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Abstract
Since van der Bruggeet al. (1991) first identified specific human tumour getns of the
MAGE family, numerous potential immunotherapeuticgets have been discovered, often
belonging to the so-called cancer/testis (CT) deangly. In a search for novel epitopes from
potential tumour target antigens, HAGE, a CT amtjdeas been studied. It was first identified
in a sarcoma and has since been reported in sea@homas and leukaemias at the mRNA
level only. This study proposed to investigate HA&a potential target for immunotherapy
in a murine tumour model. HAGE mRNA was found todx@ressed in a small proportion of
carcinomas, some melanomas and in a strong propoofi chronic myeloid leukaemias as
compared to normal tissues, which do not expres&HAvith the exception of testis. HAGE
protein levels were also confirmed on tissue sastiand in cell lines in order to rule out any
post-transcriptional modifications. Furthermore, G& has been previously described as
member of the DEAD-box family of ATP-dependent RMAlicases but very little is known
about its actual function. RNA helicases are inedln various steps of RNA metabolism and
their over-expression has often been linked wittndrogenesis. Using a combination of
silencing and transfection experiments, HAGE wasven to be critical for tumour cell
proliferation. Next, the identification of candidaMHC class | and class Il immunogenic
peptides derived from the HAGE protein was undemaky combining reverse immunology
with the use of HLA transgenic mice. Four HLA-A2pbiees were found to be immunogenic
in C57BL/6-HHDII mice with one of them being alsatuorally processed. Four HLA-DR1/-
DR4 peptides were defined as immunogenic in FVBRREand C57BL/6-DR4 mice with two
of them being also endogenously processed. Theowtsg of three novel HAGE-derived
epitopes may then contribute to the range of imrtherapeutic targets for use in cancer
vaccination programs. Finally, potent DNA-basedcuaation strategies targeting HAGE were
evaluated in ann vivo tumour model developed in HHDII-DR1, double tramggemice.
HAGE DNA vaccination by either gene gun or intragowlar injection led to tumour
protection and/or clearance in immunised animalso Ahe use of co-stimulatory molecules to
boost the immune response induced by HAGE DNA vetmn was studied in a therapeutic
setup and B7.2 appeared to be the most promisieg ldowever, further work is needed to
improve this tumour model and assess other metluddgaccination such as syngeneic
dendritic cell-based vaccination or viral vaccioatiand the use of Semliki Forest virus.
Collectively, these data demonstrate that HAGEe®s@nts a valid candidate target for several

cancers and should maybe be included in future inmtinerapeutic design.
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Chapter 1: Introduction
1.1 Cancer
A tumour or a neoplasm is the result of an excesand uncontrolled proliferation of a single
normal cell, which has been transformed into a eeus state following multiple cellular
alterations and rendered resistant to apoptoslktoeeell contact inhibition, growth factor
removal or immune cells (Bertram, 2000). Accordiogthe latest figures obtained by the

World Health Organisation (on line fattp://www.who.int/cancer/ejy/cancer is responsible for

13% of deaths worldwide with approximately 8 mitlideaths a year and at least 11 million
new cases diagnosed every year. The appearancanalignant tumour is associated with
multiple interrelated factors relevant to the sabjeself (heredity, hormonal state, efficacy of
immune defences), but also to its environment (daditions, alimentary habits, exposition to
diverse toxic or infectious agents). Smoking is édgample a well known risk factor for lung

cancer causation while similarly; ultra violet ramon from sunlight is strongly linked with

melanoma, a common form of skin cancer (letyal, 2006). Obesity was shown, by numerous
epidemiological studies, to be associated with degelopment of cancers in a variety of
tissues such as the oesophagus, colon, kidneystbpzancreas, liver or gall bladder (Calle and
Thun, 2004). It was recently demonstrated that atrB®6 of cancer was directly and indirectly
caused by a chronic infection with the likes of fampapillomavirus in 98% of cases of
cervical cancers, hepatitis B virus in some hematmooma, as well as Epstein Barr virus
having a possible involvement in at least four etéht types of cancer including Burkitt’'s

lymphoma and nasopharyngeal carcinoma. Finallyntspeous DNA damage during normal

cell division can also lead to cancer.

1.1.1 Cancer and tumoral transformation

Each cell of the organism undergoes the duplicatibits genomic content during the cell
cycle before continuing its division process (Fidl). Each of the four phases (G1, S, G2 and
M) of the cell cycle contains checkpoints requite@nsure the integrity of the genetic material
and which allows the cell to either go along witle Wivision process following the repair of
any DNA damage or start the complex pathway of Enaogned cell death (apoptosis) if the
damage is simply too important. The conservationthef tumoral phenotype by cellular
division is compatible with three mechanisms:

- Alteration of the coding region or the regulati@@quence by chemical or physical

environmental influences.
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Figure 1.1: Mammalian cell cycle (Adapted fromwww.cancerline.com Cell cycle
mechanisms control normal cell growth and divisiBnogression into each phase is tightly
controlled by complexes formed of cyclins and oydkpendent kinases (Cdk) as well as
tumour-suppressor genes such as p53 and retinatest (Rb). Disruption of these
checkpoints leads to uncontrolled cellular growttdadevelopment of tumoral phenotype.
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- Alteration of the genome following the additiohforeign genetic materials such as viruses
or other infectious agents.

- Alteration of the structure of the chromatin doeepigenetic factors such as ageing mainly
through DNA methylation.

In spite of several cell divisions occurring thrbogt life, the development of a cancer cell
remains a relatively rare event, mainly becausthefneed for multiple alterations to acquire
the malignant phenotype. The number of alteratfons cell to become neoplastic is thought
to be strictly tumour-dependent. However, this l@an be correlated with increasing age and
it is generally believed that at least five to genetic hits are a pre-requisite for the formation
of solid tumours in humans and that genetic ali@natother than mutations can also transform
cells such as translocation, amplification or loEketerozygosity (LOH)(Cahikt al, 1999).
Depending on the cancer types, genetic alteratabiest a wide diversity of genes and it is
generally acknowledged that only a small numbetheim are constantly the target. Akagi
(2004) proposed that four phenomena must existi®rtumoral transformation to occur and
these include the inactivation of the tumour-suppoe genes Rb and p53, the shortening of
telomeres, the constant expression of activatedaRdsthe activation of protein phosphatase
2A. Any DNA damage occurring on these pathwaysciigoes undetected by the checkpoints
become fixed and is inherited by daughter cellscwican then acquire further mutations. The
multistep hypothesis has therefore been advancadk@ al, 2003). Sequential mutations of
genes in cases of head and neck, prostate or ctdbreancers have been detailed in the
literature. The latter has been one of the firdcdbed sequences of events leading to the
transformation of a normal colon cell into a med#istcarcinoma. The model, proposed by
Fearon and Vogelstein (1990), described a mutaiiothe Ras gene as well as the LOH of
chromosome 5q at an early stage of tumour developn@alowed by two mutations on the
p53 gene and LOH of chromosome 18q at a later gEigel.2).

More recently, Forastieret al. (2001) described an even more complicated sequEr®esnts
occurring in head and neck carcinomas with a ssomesof losses of heterozygosity on
chromosome 9p (locus of cell cycle inhibitor pl&)aa early stage, on chromosomes 17p
(locus of p53) and 3p at an intermediary stage,faradly on chromosomes 11q, 13q and 14q
at a later stage. Although these models were @etail depth, they are a rather simplified
version of what the reality is. Further studies exquired for a better understanding of the
tumour biological processes such as proliferatitffierentiation, apoptosis or invasion, as well

as tumour stages in relation with molecular eventaurring inside the cells. Thus, by allowing
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Figure 1.2: Multistep progression hypothesis of twurs in colon carcinoma (Adapted from
Knudson., 2001).
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a correlation between tumour-specific antigens agdressiveness of the tumour, direct
specific therapies targeting tumour-specific amgyesxpressed at certain stages of the tumour-

development, could be developed and used accoydaygtlinicians (Bertram, 2000).

1.1.2 Tumorogenesis and cellular specialisation
DNA damage, initiated by mutagenic agents and mesipte for the disruption of the normal
functioning of the cell cycle, affects principathyo groups of genes involved in the control of
the cellular proliferation and differentiation, anchlled proto-oncogenes and tumour-

suppressor genes (Karpinets and Foy, 2005).

1.1.2.1 Oncogenes
Oncogenes are a class of genes that stimulatgrosiith. There are two types of oncogenes:
viral oncogenes and cellular oncogenes or prot@geies. Viral oncogenes can initiate and
maintain cancers; one of the most studied beingtreoma or Src oncogene induced by Rous
retrovirus (Martin, 1970; Martin, 2004). Althoughrare event, these viral oncogenes derive
from actual coding regions of cellular oncogenekictv have been taken up by these viruses
and incorporated into their own DNA next to the iogdregions that are essential for their
survival. The host gene becomes part of the viemogne and is from then transcribed in
infected cells under the viral promoter rather tila@ normal host, which would be highly
regulated by a network of transcription factorse@gxpression of the gene causes the infected
cells to escape growth regulation.
Proto-oncogenes require to be “switched on” to faée in the induction of cancer. Although
these are necessary, they are not sufficient oir then to cause cancer. Each cellular
oncogene is involved either in the initiation oe tmaintenance of tumour development but
needs another gene (viral or cellular) in a muwpsprocess to achieve malignant tumour.
Activation of proto-oncogenes into oncogenes catuothrough various genetic alterations,
among which mutations, translocation and ampliiticatcan be included. Some viruses can
also insert their promoter in front of a proto-ogeone thereby causing the over-expression of
the “particular” proto-oncogene and ultimately le@dto excessive cell proliferation. Proto-
oncogenes encode for proteins, which are involtedifeerent levels of cellular proliferation
going from the transmission of extra-cellular signaa surface receptors to the intra-nuclear
command of replication including growth factorspwgth factor receptors, protein kinases,
signal pathway transduction mediators and transeoripfactors (Peters, 1997). At the same

time, proto-oncogenes also lead to the uncouplingumour cells from external regulatory
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signals, meaning that factors secreted by normaftosnding cells cannot control the
proliferation of cells homing these oncogenes, bahe neoplastic phenotype (Bertram, 2000;
Lucaset al, 2002). The selection of cells having these autsj favoured by the acquired
genetic instability, constitutes a pivotal pointtuumour development. Molecules involved in
this process are varied and include abnormal grdadtors (FGF, EGF, VEGF, PDGF, and
TGF-) as well as abnormal growth factor receptors legdo their constitutive activation
and/or their deregulation (EGFR)(Cross and Dext@91). It is generally believed that genetic
alterations required for invasion, metastasis @i@enesis can be absent in the first steps of
tumoral transformation but they are often acquia¢dhe early stages of tumour formation.
Vessels, characterising tumoral angiogenesis, dpviegbm non-tumoral cells but distinguish
themselves from normal vessels by their specifipression pattern of growth factors and
growth factor receptors. The creation of these messels is consecutive to a modification of
the balance between inhibitors and activators gfagenesis secreted by tumour cells such as
thrombospondin 1 and VEGF or FGF, respectively,hwibnstitutive activation of Ras
(Hanahan and Folkman, 1996). The capacity of tuncells to invade tissues situated in the
vicinity of the tumour constitutes a prime charastee of aggressive tumours. Clear
correlations have also been observed between ttermpaf expression of molecules involved
in inter-cellular adhesion and metastatic potenttar example, the variation of pattern of
integrins can trigger the adaptation of tumourscadl different types of extra-cellular matrices
during the metastatic process (Goegtedl, 1991). The second class of proteins involvedhén t
metastatic process, as well as the angiogenic phenon, can be described as the family of
proteases secreted by tumour or stroma cells grabtaof degrading the extra-cellular matrix
(Coussens and Werb, 1996). These proteases cawvepexpressed and reciprocally, the
expression of their respective inhibitors is oftiéminished.

Cellular proliferation is also due to alterationghe signalling pathway with molecules such as
phosphatases involved in the activation or the bitibn of protein kinases triggering
constitutive activation of signalling pathways. Amgpall these pathways, the SOS-Ras-Raf-
MAPK cascade has a “privileged seat” as beingitiseitlentified (Paradat al, 1982). Indeed,
Ras is activated in more than 25% of tumours anthpable, with the co-operation of other
genes, to induce transformation by deregulatingJile and/or Erk pathways and therefore
modifying biochemical and cytoskeletal propertiéshe transformed cells (Peters, 1997). On
the other hand, experiments carried ioutitro in mouse cell lines showed that transfection of

the Ras gene does not provide a sufficient signptdévoke tumoral transformation on its own
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and that immortalisation of the cells is requiretbipto transfection with the Ras gene to
induce the tumoral phenotype (Schell al, 2005). That is why mutations affecting the
signalling pathway are often accompanied with maoat occurring further downstream of the
signalling, mainly transcription factors. Protesweh as Fos, Jun or Myc are often affected by
the process of mutagenesis and are normally regperier the activation or the inhibition of
genes involved in the cell cycle. Fos expressiodinsctly modulated by phosphorylation by
MAPK following activation of the Ras pathway whiles stability and its DNA-binding
capacity is affected by other protein kinases sasPKA or PKC (Greenberet al, 1984,
Milde-Langosch 2005). Moreover, the frequency of its heterodisaron with the other
transcription factor Jun required to provide traipton signals often correlates with the
severity of the cancer (Schutet al, 1989). Myc, whose expression is also due to the
activation of PKC (Greenbergt al, 1984), down-regulates the expression of the tumou
suppressor p53, and promotes the expression ahdand cyclin E among others, therefore
forcing the cells into cell cycle and cell divisigReters, 1997; Mackay and Williams, 2003;
Ponzielliet al, 2005).

1.1.2.2 Tumour-suppressor genes
Mutations also occur on anti-oncogene genes, wimah the cellular proliferation such as the
much studied tumour-suppressor p53 and Rb geneasigHand Levine, 2005). Functions of
tumour-suppressor genes are abolished or reducedmbghanisms such as loss of
heterozygosity, methylation, cytogenetic aberrajogenetic mutations, and gain of auto-
inhibitory function or polymorphisms (Zingde2001). In most cases, the normal suppressor
allele can function alongside the mutated alleénforcing the need for both genes to be
inactivated before abolishment or reduction of fior is seen. Moreover and contrary to
oncogenes which are dominant and normally preven¢ldpment of viable embryo, defects in
tumour-suppressor genes can be inherited (Bertr2000), and loss of heterozygosity, that is
to say the loss of function of the second normbdlel will be detrimental as early onset
tumours will be able to rise (Bameéal, 2005; Fearnheaet al, 2004).
The Rb pathway is the second metabolic pathwayetdabgeted in several cancers. Indeed,
retinoblastoma, the most common ocular malignareuing early in child development, is
due to mutations taking place in the Rb gene. Tihh@itein functions as a checkpoint for cells
to enter into S-phase. The molecule can be dirattéred by mutations affecting the pockets
of interactions with the E2F/DP transcription coexylgenetic deletion or simple inhibition of

its expression. Rb expression can also be modif@lbwing mutations on molecules
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controlling its phosphorylation leaving the E2F/BBmplex to act freely on the cell cycle.
Indeed, overexpression of cyclins D, amplificatadrCdk4 or inactivation of the ink4 inhibitor
family have been linked with reduced or suppressgutession of Rb (Peters, 1997).

The p53 tumour-suppressor gene is an importantlatguof genomic stability, replicative
senescence and premature senesceiacthe control of telomere length (Bertrar@000). It
controls, at least partially and in close collaliora with the Rb gene, mechanisms of DNA
repair and cellular apoptosis and it also conttbés blockade of the cell cychda the p21
molecule (Fig. 1.3)(Graebet al, 1996; Linkeet al, 1996)). This pathway, often considered
“the guardian of the genome”, is inactivated in ov@% of all tumours while most of the
genes present upstream or downstream of this pgthveaalso mutated (Levinel997). p53
normally blocks the cell cycle progression by imsiag the level of p21, which in return
allows the dephosphorylation of the cyclin D/Cdkdmplexes (el-Deiryet al, 1993).
Moreover, p53 can be down-regulated by the Mdm2epndo allow progression into the cell
cycle. For these two reasons, p53 representsieattiérget in the formation of neoplasms. The
inactivation of p53 is, in 90% of cases, due toghual mutations mostly occurring in the
DNA/protein interaction sites. It prevents the fatron of hydrogen bonds between the p53
protein and the DNA, and triggers a loss of funttiw a dominant effect associated with the
stabilisation of the protein (Chat al, 1994). This increase of protein half-life andptstential
dominant effect over the wild type p53 protein plag important role in the possible
appearance of an immune response against p53gitioeiped by the fact that the occurrence
frequency of certain mutations is quite high prawida way of targeting these mutated p53-
expressing tumour cells. In summary, key regulagomyteins involved in cell growth and

survival are affected by mutations and lead toutheontrolled cell proliferation.

1.1.3 Tumour-associated antigens and their claasifin

Mutations occurring in proto-oncogenes and tumayopsessor genes and the eventual
incorporation of viral DNA into the human genomigger a cascade of reactions affecting the
expression or the structure of other genes. Pot@nived from these genes are called tumour-
associated antigens (TAA). Most investigations htoaissed their attention in identifying
them and more specifically the tumour rejectiongarts, which are peptides derived from the
tumour antigens, presented by major histocompayilsbmplex (MHC) molecules to T cells
and capable of eliciting a tumour-specific T ceponse. Bruggeet al (1991) identified the
first tumour antigen from a melanoma patient tis§fMAGE-1) using gene cloning and

demonstrated that it was capable of inducing algytaesponse.
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Figure 1.3: Cooperation between the two tumour-supgsor genes p53 and Rb for the
regulation of the cell cycle.
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Since then, many tumour antigens have been idedtifising a sequencing (HPLC-mass
spectrometry) or a serological approach (SEREX¢riiesd in more details in chapter 5. Five

major categories were established to classify turaatigens (Table 1.1):

Table 1.1: Examples of tumour antigens grouped irftee categories

Tumour antigens Tumour expression Hgig?gsifgﬁe

Viral antigens

EBV Burkitt's and Hodgkin's lymphoma None

HBV Hepatocellular carcinoma None

HPV Cervical cancer None

HTLV T cell leukaemia None
Tumour-specific unique antigens

Ber/Abl CML None

Ig idiotype B cell non Hodgkin’s lymphoma None
Abnormally expressed antigens

HER-2/neu Breast, ovary, lung carcinoma Ubiquitous

MUC-1 Many carcinomas Breast

PAP, PSA, PSMA Prostate carcinoma Prostate

p53 (mutated) Breast, colon, other cancers None

p53 (non-mutated) Pancreatic, colon, lung cancers Ubiquitous

Ras (mutated) ALL, AML, CML None

WT-1, Proteinase-3 CML, other cancers None
Differentiation antigens

gp100, Mart-1, tyrosinase Melanoma Melanocytes
Cancer/testis antigens

MAGE-1, -3 and -6 Many carcinomas Testis

BAGE, GAGE, XAGE Bladder, gastric, other cancers Testis

HAGE, NY-ESO-1 Many carcinomas Testis

RAGE Many carcinomas Retina

_ Viral antigens: The identification of target ay@ins is conceptually simple when it is linked
with tumoral transformation induced by viruses, hwtheir molecules being foreign to the
organism and the T cell receptors adapted to tkeewgnition having no reasons to have been
deleted and being deprived of auto-reactivity. EipsBarr virus (EBV), responsible for

different types of lymphomas (Burkitt's lymphomaasopharyngeal cancer, Hodgkin’s
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lymphoma), is a classical example in humans (Muetl, 1992). In the same fashion,
human papillomavirus (HPV) is linked with the deny@inent of cervical cancers (Feltkarap
al., 1993), hepatitis B virus (HBV) with hepatocellulzarcinoma (Koziekt al, 1995), and
human T cell leukaemia virus (HTLV) with adult Tlickeukaemia (Koeniget al, 1993). Not

all of the viral proteins have the same immunotpeutic interest as some viruses can go in
latent phase expressing only a limited number ofgans. Also, tumour cells can contain only
truncated viral genomes, limiting themselves to éRpression of transforming genes such as
E6 and E7 in HPV cases. Several clinical trialgeting viral antigens such as E6 and E7 in
patients with cervical cancers resulted in encangagesults (Mahdavi and Monk, 2005).

_ Tumour-specific unique antigens: The structuliration of proteins involved in a direct or
indirect fashion to the cell cycle and its contrah lead to the transformation of a cell when its
functional capacity is altered. Genes encoding cgle-activating proteins, proto-oncogenes
or tumour-suppressor genes can potentially ex@esgenic proteins because of the presence
of different amino acid sequences in these naprakins. These modifications can result from
chromosomal translocations (Bcr/Abl), point mutatiar the creation of a chimerical protein
by gene fusionf-catenin, Cdk4, Ig idiotype, p53 and k-Ras)(Yat@l, 2006; Ruiz-Godogt

al., 2006). Modified peptides can bind to some HLA ewolles and can therefore be stimulator
of both cytotoxic and helper responses. These négems can have a real therapeutic interest
if they are found recurrently in a large numberpatients as they are often specific of an
individual tumour or shared between specific hsgatal tumour types. For example, Bcr/Abl
iIs a well studied antigen in this group specific dironic myeloid leukaemia and is
characterised by an abnormal tyrosine kinase &gtiVi results from the translocation of
genetic material between chromosomes 9 and 22 amsks the malignant transformation of
haematopoietic stem cells (Deininget al, 2000). Another interesting antigen is the
immunoglobulin (lIg) idiotype made of unique heawyddight chains and specific of B cell
lymphoma. Specific Igs are produced by gene fudianng B cell differentiation and could be
used efficiently as targets (Ruffiet al, 2002). This category is often considered by masy
being the most interesting because it providesaityest number of immunogenic epitopes.

_ Abnormally-expressed genes: In a frequent fashiosm tumoral transformation is linked or
accompanied with the over-expression, without anyctural alterations, of proteins involved
in the control of the cell cycle or in the natusahescent evolution of cells. For example, the
telomerase enzyme protects the ends of chromosbynésming DNA/protein complexes to

prevent the progressive shortening of chromosonteemiies during successive cellular
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divisions (Murnane, 2006). Cells fall eventuallyreplicative cell senescence due to lack of
telomerase activity (de-Lange2005). However, this enzyme is strongly expressechost
tumours. Tumour cells display considerable telonsti@tening and other characteristics such
as extensive chromosome fusion, which ultimatebdl¢o the inability of tumour cells to
senesce (Romanaat al, 2001). The up-regulation of the proto-oncogendrRFtneu, coding
for a membranous molecule involved in the transdocbf activation signals, is often
associated with the development of some adenocanar(Tsiambast al, 2006). Most of the
tumour antigens identified till date, such as sunip53, Ras, hTERT and WT-1 belong to
this group, and represent the most challengingcaspe fact, it is conceivable to use these
molecules as immunotherapeutic targets becauseughiegulation often correlates with an
over-presentation of the corresponding peptidethatsurface of tumour cellga the HLA
complex. However, there remains a need to designdamtify proper peptide targets as they
can be at the origin of a state of tolerance byallaeletion, and in the opposite case, to ensure
the absence of auto-reactivity against the organism

_ Differentiation antigens: These normal molecubéshe organism are only expressed in
specific tissues. Tyrosinase, MelanA/Martl molecg[®L 00 glycoprotein are for example only
expressed by melanocytes (Rometal, 2004). In the same way, prostaglandin, prosteit a
phosphatase (PAP), prostate-specific antigen (PBW) prostate-specific membrane antigen
(PSMA) are specific of the prostate tissue (Fond &mall, 2007). It is relatively easy to
induce a T cell-based response against those psotki fact, they are not expressed at the
thymus level and consequently, tolerance shouldbeotinked to a clonal deletion but to a
simple state of anergy, which can often be reve(Bedelharcet al, 2002). Inducing a T cell-
based response against these differentiation austigan eradicate the tumour, but like other
over-expressed antigens, can also have side-eff@tticoncomitant destruction of the healthy
tissues expressing the same antigens. The bespix@rmmelanoma where tumour regression
can be accompanied with the destruction of heaftiefanocytes and a loss of cutaneous
pigmentation called vitiligo as observed in somaical trials (Schreibeet al, 1999; Pharet

al., 2003). The targeting of a differentiation antiglgpends on the acceptable criteria for the
organism of the destruction of healthy tissues esging those as well.

_ Cancerltestis (CT) antigens: In a frequent faghioe tumoral transformation is accompanied
with the re-activation of genes normally expresaethe embryonic level but not by healthy
adult tissues, except testis. Examples are numenaels as the melanoma antigen MAGE, the

bladder antigen BAGE and tleefetoprotein over-expressed in some forms of hejediidar
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carcinoma. This category is of major interest @&sekpression of its members is only found in
either germ cells from normal testis or placentatumour cells. Germ cells are characterised
by the lack of expression of MHC molecules, makithgm immuno-privileged. Therefore,
finding and targeting CT antigens, which are preedsand presented at the surface of tumour
cells by MHC molecules to T lymphocytes, would allthe immune response to be directed
against the tumour only and would eventually trigiggnour rejection. CT antigens are at the
moment one of the most studied family in animal eiednd in clinical trials because of those
characteristics. Melanoma antigen (MAGE) was thet {ICT antigen (van der Bruggen al,
1991) described of many others later identifiedhsas GAGE, BAGE, LAGE, XAGE,
semenogelin and NY-ESO-1. The latter is of majterest as it has been found that a humoral
response against NY-ESO-1 CT antigen is elicitec iwide variety of tumours with high
frequency, and was described as one of the mosumagenic CT antigen (Scanlan al,
2004; Valmoriet al, 2005; Zhao et al., 2005; Velasquez and Lipkif)70Helicase antigen
(HAGE) also belongs to this category of antigensaif@angeet al, 2000).

1.1.4 Cancer stem cells
In haematological malignancies and in some solihowrs such as brain, breast, colon,
pancreas and prostate, there are compelling ewedethat a small fraction of the tumour cell
population is actually composed of cancer stenscébntrary to cancer cells, cancer stem
cells have self renewal and proliferation propsrteg normal stem cells and are able to
maintain the tumour mass (Costhal, 2007). This observation led to the elaboratiomeiv
theories on how tumour cells survive and expandadt, it was thought that the tumour mass
was composed of a heterogeneous population of aklible to differentiate and proliferate.
The new theory proposes that the tumour masslli€@thposed of a heterogeneous population
of cells unable to divide and differentiate, andamnpanied with a small unit of cancer stem
cells with stem cell properties at the origin o thulk of tumour cells suggesting that the
transplantation of only one cancer stem cell isuatt sufficient for the tumour formation
(Reyaet al, 2001).
Moreover, stem cells are the oldest cells of tlganism and it is legitimate to think that they
are more prone to genetic mutations and epigedefects than any other cells. However, it is
still not clear whether cancer arises from a matatem cell or from a downstream progenitor
(Huanget al, 2007). Fusion of stem cells with cancer cellschhhave accumulated changes
has also been suggested to explain the preseribésgiopulation of immortalised cells with

transforming potential (Bjerkvigt al, 2005). Finally, genetic defects in tumour cellgymb

26



have the differentiation process of the cells reingethe behaviour of these cells very similar
to the one of stem cell (Costaal, 2007).

This model of cancer stem cells would also expiasues of tumour recurrence and even
metastases due to eventual chemo-resistant residnaér stem cells in patients (Brabletz
al., 2005). Chemotherapy drugs challenge rapidly digdcells and molecular targets that
represent the bulk of the tumour but may not afémivly growing stem cells, which in future
can repopulate tumours. In theory, the identifmatof these cancer stem cells and a better
understanding on how these might develop into canels could provide new therapeutic
targets to prevent tumour relapses. Interestinglyas reported that some CT antigens are also
expressed in human mesenchymal stem cells of the lboarrow. This indicates that CT
antigens are not only a hallmark in gametogenesisalso in stem cells (Cronwriglet al.,
2005). Because CT antigens are not expressed maharon-stem cells, it is conceivable to
think CT antigen expression found in tumours isialty coming from cancer cells with stem
cell properties. Therefore, targeting these ansgey chemotherapy and/or immunotherapy
could eventually improve considerably the treatmeihntancer but further research will be
needed to confirm the validity of the cancer st@thmodel and provide efficient therapies.

1.1.5 Current treatments and their limitations

Cancer can be treated by four approaches: surgatigtherapy, chemotherapy and hormonal
therapy. Surgery, although radical, is by far trestreffective treatment for single tumours but
could prove useless or barely palliative if theamarhas metastasised to distant sites. Surgery
can therefore be used in combination with chemathemland/or radiotherapy. Chemotherapy
and radiotherapy both target rapidly dividing tumarells. Chemotherapy relies on the
administration of cytotoxic drugs that inhibit cploliferation and ultimately lead to cell death
while radiotherapy is based on the fragility of cancells and their inability to repair DNA
damages brought on by the radiations. Unfortunatatlyer cells are also able to proliferate
intensely and are affected by these two treatm@ihis. leads to the appearance of severe side-
effects often overcoming the benefits of these ttneats on tumour cells. Moreover,
chemotherapy and radiotherapy are only effectiverwtumour cells are largely oxygenated
and thus making badly perfused or hypoxic tumouis cable to proliferate. It can also be
mentioned that, under certain circumstances, chemapy and radiotherapy can trigger
adverse effects and promote tumour progressiomratimour regression (Kim and Tannock,
2005). Finally, hormonal deprivation can be consdeas tumours often rely on the supply of

hormones, such as testosterone in prostate cartoeggow. However, tumour cells often
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develop mechanisms of resistance rendering thentess unsuitable. In summary, cancer
therapy requires the development of new treatmerdatities allowing prolonged survival of
the patients and improvements of life conditions regucing cytotoxicity and increasing
specificity. Immunotherapy can therefore be enwslgs a new pathway as the activation of

immune cells to fight cancer cells can be direeted controlled to avoid side-effects.

1.2 Anti-cancer immunity

The concept of immune surveillance was introducetthé seventies by Macfarlane Burnet and
Lewis Thomas (Burnett al, 1970), but was suggested much earlier by Erliicd®09. This is
based on the hypothesis that the immune systenaubef its capacity to recognise tumour
cells, could interact to prevent the apparitiontwhours or at least limit their growth. Since
then, several proofs have been accumulated to ghiseoncept. In humans, both CD4+ and
CD8+ tumour-antigen-specific lymphocytes have b&mmd in the bloodstream, in lymph
nodes or infiltrating tumours of diverse originggéret al, 2000)(Zenget al, 2001). In the
same way, natural killer (NK, NKT) cells are attest by stress molecules secreted by tumour
cells and recruited to destroy the latter (Bagteal, 1999). In the last twenty years, tumour
immunology has known considerable advances in igld bf cytokines, receptors and their
respective ligands directing lymphocyte activati@ntigen processing and presentation,
lymphocyte migration and molecular bases of tumagognition by the immune system.
Moreover, a large number of tumour antigens as aglsome epitopes derived from these
tumour antigens have been identified and constiagemany potential targets for cancer
immunotherapy. However, despite these discovetams;er vaccination did not always lead to
success as the tumour system can display meaisiofecracting the action of the host immune
system. Nowadays and because of the increase iwlédge of tumours and tumour
immunotherapy, researchers are moving towards & suecific and more adapted anti-tumour

immunity.

1.2.1 Innate immunity and cancer
Innate immunity is often referred to as the “noedfic’ arm of the immune system. It is
constitutively present and does not require immogickl memory. Its primary role is to
protect the organism by rapidly destroying any ifgmepathogens that the body encounters on a
day-to-day basis. This response is ensured by aewdfectors among which the most
important are NK and NKT cells, both originatingorin lymphoid progenitor cells, and

phagocytic cells such as macrophages and dendetls (DC) originating from myeloid
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progenitor cells. These mediators of the innate umensystem recognise pathogens through
surface receptors, which are able to bind non-fipalty a wide variety of ligands. This
system was then described as the “pattern-recogn#pecific” system with receptors able to
recognise conserved surface molecules specificddmin bacteria, viruses and other micro-
organisms (Janewast al, 1991). Once recognition has taken place, celts@innate immune
system can engulf the pathogens by the processhafqgeytosis, lyse the foreign bodies
following the release of complement molecules,malfy activate the adaptive immune system
via the use of antigen-presenting cells (APC). Thearse to external threat is rapid without
the delays occasioned by clonal expansion (Adaral, 2003). The differentiation between
pathogen and host is mediated by, among others,bersnof the Toll-like receptor (TLR)
family. So far, ten members of this family have héfentified in mouse and humans and were
found to be expressed by phagocytic cells, mostienophages and DC. They are able to
recognise a plethora of ligands belonging to mosthggens such as lipoproteins and
peptidoglycans (TLR2), double stranded RNA (TLR#)ppolysaccharide (TLR4), flagellin
(TLRS5), and unmethylated CpG DNA motifs (TLR9)(Bleutet al, 2003). Immune cells of the
innate system are stimulated by the activation IoR and are responsible for the release of
cytokines and chemokines, but also for the indactid the expression of co-stimulatory
molecules by APC, critical for engaging the adaptimmune response. Antigen-presenting
cells are indeed very important as they act asla lbetween the innate and the adaptive
immune system and allow the development of a lasgifig and potent protection mediated by
lymphocytes.

Innate immune system is known to provide the filstence against infectious agents and is
capable of initiating the adaptive immune systens how believed that it also plays the same
role of immunoediting when cancer cells are invdlv&ffector cells of the innate system,
present on the tumour site, are capable of sengiagtumour development and alert the
immune system to its presence. It is not entirébarc how these effector cells realise the
existence of a tumour cell but it is thought that acid released by damaged cells (&hal,
2003) or simply the intrinsic biology of the tumg@eong and Matzinger, 2004) are sufficient
to provide the “danger signal” required by the itensystem. A pro-inflammatory response can
then follow the reception of this danger signal @imel presence of TLR ligands such as heat
shock proteins (HSP) on the tumour site allows #eéivation of DC and macrophages
expressing TLR, consequently making the link with aidaptive immune system (Dueinal,
2004; Napolitanit al, 2005). Tumour cells are also able to producedfardnt type of danger

signals, which allows the recruitment of otherell the innate immune system. As mentioned
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earlier, some tumours can develop in an oxygendreg&ronment leading to the expression of
specific molecules, such as MHC class | chain-eelgtroteins A and B (MICA/B) and UL16-
binding proteins, normally absent from tumours d@w@g in non-hypoxic conditions
(Papamichailet al, 2004). These ligands, present at the surfacaumbtr cells, can bind
receptors found at the surface of NK and NKT celded NK cell activating receptor or
NKG2D, and activate the latter. In return, NK celiscrete interferog-(IFNy), which is an
important cytokine not only capable of directlylikiy tumour cells by blocking angiogenesis
and reducing the metastatic potential of the tumbut also by inducing the secretion of
chemokines by tumour cells and surrounding heallls to attract lymphocytes, and acting
on DC and macrophages to induce maturation aneétsaeiof Interleukin (IL)-12 by these two
cells for the activation of the adaptive immunepmese and more specifically cytotoxic T
lymphocytes (CTL)(Degli-Esposti and Smyth, 2005)(@F#4). Moreover, molecules present at
the surface of NK cells called killer inhibitoryagptors (KIR) and C-type lectin-like receptors
can specifically recognise and bind MHC class lenales, hence inhibiting their tumoricidal
action (Moretteet al, 1996). This system allows the maintenance oftsédfance towards the
normal cells of the organism, with most of them regging MHC class | molecules. In an
attempt to avoid recognition by cytotoxic T cellsimour cells can down-regulate the
expression of MHC class | molecules (Restdtaal, 1993). This leads at the same time to the
suppression of NK cell inhibition by KIR, causintgese cells to be more sensitive to NK cell-
mediated lysis operating through the secretion efguins and other reactive oxygen and
nitrogen species. On the other hand, the role of #&lls against tumour development is still
unclear and controversial. This population of cabs characteristics of both NK and T cells
and is secreting large quantities of cytokines,niyaiL-13, but research has shown that they
can have both negative and positive effects onirtiraune system and the actual tumour,
respectively (Terabet al, 2000; Godfreet al, 2000).

The depletion of NK and NKT cells in mice indicatachigher susceptibility to chemically-
induced tumours (Dunat al, 2004). More and more evidences are accumulatedisp that
these two populations of cells and especially tosstalk between them and DC are crucial for
an immune response, both innate and adaptive, sigeamcer to take place (Smyh al,
2005). B lymphocytes, macrophages and DC are tree tmost interesting subsets of cells
involved in antigen capture, processing and presiemtvia MHC molecules to cells of the

adaptive immune system in order to initiate a dpeonhmune response against this antigen.
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Figure 1.4: Impact of crosstalk between dendritielts and natural killer cells on immunity

to tumours.Crosstalk between DC and NK cells operates viss#dogetion of cytokines such as

IFNa, IFNG, IFNyand IL-2. Secretion of IFMXby NK cells acts on DC and macrophages to
induce maturation and the secretion of IL-12 bysthéwo APC. In turn IL-12 acts as an

important mediator of the adaptive immune respoiareover, NK cells once activated are

capable of directly killing tumour cells that dotrexpress inhibitory MHC class | through the

secretion of perforins and reactive oxygen andogién species (Taken from Degli-Esposti and
Smyth, 2005).
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However, it is generally admitted that althoughellscand macrophages are efficient APC, DC
are the most potent and important APC in the bsdyated at the crossroad between innate
and adaptive immune system. DC are capable oflyapidjulfing the antigen at its entry in the
system, processing and presenting it to T cellettogy with the help of co-stimulatory
molecules (Adanet al, 2005). It is for this reason that DC are nowadays of the most talk-
about subjects in the research evolving aroundstiw@y of the immune response and on how
they could be used efficiently to treat infectidmg most of all cancer.

As described earlier, the innate immune systemates the anti-tumour response, resulting in
the attraction of DC which phagocytose the tumall debris and apoptotic cell fragments
ensuing from the destruction started by the inmag¢eliators. Because of this ability and their
natural morphology, DC are described as “the sel#tirof the immune system (Rafef al,
2002). They originate from the bone marrow, tratiebugh the blood and are seeded into non-
lymphoid tissues. These “immature” or “pre-condigd” DC can engulf and process large
quantities of antigens from cancer cells but hakeng difficulties in activating T cells because
of low expression levels of major histocompatiilitomplex (MHC) antigens and co-
stimulatory molecules (Galluc@t al, 1999). Following internalisation and processibg;
migrate via the bloodstream and afferent lymph to secondamyply nodes and go through
different stages of maturation by up-regulating Mid@ss | and class Il molecules and co-
stimulatory molecules such as CD40 and B7. In yingph nodes, they interact with T helper
cells and CTL in the presence of cytokines suchFMo in a mechanism called cross-
presentation. Co-stimulatory molecules bind torthigands present on the surface of T cells
(e.g.: CD40L and CD28, respectively) allowing caxdtioning of both DC and T cells (Ridge
et al, 1998). Dendritic cells release several other lages such as TNF, IL-13 and IL-12
and become potent activators of T cell-based resgsona antigen processing and antigen
presentation on the surface in the context of MHGlecules (Girolomoni and Ricciardi-

Castagnoli, 1997). This area will be discussedirthker details later on in Section 1.2.2.2.

1.2.2 Adaptive immunity
The immune system protects the organism from ndnagents using proteins and cells that
circulate the body. As described earlier, this naactm starts with the innate response and
ends with the adaptive system. The latter is medidty the humoral response involving B
cells and antibodies, and/or the cellular respae$gng mainly on the action of CD4+ T

helper and CD8+ cytotoxic T cells. Because of thmoamal pattern of expression of
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oncogenes, tumour-suppressor genes and TAA, a tuoghucan be used as a target for the
adaptive immune system and although both B andlTresponses can have a critical role for
the elimination of cancer cells, it is generallpudlght that the action of CD4+ and CD8+ T

cells is the key factor for an efficient immunepesse against tumours bearing these antigens.

1.2.2.1 Humoral response and cancer
B lymphocytes are responsible for the humoral raspoUpon DC activation, a Th2 response
can be elicited allowing the mounting of a B cellsbd response, ultimately leading to B cell
proliferation and differentiation into memory B Iseland antibody-secreting plasma cells.
However, in spite of this specific function, thegncalso internalise, process and present
antigens to T lymphocytes. The latter become a@nab start secreting cytokines ensuring the
development and the regulation of the humoral nespddifferentiation into plasma cells and
isotypic commutation of antibodies). Several TAAvhaeen identified through serological
analysis of recombinant cDNA expression (SEREX)idating that the humoral immune
system is fully capable of eliciting an antibodyspense against tumours. The role of B
lymphocytes in the anti-tumour response is stititcaversial. Indeed, it has been demonstrated
that the adoptive transfer of B cells in T and B-depleted HPV16 mice was leading to the
reinstatement of all the parameters required fdr mualignancy, that is to say, chronic
inflammation, angiogenesis and tumour cell prodifem (de Visseet al, 2005). This result is
in agreement with the observation that a strict Tésponse is detrimental to the anti-tumour
response. Tumours might escape the action of CTdomn-regulating the expression of MHC
class | molecules and orientate the adaptive imnsystem towards a humoral response more
beneficial to their development. On the other haseyeral monoclonal antibodies are
nowadays available to treat certain forms of camd#r success indicating that antibodies are
efficient anti-tumour agents, on their own or tdgetwith a Thl response (Pegratral, 1998;
Plunkett and Miles, 2002). In conclusion, it seetimgt the balance between Thl and Th2
responses, as well as the presence of all thesaofothe adaptive immune system (CD4+,
CD8+ and B cells) are actually crucial to promateour rejection (Kaet al, 2006).

1.2.2.2 Cellular response and cancer
The cellular response, with the help of APC from ithnate system, relies on three subsets of T
lymphocytes:
_Cytotoxic T lymphocytes or CD8+ T cells recognistected or transformed cells such as

tumour cells and eliminate them.
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_T helper 1 lymphocytes or CD4+ Thl cells exchamjermation with antigen-presenting
cells and play a crucial role in the activatiorGafL.

_T helper 2 cells or CD4+ Th2 cells, as mentionsalva, mediate the development of B cells.
Briefly, DC are attracted to the tumour site whéney phagocyte tumour cell debris and
apoptotic cell fragments ensured by the mediatbteeinnate response. Upon endocytosis of
tumour material, DC migrate to the lymph nodes whtey will meet and interact with CD4+
Thl cells and CD8+ T cells. These three subseteltd form a trivalent complex that results
in the maturation of DC through cytokine and celiface receptor interactions between CD4+
T cells and DC, which in turn allows communicatidetween CD8+ T cells and DC leading
to the differentiation of CD8+ T cells into CTL. #&f activation, CTL and T helper cells can
migrate back to the tumour site where they exegir tantigen-specific killing of any tumour
cells presenting the antigen against which theyewe-conditioned through the secretion of
cytotoxic granules or by stimulating “death-recegtaexpressed by tumour cells. This model
of adaptive immune response is a simplified versibthe reality. Many cytokines, such as IL-
2, IFNy, IL-12 and IL-18 are also involved in this procéss this does not stop the tumour to
grow indicating that the system is not infallibfgobably because of the tumour’s ability to
escape recognition by avoiding the induction ofrfigler signals” whilst the tumour is relatively
small and developing, or inducing a state of immuokerance towards itself and an
immunoselection of the tumour cells that can esclygeto their genetic instability and are free
to expand in an uncontrolled state. This systetoabh not perfect, underlines the crucial
role of the TCR genes rearrangement during T déirdntiation and clonal expansion, the
processing and the presentation of tumour-deriegdigees by MHC molecules, and finally the
interaction between the MHC molecules presentirtigganic tumour-derived peptides to the
TCR of CD4+ and CD8+ T cells.

€) Major histocompatibility complex and its poigrphisms
Specific membranous molecules called major histquadihility complex (MHC) antigens
allow the immune system to do the discriminatiotmieen self, modified self and non-self
antigens. Firstly discovered on human leukocytes i@sult of their effects on transplantations,
major histocompatibility complex (MHC) antigens aiso termed HLA for human leukocyte
antigens (McDevitt 2000; Shiinaet al, 2004). MHC molecules are proteins encoded by a
group of genes situated in a specific region obotosome 6 in humans and the equivalent H2

genes on chromosome 17 in mice. In these regionsrtain number of loci encode proteins
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exerting immunological functions very tightly linketo histocompatibility molecules and
involved in the formation of MHC: peptide complexdadeed, these genes favour the
processing (LMP2, LMP7), the transporting (TAP1,A2 to the endoplasmic reticulum (ER),
or the loading (tapasin) of the antigenic peptidago MHC class | and class Il molecules.
Genes coding for MHC molecules are grouped in Gggpal loci (A, B, C, DP, DQ and DR)
including for each one a high number of allelegy(Ri.5). For each of these 6 genes, each
person inherits 2 alleles, one from each parentaBge millions of combinations are possible,
it is unlikely for two persons to have identical l@Hnolecules, except homozygous twins.
Furthermore, this diversity provides the organismd the T cells with a plethora of antigenic
peptides (Reche and Reinherz, 2003).

