the proteins
transferred to a fresh tube. Lysate supernatants alegquotted into 50 portions and

frozen down at -8@C for later use.

2.2.7 Protein assay for SDS PAGE samples
The protein assay on frozen lysate samples wasorpeefl as per manufacturer

instructions (Bio Rad PProtein Assay). Standards were made by seriallytidg a
2mg/ml BSA solution in water. Standards were ruduplicate and samples were run in
sextuplicate. 1:10 and 1:100 dilutions of the nea@nple were also tested to ensure
accurate spectrophotometric measurement. The oeavtas left to develop for 15
minutes and the plate was read at 750nm on a BioMRalel 680 microplate reader.
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2.2.8 SDS PAGE and transfer
Samples to be run were diluted 1:1 with reducing@a buffer and heated at ¥ for

5 minutes. Biotinylated molecular weight markersreveun with the samples. 10%
polyacrylamide gels (2.3ml bis acrylamide, 1.8ndM.Tris HCI pH 8.8, 3ml molecular
grade water, 70ul ammonium persulphate and 7ul TEHDMwere used with a 4%
stacking gel (1ml bis acrylamide, 1.8ml 0.5M Tri€HpH 6.8, 4ml molecular grade
water, 70ul ammonium persulphate and 7ul TEMMERm§$les were run through the
stacking gel at 100V and through the resolving gell150V. Proteins were then
transferred at 13V onto nitrocellulose membrane 46r minutes using a semi-dry

transfer system (BioRad) according to manufactumsgructions.

2.2.9 Western blotting
Membranes were stained with Ponceau S. The biatiagimarker lane and p53 positive

control lane were then cut from the rest of the tme@me. All membrane sections were
washed 2 x 15 minutes in TBST to remove the Ponc@aiMembranes were then
blocked overnight in 5% Marvel milk TBST at@ under constant agitation. The
following day membranes were washed 2 x 15 minmdBST. Primary antibody was
added at 1:1000 dilution in 5% milk TBST to the pb3 control lane or 1:500 to the
lysate lanes (eithemMART-1 or aTyrosinase antibody) and incubated for 3 hours at
room temperature under constant agitation. The mameb containing biotinylated
marker was incubated for 3 hours with just 5% mliM@ST and no antibody in the
same way. Once 3 hours had elapsed all membraneswashed 4 x 15 minutes in
TBST at room temperature. The secondary antibodHldonjugated goat anti-mouse
antibody, Dako) was added to the p53 containingtardysate containing membranes
at a 1:1000 dilution in 5% milk TBST and incubafed 2 hours at room temperature.
The membrane containing the biotinylated markers imaubated for 2 hours at room
temperature with HRP conjugated-streptavidin (Dakidyted 1:2500 in 5% milk
TBST. Membranes were washed 4 x 15 minutes at rtmperature in TBST and
revealed using ECL chemiluminescence kit (Amershatyperfiim ECL (Amersham)
films were used to detect the luminescence. Filnegsewthen developed using an

Xograph Imaging Systems Compact X4.
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2.2.10Murine dendritic cell generation and charactergati production of
MGM-CSF using X63 cells

X-63 cells were received from the National Insetdéior Medical Research in London
and have been engineered to produce murine GM-TB€.cells were grown to a
density of 1x1&ml in media containing 1mg/ml of G418 to maintaBM-CSF
production. Cells were then washed twice in mediaaut G418 and re-suspended at
2x10°/ml in media without the antibiotic. After threeydaof culture, the supernatant
was harvested, aliquotted and stored atG2@M-CSF content of the supernatant was

assessed by ELISA and was typically found to bevéen 0.2-0.4ng/ml.

2.2.11Murine BM-DC generation
The method used was adapted from Ina&baal. Briefly mouse hind limbs were

harvested and the marrow flushed out the bonesBMDC media (Complete RPMI +
5% FCS vlv, 1% glutamine v/v, 0.2§/ml fungizone, 50U/ml penicillin/streptomycin,
50uM 2 mercaptoethanol (2ME), 10mM HEPES). Cells weeshed once and counted
in white cell counting fluid (0.6% acetic acid) limved by trypan blue (Sigma) and
resuspended at Ynl. Cells were plated out in 24 well plates at illion cells per well

in Iml BM-DC media + required % of X63 supernat@antains GM-CSF. Final [GM-
CSF] 0.1ng/ml). On day 2 and day 4, non-adhereltg weere washed out by removing
700ul of media from each well, and 7@l0of fresh media added in its place. On day 6/7,
cells were harvested, counted, and re-plated iw@¢plates at a density of 0.5 million
per well in 1ml of BM-DC media + X63.

2.2.12BM-DC maturation
BM-DC were matured using different agents. Reptatalone was demonstrated to

induce incomplete maturation; therefore, on daylf{g/ml final concentration of
lipopolysaccharide (LPS) was added overnight tdscel induce further maturation.
Alternatively, Poly I.C. was also investigated ftw ability to mature BM-DC both in
conjunction with LPS and alone. The expressionadf surface markers was assessed
by FACS analysis on fractions of these maturedscélhe supernatant of the DC
cultures was also harvested both before and afterngght incubation with the
maturing agents for analysis of cytokine production
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2.2.13BM-DC generation for proliferation assay
BM-DC were prepared as described above with sonmdifioations. On day 7, BM-DC

were re-plated and incubated withpt@ml of the peptide of interest for 4-6 hours.
Alternatively, DC’s were pulsed for 4 hours withnmtaur cell lysate. Lysates were
prepared by water lysis of cells. LPS (Sigma) wasntadded at ig/ml to induce
complete maturation. The cells were incubated agbtnat 37C, 5% CQ. The
following day, BM-DC were washed twice in T cell di@ (Complete RPMI + 10%
FCS wviv, 1% glutamine v/iv, 20mM HEPES, [®#0 2ME, 50U/ml
penicillin/streptomycin, 0.2%/ml Fungizone), re-suspended in 2ml and then gdulse
with 10ug/ml of peptide for 4-6 hours at 32, 5% CQ. These cells were plated at 5 x

10® per well together with the responder cells in @nabottom 96 well plate.

2.2.14Double staining for FACS analysis of BM-DC phenayp
Staining steps were done as described in sectbd.2A minimum of 2 x 10BM-DC

were used per tube. Cells were first stained watranti mouse CD45R, CD80, I-A/I-E,
CD40 and F4/80 followed by the appropriate RPE wgaied goat anti rat secondary
antibody. After washing, hamster anti-mouse CDIittdbady was added followed by a
FITC conjugated goat anti-hamster secondary amyilbodrder to stain the DC. After
two washes in PBA, cells were resuspended in 3@M56f Isoton and analysed by

flow cytometry.

2.2.15Splenocyte preparation and in vitro restimulatiathyeptide
Spleens from immunised animals were harvested lstiedd with T cell media. The

spleen case was then digested using enzyme co¢Rtaill/ml DNAase (Sigma) +
1.6mg/ml collagenase (Sigma)) for 1 hour at@7Fragmentation of the spleen was
completed by pipetting the digested tissue up annd The cell suspension resulting
was then pooled with the flushed cells, washed @mckplated out in 24 well plates at
2.5x10 cells per well in 1ml of T cell media. fi/ml of the relevant peptide was added
to the culture and the splenocytes were then put ¢olture at 37C, 5% CQ. In
parallel, control cultures of splenocytes wereugetvithout peptide or with an irrelevant
peptide as a control for specific cytokine rele&@3e.days 2 and/or 5, 1QDper well of
culture supernatant was harvested for cytokineyaisal On day 6, splenocytes were
then used as responder cells in proliferation assay
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2.2.16Murine CD8 T-cell depletions
Cells were depleted using Cb8&ynabeads (Dynal) as per the manufacturer’s

instructions. CD8 T cells attached to the beads were depleted usingagnet. The
remaining cells were then pelleted, washed twicBB$ + 2% FCS and once in T cell
media and used in subsequent experiments. Purisyaseertained by FACS analysis

and typically the cells were 98% free of CDBcells.

2.2.17Proliferation assay for murine T cells
Responder cells (i.e. CD8+ depleted splenocytesk weunted and plated at 5x104

cells per well in round bottom 96 well plates. Péptpulsed syngeneic BM-DC were
used as antigen presenting cells. Responder celis vo-cultured with BM-DC either

pulsed with the relevant peptide, an irrelevanttigepor no peptide. To ascertain the
MHC restriction of the response an MHC class lickiag antibody was added to the

culture. An isotype matched control antibody wamalsed in these experiments.

2.2.18Tritiated thymidine addition and plate harvesting
Each culture was performed in triplicate or quaticape for approximately 60 hours.

Tritiated thymidine {H thymidine, Amersham) was added at a final cormegion of
0.037MBg/ml for 16 to 18 hours prior to cell harireg. Cells were harvested onto a 96
well UniFilter GF/C plate (Packard) and the platsveft to dry for 1 hour in a drying
cabinet. 4Ql of Microscint O (Packard) was added to each aed the plates were

counted on a Top-Count scintillation counter (Padka

2.2.19MLR reaction: BM-DC versus splenocytes
BM-DC were prepared as described in section 2.20dy 8 BM-DC from either

FVB/N DR1 or C57bl/6 mice were used in these expents. The T cell population
used as responder cells in this assay was obtdined the non-adherent fraction of
flushed splenocytes from naive BALB/c mice. Resmonzklls were co-cultured with
BM-DC for 3-4 days beforéH thymidine was added overnight. Each BM-DC to

allogeneic splenocyte ratio culture was perfornrettiplicate.

2.2.20Splenocyte restimulation with BM-DC
Splenocytes from immune animals were restimulatiéer & days in culture using

peptide pulsed BM-DC as APC. Typically 1X1$plenocytes per well were plated in 48
well plates together with 1x2@eptide pulsed BM-DC. Wherever possible a 1 DCQo
splenocyte ration was used. After 1 week, cultueactivity to the peptide was

reassessed by proliferation.
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2.2.21Splenocyte preparation for cytotoxicity assays iandtro
restimulation with blast cells

Splenocytes were harvested from immunised miceeasriibed in section 2.2.5.1 and
cultured in a 24 well plate at 2.5X€ells/well in 50Ql. To these, 5x10blast cells

pulsed with either the relevant or irrelevant pégptivere then added in a volume of 500
ul to give a final volume of 1ml in each of the vgellOn day 6 of culture cells were

harvested and used as effectors in a chromiumselassay

2.2.22Blast cell preparation
2 days prior to the harvesting of immunised spleemaive spleen was harvested and

flushed as described in section 2.2.5.1. 1.5xplenocytes/ml were put into culture at
37°C, 5%CQ in T cell media containing 25ug/ml lipopolysacdtiar and 7pg/mi

dextran sulphate in a T75 culture flask. On the alaynmunised splenocyte harvesting,
LPS treated naive splenocytes were irradiated (3888) and washed twice in T cell
media. Cells were then counted and resuspende@xatf2cells/ml and incubated with

the required peptides for at least 1 hour. Follgwvincubation cells were washed,
counted and resuspended at 1&6lls/ml. 50Qu of the required peptide pulsed cell

suspension was then added to each well of splee®éym immunised mice.

2.2.23Target cell culture
EL4 HHD Il HLA-A2 cells were cultured routinely farse in chromium release assays.

A suitable number of EL4 HHD Il cells were passageid several T25 flasks and
pulsed overnight with 3@/ml of relevant or irrelevant peptides as requirétie
following morning cells were harvested and spun mlo@ells were resuspended in
residual media and labelled with 1.85MBg*8Er for 1 hour in a 37TC water bath. Cells
were washed and resuspended in 1ml of serum freansentaining a furtherpg/ml

of peptide. Cells were put back into th€B7Avater bath for 45 minutes to allow them to
rest. A final wash was done and target cells wenented in trypan blue. Cells were
then adjusted to 5xf0nl and used as targets in a chromium release assay

2.2.24Cytotoxicity assay
Splenocytes generated as described in sectionl2a2e2referred to as effector cells. On

day 6 effectors were harvested and cell numbersgatjuto 5x16 cells/ml. 10Qul of
effectors was added to the first well of a roundtdo 96 well plate. In the next well
10Qul of effectors were then serially diluted 1:1 in ICThedia. A fixed volume of
targets was then added to each of these wellsveoagrange of effector to target ratios
ranging from 100:1 to 13:1. Each ratio was culturedither triplicate or quadruplicate.
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In order to calculate chromium release and theeeformeasure of cell killing, the
potential maximum and spontaneous release was mneehsand calculated. For
maximum release 100ul of target cells was addé&Dd of CTL media and 20ul of 1%
SDS. Spontaneous release was determined by ad@iyg df target cells to 100ul of
CTL media.

96 well plates were incubated for 4 hours in a |bad at 37C, 5%CQ after which
time 50ul of the supernatant was harvested ontoa_plates taking care not to disturb
the cell pellet. Luma plates were then dried ovghhin a warm air cupboard and
counted using a top-count gamma counter.

The specific percentage lysis was calculated uiagollowing formula:

(experimenal release- spontaneosreleasg
maximumrelease spontaneosrelease x 100%

percentageytotoxicity = (

2.2.25Molecular biology and cell transfections: constrmetof murine and
human p53 vectors

PCR reaction mixtures were made up in the same emafom both the murine and
human PCR. Tubes were prepared as follows:

Volume (pl) | Constituent

33.7 Water

10 5x buffer

0.8 dNTP’s
Fwd primer

Reverse primer
Template

0.5 Phusion polymerase

A blank control was always included where the DNAplate was replaced with water.
PCR conditions for murine and human PCR were vamnylar. The only variable was
the denaturation and extension temperatures. This dependant upon the, Df the
primers as Phusion polymerase works best@tabove the J. PCR conditions were as

follows:
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Murine PCR
Step Temperature (°C) Time No. Of cycles
Initial denaturation 98 30s 1
Denaturation 98 10s 35
Extension 75.5 1min 35
Final extension 75.5 10min 1
Pause 4

Human PCR was identical except that denaturatiahexitension steps were carried out

at 75.9C. PCR samples were then run on a 1% agarose gekasbed below.

2.2.26DNA Separation on Agarose Gels
A 1% agarose gel was used to run DNA samples. Igyiefsg of agarose was added to

50 ml of TAE in a conical flask and micro wavediuall the agarose had dissolved into
solution. %l of ethidium bromide was then added to the mixtliee gel mixture was
poured into a tray and allowed to polymerise foteasst an hour before use. Once the
gel had set it was placed into a gel tank with gmoTAE to just cover the gel. DNA
was loaded into the required number of wells with& Orange G per well to visualise
how far DNA had run. @l of 1kb plus DNA ladder was also run on the saraktg
allow determination of band sizes. The gel was thenat 65V for approximately 1hr
30 minutes to allow proper separation of DNA bands.

2.2.27Band Extraction of DNA
DNA was run as described above on a 1% agarosdégeltls were then visualised by

placing the gel on a U.V. transilluminator. The DNAinterest was then excised into
an eppendorf using a scalpel. DNA was then extdagseng a Geneflow DNA isolation
kit as per manufacturer’s instructions. Briefly, 3 wvoks of Nal was added to the
eppendorf containing the gel plug and incubated 55 C water bath until the gel was
completely dissolved. 30 of a glass powder suspension was then added d@o th
eppendorf and incubated at room temperature forrbutes with intermittent mixing.
Following incubation the DNA, now bound to the glgmwder, was washed three times
by micro centrifuging at 14, 000 rpm, discardingaunatant and resuspending the glass
powder in wash buffer. After the last wash as mgdpernatant was removed as
possible and the pellet resuspended ipl 8 option 4 water. DNA was eluted from the
glass powder by incubation in a water bath &C5tor 5 minutes. The sample was then
micro centrifuged at maximum speed for 45 secomdistae supernatant containing the
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DNA harvested into an eppendorf. Elution was rege:aihne more time to increase DNA

recovery by ~15%.

2.2.28Enzyme Digestion
PCR produced a blunt ended product; therefore & mecessary to do a Bam HI, Hind

[l double enzyme digest in order to generate tlberect overhangs for ligation.
Typically 3ul of DNA was incubated in a water bath af@7or 2-3 hours with gl of
Bam H1, Ll Hind 11, 1pl 10x BSA, Jul Buffer E and 3l of option 4 water in an
eppendorf. The resulting digest was then run omagarose gel and band extracted as
described in sections 2.2.26 and 2.2.27.

2.2.29Ligation
Ligation of p53 genes into the eGFP-N1 was donegu$# ligase (Promega) as per the

manufacturer instructions. Briefly, T1bof the required p53 insert was added b df
Bam H1 Hind Ill double digested Plasmid witpl bf T4 buffer and 0.@l of T4 ligase.
This mixture was then left at room temperatureféorr hours in order to complete the

ligation process.

2.2.30Transformation into XL-1B and bulking up
XL-1B is a specific strain of E.coli used for rau#i cloning procedures which has been

rendered competent for nucleotide transformatioth #wen frozen down at -8C. For
transformation, a previously prepared aliquot ompetent XL-1B was taken and
defrosted on ice. 10 of the ligation mix was then added to the XL-1Bdancubated
on ice for 30 minutes. Following incubation celler& heat shocked for 3 minutes at
42°C in water bath, after which time they were plabadk on ice to cool. 5Q0 of LB
media was then added and cells were incubated’& Bi7a shaker for 1 hour. During
the hour incubation, two 3@/ml kanamycin agar plates were poured and allowesbt

in a laminar flow hood. 2Q0 of the transfected cell mixture was then taked spread
onto each of the agar plates using a flamed glasader. Plates were left on the bench
for 5 minutes to allow the absorption of media Ibefoeing inverted and put into a°&7
incubator overnight.