These epitopes are presented on MHC moleculeset@@R of T lymphocytes (Neefjes and
Momburg, 1993). T cell receptors are composed offtmctional subunit clustera/p andy, 9,

€, ¢, which shares the roles of antigen recognition gigdal transduction, respectively. The
and 3 subunits have the property to interact with amtiggeptides loaded onto MHC class |
and class Il moleculesx and 3 proteins are each formed of a variable regiom (&hd
V[,V domain) connected by a short segment to a constgmin (@x and @, C domain)
having a refolding very similar to immunoglobulifig). Va and \3 regions are encoded by a
high number of genetic segments (V, D and J), whiehjuxtaposed through a series of site-
specific DNA recombinations during the developmeht cells to create a large diversity of
binding sites. TCR binding to the appropriate MH§&ptide complex in conjunction with
either CD4 or CD8 binding (MHC class Il and clas®ihding, respectively) allows the
activation of the TCR intra-cellular domain.

The vy, 6, ¢ and { subunits, likea/p, are transmembranous proteins but with very distin
structures frono/f. y, & ande subunits form the multimeric CD3 complex. They éawn extra-
cellular domain similar to Ig and an intra-celludmmain each carrying conserved repeated
sequences called immunoreceptor tyrosine-basedatotis motifs (ITAM). These ITAM are
essential to the signal transduction and the higimber of motifs is an indication of the
capacity to quantitatively and qualitatively regal#he signalling (Fig. 1.6).

This signalling, in cooperation with co-stimulatorgolecules such as CD28 and CDA40,
triggers a cascade of reactions allowing full Tl egtivation. In summary, the quality of the
MHC-peptide-TCR interaction is crucial to ensuneraper antigen presentation and a strong T
cell activation (Saito and Yamasaki, 2003).
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Figure 1.5: Distribution of MHC genes in humans (Apted from
pathmicro.med.sc.edu/ghaffar/mhc2000.htm

Figure 1.6: Schematic representation of TCR struotu The TCR is composed of two chains
(a and p), themselves constituted of one variable (V) ane constant (C) region each. The

multimeric CD3 complex is formed by thyed, £and & subunits. ITAM, responsible for the
signal transduction, are represented by rectangigse intra-cellular domain.
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MHC glycoproteins are grouped in two classes of Miss | and MHC class Il molecules:
_Genes coding for MHC class | molecules are dividéal three loci: HLA-A, -B and —C. Each
of these loci has a high number of alleles; 648ledl for the A locus, 1029 for B and 350 for C
have been identified wivw.anthonynolan.com/HI¥5 It is also worth mentioning that,

depending on the population of origin, each of éhateles has a different frequeneyq: 19%
and 30% of the african and caucasian populationee dafLA-A2-positive,

respectivelyvww.ashi-hla.oryy Encoded molecules are membrane-spanning glytspso

formed by an integral protein of 45kDa and presenthree external domainsl, a2 anda3.
The latter is sustained non-covalently by a globplatein of 12kDa encoded by a gene on
chromosome 15 and term@@&-microglobulin, which is essential to the struetuthe activity
and the expression of class | antigens (Fig. 117. specific way that thel anda2 domain
conform generates the peptide-binding cleft. lgenerally admitted that peptides binding to
this groove are of 8-11 amino acids in length (Bjoanet al, 1987; McDevitt, 2000). MHC
class | molecules are found in lymphoid tissues andnhucleated cells, even though some
tissues such as thymic epithelia, hepatocytes,ekidir brain can show relatively low levels.
Their function is to present peptides of predomilyaimtra-cellular origin to CD8+ T cells.
Peptides recognised as a threat by CD8+ T celt$) as bacteria- or virus-derived, will lead to
the elimination of the infected cells (Adahal, 2003).

_Genes coding for MHC class Il molecules are did#o three loci: HLA-DP, -DQ and —
DR, each of them having several alleles. Like MH&ss | alleles, the frequency of each of
these MHC class Il alleles in a determined popaoitats variable (e.g.: 10% and 17% of the
caucasian population are HLA-DR1- and HLA-DR4-pgsit respectively)ww.ashi-hla.ory

Encoded membrane-spanning glycoproteins are heteeosl formed by two non-covalently
linked chains @ and ) of 33kDa and 28kDa, respectively, each of themtaiaing two
external domainsa(l/a2 andpB1/32)(Fig. 1.7b). Furthermore, there are variationghim MHC
repertoire with the production of multiple typescofind3 chains for each type of MHC class

Il molecules. There are five chains (1 DR, 2 DRx and 2 DQ@) and eight3 chains (3 to 4
DR, 2 DA and 2 D@) (Campbell and Trowsdale, 1993).

A high number of combinations of andf3 chains and consequently a huge number of binding
peptides are therefore available to propose a gtrormune protection, providing that the
individual is heterozygous (Lipsitogt al, 2003). Unlike the binding groove of MHC class |
molecules,al and 1 form a peptide-binding cleft with an opened siuie allowing the

binding of longer peptides (13-18 amino acids imgté)(Rudensket al, 1991).
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a) Peptide-binding b) Peptide-binding
cleft cleft

Figure 1.7: Structure of MHC class | and class Il atecules.a) Top: Class | MHC with a
membrane-spanning integral protein with three exad¢idomains §1, a2 and a3) associated
with B2-microglobulin. Bottom: crystallography represaerggia MHC class | moleculea(
chain: dark blue,f2-microglobulin: light blue) presenting an antigerpeptide (white) to a
TCR (@ and S chains: yellow and green, respectively)(Taken fi@mmicro.med.sc.edu); b)
Top: Class Il MHC made of two transmembranous ch&mand £) with two external domains
for each of them (respectivelyl, a2 and 1, 2). Bottom: crystallography representing a
MHC class Il moleculed chain: greenS chain: red) presenting an antigenic peptide (white
to a TCR & andf chains: yellow and blue, respectively)(Taken fuomy.usm.maine.edu).

38



MHC class Il expression is found on the surfacepaifessional APC (DC, B cells and
macrophages), in lymphoid tissues and can be imdwith TNFa or interferons in other
nucleated cells (Schartnet al, 2005). Their function is to present peptides r@&-gominantly
extra-cellular origin to CD4+ T cells, which orclra¢e the adaptive immune response as
CD4+ T cells are critical for the activation of ethcells and the generation of a long-lasting
memory CTL response (reviewed by Assudzral, 2007).

Disparities in MHC molecules between patients andods are the main reasons for graft
failures and graft-versus-host diseases. The desgowf minor histocompatibility antigens
complicated this understanding as they were regddeaccount for similar consequences in
HLA-matched transplantation procedures such agetieic bone marrow (Goulmy, 1996) or
stem cell (Falkenburget al, 2003) transplantations between MHC-identical vidiials.
However, minor antigens, such as HA-1 and HA-2,l¢ddwe interesting targets for cancer
immunotherapy as they were shown to be responfibla graft-versus-leukaemia effect in
leukaemia patients (Hambach and Goulmy, 2005) diogithat the right signals are emitted
with adapted CD4+ T cell help and lack of inhibitidrom NKG2/CD94 engagement
(Robertsoret al, 2007).

(b) Antigen processing and presentation
As described previously, the adaptive immune resparlies on the activation of CD4+ and
CD8+ T cells following the binding of their TCR &mtigenic peptides presented by MHC class
Il and class | molecules, respectively. These Teamtopes derived from the target protein are
usually between 8 and 18 amino acids in length midgipg on whether they are restricted to
MHC class | or class Il molecules. For a peptiddéopresented in this context, the protein
must undergo a cascade of reactions that will aligty lead to their transport and cleavage of
this peptide. These reactions differ accordinghdrigin of the proteins. Indeed, endogenous
proteins follow pre-dominantly the MHC class | patty, while exogenous proteins undergo

pre-dominantly the MHC class Il pathway.

() _MHC class | processing: The proteolysis of endogenous proteins into antge

determinants takes place within the cytoplasm andhediated mainly by a multi-catalytic
complex called the proteasome and other peptid#&destzel and Ossendorp, 2003). Most of
the proteins synthesised by the cell that are mgdo required, damaged or “foreign” are

eliminated by the proteasome following poly-ubigqutation, which allows the unfolding of

39



the protein and acts as a signal for their degradatlariel-Encontreet al, 1995). These
peptides are then propelled in an ATP-dependentneramto the ER lumen using the
heterodimeric transporter-associated with antigexgssing (TAP), consisting of two subunits
TAP1 and TAP2 and encoded by genes within the MB@nfannet al, 1997). Thex chain
and32-microglobulin of MHC class | molecules are assklwithin the ER lumen with the
help of three chaperones called calreticulin, calmand ERp57 (Neefjes and Momburg, 1993;
Williams and Watts, 1995). A fourth chaperone, sapaallows the translocation of peptides to
the MHC class | binding groove and prevents theratéagion of class | B2-microglobulin
dimers (Reitset al, 2000). MHC class | molecules are stabilised tglotine process of peptide
binding and the complex is finally transported frahe ER lumen to the Golgi apparatus
before finally reaching the cytoplasmic membranegis Golgi vesicle to present the peptides
to the TCR of CD8+ T cells (Fig. 1.8). The cell yides a continuous exposition of a sample
of its peptidic content. A fragment, from an abnalmr intruder protein presented by a MHC
class | molecule, induces an immune response lofimgawith cytotoxic CD8+ lymphocytes
and ensuring a true immune surveillance that ehlmeincells presenting foreign antigenic

determinants.

(i) MHC class Il processing: Extra-cellular antigens that are endocytosed byCAka

phagocytosis result in antigens being presentethéncontext of MHC class Il for CD4
recognition. Engulfed proteins enter the endocyiathway, where they will be degraded.
Endosomes become more acidic as they mature aaltlyfiuse with lysozymes allowing the
degradation of the antigens by acid proteasesctases and unfoldases activated in the low
pH environment. Members of the acid proteases declthe cathepsins B, D, S and L
(Janeway 2001). Like MHC class |, the and[3 chain are assembled in the ER lumen to form
the a3 heterodimer. At this stage, a third chain assesidab the heterodimer to form a
heterotrimer. This chain is known as the invariah&in (li), prevents the binding of any
polypeptides present in the ER lumen and is thotmlie important for the trafficking of the
class Il molecules to the endosomal compartmenikofBet al, 1993). The endosomal
vesicles containing the MHC class Il molecules fusth the ones containing the antigenic
peptides. In this new compartment, li is cleavectathepsin L or S and the class Il-associated
invariant peptide (CLIP) is left inside the MHC s$all groove (Bennett al, 1992). CLIP is
finally exchanged for an antigenic peptide with thelp of MHC-like molecules known as

HLA-DM and HLA-DO. These molecules are involvedlie process called peptide editing,
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Figure 1.8: MHC class | and class Il processin@n the left hand side: endogenous pathway
showing digestion of the cytosolic antigenic pnotély the proteasome, integration in the
endoplasmic reticulum of antigenic peptides by TBiRding of these peptides to MHC class |
molecules and presentation at the cell surface@8-€T-lymphocytes. On the right hand side:
exogenous pathway detailing the proteolysis of amgenous antigen in endocytic
compartments, the incorporation of the resultinggemic peptides in the MHC class Il groove
instead of CLIP and the presentation at the celfame to B- and CD4+ T cells (Taken from

Neefjes and Momburg, 1993).
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which is based on the stabilisation of the MHC £lHs peptide complex and the continuous
exchange of antigenic peptides until the higheindé§f between the two molecules is found.
Upon stabilisation, the complex is finally trangjgor to the plasma membrane to present the
peptide to the TCR of CD4+ T cells (Fig. 1.8). hettingly and although the endocytic
pathway and exogenous proteins remain the majofigers of peptides to class Il molecules,
endogenous antigens can also enter the MHC clgsathivay and elicit a T helper response.
Indeed, it was shown that the generation of MHG<g restricted endogenously synthesised
epitopes is independent of the proteasome andAlRecbmplexes, and might overlap with the
classical endosomal pathway for presentation of gerously synthesised peptides
(Dissanayakeet al, 2005). This is an important factor when consilgrihe antigen-specific

recognition of class Il positive tumour cells by €OT cells.

(c) The pivotal role of CD4+ T cells in anti-tumaarmunity
Over the past two decades, most of the tumour inottemapy research has focused on
developing a way to stimulate CD8+ T cells as tbay exert specific cytotoxicity against
tumour cells. However, more and more evidence basmulated showing the importance of a
CD4+ T cell help in anti-tumour immunity. CD4+ Tniyphocytes act upon recognition by their
TCR of antigenic peptides presented in the coraeMHC class II. These peptides come from
tumour-derived proteins that have been either emologsly processed by the tumour itself or
by mature APC that have ingested and digested exogetumour-derived proteins. The
recognition of antigenic peptides occurs through TICR and is assisted by a new accessory
protein, the CD4 molecule, which binds to the pneadii domains of thet andf3 chains of the
MHC class Il molecules. This cell population is dpésed in the production of cytokines (e.qg.:
IFNy, IL-2, -4, -5, -6, -10, -12 or -13), which stimtdaor regulate the activation of CD8+
cytotoxic T cells or B lymphocytes. Therefore, CDB<ells are essential for the development
of strong effector responses, orientating the imengystem according to the produced
cytokine profile towards a cytolytic response (gkll differentiation of Thl CD4+ T cells,
IFNy, IL-2 and -12 production), or a production of aotlies by differentiated B lymphocytes
(cellular differentiation of Th2 CD4+ T cells, IL-45, -6, -10 and -13 production).
CD4+ T lymphocytes can therefore regulate virtualllyantigen-specific immune responses.
Indeed, the Thl subset can be characterised bysélection of IL-2 required for the
proliferation of cytotoxic T cells, and IRNwhich can have many effects such as the up-

regulation of the immunoproteasome and MHC classdl class Il molecules in both APC and
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tumour cells resulting in increase presentationtlier CTL. On the other hand, the Th2 subset
of CD4+ T cell population can facilitate the uptakeantigens by promoting the generation of
antibodies. Antibodies may bind to tumour antigansl other apoptotic bodies and assist to
their opsonisatiowia the binding of the Fc fragment of antibodies te Bt receptors present
on the surface of APC, which ultimately leads tossrpresentation. However, the involvement
of antibodies in the anti-tumour response remainslear. Moreover, Th2 cells are often
associated with tumour growth by both facilitatimgmgiogenesis and inhibiting cellular
responses and although Th2 cells have also bekedliwith tumour-infiltrating granulocytes
such as eosinophils, which exert an anti-tumouwtoyicity (Ellyard et al, 2007), it is
generally believed that the modulation of the bedametween the two subsets is more
important for the elimination of cancer cells thame subset or the other on its own, and is
required to generate the appropriate responsesigairaltered self threat (Tanadaal, 2000).
Also, a sub-population of CD4+CD25+ T cells, alsdled T regulatory cells (Treg), with an
immunosuppressive activity and an involvement imigheeral tolerance mechanisms was
identified (Thornton and Shevach, 1998). T regulatcells can occur either naturally
following selection in the thymus as an anti-selfertoire or induced in the periphery with the
expression of the CD25 marker upon the action ofimosuppressive cytokines such as IL-10,
TGH3 (Von Boehmer H, 2005) or more controversially ILsBcreted by Thl cells in the
tumour environment (Antongt al, 2006). These antigen-specific cells can decrdasanti-
tumoral response by altering the ability of APCaiivate CD4+ and CD8+ T cells. Their
mechanism of suppression is not yet fully undedtoot evidence of their involvement in the
anti-tumour response accumulate and imply a carsfutly to find a balance between
maintenance of tissue integrity by avoiding autoumen response to take place and induction
of a potent tumour-specific immune response allgvanccessful tumour regression (Assudani
et al, 2006).

The majority of the help provided by CD4+ T cellsnes from the Thl subset of CD4+ T
lymphocytes, which interacts with professional ARE induce a strong CTL response
(Assudaniet al, 2007). This CTL “licensing” by Thl cells can bansmed up in three
consecutive steps. First, CD4+ T cells interacthwite-conditioned DC through the CD40
pathway and take part in the maturation of both tyges (O’Sullivan and Thomas, 2003).
This pathway and more specifically the levels of 4DDwere shown to correlate with the
efficacy of the anti-tumour response. Indeed, tighdr level, the higher chances are for the

tumour to regress underlining the critical roleTéfl cells (Murugaiyaret al, 2007). At this

43



stage, mature and conditioned DC can activate ad@+ T cells on their own (Ridgst al,
1998). Secondly, mature DC process and presentdughtities of peptides in the context of
MHC class | and class Il molecules to both CD8+ @i+ T cells, respectively. Following
formation of a trivalent complex between DC, CD4daCD8+ T cells and upon antigenic
recognition by the TCR, Thl cells allows the loagting persistence of CTL and the
generation of memory CD8+ T cells (Smgh al, 2004; van Mierlcet al, 2004). Indeed, it
seems that cognate recognition of the same antigethe same DC by CD4+ and CD8+ T
cells is the best way to generate an efficient €ddponse composed of long-lasting effector
CTL and CD8+ T cells with a memory phenotype tha te readily re-activated upon re-
exposure to the antigen. More recently, it was destrated that CD4+ Th1l cells can acquire
MHC class I: peptide complexes from DC and direptigsent them to CD8+ T cells for their
activation (Xianget al, 2005). Finally, Thl have been shown to be cruoiathe re-activation

of memory CD8+ T cells (Gaet al, 2002). This model of CD4+ T cell help varies frame
study to another depending on the model and theeaf the antigen used. Indeed, a pathogen
may lead to the immediate activation of CD8+ T<ellthout extemporaneous conditioning of
DC because of the danger signals it brings, wiige ¢hronic state of cancer may require a
primary signal through CD40-CD40L ligation to in@uan anti-tumour immune response. That
is why, CD4+ T cell help remains a subject of resie@and a source of controversy.

Apart from providing a strong long-lasting CTL resige, CD4+ Thl cells can also mediate
tumour regression on their own (Danglal, 2005). Indeed, some CD4+ T cells are capable of
directly recognising antigenic peptides presentedIbiC class Il molecules on the surface of
tumour cells and exerting cytotoxic activity. A nloem of mechanisms have been proposed to
explain this phenomenon. Upon antigen recognitidr, cells can secrete THKTite et al,
1990). They can mediate tumour cell apoptosis lmagmg Fas ligand (FasL) (Schattner et al.,
1996; Bagoet al, 1998; Echchakiet al, 2000; Dickeret al, 2005) or TNF-related apoptosis-
inducing ligands (TRAIL)(Thomas and Hersey, 199&Ker et al, 2005) with their respective
receptors present on the surface of target celte. CD8+ T cells, some Th1l cells were shown
to be capable of excreting granzymes and perfadrdestroy tumour cells (Echchalet al,
2000; Dorotheeet al, 2002). Finally, secretion of IRNoy CD4+ T cells was also proven to
have pro-apoptotic and anti-proliferative effects tmmour cells through the activation of
macrophages, the release of reactive oxygen amdgeit species by the latter, and the
secretion of IL-12 by the macrophages, which agpéarinduce apoptosis when they are

directly in contact with the tumour cells (Tsuagal, 1997; Tsunget al, 2002; Ikedeet al,
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2002). However, these CD4+-specific cytotoxicityyorepresents a minor mechanism of the
anti-tumour immunity as it relies on the expressminMHC class Il molecules, which,
depending on the tumour type, are often absent thensurface of tumour cells.

Models of adoptive transfer have largely undermitiezirole of CD4+ T cells as when these
therapies were transferred to clinic, a clinicabpense was rarely obtained despite the
generation of tumour-specific CTL (Cormiet al, 1997; Wanget al, 1999). On the other
hand, co-transfer of CD4+ T cells with the CD8+ dll€ has been shown to prolong the
survival of adoptively transferred TIL (Blattma al, 2003) and improve the direct clinical
outcome (Rosenberg and Dudley, 2004). Altogetlinmsd data suggest that CD4+ T cell help
is required to generate a correct anti-tumour nespdiy allowing the DC to license CTL,
efficiently activating CTL, recruiting other immuneells and mediating direct or indirect

tumour cell killing (Fig. 1.9).

(d) The effector role of CD8+ T cells in anti-tuntoonmunity
Research has focused over the years on primingt@Bpecifically lyse and eradicate tumour
cells after recognition of the MHC: peptide compl@ardoll et al, 1998). Using adoptive
transfer of T cells in tumour-bearing hosts, CTh @avade at the initial tumour site as well as
at distal locations and trigger potent anti-tumimaumunity as shown in mice (Ryat al, 2001)
and in humans (Dudlegt al, 2001). It has been proved that there is an imvewsrelation
between the amount of CD8+ tumour-infiltrating Iynagytes (TIL) and the tumour outcome,
and this was observed in a variety of cancer suchmalanoma, breast, prostate or colon
carcinoma (Dunret al, 2004). Cytotoxic T cells exert their function ngitwo main lysis
pathways: one based on the release of granzymegeafutins and the other one based on the
triggering of apoptosisia Fas or TRAIL signalling (Andersegt al, 2006). A third pathway
can also be considered with the recruitment of ptages at the tumour site after the release
of IFNy by activated CTL. Release of complement protetrthetumour site will then help in
the phagocytosis of cancer cells by these macragsh@redgest al, 2002)(Fig. 1.10).
Naive CD8+ T lymphocytes differentiate in cytotoxtfectors following engagement of their
TCR and recognition of peptides associated witBsclaantigen on APC (de Haahal, 2000).
The activation of their effector function dependi®isgly on the quality of the TCR/peptide
interaction and on the number of TCR engaged iecuential fashion. These lymphocytes

generally end their functional maturation with bothstimulatory and cytokine signals.
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Figure 1.9: Model of the functions of CD4+ T celi® anti-tumour immunity. The priming
phase of CD4+ T cells involves antigen uptake amtgssing by BM-DC. The latter presents
class | and class Il peptides to CD8+ and CD4+ Tis;eespectively. This triggers a chain of
reactions whereby Th1l and Th2 cytokines are satteteecruit eosinophils and macrophages,
respectively. In parallel, this complex of CD4+-CBBC will also activate both CD4+ and
CD8+ T cells, which will directly kill tumour cells
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Figure 1.10: Mechanisms of action of cytotoxic T ltee against tumour cells.The three
pathways of cytolysis are initiated by the presgataof a tumour-derived class | peptide to
the TCR. Transcription of genes encoding for Fasld a&RAIL takes place. FasL-Fas
connection is made with the tumour cell to trigger apoptotic cascade. IFNs released to
attract macrophages, which, in return will attadkettumour cell. Finally, the MHC class I-
TCR interaction stimulates the release of perfoans granzymes by exocytosis allowing the
tumour cell to lyse.
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Indeed, the activation of CD8+ T cells is strondgpendent on the help brought by T helper
cells recognising an antigen on the same APC (Redgd, 1998). Activated T helper cells
release co-stimulatory molecules such as IL-2, Wwhleen contributes to the activation of
CD8+ T cells. CD8+ T cell activation is still ladgestudied and remains controversial as other
pathways of activation have been found. In facpetheling on the affinity of the antigenic
peptide for class | molecules and its avidity f@R, a CD8+ T cell-based response can occur
in the absence of CD4+ T cells (Schoenbergeal, 1998). Activation of CD8+ T cells can
also occur sequentially with first, the recognitioinan antigen by a T helper cell delivering a
signal to the APC and secondly, the stimulatio€DB+ T cells following the reception of that
signal (Ridgeet al, 1998). Finally, priming of CD8+ T cells can tgilace using the important
CD40-CD40L co-stimulatory pathway with an APC witlhdhe help of CD4+ T cells (van
Mierlo et al, 2004)(Fig. 1.11). Altogether, these data sugthestactivation of CD8+ T cells is

critical for successful immunotherapy against éertgpes of malignancies.

1.3 Tolerance, tumour evasion and their relevancetcancer

1.3.1 T-cell selection and tumour immunology
The immune system is composed of a society of ogdistly originating from the bone marrow.
The inventory of T lymphocytes is built in two ssedn a first step, lymphoid progenitors
reach the thymus where they enter different stafjeevelopment. T cells, originally negative
for CD4 and CD8 molecules become positive for ei@©@4 or CD8. Following this evolution,
T cells undergo central tolerance mechanisms. A&rdified inventory is constituted in which
TCR genes are rearranged by a unique combinatiochanesm along the cellular
differentiation process (See Section 1.2.2.2). Tiew repertoire of TCR allows the organism
to face any possible antigen. Secondly, T cellsewym negative and positive selection
processes. T cells, having no or too high affifidiyself-antigens, are negatively selected and
deleted by apoptosis. However, potentially autatiea T cells can escape this surveillance
mechanism and attack cells presenting self-antigerise periphery (Andertoat al, 2002).
On the other hand, T cells with medium affinity fdHC: peptide complexes are positively
selected upon reception of survival signals. T deNelopment and primary T cell selection
processes occur mainly in the cortical region eftthymus. T cells then migrate to the medulla
where they undergo further negative selection. éddd cells meet thymic epithelial cells,
which have been shown to present self antigenseegpd in all cells as well as tissue-specific

antigens, and upon self-antigen recognition, aaémting T cells are deleted.

48



Class | complex TCR

3 Class | complex-TCR

CTL activation
and proliferation

Figure 1.11: Activation of CD8+ T lymphocyte$he priming phase of CD8+ T cells, strongly
relying on the presence of bone marrow-derived deactells to allow their activation and
proliferation, can be summarised by three major naeisms. A: a DC presents an antigenic
epitope with strong binding affinity and strong dity to a CD8+ T cell. B: a DC presents at
the same time or sequentially a class Il and aslageptide to a CD4+ and a CD8+ T cell,
respectively. C: A CD40-CD40L connection is maelisvieen a DC and a CD8+ T cell.
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Finally, it can also be mentioned that some ofdélés that never meet any of the antigens they
are specific for, die by neglect due to the lackwivival signals. Positively-selected CD4+ and
CD8+ T cells migrate to peripheric lymph nodes vehitrey browse the antigen pool presented
by APC and other cells to identify anything abndcmia summary, these stringent central
tolerance mechanisms allow the emergence of an mansystem capable of answering
efficiently and appropriately to the large diveysdf antigens, while limiting the danger to
develop auto-immune diseases. Once the maturatiom tymphocytes has taken place,
apoptosis continues to have a major role in the dostatic control of the immune system.
Indeed, following antigen presentation and recaogmjtT lymphocytes are activated, triggering
a phase of clonal expansion of reactive cells. @Qneantigen is no more present, the activated
clones start a phase of decline in order to conek& tma state of equilibrium. This come-back
is ensured by the apoptotic elimination of the T e&cess, leaving the remaining cells to
constitute a pool of memory T cells (Krammer, 2000he immune system is therefore
equipped with a large plasticity over the T celVelepment and activation because of a tight
control of apoptosis.

The deregulation of this process can have harnan$equences. Indeed, the defects of certain
pro-apoptotic genes such as CD95, CD95L or Bim pmvoke the development of auto-
immune diseases while a massive apoptosis cantéetite disappearance of T lymphocytes
(Zzhang and Insel, 2004). Altogether, these factScate that tolerance is a well-controlled
mechanism preventing developed T cells to reaahagself antigens. That is why overcoming
tolerance to generate an immune response agaiestegpressed or differentiation antigens,

represents a difficult task.

1.3.2 Mechanisms of tumour evasion
Over the last two decades, tumour immunology hargone real changes with the discovery
of cytokines and more recently the identificatioh tamour-associated antigens making
immunotherapy a fourth modality of cancer treatn{satgery, radio- and chemotherapy being
the first three). It has now become clear thatabgvation of natural and/or specific effector
cells is an essential step to the anti-tumour nespoHowever, the latter does not seem
sufficient to allow tumour eradication. In fact,ette effectors undergo alterations and
modifications compelled by the tumour. In a mor@egal manner, the tumour is capable of
fighting, almost paralysing the host immune systBesides classical mechanisms of tumour
escape such as the loss of MHC expression andtdraten of the antigen presentation, the

tumour develop strategies allowing it to acquirsisg@nce to anti-tumour lysis factors by
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creating an environment, which can deviate thellonanune reaction and facilitate tumour
proliferation. Therefore, tumour escape conceregdiimour target itself as well as the immune
system (Mulleret al, 2002).

(i) Escape mechanisms associated with the tumouil:cdhe decrease or the loss of

expression of MHC molecules by tumours is quitgdent, particularly in metastases (Garrido
et al, 1997; Marincoleet al, 2000) with several studies showing a direct dati@n between
the weak MHC class | expression and the poor preignar a high frequency of metastatic
lesions (Ferrone and Marincola, 1995; Gudmundsdettal, 2000). The alteration of MHC
class | expression takes place mostly during thgithesis. Mutations ii2-microglobulin,a
chain or transcriptional factors responsible fag thanscription of MHC genes have all been
described (Paschest al, 2003; Garcia-Loraet al, 2003). Glycosylation and MHC class |
transport inhibitions, as well as decrease of teepression by viruses have also been reported
(Benitezet al, 1998). Decreased or absent HLA expression has dlesgerved in about 16 to
50% of human solid tumours including breast cantiap colorectal carcinoma, prostate
adenocarcinoma and melanoma (Khong and Restifo2)200 the well-studied DISC/GM-
CSF/CT26 tumour model, down-regulation of MHC clasrolecules was found in 60% of
mice with progressive tumour growth but absent inenwith regressive tumours (Adit al,
2002; Ahmackt al, 2004). In another murine model, it has been pidabat the transfection
of a MHC class | molecule in tumour cells is capabl inducing tumour eradication and loss
of invasive capacities (Tanale al, 1985). It is also worth mentioning that in centaases,
the loss of MHC class | expression can make thetusnmore susceptible to the lysis by NK
cells because of the suppression of the inhibigixerted by KIR and NKG2A molecules.

The loss of expression of tumour antigens alsoesponds to a mechanism of tumour escape,
often resulting from genetic modifications in orreseveral tumour cells. This loss of antigen
recognised by specific CTL has been observed inymaurine and human tumours (de Plaen
et al, 1988; Lehmanet al, 2000). The loss or the decrease of MHC classléoutes is often
associated with the actual processing of the turaatigen. Therefore, antigen processing can
be affected by mutations occurring on LMP2 and LMye#es, which are important subunits in
the immunoproteasome, or TAP genes, which are wedblin the transport of antigenic
peptides from the cytosol to the ER lumen. Thisléeto a flawed antigen presentation. That is
why the loss of antigen expression and the selectidumour variants, which are escaping the

immunosurveillance, constitute a real issue at Wwhiati-tumour vaccination is confronted. It is
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easy to think that the simultaneous vaccinationrsg@everal different tumour antigens could
reduce the likelihood of selecting tumour variamsing lost the antigen.

Several studies also underline the importance ef diown-regulation of co-stimulatory
molecules such as B7.1 or B7.2 by tumour cells @angd the latter less immunogenic by
preventing a more efficient tumour-specific CTL geation. Transfection of B7 molecules in
tumour cells can lead to tumour regression in ahimadels (Bueler and Mulligan, 1996) and
there are also evidences that the transfectionmbur cell lines with B7 molecules allows the
generation of a stronger CTL responseyitro (Heueret al, 1996). These results strongly
prove that TCR engagement without the appropriatsticnulatory signal provided by their
respective ligands (in case of B7 molecules, CD@&) lead to hyporeactivity or even
lymphocyte anergy. Another more controversial way the tumour to escape is to express
FasL at their surface. This molecule binds its peme Fas, on the surface of T cells and
triggers their apoptosis. This phenomenon has bbsarved in different types of cancers such
as leukaemia (Tanaket al, 1996), colon carcinoma (O’'Connedt al, 1999) and melanoma
(Hahneet al, 1996). However, it has also been observed thastection of tumour cells with
FasL makes the anti-tumour response more efficagtlit an improved tumour reject (Arat

al., 1997). Finally, tumour cells can secrete seviemralunosuppressive factors such as the well
described IL-10, TGFand indoleamine 2,3-dioxygenase (IDO) contributitty tumour
tolerance by suppressing T cells and activatingg Titdyttenhoveet al, 2003; Munn and
Mellor, 2007).

Nitrogen monoxide (Bogdaet al, 2000), prostaglandins E (Roper and Phipps, 1294
gangliosides (McKalliget al, 1999) all participate with different mechanismsisch as effector
cells, apoptosis or antigen processing and presemténhibitions, to the tumour escape
phenomenon. Tumour cells can acquire resistandgsit® mediated by CTL or NK cells. In
fact, these anti-tumour effectors use two majothwalys to exert their cytotoxic activity
against target cells: the release of cytotoxic giesor the triggering of apoptosis involving
death receptors (section 1.2.2.2). Certain tumelis ¢ose their capacity to bind perforins,
preventing the piercing of the tumour cell membgabg the latter (Lehmanet al, 2000).
Tumour cells can also start producing a serineeas# inhibitor called PI9, which specifically
inhibit the action of granzyme B stopping the intlue of apoptosis by the latter (Medereia
al., 2001). Tumour cells can become resistant to apicpsignals triggered by the caspase or
the mitochondrial pathways. This resistant mectanis quite complex. It involves

membranous, cytoplasmic and nuclear determinants,affects Fas (Medemet al, 1999),
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TRAIL (Ashkenaziet al, 1999) and TN& signalling (Lejeuneet al, 1998). Finally, tumour
cells can be rendered resistant to cellular cyiottyxfollowing chemotherapy treatments.
Certain drugs lead to the production of anti-apoptdranscription such as NkB,
consequently preventing the transmission of apap&gnals initiated by death receptors in
contact of effector cells (Baldwin, 2001). This &iof crossed resistance represents a major
handicap for the development of cancer vaccina®immunotherapy is often used following
failure or together with chemotherapy.

(i) Escape mechanisms associated with the immugstem:Several studies showed that TIL

can present functional alterations that are tramdlay a weak proliferation under the action of
cytokines (e.g.: IL-2) and a decreased cytotoxtivirg (Maccalli et al, 1999). This can be
explained by anomalies in the chain of the CD3 complex and in certain proteinakies
involved in the primary steps of TCR signalling (let al, 1996). Cytotoxic T lymphocyte
associated molecule 4 (CTLA-4) is another moletinked with the actual down-regulation of
the immune response. This molecule is structuradly similar to CD28 and binds also CD28
ligands (i.e.: B7 molecules) but with higher affynilts expression is limited to T and B
lymphocytes but by binding B7 molecules, the CTLAndlecule brings a negative control on
activated T cell proliferation by transmitting arhibitory signal (Carrenet al, 2000).

It is generally admitted that a specific anti-tumoesponse results from equilibrium between
immunoregulatory and immunosuppressive cytokinesegmt in the tumour environment. It
was described earlier that tumour cells can sedneteunosuppressive cytokines to defend
themselves against the immune response but pacadlyxicertain T lymphocytes are capable
of secreting cytokines with identical functions ando-inhibit themselves. Tumour-infiltrating
lymphocytes and more specifically Th2 cells haverbshown to produce IL-10 in non-small
cell lung carcinoma (Asselin-Patued al, 1998). Regulatory T cells have been also destribe
at the tumour site inhibiting tumour-specific CMia the secretion of immunosuppressive
cytokines (IL-10 and/or TG@H or the expression at their surface of inhibitorglecules such
as CTLA-4 (Von Boehmer 2005). Treg cells account for 2 to 5% of the Itpiapulation of
CD4+ T cells in humans and are generally charasdrby a CD4+CD25+Foxp3+ phenotype
although other variants have also been identifiéaturally occurring Treg are likely to be
selected in the thymus and capable of maintainiagpperal tolerance to self antigens.
Generation of these suppressor cells depends orediopical expression of organ-specific

antigens in the thymus and in fact, leads to tleéegtion of tumours expressing self antigens.
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Moreover, Treg can also be induced by a whole ngwge of peptide ligands specifically
presented by tumour cells (Waagal, 2004; Wanget al, 2005) suggesting the idea that these
Treg may come from CD4+CD25- T cells which haverbeenverted to CD4+CD25+ Treg
because of the surrounding suppressive cytokinesept at the tumour site or after direct
interaction with naturally occurring Treg according the “infectious” tolerance theory
(Dieckmannet al, 2002). They have been extensively studied in @apatients and there are
increasing evidence of their presence within lymg@hessues, peripheral blood and tumour-
infiltrated lymphocytes (Ichiharat al, 2003). Several studies demonstrated the link &etw
presence of Treg in lymph nodes surrounding theturand impaired cell-mediated immunity
as well as their contribution to tumour growth (euet al, 2004; Kawaidaet al, 2005). Treg
have also been pointed out as the major reasofaifed immunotherapies. Recently, a study
showed that a CTL response was obtained after insaton of melanoma patients with
peptide- or tumour lysate-pulsed APC which peakedeaen days post-immunisation. The
CTL response was then in decline reaching the poeine level 28 days after administration
of the vaccine. This decrease correlated with ttaesion of IL-10-secreting Treg in post-
vaccine peripheral blood lymphocytes (Chakrabettgl, 2004), emphasising the involvement
of Treg not only in the maintenance of tolerance ddso in the down-regulation of the anti-
tumour response.

Finally, another study has described the involvanoéractivation induced cell death (AICD)
in tumour escape (Malmberg al, 2001). This mechanism normally occurs at theadrtie T
cell response. However, in some cases, AICD coelddregulated and leads to the elimination
of the T cell compartment. Although several strete@f tumour escape have been described,
our knowledge of the conflict between the tumoud athe immune system remains
hypothetical and fragmentary. A better understagaifithese two systems should allow the

development of more adapted and more efficientemimemunotherapy.

1.4 Cancer vaccines

The immune system, because of its capability tivelgt destroy emerging tumour cells,
represents a formidable tool to use in order toiekte tumour cells that have escaped
immunosurveillance. Until now, a large variety oéchanisms have been developed to achieve
this goal and thwart tumour invasion. These castbemed up in three main headings: active
immunotherapy which activates the anti-tumour respodirectly within the patient; adoptive

immunotherapy which relies aax vivoT cell stimulation before transfer back to theigatt
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and finally passive immunotherapy mostly based e administration of immune-effectors

molecules such as Ig.

1.4.1 Active immunotherapy

() Whole cell vaccinesimmunotherapy against cancer started with the Idpugent of whole

cell vaccines. Irradiated autologous or allogertaroour cells were administered to patients
together with an adjuvant (e.g.: BCG), modified hwié hapten to make the cells more
immunogenic (Berd 2001), or cultured in a cocktail of cytokines Isws IL-2, GM-CSF and
IL-6 to promote MHC class | and class Il presewotaprior to re-injection (Zhanet al, 2005).
The frequency of positive responses remains howlevewith tumour regression observed in
only 10 to 30% of patients (Webge2000; Zhanget al, 2005). Subsequently, cells were
engineered to express cytokines or co-stimulatasleaules to improve their immunogenicity
(Ali et al, 2000). Several cytokine genes have been intratutenelanoma cell lines and
other human tumours such as prostate or kidneydardo immunise patients with metastatic
tumours. Clinical trials in melanoma or kidney canaevere carried out using autologous
tumour cells transfected to express cytokines sisch.-2, -7, IFN or GM-CSF. Only a small
proportion of patients responded partially or coetglly to these treatments. Indeed, only 20 to
30% of the patients showed delayed hypersensit{dfiyH) and this result varies little when
each cytokine were compared (Parmianial, 2000). In another phase | study, autologous
melanoma tumour cells have been transfected with?2ligene in order to generate primarily a
Thl-orientated response. A DTH reaction has be¢airgdd in 2 out of 7 patients only, while
only one of them showed tumour-specific CD4+ andBEDIL (Sunet al, 1998). It is worth
mentioning that only a small number of autologawusdur cells can be generated and that the
standardisation of allogeneic tumour cell linessigato prepare and this in large quantity,
should be undertaken. They also present the adyesitaf being administrable to all patients
and that the cross-presentation by MHC moleculegb®tumour cell lines to T cells does not
need to match the MHC of the recipient to inducénamune reaction. Nevertheless, the use of
cell lines for immunotherapy should be strictly trofled to ensure consistency of the vaccine
as the genetic material, hence the expression ofourassociated antigens and the

immunogenicity, can evolve considerably over midtipassages.

(i) Heat shock protein vaccined-deat shock proteins (HSP) are considered natdjavants

appearing to be promoters of the anti-tumour vatmn because of their ability to bind
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antigenic peptides and chaperone these peptidaP@in order to stimulate naive T cells in
lymph nodes. This system has been proved to gen@atent immune response in mice
(Srivastaveet al, 1998), and HSP96, HSP70, HSP90, HSP110, grpldQ@areticulin have
all been found able to generate an anti-tumouraresp (Bindert al, 2004). They generate
considerable interests as they are the first nlato@anmalian adjuvants to have been identified
and are able to activate all the arms of the imnresponse going from CTL, B cells, NK cells
to DC (Schildet al, 2000). Moreover, the ability of HSP to overcomketance by stimulating
APC and generating co-stimulatory signals have lseggested (Let al, 2002). Consequently,
clinical trials have been initiated in patients rgarg histologically-varied tumours with
autologous HSP96 vaccines. No toxicity was obseraad 50% of the patients tested
developed a tumour-specific CTL response. One@htkven showed marked reduction of the
lesion size by more than 50% after the third immation and four other patients demonstrated
stabilisation of the disease from 3 to 7 monthsétzki et al, 2000). However and despite
their immunologic interest, this approach needsheck whether autologous HSP do present

epitopes recognised by the patient CTL.

(i) Peptide vaccinesThe arrival of new technologies allowed the cangton of new types

of vaccination founded on the identification of genencoding TAA and peptide epitopes
derived from these TAA and recognised by CTL in¢batext of MHC class |. Advantages of
using peptides are numerous as patients can bensctdéor the expression of TAA by PCR or
immunohistochemistry; it is relatively easy to $ygise and cost-effective; it is easy to
administrate in clinic and monitam vitro the presence of an epitope-specific immune resgpons
Peptides derived from melanoma antigens such as differentiation antigens (e.qg.:
MelanA/MART-1, gp100 and tyrosinase) and CT antgyée.g.. MAGE-1 and -3) were the
first used in phase /1l clinical trials. Marchard al. (1999) showed significantly different
results: 28% of HLA-Al patients treated with a HIAA- MAGE-3 peptide responded
clinically with complete remission while a diffettegpitope from the same protein presented in
the context of HLA-A2 or a HLA-A1 peptide from MAGE induced a clinical response in
only 11% of tested patients. In another study, MARderived peptides injected together with
an adjuvant, in that case incomplete Freund's adfju\(IFA), allowed the production of
peptide-specific CTL but no clinical response (Rumrget al, 1998). Clinical response was
then achieved in 42% of patients when MART-1 vagcias associated with strong systemic
administration of IL-2 (Rosenbemgt al, 1998). In order to increase the efficiency of tikp

presentation, melanoma antigens have been co-atraited with GM-CSF. Although this
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approach appeared successful at short term, maisé dmours re-appeared with only 11% of
the patients showing beneficial responses and asexk peptide-specific CTL (Jager al,
1996). Another recently identified antigen belomgto the CT antigen family, NY-ESO-1 has
proved to be strongly immunogenic with at least S@Rpatients with melanoma mounting B
and T cell responses. When administrated with GNC& specific CTL response was
accompanied with a stabilisation of the diseasednjekctive regression of a few metastases in
60% of patients (Jagest al, 2000). Moreover, peptides have also been usathraunise
patients with cancers from different histologicalgmm such as colon adenocarcinoma with
Ras-derived peptides (Gjertsest al, 2001), breast carcinoma with HER2/Neu-derived
peptides (Knutsoret al, 2001), or chronic myeloid leukaemia (CML) with rB&bl-derived
peptides (Pinilla-Ibartet al, 2000). Like previously described, peptide vactomagenerated
specific CTL responses but only a very small praporof them led to noticeable tumour
regression.

Tolerance, immune escape, lack of MHC class lligept the importance of the adjuvant and
the dose/schedule used for immunisation can allagxghe very low clinical efficacy of
peptide vaccination. Fortunately, a lot of effoese put into improving these results by
combining CTL epitopes with T helper epitopes tduce and sustain a more potent CTL
response. Results achieved in animal models hase éecouraging (Rojast al, 2005) and
clinical trials using combination of peptides ongle peptides with dual class | and class Il
binding abilities are currently ongoing (Zeeg al, 2002). Others have tried to modify the
anchor residues of CTL epitopes to improve theinigy to their respective MHC class |
molecules and TCR and induce a stronger immuneonssp Rosenbergt al. (1998) proved
that this hypothesis could have beneficial applcet Several studies are also looking at
delivery systems such as liposomes (Ludeetical, 2001; Maliket al, 2007), nanobeads
(Kalkanidis et al, 2006) or in combination with stronger adjuvantscts as CpG
oligonucleotides (Davil&t al, 2003; Penget al, 2005) to increase T cell avidity upon better
presentation to the APC without severe and toxe-giffects (Fifiet al, 2004). Finally, there
is a common understanding that peptides are mdieieat in eliciting a specific T cell
response than whole proteins (Digs al, 1996). However, anti-idiotype antibody-based
vaccines raised a lot of interests. Indeed, bylayspg partial amino acid sequence homology,
anti-idiotype antibodies are proteins capable ohitking the activity of tumour antigens such
as HER2/neu and CEA, and effectively overcome yuesiveness of the adaptive immune

system to tumour cells over-expressing the nonantigen. Promising results were obtained in
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mice (Mohantyet al, 2007; Pignataret al, 2007) and clinical trials in humans are currently

ongoing to assess this revolutionnary protein-basedine modality.

(iv) Dendritic_cell vaccines:The knowledge of DC physiology and their potentigan

presenting capacities allowed their use for thecwation of mice with tumours. Dendritic
cells bring numerous advantages as they can acatase’s own adjuvants. Their utilisation
became also possible in humans because of newdlegnes allowing the generation of high
quantities of autologous DC from monocyte origirderiving from CD34+ cells of patients by
culturing themin vitro in the presence of GM-CSF and IL-4 (Siextaal, 1995). It has then
been demonstrated that autologous DC loadedvowith peptides or tumour cell lysates were
capable of efficiently presenting TAA to T cellsiédaet al, 1998; Moyeret al, 2006).
Several clinical studies have been initiated tdye®athe therapeutic value of this approach in
patients with cancer. Patients with melanoma weareinated with autologous DC loaded with
MHC class | MART-1, tyrosinase or gpl00 peptidasyih tumour cell lysates. A clinical
response was obtained in 25% of patients treatedf@2 patients, with approximately 50% of
them developing specific CTL responses (Schadergtodl, 2000). Another study using a
MAGE-3 peptide loaded to autologous DC without adjuvants showed a high frequency of
CTL responses (Marchanet al, 1999). Nevertheless, no significant clinical esgion of
metastatic lesions has been obtained even thoughctdaneous metastases disappeared
(Thurneret al, 1999). This approach of vaccination did not preuecessful when autologous
DC were loaded with prostate antigens such as PSMA or PAP with or without GM-CSF
administration for the treatment of prostate candgén less than 2% of clinical responses, even
though PSA levels decreased by up to 50% in at B&¥% of the 107 patients tested (Lodde
al., 2000). It is interesting to underline the useushour cell lysates to provide DC with TAA.
Despite containing also self antigens and henceeasing the risk of auto-immunity, it
corresponds to a practical source of antigens docwations and this approach has been used
in melanoma (Schadendaet al, 2000). However, complementary information on tihmour
itself are required to define the TAA present iagé lysates in order to be able to monitor and
evaluate their immunogenicity. Another interestaygproach is the fusion between DC and
tumour cells. The end product is an APC capablgretenting all the repertory of TAA
present in the tumour cells (Rosenbkittal, 2005). After studies in animals (Weigs al,
2006), this techniqgue has been utilised in patienth melanoma or kidney cancer.
Unfortunately, vaccination with these hybrids ledcontradictory results with 13% of clinical

responses in melanoma while this same approachedloumour regression in 40% of patients
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with renal cell carcinoma (Kugleet al, 2000). Dendritic cells play a critical role in
vaccination strategies as it was shown in wholktaetour vaccine engineered to express GM-
CSF, which is a potent mitogenic factor requireddsy for the induction of an intermediate
stage of differentiation whereby antigen uptake anesentation is improved (Cawet al,
1992). The genetically-modified tumour cells, imgmarison with wild-type tumour cells, were
shown to trigger a potent systemic anti-tumour imityuas a result of DC infiltration, lymph
node migration and activation of CTL (Draneff al, 1993). However, no significant clinical
results have really been obtained in a number ag@hll clinical trials. In order to overcome
the issues associated with traditional DC vaccidd&erent strategies were adopted. Dendritic
cells can indeed be transfected with mRNA derivedhfthe tumour cells (Heiset al, 2000;
Penget al, 2006), or with an expression vector encodingftiecDNA sequences of TAA
(Yanget al, 2000) together or not with a stimulating cytokswech as IL-18 to increase CTL
activity (Caoet al, 2007), enabling targeted loading of TAA-derivegppides in the antigen
processing pathways. Another way of circumventihgse difficulties is to improve the
maturation status of the prepared DC by transfgdirem with co-stimulatory molecules or
maturation factors, such as CD40L or GM-CSF, sd thay can be co-administrated to
patients with antigen-loaded DC and strong matomafactors such as anti-CD40 monoclonal
antibodies or CpG oligonucleotides (Harétsal, 2005). This system should allow the DC to
provide sufficient levels of T cell activation sga in order to overcome tolerance and
hopefully lead to better clinical responses. FynalDC can be modified to secrete
immunostimulatory molecules such as IL-2, -12 oNyRo improve CTL response levels.
Murine models and clinical trials have shown prongsresults using this methodology
(Murphy et al, 1996; Huttneret al, 2005). Recently, different subsets of DC havenbee
identified capable of inducing different levels@TL activation depending on the cocktails of
cytokines used for their maturation and activatiéor. example, it seems that IL-15 can have a
more potent effect on the final CTL stimulationrh&-4 (Mohamadzadebt al, 2001; Feili-
Hariri et al, 2005). Interestingly, another study reported ttiepending on the activating
factors used, interferon-secreting killer DC wittmiour killing capabilities could be generated
in mice (Charet al, 2006). In summary, DC potentially representsrenfdable tool for cancer
immunotherapy but so far, clinical trials have @owo be inconclusive. Therefore, it seems
that a better understanding of the maturation aridaion processes of DC are required to
enhance potential immune responses and standanéisemunisation procedures such as site

of vaccination, dose, schedule and injection.
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(v) DNA vaccinesAnother mean allowing the elaboration of vacciagainst defined antigens

is based on the utilisation of genes coding for TAke advantage of this method is the
possibility to induce the expression of an entimégenic protein including both MHC class |
and class Il epitopes that are not restricted ¢osiiecific MHC haplotypes, and activate both
arms of the adaptive immune system (i.e.. B ancellscrespectively)(UImeet al, 1993).
DNA vaccines were first used in animal models befoeing applied to humans. They can be
administrated by different routes such as intramlasc intramucosal, intranasal or into the
dermis using gene gun technology after coatindief@NA with gold. DNA doses have been
shown to be independent of the species with fanhgilar amounts used to raise responses.
However, the route of administration seems to ltecal as injection of DNA extra-cellularly
requires 100 to 1,000 times more DNA to induce imenuvesponses than gene gun targeting
introducing DNA directly inside cells (Fynaat al, 1993). This is quite relevant as it allows
easy standardisation of the technique and an easgfér of this mode of immunisation from
animal models to humans. Moreover, the immunoggniof DNA vaccines is increased
because of the presence of bacterial CpG oligontide sequences, which are known for their
capacity to promote cytokine secretion and danggraisation leading to optimum activation
of the APC (Pisetsky, 1996). Finally, DNA vaccinage unlikely to integrate the host’s
genomic DNA or be neutralised by anti-DNA antibad{®licholset al, 1995; Gilkesoret al,
1996). Depending on the route of immunisation,RNA can either be picked up by epidermal
Langherans cells following gene gun bombardment®eomoved by blood flow from the
muscles to the spleen or other lymph nodes (Winegai, 1996). More recent studies have
shown that gene gun bombardment with DNA-gold plasi predominantly generates Th2
responses while intramuscular immunisation preteatiy leads to Th1l responses emphasising
the importance of the route of immunisation for DNAccines (Weisset al, 2002).
Furthermore, single or multi-insert plasmids carubed for DNA vaccinations meaning that a
TAA gene could eventually be combined with modulatof the immune response such as co-
stimulatory molecules (e.g.: B7-1, -2) or cytoki{feqy.: GM-CSF, IL-12) in order to increase
the immunogenicity of the receiving cells, whichogess and present the encoded TAA
(lwasaki et al, 1997). However, DNA vaccines have been proveddoso far weakly
immunogenic but they represent a real interest wéw@nbined in prime-boost vaccinations
protocols. Indeed, prime-boosting strategies inmgvDNA followed by virus vaccinations
showed promising results by allowing expansion AATspecific T cells and selection of T
cells with the highest avidity against the respeciiAA (Palmowskiet al, 2002; Woodland,
2004).
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(vi) Viral vector vaccines:This approach was first carried out in animalshwat variety of

DNA vectors able to bring DNA to APC. They represanvery interesting and promising
possibility as they can initiate a strong immungponse and break tolerance, which is of a
major interest regarding immunisation against selfdifferentiation antigens. Retroviruses,
lentiviruses, adenoviruses, alphaviruses, poxvewsel Herpes simplex viruses have all been
tested in animal models with promising results arelin clinical trials with tumour antigens
such as PSA or CEA or with immunoregulatory molesusuch as GM-CSF (Aarts al,
2002). Many of them can be disabled, have limitexicity upon systemic or intratumour
injection, infect dividing and non-dividing cellsn@& integrate large inserts of genetic
information (Ali et al, 2002; Stripeckest al, 2003). However, they can have limiting factors
as hosts can already have produced blocking anéibodgainst some of these viruses.
Immunodominance can also take place as viral amigee often more immunogenic than
tumour antigens. In order to circumvent these difties, immunomodulatory molecules can
be combined with TAA to enhance the potency of suettors. Among all these families,
alphaviruses and herpes simplex viruses are oficpkt interest. Indeed, recombinant
alphaviruses such as Semliki Forest Virus requieedo-transfection of a helper plasmid for
the making of infective viral particles (DiCiommaoda Bremner, 1998; Atkinst al, 1999).
Following viral infection, the cells die by apop®dacilitating cross-presentation by DC.
Disabled infectious single cycle-Herpes simplexigi(DISC-HSV) and its immunotherapeutic
have been largely studied in murine tumour modeluBnellet al, 1997; Ree®t al, 2002;
Ahmad et al, 2005). Intratumour injection of DISC/GM-CSF haseh shown to lead up to
70% of the mice rejecting the tumour and once caetbiwith other modalities, further
therapeutic advantages could be achieveddifdil, 2002; Aliet al, 2004).

Each of these families of viruses mentioned eaHgare relevant properties for gene therapy
and more and more efforts are put into trying endlthese properties into a single viral vector
in order to develop the “perfect” viral vector tratuld be used on its own as a potent tool for

cancer immunotherapy or in prime-boost stratedf@y €t al, 2002; Woodlang 2004).

1.4.2 Adoptive immunotherapy
Adoptive immunotherapy is based on the observati@t specific T lymphocytes with a
therapeutic activity are absent or in insufficiamimbers in patients. Tumour infiltrating cells
isolated from autologous tumours or allogeneic daredls can be amplified and activatied
vitro, and injected to the deficient host in large qitist to obtain the desired therapeutic

effect. Allogeneic transplantation has shown to \my successful in haematological
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malignancies. Indeed, T cells seem to mediate &-geesus-leukaemia reaction following
ablation of tumour cells, high doses of chemo-aaliatherapy and allogeneic bone marrow or
haematopoietic stem cell transfer (June, 2007)oldgbus adoptive immunotherapy has more
applications when solid tumours are involved. Ting fapplication of adoptive cell transfer in
immunotherapy was against melanoma in combinatidh high doses of IL-2. Objective
tumour responses were successfully obtained in 86#e vaccinated patients (Rosenbetg
al., 1994). This frequency was at this moment higlmemtany other tumour vaccinations
undertaken so far. The same group later improved tésult to 50% by performing
lymphoablative chemotherapy followed by adoptivansfer of polyclonal T cell lines
containing CD4+ and CD8+ T cells specifically resming the tumour (Dudlegt al, 2002).
Subsequent trials using the same immunisation pobtand larger cohorts of melanoma
patients with metastases in distant sites suchumg, lbrain, liver or lymph nodes, showed
similar figures (Rosenberg and Dudley, 2004, Dudiewl, 2005). By removing homeostatic
cytokines such as IL-7 or IL-15 and by depletingd,rlymphoablation probably encourages
the expansion of tumour-reactive T cells. Theseltesvere confirmed when tumour-bearing
mice were depleted from CD4+ T cells, re-infusedhwiumour-specific CD8+ T cells and
CD4+CD25- T helper cells only, and showed noticeahimour regression. Regression was
however abrogated when CD4+CD25+ Treg were re-gdy&ntonyet al, 2005). Rosenberg
and colleagues also developed a novel technologyhimg the transfer of tumour antigen-
specific TCR gene into autologous T cells priorTiccell re-infusion. This technique was
applied to different tumour antigens such as ggM@rganet al, 2003), MART-1 (Rosenberg
and Dudley, 2004) or NY-ESO-1 (Zha al, 2005), and led not only to the expansion of
tumour antigen-specific T cells with high aviditgrftheir respective antigen, but also to
significant clinical regressions in some patieAfi$ogether, these results are very promising as
they show that high avidity tumour-specific T cedln induce tumour regression when used in
the right context and that the development of geaky engineered T cells for adoptive

immunotherapy can only improve the outcome.

1.4.3 Passive immunotherapy
Tumour antigen-specific monoclonal antibodies (mAdre the main actors of passive
immunotherapy and have demonstrated a high dedragcoess in some forms of cancer. The
identification of several surface expression malaer tumour cells allowed their development
even though their mechanisms of action remain thgiat. The first theory behind the effects

of mAD is the triggering of the antibody-dependegitular cytotoxicity (ADCC). Monoclonal
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antibodies bind to the antigens they are spedifiahd lead to the mechanism of opsonisation
by phagocytes expressing the complement recepb@smmediate killing of tumour cells and
an inflammatory reaction. One of the most widelgdismAb is an anti-CD20 mAb (Rituximab)
for the treatment of B cell lymphoma and appeardutaction through ADCC. The other
hypothesis suggests that the effects of mAb aretaldiee variable regions, which bind to the
tumour cell surface and might block the accesgdavth factors required for tumorogenesis or
inhibit a signalling cascade. Therefore, mAb migfiafp tumour growth and induce apoptosis of
target cells. Trastuzumab, commercially known asrcejgtin, specifically targets the
membrane-bound HER?2 protein, a tyrosinase kinasspter. Upon binding, the mAb leads to
a cessation of the signalling cascade that norniallpws HER?2 activation and tumour cell
death by apoptosis (Viamit al, 2007). Other activity of mAb that have been sstgg is an
anti-angiogenic activity. Finally, mAb can be coggited with a cytotoxic agent such as a
radioactive compound or a cytotoxic drug. The chitrials with an anti-CD20 mAb coupled
with a radioisotope demonstrated that an antibaaly efficiently bring the radioisotope in
contact or at proximity of tumour cells (Witzeg al, 2007). Further work is being carried out
to develop new mAb conjugated to all sorts of texiradioisotopes or pro-drugs that can be
activated by systemic administration of activatempounds, or able to cross-link effector cells

of the immune system so that the latter can ekeit action directly at the tumour site.

1.5 HAGE as a target for immunotherapy

There is an ever increasing need for new targeteetd cancer considering the limitations of
some of the current therapies (section 1.1.5). dfbeg, it is valuable to identify new
immunogenic TAA that could be potentially targetgdimmunotherapy for late stage diseases
or in a combination therapy with more tradition@atments at early stages to prevent tumour
cell proliferation and invasion. HAGE might be suahtigen. It was first identified with
sarcoma antigen (SAGE) using representationalrdifiee analysis, a technique that basically
relies on the subtraction of the total RNA expr@sgrom normal tissues such as uterus, breast,
colon and heart with the total RNA expression frasarcoma cell line. The two cDNA clones
were identified as tumour-specific with patterne@pression very similar to the genes from the
MAGE family (Martelangeet al, 2000). HAGE gene was mapped on chromosome 6 {6q12
g13) by radiation hybrid analysis and encodes atwat 73kDa protein. Analysis of the protein
sequence of HAGE revealed that it has a DEAD boxradteristic of the family of ATP-
dependent RNA helicases. The sequence also dispBy% homology with DDX5 (p68),

another member of this family. RNA metabolism, cohof cell cycle, spermatogenesis and
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embryogenesis are among the possible processeBlAGE might be involved in. However,
little is known about its localisation or its furart (Martelangeet al, 2000; Rocak and Linder,
2004). Northern blot analysis showed that HAGE gcaipts were present at a level that was
100-fold higher in many tumours of various histotad) types than in normal tissues except
testis (Martelanget al, 2000). HAGE was later found to be over-expressedsmall number
of normal salivary glands but in a higher propartia benign and malignant salivary gland
neoplasms (Nagedt al, 2003). HAGE is also over-expressed in more tha¥ &f CML, in
20% of acute myeloid leukaemia (AML)(Adaras al, 2002) and more than 40% of multiple
myeloma (Condominest al, 2007), and although HAGE is present in a smaihiners of lung
cancers (Martelanget al, 2000), there is no correlation between HAGE gexmression and
clinicopathological factors indicating that the etgton of HAGE in this type of cancer has
limited usefulness (Sasaét al, 2003). A recent study described the methylatiatus of the
HAGE gene in CML patients and cell lines, and shibwibat like most CT antigens,
hypomethylation of the HAGE gene promoter correlateth increase of HAGE expression,
and that its expression was strongly associatetl aavanced disease and poor prognosis
suggesting a potential role of HAGE in cellular Igevation and as a marker of disease
progression (Roman-Gometal, 2007).

Considering the expression pattern and the diyeo$iHAGE expression in different tumours,
HAGE might be potentially used as a target for imotherapy. This study proposes to
investigate the immunotherapeutic potential of HAGER murine model as a pre-requisite for
using HAGE as a potential cancer vaccine in paiehirstly, HAGE will be validated as a
target for immunotherapy by confirming its tumogpesific expression at the mRNA and
protein level in various cell lines, as well asmat and abnormal human tissues. Following its
validation, this study aims at the identificatiohimmunogenic class | and Il peptides derived
from HAGE for immunotherapy and immunomonitoringltitdately, potent vaccination
strategies such as DNA or viral vaccines will beaedeped and evaluated in prophylactic and

therapeutic experiments.
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Chapter 2: Materials and Methods

2.1 General laboratory consumables and equipments

2.1.1 Reagents and list of producers

Reagents were stored as per manufacturer instngcéiod used before the expiry date.

Culture media
DMEM, IMDM, RPMI
Opti-MEM

Supplements to culture media
Fungizone

Geneticin (G418)

HEPES

Foetal calf serum

Glutamine
Penicillin/Streptomycin
2-mercaptoethanol

Other cell culture reagents

Dimethyl sulfoxide (DMSO)

Incomplete Freund’s adjuvant (IFA)
Lipopolysaccharide (LPS)

Phosphate buffer saline (PBS)
Polyinosinic polycytidylic acid (Poly I.C)
Trypan blue

Trypsin/Versene

Chemical reagents

Acetic acid

Acetone

Acrylamide-bis

Agar

Agarose

a-chymotrypsin

Ampicillin

Anhydrous ethanol

Aprotinin

Aza-deoxycytidine (AZAC)
Bovine serum albumin (BSA)
Calcium chloride (CaGg)
Chromium-51

Dextran sulphate
Dithiothreitol (DTT)

DNA ladder (1kp Plus)

dNTP

ECL Western Blotting reagents
Ethanol

Ethidium bromide
Ethyldiamine tetraacetic acid (EDTA)

Supplier
Bio Whittaker Europe
Gibco Life Technologies

Supplier

Promega

Promega

Bio Whittaker Europe
Bio Whittaker Europe

Bio Whittaker Europe
Bio Whittaker Europe
Sigma

Supplier
Sigma
Sigma
Sigma
Bio Whittaker Europe
Sigma
Sigma
Bio Whittaker Europe

Supplier
Fischer Scientific
Acros Organics
Geneflow
Oxoid Ltd
Bioline
Sigma
Sigma
Sigma
Sigma
Sigma
ICN Biomedicals
Sigma
Amersham Biosciences
Sigma
Sigma
Gibco Life Technologies
Bioline
Amersham Biosciences
BDH
Sigma
Sigma
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Fluorescent mounting media

Gill haematoxylin solution
Glucose

Glutaraldehyde

Glycerol

Goat serum

Gold microcarriers (140m)

Harris haematoxylin solution
Hydrochloric acid (HCI)

Hydrogen peroxide (+D)

Interferin

Isopropanol

Isoton

Lipofectamine 2000

Marvel

Magnesium chloride (MgG)
Methanol

Murine GM-CSF

Murine IL-2

1.5M Tris-HCI, pH 6.8 or pH 8.8
Orange G

Paraformaldehyde
Phenol/Chloroform/Isoamyl alcohol
Phosphate buffer saline (PBS)(1X)
Phosphate buffer saline (PBS)(Tablets)
Phusion HF buffer

Phusion DNA polymerase

Poly vinyl pyrrolidone (PVP)
Ponceau S solution

Potassium acetate (KOAC)
Potassium ferricyanide gke(CNY))
Potassium ferrocyanide gke(CN))
Propidium iodide

Rabbit liver powder

Restriction enzymes

RNA-STAT 60

Sodium azide (Nah)

Sodium chloride (NaCl)

Sodium dodecyl sulphate (SDS)
Sodium hydroxide (NaOH)
Sodium phosphate dibasic (P Oy)
Sodium phosphate monobasic (N&ay)
Spermidine

SYBR green supermix
Trichostatin A (TSA)

Tris

Trizma base

Tryptone

Tween 20

2-methylbutane (Isopentane)

Dako
Sigma
Sigma
Sigma
Sigma
Sigma
BioRad
Sigma
Fischer Scientific
Sigma
Polyplus Transfection
Sigma
Beckman-Coulter
Invitrogen
Premier Brands
Fischer Scientific or Promega
Acros Organics
Biosource
Biosource
Geneflow
Sigma
Sigma
Sigma
Bio Whittaker dpe
Oxoid
Finnzymes
Finnzymes
Sigma
Sigma
Sigma
Sigma
Sigma
Sigma
Sigma
Promega or New England Biolabs
Biogenesis
Sigma
Fischer Scientific
Sigma
Fischer Scientific
Sigma
Sigma
Sigma
BioRad
Sigma
Fischer Scientific
Sigma
Oxoid Ltd
Sigma
Acros Organics
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Vitamin E
Xylene

Yeast extracts
Zeocin

Immunochemical reagents
Goat anti-hamster-FITC

Goat anti-mouse-FITC

Goat anti-rabbit-biotin

Goat anti-rabbit-HRP

Goat anti-rat-FITC

Hamster anti-mouse CD11c
HB54 (mouse anti-HLA-A2.1)
L243 (mouse anti-HLA-DR)
Mouse anti-FLAG-M2-FITC
Rabbit anti-HAGE polyclonal serum
Rat anti-mouse CD45R

Rat anti-mouse CD80(B7.1)-PE
Rat anti-mouse CD86(B7.2)-PE
Rat anti-mouse DEC205

Rat anti-mouse F4/80

Rat anti-mouse 4.1BBL-PE
Streptavidin-HRP

Plasmids
pcDNA3.1, pBudCE4.1
pSCAb, pSCAhelper, pPSHAME2a

Kits
Reverse transcription:
M-MLV Reverse Trancriptase kit

Immunohistochemistry:
ABC and DAB kits

Cloning:
T4 ligase kit

DNA extraction from agarose gel:
Geneflow DNA isolation kit

Generation of SFV viruses:

Sigma

Acros Organics
Oxoid Ltd

Invitrogen

Supplier
Serotec
Sigma
DAKO
DAKO
Sigma
BD Biosciences
Hybridoma
Hybridoma
Sigma
Dr. Ashley J. ghis (Tuebingen University)
Serotec
BD Biosciences
BD Biosciences
Serotec
Serotec
BD Biosciences
Zymed

Invitrogen
Dr. Rod Bremner (Ursitgrof Toronto)
Supplier

Promega

Vector Laboratories

Promega

Geneflow

ProFection Mammalian transfection system Promega

Lymphocyte depletion:

Mouse CD4: Dynabeads mouse CD4
Mouse CD8: Dynabeads mouse CD8

ELISA:
Mouse IFN/or IL-5

Dynal
Dynal

R&D Systems



2.1.2 Equipment
Glassware

Pyrex glassware was washed in teepol, rinsed twidestilled water and autoclaved

Disposable equipment and plastic-ware

BD microlance 3 needles (0.5ml, 1ml)
Bijou tubes (5ml)

Cryovials (1.2ml)

8-chamber slides

ELISA plates (96-well)

Eppendorf tubes (0.5ml, 1.5ml)

FACS tubes

Filter tips (1Qul, 200Qul, 1ml)

Supplier

Becton Diclkans
Sterilin
TPP

Costar
Sarstedt
Elkay
Sarstedt

Flat bottom culture dishes (6-, 24-, 96-well) Sedst

Hyperfilm ECL films

96-well plate harvester filters

Pasteur pipettes

PCR tubes

Petri dishes

Round bottom culture dishes (96-well)
Scalpels

Screw top tubes (15ml, 50ml)
Serological pipettes (5ml, 10ml, 25ml)
Syringes (10ml)

Tefzel tubing

Tips (2Qul, 200Qul, 1ml)

T25, T75, T175 tissue culture flasks
Universal tubes (20ml)

0.2um filters

Equipment

Centrifuge, microcentrifuge
Class Il safety cabinets
Confocal microscope
Cryostore

Drying cabinet

Dynabeads separation unit
Electrophoresis gel tanks
Flow cytometer

Helios gene gun

Microscope

Microwave

-80°C freezer

96-well plate reader

96-well plate harvester

PCR thermal cycler

Power packs

Real time PCR thermal cycler
Refrigerated microcentrifuge

Amersham
Perkin Elmer
Sarstedt
Micronic Systems
Sarstedt
Sarstedt
Swann Morton
Sarstedt
Sarstedt
Becton Dickenson
BioRad
Sarstedt
Sarstedt
Sterilin
Sartorius

Supplier
MSE
Walker
Leica
Forma Scientific

Scientific Laboratory Supplies

Dynal
BioRad
Beckman-Coulter
BioRad
Nikon
Matsui
Revco
Tecan
Packard
Thermo Hybaid
BioRad
BioRad

Hettich Zentrifugen
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Semi-dry transfer apparatus
37°C, 5% CQincubator

Top count scintillation counter
Tubing prep station

UV spectrophotometer

UV transilluminator

Water baths

2.1.3 Buffers

() Buffers for tissue cultures
Trypan Blue:

BioRad
Forma Scientific
Packard
BioRad
Sanyo
Ultra Violet Products
Grant instruments

White cell counting solution:

0.1% (v/v) solution of Trypan blue in PBS 0.6%wvjvacetic acid in PBS

(i) Buffers used for DNA or protein analysis andobymerase chain reaction (PCR)

50X TAE:

242 tris

57.1ml glacial acetic acid
100ml 0.5M EDTA (pH 8.0)
Completed to 1000ml with ddi@

Orange G DNA loading buffer:
0.25% (w/v) orange G

30% (v/v) glycerol

Completed to final volume with dgB

Tris buffer saline (TBS):

1.21g Tris

22.33g NaCl

pH adjusted to 7.5 with HCI
Completed to 1000ml with dd

Resolving gel buffer:

1165ul 30% (w/v) Acrylamide-bis
875ul 1.5M Tris-HCI, pH 8.8
146Qul ddH,O

35ul 10% (w/v) APS

3.5ul TEMED

Running buffer:

0.25M Trizma base

2M Glycine

1% (w/v) SDS

Completed to 1000ml with ddi@

Reducing sample buffer:
0.5M Tris-HCI, pH 6.8
2% (w/v) SDS

10% (v/v) glycerol

1% DTT

1.4% agarose gel electrophoresis:
1.4g agarose

100ml 1X TAE

1@ Ethidium bromide

Wash buffer:
25ml 10X Wash solution
100ml Ethanol

Completed to 250ml with dd©

TBS-Tween 20-(Marvel):
0.05% Tween 20

(5% (w/v) Marvel)

Completed to final vole with TBS

Stacking buffer:

46618 30% (w/v) Acrylamide-bis
87f@l 1.5M Tris-HCI, pH 6.8
2158.5 ddH,O

3l 10% (w/v) APS
3.5u TEMED

Transfer buffer:

48M Tris

39mM Glycine

20% (v/v) methanol
Completed to 1000ml with d@B

ECL chemioluminescenceerdag
1 volume solution A
1 volume solution B
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Completed to final volume with ddi@
(i) Buffers for flow cytometry
Permeabilisation solution:

1% (v/v) paraformaldehyde in PBS

FACS buffer:
0.1% (w/v) BSA
0.02% (w/v) NaN
1X PBS

(iv) Buffers for immunohistochemistry
Primary antibody

10Qug/ml rabbit anti-HAGE antibody
5% (v/v) goat serum

Completed to final volume with PBS

ABC reagent:
2.5ml PBS

1 drop reagent A
1 drop reagent B

(v) Buffers for bacteria culture
LB broth:

5g NaCl

10g tryptone

59 yeast extracts

pH adjusted to 7.0 with NaOH
Completed to 1000ml with dd@

(vi) Buffers for alkaline lysis
0.2M Tris-HCI buffer:

12.1g Tris

pH adjusted to 8.0 with HCI
Completed to 1l with dd§D

KOAC solution:

60ml 5M potassium acetate
11.5ml glacial acetic acid
28.5ml ddHO

0.2M Tris-HCI buffer:

12.1g Tris

pH adjusted to 8.0 with HCI
Completed to 1000ml with ddi@

Fixation solution:
70% (v/v) ethand?BS

Secondary antibody:

1@/ml goat anti-rabbit 1gG-biotin
1.5% (v/v) goat serum
Completed tafimolume with PBS

DAB reagent:
2.5ml ddyD

1 drop buffer

2 drops DAB
1 drop HO;

LB Agar:
5g NaCl
10g tryptone
59 yeast extracts
159 agar
pH adjusted to 7.0 with NaOH
Completed to 1000ml with ddB

GTE solution:
50mM glucose

25mM Tris-HCI (pH 8.0)
10mM EDTA

NaOH/SDS solution:
0.2M NaOH
1% (w/v) SDS
ddHO
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(vii) Buffers for ELISA
Wash buffer:
0.05% (v/v) Tween 20 in PBS

Block buffer:

1% (w/v) BSA

5% (w/v) sucrose

0.05% (w/v) NaN

Completed to final volume with PBS

Reagent diluent for IL-5:
1% (w/v) BSA
Completed to final volume with PBS

(viii) Buffers for X-Gal assay
X-Gal solution :

0.2% (viv) X-Gal

1mM MgCh,

150mM NaCl

3.3mM KszFe(CN)

3.3mM KsFe(CN}

40mM NaHPO,

60mM NgHPOy

2.1.4 Primary culture media

Stop solution:
2N\, 80,

Substrate solution:
1 volume colour reagent A (R&D Sys®m
1 volume colour reagent B (R&B3tB{NS)

Reagent diluent for IFN
0.1% (w/v) BSA
0.05% (v/v) TwezD
Completed to final volume with PBS

Glutaraldehyde solution:

0.1M sodium phosphate pH 7.0
1mM MgCh,

0.25% (v/v) Glutaraldehyde

Culture media were prepared and used within a mo@thmplete BM-DC medium was

prepared fresh just before use.

T cell media:

RPMI

10% (v/v) FCS

2mM L-glutamine

20mM HEPES

50uM 2-mercaptoethanol
50U/ml Penicillin/Streptomycin
0.251g/ml Fungizone

BM-DC media:

RPMI

5% (v/iv) FCS

2mM L-glutamine

10mM HEPES

50uM 2-mercaptoethanol
25U/ml Penicillin/Streptomycin
0.251g/ml Fungizone

Complete BM-DC media:
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BM-DC media + 1ng/ml mGM-CSF
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2.1.5 Celllines and media
Various cell lines in this study are described heio table 2.1.

Table 2.1: Cell lines and their descriptions

Name

ALC

ALC/HAGE

BHK-21

CMLT-1

ESTDAB-07

ESTDAB-17

ESTDAB-27

ESTDAB-34

ESTDAB-95

KCL-22

K812

K562

KYO-1

NALM-1

RMA/S-A2

293

UCHM-1

U937

Description

Murine lymphoma

Murine lymphoma,
HAGE-positive

Syrian hamster
kidney
Chronic myeloid
leukaemia

Human melanoma
Human melanoma
Human melanoma
Human melanoma

Human melanoma

Chronic myeloid
leukaemia
Chronic myeloid
leukaemia
Chronic myeloid
leukaemia
Chronic myeloid
leukaemia
Chronic myeloid
leukaemia
Transgenic
lymphoblastoid
Human embryo
kidney
Chronic myeloid
leukaemia
Human histiocytic
lymphoma

Media

RPMI+10% (v/v)
FCS+2mM L-glutamine
500ug/ml G418
RPMI+10% (v/v)
FCS+50Qug/ml
G418+5Qg/ml Zeocin

DMEM+10% (v/v) FCS

RPMI+10% (v/v)
FCS+2mM L-glutamine
RPMI+10% (v/v)
FCS+2mM L-glutamine
RPMI+10% (v/v)
FCS+2mM L-glutamine
RPMI+10% (v/v)
FCS+2mM L-glutamine
RPMI+10% (v/v)
FCS+2mM L-glutamine
RPMI+10% (v/v)
FCS+2mM L-glutamine
RPMI+10% (v/v)
FCS+2mM L-glutamine
RPMI+10% (v/v)
FCS+2mM L-glutamine
RPMI+10% (v/v)
FCS+2mM L-glutamine
RPMI+10% (v/v)
FCS+2mM L-glutamine
RPMI+10% (v/v)
FCS+2mM L-glutamine
RPMI+10% (v/v)
FCS+2mM L-glutamine

DMEM+10% (v/v) FCS

RPMI+10% (v/v)
FCS+2mM L-glutamine
RPMI+10% (v/v)
FCS+2mM L-glutamine

Source

Dr. C. Baxevanis (Saint
Savas Cancer hospital,
Athens)

Nottingham Trent
University

ATCC

Prof. I. Dodi (Anthony
Nolan Institute, London)
Prof. D. Schadendorff
(Tuebingen University)
Prof. D. Schadendorff
(Tuebingen University)
Prof. D. Schadendorff
(Tuebingen University)
Prof. D. Schadendorff
(Tuebingen University)
Prof. D. Schadendorff
(Tuebingen University)
Prof. I. Dodi (Anthony
Nolan Institute, London)
Prof. I. Dodi (Anthony
Nolan Institute, London)

ATCC

Prof. I. Dodi (Anthony
Nolan Institute, London)
Prof. I. Dodi (Anthony
Nolan Institute, London)
Prof. F. Lemonnier
(Institut Pasteur, Paris)

ICRF

Prof. I. Dodi (Anthony
Nolan Institute, London)

University of Sheffield
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2.2 Methods

2.2.1 Expression analysis

2.2.1.1 RNA extraction and cDNA synthesis

Total RNA was isolated from cell lines and tissuesing RNA STAT-60 following
manufacturer’s instructions. Briefly, tissues wgreunded to a powder in liquid nitrogen and
1ml of RNA STAT-60 added to them and stored at rademperature (RT) for 5 minutes.
0.2ml of chloroform was added and the homogenad&eshvigorously for 60 seconds and left
at RT for 3 minutes. Samples were then centrifuaget¥,000rpm for 10 minutes. The aqueous
phase was transferred to a fresh tube and 0.5ndopfopanol was added to them. Samples
were incubated at RT for 10 minutes followed bytg&rgation at 12,000rpm for 15 minutes.
Supernatant was discarded and the pellet washédr@%o (v/v) ethanol. RNA pellet was then
dried and re-suspended in molecular grade watetr@doncentration and purity of the RNA
was measured on a UV spectrophotometer.
RNA was then reverse transcribed into cDNA as fedoug of RNA was taken in a tube
along with 0.pig of Oligo-d(ts) primers. Tube was heated at 70°C for 5 minutes then
placed on ice. The following mix was then addeth®tube: fil of 5X Reaction buffer, il of
dNTP (12.5mM), 25 units of RNasin ribonuclease hitor, 200 units of M-MLV reverse
transcriptase. Nuclease free water (ddHwas then added to make the final volume tpl25
Content of the tube was gently mixed and heat&® &°C for 80 minutes followed by cooling

on ice and heating at 95°C for 5 minutes beforarggaat -20°C.

2.2.1.2 PCR amplification
PCR was performed on a DNA thermal cycler. Prinvegse supplied by MWG Biotech. Cell
lines and tissues were all pre-screened for hoegkg gene 18S ribosome, which yielded a
110bp product. For HAGE screening by conventiondl-HCR, primers used were 5'-
CCTTTCAATGTTATCCTGAG-3' and 5-TATTCTTCAGATTGACGAAG3’, which
yielded a 432bp product. For amplification by PQRI, of cDNA was supplemented withu#t
of 5X Phusion HF buffer, 04 of 20mM dNTP, 20pmol of each of primer solutiots,nit of
Phusion DNA polymerase, and dgiPito a final volume of 2al.
PCR for HAGE was initiated by a melting step at®86r 30 seconds, followed by 32 cycles
of denaturation at 98°C for 10 seconds, annealing4aC for 30 seconds and extension at
72°C for 20 seconds. It was followed by a finalemdion step at 72°C for 10 minutes. All the

primers used for the study are listed below ind&bP.
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Table 2.2: Primers used for PCR of HAGE

Conventional PCR primers of GAPDH and HAGE

GAPDH Forward 5-ACCACCAACTGCTTAGCACC-3
GAPDH Reverse 5'-CCATCCACAGTCTTCTGGGT-3
HAGE Forward S-CCTTTCAATGTTATCCTGAG-3’
HAGE Reverse S-TATTCTTCAGATTGACGAAG-3’

PCR products were visualised using 1.4% (w/v) agmrgel containing dg/ml of ethidium

bromide.

2.2.1.3 Real time quantitative PCR

Samples of breast, gastric and colon carcinoma mR&dng with patient-matched normal
tissue mRNA, were kindly provided by Dr. Aija Lifkeatvia). Samples of melanoma and head
& neck carcinoma were kindly provided by Prof. @h&dendorff (Germany) and Dr. R. Ferris
(USA), respectively. Samples of CML were kindly yided by Dr. R. Clark. Samples of
MRNA from normal tissues were purchased from CldmtéHuman cell lines are described
above. Primers were supplied by MWG Biotech. Revdranscription of the mRNA was
performed as described earlier with exception aigiRandom primers instead of Oligo-d]t
primers. For preparing the standard curve, cDNAnfied HAGE-positive cell line (ESTDAB-
27) was serially diluted. Primers for various ge@®PDH, h18S, HAGE, p53, Bcr/Abl,
OAS1 and STAT1) were designed with the assistarfcéh® primer Vs program at the
following website: [ittp://frodo.wi.mit.edu/cgi-bin/primer3/primer3_wwegi). All the primers,

described in table 2.3, were designed to gener@fe Products of under 250bp in size to
optimise the RT-Q-PCR.

RT-Q-PCR was performed using a BioRad real timerfloeycler using SYBR green
fluorescent dye. Thermocycling for each reactions vdmne in a final volume of 121b
containing 0.hl of cDNA template, 6.Al of SYBR green supermix containing high fidelity
DNA polymerase, and 20pmol of each of the geneipgmimer solutions. This was then
made up to 12| with ddH,O. RT-Q-PCR was initiated by a melting step at 986€ 30
seconds, followed by 45 cycles of denaturation &tC9for 10 seconds, annealing at the
corresponding annealing temperatures indicatecdbiet2.3 for 30 seconds and extension at
72°C for 20 seconds. It was followed by a finalemdion step at 72°C for 10 minutes and a
stop step at 98°C for 1 minute. Finally, a disstara curve was created by doing 0.5°C
increment going from the annealing temperaturé¢odenaturation temperature.
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Table 2.3: Sequences of primers used for RT-Q-PCGH aespective annealing temperatures

Real time PCR primers and respective annealing tengrature

Bcr/Abl Forward 5-TCCACTCAGCCACTGGATTTAA-3’ 62°C
Bcr/Abl Reverse 5-TGAGGCTCAAAGTCAGATGCTACT-3
h18S Forward 5-CAACTTTCGATGGTAGTCG-3 54°C
H18S Reverse 5-CCTTCCTTGGATGTGGTA-3’
GAPDH Forward 5-ACCACCAACTGCTTAGCACC-3’ 54°C
GAPDH Reverse 5-CCATCCACAGTCTTCTGGGT-3’
HAGE Forward 5-GGAGATCGGCCATTGATAGA-3’ 66°C
HAGE Reverse 5-GGATTGGGGATAGGTCGTTT-3
OAS1 Forward 5-CAAGCTCAAGAGCCTCATCC-3 59°C
OAS1 Reverse 5-TGGGCTGTGTTGAAATGTGT-3’
p53 Forward 5-GTGGAAGGAAATTTGCGTGT-3 66°C
p53 Reverse 5-CCAGTGTGATGATGGTGAGG-3
STAT1 Forward 5-AAATTCCTGGAGCAGGTTCA-3’ 59°C
STAT1 Reverse 5-TGGCCCCAGTCACTTAATC-3

2.2.1.4 Cell lysate preparation
ESTDAB-07 and -27 melanoma cell lines have beercrded in section 2.1.4. Cells were
harvested and washed twice in ice cold PBS at ipp@Gor 3 minutes at 4°C. Cell pellets
were re-suspended in 1@0of ddH,O for lysis. Tubes were sonicated for 5 minutesokeef
being agitated for 30 minutes at 4°C. Tubes wesm tbentrifugated at 14,000rpm for 30
minutes at 4°C and supernatants transferred tb trdses. Samples were stored at -80°C until

analysis by protein assay and SDS-PAGE.

2.2.1.5 Protein assay for SDS-PAGE samples
Protein concentration was determined in the lyspteparation by performing a BioRad Dc
protein assay as described by the manufacturecwoqul. The standard was made of BSA
diluted in water in serial dilution. Briefly, 2 of Reagent A was added tqil5f samples. To
each well, 200l of Reagent B was then added. Each sample was muplicate. The reaction
was left to develop for 15 minutes at RT and theeplvas read at 750nm on a Tecan 96-well
plate reader.

2.2.1.6 SDS-PAGE and transfer
Reducing sample buffer was added to all sampledaited for 5 minutes at 95°C to denature
proteins, before being loaded (8f) on the polyacrylamide gel. As a standardi@0f BSA
was run with the samples. The gel (108cmas run at 90V through the 4% stacking gel and
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120V through the 10% resolving gel using electrophis. Proteins were then transferred at
13V onto nitrocellulose membrane for 40 minutesx\gsa semi-dry transfer unit according to

manufacturer’s instructions.

2.2.1.7 Immunoprobing

Membranes were stained with Ponceau S, and thdasthhane was cut from the rest of the
membrane. The membrane blocked overnight in TBSefw&0-Marvel under constant
agitation. At the same time, the primary rabbit-#fAGE antibody (a kind gift from Dr. A.
Knights, Tuebingen University), was first adsorlvaith rabbit liver powder overnight at 4°C.
After centrifugation, the supernatant was then ddae1:1000 dilution in TBS-Tween 20-
Marvel and incubated for 2 hours at RT. After waghthe membrane four times for 15
minutes in TBS-Tween 20 at RT, the secondary HRiugated antibody was added to the
membrane at a 1:1000 dilution in TBS-Tween 20-Mbavel incubated for 2 hours at RT. The
membrane was washed four times for 15 minutes i8-T®een 20 at RT, and revealed using

ECL chemioluminescence kit. Hyperfilm ECL films waussed to detect the luminescence.