The following morning 10 universals containing 3ohlLB plus 3Qug/ml of kanamycin
were set up. Isolated colonies from the agar plat® then picked using a pipette tip

and cells were placed in a°& shaker to grow overnight.
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2.2.31DNA isolation and sequencing
1.5 ml of each of the overnight cultures, prepaasdabove, was harvested and the

bacteria pelleted by centrifuging at 14,000rpm forminutes. Pellets were then
resuspended in 100 of cold GTE and incubated for 5 minutes. Follogithis
incubation 20Ql of 1% SDS/0.2M NaOH was added and the pelletsbated on ice
for 5 minutes. 150l of KoAc was added, the samples vortexed and iatdon ice for
a further 5 minutes. Samples were centrifuged dsréeand supernatants collected.
800ul of chloroform-isoamyl alcohol was then added d@he samples were vortexed
then centrifuged as before for 5 minutes. Onceragapernatants were collected and
1ml of absolute ethanol added to each sample. These then incubated at room
temperature for 15 minutes. Samples were centrafuegel 4,000 rpm for 15 minutes in
order to pellet DNA. Supernatants were discarded the DNA pellets washed with
500ul of 70% ethanol. Samples were centrifuged at 18h@@ for 5 minutes and the
tubes inverted onto tissue paper to dry out the DS&mples were then air dried for 30
minutes. Finally the DNA was resuspended inu56f molecular grade water with

RNAase (final concentration of gg/ml).

2.2.32DNA transfection of EL4 HHD II
Lipofectamine 2000 was used to transfect the EL4DHHcells as electroporation was

found to result in very high cell mortality. Traestion was done as per manufacturers
instructions. The following procedure was usedrémsfect the adherent EL4 HHD I
cells in a 24 well plate. Four wells of each traatint, i.e. eGFP empty vector, eGFP
mP53 and eGFP hp53 were set up. A day before wetnsi was done the required
number of wells were set up with 2x1€ells per well in 500l of culture media. The
following day Jug of DNA was diluted in 50l of culture media for each well. At the
same time @l of Lipofectamine was diluted in B0 of culture media for each well.
Lipofectamine was then incubated for 5 minutescanr temperature. The required
amounts of DNA and Lipofectamine were combined, edixand incubated at room
temperature for 20 minutes. 10®f the required mixture was then added to eadhef
wells containing cells and medium. Wells were mixgdgently rocking the plate back
and forth. 24 hours later media in the wells wasaeed and 1ml of fresh culture media
was added in its place. Cells were then left toagto confluency after which time the

cells were pooled and put into culture in T25 feask
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2.2.33Creation of stably transfected cell lines
EL4 HHD Il cells transfected with eGFP do not camta unique mammalian antibiotic

resistance cassette for cell selection. Theref@déaurs after transfection, cells were
harvested from T25 flasks and sorted on a CoulRICE MCL/XL for GFP positive

cells. These were collected into a sterile FACStabntaining growth media without
G418. Cells were then put back into culture in 2dllvplates to bulk up. Repeated

sorting was performed until cells were highly pesitfor the GFP containing vectors.

2.2.34Novel peptide delivery systems: peptide conjughieads

Nanobeads, obtained from Prof. M. Plebanski, weed with a number of different
p53 peptides for use in immunisation. The equivajsptide concentration on these
beads was 1mg/ml; therefore 1@0of peptide could be delivered in a LW0®anobead

immunisation as normal making the results comparablpeptide based experiments.
Once again all immunisations with nanobeads wemopeed in exactly the same

manner as for peptides.
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Chapter 3: BM-DC characterisation in HLA-DR1, DR4
and HHD Il transgenic mice

3.1 Introduction
Dendritic cells are specialised antigen presentelts that have an unrivalled ability to

initiate a primary immune response; thus an undedinhg of their biology is central to
any epitope screening process such as this studis &e a heterogeneous population
of cells produced in the bone marrow in responsgréevth and differentiation factors
such as GM-CSF. There are three stages of difietemt for all DC subtypes:
precursors, immature DC and mature DC (O'Neilllet2004). In human blood there
exist two types of DC; one set have a monocytojueapance and are known as myeloid
DC (MDC), the other set have morphologic featureslar to those of plasma cells and
thus are known as plasmacytoid DC (PDC). MDC an@Rite very different from each
other; their tissue distribution, cytokine prodoctiand growth requirements are all
dissimilar. PDC have been shown to be importammate antiviral immunity, they are
found mostly in blood and lymphoid organs as wall lzeing the principal 1F
producing cells in the body. They are also capalblactivating antitumour responses
but their therapeutic potential has been largehoigd as it is extremely difficult to
obtain large numbers of cells (Fonteneau et aD32@®alio et al., 2003). MDC, which
are the focus of this chapter, are found in a wideety of tissues where they can be
classified into two further subtypes; Langerhandilscand interstitial, dermal or
submucosal DC (Ebner et al., 2004).

Immature DC’s are involved in antigen uptake, pssoeg and presentation; they
capture bacteria, viruses, dead or dying cellstepmre and immune complexes via
endocytosis and pinocytosis. They also have a rahgell surface receptors designed
to facilitate antigen uptake, many of which arealed in cell signalling or cell-cell
interactions. DC process these captured antigenspeptides, which are then loaded
onto MHC class | and Il molecules. These are tlmansported to the cell surface for
presentation to antigen specific CDdand CD8 T cells (O'Neill et al., 2004) (see
section 1.3.3). Endogenously processed proteinergenpeptides that are loaded onto
MHC class | molecules in the endoplasmic reticulmmereas exogenously derived
antigens are degraded into peptides in endosoméslcaded onto MHC class I
molecules (O'Neill et al., 2004). Exogenously dedvantigen can also be “cross
presented” on MHC class |, which allows DC to gaterhoth CDAand CD8 T cell
responses to exogenous antigen (Fonteneau e0@gp).2
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The maturation of DC’s is a terminal differentiatistep that transforms them from cells
specialised for antigen uptake and processing itetls specialised for T cell
stimulation. DC maturation can be induced by pa#mogproducts or by host
inflammatory responses/tissue damage. These aea acfbllectively termed “danger
signals” (Matzinger, 2002). Once the cells haveuret, phagocytic uptake is reduced
in conjunction with development of cytoplasmic ed®ns, migration to lymphoid
tissues and it enhances DC ability to activate [l6 c®laturation signals act on DC’s via
a number of receptors that initiate intracellulignalling including CD40L, TNE, IL-

1, and IFNL. Microbial products and protein released by dardagest tissues elicit DC
maturation via Toll-like receptors (TLR’s), a famibf trans-membrane receptors. Thus
far 11 TLR’s have been defined, each with its owdividual expression pattern and
recognising differing molecules (O'Neill et al.,02). TLR’s act through MyD88, which
initiates a signalling cascade activating KiF and MAP kinases, inducing gene
expression of inflammatory cytokines such as &NHML-1 and IL-6 (Kopp &
Medzhitov, 2003). In DC'’s the signalling pathwasiggered can influence the type of T
cell response generated, therefore TLR agonistsbeansed to target particular DC
subsets and generate desired T cell responseswalgeaal., 2003).

Once DC are fully matured they have an enhancelityatd present peptides in the
context of MHC class | and class Il as well as ewireg cross presentation. Adhesion
and costimulatory molecule expression is also uguleged in conjunction with
induction of cytokine/chemokine secretion, all dhieh are essential for the formation
of the immunological synapse and recruitment ofnieir monocytes, DC’s and T cells
to the tumour site. Lastly, maturation confers #dlfsdity for DC’s to migrate from the
tissue of origin to lymph nodes. This is mediatéa DC chemokine receptors such as
CCR1, 5 and 7 (O'Neill et al., 2004).

DC’s prime T cell responses in the secondary lynghhargans such as the lymph
nodes, spleen or mucosal lymphoid tissues (BousBmBey, 2003). Once naive T cells
have been effectively primed they undergo clongagsion and differentiation into
memory cells and cytokine secreting effector cdllse strength of the T cell responses
generated is dependant upon a number of factotggeanconcentration on the DC,
affinity of the corresponding T cell receptor ftvetpeptide loaded MHC (pMHC), the
state of DC maturation and the type of maturatibomwdus (Gett et al., 2003). To
illustrate this, T cell stimulation by immature DCleads to initial T cell proliferation
but only short term survival, whereas stimulationrhature DC results in long term

survival and differentiation into memory and effact cells (Gett et al., 2003). Once
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primed the enhanced survival of T cells, known asel fitness, is characterised by
resistance to cell death in the absence of cytgkinad responsiveness to the
homeostatic cytokines IL-7 and IL-15, which enhaficeell survival in the absence of
antigen (van Stipdonk et al., 2003).

Recently it has been reported that COi4cell help is required at the time of priming in
order to generate CDS8T cell memory; this effect is thought to be meeihtby
CD40/CD40L interactions between CD#% cells and DC’s (Schoenberger et al., 1998).
Other T cell surface proteins are involved in thengration of long lived T cell
responses/memory and have corresponding ligandstégresent on activated DC’s.
For example, members of the TNF receptor superfasuch as OX40 and 4-1BB,
which may be critical for both the initiation andamtenance of long lived T cell
immunity (O'Neill et al., 2004).

As a result of the importance of DC’s in the prigniof an immune response it is vital
that they are fully characterised in order to eaghe desired effect is achieved. It has
been shown that antigen presentation by immature®Clead to tolerance; this can be
achieved via abortive proliferation and anergy afigen specific T cells, whereas
mature DC induce a full effector T cell responser{iéaz et al., 2002; Steinman et al.,
2003). Immature DC'’s are also capable of mediatihgrance through the induction of
CD4+ and CD8+ Treg that suppress the immune systansecretion of IL-10 and
TGRB. This is in contrast to naturally occurring Trdwt regulate immunity in a cell-
cell contact dependant manner (Jonuleit & Schr2dQ3; Sakaguchi, 2003). Mature
DC’s are capable of inhibiting Treg cells via thecretion of IL-6 and surface
expression of CD40 may be an important factor itemheining whether T cell priming
results in effective immunity or suppression. Thaséigen experienced DC’s that lack
CDA40 prevent T cell priming, suppress previousiyngd immune responses and induce
IL-10 secreting CD4T cells (O'Neill et al., 2004).

In mice DC’s can be generated from either bloodrom bone marrow, however the
yields of cells are very different. Approximatelyniillion cells can be produced from
blood samples; however DC’s generated from bonegawnaflushed from mouse hind
limbs yields approximately 5 million or more DC’éba et al., 1992a; Inaba et al.,
1992b). Inaba and co-workers stated that MHC dlassh DC’s can be generated from
bone marrow, although marrow itself lacks matured)@erefore a method of culture
was developed in order to generate large numbemsatiire DC’s. Firstly bone marrow
was flushed out of the mouse tibia and femur; gt blood cells were then lysed and
MHC class Il positive cells depleted. The remaingefjs were then cultured with GM-
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CSF. Repeated cell washes were performed in tse 24 days in order to remove
granulocytes; this left behind loosely attachedlif@ting clusters of cells. After
approximately 4-6 days these clusters were remomadated by sedimentation and
upon re-culture in medium containing GM-CSF, langenbers of DC’s were released.
These cells were easily identified as DC’s by theglular morphology and antigen
repertoire determined by monoclonal antibody stajnfinaba et al., 1992a) and they
were found to be capable of eliciting strong resasnin mixed lymphocyte reaction
experiments (Inaba et al., 1992a).

For the purposes of the present study DC’s wereergéed from mouse hind limbs,
rather than from blood, according to the basic meths described by Inaba et al
modified to generate BM-DC from HLA-DR1, DR4 and AHA2 transgenic mice.
Since these cells were to be used as antigen piegerlls forin vitro assays it was
deemed essential to fully characterise these deliscytokine production, surface
molecule expression and to optimise protocols faturation of DC’s derived from
each transgenic mouse strain in order to provideragiate culture conditions for
detecting MHC-peptide responses.
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3.2 Results

3.2.1 Phenotypical characterisation of BM-DC from FVB/NRD,
C57bl/6-DR4 and C57bl/6 HHD Il mice

3.2.1.1 BM-DC are generated upon culture of bone marrows aeith
mGM-CSF

BM-DC were produced using a modified version ofbaa method (Inaba et al.,
1992a). Briefly, mouse hind limbs were harvested te marrow flushed out with DC
media. Cells obtained were then cultured in thesgmee of GM-CSF for 7 days in 24
well plates. Non-adherent cells were removed bytlgemashing on days 2 and 4, with
75% of fresh GM-CSF containing media being replaoeeiach well. On day 7, the non
adherent cells were harvested and replated with toR8duce maturation. Fractions of
these cells were collected on days 0, 3 and 8 aatysed by flow cytometry for the
expression of cell surface markers for DC (DEC208 €D11c) and B cells (CD45R)
(see chapter 2 section 2.2.4 for further details).

It can be seen that by day 8, after two washesraplating, that DC’s represent the
dominant cell population in the culture (Fig 3.1. As CD11c levels increased it was
observed that DEC205 expression levels decreasisdywas particularly clear on day 8
and is likely to be due to cell maturation and daegulation of expression of “antigen
uptake receptors”. Concurrent with changes in liface marker expression,
morphological differences were also observed betvigenature cells and day 8 mature
cells (Fig 3.1 B and C respectively); immature D&ifa rounded shape whilst mature
cells became more flattened with extensive derglrigsulting in a massive increase in

surface area.
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Figure 3.1: (A) Percentage of cells positive for B cell and B@face markers. On day
0, 3 and 8, non adherent cells were stained fdrsceface markers on DC (DEC205,
CD11c) and B cells (CD45R). By the end of the a@tDC’s represent the majority cell
type in the culture. This is a representative tesubwing expression patterns across all
mouse strains. Morphological differences can ba fetween immature (B) and mature
DC (C). At least 20,000 cells were run through FACS

3.2.1.2 BM-DC generated from all mouse strains express MH&hd
costimulatory molecules

The expression levels of the costimulatory moles@®40 and CD80, MHC class Il
molecules and the DC adhesion molecule CD11c wssesaed by flow cytometry of
dendritic cells on days 8, 9 and 10iofitro culture (Fig 3.2).

Expression of CD11c was observed on days 8, 9 @ndlthough DC expression levels
of CD11c were found to decrease after day 8 ingligahat these cells were dying upon
prolonged culture (Fig 3.2). It was also considteabserved that day 8 DC expressed
higher levels of CD40, CD80 and MHC class Il molesuhan on earlier days (results
not shown). In contrast, by day 10 expression ewélall surface molecules and cell
counts have decreased markedly, suggesting thateltseeare reaching the end of their

life span.
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Figure 3.2: Cell surface marker expression on BM-DC on day &nd 10. BM-DC
generated from all transgenic mouse strains waiiaest for CD11c, I-A (murine MHC
class Il), CD80 and CD40 on day 8, 9 and 10. Tlhekline represents staining with an
isotype control antibody and the red line showsnstg for the cell surface marker
under test. Day 8 BM-DC expressed the highest $ewélcostimulatory molecules.
These results are representative data of four @rpats in all transgenic strains with at

least 20,000 cells analysed per sample.

106



Chapter 3: BM-DC characterisation

3.2.2 Phenotypical characterisation of BM-DC following tonation with
LPS, Poly I.C. or LPS + Poly I.C.

Although it is possible to generate functional D@&em all three transgenic mouse
strains in exactly the same manner it was postull#tat an improvement in peptide
epitope screening might be engendered by the ussraih specific DC maturation
protocols. As such, DC’s from each transgenic maisgin were generated and then
subjected to three different maturation agents;,llR8y 1.C. and a combination of the
two. Surface molecule expression patterns and owokroduction from all three
transgenic mouse strains was then compared in doderlucidate an optimal DC

maturation protocol.

3.2.2.1 Strain specific differential marker expression isserved on
maturation

Day 7 BM-DC were replated in the presence of LRSy PC. or a combination of LPS
+ Poly I.C. After overnight culture, DC’s were hasted and expression levels of
CD40, CD80 and HLA-DR/A2 were quantified by FACSabsis of in FVB/N-DR1,
C57bl/6-DR4 and C57bl/6-HHDII transgenic BM-DC. Gallerived from three mice of
each strain were tested and the results averagdwbulyh these results did not reach
statistical significance (as tested by Mann Whitkgythere was a strong trend; in DR1
mice Poly I.C was clearly able to elicit the high&ssels of costimulatory molecule
expression; however, in the C57bl/6-DR4 mice a doatibn of both LPS and Poly
I.C. induced maximal levels of costimulatory mollesu C57bl/6 HHD Il transgenic
BM-DC’s were also able to respond well to the camabibn of LPS and Poly I.C.
(Figure 3.3). It can be noted that the BM-DC'’s ded from the two types of transgenic
mice created from the same background respondedatoration stimuli in a very
similar fashion, whereas those derived from the AYBtrain behaved differently,
emphasising the need to fully characterise muriie@3C culture conditions prior to

use.
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Figure 3.3: Differential surface marker expression by tramsgenurine DC’s. Day 8 BM-DC'’s from the three trgesic mouse strains were stained for CD40,
CD80 and HLA-DR/A2 expression. In DR1 mice Poly.li@duces the highest levels of costimulatory molles whereas the two C57bl/6 based transgenic mice
responded better to the combination of both LPSRuwig I.C. These results are the average valudz®é experiments with at least 60,000 cells aedlys total.
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3.2.2.2 IL-13 production by BM-DC following maturation
Culture supernatants were collected from day 7 B&ldhd these cells were replated in

the presence of LPS, Poly I.C. or a combinatiorL®8 + Poly I.C. After overnight
culture a second supernatant sample was taken.f3Ilelels in these culture
supernatants were then quantified by ELISA analgsissamples from FVB/N-DR1,
C57bl/6-DR4 and C57bl/6-HHDII transgenic BM-DC.