2.2.1.8 Fluorescent activated cell sorting (FACS)

2-5*10° cells were used per tube. Cells were washed tinid6ACS buffer and incubated on
ice for 30 minutes with primary antibody. Rat amiuse CD80, CD86, 4.1BBL,
Macrophage/Monocyte marker (F4/80), DEC205, lafheirine class 1), CD45R, mouse anti-
HLA-A2, HLA-DR, FLAG, rabbit anti-HAGE and hamstanti-mouse CD11c antibodies were
used in these experiments. Appropriate isotype rotntwere used in each experiment.
Following incubation with the primary antibody, lselvere washed twice in FACS buffer and
incubated for 30 minutes on ice with FITC- or PEBjogated goat anti-rat 1gG, goat anti-
mouse IgG, goat anti-rabbit IgG or goat anti-hamkj& as secondary antibody accordingly.
Finally, cells were washed twice in FACS buffer amdsuspended in 4Q0 of Isoton and
FACS analysis was performed on the flow cytomdtecell cycle analysis, 2-5*fGells were
used per tube. 1Q0 of 10ug/ml of propidium iodide (PI) was added to the sel\fter 5

minutes at 37°C, FACS analysis was performed offldecytometer.
2.2.1.9 Immunofluorescence

A day prior to staining, 2*1Dadherent cells or 1*f0non-adherent cells were plated in 8-

chamber slides. Media were removed and cells wensecutively permeabilised and fixed
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with 1% (w/v) paraformaldehyde and 70% ethanolpeesively, each for 10 minutes at RT.
Rat anti-mouse CD80, CD86, 4.1BBL, mouse anti-HLR;OFLAG and rabbit anti-HAGE

were used in these experiments. Appropriate isotgdrols were used in each experiment.
Following incubation with the primary antibody, lselvere washed twice in FACS buffer and
incubated for 30 minutes on ice with FITC- or PEjogated goat anti-rat IgG, goat anti-
mouse IgG or goat anti-rabbit IgG as secondarybadti accordingly. Finally, cells were

washed twice in FACS buffer. Slides were dried #C3 mounted with fluorescent mounting
media and left overnight at 4°C. Slides were fyatudied under confocal microscope the

following day.

2.2.1.10 Immunohistochemistry

Paraffin-embedded multiple normal and tumour tissueroarrays were purchased from US
Biomax. Frozen melanoma and head & neck carcinassad sections were kindly provided
by Prof. D. Schadendorff (Germany) and Dr. R. BerfUSA), respectively. Prior to
immunohistochemistry, antigen retrieval was caroaton paraffin-embedded tissues. Briefly,
sections were de-waxed in xylene and re-hydrategraded ethanol (100%, 100% and 70%
(v/v)). Slides were consecutively rinse in tap waied in ddHO before being heated up in
0.01M citrate buffer pH 6.0 for 10 minutes in thecrawave in order to perform antigen
retrieval. Once again, slides were consecutivelyad in tap water and in dgBl. At this stage,
both frozen and paraffin-embedded tissues can godenmunohistochemistry. 0.03% (v/v)
H.0, diluted in 1X PBS was added to the tissue section® minutes before being washed
with PBS. Sections were then blocked for 10 minwé@h 10% (v/v) serum made from the
species of the secondary antibody. In the case ABH goat serum was used. Following
incubation, the serum was removed andpdtl of the primary antibody (adsorbed rabbit
anti-HAGE) was added for overnight incubation a€43lides were then washed in 1X PBS
and 1Qug/ml of the secondary antibody (biotin-conjugatezhtganti-rabbit 1gG) was added.
Slides were incubated for 30 minutes at RT and agghoroughly with 1X PBS. The ABC
reagent was laid onto the slides, left to reachw#condary antibodies for 30 minutes at RT
and washed off with PBS. The DAB reagent was adddtie sections in order to react with
the ABC reagent for 10 minutes at RT and washedwdfi ddH,O. Finally, frozen and
paraffin-embedded sections were counterstainedilis @nd Harris’ staining, respectively,
and fixed consecutively in graded ethanol (70%,220000% (v/v)) and in xylene. Slides were

mounted, air-dried and observed under the micrasc@iaining intensities were semi-
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quantitatively evaluated as positively stained agicq to the following categories: -, no
staining; 1+, weak but detectable; 2+: moderate,ji#ense. For each tissue, a histologic score
(H-score) value was derived by summing the pergentd cells that stained at each intensity
category and multiplying that by the weighted isign of the staining. In each slide, five
different areas were assessed under the microggdpemagnification) and the average score

was used.

2.2.2 Gene induction or silencing
2.2.2.1 DNA transfection

Lipofectamine 2000 was used to transfect cellslestreporation was found to result in very
high cell mortality. Transfection was done as pamufacturer’s instructions. Briefly, 6*10
cells in suspension or 5*{@dherent cells in 5@ of culture media were plated per well in a
24-well plate. 24 hours later, ug@ of expression plasmid DNA was diluted in 50mICyfti-
MEM medium for each well. At the same time, 2mllipbfectamine was diluted in 50ml of
Opti-MEM medium for each well. After 5 minutes aff RDNA and lipofectamine were
combined, gently mixed and incubated for 20 minateRT in order to allow the formation of
DNA-lipofectamine complexes. 1Q0of the required mixture was then added to eacthef
wells containing cells and medium. Wells were midxgdgently rocking the plate back and
forth. 24 hours later, medium in the wells was reaetband 1ml of fresh culture medium
containing 50lg/ml G418 or 50g/ml zeocin was added in its place. The selectitéimtic
was chosen in agreement with the mammalian resistgane expressed by the plasmid used
for transfection. Transiently-transfected cells evdren left to grow to confluency for 48 hours
for expression analysis by RT-PCR, FACS or immuwmm#scence. 48 hours after transfection,
stably-transfected cells were made by plating 1€l er well in 200l of selective medium
in a 96-well plate. Upon repeated splitting in 9éHwplates, cells growing in the selective
media were harvested and put back into culture 24-avell plate to bulk-up. Cells were then
left to grow to confluency after which time; thellsavere pooled and put into culture in T25

flasks for expression analysis by RT-PCR and stnadjquid nitrogen.

2.2.2.2 Small interfering RNA (siRNA) transfettio
SiRNA transfection was carried out using Interfdallowing manufacturer’s protocol. Briefly,
2*10* adherent cells in 5Q0 of culture media were plated in a 24-well plaBn the day of
transfection, ful of 40uM HAGE siRNA (sense: 5-AUUAGAGAGGAAGGUUUGA-3’; ait
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sense: 5-UCAAACCUUCCUCUCUAAU-3’) from Eurogenteca diluted in 100l of Opti-
MEM media and vortexed.pb of Interferin was then added and the mixture wasoughly
vortexed for 10 seconds before being incubatedl@minutes at RT. While incubating, the
medium was removed and replaced with l06f fresh media. 1@ of siRNA-Interferin
mixture was given to cells while rocking the plétgck and forth. After 6-hour incubation at
37°C, 5% CQ, 50Qul of fresh medium was added. 24 hours later, madithe wells was
removed and 1ml of fresh culture media was adddts iplace. Expression analysis was then
carried out by real time PCR and immunofluorescetacebserve HAGE silencing and its
effects were evaluated by performing proliferatessays using Trypan blue exclusion and
thymidine incorporation, and cell cycle analysisiggropidium iodide DNA staining.

2.2.2 Cloning of human HAGE and murine co-stimutaimolecules
2.2.3.1 Enzyme digestion

Plasmids or PCR amplicons were digested with tvetriction enzymes, in order to generate
the correct overhangs for ligation, depending am skquence of the cDNA cloned and the
restriction enzymes available in the multiple ctapisites of the original and the receiving
expression vectors. Briefly,u6 of DNA was mixed with [l of restriction enzyme-specific
buffer, Jul of 1X BSA and lul of each restriction enzyme for a total volumelQfil. Tubes
were incubated for 1-2 hours at the restrictionyems optimal temperature. A negative
control was included whereby the restriction enzymad been omitted from the reaction mix
and replaced with ddi. The restriction enzyme digestion products waentrun on a 1.4%

(w/v) agarose gel and visualised under UV light.

2.2.3.2 Band extraction of DNA

As described above, DNA was run on a 1.4% (w/vy@sm gel. Bands were visualised by
placing the gel on a UV transilluminator. The DNAioterest was then excised from the gel
and extracted using Geneflow DNA isolation kit émling the manufacturer’s protocol. Briefly,
the gel was dissolved in a solution of Nal atG%or 5 minutes. 3@ of glass powder was then
added to the re-suspended DNA and incubated fombites at RT with intermittent mixing.
Following incubation, the DNA, now bound to the ggpowder, was washed three times in
wash buffer. After the last wash, the DNA was démged at 14,000rpm and the supernatant
was discarded. The pellet was then re-suspenda@uinof ddH,O. DNA was eluted from the
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glass powder by incubation at 55°C for 5 minutdse DNA present in the supernatant was

finally harvested following centrifugation at 14@fm for 45 seconds.

2.2.3.3 DNA ligation
Ligation of HAGE, mB7.1, mB7.2 and m4.1BBL cDNA antheir new expression vectors was
done using T4 ligase as per the manufacturersucsbns. Briefly, 7l of the required
digested insert was added tal bf the double digested plasmid witpllof T4 buffer and ful
of T4 ligase for a total volume of D This mixture was then left overnight at 4°C ider to

complete the ligation process.

2.2.3.4 Transformation into XL1-Blue E.coli andking up

XL1-Blue is a competent strain &scherischia colused for routine nucleotide transformation
and cloning procedures. For transformation, a presly prepared aliquot of XL1-B was taken
and defrosted on ice. fiDof the ligation mix was added to the bacteria amaibated on ice
for 30 minutes. Following incubation, cells wereatishocked at 42°C for 3 minutes and
cooled on ice. 254 of LB media was then added and cells were incdbat 37°C in a shaker
for 1 hour. 15Ql of transformed cells were then plated onto LBrggates containing either
50ug/ml ampicillin or 3Qug/ml zeocin depending on the resistance gene esgueby the
plasmid used for transformation. Plates were lefttioe bench for 5 minutes to allow the
absorption of media before being inverted and piwd ia 37C incubator overnight. The
following morning 10 universals containing 3ml oBLbroth plus 5Qg/ml ampicillin or
30ug/ml zeocin were set up. Isolated colonies fromdbar plates were then picked using a

pipette tip and cells were placed in @3%&haker to grow overnight.

2.2.3.5 DNA isolation and sequencing
1.5 ml of each of the overnight cultures, prepamsdabove, was harvested and the bacteria
pelleted by centrifuging at 14,000rpm for 5 minutBellets were re-suspended in [ADOf
cold GTE and incubated for 5 minutes. Followingsthincubation, 200 of 1% (w/v)
SDS/0.2M NaOH was added and the pellets incubatedeofor 5 minutes. 130 of KOAc
was added, the samples vortexed and incubatedeofoiia further 5 minutes. Samples were
centrifuged as before and supernatants collect@@ul &f chloroform-isoamyl alcohol was
then added and the samples were vortexed thenifugett as before for 5 minutes. Upper

layers were collected and 1ml of absolute ethawdoled to each sample. These were then
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incubated at room temperature for 15 minutes. Sesnpkre centrifuged at 14,000 rpm for 15
minutes in order to pellet DNA. Supernatants weseatded and the DNA pellets washed with
500ul of 70% ethanol. Samples were centrifuged at 18¥®® for 5 minutes and the tubes
inverted onto tissue paper to dry out the DNA. Saspvere then air-dried for 30 minutes.
Finally the DNA was re-suspended inb®f ddH,O with lul RNase (final concentration of
20ug/ml). Sequencing by MWG Biotech was used to comBequences of the cloned cDNA.

2.2.4 Animals and immunisation
2.2.4.1 Animals

Mouse class | (H-2) knockout C57BL/6 HLA-A2.1 mi@ldHDII) and C57BL/6 HLA-A2.1/-
DR1 (HHDII-DR1) animals were received as a genewittsfrom Dr. F. Lemonnier (Institut
Pasteur, Paris). FVB/N-DR1 animals were received generous gift from Dr. M. Altmann
(MRC Clinical Sciences Center, London). Mouse clagbA ) knockout C57BL/6-DR4 mice
were purchased from Taconic, USA. HHDII, HHDII-DRAYB/N-DR1 or C57BL/6-DR4 F
mating positive animals were maintained inbred bsueing they have a commog &ncestor.
Colonies were bred at Nottingham Trent Universityraal house in accordance with the Home

Office Codes of Practice for the housing and céemnonals.

2.2.4.2 Peptides and peptide immunisation
HAGE protein sequence was screened for peptidedingro HLA-A2.1 using a web-based
algorithm (vww.syfpeithi.dg. Peptides (Table 2.4) were chosen based on biveding score,

synthesised (Alta Biosciences) and dissolved ind@MMSO to a working concentration of
10mg/ml and then stored at <€ Each HHDII mouse was immunised at the base etdh
with 100ul of a peptide/IFA emulsion containing L@Jof peptide and 140ug of helper
peptide (HepB) in 50% IFA. One round of immunisatiwas undertaken.

Table 2.4: HAGE-derived HLA-A2 peptides to test fytotoxicity

Peptide name Sequence HLA-A2 binding score
HAGE 103 IQEQPESL 24
HAGE 126 AVIDNFVKKL 24
HAGE 296 YLMPGFIHLV 30
HAGE 506 DLILGNISV 25
HAGE 507 LILGNISVE 17
HAGE 508 ILGNISVESL 28
HAGE 509 LGNISVESL 19
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HAGE 551 LDVHDVTHV 16

HAGE protein sequence was also screened for pephioheling to both HLA-DR1 and -DR4
using the same algorithm as before. Peptides (Tablewere chosen based on their binding
score, synthesised and re-suspended as described. &ach FVB/N-DR1 or C57BL/6-DR4
mouse was immunised at the base of the tail wibul0f a peptide/IFA emulsion containing
100pg of peptide in 50% IFA. Two rounds of immutima with the same peptide were

undertaken at 7-day intervals.

Table 2.5: HAGE-derived HLA-DR1 and —DR4 peptidesad in proliferation assays

Peptide name Sequence [lArDIR LD R
binding score binding score

HAGE 109 ESLVKIFGSKAMQTK 28 26
HAGE 195 KKNFYKESTATSAMS 26 28
HAGE 338 KYSYKGLRSVCVYGG 33 28
HAGE 505 SDLILGNISVESLHGD 22 20

HAGE 506-II DLILGNISVESLHGD 22 20
HAGE 545 DLASRGLDVHDVTHV 18 16

2.2.4.3 Plasmid, DNA bullets and DNA immunisation
Expression vectors encoding HAGE and/or murinetootdatory molecules were coated onto
1.0um gold microcarriers using manufacturer’s instraiesi. Briefly, 36ug of DNA was mixed
with 200ul of 0.05M spermidine containing 16.6mgguafid. After sonication, 200ul of 1M
CaCl were added dropwise to the mix whilst sonicating the mixture was incubated for 10
minutes at RT. The DNA-gold mixture was then wastigde times in anhydrous ethanol and
re-suspended in 2ml of 0.025mg/ml PVP. Whilst thbet was sonicating, the sample was
loaded into a dried Tefzel tubing and left to st&md30 minutes in a Tubing Prep Station. The
dry ethanol was gently removed using a syringeitepthe gold undisturbed. Nitrogen was
turned on and the tubing was left spinning for fimautes. Once totally dried, the tubing was
removed from the station and cut using a guillotDBA bullets were stored at 4°C until used
for immunisation. Each HHDII, HHDII-DR1, FVB/N-DRDbr C57BL/6-DR4 mouse was
immunised with one bullet containing human and/@use DNA using a Helios gene gun.
Three rounds of immunisation were undertaken aay idtervals. Naked DNA immunisation
was also used imn vivo challenge experiments. 10§ of DNA in serum free media per

HHDII/DR1 mice was administrated twice intra-musciy at 7-day interval.
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2.2.4.4 Dendritic cells, transfection and DC immsation
The preparation of dendritic cells used was adapted Inabaet al (1992). Briefly, mouse
hind limbs were harvested and bones were flushéd BM-DC media after removing muscles
and knuckles. Cells were washed, re-suspended im2BM-DC media and counted in 0.6%
(v/v) acetic acid and 0.1% (v/v) Trypan blue. Celisre plated out in 24-well plates at 1%10
cells per ml per well of BM-DC media containing Imd¢jof murine GM-CSF. After two days,
cells were harvested and re-plated in a 24-weteph 1.2*16 cells per ml of BM-DC media
containing 1ng/ml of mGM-CSF, and transfected with pSHAME2a/HAGE plasmid using
lipofectamine as described in section 2.1.1.1.
On the fourth day, 1pg/ml of LPS and 500ug/ml ofl&4vere added to induce complete
maturation and selection of positively-transfect8M-DC. On the fifth day, cells were
harvested, washed, re-suspended in serum free medieounted. Dendritic cell immunisation
was then induced by intra-dermal injection of 2*1®@lls in the right flank of HHDII and
HLA-DR4 transgenic mice.

2.2.4.5 Recombinant Semliki Forest Virus and BiiYunisation
(i) Generation of SFV virus
pSCAB, pSCAhelper and pSHAMEZ2a plasmids were kindly mtest by Dr. Rod Bremner
from the University of Toronto. For production offective viral particles, pSCAor
pSHAME?2a and pSCAhelper plasmids were co-transfleate293 cells at different molar
ratios. Calcium phosphate transfection combines Wi molar ratio of expression plasmid:
helper plasmid was used in all experiments. Calcpimasphate transfection was performed
using the ProFection mammalian transfection sysi@iowing manufacturer’s instructions.
Briefly, 293 cells were plated at 5*105 cells penl3er well in a 6-well plate a day before
transfection. On the day of transfection, cells evefashed once and media was replaced 3
hours before transfection. DNA and HBS solutionsengrepared in two separate 1.5ml tubes.
12ug of DNA was diluted in ddbO and 37l of 2M CaCl for a final volume of 30@l. This
DNA mixture was added to 3Dof 2X HBS solution in another tube with constanttexing.
The DNA-HBS-CaC] mix was incubated for 30 minutes and added t@éfls dropwise. After
incubating the plate for 16-18 hours af@75% CQ, medium was removed from transfected
cells. Cells were then washed once with PBS arghfreedium was added to the cells. After a
further 48-hour incubation, medium containing thseld cells and virus was harvested

following a freeze-thaw cycle and spun at 2,000fpm10 minutes at 4C. The supernatant

84



containing the virus was transferred into a fraghetand stored at -20 until use. Generated
viruses were inactive and prior to use, they wetvated by adding 1-2Dof total volume of

10mg/ml ofa-chymotrypsin to cleave the p62 glycoprotein int® &d E3 proteins. After 1-
hour incubation at RT, 10mg/ml of aprotinin was edido 1/1%' of total volume to stop the

protease activity.

(i) Viral titration

In order to calculate the virus titre, BHK-21 cellere infected with different volumes of
activated virus for 60 minutes at°&7. After incubation, cells were washed once wittSRid
incubated for 24 hours after addition of fresh raedio visualise cells infected by SPBégal,
X-gal assay was performed. Briefly, cells were vemshwice with PBS and fixed with
glutaraldehyde for 15 minutes at°87 Cells were washed twice with PBS followed by the
addition of 1ml per well of X-gal solution. Colowas allowed to develop overnight at RT and
blue cells were counted. Titre was calculated @kno consideration the number of infected
and uninfected cells as well as the surface areandll in 6-well plates.

For titration of SFV/HAGE virus, after infection 8HK-21 cells as above, infected cells were
visualised by immunohistochemistry. 24 hours aftéection, cells were fixed with -2C
methanol for 1 minute followed by the addition obuse anti-FLAG primary antibody.
Following 1-hour incubation at RT, cells were washeice and secondary HRP-conjugated
goat anti-mouse antibody was added. After furth@m@nute incubation at RT, cells were
washed and stained with DAB solution. Colour waevetéd to develop and dark brown

infected cells were counted to determine the titre.

2.2.4.6 In vivo challenge experiments
In prophylactic experiments, HHDII/DR1 mice wereattinge with 6*18 ALC/HAGE cells
one week after the last DNA immunisation. In thexapc experiments, HHDII/DR1 were
challenged first with 6*10 ALC/HAGE cells and then immunised three to sevaegsdlater
with DNA vaccines. Animals were monitored threedsra week for tumour development and
size, and were sacrificed when the tumour reachsize of 1crfi according to the Home

Office guidelines.

2.2.5 T cell preparation and cytotoxicity in mice
2.2.5.1 Preparation of LPS blasts
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Spleens were harvested from naive mice and celis fieshed out with T cell medium. LPS
blasts were set up in a T75 flask by culturing @*kpleen cells in T cell medium
supplemented with 1mg of LPS@ml of dextran sulphate and 4§Yml of Vitamin E. After
48 hours, cells from LPS blasts were harvestedhedse-suspended in 5ml of T cell medium
and irradiated with caesium for 8 minutes at thevehrsity of Nottingham. These LPS blasts
were washed again and pulsed with d§f@nl of the relevant or irrelevant peptide for Juhat
37°C. After washing, these cells were used iiorvitro re-stimulation of the splenocytes

harvested from immunised mice.

2.2.5.2 In vitro re-stimulation of murine splegtes with LPS blasts
One week after the last immunisation, spleens weargested from the immunised mice and
single cell suspensions were prepared in sterifelitons. Cells were counted, re-suspended
and set up in a T25 flask at 25®1€ells/5ml. Finally, 5*18irradiated and peptide-pulsed LPS
blasts per 5ml were added to the splenocytes teradial volume of 10ml in each T25 flask.

Supernatants were usually collected on day 3 avfdite re-stimulation for cytokine testing.

2.2.5.3 Chromium release cytotoxicity assay
On day 5 of then vitro re-stimulation, splenocytes were harvested, washieg in serum free
media, re-suspended in T cell media, counted aned uss effector cells. RMA/S-
A2 target cells were pulsed with d§fml of the relevant or irrelevant peptide a dapmpto the
cytotoxicity assay. On the day of the assay, RMAZLStarget cells were harvested, washed
and labelled with 1.85MBq of chromium-51. A stardldrhour chromium-release assay was
performed and the percentage specific cytotoxieitys determined using the following

equation:

(Experimental release — Spontaneous release)
Percentage of cytotoxicity=

(Maximum release — Spontaneous release)

2.2.6 BM-DC, T cell generation and proliferatisssay in mice
2.2.6.1 Murine BM-DC generation for proliferation
Bone marrow-derived dendritic cells were generatedescribed in section 2.2.4.4. Cells were

washed with fresh media every two days and on J&M-DC were re-plated at 5*f@ells
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per ml per well and pulsed with 10pg/ml of the jgpif interest for 4 hours. LPS was added
at 1pg/ml to induce complete maturation. The follayway, BM-DC were washed twice in T
cell media, re-suspended in 2ml and then pulsel ¥ing/ml of relevant or irrelevant peptide
for 4 hours at 3TC, 5% CQ. These cells were plated at 5 x* J&r well together with the

responder cells in a round bottom 96-well plate.

2.2.6.2 In vitro re-stimulation of murine splegtes with peptides
Spleens of immunised animals were harvested seaghafter the last immunisation and cells
were flushed out with T cell media. The cell susgpem was then washed, counted and plated
in 24-well plates at 2.5xf0cells per well in 1ml of T cell media containin@g/ml of the
relevant peptide. Splenocytes were cultured foagsdt 37C, 5% CQ prior to CD8+ T cell
depletion. On day 13, cells were used at 8xcHis per well as responders for the proliferation
assay. In parallel, splenocytes were also cultwét irrelevant peptide as a control for

specific cytokine release.

2.2.6.3 Murine CD8+ T cell depletion
On day 7, depletions were done using CD8-specifimalleads by following the
manufacturer’s instructions. Briefly, CD8+ T cedigached to the beads were depleted using a
magnet. The remaining cells were collected, coynteglated at 2.5*10per ml in T cell
media containing 20U/ml of murine IL-2 and inculzhfer another week at 3¢, 5% CQ.
Purity was assessed by FACS analysis and the ptepss were about 98% free of the

depleted T cell population (data not shown).

2.2.6.4 Proliferation assay for murine T cells

Responder T-cells were counted and plated at 5zalls per well in 96-well plates. Peptide-
pulsed syngeneic BM-DC were used as APC in allettieeriments. Responder cells were co-
cultured with BM-DC either pulsed with the relevgmptide, an irrelevant peptide or no
peptide in some experiments. Pulsed BM-DC were é&ddethe wells at a density of 510

cells per well. To ascertain the MHC restrictiontbé response, a MHC blocking antibody
(2mg/ml L243 anti HLA-DR) was added to the cultwéen possible. A matched isotype
control antibody was also used in these experimeBtch culture was performed in
quadruplicate for approximately 60 hours. Tritiathgmidine was added 18 hours prior to

harvesting at a final concentration of 0.037MBq/i@klls were harvested using a 96-well
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harvester onto a 96-well filter plate and 40ul oinsllation fluid was added to each of the

filter wells. Filters were counted for 1 minute pezll with a Top-Count scintillation counter.

2.2.6.5 Enzyme-linked immunosorbent assay (ELISA)
Splenocytes from the animals were prepared asnedtlin Sections 2.2.5.1 and 2.2.6.2.
Supernatants were collected into a 1.5ml tube &oéd at 4C until required. IFN and IL-5
ELISA were respectively carried out using mouse \FAhd IL-5 R&D ELISA kits by
following the manufacturer’s instructions. Brieflg, 96-well ELISA plate was coated with
10Qul of the diluted capture antibody, sealed and iateth overnight at RT. The plate was
washed with wash buffer three times and blottednagdissue paper. The plate was then
blocked by adding 3Q0 of block buffer to each well and left for incubmt for 1 hour at RT
before being washed as before. l08f samples or standards in reagent diluent wdded to
each well and the plate was incubated for 2 houRTa The washing step was repeated as
before. 10Ql of the detection antibody, diluted in reagentdiit, was added to each well and
the plate was incubated for 2 hours at RT. The imgsktep was repeated as described
previously. 10Ql of the working dilution of Streptavidin-HRP wadded to each well and the
plate was covered and incubated for 20 minutesTat The washing step was repeated as
before. 10Ql of the substrate solution was added to each avell the plate was incubated for
20 minutes at RT. 50 of stop solution was added to each well and theepvas gently tapped
to ensure thorough mixing. Optical density of ea@ll was determined at 450nm on a Tecan

96-well plate reader.
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Chapter 3: Validation of HAGE as a potential antigen for immunotherapy
3.1 Introduction
Since van der Bruggeet al. (1991) first discovered specific human tumour genis of the
MAGE family, numerous other TAA have been identfilmrming a large pool of potential
immunotherapeutic targets against cancer. Tumotigeanbased vaccination had different
degrees of success whether newly designed vacueiees administrated to mice or humans.
Indeed, antigen-specific vaccinations targeting MA®lelanA/MART-1, tyrosinase, gp100,
and HER2/neu were shown to be very successful ith lppophylactic and therapeutic
experiments in murine models (Goldbetgal, 2005; Prinset al, 2003; Lachmaet al, 2001)
but very elusive in human clinical trials (Rosergpetr al, 1998; Anichiniet al, 1999; Knutson
et al, 2001). One of the reasons for their failure maytlp be due to the choice of antigens
targeted. Indeed, these antigens might simply baklyammunogenic and the discovery of
strongly immunogenic tumour-related proteins sushthe cancer/testis antigen NY-ESO-1,
capable of inducing an immune response in more 808 of patients, is essential for the
future development of immunotherapy strategiesgdéigal, 2000).
Virally-induced cancers have been targeted withAkmwiral antigens, which are proving to be
successful in clinical trials, such is the cas&®6fE7 cancer vaccines against HPV in cervical
cancers (Adamst al, 2001). Viral antigens are highly immunogenic dmalre not been
previously encountered by the immune responsegfitver thwarting the problem of tolerance.
Furthermore, only infected normal and cancer atjsress these antigens, thereby preventing
the generation of an auto-immune response. Unfatélyy most human cancers are caused by
environmental and genetic factors. ldentificatidriuomour-specific unique non-viral antigens
would provide good targets for immunotherapy. Hogrethis approach cannot be applied to
patients with cancer as it is time-consuming angeesive. Therefore, shared tumour antigens,
which are not expressed in normal cells but expiess a variety of tumours, represent ideal
targets. That is why a major focus has been thdystd the so-called CT antigen family.
Cancer/testis genes are usually normally expressedme immunoprivileged normal tissues
including testis and placenta, exhibit highly tumdissue-restricted expression and were
shown to be immunogenic in cancer patients. In acbefor new potential tumour target
antigens, a CT antigen, first identified in a hursancoma and called HAGE, has been studied.
HAGE over-expression was reported in different sypé cancer €.g. breast, lung, prostate,
colon or skin) and at various frequencies (5%, 3228/, 31% or 17% respectively) (Scanlan
et al, 2004). It was also found in 50% of CML (Adaetsal, 2002).
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HAGE, also named DDX43, is a member of the DEAD-l@xily of ATP-dependent RNA
helicases and despite the description of more B@@nhmembers across species (Boeckmenn
al., 2003), consensus sequences characterising thily filiemain unchanged. Indeed, members
of this family are characterised by the presenceimé conserved motifs among which the Q-
motif, motifs I, Il (also called D-E-A-D box as @ngle letter code of Asp-Glu-Ala-Asp) and IV
bind and hydrolyse ATP molecules, while motifsia, IV and V are thought to interact with
the RNA substrate. These sequences form two disdimmains connected by a linker region
called SAT, which is thought to allow conformatibchanges of the helicase core to adapt to
its substrate (Caruthers and McKay, 2002)(Fig..RNA helicases are often described as the
driving forces behind RNA metabolism. They haveaas functions but because of their large
similarity, one can assume that the enzymatic ggtwill also be quite similar. Functions of
RNA helicases in RNA metabolism are still not clbat they seem to be involved in processes
such as transcription, pre-mRNA splicing, ribosori®genesis, cytoplasmic transport,
translation initiation/elongation, organelle gex@ression and RNA decay (Rocak and Linder,
2004). Because of the importance the interacti@tsden RNA and helicases seem to fulfill, it
is critical that the assembly occurs in an energgethdent manner to ensure appropriate
complexation and correct triggering of forthcomienggents. Furthermore, RNA helicases have
very low affinity for RNA in vitro suggesting that they probably need the help oéroth
ribonucleoprotein complexes in order to have optireazymatic activity and substrate
specificity (Silvermaret al, 2003). This low specificity towards RN vitro does not easily
render the identification of a specific role or andtioning mechanism for each of these
moleculesin vivo. It is now globally hypothesised that RNA helicasgrowse RNA in
bidirectional fashioni(e.. either 5’ to 3’, or 3’ to 5’) using the energyigad from the ATP
hydrolysis until they encounter ribonucleoproteiN/&R complexes. The helicase activity then
allows the dissociation of RNA from the ribonucleaigins to which they have high affinity
(Cordinet al, 2006). Consequently, it becomes legitimate tokifthat splicing, RNA export,
ribosome biogenesis and translation constitutedaal i“playground” for these enzymes. These
RNA helicases have already been suggested to phagj@r role in cancer development based
upon their deregulation of expression and/or timeiolvement in the regulation of molecules
associated with cancer. Indeed, DDX1 is an exaraplBNA helicases reported in different
tumours. DDX1 was shown to be regularly co-amplifigth the transcription factor MycN in
neuroblastoma and retinoblastoma (Améral, 1996; Godbout eal., 1998) leading the
authors to imply that transcription of some DEADxbgenes could be regulated through

interaction with members of the proto-oncogenic Namily.
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Figure 3.1: Conserved motifs of DEAD proteins andieir interactions with ATP.Nine
conserved motifs have been identified. The Q-rantifmotifs | and Il (also called DEAD maotif)
are required for the binding of ATP and its hydsiy Motif Ill seems to be involved in the
conformational changes required for helicase atfivirinally, the remaining motifs (la, Ib, IV
and V) might be involved in RNA binding, howevethir evidence are needed to confirm this
hypothesis (Taken from Rocak and Linder, 2004).
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DDX2 is over-expressed in melanoma and the inddoeeh-regulation of this gene resulted in
the inhibition of the proliferation (Eberlet al, 2002). DDX5 (p68), which showed 55%
homology with HAGE, is normally implicated in grdwtregulation by acting as a
transcriptional co-activator of estrogen-recepm(Wilson et al, 2004). It was also
demonstrated to be associated with the histone etidase 1 molecule, a well-known
transcriptional repression protein (Wilseh al, 2004). However, once phosphorylated at its
tyrosine residues, DDX5 stops exerting its normiakctions and was associated with abnormal
cell proliferation in colorectal carcinoma (Yaergal, 2005). Like HAGE, RCK gene encodes
a protein, named DDX6 or rck/p54 protein, belongimghis family of RNA helicases. Despite
DDX6 mRNA being ubiquitously found in all normaksues, the protein is not expressed in
normal lumbar and lung tissues. However, DDX6 wasstantly present at moderate levels in
neuroblastoma, glioblastoma, rhabdomyosarcoma ang tancer cell lines suggesting an
eventual role of DDX6 in the process of tumorogengskaoet al, 1995).

One can be critical of some of these studies asatheal translation of the mRNA into a
protein in tumour tissues has not always been dstraied. Indeed, mMRNA expression does
not always correlate with protein expression innmar (Rogelet al, 1985) and abnormal
tissues (Chemt al, 2002) emphasising the need to determine whetAér Juch as HAGE or
DDX1 are not only expressed at the message levallba at the protein level in those tissues.
In order to validate HAGE as a potential target immunotherapy, the first step was to
confirm that the HAGE gene was silent in normasuiss, except testis. Expression at the
MRNA level was quantified using real time PCR andtgn levels were compared with
MRNA levels using immunohistochemistry. The secatdp was to confirm previous
publications describing the actual over-expressibtHAGE in some cancer tissues. Cancer
samples, cancer tissues with patient-matched ndissales and cancer cell lines were used in
real time PCR, immunohistochemistry and immunofscence experiments. Furthermore,
RNA helicases seem to play a critical role in RNAetabolism but also in cancer cell
transformation and proliferation. The eventual iltggion of HAGE in tumorogenesis offers a
major advantage in targeting this product for imotherapy, namely that tumours may be
unable to escape an adoptive immune response bgrdgulating the target molecule. Hence,
a series of experiments relying mainly on immunoféscence, gene silencing and gene
induction were designed to determine the locabsatf HAGE inside the cell and give an

insight on HAGE function and its relationship withmorogenesis.
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3.2 Results

3.2.1 Expression of HAGE in human normal tissues
Although few studies have reported the pattern AGE expression in a wide array of tumour
types, a more complete study is required before HBAGn be considered a potential candidate
for immunotherapy. Therefore, the analysis of HA&#pression included a large number of
normal tissues as well as a larger cohort of tusairdifferent tissue origins. Moreover,
unlike previous studies describing HAGE expressabrthe mRNA level, a more thorough
analysis was undertaken combining the determinatibthe expression of HAGE at both
MRNA and protein levels. Normal tissue mMRNA wergécpased and conventional RT-PCR
analysis was carried out using primers originabbgatibed by Martelangst al. (2000) with the
RT-PCR conditions detailed in the Materials and et section. Briefly, 2y of RNA was
used to reverse transcribe and generate cDNA usingom primers from the samples and
semi-quantitative RT-PCR was performed for 32 cyicormalisation of the experiment was
carried out using 18S ribosome RNA. In contragbrevious reports (Martelangs al, 2000;
Adamset al, 2002), normal tissues such as brain, heart, kidineer, prostate, and peripheral
blood mononuclear cells (PBMC) all tested posifimethe expression of HAGE, although to a
much weaker extent than seen in testis (Fig. 3rR)addition, expression of the tumour-
suppressor gene p53 was found at equal level$ moahal tissues.
To enable the validation of this analysis, the me@ssitive technique of real time quantitative
RT-PCR (RT-Q-PCR) was performed. Primers for HAGEd gp53 were designed to
distinguish between genomic DNA and the cDNA tengdaso that no genomic DNA
amplification could occur and that the PCR amplgavould be under the 250bp limit as
suggested by Bustin (2000). Primers for HAGE, pa@ Bcr/Abl give a product size of 220bp,
184bp and 90bp, respectively. Similarlyig2 of RNA was used to reverse transcribe and
generate cDNA using random primers. Maximum volwas used for samples with very low
concentration of RNA. Real time PCR was performed 45 cycles and relative gene
expression was estimated by dividing the startingngity of the studied gene by that of
housekeeping genes. It is noteworthy that two difie housekeeping genes were used,
GAPDH and ribosomal 18S RNA as suggested by seyetalished studies (Bustin2000).
High values of 18S RNA were observed leading to lahative gene expression, whereas
GAPDH values were the most consistent and werefiwer used for the determination of

relative gene expressions in all future analyses.
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Figure 3.2: Expression of HAGE and p53 in human noral tissues by RT-PCRThis figure
represents the semi-quantitative analysis of exgiwesof HAGE and p53 in normal tissues and in
PBMC, using water and a HAGE-negative cell line TB8B-07) as negative controls, as well as a
HAGE-positive cell line (ESTDAB-27) and testis asifive controls. PCR products for 18S ribosome,
HAGE and p53 should be of 110, 432 and 184bp, ctisjady.
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As seen in Fig. 3.3, relative HAGE expression was/@d to be undetectable or extremely low
in all the normal tissues tested when compareddtist which value was arbitrarily set as one.
Importantly, relative HAGE expression was also fduo be undetectable in normal PBMC
from four healthy donors. In this experiment, p5SRMA was present in all the normal tissues
tested but at various levels. These RT-Q-PCR s in contradiction with the results
achieved by semi-quantitative RT-PCR and will becdssed later. However, and because of
its sensitivity, its specificity and the low leva§mRNA from tumour tissues obtained through
different collaborations, RT-Q-PCR was chosen a&stethod of choice for all subsequent
analyses of HAGE expression in tumour tissues anthe validation of this study.

To date, HAGE has only been described as a putatiotein due to the fact that this CT
antigen has only been detected at the message laseho commercial antibodies were
available at the time of the study, antisera wewalpced in rabbits against HAGE peptides
predicted to be antigenia silico (Dr. A. Knights, Tuebingen University). These s&are
controlled by Western-blotting on cell lysates gabted from a previously described HAGE
positive melanoma cell line and resulted in a bandhe developed membrane with a mass in
the region of 73kDa, the expected mass for the HABEe product. Bands of different sizes
also showed up and this unspecificity was largesolved by incubating the antisera overnight
with rabbit liver powder at 4°C while shaking. Upaentrifugation, supernatants were
harvested, tested and showed much improved spgciéithough further work is needed to
investigate as to the nature of the contaminatipreD gel analysis, tryptic digestion and
tandem mass spectrometry (Fig. 3.4). Once the tguatid the specificity were confirmed,
antisera were applied to normal tissue microarraysltiple tumour tissue microarrays and
tumour sections in immunohistochemistry stainingcedures, and to melanoma cell lines in
immunofluorescence protocols.

Multiple normal tissue microarrays were stained FAGE expression following antigen
retrieval, antiserum incubation and DAB stainingg.F3.5 demonstrates that whilst no
significant staining of normal tissues was obserffed. 3.5A-K); normal testis tissues showed
positive staining with the antiserum (Fig. 3.5Lhefefore, protein expression was shown to
correlate with mRNA levels observed earlier by RIRQR. Importantly, HAGE could not be
detected in the thymus by immunohistochemistry ssting that HAGE-specific T cells would

not be deleted by central tolerance mechanisms 8(g).
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Figure 3.3: Expression of HAGE and p53 in human normal tissubg RT-Q-PCRReal time
PCR analysis was carried out on 7 human normalb&ssand 4 PBMC samples from healthy
donors. The experiment was carried out once and da¢ expressed relative to the mRNA
level of normal testis, arbitrarily set as 1.
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Figure 3.4: Western-blot of human melanoma cell &8.30ug of protein was loaded in each
lane and Western-blot performed by probing withi-&RGE antibody, either neat (1 and 2)
or after adsorption with rabbit liver powder (4, &nd 6). (1) ESTDAB-27, (2) ESTDAB-07, (3)
Protein marker, (4) ESTDAB-27, (5) ESTDAB-07 ands@ondary antibody only.
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Figure 3.5: Immunohistochemistry staining for HAGE protein expssion in multiple
normal tissue microarrays. Immunohistochemistry staining demonstrates the vivo
expression of HAGE at the protein level in tedt)s but not in bladder (A), brain (B), larynx
(D), liver (E), lung (F), kidney (G), skin (I), tmus (J) or uterus (K). Some staining was
obtained in oesophagus (C) and in ovaries (H). ©foje magnification: x20.
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3.2.2 Expression of HAGE in human CML samples
Previously published studies have shown HAGE oweression in human CML samples
using conventional RT-PCR. In an attempt to confitrase results HAGE as a target for
immunotherapy, HAGE expression was also investijaieCML samples using RT-Q-PCR.
Two groups of ten patients with high and low BcrifAbl ratio were assessed (Fig 3.6A and B,
respectively). As seen in Fig. 3.6A, the relatixpression of HAGE is 10 to 180 times the one
observed in normal total blood cells (TBC) in 90%QGML samples with high Bcr/Abl:Abl
ratio. On the other hand, the relative expressfddAGE was only 5 to 20 times that observed
in TBC in 50% of CML samples with low Bcr/Abl:Abatio (Fig. 3.6B). It is also worth noting
that the relative expression of p53 was quite lowd eaonstant in all these samples while the
relative expressions of HAGE and Bcr/Abl were gatligrvery similar. However, HAGE
expression at the protein level remains to be coeftl in TBC of healthy and CML donors, as
MRNA and protein expression was shown to be disgurth some cases (Rogalal, 1985;
Chenet al, 2002). The eventual correlation between HAGE esgion and Bcr/Abl levels in
CML patients will be discussed further in the dission.

3.2.3 Expression of HAGE in solid tumour tissues

Other studies have not only focused on haematabgitalignancies but included solid
tumours. Indeed, HAGE expression has been demtedtta a lower proportion in brain,
colon, lung and prostate cancers, among otherstélageet al, 2000; Nagekt al, 2003). In
this study, mRNA from breast, colon, gastric, aedd & neck carcinoma were available with
MRNA from patient-matched normal tissues allowinigeat comparison of the levels of
expression in both tissue types. Real time PCRaoaased out and results were summarised in
Fig. 3.7. The overall relative expression of HAGEhigher in normal breast tissues than in
breast carcinoma. However, this might be largefluenced by the low number of samples
provided (n=10) as well as the very low and/or pgoality RNA in six of these samples in
which either the housekeeping gene and/or HAGEdcowot be detected. Individual patient
variation could only be compared in four samplethviavo of them (Bré and Br9) having a
dramatic increase in HAGE expression of more thanirhes the expression in normal breast
tissues (Fig. 3.7A). Increased number of breastpkssmnmight be required to conclusively

suggest HAGE over-expression in breast carcinoraa £ppendix 2).
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Figure 3.6: Expression of HAGE, p53 and Bcr/Abl in chronic myatl leukaemia.Real time
PCR analysis was carried out on 20 CML samples raothal total blood cells (TBC). In A:
10 CML samples from patients with high Bcr/Abl:Adlio and in B: 10 CML samples with
low Bcr/Abl:Abl ratio. The experiment was carriedt@nce and data are expressed relative to
the mRNA level of TBC, arbitrarily set as 1.
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Figure 3.7: Expression of HAGE in different carcinma and patient-matched normal tissues.
(1) Graph analysing tumour and normal tissues figatients. (2) Individual patient variation
of HAGE expression. Analyses were carried out ubirggast (A), colorectal (B), gastric (C)
and head & neck (HN) (D) carcinoma samples. Paitddent T tests were performed to
compare statistical differences between carcinomd patient-matched normal tissues. This

experiment was carried out once.




The relative expression of HAGE was not found tcstadistically different between colorectal
carcinoma and patient-matched normal colon tiss8esilarly to breast cancer tissues, this
might be due to the low number of samples availgbel0) and the fact that HAGE
expression could not be detected in some cancetsed, individual HAGE expression levels
showed an increase in two out of seven samplesQ@ahd Co0103), out of which patient
Co0103 had a clear increase (>10 times) (Fig. 3.lfB3restingly, these two patients’ colorectal
carcinoma did not show any differences with theepotpatients in term of cancer stage or
differentiation but in term of localisation as thaye mainly situated in both the rectum and the
sigmoid (See Appendix 2). However, more samples ldvdae required to link HAGE
expression with cancer localisation in patientshvablorectal carcinoma. Similarly, results in
gastric cancers and normal tissues did not showifsignt differences. However, a clear
increase of HAGE expression can was observed indwoof nine samples. Indeed, only
Ga418 and Ga440 respectively presented a doubfidgaatrebling of HAGE expression in
gastric cancer tissues (Fig. 3.7C). Unfortunat¢fAGE expression level could not be
correlated with cancer grade, differentiation faiulocalisation (See Appendix 2).