Day 7 BM-DC from all transgenic mouse strains fite produce significant levels of
IL-1(3; this was consistent with the DC’s being immatatehis stage. However it was
clear that the addition of any type of maturatiogerst was able to elicit ILf
production by BM-DC from all mouse strains, althbuggrain specific differences were
observed. In DR1 mice Poly I.C. was only able ttuice low level production of ILf,
whereas LPS and the combination of LPS + Poly él@ited high levels of IL-f
(Figure 3.4). In DR4 mice Poly I.C. alone and tleenbination of LPS + Poly I.C. was
only able to elicit low levels of IL{3; however LPS was able to initiate higher levels of
IL-10. It is interesting that the level of ILBlproduced by DR1 BM-DC is double that
of the DR4 BM-DC generated under the same condit{éigure 3.4). Finally, the HHD
I DC’s produced little IL-P in the presence of Poly I.C. but generated largeumts in
response to both LPS alone and LPS + Poly I.C. ileegharing the same murine
genetic background, HHD Il DC’s produced double #mount of IL-J3 than DR4

DC’s produced under the same conditions.
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Figure 3.4: IL-1[3 production by day7 and day8 DC'’s from all thrensgenic mouse
strains. BM-DC were cultured overnight in the prese of a number of maturation
stimuli, IL-13 production was then assessed by ELISA analys@ulbfire supernatant.
These data are representative of three experinagitsvere highly reproducible. For all
mouse strains, n = 3 and significance was detehiiseng a paired T test

These data collectively demonstrate that strairciipeDC maturation protocols are

required in order to generate optimal costimulatorylecule expression and cytokine

production.
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3.3 Discussion
BM-DC were generated utilising a method modifiednfr an original paper by Inaba

and co-workers (Inaba et al., 1992a). This modifggdtocol did not employ the
depletion of erythrocytes, MHC class Il positivdlgegranulocytes or lymphocytes
from the bone marrow culture as described in thgiral paper, since it has been
demonstrated that the depletion of MHC class litpascells can lead to a reduction in
the final yield of dendritic cells due to some Dfeqursor cells expressing MHC class
[l molecules (Lutz et al., 1999). This study showiedt following a week of culture in
the presence of GM-CSF with washing on days 2 aalibdved the CD11c positive DC
population to become dominant within the culturkee Expected morphological changes
also occurred with the rounded DC precursors besgmature dendritic cells with
extensive dendrites (Figure 3.1)

A previous study showed that the DC culture is aomnbated by granulocytes;
supernatant washes on days 2 and 4 were shownmiovecthese cells effectively. In
this study it was demonstrated that BM-DC couldppeduced from DR1, DR4 and
HLA-A2 transgenic mice; after maturation with LP8 strains produced optimal
marker expression on day 8 of culture with cellgibeing to die by day 10 (Figure
3.2).

On average, 10-12 x i@ay 7 DC’s could be generated from all strainsrafisgenic
mice; recovery on day 8 after overnight replatinasvtypically 40%, 4-5 x foday 8
DC were generated from each BM harvest. This praeede more than sufficient to
provide DC's for use in proliferation assays at 5% DC'’s per well.

Although DC’s can be generated in the same marmoen &ll transgenic mice it was
thought necessary to characterise the responseVBIN-DR1, C57bl/6-DR4 and
C57bl/6- HHD Il BM-DC to LPS and Poly I.C. to ensuhat the best T-cell activation
profile could be obtained. BM-DC were subjecte@ taumber of maturation treatments,
LPS alone, Poly I.C. alone and LPS + Poly I.C. Sug&ant samples were taken for
later IL-13 ELISA analysis and expression levels of CD80, C4#@ HLA-DR/A2
were monitored by FACS.

When culturing BM-DC with LPS and Poly I.C. alonein combination various strain
specific responses were seen. It was demonstraged-VVB/N-DR1 and C57bl/6-DR4
BM-DC responded best when matured with only LPSweker the C57bl/6 HHD I
BM-DC produced maximal IL{1 and co-stimulatory molecule expression in response
to the combination of LPS and Poly I.C. (Figure)3.4

The striking differences observed between the threese strains in terms of IL3&and
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costimulatory molecule expression highlights theechéo characterise the cellular
responses to different maturation agents. Howetveis iunclear why differences
occurred between FVB/N-DR1, C57bl/6-DR4 and C57blD Il mice with regard to
both IL-1B production and surface marker expression or whiytisat the use of LPS +
Poly I.C. does not induce a significantly greateréase in IL- production or surface
marker expression than LPS or Poly I.C. alone.

It is certain that there exists a difference in iam@a responses when comparing mice of
differing background (Koster et al., 198@n this system it is possible that the
transgenes themselves may have an effect on theratiah behaviour of the BM-DC
due to knock-outs/insertions.

LPS and Poly I.C. are liable to intersect on thaeaignalling pathway as both of these
are bound by toll like receptor (TLR) family membéBendelac & Medzhitov, 2002).
If separate signalling pathways do not exist theas likely that multiple gene activation
signals sent down the same signalling pathway woatchave a cumulative stimulatory
effect, hence the lack of a significant increasdLii3 and marker expression when
LPS + Poly I.C was used to mature BM-DC.

This initial study has resulted in a standardisesthmd for the production of FVB/N-
DR1, C57bl/6-DR4 and C57bl/6-HHD Il murine BM-DCrfase in T cell proliferation
assays.Such optimisation of DC’s is essential to ensurat thny peptide screening

process is as efficient as possible.
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Chapter 4. Identification of novel immunogenic HLA-
DR1/DR4 restricted peptides from tumour associated
antigens using HLA DR1/DR4 transgenic mice and the use
of Vitamin E

4.1 Introduction
As discussed in chapter 1, CDE cells play a central role in adaptive immunihdan

an antitumour response. These cells govern antgpetific immunity by either
inducing a Th or a Th response, which induce a CTL or B cell responspeaetively
(Fig 4.1). Since tumour cells can be consideredltsed self cells they are usually
destroyed by CTL capable of recognising the altaveadver expressed self antigens
displayed on the surface of tumour cells. Therefibres generally thought that the
development of a Thantitumour CTL response is likely to be more difex in
inducing tumour regression.

Although CDS8 T cells are important in the clearance of a tummass the role of the
CD4" T cells should not be underestimated. For exantipéedepletion of CD4T cells

by antibodies or the use of CD4-knockout animals #s@monstrated that these helper
cells are essential for the induction of antigeacsfic CD8" T cell responses (Ali et al.,
2000; Hung et al., 1998). CDA cells recognise antigen on the surface of D@ ia
turn activate other antigen loaded DC’s. Once attd, these DC’s become competent
to prime CTL'’s that recognise an MHC class | ep#tgmesented on the same DC.
Therefore activation of APC’s by CD4T cells via antigen specific recognition and
CD40-CD40L interaction is essential in the primioyCTL’s (Bennett et al., 1998;
Ridge et al., 1998; Schoenberger et al., 1998).1atle of such properly activated DC’s
in the absence of T helper cells can lead to TD8cell tolerance rather than an
antitumour response.

In addition to their role in CTL priming, CD4T helper cells are also essential for the
maintenance of CTL effector function by secretigtp&ines such as IL-2, required for
CD8+ T cell growth and proliferation, as well astiating T cell differentiation into
memory cells via secretion of IL-7 and IL-15 (SheM & Shen, 2003; Sun & Bevan,
2003; Wang, 2001).
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Figure 4.1: CD4+ T cells play a central role in regulating ti@st immune responses
through the following mechanisms. (a) CDBcells provide crucial help in the priming
of CD8+ T cells via activation of antigen-presegticells (APCs). (b) CD4T cells
secrete cytokines required for maintaining COBcell function and proliferation. (c)
CD4" T cells can inhibit tumor growth directly or indatly e.g. TNF release or direct
cytotoxicity. (d) CD4+ T cells provide help for Beit activation. Thus, both CD8+ T
cells and antibody production require the cruceplof CD4+ T cells (Wang, 2001).

It has been shown in adoptive transfer experimirasCD4 T helper cells are capable
of mediating tumour regression in the absence 08'GDTL (Mumberg et al., 1999).
Their importance has also been highlighted in a lmemof other models (Ali et al.,
2002; Egilmez et al.,, 2002), including those utigs CD4 knockout animals that
consistently failed to control tumour outgrowth fifuet al., 1998). The majority of
tumours do not express MHC class Il molecules; CD4ell-mediated antitumour
immunity does not require direct contact betweemells and tumour. There are a
number of mechanisms by which CDZ cells mediate tumour eradication, several
studies suggest that cytokines such asylfat are secreted by CDA cells are
involved in antitumour and anti-angiogenic actestiin conjunction with direct killing
via trail mediated apoptosis (Mumberg et al., 1998y et al., 2003). Other studies have
proposed that CD4T cells eliminate tumours through activation aedruitment of
effector cells including macrophages and eosingpi@lertsen et al., 1996; Greenberg,
1991; Mumberg et al., 1999).
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Due to the central role that CDZ cells play in immunity and the influence theyegx
over CD8 CTL it seems critical to include both class | asldss Il epitopes in any
future vaccine strategy in order to maximise therdapeutic impact. Therefore a
research priority should be the identification oHM class Il epitopes for as many
cancer types as possible.

There are a number of different strategies for ihentification of MHC class I
epitopes: reverse immunology involving the use ofmputer algorithms to predict
potential peptides that may bind to a particular ®Hhe use of transgenic mice to
generate T cell lines that can then be testeddptige specificity; creation of a cell line
expressing tumour antigen li fusion libraries imgmction with TIL reactivity testing;
and the direct elution of peptides from the celfface followed by mass spectrometry
sequence analysis (Halder et al., 1997; Rojas,e2@05; Touloukian et al., 2000; Wang
et al., 1999). Each of these techniques has adyesitand disadvantages both in terms
of cost and the speed of the process. Howevehfmptrposes of this study a reverse
immunology approach in conjunction with the userahsgenic mice was thought to be
most appropriate.

The web based computer assisted algorithm SYFPEW&H used to predict 15mer
epitopes that could potentially be immunogenicha tontext of both HLA-DR1 and
HLA-DR4; this would maximise the clinical potentiaf any immunogenic peptides
discovered (http://www.syfpeithi.de/home.htm). Ihist respect, the repertoire of
peptides to test was rapidly reduced to thoserthigiht be of potential interest. Previous
studies within our laboratory have demonstrated the predictive ability of the
SYFPEITHI program is approximately 60%; therefcagative confidence can be placed
in the system. When a peptide epitope is produgdtidprogram it is given a score out
of a possible maximum of 36, it is thought that thesimum desirable score for a
peptide of interest should be 20 as this represeptisnal binding by the two critical
anchor residues within the peptide. Very high supmeptides are usually avoided as
these epitopes are derived from self antigens, enémenune tolerance could be an
issue.

Once a group of peptides has been selected thaeysackto immunise transgenic mice
in order to ascertain immunity. T cells harvestednf murine spleens can be co-
cultured with peptide pulsed dendritic cells inraliferation assay to investigate if the
peptide is capable of initiating a CDgroliferative response. Any peptides able to elici
a response can then be taken on for further testinigtermine if the epitope is liable to
be produced by natural processing of the parerngemt In the case of this study,
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MART-1 and Tyrosinase were the candidate antigémsen for peptide screening in
this manner. There is evidence that a reasonabd ¢¢ immunity to these self-antigens
exists even in healthy donors (Halder et al., 19%keuchi et al., 2003); thus it should
be possible to boost this existing immunity in ortteeradicate a tumour. Due to only a
small number of MHC class Il restricted peptidesngedentified for MART-1 and
Tyrosinase it was thought worthwhile to define fieit MHC class Il restricted epitopes
for these two MAA in order to boost future vaccefécacy.

The success of an immune response is not solelytalube immunogenicity of a
peptide. Reactive oxygen species produced undenchmflammatory conditions can
severely impair the immune system; long standind acute exposure of T cells to
oxidative stress leads to the loss of transcripfemtor activity and reduced cytokine
production in response to antigen stimulation (Ehes et al., 1998). Oxidative stress
can also interfere with other signal transductiathprays leading to inhibition of T cell
proliferative responses to IL-2 (Bingisser et #098) and as a result can impact on the
efficacy of an immune response in cancer patienita inhibition of the
activated/memory T cells (Malmberg et al., 2001nc8 this situation occurm vivo
then it is likely that radical build up in T celukkure could impact upon proliferation
assay results when screening for peptide immunaoggin vitro.

Vitamin E acts as an antioxidamtvivo and neutralises radicals that would otherwise do
damage to tissues. In particular the action ofrmtaE against B, induced stress is
important. HO, has been linked with a reduction in productionTofcell effector
cytokines, including IL-2, IFM and TNF, in activated and memory T cells leading to
tolerance of potentially immunogenic epitopes dmeldffect appears to be mediated by
interference in the NkB signalling pathway, known to regulate the producof these
cytokines (Malmberg et al., 2001).

The in vivo influence of vitamin E was demonstrated in pasemtith advanced
colorectal cancer that were given, prior to chemradiotherapy, a daily dose of 750mg
of vitamin E for a period of two weeks. This leddn increase in patient CD4:CD8
ratios and enhanced the capacity of their T celigroduce IL-2 and IF) In ten of the
twelve patients tested an increase of 10% or maverage 22%) in the number of T
cells producing IL-2 was seen after the two weekmen of vitamin E (Malmberg et
al., 2002). Therefore if the addition of vitaminvias able to elicit such effects in a
complexin vivo environment then it would seem logical that it htige able to improve
T cell survival and proliferatiom vitro. Hence vitamin E was included in culture media

in order to ascertain if any improvements in pepsdreening could be gained.
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4.2 Resaults

4.2.1 Addition of Vitamin E to T cell cultures: determii@an of optimal
concentration

The findings of Malmbergt al in 2001 prompted the investigation of the potehtial
beneficial effects that the addition of vitamin Eaynhave onin vitro T cell culture
(Malmberg et al., 2001). A range of vitamin E camications were titrated using a
FACS based assay in order to determine the optieval for reducing T cell stress.
Dihydrodichlorofluoresceindiacetate (DCFDA) is anfical compound that fluoresces
at the same wavelength as FITC when it becomesisexid thus when hydrogen
peroxide and its associated radicals build up oell culture over a week then DCFDA
would become oxidised. Therefore stress can be unedsn terms of fluorescence:
more stress equals increased fluorescence. T trells DR1, DR4 and HHD II
transgenic mice were cultured as normal with a @apfgconcentrations of Vitamin E.
Cells were harvested, the DCFDA added and then Iesmpere run on the FACS
machine (Figure 4.2).

[vit E] vs Fluorescence

140+
L 4
1207 Physiological
range
@ 100 -
(8]
c
5]
(8]
g 80
(=]
S |
60 - )
40 .
20 \{/f\xL \
!
0 T T T T T T T
0 5 10 15 20 25 30 35 40 45 50

mg/l vit e

Figure 4.2: The titration of stress levels in DR4 T cellsFACS based assay using the
chemical compound DCFDA allowed direct measurenoénk cell stress levels when
cultured in the presence of a range of vitamin Hceotrations. This graph is

representative of triplicate experiments from DRR4 and HHD Il transgenic mice.
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As the vitamin E concentration increased the lewaIsstress (measured by,Gh
production) decreased until it plateaued out afB@img/l; addition of higher
concentrations yielded little further benefit (Figu4.2). The normal physiological
concentration of vitamin E ranges from 5-15mg/krdfore as T cell stress is low at

15mg/l this concentration was adopted for furthgreziments (Figure 4.2).

4.2.2 Peptide immunisation in IFA followed by in vitrostamulation in
either the presence or absence of Vitamin E pertmgsietection of
immunogenic MHC class Il restricted peptides

Having determined the optimal concentration of mita E for use inin vitro assays,
FVB/N-DR1 and C57bl/6-DR4 transgenic mice were inmmsad with the previously
reported immunogenic influenza haemagglutinin detitHAgo; peptide (Flu) (Sterkers
et al., 1984) in IFA and a second injection givere aveek later. Seven days after the
second injection, mice were sacrificed and the replgtes culturedn vitro for one
week either in the presence or absence of vitamiAr8iferation was greater for the T
cells cultured in the presence of the relevantsddpeptide when compared to those
cells cultured without peptide or with an irrelevgreptide. This proliferation was
blocked by the addition of an anti-class Il antiipdd the cultures indicating that these
proliferative responses could be attributed to B#&1l/DR4 molecules. It can be seen
that there are also clear proliferative differenbesween those cells cultured in the
presence of vitamin E and those cultured withoig @3). When vitamin E was added
to DR1 T cells a highly significant proliferativefigrence was observed between the T
cells cultured in the presence of the relevant mrelevant peptides (P = 0.002 by
paired T test, n = 3). However in the absence tdnvin E these T cells failed to
proliferate in a peptide specific manner (Figur@ 4When vitamin E was added to DR4
T cells a similar pattern of results was seen; agagn a highly significant proliferative
difference was observed between the T cells culturehe presence of the relevant and
irrelevant peptides (P = 0.004 by paired T test,3). In the absence of vitamin E these
T cells failed to proliferate in a peptide specifitanner, although in this case the

difference was no so pronounced (Figure 4.3).
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Figure 4.3: Proliferative differences observed in the presesmed absence of vitamin E.
T cells were harvested and cultured as normal timeeithe presence or absence of
15mg/l of vitamin E. Proliferation assays were tldeme as normal in order to compare
the effects. It can be seen that for both DR1 aRd Inice, vitamin E had a beneficial
effect on proliferation and peptide specific resges These results are representative of
triplicate experiments. For each graph; n = 3 datssical significance was determined

by paired T test

It was also thought prudent to investigate the pidéeffects that vitamin E might have
upon the production of the cytokines H-Bnd IL-5 in order to determine if addition of
vitamin E to T cell culture influenced the cytokipeofile or not. T cells were cultured
as normal in the presence or absence of vitamiang;further control was added by
culturing the T cells in the presence of the salwesed to dissolve the vitamin E to
ensure that this was not responsible for the effseten. Culture supernatants were
harvested from DR1 and DR4 T cells on day 5 ofitheitro culture and ELISA was

performed using detection kits as per manufactumessuctions (Figure 4.4).
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Figure 4.4: Cytokine production by T cells in the presencd ahsence of vitamin E. Peptide specific productibboth IFN and IL-5 was observed.
However, it can be seen that the cytokine proffléhe T cells tested was unaffected by the presehegamin E. These results are representative of
triplicate experiments with each graph displaying 2 for supernatant samples analysed.
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DR1 transgenic T cells were able to produce botylBnd IL-5 in a peptide specific
manner whether cultured in the presence of vitaior not. No statistical difference
between the Flu with vit E and the Flu peptide withvit E was observed (P > 0.05,
when n = 2). It is also clear that the solvent ugedlissolve the vitamin E does not
mediate any effects on T cell cytokine productibhe same was true for DR4 T cells,
which also produced IFNand IL-5 in a peptide specific manner but werefi@tsed by
the addition of vitamin E to the culture.

These data demonstrated that the addition of vitamito T cell culture could be
beneficial when screening for peptide immunogeyieis the proliferation difference
between vitamin E treated and non treated cells stagling. The fact that cytokine
production was unaffected does not detract fronbteefits of vitamin E addition tm
vitro T cell culture. The use of vitamin E in T cell auk media was therefore extended

to routine peptide screening protocols.

4.2.3 Extension of the use of vitamin E allowed idenafion of
immunogenic MHC class Il peptides in HLA DR1/DR4risgenic
mice

Following the results of assays using thesb¥Alu peptide in conjunction with vitamin

E, the range of peptides under test was extendeal SY FPEITHI web based algorithm
(available at http://www.syfpeithi.de/home.htm) wased to predict peptide epitopes
for HLA-DRpB1*0101 and HLA-DR1*0401 from the MART-1 and Tyrosinase proteins

(Table 4.1).

Peptide Protein of Sequence Binding score
origin (DR1/DR4)
Mart-159.43 Mart-1 GIGILTVILGVLLLI 22/20
Mart-151.65 Mart-1 RNGYRALMDKSLHVG 29/22
Mart-1101.115 Mart-1 PPAYEKLSAEQSPPP 36/22
Tyrosinasgig  Tyrosinase  AVLYCLLWSFQTASG 25/28
Tyrosinasey7.161 Tyrosinase  SDYVIPIGTYGQMKN 23/26
Tyrosinasgs; 405 Tyrosinase AAMVGAVLTALLAGL 28/26

Table 4.1: MART-1 and Tyrosinase peptides selected for igstn transgenic mice.
Each of these epitopes was selected from the hyraein sequence on the basis of

being a promiscuous binder to both DR1 and DRA4.
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DR1 transgenic mice were immunised with the peptitelFA as normal (shown in
table 4.1). Following a 1 weeik vitro restimulation with peptide, splenocytes were
depleted of CDB T cells and used as responder cells in a protiteraassay. DR1
transgenic mice were unable to generate a peppideifc immune response against
Mart-151.65, Tyrosinasgis, and Tyrosinasgi4es An inconsistent peptide specific
response was generated against Maji-ks but strong peptide specific responses were
generated against Marbslys and Tyrosinasrae1r (Figure 4.5). Mart-1y.43 and
Tyrosinasey7-161 Were consistently capable of generating prolifeearesponses that
were abolished by the addition L243 antibody to phaiferation assay, indicating that
the response was MHC class Il restricted. The @is@ asotype control antibody had no
inhibitory effect demonstrating that the additioham antibody to the culture was not
responsible for proliferative suppression. Supemist were harvested from the bulk T
cell cultures for ELISA analysis; cytokine testings performed using kits from R&D
systems for IFNM and IL-5 (Figure 4.6).
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Figure 4.5: Representative responders demonstrating peppieleific DR1 T cell proliferative
responses generated against Magirl Mart-1;10.115 and Tyrosinasgr.ie: It can be seen that
peptide specific proliferation was blocked by tlaglition of L243 antibody demonstrating that
the proliferative responses were MHC class |l retstd. The number of responders is shown in
the right hand column. Statistical significance wig$ermined by paired T test and n = 3 for
each graph.
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Figure 4.6: Cytokine production by DR1 T cells restimulatedvitro with peptide.
Peptide specific cytokine production was seen fopeptides tested except Martol
115 Supernatants tested were derived from T cellsrésponded in a peptide specific

manner in proliferation assays. Each graph repteser 2 for the supernatant sample
analysed.

It can be seen that the Margk; peptide was able to elicit high levels of peptide
specific IFNy production in several mice; no IL-5 production wseen. However the
Mart-1;01-115peptide produced no IFNor IL-5 despite generating a strong proliferative
response in several mice (results not shown). Kinthle Tyrosinasgy;.161 peptide
induced strong IFN production in one of two mice tested.
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As above, DR4 transgenic mice were immunised with geptides in IFA (shown in
table 4.1) and restimulated with peptide, splenesytere depleted of CDJ cells and

a proliferation assay performed as normal. DR4siganic mice were unable to generate
a peptide specific immune response against MarislMart-15;.65 Tyrosinasgs and
Tyrosinasesi-495s A weak peptide specific response was generatathstgMart-1o1-115
but a strong peptide specific response was gerkegainst Tyrosinasg.ie1 (Figure
4.7). Tyrosinasg7.161 Was consistently capable of generating prolifeeatiesponses
that were abolished by the addition L243 antibaalyhie proliferation assay, indicating
that the response was MHC class Il restricted. Bwgpants were harvested from the
bulk T cell cultures for ELISA analysis; cytokinesting was performed using kits from
R&D systems for IFN and IL-5 (Figure 4.8). It can be seen that the tMaji-115
peptide was able to elicit peptide specific #FNroduction in one mouse; no IL-5
production was seen. Finally the Tyrosinases; peptide induced strong IL-5

production in three quarters of the mice testediANy production was seen.
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Figure 4.7: Representative responders demonstratiaptiole specific immune responses
generated against Marigl115 and Tyrosinasgr.iez In all cases it can be seen that
peptide specific proliferation is blocked by theddidn of L243 demonstrating that the
proliferative responses is MHC class Il restrict€le number of responders is shown
in the right hand columrstatistical significance was determined by paifetést and n = 3

for each graph.
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Figure 4.8 Peptide specific cytokine production bg vitro restimulated T cells.
Mart-1301-115 and Tyrosinas@r.1s1 Were capable of initiating peptide specific cytoki
production. Supernatants tested were derived frooells that responded in a peptide

specific manner in proliferation assays. Each gnapmesents n = 2 for the supernatant
sample analysed.
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In summary, a number of DR1 and DR4-restrictedigeptwere tested for the ability to
induce T cell proliferation and cytokine producti@@me of which were able to initiate
proliferative and cytokine responses in DR1 micemsan DR4 mice and one peptide in
both (Tyrosinasf.167). A table summarising the results is shown beldab{e 4.2):

Protein Peptide Sequence (residue no.) Allele Binding No of +ve IFNy +ve IL-5+ve
restriction scor e* tests/total tests/total tests/total
MART-1/Melan-A (29-43) GIGILTVILGVLLLI DR1 22 3/8 2/2% 0/2
DR4 20 0/8 0/4 0/4
(51-65)RNGYRALMDKSLHVG DR1 29 0/4 0/4 0/4
DR4 22 0/4 0/4 0/4
(101-115) PPAYEKLSAEQSPPP DR1 36 217 0/4 0/4
DR4 22 2/8 14 0/4
Tyrosinase (4-18) AVLYCLLWSFQTSAG DR1 25 1/6 0/6 0/6
DR4 28 0/4 0/4 0/4
(147-161) SDYVIPIGTYGQMKN DR1 23 2/6 1/23 0/2
DR4 26 5/8 0/4 3/4*
(481-495) AAMVGAVLTALLAGL DR1 28 0/4 0/4 0/4
DR4 26 0/4 0/4 0/4

* binding scores are out of a possible maximumef 3

T average of ~ 200pg/ml IRN? 70pg/ml IFNy; 2 220pg/ml IFN; * average of ~350 pg/ml IL-5

Table 4.2: A summary of peptide responses in DR1 and DRé4sgzanic mice. Only the
Tyrosinasey7-161 peptide was able to elicit strong responses i b@nsgenic mouse

strains. Numbers shown in red indicate strong nesg®

4.2.4 Is the immunogenic Tyrosinase MHC class |l restdctpeptide
Tyrosinasess.16:(SDY) produced by proteasomal processing?

The previously shown results demonstrated that flnesinases7.161peptide was able to
initiate peptide specific proliferative and cyto&imesponses in both DR1 and DR4
transgenic mice. As a result this epitope was deseyl the lead peptide as it could
potentially be very useful in the clinic due tommiscuous HLA binding. Therefore it
was important to determine whether or not this ag@t might be produced by
proteasomal processing of the parent antigen bgridencells. Tumour cells constantly
shed antigen and DC'’s in the local environment @sscthe protein into peptides that
are displayed on the DC cell surface for T celbgggation; the aim was to replicate this
process by using lysates derived form tyrosinasetatoing cell lines in order to

determine if the Tyrosinagg.is1 peptide is naturally produced by DC protein
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processing mechanisms. Several cell lines werai@df some of which had low levels
of tyrosinase expression and others with higheresgion levels; these cells were then
used to produce cell lysates that were used in éadgeriments.

4.2.4.1 Western blotting of protein lysates
Protein lysates were produced by water lysis of’>Hlls followed by homogenisation.

Supernatants were then recovered by centrifugatn@hprotein content quantified using
a BioRad protein assay kit. Samples were then rua polyacrylamide gel, transferred
to nitrocellulose and used for western blottingthis way levels of tyrosinase within
the protein samples could be determined; althougdret were no totally negative
samples to use as a control it was reasoned thabsinase low lysate could be used

instead (Figure 4.9).

1 2 3 4
il

b i i

p53 +ve 58KDa WM852

control

Figure 4.9: Western blotting of cell lysates. 2§ of NW145 and WM852 melanoma
cells lysates were used for western blotting. 1 ba seen that WM852 contains low

levels of tyrosinase.

A lysate produced from a p53 transfected cell hmes used as an internal positive
control for each western blot (lane 1). Blottingpekments demonstrated that the
WM852 cell lysate contained low levels of tyrosieamnd therefore could be used as a
control lysate in proliferation assays (lanes 3+d)contrast the NW145 cell line was
shown to contain much higher levels of the tyrosenarotein and could therefore be
used to test for proteasomal protein processing tim Tyrosinasgr-161epitope (lanes
5+6).

DR1 and DR4 transgenic mice were immunised with Tlieosinases;-161 €pitope in
IFA as normal (shown in table 4.1). Following a &ekin vitro restimulation with
peptide, splenocytes were depleted of CD8cells and used as responder cells in a
proliferation assay. Lysate fed BM-DC were usea@mtsgen presenting cells in order to
determine the presence of the naturally producesiiyases7.161 epitope on the DC
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cell surface. Proliferation was quantified accogdiio the standard protocol utilising
tritiated thymidine. It can be seen that the protgisate was able to elicit a lysate
specific response in both DR1 and DR4 transgenaemi

DR1 Tyrosinase Lysate proliferation
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1500

CPMA

1000

500 -

O T cels® no peptd Rel lysO Irrel Iys‘

DR4 Tyrosinase lysate proliferation

4500
P =0.027
4000

3500 1
3000
25001

2000

CPMA

1500
1000
500

‘I[I T cellsl no peptd Rel lysO Irrel Iys‘

Figure 4.10: Representative responders demonstrating Tyrasihag lysate induced
proliferation by T cells from Tyrosinagg.is1 immunised mice. Both DR1 and DR4
peptide specific T cells were able to respond ispacific manner to cell lysates
containing Tyrosinasétatistical significance was determined by pairddst and n = 3

for each graph.
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The fact that T cells from Tyrosinageis; immunised mice were able to respond
specifically to BM-DC “fed” with a tyrosinase coméng lysate would indicate that the
Tyrosinasey7-161 €pitope was produced by proteasomal processitigeoparent protein
in both DR1 and DR4 transgenic mice.

4.3 Discussion

Numerous MHC class I-restricted tumour associatedigans recognised by
melanoma specific CO8T cells have been identified, therefore a widegeaof
potential therapeutic targets exist (Zarour et 2000), however for long lasting
immune responses to be generated against suclemasit@P4 T cell help is required
(Gao et al., 2002). The requirement for such hslplmost certainly necessary to
promote CD8+ T cell responses to moderate/low igffipeptides (Gao et al., 2002),
although it has been showvin vitro that high affinity CD8 T cells do not require
help (Franco et al., 2000). Hence in the absencéetp it is likely that CD8
responses to self antigens are transient.

The possibility that tolerance could be generatéewtherapy is directed only to
MHC class | peptides has been suggested (Wang, &08l3) and depends upon the
context in which an antigen is presented to the umensystem. For example the
outcome of inflammation or tissue destruction tbeturs during viral or bacterial
infection is typically activation, however when aantigen is expressed
endogenously, in the absence of “danger signal’ dbcompany tissue destruction
and inflammation, the usual outcome is immunoldglerance (Pardoll & Topalian,
1998). CD4 T cells can break tolerance, as they are capdtddfectively priming
DC. These primed DC up regulate the expression astimulatory molecules
necessary for the activation of the MART-1/Tyrosi@aumour specific COST cell
population (Colaco, 1999; Ridge et al., 1998).

Given the importance of CDA cell help in the generation of CTL it is essahthat
MHC class ll-restricted melanoma epitopes are ifledtand evaluated for their
potential use in cancer vaccines Melanoma difféaéoh antigens such as MART-1
and Tyrosinase have been shown to be immunogenibemithy donors and
melanoma patients as well as being over expressatelanoma (Kobayashi et al.,
1998; Takeuchi et al., 2003); therefore they regmesappropriate targets for
immunotherapy.

The present study focused on MHC class Il peptiéatification in conjunction with

improving the survival of CD4T cellsin vitro thereby increasing the efficiency of
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the method used to identify novel T cell epitopdalmberget al in 2002 showed
that an increase in cancer patient survival coel@lixited by the oral administration
of high doses of Vit.E. Furthermore, clinical tadlave reported that the CD# cell
responses were boosted by up to 22% in some patiptaimberg et al., 2002). It
was therefore hypothesised that the addition ofEvib T cellsin vitro would be
beneficial for assessing immune reactivity. Inddezllevel of T-cell stress was seen
to decrease with increasing concentrations of {Eigure 4.2). A large decrease in
stress was seen as the vitamin E concentration in@gased from 1-15mg/l;
however further increases in concentration yieldigite improvement in stress
levels, thus it was decided to use 15nmgAitro. This concentration also represents
the maximum vitamin E concentration found in nornbédod, therefore it was
reasoned that it would not be detrimental to thells in culture.

After initial titration experiments were completgdvas decided to employ vitamin
E in conjunction with a known peptide in order testt its effects on T cell
proliferation and cytokine production. DR1 and DR#ansgenic mice were
immunised twice at weekly intervals with the KA influenza haemagglutinin
peptide (Sterkers et al., 1984). Mice were thenifsaed and the T cells put into
culture with peptide; half of those T cells recaeifrom each mouse were cultured
with vitamin E and the other half cultured without order to allow a direct
comparison of T cell proliferation and cytokine guation. T cells were depleted of
CD8' cells and proliferation assays performed as narthi clear that the presence
of vitamin Ein vitro significantly enhanced CD4T cell proliferative responses to
the previously identified Héy; class Il peptide in both DR1 and DR4 transgenic
mice (Figure 4.3).

Supernatant samples were harvested on day 5 frensdme T cell cultures and
analysed by ELISA in order to determine if thevitro addition of vitamin E
affected the cytokine production profile when tle#icwere viable. Peptide specific
IFNy and IL-5 production was seen in both DR1 and Dfaddgenic mice. However
in this case neither an increase nor decreaseptideespecific cytokine production
was observed in the presence of vitamin E. Theeeitowas concluded that within
the time frame of culture the vitro addition of vitamin E to T cells was beneficial
for proliferation whilst having no detrimental efts on cytokine production. As a
result of these early experiments, thevitro use of vitamin E was extended to the
process of screening for novel epitopes.

Candidate HLA-DR1 and HLA-DR4 restricted peptidesrev predicted from
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MART-1 and Tyrosinase proteins using the evideragedd computer algorithm
SYFPEITHI (http://www.syfpeithi.de/home.htm), allowg the rapid identification of
promiscuous HLA-DR1 and HLA-DR4 binding peptidegpRdes displaying a high
score for both HLA haplotypes were selected andd useimmunise HLA-DR
transgenic mice (Table 4.1). Several MART-1 anddirase peptide sequences
predicted to activate DR1 or DR4 restricted T celese detected. The MARTxd43
peptide induced T cell proliferation and cytokin@guction in DR1 mice; however
no responses were observed in DR4 mice; hencedpisde could be of use in DR1
positive patients. The MART1d;.115peptide was only weakly immunogenic in both
DR1 and DR4 mice; as such this peptide was notiderexd for further testing as it
is unlikely to be of use in the clinic.

A number of Tyrosinase peptides were also investyan the DR1 and DR4 mice;
of these only the Tyrosinase i1 peptide proved to be immunogenic (Table 4.2).
Strong proliferative responses were observed ih B&®1 and DR4 mice; in contrast
to the DR1 mice, DR4 mice produced IL-5 in respotts¢his peptide indicating a
bias towards a Thimmune reaction. Although the generation of a idsponse may
not be ideal it should be possible to initiate a fdsponse with the same peptide by
changing the adjuvant.

As a result of being immunogenic in both transgenause strains the Tyrosinage
161 peptide was subjected to further testing. It wassaered important to determine
whether or not this peptide might be naturally proetl by antigen processing
pathways within tumour cells and dendritic cellstire tumour environment. To
accomplish this, tumour cell lines were cultured aell lysates produced; some of
these were high in tyrosinase and others were Vgestern blotting was employed to
establish the identity of cell lines possessingosymase at high and low levels in cell
lysates. These lysates were then “fed” to denddélis that were used in T cell
assays using Tyrosinageis: peptide immunised mice. Both DR1 and DR4 mice
were capable of mounting an immune response agai@syrosinase high lysate; in
contrast the tyrosinase low lysate elicited no oase. This is an important result as
it indicates that the Tyrosinase protein may beunadly processed into an
immunogenic peptide that could be employed as eapleeitic agent in a clinical
trial.

All cell proliferation assays were conducted us@®D8" depleted splenocytes and
anti-HLA-DR blocking antibody plus a relevant isp&y control, it was therefore
concluded from the results that proliferative resges were CD4T cell dependant
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and HLA-DR-restricted; the data was confirmed biokine assay.

The use of vitamin En vitro was critical in improving the efficacy of the senéng
protocol, permitting the identification of class Heptide epitopes that would
otherwise have been overlooked. In conclusion, gugshee modified method for
assessing CD4T cell responses, peptide immunisation of HLA-D&sgenic mice
permitted the identification of one novel immunoigeRLA-DR-restricted peptide
from both MART-1 and Tyrosinase antigens. Moreawer Tyrosinasg-161 peptide
was shown to be naturally processed by both DR1 @Rd4 BM-DC and could
therefore be considered as an appropriate candidass Il peptide for future
melanoma vaccines.