Finally, four head & neck carcinoma with patienttoieed normal tissues were also available
and results showed that average HAGE expressioninaisased in head & neck cancer
samples as compared to normal head & neck tissutedith not reach the level of statistical
significance. Moreover, HAGE expression in the gatimatched normal tissues was
multiplied by two to five folds in the cancer tigsuof patients HN28 and HN36 (Fig. 3.7D).
These results led us to further investigate theesgion of HAGE at the mRNA level in head
& neck carcinoma. Through collaboration with Dr.iRat Ferris (Pittsburgh University), we
were able to obtain a further ten patient cDNA slasyin order to confirm and extend these
results. Interestingly, 40% of these samples shoavddamatic increase of HAGE expression
in HNO03-1036, HN04-1649, HN05-1833 and HNO05-184gkes being 1.5, 14, 6.5 and 2
times the HAGE expression in testis, respectiveéig.(3.8). It is noteworthy to say that p53
was also over-expressed but to a lesser extent HAeBE in 40% of the samples tested.
Following these results, paraffin-embedded tisseetiens from these four patients plus one
negative control (HN05-1903) were obtained and imaistochemistry was carried out in
order to confirm not only the expression of HAGEF& message level but also at the protein
level. Positive staining was obtained in HNO4-164%N05-1833 and HN05-1842 with the
staining intensity correlating with the messagensity observed earlier. On the other hand,
both HNO03-1036 and the negative control HNO5-19@Bribt demonstrate any staining at all
(Fig. 3.9).
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Figure 3.8: Expression of HAGE and p53 in head & ole carcinoma.Real time PCR
analysis of 10 primary tumours from patients witkath & neck carcinoma, ESTDAB-07
(negative control), ESTDAB-27 and testis (positwatrols). The experiment was carried out
once and data are expressed relative to the mRMA & normal testis, arbitrarily set as 1.
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Figure 3.9: Immunohistochemistry staining for HAGEprotein expression in head & neck
carcinoma sectionsiImmunohistochemistry staining demonstrates theivo expression of
HAGE at the protein level in HNO4-1649, HNO5-183i8l &IN05-1842, but not in HNO3-1036
and HNO05-1903 section. No non-specific secondaaynisigp was obtained in all samples.
Objective magnification: x20.
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The lack of HAGE expression at the protein levaHid03-1036 could be explained by the fact
that this sample showed the lowest HAGE expresatdine message level or that not all the
MRNA was translated into protein. Further samples @inical data will therefore be needed
to confirm this hypothesis and investigate the linkny between cancer stage, differentiation
or localisation and HAGE expression.

Using an identical study process, ten tissues froelanoma patients were analysed. Total
RNA was extracted for subsequent RT-Q-PCR analgsid frozen tissue sections were
prepared using a cryostat when possible for immistethemistry staining. Relative HAGE
expression in these samples was compared withelaéve HAGE expression in a HAGE-
negative melanoma cell line (ESTDAB-07), HAGE-pivgitmelanoma cell line (ESTDAB-27)
and testis, which value was arbitrarily set as dnetwo of these samples (Mel781 and
Mel793), relative HAGE expression almost reached tiwes the one in testis and three times
the one in ESTDAB-27. Moreover, relative HAGE exgsien was also detected in three other
samples but to a lesser extent (Mel429, Mel488 Metb12)(Fig. 3.10). HAGE staining by
immunohistochemistry was performed on six of thesie samples and demonstrated positive
coloration in Mel429, Mel488 and Mel793. Samplest twere negative for HAGE expression
at the message level remained negative at theipieiel (Mel789, Mel791 and Mel816)(Fig.
3.11).

Finally, immunohistochemistry was performed on ipldt cancer microarrays in order to find
out whether HAGE is also expressed at the prosiallin other forms of cancers. Cancers that
have not been described earlier in the litteraturdhat are difficult to obtain were selected and
studied. Bladder, liver, lung, thymus, uterus aestis cancers all showed positive staining.
Interestingly and in correlation with earlier expagnts, upper jaw cancer, which is a form of
head & neck carcinoma, colon and skin cancers e positively stained. In contrast,
kidney and two other forms of head & neck carcindoteeek and larynx) did not indicate any
staining (Fig. 3.12). Expression differences weralwated and scored on an inverted
microscope using the H-score system representwglsleof staining intensity (See Section
2.2.1.10). H-scores of normal and abnormal tisasesvell as head & neck carcinoma and

melanoma samples were summarised in table 3.1.
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Figure 3.10: Expression of HAGE in melanomaReal time PCR analysis of 10 primary
tumours from patients with melanoma, ESTDAB-07 dtveg control), ESTDAB-27 and testis
(positive controls). The experiment was carried @ute and data are expressed relative to the
MRNA level of normal testis, arbitrarily set as 1.
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Figure 3.11: Immunohistochemistry staining for HAGEprotein expression in melanoma
sections.Immunohistochemistry staining demonstrates theva expression of HAGE at the
protein level in Mel429, Mel488 and Mel793, but moMel789, Mel791 and Mel816 samples.
No non-specific secondary staining was obtaineallisamples. Objective magnification: x20.
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Figure 3.12: Immunohistochemistry staining for HAGEprotein expression in multiple

cancer tissue microarraydmmunohistochemistry staining demonstrates thévim expression

of HAGE at the protein level in bladder tumour (89Jon tumour (C), liver tumour (F), lung
tumour (G), melanoma (H), thymus tumour (), upjaev tumour (J), uterus tumour (K) and
seminoma (L), but not in cheek tumour (B), kidneydur (D) or larynx tumour (E). Objective
magnification: x20.
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Table 3.1: Scoring of immunohistochemistry sections

Normal tissues Malignant tissues Head&neck carcinoma Melanoma
(Tissue/H-score) (Tissue/H-score) (Samples/H-score) (Samples/H-score)
Bladder / 0 Bladder / 150 HNO03-1036 /0 Mel429 /10
Brain /0 Cheek /0 HNO04-1649 / 210 Mel488/ 5
Larynx /0 Colon / 240 HNO05-1833 /100 Mel789 /0
Liver /O Kidney /0 HNO05-1842 / 160 Mel791/0
Lung/0 Larynx /0 HNO05-1903 /0 Mel793/ 20
Kidney /0 Liver / 150 Mel816 /0
Oesophagus /0 Lung / 150
Ovaries /0 Skin / 300
Skin/0 Thymus / 300
Thymus /0 Upper jaw / 50
Uterus /0 Uterus / 300
Testis / 300 Testis / 300

Thus, HAGE seems to be expressed at higher lewelsmour cells than in normal cells and it
is also noteworthy to mention that HAGE seems tddbghe majority located in the nucleus
according to the immunohistochemistry study carmeed here, although granular staining
inside the cytoplasm could also be observed whetioss were looked at higher magnification.
This suggests that HAGE could be exploited asgetdor immunotherapy where the immune
response would be predominantly directed againstotu cells with no serious risk of

autoimmune reactions.

3.2.4 Expression of HAGE in human cancer celldine
Taking advantage of the availability of a large twemof CML, melanoma and head & neck
carcinoma cell lines, analysis of HAGE expressiaswarried out using RT-Q-PCR. Seven
CML, five melanoma and four head & neck carcinoredl ines were grown under similar
culture conditions and total RNA was extracted. kpeverse transcription, real time PCR was
performed and showed interesting results. Indekd@ ML cell lines expressed HAGE at the
same level as normal total blood cells (Fig. 3.E8)wever, expression of HAGE in these cell
lines proved to be extremely low when compareestis (Data not shown).
This result is in correlation with a recent study Boman-Gomezt al, (2007), which
investigated the methylation status of the HAGEwoter in CML cell lines and CML patients
in chronic or blast crisis. HAGE promoter appeatede strongly hypermethylated in CML
cell lines in contrast with CML cells from patientashich would influence its mRNA

expression.
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Figure 3.13: Relative expression of HAGE in CML cell line®keal time PCR analysis of 7
CML cell lines. The experiment was carried out oand data are expressed relative to the
MRNA level of TBC, arbitrarily set as 1.
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Following this observation, K562 and Kyo-1 cellsrevéreated with a demethylating agent 5'-
aza-2’-deoxycytidine (AZAC), together or not witldaacetylase inhibitor called trichostatin A
(TSA) in order to determine whether HAGE repressiounld be reversed, at least at the mRNA
level. The demethylating agent increased considethle expression of HAGE in the CML
cell lines tested. Trichostatin A did not have agffects on its own but seemed to act
synergistically when co-incubated with AZAC leaditogan even more impressive increase of
HAGE expression (Fig. 3.14). Moreover, differentetween cells treated with AZAC and
TSA and cells treated with diluent only were stat@ly significant. It is also worth
mentionning that because of the nature of thesatnents, cells stopped proliferating as
demonstrated by tritiated thymidine incorporatibaia not shown).

High levels of HAGE mRNA expression was observedE®TDAB-17, -27, -34 and -95
although to a lower extent than in testis, whef®&3DAB-07 did not express HAGE at all.
Interestingly, HAGE mRNA could not be detected ingnof the head & neck cell lines tested
(BB30, BB49 and ILUS) or only at a very low levEENY) when compared with testis (Fig.
3.15). Again, the specific promoter methylationtissaof cancer/testis antigens such as HAGE
in solid tumour cell lines might be involved in gxpression or rather its lack of expression
and explain these results. These results might lsatb be careful when working with cell
lines as opposed to tumour tissues. This findinghei addressed further in the discussion.

As mentionned previously, the cancer/testis antig&GE had been described as a putative
protein and no studies have actually demonstrdtedranslation of HAGE mRNA into protein.
In order to determine the localisation pattern &GE inside the cells, HAGE-negative and
HAGE-positive melanoma cell lines were grown in @atirchamber slide, fixed, permeabilised
and observed by immunofluorescence after stainimgHAGE. Secondary antibody tagged
with fluorescein highlights the expression and lisasion of HAGE within the cells. High
levels of protein could be detected in ESTDAB-127,-34 and -95 (Fig. 3.16C, 3.16D, 3.16E
and 3.16F, respectively) but none in ESTDAB-07 (Bid6B) and none in the secondary alone
(Fig. 3.16A). HAGE was observed to be localisednityain the cytoplasm, at least in this
melanoma cell line, which again seems to be in sp@do the results obtained with fresh

tissues.

3.2.5 Role of HAGE
Little is known about HAGE function in the cell. Re in the control of the cell cycle or in the
RNA metabolism have been so far suggested and lhgpes have mainly relied on the study

of its protein structure and its conserved domains.
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Figure 3.14: Relative HAGE expression in CML celhks following demethylation and/or
inhibition of deacetylase.Real time PCR analysis showed that treatment with
demethylating agent AZAC (A) of CML cell lines e@ased dramatically the relative
expression of HAGE, and that this effect was systcglly enhanced when cells were also
treated with the deacetylase inhibitor TSA (T).sTkekperiment was carried out once in
triplicates (n=1). *** p<0.001 is the statistical itference between control cells and cells
treated with AZAC, and between cells treated wilAB and cells treated with both AZAC and
TSA determined by paired Student T test.
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Figure 3.15:Expression of HAGE in melanoma and head & neck caroma cell lines.Real
time PCR analysis of 5 melanoma cell lines (ESTDAB-17, -27, -34 and -95) and 4 head &
neck carcinoma cell lines (BB30, BB49, ILUS and $ENhe experiment was carried out
once and data are expressed relative to the mRMA & normal testis, arbitrarily set as 1.
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Figure 3.16: Immunofluorescence assay for HAGE pedh expression analysis and
localisation in melanoma cell linesImmunofluorescence was observed under confocal
microscope in HAGE-positive ESTDAB-17 (C), -27 B4, (E) and -95 (F) but not in HAGE-
negative ESTDAB-07 (B). No non-specific secondamybady staining was obtained (A).
Cytoplasmic HAGE protein localisation can be obsernObjective magnification: x40.
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In order to further investigate the eventual fumctiof HAGE inside the cells, a series of
experiments based on the use of siRNA to silenc&HAxpression or the use of plasmid
encoding HAGE to express HAGE have been designedfl\8 HAGE-positive ESTDAB-27
melanoma cells were grown in a 24-well plate. O8@% confluence was reached, cells were
transfected with either control sSiRNA or HAGE siRNAixed with the transfection reagent
Interferin. Total RNA was extracted after one, thend seven days in order to check HAGE
silencing at the message level by RT-Q-PCR. As seéig. 3.17A, two HAGE siRNA were
tested and both appeared equally efficient in sittpnHAGE as about 90% knockdown was
achieved after 24 hours. Moreover, HAGE expressias not affected by the control sSiRNA
or the treatment of the cells with the transfectieagent only. A time course was then carried
out in order to see the duration of the silencind a decrease to 60% and 50% knockdown
was observed after three and seven days, resdgdtivg. 3.17B). In the same period, cells in
culture were fixed, permeabilised, stained for éx@ression of HAGE and observed under
confocal microscope as described in section 312 @der to confirm HAGE silencing at the
protein level.

Twenty-four hours after HAGE siRNA transfection,llgestill showed fluorescent staining
under confocal microscope but this signal drambyickecreased to almost total disappearance
three days after HAGE siRNA transfection (Fig. £)L7This indicates that not only HAGE
MRNA knockdown after 24 hours was successfully iobth but also total HAGE protein
silencing after three days, offering a window opogunity to observe the effects of HAGE
silencing on the cells.

HAGE silencing was therefore repeated and cell imolgmyy was recorded under microscope.
The cells did not show any structural alterationd did not seem to go under either apoptosis
or necrosis. They remained adherent and only freliferation seemed to be changed (Data
not shown). Following these observations, a praiien assay relying on the incorporation of
tritiated thymidine was performed three and sevaysdollowing HAGE siRNA transfection.
Proliferations were then compared with cells tréangth the transfection reagent only and
with cells transfected with a control siRNA. Figl8 shows a statistically significant decrease
of the proliferation of cells transfected with HAGERNA when compared with cells
transfected with the control siRNA. This decreaseuored three days after transfection but not
after seven days. This is probably due to the redletfect of HAGE siRNA on HAGE mRNA

expression and the reinstallement of the normadyebon of HAGE proteins.
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Figure 3.17: HAGE silencing of a HAGE-positive mal@ama cell line.(A) Real time PCR
analysis showing the percentage of HAGE knockdalowiing transfection of a HAGE-
positive melanoma cell line with 2 different HAGENA. (B) Time course carried out by real
time PCR indicating HAGE silencing evolution agaitimme. RT-Q-PCR results shown are
representative of two independent experiments earrout in triplicates (n=2). (C)
Immunofluorescence assay demonstrating reduced HAGEeIn expression three days after
transfection, but not after 24 hours. Objective mfigation: x40.
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Figure 3.18: Proliferation assay following HAGE shcing. Reduced proliferation of HAGE-
positive melanoma cell line was observed upon HABHcing. This experiment was carried
out twice in triplicates (n=2). ** p<0.01 is the aistical difference between cells transfected
with a control siRNA and HAGE siRNA determined d&ygal Student T test.
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Moreover, siRNA transfection with or without the Ifneof cationic lipids such as the
transfection reagent Interferin used in this expent can potentially induce an interferon-
based response affecting the expression of bofjettayene and interferon-responsive genes,
and the interpretation of the results. Oligoadeieylynthase 1 (OAS1) and signal transduced
and activator of transcription 1 (STAT1) are tweenfieron-responsive genes, the expression of
which were shown to be altered upon siRNA trangiadiFishet al, 2004; Maet al, 2005). In
this experiment, both OAS1 and STAT1 showed noeoy \ittle changes in expression by real
time PCR (Data not shown). These results indidsdé the effects observed earlier with RNA
interference on HAGE-positive cells are not intesferelated or due to the transfectant but are
indeed caused by HAGE silencing.

Following on from these results, a reverse expeartmeas carried out whereby HAGE-
negative ESTDAB-07 melanoma cells were grown in &well plate and transiently
transfected with the pBudCE4.1 plasmid encoding HAC®DNA mixed with the transfection
reagent Lipofectamine 2000. Upon transfection, EABE7 cells expressed HAGE at a much
higher level than HAGE-positive ESTDAB-27 cellsdFB8.19A). Moreover, the lack of HAGE
expression was not affected by the treatment otétls with Lipofectamine 2000. In the same
way as described earlier, a time course was caougdthe results of which indicated that
HAGE mRNA was strongly present one and three daljewing transfection. On the other
hand, HAGE could barely be detected seven day®waolg transfection (Fig. 3.19B).
Immunofluorescence then confirmed the translatibA AGE mRNA into a protein two days
after transfecting ESTDAB-07 cells with no realféience in term of fluorescence intensity
when compared to control ESTDAB-27 cells (Fig. &);9the efficiency of HAGE cDNA
expression was therefore confirmed. The experimeag repeated and, non-transfected and
transfected ESTDAB-07 cells were this time labeligth tritiated thymidine to measure their
proliferation. Fig. 3.20 shows a statistically sfgrant increase of the proliferation of
ESTDAB-07 cells transfected with HAGE cDNA aftevea days. This result correlates with
the results obtained when HAGE was silenced sumggestat HAGE is not only expressed in
some tumour cells but also involved in the proétern of the latter. Martelangst al. (2000)
suggested an eventual function of HAGE in the adnbf the cell cycle and this would
correlate with the results described above. Pramdiodide was therefore used to stain cells
transfected with either control or HAGE siRNA inder to establish the consequences of
HAGE silencing on the cell cycle. Following staigifFACS was used for the analysis of the
cells. Interestingly, HAGE silencing did not affeaty of the phases composing the cell cycle

(Data not shown).
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Figure 3.19: HAGE transfection of a HAGE-negative @lanoma cell line(A) Real time PCR
analysis showing the percentage of HAGE over-espmasfollowing transfection of the
HAGE-negative ESTDAB-07 melanoma cell line. (B)eTamurse carried out by real time PCR
indicating HAGE over-expression evolution againshet RT-Q-PCR results shown are
representative of two independent experiments eadrrout in triplicates (n=2). (C)
Immunofluorescence assay demonstrating increase@BHprotein expression two days after
transfection of ESTDAB-07 cells with HAGE cDNA. &hye magnification: x40.
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Figure 3.20: Proliferation assay following HAGE tnasfection.Increased proliferation of the
HAGE-negative ESTDAB-07 melanoma cell line wasrobdeupon HAGE cDNA transfection.
This experiment was carried out twice in triplicatén=2). ** p<0.01 is the statistical

difference between non-transfected ESTDAB-07 andGHikansfected ESTDAB-07
determined by paired Student T test.
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3.3 Discussion

In this chapter, an attempt to validate the tunemseciated gene, HAGE, as a potential
antigen for cancer immunotherapy was described. BA@s initially identified by Martelange
et al, (2000) who applied the technique of cDNA subsioaicanalysis to identify novel genes
with tumour-specific expression. HAGE was discodeoa a wide range of tumour tissues at
levels at least 100-fold that of normal tissueghwine exception of testis where this gene was
shown to be highly expressed. Furthermore, theessgoon of this gene could be induced with
the demethylating agent AZAC, a classical featdreancer/testis genes (Scanktral, 2002).
Therefore, the authors defined this gene as beimgmber of the CT family and concluded
that based on their tumour-specific expressiony they represent potential targets for
immunotherapeutic vaccination of cancer. Howeverpievious reports, the expression of
HAGE was not studied in normal tissues. This infation is critical if one wants to use HAGE
as a target for immunotherapy. mRNA HAGE expressvas therefore first determined using
conventional semi-quantitative RT-PCR. Results sttbthat HAGE was expressed in normal
tissues such as brain, heart, liver or even PBMtbpagh to a much lesser extent when
compared with testis. HAGE expression was alsoctiedeat low levels in 66% and 80% of
AML and CML PBMC, respectively, suggesting an oegpression of HAGE in cancer tissues
(See Appendix 1).

Conventional PCR may be misleading because thealsigtensity is not directly proportional
to the amount of amplified DNA and optimised PCRhditions may result in increased
sensitivity. Indeed, a study by Naget al. (2003) into CT gene expression in benign and
malignant neoplasms of the salivary glands, deteldi®GE expression in 2/5 healthy salivary
gland tissues; a discrepancy from previous finditigg they also attributed to the use of a
more sensitive RT-PCR method. Thus, the questiotheflevel of HAGE expression in
healthy versus malignant tissues still remainedtaedefore was addressed through the use of
real time quantitative PCR. This technique did adetect HAGE expression in a wide array of
normal tissues or normal PBMC with the exceptiontesitis where HAGE expression was
found to be at least a 1,000-fold higher than wy mormal tissue tested.

Subsequent to studies by Martelargeal. (2000), Adamt al. (2002) analysed a large cohort
of myelogenous leukaemia by conventional RT-PChvtestigate the question as to whether
haematological malignancies express CT genes. @acted HAGE expression in 23% and
57% of the AML and CML samples tested, respectivigythis study, the expression of HAGE
was then assessed by real time PCR on 20 CML samRkal time PCR detected HAGE

levels from five to almost 180-fold higher thanniarmal total blood cells in 70% of samples
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tested, a proportion of HAGE-positive patients &ygsuperior to the one described by Adams
et al. (2002). Interestingly, these CML samples were cosed of two groups of 10 having
either low or high Bcr/Abl:Abl ratios respectivelyamely that samples with low Bcr/Abl:Abl
ratio relates to patients successfully respondm@réatment with Imatinib and reciprocally.
Real time PCR showed that Bcr/Abl:Abl ratio cortethwith HAGE expression with the latter
being between five to 20-fold higher than in TBC50% of samples with low Bcr/Abl:Abl
ratio, and 20 to 180-fold higher than in TBC in 9@¥%samples with high Bcr/Abl:Abl ratio.
These results suggest that HAGE is not only astmtiith advanced CML disease and poor
prognosis as shown in a recent study by Roman-Gahed. (2007) but is also possibly
involved in the pathogenesis of CML.

HAGE was previously shown to be over-expressedaimous solid tumours such as bladder,
brain, breast, colon, esophagus, liver, lung amd skncers (Martelanget al, 2000). In order
to validate HAGE as a target for therapy, we coméid the expression of HAGE in various
solid tumours obtained from patients and compated normal tissues whenever possible.
HAGE was found to be over-expressed in breastncaia gastric carcinoma with a tumour to
normal ratio superior to two, in 2 out of 4 breeatcers, in 2 out of 7 colorectal cancers and in
2 out of 9 gastric cancers. However, mean expresigeel analyses were not statistically
different for any of these three types of cancerindividual breast cancers, this result was
much higher than the previously published study Mgrtelange et al. (2000), where
approximately only 5% of breast cancers were shimnaver-express HAGE. This discrepancy
might be due to the low number of samples with gBOA quality but also to the sensitivity
of the real time PCR technique. With a larger numifeindividual colorectal cancers with
good quality RNA samples, the HAGE expression fesmy obtained (28%) correlated with
the previously published study (31%) by Martelaegal. (2000). Finally, the largest cohort of
individual cancers with patient-matched normaluéess was carried out in gastric tissues and
showed increased HAGE expression in only 22%. UWafately, there are no previous reports
of HAGE in gastric tissues. Further samples wowdddxjuired to really demonstrate an over-
expression of HAGE in gastric carcinoma. Althoudjhical data were available for all these
samples, no correlation between HAGE expression @mter stages or cancer invasion
involving lymph nodes could be drawn from theseiltss However, more relevant results were
obtained with head & neck carcinoma. Indeed, HAGErexpression was obtained in 75% of
individual head & neck cancers. Despite the lackcadnparison with previously published
studies and the small number of samples testedltsasere convincing enough to pursue this

analysis on a larger cohort. Ten further samplesevabtained and in spite of the lack of
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patient-matched normal tissues, the analysis wasedaout in comparison with testis. The
frequency of HAGE-positive individual head & necircinoma was reduced to about 40%
with a tumour to testis ratio superior to two. Sarly, 10 melanoma tissues became available
for HAGE expression analysis and the frequency &GH-positive individual melanoma
reached 50%. However, in these HAGE-positive metamcsamples, only two of them
demonstrated expression of HAGE of about two-folel éxpression in testis and three-fold the
expression in a HAGE-positive melanoma cell linkisTobservation reduced the frequency to
20%, a result in agreement with the previously shield study (17%) by Scanlanhal. (2004).
However, considering that the expression of teastiat least a 1000-fold higher than in any
normal tissue, it is legitimate to consider that GEA over-expression in head & neck
carcinoma and melanoma would achieve a larger numvthen compared to patient-matched
normal tissues, hence increasing considerablyrdmgiéncies obtained in this study.

The difficulty in the interpretation of the resutisongly depends on the referentials used in the
analysis. The use of normal testis as a tool ofparieon for solid tumours can be criticised as
it does not offer a correct representation of ttteia expression of a tumour-associated antigen
in a given normal tissue. Unfortunately, becausthefrarety of cancer samples from patients
and the difficult justification for harvesting bothalignant and healthy surrounding tissues, it
is often impossible to always rely on the provismhpatient-matched normal tissues for a
comprehensive and true analysis. Moreover, theceoaf RNA as well as the methodology
used for obtaining the tissue is also another ¢isdéeaspect to consider during analysis of
tumour antigens. Radical surgery was used to hleshe tissues tested in this study. It
results in a tissue consisting of different cefiedg and in a total RNA considerably diluted as a
consequence of the presence of heterogenous qallgtimns. A critical breakthrough came
from the development of laser capture microdiseactiLCM) allowing for the specific
isolation of foci of tumour cells from a heterogesdumour population. A brief laser pulse is
directed towards a specific area to specificallleeand isolate individual areas or cells.
Recently, two tumour-associated antigens, MTA1 di2d, were investigated in prostate
cancer samples resulting from radical prostatectaang LCM-isolated prostate tissues.
Expression analysis of these two antigens gaveifisigntly different results (Walton T.,
unpublished data; Milest al, 2007).

Knowing that the HAGE promoter, like any other camitestis gene promoter, is strongly
susceptible to the methylation status of its Cp@nigs (Scanlaret al, 2004), it became of
interest to determine whether tumour cell linesivileg from either haematological

malignancies or solid tumours do express HAGE anhdvlaat level. Seven CML, five
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melanoma and four head & neck carcinoma cell limege therefore evaluated. Unfortunately,
this experiment failed to demonstrate expressionH&GE in CML and head & neck
carcinoma cell lines and only melanoma cell linesenable to demonstrate HAGE expression
levels comparable to testis, although to a lowéerx Furthermore, treatment of some of these
CML cell lines with the DNA methyltransferase iniids AZAC confirmed this hypothesis
with a sudden raise of HAGE expression synergiyicanhanced when the deacetylase
inhibitor TSA was also added to the cells. Certzancer cell lines have an increased rate of
hypermethylation of certain CpG islands and lessbgl genomic hypomethylation, while
others are perfectly capable of retaining and mtasg the same epigenetic profile of the
original tumour cell type (Roman-Gometal, 2005), which would explain the discrepancies
between the different cell lines used in this ekpent. The latters are of interest as they can
provide a viable model fom vitro experiments but also a good tool of comparison for
expression analysis in clinical samples.

However, these data are all restricted to the tleteof HAGE on the message level and
discrepancies between RNA and protein levels anenwan finding due to factors such as the
varying stability of different mRNA molecules, tlegulatory process of translation, post-
translational modifications and proteasomal degraddRogelet al, 1985; Cheret al, 2002).
Therefore, to truly evaluate the expression of HAiGBormal and malignant tissues, analysis
on the protein level was required. Using a polyaloantiserum generated against HAGE
peptides predictedn silico to be antigenic and exposed on the surface of ptiogein,
immunohistochemistry and immunofluorescence wespeetively carried out on tumour
tissues and tumour cell lines to underline the twdga’3kDa HAGE protein. This should also
provide further details regarding the protein’s allular localisation. The antiserum allowed
the confirmation of the non-expression of HAGE la protein level in all the normal tissues
tested, except in testis where the intensity ofst@ing is quite high. It also allowed checking
whether there is a correlation between mMRNA exprasand protein expression whenever
tissues and RNA from the same tissues were botitablea Immunohistochemistry staining
was carried out on five head & neck carcinoma axdnglanoma tissue sections. Only three of
the four HAGE-positive head & neck carcinoma sexiand all four of the HAGE-positive
melanoma sections demonstrated positive stainiagp®s negative for HAGE expression by
real time PCR remained negative after stainingheirtrespective tumour sections. Moreover,
the intensity of HAGE staining was not proportional the intensity of the message level
obtained by real time PCR. Indeed, one head & wackinoma sample (HN04-1649) shows a

MRNA expression 14-fold higher than in normal westiowever, the intensity of the staining
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of this same tissue was much lower to the one ohabtestis probably suggesting that HAGE
might present a different protein turnover tissaetissue or that the translation of HAGE
MRNA into a protein is somehow strongly down-regediain certain tumour tissues. Evidence
obtained by the staining of a multitumour microgrsapported the second hypothesis as the
staining intensity in other forms of cancers ocawytin bladder, colon, liver, lung, thymus or
testis matches the intensity observed in norméisteSince the ultimate goal of this study was
to induce an immune response against the HAGE iprdteggh protein expression levels are
not necessarily a prerequesite for a CTL-mediatsdanse. P53-specific CTL were previously
shown to be able to recognise tumour cells exprgssnoderate or low levels of p53,
suggesting that the protein turnover is more imgarfor a CTL-mediated response than the
actual steady-state level of expression (Vierbadml, 2000). Therefore, protein expression
study should be followed by a degradation studyrder to find out the turnover of the protein.
The next major question that comes to mind is:HKAGE involved in the tumorogenesis
process and to what extent?” Immunohistochemisiny @nmunofluorescence showed that
HAGE protein can be found in both nuclear and dg®em with a characteristic granular
expression. Some RNA helicases are able to playleaim different processes of the RNA
metabolism in spite of taking place in very differeellular compartments (Charroex al,
1999; Charrowset al, 2000). In these studies, the DEAD-box putativeARMlicase Gemin3
was thought to be involved in the formation of thevival of the motor neuron complex,
which leads to spinal muscular atrophy if compradidt was found in both cytoplasm, gems
(i.e.. nuclear bodies) and nucleoli suggesting roleghm spliceosomal assembly of small
ribonucleoproteins with RNA, preribosomal RNA presieg and ribosome assembly. This
statement would explain the ubiquitous expressfddAGE inside the cells with HAGE being
expressed depending on the cellular needs or thdacestate at the moment of the tumour
section or tumour cell fixation.

Gene silencing mediated by small interference RBIRNA) has been extensively used in the
past few years for gene function studies. Two HASHENA were therefore designed and then
synthesised, and transfection of a HAGE-positivelam@ma cell line with siRNA was
optimised. Both siRNA led to a satisfactory knocktoof HAGE expression at the message
and at the protein levels one day and three dater @fansfection, respectively. Cell
morphology and cell cycle were not affected but pedpliferation was noticeably reduced.
Proliferation assays confirmed that observationitHeamore, real time PCR of OAS1 and
STATL1 confirmed that the reduced proliferation aked following HAGE silencing was not

interferon- or transfection reagent-related as lgghe expressions remained unaltered upon
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siRNA transfection. A HAGE-negative melanoma celelwas then transfected with HAGE
cDNA and the reverse reaction happened with inegkastiated thymidine incorporation and
therefore increased proliferation. Like DDX1 (Godbet al., 1998), DDX2 (Eberleet al,
2002) and DDX5 (Yanget al, 2005), evidence suggests that the DEAD-box RNAchase
HAGE is involved in tumour cell proliferation. lnugport of this hypothesis, Roman-Gonetz
al. (2007) showed that the hypomethylation status AGH promoter directly correlates with
HAGE expression and high levels of HAGE mRNA areagally linked with advanced CML
diseasei.e. CML patients in blast crisis, and poor clinicat@ame. Is HAGE at the origin of
poorly responding CML or at the receiving end @& genomic instability that reigns in patients
with high Bcr/Abl:Abl ratio? The evidence arguesaengt the second alternative as HAGE
expression was found in both groups of CML sampésted in this study although at a
different degree.

Proteins that are overexpressed in tumours or stuomour-specific expression as well as
having roles believed to be associated with tuminasisformation make attractive vaccination
targets for tumour immunotherapy, as this may pretiee tumour from down-regulating the
gene as a method of tumour escape. Although méreedestudies will be required to pinpoint
the exact function of HAGE, mRNA and protein stsdigere sufficient to safely consider

HAGE as an ideal antigen in several cancers.
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Chapter 4: Cloning of HAGE and murine co-stimulatory molecules
4.1 Introduction
Gene therapy can be defined as the introducti@ggne that has been cloned or manufactured
in a cell in order to treat a disease, be it inirgectious disease or in cancer. Gene-based
immunisation represents a convenient entity as widely applicable to the majority of the
population, without the requirement of identifyingturally processed peptides for different
MHC haplotypes. Theoretically, the transfer of agencoding a tumour antigen should allow
both the endogenous process and presentation ®fatitigen to T lymphocytes, and an
adjuvant effect coming from the vector itself thghuthe CpG sequences included in the
bacterial DNA. They can be very easily synthesigecclinical grade and at low costs.
Moreover, a large panel of routes of administragioan be used allowing the activation of both
innate and adaptive arms of the immune system éRkwlet al, 2004). Two gene-based
therapies can be characterised: naked DNA and/baeterial vectors. Furthermore, these
vectors can be directly used in immunisation praceslin vivo or to augment the
immunogenicity or the antigen-presenting abilitytefmour cells, APC and immune cefs
vivo.
Before considering the use of viral vectors, important to mention that naked DNA can have
a surprising efficiency when injectel vivo in some tissues such as muscles or subcutaneous
tissue. Indeed, the efficiency of gene transfauigerior to other non-viral vectors in the tissues
quoted earlier with long term protein expressiorted@ble up to two months after
immunisation, even though the entry mechanism &éddNA into the cell remains unknown
(Wolff et al, 1990). Plasmid vaccination consists of a bacterdved plasmid backbone
encoding the gene of interest. Plasmids used fonumsation are usually composed of an
expression cassette including a promoter and aagelyylation signal, an antigen encoding
gene sequence, an origin of replication and a setemarker for propagation of plasmids in
bacteria. With the help of molecular biology toa@sd the knowledge of human genome
sequences, it is now possible to virtually clong gene from the human genome. Furthermore,
many routes of administrations are available wébhehaving different properties or leading to
different immunological outcomes. Naked DNA immuatisn can take place intramuscularly,
intraperitoneally or intradermally where it is tlght to be taken up by resident APC either
directly after immunisation or following cross-piimy and the release of proteins from
transfected muscle cells having undergone apoptédglministration can also occur orally

through the mucosal route or be coupled with plysimethods of transfer such as
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electroporation (Rizzutet al, 1999) or gene gun allowing the subcutaneoustiojeof gold-
coated DNA particles (Yangt al, 1990). These techniques allow the local skin APC
(Langerhans cells) to be directly transfected. Mueg, the delivery of DNA doses as low as 1
Hg by gene gun were shown to generate potent immasponses, which is 100 to 1,000 less
DNA than any other modes of vaccination. Interegyinit seems that routes of administration
influence the polarisation of the immune respoiseigsaet al, 2000). Indeed, intra-muscular
or intra-dermal saline-DNA immunisation has beeporeged to generate a Thl response and
the production of IgG2a antibodies in mice, whem@#aneous gene gun immunisation tends to
lead to a Th2 response and IgG1l antibody productidrese results might largely be
influenced by the different populations of cellsegrating the DNA (Feltquatet al, 1997;
Torreset al, 1997) and have since been contradicted by melgpidences indicating CTL-
mediated anti-tumour protection following gene gunediated DNA immunisation in mice
(Bowne et al, 1999; Goldet al, 2003). Unfortunately, although clinical trials Viea
demonstrated that gene-based immunisation was leagdbinducing tumour-specific T
lymphocyte responses, these did not lead to arcigepositive clinical response (Tsaetal,
1995). One possible explanation is that most tunamirgens used in these trials are self
antigens and therefore the level of tolerance edsdbat of stimulation induced by these
methods.

By nature, viruses represent an excellent meannwbducing genetic material in a cell
mimicking natural viral infection and thereby gemi@rg more potent immune responses.
However, the possibility of progressive viral intiea, especially in immuno-compromised
patients, still raises a major concern. Nowadaysnfost of viral systems used, the target cell
is infected by a virus unable to replicate anddfae non-pathogenic. In practice, the virus is
rendered unable to replicate by removing repligagequences and substituting them with a
therapeutic gene cassette. Cell lines, which haen lgenetically altered or have the ability in
their genome to replicate the attenuated virus,ugesl to produce and expand the number of
viral copiesin vitro. Also, natural host restriction can prevent thdtiplication in human cells

of some viruses such as avipox virus derived vectiay et al, 2001). Finally, it is worth
mentionning that in order to have a prolonged ¢féecthe immune system, viruses must have
a very low intrinsic immunogenicity to avoid theieutralisation by circulating antibodies,
which would hinder their efficacy as therapeutictees. Seven major families have been so far
used in cancer immunotherapy: adenovirus (Gisd, 2007), adeno-associated virus (San
al., 2002), alphavirus (DiCiommo and Bremner, 1998ipax virus (Chakrabortgt al, 2007),
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herpes simplex virus (Alet al, 2000; Ali et al, 2002), retrovirus (Heemskest al, 1999;
Chan et al, 2005) and vaccinia virus (Chakrabomry al, 2007). These families present
different modes of functioning, different duratiohgene expression or different safety levels.
Depending on these characteristics summarisedie #a1, these viruses offer both advantages

and disadvantages.

Table 4.1: Characteristics of different viral veet®(Adapted from Bonnet et al., 2000)

Pre-existing Duration of

Vector Biology immunity in gene Safety
humans expression
Adenovirus Double- Yes Transient Good
stranded DNA
Adeno- Single-stranded Yes Transient Risk of insertional
associated virus DNA mutagenesis
Alphavirus RNA  viruses No Good Safe in animals, not
with replicon fully characterised in
humans
Avipox virus Double- Yes Transient Very good

stranded DNA
non —replicative
in  mammalian

cells
Herpes simplex Double- Yes Transient Neurovirulence,
virus stranded DNA insertional mutagenesis
Retrovirus Diploid RNA No Good Risk of insertional
strand mutagenesis
Vaccinia virus Double- Yes Transient Well documented safety

stranded DNA
replicative  in
mammalian cell

According to these characteristics, the alphavsuspresent an interesting option as there are
no signs of pre-existing immunity in humans andstravoiding an eventual humoral response,
which would immediately suppress the beneficiaée of the vaccination. Furthermore, the
gene transduced by the virus is readily expressewk anside the cells with so far no
documented risks of insertional mutagenesis, &t leaanimals. Sindbis virus, Venezuelan
equine encephalitis virus and Semliki forest vifBEV) are three commonly used alphaviruses
with proven delivery abilities. They are charaded by a single-stranded RNA genome of
about 12kb surrounded by an icosahedral capsi@iprehell. In this study, SFV was chosen as
a vector for the development of new vaccine strategSemliki forest virus’ single-stranded

RNA is enveloped by a nucleocapsid. The latteramposed of 240 copies of the capsid
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protein attached together. This shell is surrourttiedn extra lipid bilayer from the host cells
spiked with glycoproteins encoded by the E1, E2 BBdnucleotide sequences of the viral
genome. The two open reading frames of the SFV RNéode four non-structural proteins, as
well as capsid and envelope proteins, respectigdynliki forest viruses bind to different cell
surface receptors to infect cells and upon trartsalycthe production of SFV proteins comes
in place of the host cell protein synthesis (Lurmst, 2003).

With the help of genetic manipulation, the infentiefficiency, the applicability to a wide
range of hosts, the safety and the complexity ef slgstem were improved considerably.
Indeed, large amount of work has been carried ausleV to enhance its original features in
order to create a more efficient recombinant SFetarefor immunotherapy. In the original
SFV expression vector, structural protein codingiacles were substituted with the gene of
interest and following co-transfection of the gending RNA with a helper RNA encoding the
viral structural proteins, recombinant SFV parscleere produced (Liljestrom and Garoff,
1991). As a safety mechanism duriimgvitro transfection experiments ar vivo therapeutic
applications, the p62 structural protein codingaegvas also mutated rendering the generated
viruses inactive if not proteolytically treated it-chymotrypsin. However, the handling of a
RNA-based SFV expression system requires speaificdiions, which were overcome by
constructing a DNA-based system (DiCiommo and Brenmt998). The SP6 promoter was
replaced with a RNA polymerase ll-dependent cytam@grus enhancer/promoter to drive the
transcriptionin vivo. Helper and replicon plasmids with the above ottarestics were
engineered and further improved with the expansbrihe multiple cloning site and the
addition of FLAG and HIS10 epitope and affinity sagDiCiommo et al, 2004). Co-
transfection with both helper and replicon plasnalisws the generation of a large quantity of
recombinant SFV vectors, the transduction of adaxgriety of mammalian and non-
mammalian cells, the rapid production of high levef proteins, programmed cell death in
host cells and protection against tumour challengamour protection with recombinant SFV
vectors was achieved in several animal models ([@aegh al, 2000; Daemeret al, 2003;
Huckriedeet al, 2003; Niet al, 2004) and immune responses were also generatsuhianno-
tolerant mice indicating the ability of SFV to bketolerance (Riezebos-Brilmaat al, 2005)
This efficiency towards tumours can also be furér@nanced following encapsulation of SFV
particles into liposomes (Lundstrom and Boulika@3)3. Altogether, these facts led us to the

elaboration of new SFV-based strategies targefegically the HAGE antigen.
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In order to investigate application of plasmid DNAccination for generating immune
response to HAGE, this study describes the cortgtruof a plasmid expression vector
(pBudCE4.1) encoding HAGE. Also, naive T cells g poorly to antigen unless secondary
signals are provided by co-stimulatory moleculgsressed on the surface of APC. Expression
of co-stimulatory molecules offers several advaesags it allows the activation of pathogen-
specific T cells and minimises the risks of mougtam adaptive immune response against self
(Fig. 4.1). In most cases, these signals are celkll contact-dependent, although some
soluble factors have also demonstrated co-stimuyladbilities (Weaver and Unanyel990).
Over the years, B7.1 and B7.2 ligands and theirsomreceptor CD28 have emerged as
crucial molecules for T cell proliferation and ILs2cretion. Unfortunately, both molecules can
lead to opposite effects as they are also capdbbending CTLA-4 with greater affinity, a
receptor homologuous to CD28 but with inhibitorpperties (Chambers and Allison, 1997).
That is why several studies have looked at othesticoulatory molecules such as 4.1BBL,
which binds with high affinity to its receptor 4.BBLike B7 molecules, 4.1BBL is inducible
and found on APC. Upon binding to its receptor BBL allows activation and differentiation
of both CD4+ and CD8+ T cells (Vinay and Kwon, 1998terestingly, CD28 co-stimulatory
signalling can be potentiated by 4.1BB signallirtyitadoet al, 1995). In this study, murine
genes of these three co-stimulatory molecules (hB#WB7.2 and m4.1BBL) were each cloned
into pBudCE4.1/HAGE in order to obtain a singletee@ncoding simultaneously a TAA and
a co-stimulatory molecule and investigate the aotgation of the immune response. Finally,
HAGE was cloned into a SFV vector and viruses wggrerated. Following each cloning,

protein production by the various vectors generatasl confirmed.