The use of MHC transgenic mice has shown utilitytlms and other studies
(Touloukian et al., 2000) as it conferred a nunifamportant advantages. Probably
the most critical was that all the priming stepsday immune reaction occurréa
vivo. As a result ofin vivo priming the screening process could be streamlined
because multiple rounds of stimulation were nounegl. Most peptides generated a
peptide specific proliferative response within erththe first or second week @f
vitro stimulation if they were immunogenic; as a resuludstantial repertoire of
potentially immunogenic peptides was screened ri@latively short period of time.
Importantly, a strong correlation exists betweeptiges shown to be immunogenic
in the transgenic mice and in humans (Rojas eR@D5), providing a rationale for
using such HLA transgenic mouse models as an lirdteeen for “human” T cell
epitopes.

Besides being important in generating CR8L responses to class | peptides, CD4
T cells have been shown to be capable of indiredtling/clearing MHC class |l
negative tumour masses via cytokine productiors tauld be of great benefit in
preventing the generation of tumour escape variasts is rare that a tumour loses
both its MHC class | and class Il molecules (Eginet al., 2002). Hence the
utilisation of novel MHC class Il peptides as a gmment of next generation cancer
vaccines is likely to prove vital for promoting fig lasting” CD8 as well as CD4T

cell memory responses.
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Chapter 5: The effect of protein specific class|| help on the
generation of CTL in vitro

5.1 Introduction
It is known that CDAT cells are critical in the priming of an immuresponse through

two proposed molecular pathways. The first hypdtiessthat CD4 T cells activate
CD8" CTL's by producing cytokines such as IL-2, which éssential for the
proliferation of CD8 CTL’s. T helper cells are thought to activate CDB8cells via
interaction with APC’s, such as dendritic cellsattipresent cognate peptides to both
CD4" and CD8 T cells which are in close contact although notlirect interaction
(Keene & Forman, 1982; Mitchison & O'Malley, 1987The second theory proposes
that CD4 T helper cells recognise MHC class Il peptidesttun surface of DC’s and
that this interaction activates both T helper catld dendritic cells. Once this activation
step has occurred, dendritic cells are then abf@itoe and activate CTL’s specific for
peptides presented by tumour cells (Bennett et H)98; Ridge et al.,, 1998;
Schoenberger et al., 1998). It is not entirely ckhich of these two models operates
but it seems likely that they are not mutually esole. Therefore, based on the
importance of T helper cells in activation of a CTésponse it is necessary to
understand the nature of the antigens recognisehtiyumour CD4 and CD8 T cells
and how this may relate to “tumour clearance”.

For some years there has been a debate over ttiegpmature of T cell help required to
initiate optimal generation of anti-tumour CTL. $iteb the helper peptide be derived
from the same protein as the CTL epitope or wouldtlzer antigen found within the
same tumour cells be as or more appropriate (Asswetaal., 2006; Nishikawa et al.,
2001; Wang et al., 2003)? Many of the helper pegstidurrently available for use in
murine models and clinical trials such as Hep B, ADWADRE and KLH are
completely unrelated to the antigens of importapesent within a tumour; therefore
could there be potential for increased clinicalcaity?

A recent study by Wangt al (2003) investigated the role of T helper epitopethe
formulation of an effective cancer vaccine. Theyisgd a HER2 class | peptide in
conjunction with either HER2 or OVA class Il helpgeptides to investigate both
vitro cytokine production anth vivo tumour challenge and therapy and reported that
there was little or no difference in helper ability vitro but there appeared to be a
significant differencen vivo as measured by tumour clearance. It was conclutsdat

helper peptide originating from within the tumouasvnecessary otherwise the therapy
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would fail (Wang et al., 2003). In contrast a stumyCasaregt al (2001) found that
endogenous tumour antigens and non-endogenouseasitigad similar therapeutic
impactin vitro andin vivo (Casares et al., 2001). However in both studiesotign of
the antigens investigated may have influenced ¢selts as they were non-murine. In
the present study the use of p53, which has a segiluence homology between the
mouse and human proteins, enabled the investigatidmelper peptide influence on
CTL generation whilst subject to tolerogenic mecbas. The choices of adjuvants
may also influence the results as IFA, used indlstadies, is not licensed for clinical
use in the UK.

An ideal adjuvant should increase the potency oinamune response, whilst being
non-toxic and safe. Despite the fact that a widgeaof adjuvants have been shown to
be effective in preclinical and clinical studiesiyaluminium based salts (Alum) and
squalene-oil-water emulsion (MF59) have been apmaofor human use (Mesa &
Fernandez, 2004). However, adjuvants to be useadmger vaccines differ from those
used in conventional vaccines for a number of nesispatients receiving the vaccine
are usually immunocompromised; the antigens invbke usually self derived and are
therefore only weakly immunogenic and tumour escapehanisms confer further
immune suppression. As such, adjuvants used irecaaccines need to be more potent
than in prophylactic vaccines and therefore mayni@e toxic and could induce
autoimmunity. Therefore the ideal cancer vaccingnaht should rescue/boost the
existing immune response with acceptable level®xitity and safety. Thus a number
of different adjuvants have been tested in thislystin order to determine if a more
clinically relevant adjuvant than IFA could be usedjenerate CTL.

Since its original description, complete Freundusant (CFA) has been one of the
most widely used and effective adjuvants availébleund, 1951). CFA is composed of
a light mineral oil, mannide monooleate (a surfattagent) and heat killed, dried
mycobacterial cells. Incomplete Freund’s adjuvdRA] differs from CFA only in the
fact that it does not contain the killed mycobaetecells. Immunisations are prepared
by emulsification of the antigen in an aqueous satuwith the oil, to produce a water-
in-oil emulsion. The formation of this emulsiondstical to the effectiveness of both
IFA and CFA as adjuvants. The oil mediates a nunabexffects: (1) establishing an
antigen depot with slow antigen release, (2) priogich vehicle for antigen transport
throughout the lymphatic system to immune effeatells and (3) interacting with

antigen presenting cells including phagocytes, oydtages and dendritic cells. Early
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studies using water-in-mineral oil emulsions reedathat the antigen persisted within
the emulsion at the injection site for up to 22 \ak®er administration (Stills, 2005).
Unfortunately, IFA has been associated with a warad lesions when injected into
humans which has restricted its’ use. A varietyadfitional guidelines aimed at
reducing the pain and stress of immunised animadsabso been implemented.
Although adjuvants can be used to boost an immagponse to an antigen, their very
nature can lead to toxic side effects. In ordezdmbat this problem an alternative form
of immunomodulation has been developed that dependihe “size” of a carrier to
elicit an immune response. In this case an inertazanolecule is used with the antigen
of choice either adsorbed or covalently linked he tarrier surface resulting in the
generation of strong immune responses after aesshage (Fifis et al., 2004a).

The use of solid inert beads with surface adsodsgigjen to stimulate COST cells has
previously been described, with an optimal beadndiar of lim (Falo et al., 1995).
However, other particulate based immunogenic aarrgeich as immune stimulating
complexes (ISCOMS) and virus like particles haweza range of 0.03-0u2n diameter.
Normally adjuvants are essential to provide theesmsary “danger signals” for
successful induction of an immune response (Galletcal., 1999); however the
advantage of particulate vaccines is that they seebe able to induce immunity and
generate both CD4and CD8 T cell responses without the toxicity risks of @th
adjuvants (Allsopp et al., 1996; Fifis et al., 2BD®lebanski et al., 1998).

In the absence of adjuvant the likelihood of anead® immunological reaction is
minimal; therefore the present study was desigoeteggst nanobeads (0.04-008), in
conjunction with a number of p53 peptides, in a imursystem as an alternative to
using IFA.

Why use p53 class | and class Il peptides for #tigdy? Existing MART-1 and
Tyrosinase class | peptides and class Il peptidesytified in chapter 4, were available
and would have been the ideal choice to investitfaeinfluence of class Il helper
peptides on the generation of CTL. This choice wasle was due to lack of double
transgenic mice expressing human MHC class | amdanuMHC class Il molecules.
The HHD Il mice available were transgenic for humMdRIC class | (HLA-A2) but
expressed mouse class Il (HAthe MART-1 and Tyrosinase peptides identified in
chapter 4 are not IArestricted and so could not be used in conjunctidh HLA-A2
restricted MART-1/Tyrosinase peptides in these amsmin contrast -Arestricted p53
peptides have previously been identified which ddag used in conjunction with HLA-
A2 restricted peptides in order to test if protepecific helper epitopes could boost a
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CTL response. P53 is a self antigen, like MART-1 Torrosinase, so central and
peripheral tolerance mechanisms are liable toratiheé same manner regardless of the
antigen employed in these experiments. Murine andan p53 genes are also readily
available for cloning into a vector of choice, wé@s murine MART-1 and Tyrosinase
are unavailable without lengthy procedures clontiing genes from murine genomic
DNA. Therefore, because both peptides and murimedmu DNA constructs are
available for p53 and not MART-1 or Tyrosinase, p&3 chosen as a surrogate model
self antigen for the study of the influence of Midlass Il peptides on the generation of

a CTL response.

5.2 Results

5.2.1 The effects of specific class Il help on the getienaof CTL using
IFA as an adjuvant

In order to ascertain the influence of T helpetsceh the generation of CTL responses
a panel of p53 peptides was employed. HHD |l miaaggenic for human HLA-A2 and
expressing murine 1-Aclass Il molecules were used in this study. Ashsait class II
peptides were |-A restricted in order to bind to mouse MHC classTihe class |
peptides employed were all derived from p53, whhie class Il peptides were derived
from either Hep B or p53, allowing a comparativadst to determine which class Il
peptide was able to deliver optimal help for CTingetion (see Table 5.1).

In order to confirm the functional efficiency ofdaiMHC class Il helper peptides, mice
were immunised twice at weekly intervals with tleppde of interest. T cells were then
harvested from the spleen, cultured for one wedkeénpresence of peptide followed by
depletion of CD8T cells. Proliferation assays were performed usiitigted thymidine
to measure cellular proliferation. Both mp&3and Hep B were able to elicit peptide

specific proliferative responses (see Figure 5.1).

Peptide Protein of Sequence MHC restriction
origin
P5317-225 p53 VVPYEPPEV HLA-A2
P5364-272 p53 LLGRNSFEV HLA-A2
mMp530s-122 Murine p53 LGFLQSGTAKSVMCT I-A°
HepBizsin | ohaiie B TPPAYRPPNAPIL A

Table5.1: p53 and Hep B peptides utilised for testing tifuence of MHC class Il peptides on

the generation of an MHC class | CTL response.

138



Chapter 5: Helper epitopes and CTL generation

Hep B HHD I proliferation
12000 -

10000 -
8000 - *%x P =0.00

]

6000 -

CPMA

4000 -

2000 -

O T cells mno pept mHep B Oirrel

mp53,09g HHD Il proliferation
12000 - % P=0.03

10000 +
8000 -

6000 -

CPMA

4000 -

2000 +

@ T cells m no pept o mp53108 mirrel ‘

Figure 5.1: Peptide specific proliferative responses to Heprl8l mp53s in HHD 1l
transgenic mice. It can be seen that statisticajgificant proliferation is obtained with
both helper peptides (significance determied byegoal test and n = 3 for each graph).
These data are representative of triplicate exparimmand were found to be highly

reproducible.
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The ability of the helper peptides to generate jgtige specific proliferative response
was clearly demonstrated by the data shown in Ei§ut. Having assessed the helper
ability of the class Il peptides, their effects the generation of a class | CTL response
could now be determined. Thus a number of differemhunisations were performed:
(1) p53 class | alone in IFA, (2) p53 class | + @hass Il in IFA and (3) p53 class | +
Hep B class Il in IFA. In combination with the alsnmunisations, two different p53
class | peptides were used, one with a lower MH®libig affinity (p53,7) and another
with a higher binding affinity (p534), in order to investigate the possibility of
differential helper peptide requirements of higi/laffinity class | binding peptides.

HHD Il HLA-A2 transgenic mice were immunised as désed above; one week later,
splenic T cells were harvested and restimulateditro for a further week with
irradiated, peptide pulsed blast cells (see mdseaad methods). This heterologous T
cell population was then used as effector cella istandard chromium release assay.
These data demonstrate that class Il help is aol@ksrequirement for the generation
of a CTL response in this model since in the absewicclass Il peptides no CTL

response was generated to either,pb® p53s4 peptides (Figure 5.2).
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Figure 5.2: Class Il help is required for the generation & BL response when using

either a high (p534) or low (p53;7) affinity class | peptide. In the absence of helpe
peptide no significant CTL response could be segnificance determined by Mann

Whitney U). The E:T ratio refers to the number otdlls per target cell (Target cells
were EL4 HHD Il cells); cytotoxicity could be bloe& by the addition of an anti HLA-

A2 antibody (data not shown). Data were highly oeloicible.

Subsequently, a comparison between p53 (antigecif&epeand Hep B (antigen non-
specific) class Il peptides was undertaken in otdeestablish whether an improved

class | response was obtained by using an antgeeifee class Il peptide (Fig 5.3)
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p53,17 class I: mp53,98 VS HepB class Il help (n=8)
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p53264 Class I: mp53,0g Vs HepB class Il help (n=8)
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Figure 5.3: The difference in median cytotoxicity when usprgtein-specific (mp5:i3s)
and non protein-specific (Hep B) class Il helpeptpes. Error bars shown represent the
interquartile range of the data. Cytotoxicity wagher when mice were immunised
with protein specific helper peptides, also the hamof mice responding is higher.
Cytotoxicity was blocked by the addition of anti AHA2 antibody (data not shown)
and results were found to be reproducible. Sta#ik8ignificance was determined using

the Mann Whitney U test.
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When the data were examined closely it was obsetlatl different patterns in the
cytotoxicity were produced by the low and high mitfy class | peptides. When ph3
was used together with p53 MHC class Il helper ipegta higher level of cytotoxicity
was observed when compared with the Hep B clasglfer peptide. Although these
results did not reach statistical significance (B.£2 by Mann Whitney U test) there
was a distinct trend. However there was a defindifference in the number of mice
that responded to the peptide immunisation; whah p63 class | and class Il peptides
were used for immunisation 100% of mice respondea ipeptide specific manner;
when p53 class | was used with the Hep B clasgptide only 50% of mice responded
in a peptide specific manner. Therefore in this elatd can be seen that using a low
affinity peptide with protein specific class Il pelcytotoxicity was boosted and the
number of responding animals was also increaseui(&i5.3).

When the p5&, class | peptide was used with the p53 MHC cladselper peptide
there was a significant increase in cytotoxicitynpared to when Hep B class Il helper
peptides were employed. These results were highlysscally significant (P = 0.026
by Mann Whitney U test) and occurred at all T eklutions. Once again there was a
clear difference in the number of mice that resgahtb the peptide immunisation;
when both p53 class | and class |l peptides weesel U90% of mice responded in a
peptide specific manner; when p53 class | was ustdda Hep B class Il peptide only
50% of mice responded in a peptide specific manfieerefore by using a high affinity
peptide with protein specific class Il help in tisigsstem, cytotoxicity was significantly

boosted in conjunction with raising the numberedponding animals (Figure 5.3).

5.2.2 The effects of specific class Il help on the getnenaof memory
CTL invitro

Having established that the use of a protein sjgecléss Il helper peptide can boost
both cytotoxicity and the number of responders ors term experiments, it was
decided to investigate the possible long term &ffexf immunisation. A number of
different immunisations using the high affinity piele were performed as follows: (1)
two mice with class | p53 alone in IFA, (2) fouraaiwith class | p53 + class Il mp53 in
IFA and (3) four mice with class | p53 + class lepdB in IFA. These mice were
divided into two separate groups; five mice wereriiaed at four months and the
remaining five mice at six months. Cytotoxicity ags were then performed to
determine if a memory response could be recalldbeste time points (Figures 5.4 and
5.5).
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Figure 5.4: Memory cytotoxic response generated four montst pmnmunisation. Both
immunisations led to highly significant cytotoxigithowever preliminary experiments
suggested that Hep B generated the better long tesponse after four months in this
single experiment (comparing 100: 1 E:T ratio P.80@ by Mann Whitney U test).
Target cells were pulsed with dgfml of peptide overnight and then washed before
addition to T cells. Cytotoxicity was blocked byettaddition of an anti HLA-A2

antibody (data not shown) demonstrating the clasttiction of the response.
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Figure 5.5: Memory cytotoxic response generated six months jpastunisation. Both
immunisations led to highly significant cytotoxigithowever this time when averaging
results out over all the mice Hep B only generatednarginally higher cytotoxic
response than p53 after six months (comparing 18371 ratio P = 0.03 by Mann
Whitney U test) in this single experiment. Targetls were pulsed with 1@/ml of
peptide overnight and then washed before additioh tells. Cytotoxicity was blocked
by the addition of an anti HLA-A2 antibody (datat sthown) demonstrating the class |

restriction of the response.
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It can be seen in Figures 5.4 and 5.5 that using Blas the class Il helper peptide
consistently resulted in higher memory cytotoxisp@nses being produced. However at
longer time intervals between immunisation and ysiess difference between the p53
class Il helper peptide and the Hep B helper peptimuld be found; P = 0.007 at four
months and P = 0.03 at six months (Mann Whitneywdgn comparing cytotoxicity
produced by the 100:1 E:T value. This can be seeremlearly when the data is

overlaid as in Figure 5.6.

6 months: overlay of Hep B vs mp53,g help induced cytotoxicity

x P=0.03

% cytotoxicity

100 50 25 13

@ p53 264 + HepB help m p53 264 + 108m help | E:T ratio

Figure 5.6: The cytotoxicity induced by p53 and Hep B helpeptides in conjunction
with the p53s4 class | peptide in a single experiment. Each datarepresents the
average cytotoxicity of two immunised mice; cytatity could be abolished by
addition of anti HLA-A2 antibody, demonstrating tMHC class | restriction of the

response.

It is interesting to note that the number of cefisovered from an animal immunised for
long term experiments was the same as for an anpregghared for a short term
experiment; this would seem to indicate that amgfronemory response had been
produced. In this instance, the cytotoxicity progllicvas more consistent for p53
helped CTL than for Hep B CTL. However it must &ted that this and all data shown
regarding long term immunisations are only singlpegiments, which must be repeated

in order to confirm initial findings.
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5.2.3 Peptide conjugated nanobeads as an adjuvant ferajerg a CTL
response

Through collaboration with Prof. M Plebanski (AumstResearch Institute, Melboune,
Australia), peptide coated nanobeads were obtaimetbtermine if they could offer a
viable alternative to IFA as an adjuvant. Theseobaads were coated with either
P5364 MP530s Or both peptides. Typically 10 of peptide linked to nanobeads was
administered in total and T cell assays performedescribed previously. As before a
class | alone immunisation was performed in ordeadcertain the requirement for a
helper epitope to generate CTL (Figure 5.7).

Once the requirement of a class Il helper epitope been established for nanobead
immunisation further experiments were performed;IHHmice were immunised with
mp530g hanobeads to determine if they were capable aymiog a peptide specific
CD4" T cell response. However, this proved unsuccessfdl a non specific CD4T
cell response was observed (results not shown}hé&iurnanobeads with both p%3
and mp53s adsorbed onto the surface were used in an attéonptduce a CTL

response (Figure 5.8).

p53264 Nanobeads: no class Il help
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Figure 5.7: Cytotoxicity induced by the use of p3nanobeads in the absence of a
class Il helper epitope. The above graph is reptasige of highly reproducible data.
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Figure 5.8: Cytotoxicity produced by nanobead immunisatiothwi53s4, and mp53ps.
Cytotoxicity could be abolished by the use of ati BihA-A2 antibody, indicating the
MHC class | restriction of the observed respondeest data are representative of

triplicate experiments and were found to be higklyroducible.

Immunisations utilising the nanobeads as a “cdrrggnerated consistent results,
however only low levels of cytotoxicity were genteh and the killing was non

specific, both of which would be undesirable inliaical setting. It must be stated that
the above data is only preliminary and thereforghr nanobead experiments are

necessary before conclusions can be drawn abautthisties as an adjuvant.

5.3 Discussion
Throughout the experiments performed, using a rafgeljuvants, one point was clear;

in this system no significant cytotoxicity was geated in the absence of class Il helper
peptides. There could be several reasons for Erenco et al (2000) stated that the
requirement for CD4T cell help was dependant on the binding affirifythe MHC
class | restricted peptide (Franco et al., 200®)ther words, if the class | epitope had
high MHC class | binding affinity then CD4T cells were not required for maximal
CTL priming; if the class | epitope had low MHC sfal binding affinity then either
CD4" T cells or the addition of anti-CD40 was requitedgenerate significant CTL
activity (Franco et al., 2000). However in the mrsstudy the use of helper peptides,

regardless of the binding affinity of the classpitepe, always led to an increase in
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cytotoxicity from around 5% with no help to appnately 50-100% with help (results
not shown). This could be due to, for example, tuwncentration of peptide
administered, the route of administration, the tgpadjuvant used and/or the origin of
the peptides involved (p53 is a self antigen). Té&ls onto the second possible reason
for the absolute requirement of helper epitopethis system; the origin of the peptide,
which could be a significant factor in determinithg requirement for CD4T cell help
for generating a CTL response against a self amt{¢shikawa et al., 2001). Both
peripheral and central tolerance mechanisms sc¢hiptT cell repertoire in order to
prevent autoimmune responses, therefore regardfate binding affinity of a peptide
epitope for MHC class I, the TCR'’s that must ine¢naith the peptide/MHC complex,
would by definition, be of low affinity (Faro et.aR004; Saito & Germain, 1988). As
such it is entirely possible that a high affinifyitepe derived from a self antigen would
require CD4 T cell help to generate a CTL response.

Although it was observed that CDZ cell help was an absolute necessity in thisesgst
it still remains to be determined what the preciature of the help should be in order to
achieve the optimum possible CTL response. Ingigderiments showed that in short
term experiment, a helper epitope derived fromsme protein as the class | peptide
could lead to both an increaseimvitro cytotoxicity and number of responders when
compared to a helper epitope derived from a diffepeotein. A low affinity class | p53
peptide together with the ph3 helper peptide demonstrated a small increase in
cytotoxicity with 100% of immunised mice respondiogmpared to the Hep B helper
peptide. A higher affinity class | p53 peptide died significant benefits when used
with the p53ps helper peptide compared to the Hep B helper peptigtotoxicity was
boosted four fold and 100% of immunised mice reslgon The reason for this is
unclear and has not been previously reported iritl@ature. However, many models
use non endogenous antigens such as OVA, Hep Bthaed viral and human proteins
which bear little homology to any murine proteires such the immune reactions
generated in murine models are liable to be famgger against foreign proteins since
there has been no tolerogenic “sculpting” of thenume system (Fifis et al., 2004b;
Wang et al., 2003). Therefore the results achiendlis study using p53 are analogous
to T cell responses mounted against previously @meoed pathogens, which take 3-4
days to develop. However it will take up to a foght to produce a high affinity
immune response to a novel pathogen. The two hekpetides were derived from Hep
B (non-self antigen, i.e. novel) and p53 respettivéself antigen, previously
encountered). Therefore in a short term experimehen T cells are harvested from the
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spleen only one week post immunisation, it seerggdb that the antigen with a pre-
existing memory T cell pool (p53) will provide bettT cell help than a novel antigen
(Hep B).

When examining the data from the long term immuiosa (four and six months)
precisely the opposite is true. In this case thp Bigeptide enhanced the CTL response
compared with p53g at both four and six months (P = 0.007 and 0.Gpeaetively).
The Hep B helper peptide has a high binding affifiir I-A° and is a viral antigen;
therefore a high avidity T cell response can beeltged that would lead to the
production of high avidity memory T cells. The p&3peptide however has a lower
binding affinity and is a self antigen; therefohe tproduction of high avidity T cells
would be limited by anti-autoimmune mechanisms sthdllowing the production of
lower avidity memory T cells. Thus, mice immunisetih the p53 class | peptide
together with either the Hep B or the p53 helpegatide gave different results. It can be
suggested that p5s3 helper peptide immunisation induces a memory nespdut at a
lower avidity due to being limited by tolerogeniceamanisms, thus cytotoxicity is
augmented but to a lesser extent than for Hep B. Worthy of note that no memory
CTL response developed when a helper peptide wasemployed at the time of
immunisation. In addition the statistical differendbetween the p53 and Hep B
augmented cytotoxicity decreased when the time éatwimmunisation and T cell
harvesting was extended. This could be due to eedse in the numbers of available T
helper cells; at six months (~180 days) the meniooell pool will have decreased in
size and lead to a restricted Hep B helper respdifss is an important point, because
memory T cell stimulation in the absence of immatian can only occur in response to
endogenous antigen such as p53 and not exogenquB .Héherefore it is possible that
the Hep B memory T cell pool would shrink more titae p53 memory T cell pool
because of a lack of repeat stimulation. Furthgregments are necessary in order to
confirm this finding.

During the course of this study a different adjuvaas tested in an attempt to find and
alternative to IFA, which is not licensed for ctial use in the U.K. Preliminary
experiments using peptide conjugated nanobeadsmebdt&rom M. Plebanski produced
inconclusive results. In this case some cytotoxig¢around 20%) was consistently
obtained, however once again it was not peptideispeThe mode of adjuvant action
of nanobeads is not entirely understood, it seentsetbased purely upon the fact that
nanobeads of a certain size are preferentiallyntake by dendritic cells. In a study by

Fifis et al (2004) a range of beads sizes werede&ir immunogenicity when coated
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with peptides such as SINFEKL or OVA derived epésplt was found that nanobeads
0.04-0.0,um in diameter could elicit efficient cytokine pradion as measured by
ELISPOT; these beads were also found in murine lympdes 48h after intradermal
injection (Fifis et al., 2004a). It is possible thle route of injection used in this study
was not as suitable for nanobead immunisation aedefore lead to a sub-optimal
immune response. It is also possible that this hmethod of nanobead adjuvant action
merely is not strong enough to elicit an immungoese from the peptides used in this
study. Alternatives to IFA must be found in order ¥accines to progress from murine
models into clinical trials, unfortunately nanobgsdtdhve so far not been found to be a

viable alternative using this transgenic mouseesyst
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Chapter 6: Production of murine and human p53 vectors
and the generation of stable EL4 HHD |l p53 transfected
cells

6.1 Introduction

6.1.1 Gene transfer: transfection techniques
A wide range of techniques exist for transferrikggenous genetic material into a cell

nucleus; these can be simply divided into viral and-viral vectors (Tan et al., 2005b).
Such vectors carry genetic material in the forneither DNA or RNA, which can be
engineered for various purposes, across the cethbrene and into the nucleus to
undergo transcription. Agents such as short inteideRNA (siRNA) and antisense
oligonucleotides can be employed to interfere witmplementary mRNA in the
cytoplasm, thereby reducing mRNA translation (Ulamnet al., 2006).

Regardless of the vector employed, these will haveescape from the cellular
compartment they are contained within and delileirtgenetic message. The hostile
environments of the endolysosomes and cytoplasnoagrable of active degradation of
nucleotides and vectors that manage to avoid dagosdstill have to cross the nuclear
envelope to deliver their message; this is achiesittter by passive diffusion through
the nuclear pores or via energy dependant trartgbocahat requires importins
(Goldfarb et al., 1986).

Due to their very nature as pathogens, viruses leaeodved multiple mechanisms to
infect targeted host cells efficiently, either hysion with the cell membrane or by
receptor mediated endocytosis, followed by nudeealisation of the viral genome. As
a direct result, viral vectors generally have ahbkigtransfection rate than non-viral
systems (Tan et al., 2005b). The vast majority oflern vectors have been rendered
incapable of replication by deletion of essentiahgs; therefore there is little risk of
proliferation or reversion to wild type (Rees et, &002). However they tend to be
immunogenic, which can be either an advantage disadvantage depending on the
circumstances (Rayner et al., 2001). Not only tmatt the viral vector can lead to
alterations in cell function post transduction (Teral., 2005a).

In order to counteract some of the problems astmtiith viral vectors, a number of
non-viral strategies have been developed (Table Btese rely on mechanical delivery
or the use of enhancing chemicals. Non-viral veciare less able to overcome the
problems of cell-surface binding, escape from eadws, and transport into the

nucleus; therefore they possess lower transfecwdficiency than their viral
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counterparts. As a result, new strategies are lawgloped in order to overcome these

difficulties and to achieve comparable transfectewrels.

Viral vectors Non-viral vectors

Retroviral superfamily (MMLV and Mechanical:

lentivirus) Microinjection

Adenovirus Pressure

Adeno-associated virus Particle bombardment

Herpes simplex virus Ultrasound

Sendai virus Electrical:

Polio virus Electroporation (high or low voltage)
Vaccinia virus Chemical:

Semliki forest virus DEAE

Calcium phosphate
Artificial lipids
Proteins
Dendrimers

Other polymers

Table 6.1: Currently available viral and non-viral vectotalden from (Tan et al., 2005b)

Two of the most common non-viral transfection pohges in use are electroporation
and lipofectamine (artificial lipid). Electroporati has high transfection efficiency but
it can lead to cell death, particularly if high tegles are required. In contrast the
lipofectamine based method has a lower efficienglydmes not tend to cause extensive
cell death. Therefore preliminary experiments a&guired in order to determine which
methods are most appropriate for the cells invglydticularly if the target cells are

fragile.

6.1.2 The use of a surrogate antigen
The MART-1 and Tyrosinase proteins were screenecdoel MHC class 1l peptides

(see chapter 4); therefore it would be logical émeyate vectors containing these genes
for use in gene gun immunisation as well as tunohatlenge and therapy experiments.
These vectors would then be used to investigatesffieets of class Il influence on the
generation of an effective class | response. Botindn and murine genes are required
to determine if xenogenically transfected tumoutscare more easily eradicated than
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tumour cells transfected with mouse genes; howewaine MART-1 and Tyrosinase
genes are unavailable for direct cloning experime addition, murine class Il
MART-1 and Tyrosinase peptides would also havedaalefined as the HHD Il mice
express human class | and mouse class IIbX.I-IAwas therefore decided to use a class
Il peptide derived from p53. A wide range of prensty defined class l/class Il murine
and human peptides exist for this protein, whictuldcallow for the investigation of
helper effects on CTL generation via cytotoxiciggsaysn vitro; these peptides are also
known to be naturally produced by proteasome psicgof the p53 protein. Also, both
murine and human p53 genes are available and tsuttirectly cloned into a plasmid
vector of choice. This would allow the transfectmina cell line with p53, which could
then be injectedh vivo in tumour protection/therapy experiments.

6.1.3 Selection of target cells and vectors
P53 overexpression is present in over 60% of canard is often a consequence of

increased protein stability due to point mutatiérth@ protein. The human p53 used in
this study was R273H, i.e. R has been mutated &b position 273 (generous gift of B.

Vogelstein); the murine p53 298 was mutated atltes 168 and 234 (generous gift of
M. Oren). It was decided to clone both genes ihto EGFP-N1 vector as this vector
contains a small portion of the GFP fluorescenttggnoallowing transfected cells to

fluoresce at the same wavelength as FITC (Fig @Hhis should allow FACS sorting of

transfected cells enabling transgene expressing telbe rapidly selected for bulk

culture.

The cell line chosen for use as a target in cytottyxassays and for transfection was
EL4 HHD II. These cells have the same genetic bamkyd and transgene as the
C57bl/6 HLA-A2 HHD Il transgenic mice and can edistbtumours in these mice, thus
allowing the creation of a transgenic mouse tumowdel that could be used to
investigate the influence of class Il peptides lo& generation of an anti-tumour class |

response.
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Figure 6.1: (A) EGFP-N1 is an expression vector containing ttytomegalovirus
constitutive promoter followed by a multiple clogisite and adjacent GFP gene and
the neomycin resistance gene under the contrdieofimian virus 40 promoter. Murine
p53, human p53 or nothing was inserted into thetiplal cloning site (MCS, map
shown in B) using Hind Il and Bam H1 restrictiam ¢create EGFP mp53, EGFP hp53
and EGFP empty respectively.

6.2 Results

6.2.1 Production of mp53 and hp53 inserts for cloning
Neither the human nor the murine p53 vectors coaththe necessary restriction sites

to allow direct transfer of the p53 genes into EG¥R Therefore the decision was
made to design primers that would add Hind Il &ain HI restriction sites onto the
ends of the p53 genes during the PCR process (Bab)e This would then allow the
direct insertion of the PCR product into the desiE&SFP vector.

PCR was then performed as detailed in section 2.&2add the restriction sites onto
the required p53 inserts. PCR products were tharorua gel in order to confirm that

the correct insert sizes has been obtained (Fig 6.2
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Forward 5-TCTAAAGCTTATGACTGCCATGGAGGAGTCA-3

(dD)
=
S  Reverse 5-TCTAGATCOGACTGAGTCAGGCCCCAC-3'
S Forward 5-TCTAAAGCTTATGGAGGAGCCGCAGTCA-3'
=
£ Reverse 5-TCTAGATCOGTCTGAGTCAGGCCCTTC-3’

Table 6.2: Forward and reverse primers to generate murirce lmmman p53 inserts
flanked by Hind 1l (in red) and Bam HI (in greemstriction sites.

1650bp ——»

1200bp—— > (il
1000bp

Figure 6.2: Production of murine and human p53 inserts wiimking Hind 11l and
Bam HI restriction sites. Lane 1: DNA ladder, lgheempty lane, lanes 3 + 4: murine
PCR product, lane 5: empty lane, lane 6: no DNAtrmdnThe PCR product for both
murine and human p53 was expected to be 1200kpen s
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6.2.2 Production of mp53 EGFP and hp53 EGFP
The murine and human PCR inserts generated wei ddracted, ligated into EGFP

and used for cloning into XL-1B competent cellse(sections 2.2.26-31). The EGFP
vector contains a kanamycin resistance casseteeftite transfected bacteria could be
selected by culture on kanamycin containing agategl (3Qg/ml). After 16 hours of
culture on these selective agar plates, individwadterial colonies were visible; these
were picked and cultured in LB broth + kanamyciOu@ml) for a further 16 hours
after which time plasmid DNA was isolated from thecterial clones. A Bam H1/Hind
[l digest was then performed on each sample cSrpid DNA from the clones in order

to determine if the insert was present; if so a0lBp fragment was expected (Fig 6.3).

Murine Human

1 2 3 4 5 6 7 8 9 1112

i et N Nt i s

1.6Kb
1Kb

Figure 6.3: Plasmid DNA digestion from murine and human p&thsfected bacterial
clones. For murine clones lanes 1+12 are DNA laddee 2 is uncut plasmid, lanes 3-
11 are all positive clones. For human clones ldr€ are DNA ladder, lane 2 is uncut

plasmid, lanes 3-11 are all positive clones.

For murine studies clone 5 was used and for hurhaties clone 9 was selected. Both
of these genes were sequenced, all of which wenedfmot to have acquired additional
mutations when compared to the original vector ultesnot shown). Following

successful construction of the murine and humanvyggsors, cellular transfection was

performed in order to confirm protein expressiorflagrescence.
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6.2.3 Transient transfection of EL4 HHD Il cells

EL4 HHD Il HLA-A2 cells were chosen for transfeatias these are capable of growing
in C57bl/6 HHD 1l transgenic mice and therefore used to create a tumour model.
Transient transfections were done using lipofeatenm order to determine whether all
the constructs read through the p53 genes into e@FRioduce fluorescence. Three
different transfections were done: eGFP empty, e@bRne p53 and eGFP human p53
as well as a just cells control for comparisorcah be seen that all vectors were able to
produce fluorescence except for the non-transfexpetrols (Figure 6.4).