4.2 Results

4.2.1 Cloning of HAGE into the mammalian expressiector pBudCE4.1
The making of a tumour model to target HAGE in HHDR1 double transgenic mice
requires the transfection with HAGE DNA of a muricencer cell line (ALC) already stably
transfected to express a HLA-A2 construct. Unfoatety, the HLA-A2 construct contains a
resistance cassette (neomycin), which is ident@ahe one proposed by the pcDNA3/HAGE
expression vector kindly provided by Prof. ThierBpon (Ludwig Institute, Brussels).
Therefore, there is a need to subclone the fulhapading sequence of HAGE from pcDNA3
into another expression vector, which has a differesistance mechanism in order to be able
to positively select HAGE-expressing ALC transfetsa HAGE cDNA was then cloned into

the mammalian expression vector pBudCE4.1 contgiaireocin selection marker.
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Positive co-stimulation

Positive co-stimulation / signal 2

Stimulation / signal 1
Negative co-stimulation

Negative co-stimulation

Negative co-stimulation

Positive co-stimulation / signal 2

Figure 4.1: Co-stimulation of the T cell responsét least two signals are required for
optimal T cell activation: antigen recognition pided by the formation of MHC-peptide-TCR
complexes and co-stimulation provided by the lmatf co-stimulatory molecules expressed
on the surface of APC to their receptors foundlmdurface of T cells. This T cell activation
can also be negatively regulated to induce T adikraince and limit the immune response
(Adapted fromwww.ebioscience.com/ebioscience/whatsnew/costimn.lidighlighted in red
are the two modes of positive co-stimulation ingased in this project.
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The pcDNA3/HAGE and pBudCE4.1 expression vectorsewlest double digested with
Hindlll and Xbal restriction enzymes and run onraga gel. Digested corresponding bands of
HAGE and pBudCE4.1 were gel extracted and ligatestroght at 4°C with T4 DNA ligase
enzyme, followed by plating on LB agar with zeoaimd selection of clones (Fig. 4.2). After
three attempts, clones were confirmed to containfGHAby restriction digestion. Indeed, a
band corresponding to 1,950bp could be detect&@ iout of 10 clones (Fig.4.3). This plasmid
was then used for stably transfecting ALC cellsvali as immunising transgenic mice with
HAGE DNA.

4.2.2 Cloning of murine co-stimulatory moleculegoi the mammalian expression
vector pBudCE4.1/HAGE
The pcDNA3.1/Zeo-B7.1, -B7.2 and -4.1BBL expressiectors were kindly provided by Dr.
Barbara Guinn (King’'s college). The pBudCE4.1 egpren vector contains two multiple
cloning sites allowing the association of a tumassociated antigen such as HAGE with a co-
stimulatory molecule for different vaccine stragsyi Murine B7.1, B7.2 and 4.1BBL were
therefore each cloned into pBudCE4.1/HAGE. Primarsluding restriction sites were
specifically designed to allow PCR amplificatiordacioning of each co-stimulatory molecule
into pBudCE4.1/HAGE. Primer sequences and respectimnealing temperatures were
summarised in table 4.2.

Table 4.2: Sequences of primers used for cloningnafirine co-stimulatory molecules into
pBudCE4.1/HAGE and their respective annealing temaieires

Primers for cloning and respective annealing temperature

B7.1F withKpnl site 5-TCTAGGTACCATGGCTTGCAATTGTCAG-3 66°C

B7.1R withBstBI site S-TCTATTCGAACTAAAGGAAGACGGTCTG-3’

B7.2F withKpnl site 5-TCTAGGTACCATGGACCCCAGATGC-3 67°C

B7.2RwithBstBI site S-TCTATTCGAATCACTCTGCATTTGGTTTTGC-3'
4.1BBLF withXhol site 5-TCTACTCGAGATGGACCAGCACACACTT-3 67°C

4.1BBLR withBglll site S-TCTAAGATCTTCATTCCCATGGGTTGTC-3
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Hindlll

pUCON  pomy Hindlll

HAGE bal

pBudCE4.1/

Hindlll
Pstl
Sall
Accl
Scal
Xbal
BamHI

pUC ori

PCmv

pBudCEA4.1

Figure 4.2: Diagrammatic representation of the cdnsction of the plasmid
pBudCE4.1/HAGE. The pcDNA3/HAGE and pBudCE4.1 vectors were firlgesded with
restriction enzymes Hindlll and Xbal. The digegpeoducts were purified by gel purification
and desired fragments were selected for ligatiofterAligation, the cDNA for HAGE was
inserted into the pBudCE4.1 plasmid.
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Figure 4.3: Agarose gel electrophoresis after doalaigestion of pBudCE4.1/HAGE clones.
After double digestion with Hindlll and Xbal, a lwhoorresponding to 1.9kb could be detected
in 10 out of 10 clones picked, indicating succdssloning of HAGE into the pBudCE4.1
mammalian expression vector.
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4.2.2.1 Cloning of mB7.1 into pBudCE4.1/HAGE
Full length murine B7.1 was first amplified fromPNA3.1/Zeo-B7.1 using RT-PCR for 32
cycles using a high fidelity Taq polymerase (Phasiéinnzymes). After amplification, PCR
amplicons and pBudCE4.1/HAGE were double digestétth BstBl and Kpnl restriction
enzymes. Restriction digests were run on an agayeksand a band corresponding to 921bp
(mB7.1) was clearly visible and was gel extractagkther with the band corresponding to the
linearised pBudCE4.1/HAGE plasmid. Upon overniggation at 4°C with T4 DNA ligase
enzyme, competent XL1-BlUe.coli were transformed and plated on LB agar with ze{€ig.
4.4). Clones were selected and screened for m@&thg by restriction digestion. As seen in
Fig. 4.5, band corresponding to 921bp could bectiedein 7 out of 10 clones picked and full
length mB7.1 was obtained with 100% identical segego published mB7.1 sequence in two

of them upon sequencing.

4.2.2.2 Cloning of mB7.2 into pBudCE4.1/HAGE
Full length murine B7.2 was first amplified fromPNA3.1/Ze0-B7.2 using RT-PCR for 32
cycles using a high fidelity Taq polymerase (Phasiéinnzymes). After amplification, PCR
amplicons and pBudCE4.1/HAGE were double digestéith BstBl and Kpnl restriction
enzymes. Restriction digests were run on an agayeksand a band corresponding to 930bp
(mB7.2) was clearly visible and was gel extractagkether with the band corresponding to the
linearised pBudCE4.1/HAGE plasmid. Upon overniggation at 4°C with T4 DNA ligase
enzyme, competent XL1-Blue.coli were transformed and plated on LB agar with ze{€ig.
4.6). Clones were selected and screened for m@he by restriction digestion. As seen in
Fig. 4.7, band corresponding to 930bp could bectistiein 9 out of 10 clones picked and full
length mB7.2 was obtained with 100% identical segedo published mB7.2 sequence in four

of them upon sequencing.

4.2.2.3 Cloning of m4.1BBL into pBudCE4.1/HAGE
Finally, full length murine 4.1BBL was first ampéfl from pcDNA3.1/Zeo-4.1BBL using RT-
PCR for 32 cycles using a high fidelity Tag polyass (Phusion, Finnzymes). After
amplification, PCR amplicons and pBudCE4.1/HAGE eveouble digested with Bglll and
Xhol restriction enzymes. Restriction digests weusm on an agarose gel and a band
corresponding to 930bp (m4.1BBL) was clearly visiahd was gel extracted together with the
band corresponding to the linearised pBudCE4.1/HAGEMId.
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Figure 4.4: Diagrammatic representation of the cdnsction of the plasmid
pBudCE4.1/HAGE/mB7.1The mB7.1 cDNA was first PCR up. The PCR ampliemasthe
pBudCE4.1/HAGE vector were digested with restriceozymes BstBI and Kpnl. The digested
products were purified by gel purification and dedi fragments were selected for ligation.
After ligation, the cDNA for mB7.1 was inserteittie pBudCE4.1/HAGE plasmid.

J
Y T - PSS — Y

1,000bp

900bp 921bp

Figure 4.5: Agarose gel electrophoresis after doeldigestion of pBudCE4.1/HAGE/mB7.1
clones.After double digestion with BstBI and Kpnl, a batwresponding to 921bp could be

detected in 7 out of 10 clones picked, indicatinggcessful cloning of mB7.1 into the
pBudCE4.1/HAGE mammalian expression vector.
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Figure 4.6: Diagrammatic representation of the cdnsction of the plasmid
pBudCE4.1/HAGE/mB7.2The mB7.2 cDNA was first PCR up. The PCR ampliemasthe
pBudCE4.1/HAGE vector were digested with restriceozymes BstBI and Kpnl. The digested
products were purified by gel purification and dedi fragments were selected for ligation.
After ligation, the cDNA for mB7.2 was insertecittie pBudCE4.1/HAGE plasmid.
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Figure 4.7: Agarose gel electrophoresis after doeligestion of pBudCE4.1/HAGE/mB7.2
clones.After double digestion with BstBl and Kpnl, a baimtresponding to 930bp could be

detected in 9 out of 10 clones picked, indicatinggcessful cloning of mB7.2 into the
pBudCE4.1/HAGE mammalian expression vector.
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Upon overnight ligation at 4°C with T4 DNA ligaseayme, competent XL1-BluE.coli were
transformed and plated on LB agar with zeocin (Big§). Clones were selected and screened
for murine 4.1BBL by restriction digestion. As sdaarFig. 4.9, band corresponding to 930bp
could be detected in 2 out of 10 clones picked fatidength m4.1BBL was obtained with

100% identical sequence to published m4.1BBL secpiénone of them upon sequencing.

4.2.2.4 Expression of cloned mB7.1, mB7.2 and nBL 1B the protein level

To confirm HAGE, mB7.1, mB7.2 and m4.1BBL proteixpeession by pBudCE4.1 vectors,
ESTDAB-07 cells were grown in a multi-chamber slided transfected with pBudCE4.1
encoding for both HAGE and mB7.1, mB7.2 or m4.1Biding lipofectamine 2000 reagent
and following manufacturer’s instructions (See #®ecf.2.2.1). Two days after transfection,
cells were fixed, permeabilised and stained for HEA&d either mB7.1, mB7.2 or m4.1BBL
expression for confocal analysis. Secondary anyibtalyged with fluorescein (FITC)

highlights the expression and localisation of HAGihin the cells. High level of HAGE

protein expression, mainly localised in the cytepla was achieved in about 90% of
transfected cells when ESTDAB-07 cells were trastsfé with any of the plasmids containing
HAGE. Primary antibodies conjugated with phycoenyti{PE) highlight the expression and
localisation of the murine co-stimulatory molecweighin the cells. Expression of murine co-
stimulatory molecules could be detected at diffetevels of intensity on the cell membrane of
about 20% of transfected cells. On the other haadher cells transiently transfected with the
empty plasmid nor cells incubated with FITC- and-deBjugated secondary antibodies

showed staining (Fig. 4.10).

4.2.3 Cloning of HAGE into pPSHAMEZ2a vector for Skiéneration
Plasmids for SFV generation were kindly provided Dy Rod Bremner (University of
Toronto). In order to generate SFV/HAGE viruses, GEA sequence had to be cloned into
pSHAMEZ2a vector. To subclone HAGE sequence fromN®B/HAGE expression vector,
pcDNA3/HAGE was double digested with BamHI and Nsstriction enzymes along with
pSHAMEZ2a vector. Digested pSHAME?2a vector and HAG&hd were gel extracted and
ligated overnight as described before (Fig. 4.Clgnes of vector from transfected XL1-Blue
bacteria were isolated and screened for insertfi¢thA6E cDNA by repeating the BamHI-Nsil
double digestion. As seen in Fig. 4.12, four clongh HAGE insertion were detected and

were further used for confirmation of protein protion after transfection.
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Figure 4.8: Diagrammatic representation of the cdnsction of the plasmid
pBudCE4.1/HAGE/m4.1BBL.The m4.1BBL cDNA was first PCR up. The PCR ammdiemd
the pBudCE4.1/HAGE vector were digested with resom enzymes Bglll and Xhol. The
digested products were purified by gel purificatiand desired fragments were selected for
ligation. After ligation, the cDNA for m4.1BBL wiaso the pBudCE4.1/HAGE plasmid.
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Figure 4.9: Agarose gel electrophoresis after doebtligestion of pBudCE4.1/HAGE/
m4.1BBL clonesAfter double digestion with Bglll and Xhol, a barmresponding to 930bp

could be detected in 2 out of 10 clones pickedcatohg successful cloning of m4.1BBL into
the pBudCE4.1/HAGE mammalian expression vector.
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Figure 4.10: Immunofluorescence assay for HAGE anmdurine co-stimulatory molecules
expression analysis and localisation in a melanoncall line. Immunofluorescence was
observed under a confocal microscope in ESTDAB-@Is dransiently transfected with
pBudCE4.1/HAGE (A), pBudCE4.1/HAGE/mB7.1 (B), pBE#IC/HAGE/mB7.2 (C) and
pBudCE4.1/HAGE/m4.1BBL (D). No non-specific stayjnwras obtained when transfected cells
were incubated with both FITC- and PE-conjugatedtyipe control antibodies only (1) or
when cells were transiently transfected with theptymplasmid and stained for protein
expression (2). HAGE protein expression is maintalised in the cytoplasm (green) while
murine co-stimulatory molecules are found on thenbrane (red)(3). It is worth mentioning
that staining of mB7.1 and m4.1BBL molecules wdl/eh to be repeated with increased
concentrations of primary antibodies and functighaonfocal microscope.
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Figure 4.11: Diagrammatic representation of the csinuction of the plasmid
pSHAME2a/HAGE. The pcDNA3/HAGE and pSHAMEZ2a vectors were firgested with
restriction enzymes BamHI and Nsil. The digestextipets were purified by gel purification
and desired fragments were selected for ligatiofterAligation, the cDNA for HAGE was
inserted into the pSHAME2a plasmid.
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Figure 4.12: Agarose gel electrophoresis after déaibdigestion of pSHAME2a/HAGE
clones.After double digestion with BamHI and Nsil, a barmfresponding to 1.9kb could be
detected in 4 out of 10 clones picked, indicatingcessful cloning of HAGE into the
pSHAME2a mammalian expression vector.
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To confirm protein production of HAGE protein by WSME2a/HAGE vector, murine bone
marrow-derived dendritic cells (BM-DC) were trarettel with the vector using Lipofectamine
2000 and protein production was tested 48 houw lafter staining for the FLAG tag.
Secondary antibody tagged with fluorescein highégthe expression and localisation of
HAGE within the cells. HAGE was found to be modtgalised in the nucleus as seen in Fig.
4.13 and expressed at the protein level in abogb © transfected BM-DC. This result
confirmed the ability of BM-DC to express HAGE &etprotein level upon transfection as
well as the validity of the utilisation of BM-DCansiently transfected to express HAGE in

immunisation procedures.

4.2.4 Generation of SFV viruses
Semliki Forest Virus generation requires co-tracisbe of the helper plasmid as well as the
replicon plasmid containing the gene of inter@sgél or HAGE). Factors, such as method of
transfection and molar ratios of the two plasmids @ffect the titre of virus generated.
Calcium phosphate precipitation (Promega) and mpotation were both available as
transfection methods. Using 293 cells, it appedhad transfection with calcium phosphate
offered the best virus yield (Data not shown). Viraation appeared to be slightly improved
when 1:2 and 1:3 molar ratios were used, althouglsignificant differences were observed.
However, a molar ratio of 1:3 generated the higkigstions (up to 1.7*191U/ml) and it was
decided to use this ratio for all future experinseffiig. 4.14).
Finally, to confirm HAGE protein production in cglinfected with SFV-HAGE, BHK-21 cells
were infected with 1*19D1U/ml of the activated virus for one hour and getien of FLAG-
tagged protein was visualised using immunohistodsteyn Briefly, anti-FLAG antibody and
HRP-conjugated anti-mouse secondary antibody wegaentially added to infected BHK-21
cells. DAB solution was then added to the cellshwiirown staining indicative of the
production of the protein. As seen in Fig. 4.15kdarown staining was achieved in infected
BHK-21 cells suggesting the production of the FL&gged HAGE protein whilst no or only
little background staining was observed in contells. Moreover, immunohistochemistry
revealed HAGE to be mostly localised in the nuclewkich agrees with earlier results
demonstrating by immunofluorescence the expreseibrHAGE in pSHAME2a/HAGE-
transfected BM-DC.
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Figure 4.13: Immunofluorescence assay for HAGE pem expression analysis and
localisation in bone marrow-derived dendritic cellsnmunofluorescence was observed under
a confocal microscope in BM-DC transiently transéec with pSHAME2a/HAGE (A).
pBudCE4. No non-specific or very limited stainingswobtained when cells were incubated
with no antibody (1) or with FITC-conjugated secandantibody only (2). HAGE protein
expression is mainly localised in the nucleus.
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Figure 4.14: X-gal assay on BHK-21 cells 48 hourftex infection with SFV/3-gal. The X-
gal assay demonstrates the infection of BHK-21sd®jl SF\/#-gal appearing in blue (B). No
non-specific staining was obtained in non-infeatelis (A).

Figure 4.15: Immunohistochemistry staining of BHK2cells 48 hours after infection with
SFV/HAGE. The immunohistochemistry demonstrates the infectb BHK-21 cells by
SFV/HAGE appearing in brown (B). Little non-spexisiecondary staining was obtained in
non-infected cells (A).
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4.3 Discussion

Nucleic acid vaccination presents numerous advastagmong which the variety of forms
such as plasmid or viral DNA depending on the t@djeapplication, the flexibility and the
specificity of generating immune responses agamskiple antigens and in certain cases
polarising that response, and finally the durabbthe effects with direct protein expressian
vivo for several months contrary to whole protein vaation often considered to be expensive,
time-consuming and short-lived as injected protaieslikely to be degraded in a few days.
Immune prevention and rejection responses have lgeserated with various modes of
vaccination such as peptide, DNA or virus. Idea#ifion of immunogenic and naturally
processed peptides from tumour antigens can beralatively quickvia the use of reverse
immunology and transgenic mice. However, it sélinains difficult in the case of self antigens.
Indeed, deletion or tolerisatiovia central and peripheral tolerance mechanisms sspgpse
most T cells specific for high affinity epitopesfin self antigens leaving several medium
affinity peptides to be identified, which is expems and time-consuming. DNA-based
vaccination with whole gene or only sequences alldws the overcoming of this situation.
DNA vaccines also present another advantage asatteegiot restricted to HLA haplotypes of
patients meaning that the whole population canabgeted. The efficiency of these vaccines
can also be further enhanced by associating antggres with various co-stimulatory
molecule or cytokine genes (Guienhal, 1999; Liuet al, 2004), by orientating the antigens to
a preferred processing pathway with specific sigmgjuences (Liet al, 2004; Stevensoat

al., 2004) or by adding a pathogen-derived sequenqgardeide critical CD4+ T cell help
(Buchanet al, 2005).

In this study, HAGE cDNA was cloned in a mammaliexpression vector in order to
investigate endogenous process of immunogenic HA&t#red peptides and xenogeneic
immunisation in a HAGE-positive tumour model. Upsuccessful assembly and construction
of the expression vector, it was critical to camfithat it performed accordingly im vitro
experiments before moving inia vivo studies. A HAGE-negative melanoma cell line was
therefore transiently transfected with the expmssiector using Lipofectamine 2000. HAGE
expression at the mRNA level was confirmed by RPCQR (data not shown). However,
MRNA level of a gene does not always correlate wghprotein expression. Transfection of
the same cell line was then repeated and protgiresgion of HAGE was determined after two
days by immunofluorescence. High level of HAGE egsion was observed in transfected
cells compared to control cells transfected with édmpty plasmid or stained with secondary

antibody only. The expression vector used for cigrAGE is characterised by two multiple
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cloning sites with two independent promoters, tfugee enabling the cloning of another
antigen, a cytokine or a co-stimulatory moleculeonder to enhance the efficiency of the
elaborated vaccine. In this study, the murine cotdatory molecules mB7.1, mB7.2 and
m4.1BBL were selected and cloned into the remairiieg multiple cloning site. Following
sequencing and confirmation that sequences clonete viit00% identical to published
sequences, expression of these co-stimulatory mieleat the protein level was studied by
immunofluorescence using PE-conjugated primary badies 48 hours after cellular
transfection. Expression of mB7.1, mB7.2 and m4.1BBas observed on the surface of
transfected cells compared to cells stained withc®ugated isotype control antibody only,
or cells transfected with the empty plasmid andnhseth for the expression of the murine co-
stimulatory molecules. Altogether, these data cordd that expression vectors encoding
HAGE only or together with a murine co-stimulatoanglecule could be used in a xenogeneic
tumour model.

Furthermore, tumour vaccines based on naked DNA daol not always lead to beneficial
effects depending on the immunogenicity of the ganti used. The immune system often
requires a stronger signal and this could be pexlioly viral or bacterial vectors allowing not
only the activation of both arms of the immune sgstnd the infection of different cell types,
but also the breakage of tolerance whenever argigéh low immunogenic potential such as
self antigens are used in tumour vaccination proeed Viral and bacterial vectors have been
extensively used fdn vitro modification of cells o vivo immunotherapeutic experiments in
animals and humans. Adenovirus and poxvirus haen 3@ far the most widely used viral
vectors but like other viral and bacterial vectdhgy present a certain number of limitations.
Among them, there is always the risk of generatieglication-competent vectoiia vivo,
which could be detrimental for cancer patients wittmuno-suppressed organisms. Several
studies have described the utilisation of alphadsu such as Semliki Forest virus in
immunotherapeutic strategies. Indeed, SFV offersedain level of safety in vaccination
approaches as their production requires the cafeation of both helper and replicon
plasmids, as well as an activation brought by dhehymotrypsin-dependent cleavage of the
p62 structural protein (DiCiommet al, 2004).

As an alternate to naked DNA immunisation, HAGE @&Mas then cloned in the SFV
replicon vector in order to investigate the pot@ntf SFV-based vaccines to target HAGE-
expressing tumour cells. Upon successful assemmaycanstruction of the expression vector

pSHAME2a/HAGE, transient transfection of murine BMG and immunofluorescence
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analysis confirmed the expression of HAGE at thetgn level, a result critical before
performingin vivo studies. Also, the generation of recombinant SkuUses strongly depends
on various parameters such as the method of ti@isieor the molar ratio of the two required
plasmids. The co-transfection pfgal reporter plasmid with the helper plasmid akoweasy
optimisation of virus production and titration. $tly, the efficiency of two transfection
techniques (calcium phosphate precipitation andtreporation) was compared. Higher viral
titres were reached when calcium phosphate pratipmit was used to transfect 293 cells.
Indeed, this method was proved to be the cheapdgha most reliable, which is in correlation
with previous publications (DiCiommo and Bremned98) and earlier experiments carried out
in our laboratory comparing the calcium phosphatthod with Lipofectamine 2000 and
GeneJuice (Assudani D., unpublished data). Theneadiifferent molar ratios of helper to
replicon plasmids were trialled in order to deterenithe optimum mixture capable of
generating the highest viral titre. Although difaces were not significant, results showed that
a molar ratio of 1:3 was slightly better and usedvirus generation. Such a ratio ensures that
all the cells transfected with the replicon plasmidl also be transfected with the helper
plasmid being in higher concentration. All thesevrgarameters were considered and applied
to the production of recombinant SFV/HAGE virusepon activation, BHK-21 cells were
infected and high levels of HAGE expression wereded by immunohistochemistry staining
indicating both viral activity and efficacy.

In conclusion, expression vectors for HAGE alonea@mbined with a murine co-stimulatory
molecule, as well as the SFV vector for HAGE werastructed and their capacity to produce
proteinsin vitro were confirmed using transfection experiments. v, the efficiency of
developed DNA and viral vectors to generate an imemesponse and prevent or reject tumour

cellsin vivorequires further investigation.

145



Chapter 5: Epitope identification from HAGE
5.1 Introduction
Since the discovery of the first human tumour-aisdéed antigen and CTL epitope derived
from this TAA, several differents strategies haeem used for the identification of MHC class
I and class Il epitopes. They can now be groupedwim major categories termed direct

immunology and reverse immunology.

(i) Direct immunology: The first category can be sub-grouped into a geweta biochemical

approach for the discovery of TAA-derived epitopasleed, cell lines expressing the relevant
MHC molecules and transfected with DNA or cDNA &bes from tumour cells can be created
and then tested by measuring thevitro reactivity of tumour-infiltrating lymphocytes. Uxgj
this technique, MAGE-1 was the first TAA to be itiGad by T. Boon and colleagues (van der
Bruggenet al, 1991). The same group applied this techniqudeatify the BAGE and GAGE
antigens. Adapting this methad vivo, the group of S. Rosenberg identified several rothe
tumour antigens such as MART-1, gpl00 and tyrosing&wakamiet al, 1994). Later
improvement of this technique based on the utibsabf truncated regions of MAGE-1 DNA
allowed the identification of the first CTL peptidi@rget (Traversamt al, 1992). Since then,
several CTL and T helper targets contained withesé TAA have been identified using this
technique (Haldeet al, 1997, Smithet al, 2001). However, the improvement with more
efficient expression libraries to discover relevapitopes does not compensate for the
difficulties encountered in generating CD4+ andZ@8+ T cell clones from TIL and the time
spent in completing these experiments. That is melsgarchers have looked into a more direct
approach using the biochemical properties of MHGecules. Three major techniques were
developed. The first one extracted total cellulgptples with a very acidic solution to provoke
total cell lysis. Unfortunately, only a fraction dfe extracted peptides were actually class I-
related (Fallet al, 1990). The second technique developed is highgific and relies on the
purification of MHC class | complexes from cell &es using class | allele-specific
monoclonal antibodies. This method has to date lkenmost commonly applied for the
identification of MHC class | epitopes, althought maly surface bound MHC class |:peptide
complexes were isolated but also those traffickmogn the endosomal pathway as well as
those still contained within the ER (Nikolic-Zugand Carbone, 1991). The third and last
biochemical approach relies on the brief expostikeable cells to a low pH buffer.€.: citrate

phosphate buffer at pH 3.3). Acid stripping ex@oihe property of the non-covalent link
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between the&1l domain of the MHC class | heavy chain g&dmicroglobulin and that low pH
can weaken and destabilise MHC: peptide complestsrKuset al, 1991). These MHC
peptides, also referred to as “HLA peptidome”, ¢hen be separated by means of reverse
phase chromatography and sequenced using tandens s@&Ectrometric techniques.
Interestingly, this approach was improved by traashg tumour cell lines with a truncated
version of the MHC genes and resulting in the gemreof soluble MHC:peptide complexes
easily purifiable and analysable (Barretaal, 2002). This technique has been applied to the
identification of MHC class | peptides from botHtawed tumour cell lines (Ramakrisheaall,
2003) and primary tumour material (Flatlal, 1998) and several tumour-associated peptides
have since been discovered (Clagk al, 2001; Bonneret al, 2002). There are several
advantages in using a biochemical approach ashigithand low-to-moderate affinity peptides
can be isolated and sequenced. Also, this is theaumrent method revealing eventual post-
translational modifications carried by MHC epitomesh as phosphorylation (Zarlireg al,
2000), deamidation (Skippet al, 1996) and glycosylation (Hauruet al, 1999). Moreover, a
recent study described a new form of post-tramsiati modifications that could also be
detected by these approaches, resulting from therggon of peptide-splice variants from
short MHC-restricted peptides comprised of two gontiguous sections of the same protein
within the proteasome, although the frequency @ ffhenomenon remains to be defined
(Hanadaet al, 2004; Vigneroret al, 2004). With these methods, a large amount ofigept
needs to be isolated from tumour cell lines antliorour masses for analysis and sequencing,
but the constant development of mass spectromathnblogy and the improvement in term of
sensitivity of the equipments diminishes the imance of this limiting factor and increases the
capacity to identify low number of tumour-specifijeptides among thousands of irrelevant
normal peptides. Mild acid elution has so far l&deeen used for the identification of MHC
class | peptides but proved inefficient for thentigcation of MHC class Il peptides as MHC
class Il molecules remain stable at this mild pi aan only be eluted at much lower pH,
which is generally detrimental to the cells (D. Bapersonal communication). Interestingly,
this direct approach can be used in combinatioih weverse immunology. Indeed, potential
epitopes from CEA and p53 have been identifiecdbithg prediction of an epitope, calibration
of the analysis apparatus with the synthetic pepta assist in its identification and finally,
detection of the suspected epitope in the actuabtw samples (Schirlet al, 2000). However,

identification of peptides bound to MHC molecules the surface of tumour cells does not
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guarantee their immunogenicity (Rojeisal, 2005) and therefore, requires furthewivo and

in vitro analyses.

(i) Reverse immunology:Reverse immunology, on the other hand, starts feorknown

sequence and attempts to predict potential CTL twelper epitopes using a combination of
known MHC binding motifs and the sequence of thiggan of interest. Tumour antigen amino
acid sequences can be analysedailico by computer-based algorithms to predict antigenic
determinants from tumour antigens that could befuliséor immunotherapy. These
determinants are predicted by the presence or ebseinkey anchor residues in positions
known to favour interactions with the MHC bindingpgve of interest. For example, positions
2 and 9 are the key anchor motifs for HLA-A0201 dndding would be enabled by the
presence of aliphatic amino acids such as leucsadgucine, valine or methionine at these
positions. However, these algorithms tend to havelévels of accuracy as other positions are
not taken into account and the presence of a langebulky amino acid in the middle of
sequence between positions 2 and 9 might actuatérfere with the binding. That is why
models considering the whole amino acid sequenaes been developed. These algorithms or
“motif matrices” attribute negative or positive uak to each amino acid depending on the
MHC binding cleft it will interact with. BIMAS Www.bimas.cit.nih.goy and SYFPEITHI
(www.syfpeithi.d¢ are the two most commonly used of these progrants can calculate

binding affinity to various MHC haplotypes of peg#s derived from a given tumour antigen
with greater accuracy. The major drawback of thesealgorithms remains the lack of natural
processing prediction and later versions are ndawngaproteasomal cleavage prediction into
account enhancing considerably the likelihood ehitfying a “true” CTL or T helper epitope.
However, proteasomal cleavage prediction and bgqdffinity determination do not guarantee
the immunogenicity of a given peptide (Rogtsal, 2005). So, depending on their scores,
peptides are synthesised and screened for theiuimogenicity, their natural processing and
their presentation in the context of MHC moleculedothin vivo andin vitro experiments
with human PBMC and transgenic mouse models, réspgc

Several MHC class | and class Il peptides fromawsiTAA such as gp100, MAGE, MART-1
or p53 have been so far described based on thisagp(Touloukiaret al, 2000; Zarouet al,
2000; Bar-Hainet al, 2004; Roja%t al, 2005). The combination of transgenic mouse models
expressing single human MHC molecules or doublgsdand class Il HLA molecules with or
without knockout murine MHC molecules, with revensgnunology brings several advantages

as it shortens considerably time and resourceswallpre-clinical investigations to the
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applicability of predicted peptides for vaccinatiggrograms, in addition to peptide
immunogenicity and natural processing that arergeted in vitro in highly controlled and
artificial settings aftem vivo challenge with peptides and genes, respectivelg.dlso worth
mentionning that several class | and class Il pegtihave been shown to be processed
identically in transgenic mouse models and in husm@ieobaldet al, 1995; Theobalét al,
1997; Rojat al, 2005), although not all peptides are necessprdgessed in a same manner
(Streetet al, 2002). The only major drawback of this technigsighe availability of mice
transgenic for the HLA molecules with the highestjiencies such as HLA-A0201, -DR0101
and —DRO0401. Interestingly, one further methodeeelon the power of artificial neural
networks, a self-trained system capable of detengipeptides with immunological interest
with very high accuracy. Indeed, peptides predidiedbe immunogenic were detected in
melanoma patients and found to be able to potentatpeptide-specific CTL response
(Bredenbecket al, 2005), the only disadvantage being the large amotidata required to
train the system. Moreover, none of these peptidee predicted to be HLA ligands by more
common algorithms suggesting that several low-talenate affinity but immunodominant
peptides could be neglected by more convention#haas of reverse immunology.

Reverse immunology in conjunction with the userahsgenic mice was considered the most
appropriate for the purpose of this study. In otdenvestigate the immunogenicity of HAGE,
peptides predicted to be immunogenic by web-bakgdithms were synthesised and tested in
HHDII (HLA-A0201) mice for their ability to generatCTL responses in a MHC class | model,
and in HLA-DR0101 and HLA-DRO0401 mice for their eafty to generate T helper responses
in a MHC class Il model. Following evaluation okthimmunogenicity, peptides were further
analysed for their natural processing using HAGEIADmmunisation andn vitro peptide re-

stimulation.
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5.2 Results

5.2.1 Identification of HLA-A0201 restricted pegis from HAGE using HHDII
transgenic mice

5.2.1.1 Immunogenicity of peptides predicted froAGHE sequence for HLA-A2

In order to ascertain the immunogenicity of peigesdicted from HAGE sequence for HLA-
A0201, HHDII transgenic mice were immunised oncthvtiOQug of the MHC class | peptides
in 1:1 emulsion with IFA as described by Rogtsal. (2005). Murine MHC class |l peptide
derived from hepatitis B was used as a helper gegdtr each immunisation. Seven days after
immunisation, splenocytes were harvested and meudiedin vitro with LPS blasts pulsed
with relevant peptide for five days. On day 6, tn@nunogenicity of the peptides was
determined by measuring the capacity of T cellsegaied against these peptides to Kill
peptide-pulsed target cells in a standard four-lfobwomium release assay. In this experiment,
RMAS/A2 cells, pulsed with either relevant or igednt peptide, were used as targets to
determine the specificity of the response. Reslhitaved that after one round of immunisation,
a peptide-specific cytotoxic response was achiewgll four out of eight peptides tested.
Peptide-specific killing of pulsed RMAS/A2 cells svaletected for peptides HAGE 103,
HAGE 126, HAGE 296 and HAGE 506-1 with cytotoxicspmnses ranging from 20% to up to
80% with the highest effector to target ratio. Mmail lysis of RMAS/A2 cells pulsed with
irrelevant peptides was observed confirming theifipgy of the immune response (Fig. 5.1).
Furthermore, the lysis was completely blocked byAHA2 antibody indicating that T cells
generated were killing in a HLA-A2-restricted maniipata not shown). These results were
later confirmed by conducting syngeneic peptidespdl DC immunisation. Briefly, HHDII
transgenic mice were immunised intra-dermally wihl0®° BM-DC generatedin vitro
according to the method of Inaba and colleague82)1&nd loaded with 4@ of the MHC
class | peptides as described by Rejaal. (2005). Seven days after immunisation, splenocytes
were harvested and prepared as described earASRA2 cells were pulsed with either
relevant or irrelevant peptide and used as targeta cytotoxicity assay. Peptide-specific
killing of pulsed RMAS/A2 cells was also detectent peptides HAGE 103, HAGE 126,
HAGE 296 and HAGE 506-I with similar cytotoxicitgvels to peptide immunisation, whilst
leading to minimal lysis of target cells pulsedwiirelevant peptides (Fig. 5.2).
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Figure 5.1: Cytotoxicity assay using T cells gented from HHDII transgenic mice
immunised with HAGE-derived class | peptidedlice were immunised with HAGE 103 (A:
IQEQPESL), HAGE 126 (B: AVIDNFVKKL), HAGE 296 (¥LMPGFIHLV) and HAGE
506-1 (D: DLILGNISV) peptides and cytotoxicity agsavere carried out after in vitro re-
stimulation of immunised cells with these peptideswith an irrelevant one. *p<0.05,
**p<0.01, **p<0.001 are the statistical differensebetween HAGE-derived class | peptides
and Irrelevant determined by unpaired Student Tries/b with “a” being the number of mice
responding to the peptide immunisation and usaepoesent these graphs, and “b” being the
total number of mice immunised.
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Figure 5.2: Cytotoxicity assay using T cells gentsd from HHDII transgenic mice
immunised with DC pulsed with HAGE-derived claspéptides.Mice were immunised with
DC pulsed with HAGE 103 (A: IQEQPESL), HAGE 126 A®IDNFVKKL), HAGE 296 (C:
YLMPGFIHLV) and HAGE 506-I (D: DLILGNISV) peptideand cytotoxicity assays were
carried out after in vitro re-stimulation of immweid cells with these peptides or with an
irrelevant one. **p<0.01, ***p<0.001 are the statical differences between HAGE-derived
class | peptides and Irrelevant determined by urgzhiStudent T test. n=a/b with “a” being
the number of mice responding to the peptide imsatioin and used to represent these graphs,
and “b” being the total number of mice immunised.
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Moreover, supernatants from tire vitro re-stimulation culture were harvested on day 3 and
day 5 to measure IFNproduction by ELISA. Peptides HAGE 103, HAGE 1261aHAGE
506-1 allowed significant levels of peptide-specifFNy secretion on day 5 of the culture.
Peptide HAGE 296, which was found to be the moshumogenic peptide with up to 80%
killing of target cells in 80% of the mice immuniseseemed to induce significant levels of
peptide-specific IFMsecretion in both day 3 and day 5 of the experinfEigt. 5.3). On the
other hand, T cells could not be generated agpeides HAGE 507, HAGE 508, HAGE 509
and HAGE 551 and hence, were defined as non-imnemo@nd no further experiments were
carried out with these peptides (Data not showr@suRs of the immunisation of HHDII

transgenic mice with HAGE-derived MHC class | pdpt were summarised in table 5.1.

Table 5.1: Immunogenic HAGE-derived MHC class | peges.

: . Cytotoxicity IFNYy secretion
Peptides Immunogenicity (p<0.05) (g<0.05)
HAGE 103 Yes 8/10 2/3
HAGE 126 Yes 5/9 1/2
HAGE 296 Yes 718 4/4
HAGE 506-I Yes a/7 1/2
HAGE 507 No 0/3 Not done
HAGE 508 No 0/6 Not done
HAGE 509 No 0/3 Not done
HAGE 551 No 0/3 Not done

5.2.1.2 Determination of natural processing ofriamogenic class | peptides
In order to confirm if any of the four identifiedhmunogenic class | peptides detailed in the
table above were endogenously processed by thegzmne and naturally presented at the cell
surface by HLA-A0201 molecules, two methods of inmisation were selected. They rely on
the injection of gold-coated HAGE-encoding plasiidA by gene gun or syngeneic BM-DC
preparedex vivoand transfected to express HAGE in HHDII transgenice. In order to
validate the gene gun strategy, p53 cDNA was usedpositive control to check the quality of
DNA bullets, gene gun immunisation aimdvitro experiments. This control consisted of three
rounds of gene gun immunisation at seven-day iatemf a p53-encoding plasmid aindvitro
re-stimulation with peptides p53 149 (Theobatdal, 1995; Chikamatset al, 1999), which

was previously reported to be naturally endogernopisicessed.
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Figure 5.3: IFN ysecretion analysis by ELISA following in vitro retimulation with HAGE-
derived class | peptide€ytokine analysis was carried out on supernataatyésted on day 3

and 5 of the in vitro re-stimulation with HAGE 1@3:

IIQEQPESL), HAGE 126 (B:

AVIDNFVKKL), HAGE 296 (C: YLMPGFIHLV) and HAGE 5D€>: DLILGNISV) peptides.
*p<0.05, **p<0.01, **p<0.001 are the statistical fferences between HAGE-derived class |

peptides and Irrelevant determined by unpaired &uidl test. n=a/b with “a”

being the

number of mice responding to the peptide immurmisatind used to represent these graphs,
and “b” being the total number of mice tested.
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At the same time, another group of HHDII transgenice received three rounds of gene gun
immunisation at seven-day intervals of a HAGE-emwgdplasmid. Splenocytes were
harvested and re-stimulateéal vitro with irradiated LPS blasts pulsed with any of toar
immunogenic HAGE-derived class | peptides. Follgyvithe five-day period oin vitro re-
stimulation, T cells generated against these pegptidere evaluated in a cytotoxicity assay
against target cells pulsed with the p53 149 pegdtid mice immunised with the p53-encoding
plasmid or immunogenic HAGE-derived class | peg#itte mice immunised with the HAGE-
encoding plasmid. As predicted, peptide p53 14§géred a peptide-specific cytotoxic
response in every HHDII transgenic mouse testeld wptto 80% of peptide-pulsed target cells
killed, whereas no killing of irrelevant targets svabserved. This result allowed not only to
rule out any faults in the procedure, but also ¢mficm the production and the natural
processing of the p53 protein as well as the ptaten of peptide p53 14 vivo to prime
specific T cells, which were then expandadvitro with the use of LPS blasts. Contrary to
peptide p53 149, none of the four immunogenic HAd&Eved class | peptides led to
statistically significant cytotoxicities, suggegfithat none of these peptides were naturally
processed by the proteasome and presented toslvizeHHLA-A0201 molecules (Fig. 5.4A).
Other strategies were also used to confirm thes#ings by evaluating the ability of T cells
generated against these peptides to specifically HLA-A0201-positive/HAGE-positive
tumour cell line such as K562-A2 and similar reswitere unfortunately obtained (Data not
shown). Interestingly, significantly different résuwere obtained when HHDII transgenic
mice were immunised with one round of syngeneic Bll{ransfected to express the HAGE
protein. Indeed, cytotoxic responses reaching alm0%o of total cell lysis were achieved in
five out of eight mice tested when splenocytes werstimulatedn vitro with peptide HAGE
126. None of the other immunogenic HAGE-derivedslapeptides led to significant killing
of peptide-pulsed target cells (Fig. 5.4B). As atoal experiment, HHDII transgenic mice
received one round of syngeneic BM-DC transfectétl an empty plasmid and splenocytes
were re-stimulatedn vitro with peptide HAGE 126. No cytotoxic response wekieved in
both mice tested indicating that CD8+ T cell resgmmobserved earlier were actually due to
the immunisation with syngeneic BM-DC expressingGtAand not thén vitro re-stimulation
(Data not shown). Moreover, supernatants from ithevitro re-stimulation culture were

harvested on day 2 and day 5 to measurey ipfidduction by ELISA.
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Figure 5.4: Cytotoxicity assay and IFMsecretion using T cells generated from HHDII
transgenic mice immunised with HAGE DNAMice were either immunised with gold-coated
pcDNA3/HAGE plasmid (A) or with syngeneic BM-DC ngi@ntly transfected with
pcDNA3/HAGE (B). Cytotoxicity assays were carriagt after in vitro re-stimulation of
immunised cells with immunogenic HAGE-derived clgssptides. Cytokine analysis (C) was
carried out on supernatants harvested on day 3&n#ithe in vitro re-stimulation with HAGE
103 (A: IQEQPESL), HAGE 126 (B: AVIDNFVKKL), HA@96 (C: YLMPGFIHLV) and
HAGE 506-1 (D: DLILGNISV) peptides. ***p<0.001 arthe statistical differences between
HAGE-derived class | peptides and Irrelevant detead by unpaired Student T test. n=a/b
with “a” being the number of mice responding to tpeptide immunisation and used to
represent these graphs, and “b” being the total i@mof mice tested.

Only peptide HAGE 126 allowed significant levelspEptide-specific IFM secretion on both

day 2 and day 5 of the culture (Fig. 5.4C). Thessults were later confirmed when HHDII
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mice were immunised with one round of syngeneic B®-pulsed with a HAGE-positive
K562 cell lysate, anadh vitro re-stimulation with HAGE 126 decamer. Indeed, mhpspecific
cytotoxic response of 25% was achieved in one btwo mice (Data not shown). Altogether,
these results indicate that peptide HAGE 126 isuna#ly processed by the proteasome,
presented at the cell surface by HLA-A0201 molesidteT cells and capable of eliciting both

cytotoxic and IFN-based responses, at least in mice.

5.2.2 Identification of HLA-DR restricted peptidésm HAGE using HLA-DR0101

and HLA-DRO0401 transgenic mice

5.2.2.1 Immunogenicity of peptides predicted froAGHE sequence for HLA-DR1
and HLA-DR4
In order to ascertain the immunogenicity of peigesdicted from HAGE sequence for HLA-
DR0101 and HLA-DR0401, FVB/N-DR1 and C57BL/6-DR4rtsgenic mice were immunised
twice at a seven-day interval with 38 of the MHC class Il peptides in 1:1 emulsion with
IFA as described in methods section. Seven dags ¢ last immunisation, splenocytes were
harvested and re-stimulatedvitro with the peptides for 6 days. Upon CD8+ T cell eé¢ph,
these cells were then co-cultured with peptidegulilsyngeneic BM-DC in order to detect
peptide-specific proliferation using tritiated thighme incorporation assay. None of the six
HAGE-derived class Il peptides were able to triggeptide-specific CD4+ T cell proliferation
(Data not shown). However, when splenocytes fromimised animals were cultured for one
week in presence of the peptide and then restedrfother week in presence of murine IL-2
after depletion of CD8+ T cells, peptides HAGE 1B&GE 198, HAGE 338 and HAGE 506-
Il were able to induce peptide-specific CD4+ T gelbliferation in both HLA-DR1 (Fig. 5.5)
and HLA-DR4 (Fig. 5.6) transgenic mice. Moreoveeppde-specific proliferations to these
four peptides were blocked by the addition in thtuce of an anti-DR blocking antibody
(L243) but not by the isotype control antibody, @&strating the MHC class Il restriction of
the responses observed. Supernatants fronm thigro re-stimulation culture were harvested on
day 3 and day 5 to measure Nrahd IL-5 production by ELISA.
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Figure 5.5: Proliferation results of HAGE-derived MC class Il peptides in HLA-DR1
transgenic mice.Mice were immunised with 108 of peptide in 1:1 dilution with IFA and
boosted one week later. Splenocytes were harvestgdek later and re-stimulated in vitro
with HAGE 109 (A:ESLVKIFGSKAMQTK), HAGE 195 (B:KKNFYKESTATSAMYS),
HAGE 338 (C:KYSYKGLRSVCVYGG) and HAGE 506-II (D:DLILGNISVESLHGD)
peptides for 7 days and then tested for proliferatoy incubating them with syngeneic BM-DC
pulsed with peptide. p<0.05, **p<0.01, **p<0.001lra the statistical differences between
HAGE-derived class Il peptides and Irrelevant, etvieeen L243 antibody and isotype control
antibody determined by unpaired Student T test./Im¥eith “a” being the number of mice
responding to the peptide immunisation and usaepoesent these graphs, and “b” being the
total number of mice immunised.
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Figure 5.6: Proliferation results of HAGE-derived MC class Il peptides in HLA-DR4
transgenic mice.Mice were immunised with 108 of peptide in 1:1 dilution with IFA and
boosted one week later. Splenocytes were harvestegdek later and re-stimulated in vitro
with HAGE 109 (A:ESLVKIFGSKAMQTK), HAGE 195 (B:KKNFYKESTATSAMS),
HAGE 338 (C:KYSYKGLRSVCVYGG) and HAGE 506-11 (D:DLILGNISVESLHGD)
peptides for 7 days and then tested for prolifemratby incubating them with syngeneic BM-DC
pulsed with peptide. p<0.05, **p<0.01, ***p<0.001ra the statistical differences between
HAGE-derived class Il peptides and Irrelevant, etween L243 antibody and isotype control
antibody determined by unpaired Student T test./Imweith “a” being the number of mice
responding to the peptide immunisation and usaepoesent these graphs, and “b” being the
total number of mice immunised.
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Peptides HAGE 109, HAGE 195, HAGE 338 and HAGE H0@&llowed significant levels of
peptide-specific IFM secretion on day 3 of the culture but only peidAGE 338 and
HAGE 506-11 induced peptide-specific IffN\secretion on day 5 of the culture (Fig. 5.7A).
These results suggest that not only CD4+ T cellifpration but also Thl/IFMrelease could
be achieved with these four HAGE-derived classeptles in a peptide-specific manner. It is
worth mentionning that peptides HAGE 109 and HA@@B also triggered secretion of IL-5 on
day 3 of the culture indicating that both of thesptides may be able to induce both Th1AFN
and Th2/IL-5 releases in a peptide-specific fash(igig. 5.7B). These results confirmed the
immunogenicity of these four HAGE-derived claspéptides. On the other hand, T cells could
not be generated against peptides HAGE 505 and HB45Eand hence, were defined as non-
immunogenic and no further experiments were caroat with these peptides (Data not
shown). Results of the immunisation of HLA-DR1 ahdA-DR4 transgenic mice with

HAGE-derived MHC class Il peptides were summarisetable 5.2.

Table 5.2: Immunogenic HAGE-derived MHC class Il pedes

Proliferation  Proliferation  IFNyin IL-5 in
Peptides  Immunogenicity in DR1 in DR4 DR1/DR4 DR1/DR4
(p<0.05) (p<0.05) (p<0.05)  (p<0.05)
HAGE 109 Yes 4/4 3/4 4/4 214
HAGE 195 Yes 4/4 2/4 3/4 0/4
HAGE 338 Yes 4/4 2/4 3/4 1/4
HAGE 505 No 0/2 0/2 0/4 0/4
HAGE 506-II Yes 2/2 2/2 3/4 0/4
HAGE 545 No 0/2 0/2 0/4 0/4

5.2.2.2 Determination of natural processing ofmumogenic class Il peptides

In order to confirm if any of the four identifiechmunogenic class Il peptides detailed in table
5.2 were endogenously processed and naturally mesbat the cell surface by HLA-DR0401
molecules, both gene gun immunisation with goldtedaHAGE-encoding DNA bullets and
injection of syngeneic BM-DC prepared vivoand transfected to express HAGE were carried
out in C57BL/6-DR4 transgenic mice. After three nda of DNA immunisation, spleens of
immunised animals were harvested and splenocytes keestimulatedn vitro with HAGE-
derived class Il peptides. After a week of stimolatand a week of rest in presence of murine

IL-2, proliferation assays were performed with pégtpulsed BM-DC.
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Figure 5.7:1IFN yand IL-5 secretion analysis by ELISA following iwitro re-stimulation with
HAGE-derived class Il peptideslIFNy (A) and IL-5 (B) analysis was carried out on
supernatants harvested on day 3 and 5 of the irp vie-stimulation of DR4-positive
splenocytes with HAGE 108$LVKIFGSKAMQTK), HAGE 195 KKNFYKESTATSAMS),
HAGE 338 KYSYKGLRSVCVYGG) and HAGE 506-11 DLILGNISVESLHGD) peptides.
*p<0.05, **p<0.01 are the statistical differencegtiveen HAGE-derived class Il peptides and
Irrelevant determined by unpaired Student T test/In with “a” being the number of mice
responding to the peptide immunisation and usaepoesent these graphs, and “b” being the
total number of mice tested.

Results showed that peptides HAGE 338 and HAGEIR(#: not HAGE 109 or HAGE 195,
were able to induce a peptide-specific CD4+ T petlliferation in 50% and 100% of mice

tested, respectively (Fig. 5.8). Peptide-specificliferations to these two peptides were also
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blocked by the addition in the culture of an anR-Dlocking antibody (L243) but not by the
isotype control antibody, demonstrating the MHGssl#8 restriction of the responses observed.
Finally, peptide-specific IF) but not IL-5 production was observed for both kg,
suggesting a Thl-type response (Fig. 5.8E and 5I8fe€yestingly, after three rounds of DNA
immunisation with the empty expression vector anditro re-stimulation of splenocytes from
immunised animals with class Il peptides, no peoéfion was observed in both mice tested
indicating that CD4+ T cell proliferations observedrlier are actually due to the DNA
immunisation and not thi vitro re-stimulation (Data not shown). Moreover, simitasults
were obtained when C57BL/6-DR4 were immunised witle round of transfected syngeneic
BM-DC. Indeed, peptide-specific and HLA-DR-depertd@D4+ T cell proliferations were
achieved with identical percentages of mice respantb peptides HAGE 338 and HAGE
506-11 (Fig. 5.9). Altogether, these data demonstthat both HAGE 338 and HAGE 506-II
epitopes are naturally processed, presented by BRA-molecules and capable of eliciting

peptide-specific CD4+ T cell proliferation and THIy secretion, at least in mice.

5.2.3 Investigation of the immunogenicity and tinel@genous process of HAGE-derived
peptides in HHDII/HLA-DR1 double transgenic mice
In order to validate the natural processing anditm@unogenicity of peptides HAGE 126,
HAGE 338 and HAGE 506-I11, peptide, DNA and transéecsyngeneic BM-DC were injected
to HHDII/DR1 double transgenic mice, which are atkmuble knockout for murine MHC
molecules. Peptide immunisation confirmed the cépad HAGE 126, together with the
helper HepB or HAGE 506-II peptides but not on dawn, to trigger a peptide-specific
cytotoxic response (Data not shown). Also, bothtideg HAGE 338 and HAGE 506-11 were
shown capable of specifically priming CD4+ T celis proliferate (Data not shown).
Consequently, both DNA immunisation and syngené:[BC injections were carried out in
order to see if results obtained earlier in sirtghgsgenic mice were reproducible in double

transgenic mice.
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Figure 5.8: Proliferation assay and cytokine sedret using T cells generated from HLA-
DR4 transgenic mice immunised with HAGE DNAMice were immunised with gold-coated
pPcDNA3/HAGE plasmid. Proliferation assays were matrout after in vitro re-stimulation of
immunised cells with HAGE 109 (AESLVKIFGSKAMQTK), HAGE 195 (B:
KKNFYKESTATSAMS), HAGE 338 (C:KYSYKGLRSVCVYGG) and HAGE 506-11 (D:
DLILGNISVESLHGD) peptides. Cytokine analysis was carried out qresmatants harvested
on day 3 of the in vitro re-stimulation with HAGB&(E) and HAGE 506-II (F). * p<0.05
**p<0.01 are the statistical differences between GEAderived class |1l peptides and
Irrelevant, or between L243 antibody and isotypeatad antibody determined by unpaired
Student T test. n=a/b with “a” being the number ofice responding to the peptide
immunisation and used to represent these graphd,“bBh being the total number of mice
tested.
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Figure 5.9: Proliferation assay using T cells gersged from HLA-DR4 transgenic mice
immunised with HAGE DNA.Mice were immunised with syngeneic BM-DC transyentl
transfected with pPSHAME2a/HAGE. Proliferation assayere carried out after in vitro re-
stimulation of immunised cells with HAGE 338 K¥%SYKGLRSVCVYGG) and HAGE 506-

I (B: DLILGNISVESLHGD) peptides. * p<0.05 **p<0.01 are the statisticalfférences
between HAGE-derived class Il peptides and Irraievar between L243 antibody and isotype
control antibody determined by unpaired Studenest.tn=a/b with “a” being the number of
mice responding to the peptide immunisation andl userepresent these graphs, and “b”
being the total number of mice immunised.

164



As seen in Fig. 5.10, DNA immunisation led to arspercific response while syngeneic BM-
DC injection followed byin vitro re-stimulation allowed the generation of a sigwifit and
specific cytotoxic response towards target cellssenting class | peptide HAGE 126 (up to
35% Kkilling). Peptide HAGE 126 was therefore coesédl both naturally processed and
immunogenic in double transgenic mice. Moreover,ADimunisation also permitted the
confirmation of the proteasomal processing of HA&IB and HAGE 506-II as both peptides
were shown to induce peptide-specific and HLA-DReaedent CD4+ T cell proliferations
(Fig. 5.11). Results of the immunisation of HHDHLA-DR4 and HHDII/DR1 transgenic
mice with DNA or syngeneic BM-DC were summarisedable 5.3 with highlighted in red,

HAGE-derived peptides presenting natural procesaintyimmunogenicity characteristics.

Table 5.3: Endogenously processed and immunogeni&GE-derived MHC class | and I

peptides
. Endogenously .
Al T PR processed/immunogenic LS
HAGE 103 No/Yes 0/4
HAGE 126 Yes/Yes 7/12
HLA-AZ HAGE 296 No/Yes 0/4
HAGE 506 No/Yes 0/4
HAGE 109 No/Yes 0/8
HAGE 195 No/Yes 0/8
HLA-DR1/-DR4 HAGE 338 Yes/Yes 5/10
HAGE 506-II Yes/Yes 10/10

Altogether, these results proved the immunogenterg@l of the cancer/testis antigen HAGE
with the identification of one class | and two clad peptides that could be useful for
vaccination strategies of A2, DR1/DR4 patients. ideer, furtherin vitro work with PBMC

from healthy/cancer donors are needed to confienrdbults obtained in mice.
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Figure 5.10: Cytotoxicity assay using T cells geated from HHDII-DR1 double transgenic
mice immunised with HAGE DNA.Mice were either immunised with gold coated
pBudCE4.1/HAGE plasmid (A) or with syngeneic BM-D@nsiently transfected with
pBudCE4.1/HAGE (B). Cytotoxicity assay was carr@d after in vitro re-stimulation of
immunised cells with immunogenic HAGE 126 (AVIDNRVKpeptide. **p<0.01 are the
statistical differences between HAGE-derived clapeptides and Irrelevant determined by
unpaired Student T test. n=a/b with “a” being thamber of mice responding to the peptide
immunisation and used to represent these graphd,“bBh being the total number of mice
immunised.
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Figure 5.11: Proliferation assay using T cells gem¢ed from HHDII-DR1 double
transgenic mice immunised with HAGE DNAMice were immunised with gold-coated
pBudCE4.1/HAGE plasmid. Splenocytes were harvestedek later after last immunisation
and re-stimulated in vitro with HAGE 338 (KYSYKGLRSVCVYGG) or HAGE 506-II (B:
DLILGNISVESLHGD) peptides for 7 days and then tested for proltiera by incubating
them with syngeneic BM-DC pulsed with peptide. *080and **p<0.01 are the statistical
differences between HAGE-derived class Il peptadekirrelevant, or between L243 antibody
and isotype control antibody determined by unpaiBéadent T test. n=a/b with “a” being the
number of mice responding to the peptide immumeatind used to represent these graphs,
and “b” being the total number of mice immunised.
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5.3 Discussion

Synthetic peptide-based vaccines have been showrothuce peptide-specific CD8+ T cells
with protective and therapeutic abilities againshour cells in preclinical animal models. With
the help of appropriate adjuvants, they representvenient and safe modes of immunisation
easily manufactured in large quantities. For exampaccination with CTL epitopes derived
from the HER2/neu antigen was demonstrated to teetefe in protective and in therapeutic
experiments in HER2/neu transgenic mice (Gritzapial, 2006), as well as being capable of
activating both naive and memory CD4+ and CD8+ llsaghen co-administered with GM-
CSF in breast cancer patients (Hueratal, 2007). Unfortunately, the low number of peptide-
specific T cells generated following peptide vaation in patients represents the major
drawback of this method. However, positive clinicasponses were observed when T cells
were generateex vivofrom TIL in the presence of antigen-loaded DC rifiaial APC and re-
injected back to the patients in adoptive T calhsfer strategies (Huemanal, 2007). Again,

it is generally believed that the number of T cédisoo low in order to have a prolonged
beneficial effect. Adoptive T cell therapy was neite further improved by genetically
modifying non-reactive PBMC and TIL to express adgfic TCR and up to two months later,
at least 10% of peripheral circulating lymphocytese constituted of transferred T cells, often
correlating with objective clinical regression ionse patients (Morgaet al, 2003; Johnsost

al., 2006; Morganet al, 2006). Furthermore, peptides have been used inv@sination
strategies with different degrees of success asiqeeppecific CTL were generated in most
clinical trials (Takahashet al, 2003), but objective clinical responses in onfgw (Wierecky

et al, 2006). TCR cloning, peptide-pulsed DC vaccinat@ow monitoring of peptide-specific
T cells in patients are only possible if the seqeeof the peptide targeted is known. Therefore,
peptide identification from known tumour antigensopdes the platform for successful
immunotherapy against several cancers.

So far, hopes that peptide vaccination could bed uberapeutically have been largely
undermined by results obtained in clinical tria¢sthe numbers of antigens and MHC alleles
targeted remain low. Consequently, by proposingtipial epitopes from several antigens
presented by different MHC alleles to reduce risksmmune escape by antigen or MHC
down-regulation, the chances of successful camuerunotherapy would be much increased.
Several studies have demonstrated the feasibifitpaocer immunotherapy when objective
cancer responses were obtained after immunisingerpat with tumour antigen-derived
peptides specifically recognised by CD8+ T cell®g&nberget al, 1998)(Yeeet al, 2000).

However, the responses observed were often weakamsient (Leest al, 1999; Cheret al,
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2004). In pathogenic infections, bacteria, virusas parasites provide strong signals
automatically up-regulating CD40 expression on D@ thereby bypassing the need for CD4+
T cell help. Unfortunately, in the case of tumoutata about the involvement of CD4+ T cells
are still contradictory. Nowadays, it is generdiblieved that CD4+ T cells have a pivotal role
not only in the initiation and the maintenance ofaati-tumour response but also in the direct
mediation of tumour regressiomia IFNy-dependent mechanisms or apoptosis pathway
engagement (Echchaket al, 2000; Egilmezet al, 2002; Assudanet al, 2006). CTL
generation seems to depend on three distinct meshanthe duration of MHC-restricted
peptide presentation by the APC, the affinity ofR-9IHC binding and the presence or not of
CD4+ T cell help. The latter is of critical impontze as high affinity MHC class | peptides do
not require CD4+ T cell help (Franet al, 2000), but because low-to-moderate affinity MHC
class | peptides are more likely to be efficiendiagt tumours expressing up-regulated self-
antigens, CD4+ T cell role in the anti-tumour rasg® can be emphasised. Finally, the origin
of the T helper epitope is still not clearly definbut may also have an influence on the
quality/quantity of CD8+ T cells. Indeed, some sesber argue the use of irrelevant peptides
derived from infectious pathogenic agent such &stes toxoid or hepatitis B, whereas others
have suggested the incorporation of a CD4+ T qatope from either the same antigen as
CTL epitope or a SEREX-defined self antigen in atge vaccine (Nishikawat al, 2001;
Nishikawaet al, 2005). Therefore, optimal immunisation will resuthe recruitment of both
CD4+ and CD8+ T cells, in order to generate a l@sging anti-tumour immune response.

High scoring peptides for HLA-A0201, HLA-DRO101 artlLA-DR0401 molecules were
therefore selected and evaluated for their immuniegyg in HHDII, HLA-DR1 and HLA-DR4
transgenic mice, respectively. Of the eight petisidected for evaluation in HHDII mice, four
were moderate-to-high affinity binders as provenstabilisation assay (Data not shown) and
immunogenic as demonstrated by the developmen¢atige-specific cytotoxic responses and
IFNy secretion following immunisation with peptides ywlr DC pulsed with peptides. Since
these HHDII mice are also mouse class | knockouat{Et al, 1999), class | peptides can only
bind to HLA-A2 molecules and cytotoxic responsesen@ncluded to be HLA-A2-dependent.
In this study, six peptides derived from HAGE poteld to bind with high affinity to HLA-
DR1 and —-DR4 molecules were evaluated and founerhtwere found to be immunogenic in
HLA-DR1 and HLA-DR4 transgenic mice with a capactty induce both peptide-specific
CD4+ T cell proliferation and IFNsecretion. Since proliferation assays were sydieatly

conducted with CD8+-depleted splenocytes and abA-BR blocking antibody with its
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relevant isotype control antibody, proliferativespenses were demonstrated to be CD4-driven
and HLA-DR-restricted. Finally, it should be noticthat the binding affinity for both class |
and class Il peptides determiniedsilico correlated strongly with the efficiency of the pdp

in generating an immune response.

Peptide immunisation of transgenic mice allowedit®atification of immunogenic HLA-A2
and HLA-DR1 or —DR4 peptides derived from HAGE. Hmer, these peptides cannot be used
in future vaccine formulation if APC or tumour cello not present them naturally on their
surface as these would not be recognised by bo#+@Dd CD8+ T cells and be eliminated by
them. The next critical step of this study was ¢fi@e to prove whether any of these peptides
are actually naturally processed by APC and/or wmoells, and that CD4+ T cell
proliferation and CD8+ cytotoxic response can $tdl induced. A popular way to assess the
processing of a given immunogenic peptide is to umise mice with a plasmid encoding the
gene of interest using gene gun technology (Tutir®99). The expression of HAGE at the
MRNA and protein levels by the pPSHAME2a/HAGE expres vector was ascertained and
described in section 4.2.3. Gene gun technology suasessfully used in our laboratory to
prove the processing of class | p53-derived peptadel was used here as a positive control for
the procedure. No cytotoxic responses could howdwer generated when mice were
immunised with DNA encoding HAGE and when splenesyvere re-stimulateid vitro with
LPS blasts pulsed with one of the immunogenic HL2+&stricted HAGE-derived peptides.
Cytotoxic T lymphocytes generated from HHDII traesg mice were previously shown
capable of lysing human tumour cells in a MHC-iietgd fashion (Gritzapi®t al, 2006).
However, CTL generated against these peptides weable to kill previously described
HAGE-positive human lymphoblastic K562-A2 cells f@aot shown), although these results
were later explained by very low levels of HAGE eegsion in these cells due to
hypermethylation of the HAGE promoter and thereflong levels of HAGE-derived peptide
presentation at the cell surface (Roman-Goeted, 2007).

In order to confirm these results, cells from tload marrow of a naive mouse were prepared
ex vivoand transfected to express the HAGE protein. Gytotresponses and If\broduction
were only achieved when mice were immunised witbséhtransfected cells and when
splenocytes were re-stimulatéd vitro with LPS blasts pulsed with the HLA-A2-restricted
peptide HAGE 126. Moreover, mice immunised with D@nsfected with the empty
expression vector did not generate any cytotoxdpaase when splenocytes were re-stimulated

with the same peptide indicating that the cytotaesponse was related to the immunisation
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with the transfected DC and not the actuaVitro re-stimulation with the peptide. The same
phenomenon was later confirmed when mice underwemiuinisation with DC loaded with a
HAGE-rich melanoma cell lysate (Data not shown)béith experiments, cytotoxic responses
were peptide-specific when compared with an irr@h¢\peptide and suggested that HAGE 126
might also be processed. It means that the HAGEepres indeed degraded by the proteasome
into peptide fragments. Antigenic peptides suctHASE 126 bind to the groove of MHC
class | molecules, in that case HLA-A2, to be tipeasented at the cell surface of either
dendritic cells to prime CD8+ T cells, or tumoutlg¢o be specifically recognised and killed
by primed cytotoxic T lymphocytes (Van den Eyndd dorel, 2001; Kloetzett al, 2004).
Following immunisation with DNA encoding the HAGEopein in HLA-DR1 and —-DR4
transgenic mice, peptide-specific CD4+ T cell geshtions were observed with HAGE 338
and HAGE 506-II peptides. The reaction was blockdeen the anti-HLA-DR antibody was
added. Moreover, mice immunised with the empty esgion vector did not show any
proliferative response when splenocytes were reutited with the same peptides (Data not
shown). Altogether, these data showed that thefpralions observed were peptide- and HLA-
DR-specific and consecutive to the immunisationhwthhe expression vector encoding the
HAGE protein. These experiments brought strongenwé that these two HLA-DR peptides
are likely to be endogenously processed. In theesaay, CD4+-enriched T cells were shown
to specifically proliferate in response to matufd-BC pulsed with peptides 338 and 506-II
after immunisation with BM-DC transfected with HAGBntaining plasmid. The reaction was
blocked when the anti-HLA-DR antibody was added &@io4+ T cells did not proliferate
when mice had been immunised with the same BM-R@sfected with the empty plasmid.
Moreover, for both types of immunisation, the sapatern of cytokines production was
observed. Indeed, peptide-specific fFielease was observed against both HAGE 338 and
HAGE 506-II. Levels of IL-5 remained low indicatirtgat the CD4+ T cell proliferation for
HAGE 338 and HAGE 506-II were mostly Thl-orientatddhe processing of endogenous
proteins and presentation of tumour-derived claggeptides is still not fully understood and
may result from cross-presentation and/or endogemmocess. Indeed, Dissanayadeal
(2005) recently proved that processing of tumourved MHC class Il restricted epitopes is
independent of the proteasome and the TAP comflery suggested that MHC class II-
restricted endogenously synthesised epitopes nogbktlap with the classical endosomal

pathway for presentation of exogenously synthesmselcules giving an explanation on how
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peptides derived from intra-cellular proteins sashrHAGE can be presented by MHC class I
molecules to CD4+ T cells.

Furthermore, Dr. A. Knights (Tuebingen Universipgrsonal communication) proved that the
in vitro generation of CD4+ T cell lines from human PBMChvHAGE 506-11 showed
specific HLA class lI-restricted recognition of HEBR matched tumour cell lines, as well as
DC pulsed with HAGE-positive cell lysates. Thessutts are therefore in agreement with
those obtained from DNA immunisation of HLA clasdrbnsgenic mice, suggesting that the
HAGE protein is produced and cleaved to give rizsdhte HAGE 506-11 in ways that are
similar in HLA-DR4 transgenic mice and human dediM@C (Mathieuet al, 2007). In the
future, peptides HAGE 126 and HAGE 338 will also ibgestigated for their ability to
generate respectively CTL and T helper cells capabkpecifically responding to target cells
expressing the appropriate HLA molecules as weHAGE.

In conclusion, reverse immunology combined with thee of mice transgenic for HLA
molecules proved to be a successful techniqueendintification of candidate peptide targets
for tumour immunotherapy as one class | and twesclH immunogenic and naturally
processed peptides derived from the HAGE proteue lieeen described, at least in single and
double transgenic mice. However, further work guiesd to prove that HAGE 126 and HAGE
338 are both immunogenic and naturally processetiuimans. Also, techniques such as
overlapping peptides might also be envisaged irerotd identify low-to-moderate affinity
HAGE-derived peptide targets with immunogenic praps that might have been overlooked

in this study using reverse immunology.
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Chapter 6: Evaluation of HAGE as an immunotherapeuic target in anin
vivo model

6.1 Introduction

Despite the numerous advantages offered by peptseination, central and peripheral
tolerance mechanisms are likely to delete high igvid cells as well as low-to-moderate
avidity T cells against tumour-shared self antigenesting a major limitation in the prospect of
treating cancer. Moreover, techniques of identiftca of T cell epitopes such as reverse
immunology often overlook peptides with low-to-moake binding affinity as hundreds of
them are predicted for a given tumour antigen aard anly be tested to a limited number of
HLA alleles in a transgenic mouse model. That iy WiNA-based vaccination proposes an
interesting alternative for cancer immunotherapit &ypasses the need for individual peptide
identification but also elicites both humoral arelldar immune responses simultaneously,
which are both most likely required in order toucd tumour protection and/or regression.
Several groups have investigated the use of DNAdasccines to promote tumour rejection
in animal models with promising results. Indeed2Hand HHDII mice appeared to be
protected against a lethal challenge with HPV E&E@ressing tumours following gene gun
immunisation with DNA encoding mutated version ormunodominant epitopes of E6/E7
genes (Smahadt al, 2001; Eiberet al, 2002). However, these antigens are already dirong
immunogenic because of their viral origin. Targgta self antigen, such as p53, renders the
task more difficult as tumour escape mechanismh sscincreased mutation frequencies and
MHC class | down-regulation can take place and makaunisation more detrimental than
beneficial in some cases (Cicinnati al, 2005). In another study describing the use of the
murine self antigen tyrosinase-related protein-I'rfpal) by intra-muscular injection, mice
were protected against poorly immunogenic B16 nuetam cells (Bronteet al, 2000). In
addition, the introduction of this gene into a vagx virus vector allowed the mediation of
tumour regression in mice challenged with B16 cetid despite being a self antigen widely
expressed in normal skin tissues, there were nassif vitiligo, a common auto-immune
reaction described in several previous studiesetarg melanoma antigens. Numerous
strategies have been designed to further imprové&-baked vaccines. Indeed, orientation of
an antigen to a specific processing pathway, systeantigen delivery and augmentation of
the immunogenicity of an antigen are all factorat tthould also be taken into account in the
design of a DNA-based vaccine. For instance, DNéeded proteins can be linked to specific
signal sequences such as ubiquitin and lysosonteiagsd membrane protein-1 (LAMP-1) for
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a more efficient processing and presentation ofiv@ngantigen to CD8+ and CD4+ T
lymphocytes, respectively (8t al, 1999; Velderst al, 2001). New systems of delivery have
also been developed with the possibility to enckpsuthe DNA into liposomes or to
electroporate the DNA directin vivoin order to transfect APC with improved efficacy.
Interestingly, two of the common criticised featid DNA-based vaccines are their lack of
immunogenicity and their inability to break tolecan Several strategies were developed to
counteract these features. The incorporation ofgeires or linear polyepitopes encoding CTL
epitopes in a vector system rather than full gesgences was proven to be a very efficient
way of eliciting CTL responses (Tiret al, 2005). The use of minigenes targeting the tumour
antigen gpl00 was demonstrated to be even moraeeitfithan linear polyepitopes with or
without spacers, although both of them appeardakttanreliable in eliciting a balanced CTL
response against all gp100 epitopes, at least iDIHkice. In the same study, they also
showed that by enhancing the epitope to increasaffinity towards specific HLA molecules,
the CTL response was more likely to be balancegesting that epitope enhancement should
be systemically envisaged in the design of vaccimesitaining both cryptic and
immunodominant epitopes (Tiret al, 2005). In spite of relying on the identificatioh T cell
epitopes that would bypass tolerance mechanisnagling to tumour protection and/or
regression, this approach has been used for sewenalr antigens such as Trp-1, Trp-2 and
gpl00 (Webert al, 1998; Gregotet al, 2004). Another study described the existence of
CD8+ and CD4+ T cell epitopes in a nested configomain the Ras oncogene and the use of
this specific sequence rather than the CTL epitsgmpience in a minigene vector correlated
with efficient in vivo processing of both epitopes and quantitative imgmeent of the CTL
response (Lindingeet al, 2003). This investigation was just one exampleom@gnmany
emphasising the requirement of CD4+ T cell hel@manti-tumour vaccine, be it tumour-
specific with CD4+ T cell epitopes derived from TA#Ach as Ras or foreign with CD4+ T cell
epitopes derived from pathogenic agents such asusttoxoid (Buchaat al, 2005).

Finally, the addition of cytokine or co-stimulatorpolecule genes in a plasmid already
encoding a tumour antigen was investigated forrthapacity to enhance the potency and
effectiveness of the vaccine but also to polarse adaptive immune system towards a Thl
and/or a Th2 response. Several cytokines havetested such as IL-2, IL-4, IL-15 and TNF
but much emphasis has been put on GM-CSF. Primatg ohdicated that tumour cells
transfected to express GM-CSF, notably in murineteaecnyeloid leukaemia (AML), were

potent activators of the differentiation of CD34®6nle marrow precursors into functionally
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mature DC and the generation of a stronger antetunimmunity (Dunussi-Joannopoules

al., 1998). Because of its strong ability to attra&,[I5M-CSF is now primarily used to target
administered antigens to professional APC. Foramst, it has been associated with the
tumour antigen gpl00 and demonstrated a potentyatsl mediate tumour protection and
regression even at very low levels of gp100 exjpoas®Rakhmilevichet al, 2001).

One way for tumour cells to escape the immune sysgeto anergise T cells by down-
regulating co-stimulatory molecule expression agirthell surface. That is why a considerable
effort has focused on the design of DNA vaccinesadministered with co-stimulatory
molecules in order to thwart escape mechanisms gemétrate CTL responses capable of
mediating protection (Comt al, 1997). Conditioning of DC following DNA injectioaccurs
via MHC class ll-restricted T cells in both CD40-degent and —independent manners, which
underlines the critical role of co-stimulatory malées such as B7.1 in priming optimal CD8+
T cell activity (Charet al, 2001). Also, the administration of soluble CDa8igand for B7.1,
B7.2 and CTLA-4 molecules, to Did vitro triggered secretion of IL-6 indicating that both
B7.1 and B7.2 co-stimulatory molecules were requirédor the generation of
immunostimulatory signals and the prevention of ykMven expression of
Immunosuppressive tryptophan catabolism. Moreoyainanced T cell activity to tumours and
protection against tumour challenge were obsergbolviing injection of soluble CD2& vivo
(Oraboneet al, 2004). Depending on the co-stimulatory molecub&gx for the stimulation of
DC, polarisation of the immune response can thka pdace as described in a previous study
showing that transduction of a viral-based vac@hewing co-delivery of active membrane-
anchored B7.1 and secreted IL-2 in AML cells lechigher levels of Thl-type cytokines and
specificity towards autologous AML cells (Chahal, 2005). More recently, B7.1 and B7.2
molecules were both described as potential makea better survival against some forms of
cancers (Changt al, 2007). A third co-stimulatory molecule from thertour necrosis factor
family, termed 4.1BBL, has brought considerabler@sts as it seems to overcome the need for
CD4+ T cell help in the induction, amplificationdapersistence of cytotoxic T lymphocytes.
Although 4.1BBL is as potent as B7 molecules to iatedIL-2 secretion by resting T cells
(Saoulli et al, 1998), intact CD28-B7.1 and CD28-B7.2 co-stimutatpathways are still a
pre-requesite for 4.1BBL to reach its full potehtiemonstrating its anti-tumour efficacy
(Guinnet al, 1999; Guinret al, 2001; Diehlet al, 2002). Altogether, these data demonstrate
the strong potential of co-stimulatory moleculed ahe advantages they can bring by

combining them with tumour antigens in DNA-basedcmes. Although lack of objective
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clinical response has also been the feature of DbEged strategies, they provide an interesting
and safe mode of immunotherapy still investigategaveral human clinical trials.

In this study, HAGE DNA vaccination by gene gunra-muscular injection of HHDII-DR1
double transgenic mice was undertaken in prophyglattallenge experiments with a HAGE-
expressing murine lymphoma cell line in order teeistigate the immunogenic and anti-tumour
potential of the cancer/testis antigen HAGE as wadl determine the best mode of
administration of the DNA. Challenge experimentsevinen repeated in a therapeutic model
whereby HAGE DNA was associated or not with a meign-stimulatory molecule in order to
potentiate the anti-tumour response, thereby afigwdirect comparison between each DNA
vaccine. Finally, the eventual implication in thetigdumour response of naturally processed
HAGE-derived peptides described in Chapter 5 wadiad.

6.2 Results

6.2.1 In vitro andin vivoHAGE expression in tumour cells
Full length HAGE cDNA was cloned into the pBudCE#&nammalian expression vector (See
Section 4.2.1). A HLA-A2-positive murine lymphomalicline (ALC) was then grown in a
multi-chamber slide and transfected with this plasmsing lipofectamine 2000 reagent
following manufacturer’s instructions to confirm KA protein expression (See Section
2.2.2.1). Two days after transfection, cells wexed, permeabilised and stained for HAGE
expression for confocal analysis. Secondary antiltadged with fluorescein highlights the
expression and localisation of HAGE within the seHigh levels of HAGE protein expression
ubiquitously found inside the cells were achievedemw ALC cells were transfected with
pBudCE4.1/HAGE (Fig. 6.1C). On the other hand, scéficubated with FITC-conjugated
antibody showed only background staining (Fig. 6abA B).
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Figure 6.1. Immunofluorescence assay for HAGE prate expression analysis and
localisation in ALC/HAGE cells. Immunofluorescence was observed under a confocal
microscope in ALC cells stably transfected with HAG@NA (C). No non-specific staining
was obtained when cells were incubated in the ateseri antibody (A) or with secondary
antibody only (B). HAGE protein expression is maiokalised in the cytoplasm.
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ALC cells were thereafter stably transfected wiBugCE4.1/HAGE using lipofectamine 2000
as the transfection reagent and following multjpesages in a media containing the selective
antibiotic zeocin, the resulting ALC/HAGE cells waused in tumour challenge experiments in
HHDII-DR1 double transgenic mice. Firstly, the TD®® these cells was determined by
injecting subcutaneously different numbers of calshe mice, varying from 2*fao 2*10
cells in 10Qu of serum free media. 6*f0ALC/HAGE cells appeared to be the minimum
number of cells allowing tumours to grow in at IE88% of the mice injected. Secondly, ten
times the TD50 are commonly used im vivo tumour models. Consequently, mice were
injected with 6*18 ALC or ALC/HAGE cells, and mice terminated and turs excised when
sizes reached about 1&nTumours were embedded in OBC media, fixed inld solution of
isopentane and sectioned using a cryostat. ifh@ivo expression of HAGE was then
confirmed by performing immunohistochemistry andy.F6.2 demonstrates that whilst no
significant staining in ALC tumours was obtainedg(F6.2C), ALC/HAGE tumours showed
positive staining with the HAGE antiserum in a vasjority of cells present on the tumour
sections (Fig. 6.2D). Sections incubated with bi@bnjugated secondary antibody only did
not demonstrate any staining above backgrounddtr BLC and ALC/HAGE tumours (Fig.
6.2A and B).

6.2.2 Evaluation of DNA immunisation for HAGE
Firstly, the TD50 of ALC/HAGE cells in HHDII-DR1 dble transgenic mice was determined
(See Section 6.2.1) and found to be 6*1@ agreement with other published work, it was
therefore decided that 6*1@ells were to be used for any further studies ireay tumour
implantation. It is possible, however, that theaduction of a foreign gene will render the
cells more immunogenic, which was not possiblesseas using a small number of mice. So in
order to confirm and expand these experiments,ad then necessary to determine whether
mice injected with 6*19 ALC/HAGE cells subcutaneously would truly generatmours that
continuously grow or regress at some point. Tungyawth and survival were monitored two
to three times a week for at least 30 days. Reshultsved that 40% of injected mice survived
the tumour implantation with tumours reaching aerage size of 0.8chin 15 days before
completely regressing in approximately 32 days.
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Figure 6.2: Immunohistochemistry staining for HAGEprotein expression in vitro in ALC
and ALC/HAGE tumours.The immunohistochemistry demonstrates the in expvession of
HAGE at the protein level in ALC/HAGE tumours (Byt not in ALC tumours (C) excised
from DR1/HHDII mice. No non-specific secondary isitag was obtained in both ALC (A) and
ALC/HAGE (B) tumours. HAGE expression was founthéncytoplasm and in the nuclear and
appeared to be granular. Objective magnificatioBOx

178



The rest of the mice injected with ALC/HAGE cellenw euthanised according to the Home
Office regulations as tumours attained the sizét lrhilcn? 20 to 25 days post-challenge (Fig.
6.3).

Gene gun immunisation has been recently used witid gfficiency in several murine tumour
models. Hence, pBudCE4.1/HAGE DNA was coated witimitron gold particles. These
DNA-gold bullets were then administered intradetyngtree times at seven-day intervals to
the shaved abdomen of HHDII-DR1 double transgenmemsing a helium gene gun. Seven
days after the last immunisation, mice were chgkeh with 6*13 ALC/HAGE cells
subcutaneously and monitored as described abodelayed growth and complete regression
of ALC/HAGE tumours were observed in 95% of micamionised with pBudCE4.1/HAGE
approximately 28 days after tumour challenge, wbitddy 50% of mice immunised with the
empty pBudCE4.1 plasmid survived the challenge WAMIC/HAGE cells. Also, tumour
stabilisation or regression occurred much latetinme in mice immunised with the control
plasmid (Fig. 6.4). Several studies have also sstgdethat gene gun immunisation is more
likely to polarise the immune response to Th2 tyeesponse not as efficacious as Thl type to
generate CTL. To exclude the possibility that ggae immunisation does not provide the best
mode of immunisation and protection against tunatwailenge, HHDII-DR1 double transgenic
mice were immunised intramuscularly twice at seslap- interval with 10Qg of
pBudCE4.1/HAGE or control pBudCE4.1/(-) before eahallenged with 6*10ALC/HAGE
cells seven days after the last immunisation. Resabitained were similar to those obtained
using gene gun vaccination, where a delayed granwthcomplete regression of ALC/HAGE
tumours were achieved in 90% of mice immunised wgBudCE4.1/HAGE DNA
approximately 28 days after tumour challenge. Oa dther hand, only 60% of mice
immunised with the empty plasmid showed signs aidur stabilisation or regression (Fig.
6.5).

Some of the mice, which have undergone succeasfubdr remission, were re-challenged a
second time with 6*T0ALC/HAGE cells two months after total disappea®d the tumour
bulks. Tumour growth and survival were recordedtkerestingly, there was no signs of tumour
re-emergence over a period of 30 days in all theertthat have been re-challenged (Data not
shown) eventually suggesting the existence of a angmesponse against HAGE and/or other

tumour antigens.
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Figure 6.3: Tumour implantation experiment with ALEEIAGE in DR1/HHDII mice. Five
mice were injected with 6*20ALC/HAGE cells/mouse. Tumour growth rate (A) andigal
(B) were recorded. Results shown are representaifvewo independent experiments.)
indicates termination. It seems that ALC/HAGE catks naturally immunogenic since 4 out of
10 tumours regressed without the need for any inoti@mapeutic interventions.
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Figure 6.4: Tumour challenge experiment followingege gun immunisation in DR1/HHDII
mice. Two groups of 10 mice were immunised 3 times gotd particles coated with either
pBudCE4.1/(-) or pBudCE4.1/HAGE at 7-day intervafsllowed by challenge with
ALC/HAGE cells. Vaccinated mice showed a slowdadintheotumour growth rate (A) as well
as a statistically significant improvement of thevsval (B) compared to controls. Results
shown are representative of two independent exgerisn *p<0.05 are the statistical
differences between HAGE DNA immunisation and obi@@NA immunisation determined by
unpaired Student T tedf.) indicates termination.
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Figure 6.5: Tumour challenge experiment followingnira-muscular immunisation with
HAGE cDNA in DR1/HHDII mice. Two groups of 10 mice were immunised twice wi40
of naked pBudCE4.1/(-) or pBudCE4.1/HAGE DNA aty-ohtervals, followed by challenge
with ALC/HAGE cells. Vaccinated mice showed a stwwdof the tumour growth rate (A) as
well as an improvement of the survival (B) compatedcontrols. Results shown are
representative of two independent experime8tatistical differences between HAGE DNA
immunisation and control DNA immunisation were tdetaed by unpaired Student T tegt)
indicates termination.
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Amounts of DNA used in the preparation of gold ées and the immunisation procedures
with gene gun are considerably lower than in intracular injections with naked DNA, and
having established that gene gun with pBudCE4.1/BAINA led to a statistically significant
improvement of the percent of survival, it was ngetided to assess the efficiency of gene gun
immunisation with gold-coated pBudCE4.1/HAGE DNAanherapeutic model.

HHDII-DR1 double transgenic mice were first injetteubcutaneously 6*P0ALC/HAGE
cells and then vaccinated intradermally three datgs with three rounds of DNA-gold bullets
administrated at seven-day intervals. Tumour graavith survival were monitored two to three
times a week for at least 30 days until the tumsize reached 1ciwhen mice were
terminated as per the Home Office regulations. Resshowed a statistically significant
delayed tumour growth on day 12 in mice immuniseith WMAGE DNA with tumours barely
reaching an average size of 0.4aaiter 12 days before completely regressing affed@ys in
comparison with the control group of mice, whickplayed tumours of approximately 0.7cm
after 12 days before completely regressing afted@g (Fig. 6.6A). Also, only 40% of the
mice survived with the latter treatment while 80#%4h® mice survived with multiple injections
of HAGE DNA (Fig. 6.6B). It is noteworthy that immisations were undertaken at the early

stages of the tumour formation when tumour bulksewemt noticeable yet.

6.2.3 Effects of co-stimulatory molecules on tumdevelopment
Following the positive results of DNA immunisatiom target the tumour antigen HAGE in a
therapeutic experiment, it was next decided to Veaithe presence of a tumour mass of about
0.3cnf before performing the first immunisation and chediether the addition of a murine
co-stimulatory molecule to the HAGE DNA vaccine moypes significantly the beneficial
effects already observed in the therapeutic exparindetailed above. Hence, murine B7.1,
B7.2 or 4.1BBL cDNA were cloned into the only mplé cloning site available of the
pBudCE4.1/HAGE mammalian vector as described pusiyo(See Section 4.2.2).
HHDII-DR1 double transgenic mice were first injettsubcutaneously 6*P0ALC/HAGE
cells. Tumours of the required size (0.3mere globally obtained seven days post-injection
and on that day, mice received intradermally thmst fof three rounds of gold-coated DNA

particles.
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Figure 6.6: Therapy studies using gene gun immunisa in DR1/HHDII mice. Three days
after injecting 6*10 ALC/HAGE cells to two groups of 10 mice, mice wiemunised three
times with gold particles coated with either pBudiCE(-) or pBudCE4.1/HAGE at 7-day
intervals and monitored for tumour growth (A) andrwval (B). Results shown are
representative of two independent experimeis0.05 are the statistical differences between
HAGE DNA immunisation and control DNA immunisatdetermined by unpaired Student T
test.Y) indicates timepoints of immunisati¢f),indicates termination.
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The results of the immunisation with pPBudCE4.1/HA®E&re compared with the results of the
control group immunised with the empty plasmid adlwas each of the group having been
injected HAGE cDNA with a murine co-stimulatory molle, be it B7.1, B7.2 or 4.1BBL. As
seen in Fig. 6.7, a statistically significant deldytumour growth and improved survival in
mice immunised with HAGE DNA was achieved, confingiithe results obtained earlier but
this time, with a visible and larger tumour mas®hethe primary immunisation emphasising
the strong potential of pPBudCE4.1/HAGE DNA vaccamgainst HAGE-positive tumour cells.
Interestingly, out of the three murine co-stimutgtanolecules, only B7.2 provided a
statistically significant improvement of the bewrédl effects observed with HAGE DNA.
Indeed, complete tumour regression was achievedays post-challenge in mice receiving
HAGE and B7.2, opposite to 25 days post-challemgmice receiving HAGE only. Survival
curves are, on the other hand, similar for all HAGEA-based vaccines with or without
murine co-stimulatory molecule suggesting that satvexpectancy should be the same
whatever the presence or not of a co-stimulatorieoube (Fig. 6.7B). However, larger groups
of mice should, in the future, be challenged andcweted in order to confirm these
observations and draw a conclusion on the diffemgnine co-stimulatory molecules and their

effects on tumour progression.