Figure 6.4: Untransfected EL4 HHD II cells (A) and cells tséected with eGFP-N1
empty vector, eGFP-N1 murine p53 and eGFP-N1 hump&8 (B, C and D
respectively). This fluorescence showed that rdadugh the transfected genes was

occurring and was demonstrated to be reproducible.
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6.2.4 Stable transfection of EL4 HHD Il cells

In order to generate stable transfectants of theetlmequired cell types, EL4-empty
vector, EL4-mp53 and EL4-hp53, transfection usipgfectamine was undertaken as
before. Unfortunately EL4 HHD Il cells were alreadgnsfected with HLA-A2 and the
antibiotic resistance vector was G418, which was flame resistance cassette as
encoded within the p53 containing eGFP-N1 vectéss.a result it was proposed to
transfect cells with the fluorescent vectors ankbciefor positive clones by FACS
sorting in order to enrich the transfected cell ydapon. However when transfectants
were sorted for a second time the cells were fdorithve lost the vector; it was thought
that this could be due to the prolonged culturdogerequired to expand transfected
cells in culture for a second round of FACS sorfiresults not shown). In consequence,
stably transfected cell lines could not be producedise in ann vivo tumour model.

6.3 Discussion

Ideally MART-1 and Tyrosinase vectors would haverbeonstructed to assess the
effects of protein specific class Il help on thexg®tion of CTL. However this proved
to be impractical within the time scale as it wohlle been necessary to produce both
murine and human MART-1 and Tyrosinase vectors dafine a range of I-A
restricted MART-1 and Tyrosinase peptides for usthe C57bl/6 HHD Il mice, which
are transgenic for human HLA-A2 but not for any lmmMHC class Il alleles. As such
it was decided to use p53 DNA vectors and peptidetheir place as a surrogate
antigen; a number of murine and human p53 peptaled vectors already exist,
allowing the transfer of the gene into the vectbrchoice (Friedman et al., 1990;
Ginsberg et al., 1991; Offringa et al., 2000).

The p53 protein is overexpressed and/or mutatedpiproximately 50% of human
malignancies and is an endogenous protein; as thgchmurine immune system would
have “seen” murine p53 previously so tolerance wiist (Offringa et al., 2000).
Therefore a tumour model utilising this gene shobéd able to closely mimic the
tolerogenic processes occurring within a cancelepatllowing detailed investigation
into the effects of CD4T cell help in breaking tolerance and maximising generation
of CTL. Murine and human p53 were cloned from theiisting vectors (generous gifts
of M. Oren and B. Vogelstein respectively) into te&FP-N1 fluorescent vector;
cloning was achieved without the accumulation of &urther mutations (results not

shown).
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Having produced both murine and human vectors etihhegded to be transfected into a
cell line to establish a tumour model. EL4 HHD dlls, stably transfected with HLA-
A2, were chosen as a suitable candidate cell linielwwere previously shown to form
a tumour when injected subcutaneously into C57HHD 1l HLA-A2 transgenic mice
(results not shown) (Firat et al., 1999; Machlengdiral., 2005). EL4 HHD Il cells were
then transfected for a second time with either meudr human p53 contained within the
eGFP N1 vector; this vector has previously beerd usea number of immunological
models without causing a GFP specific immune reacdtGlinka et al., 2006; Yin et al.,
2004). Transient transfection of EL4 HHD Il cellasvperformed initially in order to
optimise the process; cells transfected with enwatgtor, murine p53 and human p53
all produced high levels of fluorescence, which wssarly observed using confocal
microscopy (Figure 6.4).

Stable double transfection of the EL4 HHD Il HLA-A2Il line presented more of a
problem as both vectors encoded a resistance ta$sethe same antibiotic (G418);
therefore negative selection of untransfected ceitsild not be possible. It was
reasoned that FACS sorting at the GFP wavelengthldrallow for the enrichment of
transfected cells; it was thought that repeateddsuof sorting would allow for the
creation of a stably transfected cell line. Howewadter the first round of FACS sorting,
transfected cells “lost” the vector before they ldobe expanded in culture to high
enough numbers to allow a second round of sorfifigs meant that only transient
transfections were possible. Further optimisatibthe transfection procedure may have
enabled enrichment by FACS sorting.

Recently a new vector containing eGFP has beenupemnj this vector however
encodes a resistance cassette for zeocin, whichaha@mpletely different mode of
action. Using this vector, an EL4 HHD Il cell liceuld be created that expressed both
HLA-A2 and mutant p53 genes. Therefore in futurtedss this vector could be used to
create a tumour model in order to study the antitumeffects of CD4 T helper cells in
conjunction with antitumour CTL. This could be doimetwo ways; mice could be
immunised with class | and class Il peptides armah tthallenged with tumour cells in a
protection study or tumour cells could be admimexdefirst and class | and class Il
peptides administered as a therapeutic. Not omiylibt different types of immunisation
could be tested, such as a prime boost strategpeRyoost immunisation is when two
different types of immunogen are employed in arrafit to generate an immune
reaction; for example mice could be immunised \pitiptide first, followed by a booster
immunisation with a DNA construct. There is a widage of options that could be
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tested in protection and therapeutic studies ssgbeatide/lysate pulsed dendritic cells,
transfected dendritic cells, gene gun immunisatviral vectors and novel adjuvant
conjugations; in conjunction with the prime boadsatgy, these combinations have the
potential to create a highly effective immunothgraphe findings from such a model

would be invaluable in optimising immunotherapy étinical application.
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Chapter 7: Discussion

7.1 CD4' T cellsare central in anti-tumour immunity

Cytotoxic T lymphocytes (CTL’s) are responsible fioe recognition and elimination of
“altered self” cells such as tumour cells or thodected by a virus. Therefore over the
last two decades a great deal of attention hass&mtwn activating CTL as an
immunotherapeutic approach for the treatment otearnrhere is now a wide range of
well characterised MHC class | epitopes availablgdted against tumour associated
antigens, however studies in both murine modelsrandan studies suggest that CTL
epitopes alone are unable to generate long lastingune responses in the majority of
cancers (Rosenberg & Dudley, 2004; Rosenberg,et38; Wang, 2001).

The concept of CD4T cells being important in providing help for thevelopment and
maintenance of CTL is not novel (Kern et al., 1986)e lack of CDA T cell help may
be responsible for the failure of adoptively tramsid CD8 CTL to persist for
prolonged periods in a tumour bearing host. CD4ells are also known to be involved
in the development of memory CTL, a critical redeisfor promoting long lasting
immunity in order to prevent patient relapse (Gaale 2002; Janssen et al., 2005;
Janssen et al., 2003; Shedlock & Shen, 2003). Guswaccination strategies employed
potent non-specific helper epitopes/proteins amdwéated the immune system together
with strong “danger signals” via adjuvants or mhed products (Pardoll, 1998). Under
certain conditions, these non tumour-specific imeatimulants provide sufficient help
for the development of antitumour CTL; therefore tentification and use of tumour
specific MHC class Il helper epitopes did not asswathigh research priority.

In recent years however, it has become apparentbd” T cells play a more active
role in the control of tumour cells (Bourgault \éitla et al., 2004; Cohen et al., 2000;
Egilmez et al., 2002). A small scale clinical tigl Bourgault Villada and colleagues in
2004 showed that high circulating levels of HPVa@pe T cells correlated with high
levels of tumour infiltrating CD4 T cells and disease regression. The mechanism of
action of these infiltrating helper cells has beerestigated previously and it is thought
to depend upon cytokine production leading to néerent of other cell types involved
in tumour clearance (Bourgault Villada et al., 20G%hen et al., 2000; Egilmez et al.,
2002). Egilmez and colleagues employed SCID miceomunction with PBL from a
cancer patient; these PBL’s were found to inhibitobogous tumour growth in a dose
dependant manner over a period of four years. &ggmn of the patients’ tumour was
found to require CD4 T cells, CD56 natural killer cells and CDT4
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monocytes/macrophages but was completely indepéndenCD8" T cells. The
secretion of IL-12 and IFNby the patients’ monocytes and T cells respedctiveds
also found to be crucial for tumour suppressionil(Eeg et al., 2002). It would seem
unlikely that CD4 T cells recognise tumour cells directly as thet vaajority of tumour
cells are MHC class Il negative, however it hasnbg®own in pre-clinical and clinical
studies that tumour infiltration with CD4T cells correlated with tumour regression
(Bourgault Villada et al., 2004; Cohen et al., 2000 has been suggested that these
helper cells are able to recognise tumour-spepiigtide epitopes due to the presence
of APC, such as dendritic cells, processing tumantigens and presenting peptides
within the tumour microenvironment. These APC woptdsent peptide epitopes to T
cells on MHC class Il molecules thus allowing tleelopment of an anti-tumour CD4

T cell response. These activated T helper cellsldvthen secrete cytokines necessary
for the activation and proliferation of other cglpes involved in clearance of a tumour
mass and the formation of memory cells (Jansseal.e?003; Wang et al., 1999).
Recruitment of such accessory cells, often observé@dmunohistochemical staining of
regressed tumours, is likely to be critical in tumalearance and complements the lytic
function of anti-tumour CTL. As such it would se¢nat the identification of CD4T
cell epitopes is important for the development afrensuccessful immunotherapeutic
strategies.

To that end, this study aimed to identify new MHI@ss Il restricted peptides derived
from melanoma antigens. It was further proposedccdmbine class | and class Il
peptides in immunogenicity studies using MHC-trarsg mice. A classical reverse
immunology approach was adopted in order to ideritibvel” MHC class Il restricted
epitopes from melanoma associated antigens. DCie weed as antigen presenting
cells and optimal conditions to mature DC for aatigoresentation were established.
Studies were also undertaken to optimise the salho¥ activated T cells in order to
improve and facilitate peptide discovery. In ortedetermine whether CD4estricted
peptides influence the generation of CO8cell effectors, experiments were performed
utilising a panel of known p53 and HepB peptidelse Tongevity of T cell responses
generated by immunisation with class | and claspelptide combinations was also

investigated.
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7.2 The characterisation of BM-DC as APC for use in proliferation
assays
CD4" T cells are only capable of recognising antigeremwpresented in the context of
MHC class Il molecules, therefore professional Afe@resent a logical choice for use
in proliferation assays designed to screen for hepé&opes. Of these dendritic cells
(DC’s) are the most potent APC, capable of primimajve T cells (Banchereau &
Steinman, 1998).
For the purposes of this study syngeneic BM-DC’semgsed as APC in proliferation
assays and a previously established method, mddifien Inaba et al (1992a), for BM-
DC generation was used to obtain and culture é®lisa FVB/N DR1, C57bl/6 DR4 and
C57bl/6 HHD 1l HLA-A2 transgenic mice. This procedunvolved the culture of bone
marrow progenitor cells in the presence of GM-CS¥ich permitted cellular
differentiation into functional DC’s. It was showthat this method could generate DC
from all of the transgenic mouse strains as asddsgehe expression of costimulatory
molecules such as CD40, CD80 and transgenic MH@cudds.
High expression of costimulatory molecules andptagluction of cytokines such as IL-
12 are critically important for the activation ofcCElls and studies were undertaken to
investigate which method for DC maturation resulted maximal costimulatory
molecule expression and cytokine production. Imme&iRC can be matured in a variety
of ways such as culture with cytokines and/or nbab agents, two of the most
common being LPS and Poly I.C. (Inaba et al., 1992#z et al., 2000; Ritter et al.,
2003). These agents act to supply the strong imiogioal signals necessary to induce
full maturation of DC, thereby leading to efficiesnttivation of T cell respons@s vitro
(Lutz & Schuler, 2002). It was demonstrated thatBAV-DR1 and C57bl/6 BM-DC
responded best when matured in the presence ofld®. However the C57bl/6 HHD
I BM-DC produced maximal IL-§ and co-stimulatory molecule expression in
response to the combination of LPS and Poly |.C1filwas tested for rather than IL-12
since IL-1B, in conjunction with ligation of other DC cell $ace ligands such as CD40,
induces the production of IL-12 (Wesa & Galy, 2Q00hese data confirmed that it was
necessary to use differing cellular maturation @eots for different transgenic mouse
strains.
It should be stated that recent findings suggest distermining the maturation state of
DC’s solely by examining surface marker expressaod cytokine production is not
entirely reliable (Reis, 2006). It has been shohet functionally immature DC’s can
express maturation markers and that DC’s expressiaguration markers are not
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necessarily functionally mature. All of the DC’s tmiaation protocols employed in this
study were able to produce functional DC’s whenduseproliferation assays. Given
these results, future work to characterise demdedill status should include assays of
functionality to confirm trends in surface markepeession and cytokine production.

As such the strain specific optimisation of DC mation should be considered as a pre-

requisite for maximising the efficiency of assagsiheasuring T cell responses.

7.3 Novel immunogenic HLA-DR restricted peptides from MART-1 and
Tyrosinase identified using MHC transgenic mice
Using optimised strain specific DC maturation poatis it was demonstrated that HLA-
DR restricted responses could be deteatedtro following immunisation of FVB/N-
DR1 and C57bl/6 DR4 transgenic mice with previoudbscribed peptides. It was
reasoned that immunisation of these transgenic mite peptides predicted to bind
promiscuously to both DR1 and DR4 MHC molecules Maallow the detection of
novel immunogenic epitopes. This would permit tiseesning of a large number of
epitopes derived from several tumour associatedjemd. Therefore, HLA-DR1 and
DR4 restricted peptides were predicted from the cwmantigens MART-1 and
Tyrosinase using an evidence-based computer-assisigorithm, SYFPEITHI
(Rammensee et al., 1999). From the protein sequevexdapping 15 mer peptides are
ranked according to their score; the higher theestioe more likely it is thought that a
peptide will bind to a particular MHC molecule. €brl5 mers from MART-1 and three
from Tyrosinase that displayed a score higher @®@ror both HLA-DR31*0101 and
HLA-DRB1* 0401 alleles were chosen for further study. Arecof 20 is used as a cut
off point as this represents optimal binding by the peptide anchor residues; with
lower scores a peptide is unlikely to bind to thel®antigen (Rammensee et al., 1999).
It is entirely possible that this predictive algbm may fail to identify all immunogenic
HLA-DR restricted peptides, however in the abseata reliable HLA-DR binding
assay the majority of studies have employed sugbrithms to predict epitopes. It is
important to note that this algorithm has been ysediously to successfully identify
immunogenic epitopes (Knights et al., 2002; Rojaa.¢ 2005).
DR1 and DR4 transgenic mice were immunised withtigep predicted to bind to the
respective class Il antigens and the responsessesbdy proliferation and cytokine
assays using splenocytes from immunised animalsmaated oncein vitro with
peptide. The results showed that the MAR§ -3 peptide was immunogenic in DR1

mice and Tyrosinase.i1s1 peptide was immunogenic in both DR1 and DR4 mice.
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Peptide specific proliferation elicited by both thlese peptides was abolished by the
addition of the anti-HLA-DR L243 antibody, demoraing the MHC class I
restriction of the responses. Further investigatiewvealed that the Tyrosinasgeie:
epitope was produced naturally when transgenic mmuBM-DC were fed with a cell
lysate expressing high levels of the Tyrosinasegmmolt is important to note that ah
vitro restimulations were performed in the presencetainin E. It has been reported in
the literature that antigen specific T cells aretipalarly sensitive to reactive oxygen
species; high levels of these oxidising molecuégstb T cell death and a consequent
reduction in antigen specific T cells (Malmbergagt 2001). A recent clinical trial
involved the administration of an oral dose of Yiia E to cancer patients; this resulted
in an increased CD4:CD8 T cell ratio as well asremease in {f; cytokine production
(Malmberg et al., 2002). Therefore it was hypotbedithat the addition of Vitamin E to
T cell cultures could be beneficial to the epitogentification process. This proved to
be critical in the identification of the Tyrosinageis: peptide; without the use of
vitamin E this peptide would have been considered immunogenic and a naturally
processed epitope could have been overlooked. ddies indicates that the Marfslys
and Tyrosinas@;-161 peptides are likely to be immunogenic in the cenhtéd HLA-DR
antigens in humans. All peptides described in $hisly were tested in at least six mice;
in the absence of responses they were deemedrorbenmunogenic for either DR1 or
DR4. These peptides can now be studied furtherguBBMC from healthy donors
and/or cancer patients in order to confirm theimuamogenicity in humans.

Cytokine production in response to peptide stimoilatwas also investigated; the
MART-1,9.43 peptide was able to induce Iffldroduction in the DR1 mice indicating a
Thy type response. Tyrosinaseisiwas somewhat different: IFNwvas produced when
DR1 mice were immunised whereas IL-5 was producdterwDR4 mice were
immunised. This suggests that Tyrosinases1 was capable of initiating both,and
Tho type responses, however careful adjuvant seleatight be capable of skewing the
response towards a more desirable iffmune phenotype. A significant proportion of
CD4" T cell effector function is mediated by cytokingbgrefore analysis of the
cytokine profile of immunised T cells is crucial di@en et al., 2000; Egilmez et al.,
2002; Pardoll & Topalian, 1998). As such it is imaat in future studies that accurate
measurements of the cytokines produced by T celsn fimmunised mice are
undertaken.

Overall the results indicate that immunisation 0fBAN-DR1 and C57bl/6-DR4
transgenic mice with peptides predicted to bin#td\-DR can be used to define novel
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epitopes from tumour antigens such as MART-1 antbdigase. These epitopes are
now suitable for further studies to investigate thlee or not they are immunogenic in
humans allowing the determination their clinicalityt

7.4 MHC-restricted class|| help for in vitro CTL generation

Although the importance of helper epitopes has bemognised there is still some
debate as to the nature of the T cell help requiegd endogenous or exogenous
antigens more effective at promoting T cell respsnand should the helper peptide be
derived from the same protein as the class | pepti@urrently the answers to these
guestions are unclear as results vary depending thposystem used (Ali et al., 2000;
Casares et al., 2001; Wang et al., 2003). Thisystddntified class Il epitopes for
MART-1 and Tyrosinase and subsequent studies shoamsgtruct vectors encoding
these epitopes to assess the effects of proteicifispelass Il helper peptides on the
generation of CTLs. However this proved to be inspcal within the time scale of this
study and would have necessitated the productidsotif murine and human MART-1
and Tyrosinase vectors and the identification AP Irestricted MART-1 and Tyrosinase
peptides for use in the C57bl/6 HHD Il mice, tramsig for human HLA-A2 but not for
any human MHC class Il alleles. P53 offered anradteve model since a number of
murine and human p53 peptides had been identifretl \v@ctors encoding the p53
cDNA already exist (Friedman et al., 1990; Ginsbetrgl., 1991, Offringa et al., 2000).
In this study, using C57bl/6 HHD Il HLA-A2 transgemmice, it was found that the
combined use of p53 class | and class Il peptidesteel both an increase in
cytotoxicity and the number of responders when caneg to p53 class | peptides used
with Hep B helper peptides. This helper effect vpasticularly pronounced when a
higher affinity class | p53 peptide was used ggh3ogether with antigen specific help,
a result that contrasts with the literature. Restidies have suggested that the use of a
higher affinity class | peptide negates the request for a helper epitope, which was
not the case in the present study; if no helpetoppiwas included in the immunisation
then cytotoxicity was generally less than 5% (Aksu et al.,, 2006; Franco et al.,
2000).

The increased response observed using p53 class dlass Il epitopes may be due to
antigen re-exposure. Memory T cells specific forrimel p53 are likely to exist in the
periphery, thus when mice are concomitantly immeahisvith p53 CTL and helper

epitopes a high avidity secondary response woulgdnerated. Hep B is an exogenous,
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foreign antigen, therefore memory T cells would eatst in the periphery and so a
lower avidity primary response would be generated.

Although initial findings indicate that the use P53 helper peptides can boost p53
specific CTL responses, further studies should mdettaken to determine whether or
not other helper peptides derived from “self” aatig such as Her2/neu or Tyrosinase
would be capable of promoting more vigorous CTlpmesses. There currently exists a
wide range of Her2/neu class | peptides, howewasscll epitopes for this protein have
yet to be defined and so epitope screening wouldeg@ired. This protein has an
advantage in that it would be subject to the saoherdgenic regulation as p53 and
would therefore provide a good comparative model.némber of immunisation
strategies could be used, similar to p53 protoants analysis of cytokine production by
T cells upon restimulation with antigen, the resuf which would provide further
insight into the cellular pathways involved. Traesiz mice recently developed to
express both HLA-DR1 and HHD Il HLA-A2 alleles, widwallow the investigation of
human Tyrosinase class | and class Il peptideshénslame manner. Once again a
number of Tyrosinase class | peptides already exidt could be used in combination
with the Tyrosinasg7.161 peptide discovered during the course of this stiderefore
future work should first focus on attempting toigtate early findings by employing
other self-antigens and secondly determine thecwsffef long-term immunisation using
tumour models for tumour challenge and therapy ewxmnts. The results of these
studies would have implications for the design ofufe cancer vaccines and the
necessity to discern the optimum type of help neglito generate both primary

responses and long-term memory.

7.5 Peptide immunisation can induce a memory response

P53 and Hep B class Il epitopes were employednie ttourse experiments; C57bl/6
HHD Il HLA-A2 transgenic mice were immunised withheer p53 class | peptide alone;
p53 class | + p53 class Il or p53 class | + Hepl&<x Il peptides and assays to
determine CTL activity performed four and six mantfollowing injection. As
previously, T cell help was found to be criticalr fthe generation of a cytotoxic
response. The results showed that both helperpsataere able to generate significant
cytotoxicity, although furthem vitro andin vivo studies would be necessary in order to
establish whether additional benefit results frammiunisation with helper epitopes
associated with tumour antigens and especially hdretprotective immunity is

generated.
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Anti-tumour CD4 T cells are liable to act via a number of mechasissuch as
augmenting CTL development and recruiting accessoells into the tumour
microenvironment. Therefore in order to clarify thedings arising from this study a
number of further experiments should be performediuding a repeat of the time
course as well as vivo prophylactic and therapeutic immunisations in pprapriate
model of “tumour rejection”. Such studies on théitamour effects of helper epitopes
could be performed utilising “mutated self proteitransfected tumour cells for
challenge in C57bl/6 HHD Il HLA-A2 transgenic mic&ecently a new vector
containing eGFP has been produced; this vectordasca resistance cassette for the
antibiotic zeocin, which has a completely differembde of action to G418, allowing
double transfection of cell lines, for example HieA-A2 transfected EL4 HHD I cell
line, to be performed. This vector would allow tweation of a cell line which could be
used as a tumour model in order to study the antitr effects of CD4T helper cells
invivo and correlation with CTL activity.

The tumour model could be employed in several waysg could be immunised with
class | and class Il peptides and then challengddtumour cells in a protection study
or tumour cells could be injected first and pepicdeiministered as a therapeutic
vaccine. Time course studies to monitor CTL resperst 6-8 week intervals would
establish whether long term memory responses egstribm immunisations. In addition
different types of immunisation could also be emyplb using a prime boost strategy,
for example mice could first be immunised with peet followed by a booster
immunisation using a cDNA plasmid or viral vectanstruct. There are a wide range
of other antigen delivery methods that could béetdsn tumour protection and therapy
studies utilising a prime boost strategy: peptigate pulsed dendritic cells, transfected
dendritic cells, gene gun immunisation, viral vestand novel adjuvant conjugations.
These delivery methods have the potential to create highly effective
immunotherapeutic vaccine and the findings aridmogn a tumour model would be
invaluable in optimising immunotherapy for cliniagplication.

A number of studies of this nature have been peréor with several groups reporting
that tumour antigen specific CDZ cells improved the therapeutic outcome (Gad.get a
2002; Zwaveling et al., 2002). Gao and colleag@02?) were able to demonstrate,
using a murine tumour model, that helper peptidassdd from antigens expressed by
the tumour were essential for re-activation of mgm@©TL and tumour clearance and
Wang et al (2003) were able to demonstrate the samé&rement for tumour antigen

specific T helper cells facilitated not only an reased tumour clearance but also
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protection against further tumour challenge. Furtteee Zwaveling et al (2002) were
able to generate high affinity T helper responsgsnst p53, a self antigen, that were
crucial for enabling CTLs to control the growthaH53 overexpressing tumaurvivo;
these results suggest that the T cell responseafiacted by tolerance at the Th level.
Due to the benefits conferred during both challeagé therapy experiments; it would
seem imperative to exploit tumour specific selfigenh induced T helper responses for
the benefit of cancer immunotherapy.

7.6 Vaccine strategies and the use of adjuvants to potentiate anti-
tumour immunity

The purpose of an adjuvant is to modify the intgnsir type of immune response
generated and in conjunction with a cancer vacoinsgt stimulate an appropriate 1Th
type cellular immune response, induce tumour rigeciand engender long-term
protection against disease recurrence. There aterder of types of adjuvant that can
be employed such as chemical compounds that aehhance, prolong and modulate
immune responses or genetic adjuvants, which apresgion vectors that encode
immune-modulating molecules. These DNA vaccinesehthe advantage that they
possess adjuvant activity due to the presence mokthylated CpG motifs (Ulmer et al.,
1999).

Vaccine adjuvants can be considered in two differgays; those that act to boost
immune responses and those that are used to irdnib#gulatory immune reaction
therefore allowing successful immunotherapy. Mamiueants act to stimulate the
immune system, for example aluminium salts, baaltederived adjuvants, lipid
particles, emulsifier based adjuvants, synthetignahts, cytokines, costimulatory
molecules, chemokines, complement, heat shock ipspt@apoptosis inducers and
transcriptional factors, many of which can be daied either as protein or in DNA
format (Stills, 2005). Examples of other “adjuvéntBat act to suppress regulatory
immune functions are anti-CTLA-4 antibodies and pyradepleting regimens (Egen et
al., 2002; Phan et al., 2003).

The aluminium salts currently in use comprise ahiomn phosphate, aluminium
hydroxide and calcium gels, which act by adsortangigen onto their surfaces. These
are easy to use, as they only require simple miwiitg the vaccine of choice and are
approved for human use (Lindblad, 2004). Antigereisased slowly as these salts form
a “depot” at the injection site leading to chroimmanune stimulation. As such this type
of adjuvant could be used to deliver both classnd &lass Il epitopes in order to
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maximise vaccine efficacy; unfortunately there dsn significant associated toxicity
such as granuloma formation and increased IgE ptady which may limit their use in
some instances. One solution to this problem iprtmduce inert microparticles and
adsorb antigen onto their surface; during the @uwifsthis study nanobeads coated in
class | and class Il peptides were employed in tsmgt to enhance the immune
response to class | peptides. However initial erxpemts proved unsuccessful, as
cytotoxic responses were not antigen specific tanea further experiments are required
to confirm that this delivery system could be agsalternative.

Bacterially derived molecules have been widely usddn water emulsions containing
fragments of killed mycobacteria, known such asifRds complete adjuvant is perhaps
the most widely known. However the severity of kbeal reactions induced when used
in humans prevents it clinical use; the less tadcsion, incomplete Freunds adjuvant
(minus the mycobacteria) is more commonly emplogtabugh this too is not licensed
for clinical use in the UK (Stills, 2005).

Lipid particle based adjuvants such as cationiodgmes and mannan coated cationic
lipids are available which have far less associ&ectity and can significantly extend
the half-life of the immunogen in circulation. Tleesare usually employed for the
delivery of DNA constructs (Toda et al., 1997); lewer their adjuvant action is also
weaker than that of IFA or CFA. The advantage BINA construct lies in the fact that
a whole protein can be used for immunisation, tewgylin the development of both
CD4" and CDS8 antigen specific immune responses, which was showse beneficial
during the course of this study.

Cytokines are crucial to the regulation of immumesponses and have therefore been
employed as vaccine adjuvants either in combinatith other vaccine components,
such as peptides (Rosenberg et al., 1998), or dsopa DNA construct encoding a
tumour antigen; examples include GM-CSF, IL-12, yrnd IL-2 (Chow et al., 1998;
Rees et al., 2002). Use of such cytokines in camjan with other vaccine components
has been shown to boost both C¥hd CD8 T cell responses and could be beneficial
to a therapeutic strategy aiming to induce tumgecsgic class | and class Il responses
(Ali et al., 2002). Combinations of cytokines cowaldo be employed in order to effect
the desired immune response, for example the imclusf IL-7 or IL-15 could be
beneficial in the formation and maintenance ofgarttispecific memory T cells (Gett et
al., 2003; Huster et al., 2004). Chemokines coeldiged in much the same way as they

act to recruit APC to the site of injection. Theewd transfected DC’s or local injection
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of chemokines would be likely to increase the nundfecontacts between APC and T
cells leading to a more vigorous immune respons&a@on et al., 1996).

Optimal T and B cell activation requires a numbkesignals delivered via costimulatory
molecules such as CD80 and CD86. It is thought tiwatsimultaneous delivery of a
plasmid containing these molecules together withvacine could lead to an
improvement in immune response (Kim et al., 1997@refore it may be beneficial to
include these in a vaccine strategy designed ¢it lbth class | and class Il responses.
Heat shock proteins represent another possiblevantjuapproach; these are highly
conserved molecules found in eukaryotes, plants @o#aryotes. They function as
chaperones, aiding protein folding and subunit m&dg as well as stabilising MHC
class | and class Il molecules during peptide rarts(Melnick & Argon, 1995; Smith
et al., 1998). By linking antigens of interest t&MPs involved in antigen processing,
increased CTL priming can be achieved with a contorh increase in tumour
clearance (Chen et al., 2000; Srivastava et a@8)L9f this approach were to be used in
conjunction with adjuvants then it might be possitd induce class Il responses at the
same time, potentially leading to further increaseaferapeutic efficiency.

There exists a number of regulatory mechanismsimwitie immune system which can
decrease the efficacy of immunotherapy, as suchay be necessary to employ
inhibitory molecules in order to bypass these amatrOne such example is anti-CTLA-
4 antibodies, which act to block the binding of G4 to CD28, thereby allowing T
cell activation (Egen et al., 2002; Phan et al030Lymphodepleting regimens such as
whole body irradiation followed by administratioh @hemotherapeutic agents can also
be used to deplete or decrease regulatory T ceflsrdd commencing immunotherapy
(Rosenberg & Dudley, 2004). The potential disadagetof such a strategy is the risk
of inducing toxicity via the induction of autoimmerreactions with potentially fatal
consequences for the patient.

As no single vaccine strategy has resulted in tetalcess, future vaccines should
consist of a combinatorial approach using adjuvamd agents which prevent the
induction of Treg cells in conjunction with antigepecific class | and class Il T cell

responses in order to maximise therapeutic effaien

7.7 Conclusionsand future work

It is only in recent years that the importance &¥4CT cells has become fully apparent
leading to a requirement for protocols to rapidhentify MHC class Il epitopes that

could be used in the clinic. The use of HLA-DR sgenic mice immunised with
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predicted peptides has provided a means to faeilttee identification of MHC class Il
restricted peptides; immunisation of MHC transgemiice can provide data rapidly
whereas human PBMC restimulation experiments ane tonsuming. Therefore pre-
screening in transgenic mice can reduce the numbpeptides for assessment using
human T-cell cultures.

In order to allow the efficient screening of pepsdit became necessary to fully
characterise the responses of DC’s, derived fraramaber of transgenic mouse strains,
to various maturation stimuli. If DC’s are not fulnatured when they encounter naive
antigen specific T cells then the likely outcomedkerance to that antigen; therefore it
was paramount to maximise the efficiency of the @D@&turation process in order to
optimise peptide screening by proliferation asg@fsodapkar et al., 2001). The study
showed that there were indeed differential mataratequirements depending upon the
mouse strain used to generate the DC'’s; thus fow rstrains of mice full
characterisation of DC’s should be undertaken depto ensure optimal efficiency.
When DC maturation was combined with the use oftft@xidant Vitamin E a number
of novel peptide epitopes were identified. The a&itamin E enabled the discovery
of the MART-kg.43 and Tyrosinaser.is1 peptides that may otherwise have been
overlooked. Vitamin E is thought to improve T csllrvival via two mechanisms: (1)
reduction of reactive oxygen species that damadeleasensitive antigen specific T
cells and (2) reducing activation induced cell degaICD) of T cells by reducing
cellular expression of CD95L (Malmberg et al., 2D00he use of Vitamin E resulted in
a higher proportion of antigen specific T cellswsung the in vitro culture process
leading to lower levels of background proliferatiand allowing the identification of
several immunogenic peptides. As such it would spamdent to include vitamin E in
the culture media used for subsequent epitope sioigstudies.

MHC class Il peptides identified could be used ombination with MHC class |
peptides for vaccination of cancer patients. A nendf recent studies have shown that,
in a tumour bearing host, adoptive transfer of @fogeneous T cell population is more
beneficial than transfer of CDST cells alone (Dudley et al., 2002; Rosenberg &
Dudley, 2004), indicating that the provision of CDB helper cells is likely to improve
the efficacy of therapeutic strategies. It was alsofirmed in this study, and others, that
CD4" T cells were essential for the generation of beftfector and memory CTL,
indicating the essential role of T helper cells G al., 2002; Janssen et al., 2005;
Shedlock & Shen, 2003; Sun & Bevan, 2003).
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Now that the importance of both class | and claspitopes has been recognised efforts
should be made to discern precisely which helpgtiges would provide the most
effective anti-tumour response. Results achievedmfrshort-term experiments
performed within this study would suggest that sldsand class |l epitopes derived
from the same protein results in increased CTLvdgfi although it remains to be
established whether this generates long lastingunity. Further work utilising tumour
models would be required to investigate whethenairthese “helped” CTL responses
are superior at tumour clearance/disease prevention

Although the use of pre-clinical models allows \aile information to be obtained
regarding the requirements for tumour clearanaey#st majority of the adjuvants used
in these models are not suitable for use in theiccl{Stills, 2005). Therefore it is
imperative that novel vaccine and pre-clinical emtion strategies are designed with
adjuvants that are suitable for clinical use. Ttheal vaccine should have low toxicity
(such as a DNA vector), be able to stimulate tunsoigen specific class | and class I
T cell responses and include immunomodulatory aptedcsuch as GM-CSF/IL-12 (for
DC stimulation), IFN (for T cell stimulation) and IL-7/IL-15 (for memyprcell
formation/maintenance); this could then be combiwath a lymphodepleting regimen
to remove Treg lymphocytes. Therefore it is crititeat a more combinatorial approach
to immunotherapy is developed in an attempt to @wae therapeutic barriers.

When assessed in context, the findings of thisyshave important implications for the
formulation of future cancer vaccines, both in temh epitope screening and the type of
help that should be delivered in order to maximisecine efficiency. Future work
should aim to build on these findings in order tarify the vaccine requirements to
ensure future therapeutic success.

Future studies should attempt to clarify a numbkeaspects of this study. Repeat
experiments testing memory T cell responses agpb®twhen provided with different
types of helper epitope must be carried out in otdeassess whether the origin of the
helper peptide needs to be taken into consideratiten designing an immunotherapy.
These experiments should also be expanded to mahider self antigens such as
MART-1, Tyrosinase and Her2/Neu in order to claiffthe effects seen apply to all
self antigens. In order to further expand the usefis of this work a tumour model
should also be established utilising cells trartef@cwith vectors containing these
proteins. Challenge and therapy experiments cdwdd be set up in order to determine
if the origin of a helper peptide can make a ddfere the generation of cytotoxic

responsef vivo in a disease setting rather than just inrewitro assay.
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Due to the arrival of new transgenic mice (HLA-DBad HLA-A2) the above work
could be performed utilising all human peptide ssgpes and therefore avoid the
necessity of identifying murine class Il restrictgeptides for each antigen. Not only
that but the creation of DNA vectors for each aésty antigens would allow testing of
prime boost strategies in both tumour challenge taedapy experiments in an attempt
to discern the most effective therapeutic methods.

More detailed investigation of the cytokine prodoictby T cells is also necessary as
the prime mode of action for CD4T cells is likely to be via cytokines. As such,
techniques such as ELISPOT should be employedrjunotion with CD8 depleted T
cell proliferation assays in order to determinecpgely what cells are secreting cytokine
and when. Sampling from bulk cultures cannot prewids information, as the T cell
population is heterogeneous and so existing cyeo#ata could be inaccurate.

By making these improvements to the existing sdrgprsystem and creating a
transgenic tumour model it may be possible to tserésults of future experiments to
define a more efficient mode of cancer vaccinadad hence take immunotherapy into

the clinic more successfully.
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