6.2.4 Involvement of identified HAGE-derived pejgs in the anti-tumour response

In order to investigate whether identified HAGE{ded peptides are involved in the anti-
tumour response observed in prophylactic and tleestap experiments and could be used in
monitoring experiments, splenocytes from regressiige were harvested and re-stimulated
vitro with either HAGE 126 peptide-pulsed LPS blastswih HAGE 338 or HAGE 506-I1
peptides only. A cytotoxicity assay using T2 celldsed with peptides and ALC/HAGE cells
as targets (Fig. 6.8) and a tritiated thymidineohporation assay using peptide-pulsed BM-DC
(Fig. 6.9) were carried out to confirm CD8+-depertdeell lysis to peptide HAGE 126 and
CD4+ T cell proliferations to peptides HAGE 338 amtAGE 506-1l, respectively.
Unfortunately, none of these assays led to a peji@cific response suggesting that these

peptides might not be involved in the anti-tumasponse.
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Figure 6.7: Therapy studies combining HAGE with aurine co-stimulatory molecule in

DR1/HHDII mice. Seven days after injecting 6*L8LC/HAGE cells to five groups of five
mice, mice were immunised three times with goldigas coated with pBudCE4.1/HAGE (Al)
associated or not with mB7.1 (A2), mB7.2 (A3) or.1BBL (A4) at 7-day intervals and

monitored for tumour growth (A) and survival

(Bedrlts shown are representative of one

experiment. *p<0.05 are the statistical differendestween HAGE DNA immunisation and
control DNA immunisation determined by paired Stud€ test.®) indicates timepoints of

immunisation(T) indicates termination.

186



70
60
50
40
30
20
10

% of cytotoxicity

100:1 50:1 25:1 12.5:1
Effector:Target ratio
B T2 + HAGE 126 O T2 + Imelevant B ALC/HAGE

Figure 6.8: Cytotoxicity assay using T cells gentrd from HHDII-DR1 double transgenic
mice immunised with HAGE DNA and challenged with AI/HAGE cells. Mice were
immunised with gold coated pBudCE4.1/HAGE plasmii éhallenged with ALC/HAGE cells.
Splenocytes from 2 regressor mice were harvestied edmplete tumour regression and re-
stimulated in vitro with LPS blasts pulsed with HAG26 peptide. Cytotoxicity assay was
carried out using peptide-pulsed T2 cells or ALCGHAas target cells on splenocytes.
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Figure 6.9: Proliferation assay using T cells geraed from HHDII-DR1 double transgenic
mice immunised with HAGE DNA and challenged with A&/HAGE. Mice were immunised
with gold-coated pBudCE4.1/HAGE plasmid and chgéesh with ALC/HAGE cells.
Splenocytes from 2 regressor mice were harvested edmplete tumour regression and re-
stimulated in vitro with HAGE 338 (A) or HAGE 506¢B) for 7 days and then tested for
proliferation by incubating them with syngeneic BMI- pulsed with peptide.
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6.3 Discussion

Previous attempts to identify naturally processgitbpes from HAGE antigen were successful
and could be useful for monitoring an immune respaiw HAGE as well as the elaboration of
peptide-based vaccines, at least in HLA-A2, -DRXDR4 patients. However, immunisation
of cancer patients with peptides demonstrated Bwels of efficiency in humans and hence,
therapies targeting the full length HAGE gene weralertaken in HHDII-DR1 double
transgenic mice.

In this study, HLA-A2-positive murine lymphoma AL¢lls were chosen for the development
of anin vivo tumour model in HHDII-DR1 mice. ALC cells were dirtransiently and then
stably transfected with pBudCE4.1/HAGE to exprdss HAGE protein. Thén vitro andin
vivo expression of HAGE was confirmed by immunofluosssie of transiently transfected
ALC cells and immunohistochemistry of ALC/HAGE xemafts grown in HHDII-DR1 mice
to a size of 1chmbefore excision. Transfection of ALC cells ledamuclear expression of
HAGE in vitro and in vivo with a characteristic granular staining as shown b
immunohistochemistry. Interestingly, both ALC andlHAGE cells were injected for this
experiment and the latter appeared to grow muderfas the required size than the former
(Data not shown). Although this difference betwé&hGE-negative and —positive cells has
been previously observeith vitro (See Section 3.2.3), further experiments are rkdde
confirm this trend and the eventual implicationtlod transfected gene in the proliferation rate
in vivo.

After determination of the TD50 of ALC/HAGE, temeés this number was injected to naive
HHDII-DR1 mice which had not previously encounterttt HAGE antigen in order to
document tumour growth and survival expectancyerbstingly, still a very large number of
mice injected (40%) showed signs of tumour regogssind total regression 30 days post-
challenge, suggesting that anti-tumour responseki dme readily raised against ALC/HAGE
cells in a proportion of mice due to epitope spregchs well as the presence of HAGE, a
foreign antigen with no known murine counterparespite having a strong immunogenic
potential, ALC/HAGE cells allowed a margin largeoegh to improve the rates of tumour
growth and the percent of survival. Also and cangtred other tumour cells tested in this
project such as EL4/HHDII cells (Data not shown),GAHAGE cells allowed reproducible
and constant subcutaneous tumour development.

Consequently, HHDII-DR1 mice were immunised withther gold particles coated with
pBudCE4.1/HAGE using a helium gene gun or naked DiNgerum free media injected intra-

muscularly. Immunisations were then followed by I&rmge with ALC/HAGE tumour cells
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expressing HAGE at high levels. Initial experimedésnonstrated a delay in tumour growth in
mice vaccinated with pBudCE4.1/HAGE DNA as welimproved survival with up to 95% of
the mice challenged showing signs of complete reions This delay in tumour progression
and improved survival in vaccinated animals wasraepcible. However, only gene gun
allowed a statistically significant improvementtbé survival. The ability to protect mice and
improved the slowdown of the tumour growth as vaslthe percent of survival was surprising,
considering that several groups have doubted thigeld ability of DNA vaccines, especially
when using gene gun. However, as shown earlier MiER2/neu (Curci@t al, 2003), HAGE

is a foreign antigen and hence, holds a high imrgan potential.

Having established the efficacy of DNA immunisatithy gene gun in a prophylactic
experiment, the ability of DNA-based vaccines toecmice from tumour development in a
therapeutic model was evaluated. Mice were firgected ALC/HAGE cells and then
immunised with gold-coated pBudCE4.1/HAGE DNA thosgys later in order to demonstrate
the beneficial effects of the DNA vaccination atlgastages of the tumour development.
Significant delay in tumour growth, shorter permfdime to reach complete regression as well
as significant improvement of the percent of sua/ifrom 40% to 80% in mice vaccinated
with pBudCE4.1/HAGE DNA were the three main obs&ores consecutive to this therapeutic
experiment. However, because all therapeutic tunmadels rely on the immunisation of
animals once tumours of palpable size are obtajfietito 0.3crf), mice were then injected
with tumour cells and immunised at a later stagduofiour development seven days after
injecting ALC/HAGE cells. The changes made in tmeniunisation schedule did not affect or
modify extensively the outcome, as similar reswiese obtained. In the same experiment, mice
were also injected with tumour cells and immuniggith pBudCE4.1/HAGE DNA containing
or not a murine co-stimulatory molecules¢ B7.1, B7.2 or 4.1BBL). Although there was no
significant difference between HAGE on its own dahdGE with B7.1 or 4.1BBL, a small
beneficial effect was observed with the additiorthed co-stimulatory molecule B7.2 in terms
of maximal tumour size reached and shorter peridonz leading to total tumour regression.
B7.1, B7.2 and 4.1BBL have all been described asalggefficient as each other to generate T
cell proliferation and when expressed togetheratera synergistic effect allowing potent co-
stimulation of the immune response (Habib-Agahial, 2007). However, contrary to its
counterparts, the co-stimulatory molecule B7.2 roftiesplays the capacity to induce higher
levels of cytokine secretion such as {FKEM-CSF, TN and IL-10 (Kronfeldet al, 2005)

and to promote tumour regression in animal modéignwincorporated in a DNA vaccine
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(Yanget al, 2007). Unfortunately, lack of mice did not perihits experiment to be performed
on larger cohorts of animals, which would be regghifor the comparison between each co-
stimulatory molecule and a more thorough statisacalysis.

It is worth noting that ALC cells on their own wengreviously described as poorly
immunogenic (Gritzapigt al, 2006). Indeed, in this study, animals were chaiésl with a
number of ALC cells as low as 2*1tn order to obtain palpable tumours 22-25 dayeraft
injection. Also, 100% of the mice challenged with@ cells were sacrificed about 65 days
after the start of the experiment. These resulticate that the number of cells used for
challenging animals is certainly critical for thevél of immunogenicity of the cells and the
outcome of the study, and that smaller number ofCAAGE cells injected might be
considered in the future in order to decrease timnunogenicity. Moreover, the
immunogenicity of these cells were not affectedtty transfection with a foreign antigen as
similar tumour growth rate and survival expectamsre achieved following transfection of
ALC cells with the human HER2/neu gene. In thisjgeh HAGE has proved to be by nature
crucial in the increase of the proliferation ratedaits involvement in the process of
tumorogenesis might jeopardise the immunogenidildC cells even when very low number
of cells are used to challenge the mice. Thushé&urtvork is needed to develop and optimise
anin vivo tumour model with ALC/HAGE cells or use a poorngmunogenic tumour model
such as the B16 melanoma cell line (Bragital, 2000).

It is not clear whether reduced tumour growth androved survival is due to the development
of a specific T cell response or rather a combimatf innate and adaptive immune response.
However, it is worth mentionning that lesions weleserved on the surface of a majority of
regressing tumours suggesting the presence of famimatory response. Histology would
have been able to confirm this hypothesis. Howegteg to time constraints, these were not
performed. Inflammation and its association withaz evolution has been well-studied with
the common understanding that inflammation and tenmamune responses can exert pro-
tumorogenic effects while inflammation and adaptivenune responses are more likely to
generate anti-tumorogenic effects (Karin and Gre2805); although some discrepancies have
also been reported (de Visser al, 2005). However, evidence accumulated in this ystud
suggests the promotion of an adaptive immune resp@gainst ALC/HAGE cells, but it
remains to be established whether the anti-tumespanse is HAGE-specific.

As demonstrated in Chapter 5, reverse immunologg a&mansgenic mice allowed the
identification of one class | (HAGE 126) and twass Il peptides (HAGE 338 and HAGE
506-11) derived from the HAGE protein. In orderdonfirm the hypothesis of a HAGE-specific
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T cell response towards ALC/HAGE tumours in HHDIRD mice, spleens of mice with
regressing tumours were harvested and tastettro in cytotoxicity and proliferation assays
following in vitro re-stimulation with the identified naturally pr@esed and immunogenic
HAGE-derived peptides. Unfortunately, non-specisponses were obtained for both class |
and class Il peptides. This result was expectedpéptide HAGE 126 as its endogenous
processing has only been shown following DC immaind& and not gene gun. However,
some of the T cells from regressor mice were exqoetd be HAGE 338 or HAGE 506-II
specific even following gene gun immunisation swegigeg that other HAGE-derived epitopes
could be involved in the anti-tumour responses oiesk Therefore, it remains difficult to
confirm at this stage whether the tumour protectairserved in these experiments were
HAGE-related with immune responses specificallygésing the antigen or due to epitope
spreading. Challenging the mice with ALC and ALC/EE cells three weeks after the last
immunisation instead of seven days is somethingetaonsidered in the future in order to
answer that question. Also, tumour growth in imnsedi animals should be compared with
tumour growth in non-immunised animals in orderul® non-specific effects and confirm that
immunisation with the empty vector did not natwraticrease in a positive way tumour growth.
Unfortunately, lack of time did not permit thesgperments to be conducted, which would be
necessary to conclusively prove the presence oA&HMEspecific immune response towards
ALC/HAGE tumour cells, at least in a prophylactettsrg. Further experiments are therefore
required to allow us to conclude that these thré&sB-derived peptides are not involved in
the anti-tumour process and that the eventual Tresbonse is HAGE-specific and not due to
epitope spreading.

Collectively, these data showed that gene gun daeter results than intra-muscular
immunisation in thisn vivo HAGE-positive tumour model and that the pBudCB4AGE
vector seems to offer better protection to tumohlallenge and better overall survival of
HHDII-DR1 double transgenic mice than the emptytoem both prophylactic and therapeutic
experiments. Finally, immunogenic and naturallygessed HAGE-derived peptides may or
may not be involved in the anti-tumour response farther work is needed to prove that these
peptides are indeed responsible for the benefeffakcts of the DNA vaccine on the tumour

development by trying other modes of immunisatiochsas DC- or SFV-based vaccines.
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Chapter 7: Discussion

The scope of this project was to identify potentahdidate T cell epitopes derived from a
novel cancer/testis antigen with immunogenic paaéntor cancer immmunotherapy by
directly combining reverse immunology with transigemouse models. Furthermore, the
second part of the project aimed to design DNA-Basecine strategies and assess them in an
in vivo tumour model in order to assess the immunothetepahilities of this new antigen.
But before undertaking series of experiments invgithe use of several animals, the primary
objective of this project was to ensure that thigigen was a valid target for cancer
immunotherapy and an essential gene for cancerraeroto avoid the immunoediting

phenomenon and hence, tumour escape to take place.

7.1 HAGE as a potential candidate for cancer, expssion and validation

Since the cloning of MAGE-1, the first gene repdrte encode a tumour antigen recognised
by T cells, molecular identification and characation of novel tumour antigens has rapidly
progressed with the hidden promise of being usefukelectively targeting cancer cells
expressing these antigens by immunotherapy. Usiagmimune response to eliminate cancer
cells is a seducing idea as harmful and severeedfdets can be avoided unlike chemotherapy
and radiotherapy. Although successful results warkieved in animal models, very little
clinical benefits were observed in humans, slowtgaking the hopes emitted in cancer
immunotherapy. It is now generally admitted thamumotherapy should indeed be utilised
against metastases in combination with more coiwagltcancer therapies such as surgery to
remove the original tumour mass. Association ofhbotodalities will allow the immune
system to deal with fewer malignant cells as walltlae reduction of immunosuppressive
factors released by cancer cells.

The good completion of this project relied on tlahgring of two determinative conditions:
the validity of the tumour antigen for use in imrotimerapy and the relevant animal model
used to investigate it. In order to ensure the &rnan ideal tumour antigen that could be
useful for immunotherapy has to combine four maaracteristics before pursuing with
animal and human studies. The possibility of desgnpersonalised vaccines against
individual antigens has been defended by sevesahrehers. However, this strategy appears to
be time-consuming, expensive and most of all intpral; especially in developing countries.
Thus, antigens with the characteristics of beintalliyp absent from normal tissues and

expressed with high frequencies in tumours reptetbenmost interesting targets. Two of the

192



best and most studied tumour antigens are the tuspmcific protein Bcr/Abl expressed in
CML patients and the viral antigen E7 expresseckivical cancers, and are subject of several
clinical trials (Pinilla-Ibarzet al, 2005; Linet al, 2007). Tumour-specific proteins and viral
antigens are very specific for certain tumoursunfortunately not all cancers have been so far
characterised by such antigens. Also, cancers vanexpress essential genes involved in cell
growth and proliferation, and these genes, shaetdden different types of tumours, could
represent valid targets if the risks of generatintp-immune responses were not often greater
than the eventual beneficial anti-tumour effectise Tast characteristic for an antigen to be an
ideal target for immunotherapy is its involvement tumorogenesis. Indeed, the down-
regulation of the antigen is likely to be triggenédhe latter is non-essential to the tumour
transformation, leaving less immunogenic and escag@ants from tumours to multiply
according to the immunoediting theory (Duanal, 2004). However, several non-essential
antigens could be targeted simultaneously to atl@dyeneration of escape variants but ideally,
targeting essential antigens with oncogenic praggewould prevent the tumour cells to escape
and make it a very promising immunotherapeutic mtda

Initially identified in a human sarcoma by Marted@gnet al. (2000) using representational
difference analysis, several studies have repotied over-expression of the cancer/testis
antigen HAGE in more than 50% of myelogenous leokagd Adamset al, 2002), and in some
cases of benign and malignant neoplasms of theasglglands (Nageét al, 2003). HAGE
was also demonstrated to be frequently expresseabaut 30% of brain, colon and lung
cancers among others (Scan&tral, 2004). Moreover, very little is known about HA®It

its belonging to the DEAD-box family of ATP-depemti&RNA helicase and evidences of the
involvement of other members of this family in twmaell proliferation (Eberlet al, 2002;
Yang et al, 2005) suggest a crucial role in the RNA metabols tumour cells. For these
reasons, HAGE seems to be a good target for imrherapy as it would be applicable for the
majority of the population.

To verify HAGE expression at the mRNA and prot@&wels in normal tissues and cancer cells,
quantitative real time PCR, immunohistochemistrgl ammunofluorescence were used. As
expected, HAGE expression was at very low levelsiormal tissues and then found to be
negative using RT-Q-PCR with the exception of sedfixpression of HAGE was confirmed in
several tumours of different histological originchuas blood, breast, colon, gastric, head &
neck and skin malignancy. Despite the number ofpsesrfor some forms of cancer being very
small and quantities of mMRNA available very lowdis of HAGE expression in CML, colon

carcinoma and melanoma samples were in line witkelpreviously published. Furthermore,
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neither gastric nor head & neck carcinoma haveadirebeen described in the literature.
Respectively, approximately 22% and 40% of the earsamples tested were shown to be
over-expressing HAGE and the rise was at least folds. Also, they are discrepancies
between cancer cells from patients and cancerlined preparedn vitro and although, they
often behave quite similarly when both types ofscale from the same cancer, they display
quite a different phenotype. Indeed, in this studg, have confirmed the over-expression of
HAGE in about 60% of CML samples. However, nonehaf CML cell lines tested expressed
HAGE at any kind of detectable levels by real tiRf@R. This result was later explained by a
study by Roman-Gomeet al, (2007) describing a very high hypermethylatioatiss of the
HAGE promoter in CML cell lines and hence, prevegtiranscription of the HAGE gene.
Low levels of HAGE expression were shown to belgaswversed in CML cell lines with the
addition of a demethylating agent and synergidticahhanced with the extra addition of a
deacetylase inhibitor confirming that the methylatstatus of the HAGE promoter was critical
to the HAGE gene transcription. On the other haddGE promoter in HAGE-positive
melanoma cell lines might be naturally hypomethedatvhich would translate into high levels
of HAGE expression in these cells.

Over the course of this project, relative exprassiof genes of interest were normalised to two
different housekeeping genes (GAPDH and rRNA),dud to very high level of expression of
18S RNA, GAPDH levels were taken into account fornmalisation. However, it has been
reported that GAPDH can be an unreliable housekgegene for normalisation in RT-PCR
due to its wide variability in response to differéactors (Bustin 2002). With hindsight, other
housekeeping genes such Rglucuronidase, protein kinase cGMP-dependent typer
TATA-box binding protein, described as more releabhould have been utilised in this project
(Lossoset al, 2003).

Results obtained at the mRNA level were furtherficored at the protein level for HAGE as
MRNA and protein do not necessarily always coreel&t this study, immunohistochemistry
and immunofluorescence validated the results of tie PCR proving and changing the
status of putative protein of the cancer/testisigent HAGE into an actual product of
translation mechanisms. Expression of HAGE at treem level was not detected in any
normal tissues, except testis and expression atnfRNA level correlated with expression at
the protein level in head & neck carcinoma and m@iaa samples, as well as melanoma cell
lines. A previous study has demonstrated that terdifitiation antigen termed metastasis-

associated antigen-1 (MTA1) was not detected by umwhistochemistry because of its low
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levels of sensitivity and that by concentrating #amples and performing western-blotting,
this given protein could be highlighted (D. Assuidg®rsonal communication). Here, HAGE
staining appears quite intensively on normal teséistions and several other sections from
different cancers suggesting high quantities of HEA@Sotein in these tissues. Furthermore, the
use of multiple cancer tissue microarrays allowbdwsng up HAGE expression in cancer
tissues which are very difficult to get access twhs as bladder and liver carcinoma.
Unfortunately, unpurified polyclonal antisera werged to highlight the expression of HAGE
at the protein level hindering the quality of thaising with some residual background, even
after adsorption of the antisera with rabbit liyewder. In the future, a purified monoclonal
antibody customised to target a specific amino aeiguence from the HAGE protein should
replace the polyclonal antisera for the stainingHAGE by immunohistochemistry and
immunofluorescence.

These last two techniques also brought importaditiadal information. Indeed, it allowed the
determination of the localisation of HAGE inside ttells and interestingly enough, it seems to
be expressed in different compartments of the delfgending on the culture conditions and on
the cell type, be it cell lines, transfected cedls tissues. Indeed, HAGE appears to be
cytoplasmic in cell lines as shown in the melana®laline ESTDAB-27, whilst being mainly
nuclear in transfected cells and tissue sectiomea®nstrated in transfected murine ALC cells,
BM-DC and human testis. Therefore, like other RN#lidases, HAGE could be involved in
different processes of RNA metabolism dependinghencell requirements vitro andin vivo
(Charrouxet al, 1999; Charrowet al, 2000). It remains difficult to determine at tlstage
what these processes and the links with the cgrtoemotype are. However, it is possible to
bring a few clues on what the consequences ofxpeession of HAGE are. Like other DEAD-
box RNA helicases such as DDX1, DDX2 and DDX5, HAGE&ms to be critical to the
proliferation of tumour cells as shown by siRNA afaNA transfection experiments, as well
asin vivo in challenge experiments although this last oketeya will have to be repeated in
the future. Moreover, cell cycle as well as cellrpfmlogy did not display any signs of being
altered by the silencing of HAGE gene suggestirad thAGE is not crucial for the cells to
survive but only to proliferate. Finally, the expseon analysis carried out by real time PCR
with CML patient cDNA showed a correlation betweka expressions of Bcr/Abl and HAGE
which is in line with a study published by Romann@z et al. (2007) describing a link
between high levels of HAGE expression and pooicdl outcome. Several proteins including
oncogenes such as Pim1 and Jun are up-regulatedifuy expression of the Bcr/Abl protein

(Hakanssoret al, 2004) but the link between the latter and HAGE baen not proven yet.
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Also, it is very unlikely that HAGE is produced la&se of the Philadelphia chromosome as it
is found in other forms of cancer such as melanamere the chromosome translocation is not
found. However, it can be hypothesised that dowastr of the Bcr/Abl chain of events, some
mechanisms shared by a variety of cancers suchhesintreased expression of proto-
oncogenes, growth factors, factors related to tgeokinase activity or factors related directly
to the cell proliferation cycle (Ohbet al, 2004), and production of reactive oxygen species
(Kim et al, 2005) could participate to the sudden transaiptof numerous genes with
oncogenic properties responsible for the sevefigaacer and associated with poor prognosis,
including HAGE.

Finally, not all tumour antigens are capable otiwtig specific immune responses and
immunogenicity of an antigen would be the decidfagtor in validating it as a potential
immunotherapeutic target. Combined together, theém& strongly suggested that should
HAGE be immunogenic, it would represent the ideahunotherapeutic target against several
cancers. Although no previous evidences have begorted describing the generation of a B
cell and/or T cell specific immune response towarys HAGE immunogenicity was

investigated in transgenic mouse models.

7.2 ldentification of novel T-cell epitopes derivedrom HAGE

The modeling of human diseases such as cancertigmesgh the utilisation of animal models
although promising results obtained with the lati@rely translate into significant clinical
benefits in patients. Nonetheless, animal modeisanme a reliable and convenient source of
great discoveries such as revolutionary drugs dheranedical interventions to treat diseases
in humans. The main argument against animal madetisat their physiological system can
differ from humans. However, failure of clinicaldis in humans can often rather be explained
by the choice of poor animal models in numerouslistl For instance, the use of mice in
immunotherapeutic models of cancer can be explanyedeveral reasons, among which the
quick provision of answers, low costs, the faciliblyhandle and to genetically transform, and
the similarity of their physiological system witlutnans. But the transplantation of tumours
does not represent an ideal model as tumour aellsgected at a site different from their usual
anatomical location and often express foreign aighlyy immunogenic antigens, whereas
tumours are more likely to be self in origin andslammunogenic (Dullaerst al, 2006).
Hence, selection of an animal model to investigategovel therapeutic antigen or any other
intervention can be most critical in attaining t&swhich can be translated into humans. Over

the last thirty years, the field of transgenic nm®usodels has revolutionised the research
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against cancer by providing a wealth of new knogéedbout mechanisms of tumorogenesis
and anti-tumour immune responses. With the likesomomice in which tumours arise
spontaneously, transgenic mice with epitope-spehiiiman TCR or HLA transgenic mice, it is
now possible to answer several questions aboubthe of an antigen in tumour development,
the kinetics of an antigen-specific T cell respomsel its regulatory mechanisms, or the
immunogenicity of a given tumour antigen (Ostrarms&berg 2004). In this project, the use
of mice transgenic for HLA molecules were first dige investigate the immunogenicity and
the natural processing of HAGE-derived peptidesedetl by reverse immunology and
secondly to evaluate a model of transplantable tumover-expressing the HAGE gene in
order to study different DNA-based vaccine strasgi

There are a number of different approaches thabeaapplied to identify new candidate class
I/ll-restricted target antigens for immunotherapythis report, the application of the reverse
immunology approach to identify potential T celitepes from the product of the cancer/testis
antigen HAGE in transgenic mice expressing human Idiolecules is described. Peptides are
convenient, easy to synthesise for clinical ussy éa modify and to administer to patients.
Disis et al. (1996) described that the administration of peggtiderived from a self tumour
protein rather than the whole protein was ablenuce antibody production and T cell
activation. Moreover, peptides can be easily adstraied together with adjuvants, cytokines
or dendritic cells using wild-type sequences oruseges optimised to increase their binding
affinity to MHC molecules. Also, usingx vivomonitoring based on tetramer technology, it
was shown that T cell responses to peptide vacamaesbe followed. One of the major
advantages of identifying immunogenic tumour-assec peptides is the subsequent
identification of T cell receptors specific for Heepeptides. Once identified, vectors encoding
these TCR can be engineered and used to trangfaphbcytes from peripheral blood for
transfer to patients (Morgaet al, 2003). A recent study conducted by Morgsral. (2006)
indicated the presence of circulating transducedplyocytes one year post-transfusion and
metastatic regression in two of 17 treated patiedtsnerous studies have demonstrated the
feasibility of cancer immunotherapy using tumoutigens recognised by CD8+ T cells
(Rosenberget al, 1998; Yeeet al, 2000). However, the responses observed were
unfortunately weak and transient. CD4+ T cells @agentral role in initiating and maintaining
anti-tumour therapy. Thus, optimal immunisationlwéquire the recruitment of both CD4+
and CD8+ T cells, in order to generate a long+hasénti-tumour immune response (Assudani
et al, 2007).
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To this end, eight HAGE-derived peptides predictedind strongly to HLA-A0201 were
selected using the evidence-based computer algo®¥WFPEITHI. Four out of eight peptides
evaluated in HHDII mice were found to be immunogemdowever, CTL generated by gene
gun immunisation with HAGE cDNA anth vitro peptide re-stimulation were unable to Kkill
tumour cells expressing HAGE or loaded with peptigeggesting that these peptides were not
naturally processed and presented by antigen-gregesells and tumour cells. Lack of lysis of
targets could have been due to low expression ofSHANn these tumour cells, lack of
expression of these specific peptides at the celase or low avidity of generated T cells for
these peptides. However, following immunisationhwiRC transfected to express HAGE or
loaded with HAGE-rich melanoma cell lysate, peptitlfGE 126 was proven to be naturally
processed. It is difficult at this stage to expléie natural processing of peptide HAGE 126
following transfected DC immunisation but not byngegun. The main difference between this
two means of vaccination being the population oCARBrgetedi(e.. BM-DC and Langerhans
cells by DC and gene gun immunisation, respect)yd@ycan be hypothesised that processing
of HAGE by the immunoproteasome in BM-DC, but ngtlbe proteasome in Langerhans cells,
leads to the generation of peptide HAGE 126. Ing¢led proteolytic activity of these two
degradation machineries differs leading to the petidn of two distinct panels of peptides
(Kloetzel et al, 2004). The exclusive processing of peptide HAGE6 lby the
immunoproteasome suggest that tumour cells, whitth express the proteasome, would not
be presenting this peptide emphasising the impoetah an adapted mode of immunisation for
accurate identification of peptides naturally pss=e by tumour cells.

Since HAGE is an endogenous antigen, it is likelyp¢ processed by MHC class | processing
pathway. However, some of these intracellular amsgmight also be presented in MHC class
lI-restricted context as previously described (Bissyakeet al, 2005). Considering this, six
HAGE-derived peptides predicted by SYFPEITHI todbstrongly to HLA-DR0101 and HLA-
DR0401 molecules were synthesised. Four of thene wemunogenic in both HLA-DR1 and
HLA-DR4 transgenic mice. Furthermore, two of thedrAGE 338 and HAGE 506-II) were
naturally processed as tested using two differeathods (gene gun and transfected DC
immunisation, See Chapter 5) suggesting that conteaclass | peptides, both types of APC
targeted by these two means of vaccination prodwate HAGE-derived class Il peptides
identically. With the MHC class Il processing padybeing supposedly identical in both
populations of APC targeted, similar results betwegne and DC immunisation were
therefore expected. In agreement with the resubitsilmed following immunisation with HAGE

cDNA of transgenic mice, specific HLA class Il-mested recognition of HLA-DR-matched
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tumour cell lines as well as DC pulsed with HAGEsjtwe cell lysates were also achieved
following thein vitro generation of CD4+ T cell lines from human PBMGhapeptide HAGE
506-1l indicating that this peptide was processgehtically in both species (Mathieat al,
2007). Thereafter, both class | peptide HAGE 126 eass Il peptide HAGE 338 will now
need to be investigated for their ability to respety generaten vitro CTL and T helper cells
capable of specifically responding to target cekpressing the appropriate HLA molecules as
well as HAGE. Also, natural processing of peptideGE 126 by the immunoproteasome and
not the proteasome will need to be confirmed. Bmalinly high binding affinity peptides were
evaluated among which, three of them could be ui$efuhe vaccination of A2, DR1 or DR4
patients but more low-to-moderate binding affirpgptides could still be valid candidate T cell

epitopes and will need to be investigated.

7.3 Vaccines strategies and HAGE

The need to identify specific epitopes from antgjean be circumvented by the use of DNA-
based vaccine strategies targeting whole antigghgh allow the generation of an immune
response against multiple epitopes regardless & hdplotypes. To test this, HAGE cDNA
sequence was cloned into a mammalian expressidory&ich was then used to immunise
HHDII-DR1 double transgenic mice using either gemen or intra-muscular method in
prophylactic and therapeutic experiments. Immumosawith HAGE by gene gun or intra-
muscular injection was able to provide protectioonf ALC/HAGE tumour challenge.
Moreover, only gene gun immunisation led to a staglly significant improvement of the
percent of survival. This is in correlation withveeal studies defending gene gun as a method
of choice to generate an anti-tumour response (Batral, 1999; Goldet al, 2003). Also,
significant delayed tumour growth and improved allesurvival were achieved when mice
were injected ALC/HAGE tumour cells first and themmunised three days later by gene gun
in a therapeutic setup. The latter was then regelatg this time, immunisation took place
when tumours were palpable. Similar delayed tungmewth and improved survival were
recorded.

In spite of a number of advantages of DNA vaccin&sk of potency is often blamed as the
causative factor for failure of DNA vaccines in hams and the presence in the plasmid DNA
of unmethylated CpG islands, which can act as gahdvants, is not sufficient to overcome
this situation. To make up for this, attaching sifjng molecules to direct antigens towards
MHC class | or class Il processing pathway, or dowmistrating the targeted antigen with

cytokine genes or co-stimulatory molecules to pidés the immune response have all been
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evaluated with different degrees of success. lemwotal address this issue, murine B7.1, B7.2 or
4.1BBL cDNA sequences were each cloned into a mdimmaxpression vector containing
already HAGE cDNA. Comparisons were then made atebiagh experiments were carried
out in small groups of mice and are not statiscsilgnificant, the addition of the murine co-
stimulatory molecule B7.2 to HAGE in a single mantiara expression vector seems to
convincingly slow down tumour growth but unfortuelgt no further improvement of the
percent survival. Further experiments are requigth larger cohorts to draw definitive
conclusions on the beneficial effects of co-stirarfamolecules to a HAGE DNA vaccine.

The ability of HAGE DNA vaccine to generate immuesponse was not surprising as several
studies targeting cancer/testis antigens usingnpthsaccines in mice have demonstrated
similar promising results (Part al, 1999; Maet al, 2005). However, it remains difficult to
determine if the response observed was HAGE-speatfid not due to epitope spreading
despite differences between immunisation with emplsmid and HAGE plasmid being
significant in both protection and therapeutic ekpents. More work is then needed to prove
the specificity of the anti-tumour response bymefg protection experiments and prolonging
the duration between DNA vaccination and challengk HAGE-expressing tumour cells.

With hindsight, other modalities of vaccination gltb have also been attempted such as
HAGE-transfected DC. Indeed, the identificationttod naturally processed and immunogenic
class | peptide HAGE 126 relied strictly on the iomsation of transgenic mice with
syngeneic DC transfected to express the HAGE pradeggesting that BM-DC provide a
different panel of antigenic peptides from Langeshecells to T lymphocytes. Having
identified this peptide, it would have allowed moning of the immune response as well as
undertaking peptide-based vaccination in HHDII-D&duble transgenic mice injected with
ALC/HAGE tumour cells. Unfortunately, neither gemgin nor intra-muscular injection
allowed confirming whether any of the naturally ggesed and immunogenic peptides HAGE
126, HAGE 338 and HAGE 506-II were responsibletfa tumour eradications achieved.
Finally, the presence of regressor mice in the inanunised group indicates that ALC/HAGE
tumour cells are immunogenic on their own and thahber and type of cells injected to the
mice might be critical to the elaboration of a fatanour challenge. It also means that in the
future, immunogenicity rather than aggressivenhssilg be privileged in the elaboration of an
in vivo tumour model. This immunogenic potential of ALC/BE tumour cells was later
confirmed when mice were challenged a second timeenhonths after the primary challenge
and showed no signs of tumour growth suggestingxitence of a strong memory response.

However, it cannot be certified that by lowering tiumber of cells or replacing the cells with
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a proven poorly immunogenic cell line such as Bh&,immunogenicity of the cells will also
be lowered with HAGE being a foreign antigen aneréifiore strongly immunogenic. This is a
crucial point as it reappraises the use of tramsplde tumours in tumour immunology
research and emphasises the need for the credtidoser to realityin vivo tumour models.
That is why mimicking the reality by optimising $hin vivo model with HAGE-expressing
tumour cells will turn out to be critical for theexdklopment of proper vaccine strategies in

order to avoid the failure of DNA-based vaccinefuittire human clinical trials.

7.4 Conclusions and future work

Cancer/testis antigens represent one of the mashiping groups of tumour-associated
antigens identified till date because of their atnanique and specific expression in tumours,
and are rightly being investigated for the develeptrof novel immunotherapeutic strategies.
However, caution had to be taken to validate HA@Enember of this family, as target for
immunotherapy in order to avoid the appearance rofamted side-effects such as auto-
immunity. Based on the results presented here laodlg it be immunogenic, the cancer/testis
antigen HAGE represents an ideal target for immuei@py against several cancers. It is
strongly expressed at the mRNA and protein levels variety of cancers, totally absent from
normal tissues except testis and seems to haweatoncogenic properties as cell proliferation
correlates with HAGE expression.

With the clinical outcome of cancer patients oftemrrelating with the existence of an
immunological response (Minet al, 2004), the importance of CD8+ and CD4+ T cells ha
become apparent, which leads to the requiremergrtocols to rapidly identify MHC class |
and class Il epitopes that could be used in theiccliThe use of HLA transgenic mice
immunised with predicted peptides has provided ami® rapidly identify these epitopes
bypassing the need for time-consumingitro re-stimulation of human PBMC. A large panel
of peptides can consequently be pre-screened msgemic mice before finally assessing a
reduced number of them in human T cell culturest t®gether, peptide, DNA and DC
immunisations allowed the identification of sevaramunogenic HAGE-derived HLA-A2 and
HLA-DR1/-DR4 peptides among which one class | (HAGH) and two class Il (HAGE 338
and HAGE 506-II) peptides were also found to beursly processed. Several studies have
demonstrated that CD4+ T cells were essentialHergromotion of an effector and memory
CTL response (Gaet al, 2002; Shedloclet al, 2003) and that the administration of a
heterogeneous T cell population is more efficiéminttransfer of CD8+ T lymphocytes alone
(Dudley et al, 2002; Rosenbergt al, 2004). Having identified HAGE-derived class | and
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class Il epitopes, it remains to establish if tldenenistration of class | and class Il peptides
derived from the same protein will result in inged CTL activity, long-lasting immunity and
whether tumour protection and/or clearance cancheeged with these helped CTL responses,
at least in mice. Also, identification of thesetepes could also be useful for the vaccination of
HLA-A2, -DR1 and -DR4-positive patients and/or tiv@nitoring of the immune response
directed against HAGE in these patients.

The use of pre-clinical models allows valuable infation to be obtained regarding the
optimal conditions required for tumour clearancd &vllow-up such as mode of vaccination,
use of adjuvants, system of delivery, administragohedule and immune response monitoring.
Moreover, it is critical to design novel vaccineas¢gies that will also be suitable for clinical
use. Therefore, the ideal vaccine should combirme ftilowing characteristics in order to
overcome immunological barriers: low toxicity sues DNA-based vaccine, ability to
stimulate all the anti-tumorogenic arms of the inmauesponse, immunomodulatory signals
such as cytokines or co-stimulatory molecules f@r &nhd T cell stimulation and eventually, a
strategy to deplete immunosuppressive cells suchirags and NKT cells. As part of this
project, a tumour model was developed in HHDII-D&duble transgenic mice. This tumour
model relied on the creation of stable transfestampressing HAGE, the transplantation of
these genetically-modified tumour cells in mice ahd assessment of several DNA-based
vaccine strategies. Using a standard analysismbtu regressions, tumour protection and/or
clearance were achieved in a majority of mice imisesh with HAGE DNA vaccine
administrated intra-dermally by gene gun or intnaspularly by injection indicating that
HAGE as a whole antigen is strongly immunogeniceatst in mice. Moreover, tumour
clearance was further improved by the additiorhefmurine co-stimulatory molecule B7.2 to
the HAGE DNA vaccine but not B7.1 or 4.1BBL, altlgbuthis result will have to be
reproduced in the future to confirm the boosting tbé anti-tumour response by B7.2.
Transgenics have been previously used successmllyur laboratory and in others
(Touloukianet al, 2000; Rojaset al, 2004) and are central to this study hopefullyvptimg
important information for the formulation of futuoancer vaccines and an accurate insight of
the immune response taking places in humans.

Future studies should aim to clarify certain aspexdtthis study and/or to build on some of
these findings. Repeat experiments testing HAGEesgion on tumour sections must be
carried out with customised and purified anti-HA@#&body to confirm previous results, to
assess whether HAGE can be found at the proteet ie\CML PBMC, and to link expression

of this antigen with tumour stage or clinical oute in several types of cancers. Also,
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experiments about the role of HAGE in tumour cslisuld be expanded to clarify its link with
cell proliferation both upstream and downstreanitopotential pathway by performing gene
microarray analysis in melanoma cell lines, CMLIdeles as well as in a histiocytic
lymphoma cell line (U937) where the Bcr/Abl trardtion characteristic of the CML
phenotype can be induced. Studying the phosphaglatatus of HAGE would also bring
further clues on a potential correlation betweenGiAand Bcr/Abl expressions.

In order to further optimise the tumour model usedhis project, immunogenicity of the
transplantable tumour cells has to decrease ancineastrategies will have to be refined in
order to ensure the specificity of the immune respoelicited against HAGE-expressing
tumours. Challenge and therapy experiments coutth tie setup with different modes of
vaccinations such as mature DC transfected to psoard present HAGE-derived peptides or
the SFV/HAGE viruses generated over the coursdiefgroject. More detailed investigation
of the effects of co-stimulatory molecules is adspre-requisite in order to conclude on their
ability to boost the immune response achieved ag#ne cancer/testis antigen HAGE. Finally
and before making the final link with the cliniccanndertaking different immunotherapeutic
approaches to target HAGE-expressing tumours mcell trials, identified peptides will have
to be testedh vitro in order to see their ability to generate pepsgdecific CTL and T helpers
using PBMC from healthy donors and patients that &0201-, DR-0101- and DR-0401-
positive.

By completing the information gathered on HAGE &ngroving the transgenic tumour model,
it may be then possible to develop a more efficreatle of cancer vaccination that could

translate into the clinic with a more successfolgmostic.
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Appendix 1

H18S 2000

HAGE 5000
400b|

Figure Al: Expression of HAGE in AML and CML samples by RT-PCR. This figure
represents the semi-quantitative analysis of espesf HAGE in AML and CML samples,
using water as a negative control. PCR product48& ribosome and HAGE should be of 110
and 432bp, respectively.
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Appendix 2

Table Al: Breast carcinoma information and their lagive HAGE expression

BriT 1.0.0 Moderate Infiltrative -
BriN -
Br2T 3.1.0 Low Infiltrative -
Br2N -
BréT 2.1.0 Moderate Infiltrative 32.6
Bré6N 0.14
Br7T 2.1.0 Moderate Infiltrative 0.00
Br7N -
Br8T 3.1.0 Moderate Infiltrative 0.06
Br8N -
BroT - Fibroma N/A 60.1
BroN 0.02
Br10T 1.0.0 Moderate Infiltrative 0.02
Bri10ON -
Br11T 2.3.0 Moderate Infiltrative 0.41
Br11N 41.0
Bri2T 4.-.- N/A Infiltrative 0.06
Bri2N 83.1
Bri3T 1.0.0 Moderate Infiltrative -
Br13N 65.6

-2 low amount or poor quality of RNA.
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Table A2: Colon carcinoma information and their rative HAGE expression

Co21T 3.1.0 Moderate Ascendens 0.00
Co21N 0.03
Co22T 3.0.0 Low Rectum 0.00
Co22N 0.16
Co27T 4.0.0 Moderate Sigmoid 0.000
Co27N 0.002
Co30T 3.1.0 Moderate Caecum -
Co30N -
Co33T 3.0.0 Well Sigmoid 0.00
Co33N 0.01
Co100T 3.1.0 Moderate Rectum/Sigmoid 0.004
Col100N 0.002
Col102T 3.0.0 Moderate Rectum 0.000
Col02N 0.002
Co103T 3.0.0 Moderate Rectum/Sigmoid 0.10
Col103N 0.00
Co425T 1.0.0 Moderate Rectum/Sigmoid -
Co425N -
Co437T 3.1.0 Low Sigmoid -
Co437N -

-: low amount or poor quality of RNA.
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Table A3: Gastric carcinoma information and theietative HAGE expression

Ga47T
Ga47N
Ga55T
Ga55N
Gaz201T
Ga201N
Ga411T
Ga4llN
Ga418T
Ga418N
Ga421T
Ga4d21N
Ga4d34T
Ga4d34N
Ga436T
Ga436N
Ga438T
Ga438N
Gad40T
Ga440N

N/A

4.1.0

N/A

3.0.0

3.0.0

3.0.0

2.0.0

2.0.0

2.0.0

3.1.0

Gl

GIvV

Low

GIvV

Gl

Gl

Gll

Gl

Gll

Gl

Intestinal

Diffuse

N/A

Intestinal

Diffuse

Diffuse

Intestinal

Intestinal

Intestinal

Diffuse

0.00
0.04

0.002
0.000
0.003
0.000
0.003
0.009
0.004
0.004
0.005

0.00
0.05
0.01
0.02
0.006
0.002

-: low amount or poor quality of RNA.
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Table A4: Head & neck carcinoma information and threelative HAGE expression

HN28T
HN28N
HN35T
HN35N
HN36T
HN36N
HN38T
HN38N

0.025
0.005
0.001
0.004
0.02
0.01
0.002
0.001
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