WO 2004/ 035768 PCT/ | B2003/.005109 1 ANTI GEN TRANSDUCED T CELLS USED AS A
DELI VERY SYSTEM FOR ANTI GENS Field of the Invention 5 The present
invention relates to a delivery systemfor an antigen in the formof a T
cell, thed'sgsyeiauch a T cell to nonitor an inmune r@gggﬂégy@@gma met hod
of preparing t%e T <cell. Background of the Invention. 1 ne transfer
into human cells is being investigat?d for the treatnent of a variety of
genetic and acquired hunman di seases. Cenetic di seases, due to a single-gene
defect, were originall roposed as the primary targets of gene therapy.
However, hEVHREES; TRAFSBACEDNE CERkArERER ¢ o ORLTERY SYSTS EOmBBFORERI so f ar

i nvol ve treatnent of acquired di seases, such 15 cancer and AIDS. One
approach to tunor gene therapy relies on the stinulation of the host

i mune sysherA9AlARE, t Unor antigens by vaccination of the patient with
genetic??%y““nvg§$TE%gtunDr cells, in which the transgene (cytol cine,
allo-HLA, etc.) is ained at boosting their imunogenicity. An alternative

approach.is based on the adoptive transfer of ex viyo generated

e e e iy on el iEA ol otyid OBt tor o e b ST oF 95 0k of ogous
or HLA- caerpstdfiaheh 4 Yraeha6 yoaBorSdnl ifilunb edhpbrive whd _ﬁ‘i’f_léthbd}lff%épﬁﬁtﬁ%ﬂa@ oy
specific _as well as non-specific stimuli. Anplification of the effector

functiorf®8f the infused cells has been achieved by their transduction with
cyt oki ne- encodi ng genes. EP 0 904 786 discloses a nethod of tunor
vaccination with at | east two subsequent 25 adm nistrations of a

conposi tBagkgropm ¢ Inygnidonsent i al | y of autol ogous or HLA-related cells

whi ch), are capabl e of presenting antigen in a patient, said cells being
either tunor cells transduced with a foreign gene or antigen presenting
cel | s tr@asdrmefdr wmtd huenah uelis is being gonsteatdd dof drecirgumean taf gevarieWOof

2004/ 035g7e?1e icPaIClg/alchuZlPe /u(r)n%g]d?s%asesz. Genetic diseases, due to a single-gene defect, were

originally proposed as the primary targets of gene therapy. However, the majority of the
human gene therapy trials approved so far involve treatment of acquired diseases, such
15  cancer and AIDS. One approach to tumor gene therapy relies on the stimulation of the
host immune system against tumor antigens by vaccination of the patient with genetically
modified tumor cells, in which the transgene (cytokine, allo-HLA, etc.) is aimed at
boosting their immunogenicity. An alternative approach is based on the adoptive transfer
of ex vivo generated tumor-specific effectors. The infused effectors are usually
20 autologous or HLA-compatible lymphocytes stimulated in vitro to proliferate by specific
as well as non-specific stimuli, Amplification of the effector function of the infused cells

has been achieved by their transduction with cytokine-encoding genes.

EP 0 904 786 discloses a method of tumor vaccination with at least two subsequent
25 administrations of a compositions consisting essentially of autologous or HLA-related
cells which are capable of presenting antigen in a patient, said cells being either tumor
cells transduced with a foreign gene or antigen presenting cells transduced with a tumor

antigen and a foreign antigen.




W97/ 19169 di scl oses a tunor vaccine containing tunor cells at |east a
portion of which has at |east one MHC-1 hapl otype of the patient on the
cell surface, and which have been |oaded with an antigen. 5 Thus, the
prior artywipeeseskig approach of using a tunor cell as H? /ngz%élo\é?foy system
for an antigen, or an antigen presenting cell which is er st ood
presenting the antigen directly to 2 Tcell. It will be however
appreciated that there is a continui ig need to provide vacci nes and 10
vacci nati on approaches The present invention provides such an approach.
Sunmmary mér‘flﬁ e ated T
cells t hvgp%glndglﬂi{n ce r‘r’tB %&% %%a?erﬁe‘m“'fg&é{% ge%f?:% I’["?‘l%?‘ff'r‘fg‘wé‘nu gens,
such as hasablreastbraacMHG hhapimtypc ofdhe patfengenthe celh surface rind othisti kidve bganof essi onal
anti gen gﬂ@g t%; eI I's (APCs). More particularly, the invention provides
a trans1 ¥8%ont ai ni ng an exogenous (or foreign) gene encoding an
antigen to sti rrul ate a response agai nst the antigen, and T cell | oaded

with an anti enrc tide to stinulate a response. The T cell may also
conpri seTlalsr ?Pmrrarh g‘gﬁ appreach f upiny 2 twnargpellyss B¢ deliyeyaysigndota noni t or
vacci natjn@Rerfof eaﬁtdn‘tﬁ%&??%semv@éﬂ' Fihich s Wierdodihs DrlbingPRERAIEA [N VILro
and when 1 nj écted herw Se i ntroduced 1 n vivo, carr)g tTansgene

pr oduct sﬂltegthpﬁocﬁTe@élr onal antigen presenting cells, thus stimulating the

i mmune response against the transgene product. The i nvention al so provides
a net hodol ogy whereby one can nonitor the imunol ogi cal status of the

pat i ent .It Wilkbghioseeatapprecintrd that theus Ishebntirdingateed tod@svide ¢atcines amdg et hod f or
T cells. Thus, we haye nqw found that T cells containing an antigen-act to
br i ¢ HECSEioR APPIORFISS, i RIPBHEPESR AIOTG B PO ERBRYCI such that the APC
subsequently presents the antigen to generate an inmune response. The
present invention therefore enploys a different 30 strategy to the prior
art. WO wgmarygetthgdvention 82003/ 005109 3 Statenents of the | nvention

The present invention relates to manipulated T cells that when introduced into a patient
15 are able to bring antigens, such as tumor, bacterial or viral antigens, into contact with
professional antigen presenting cells (APCs). More particularly, the invention provides a
transduced T cell containing an exogenous (or foreign) gene encoding an antigen to
stimulate a response against the antigen, and T cell loaded with an antigenic polypeptide
to stimulate a response. The T cell may also comprise a further antigen such as HSV-Tk
20  which may be used to monitor vaccination effectiveness. Conveniently the T cells are
prepared in vitro and when injected, or otherwise introduced iz vivo, carry the transgene
products to professional antigen presenting cells, thus stimulating the immune response
against the transgene product. The invention also provides a methodology whereby one
can monitor the immunological status of the patient. The present invention further

25  provides a culturing method for T cells.

Thus, we have now found that T cells containing an antigen act to bring the antigen to an
antigen presenting cell (APC), such that the APC subsequently presents the antigen to
generate an immune response. The present invention therefore employs a different

30 strategy to the prior art.




According to one aspect of the present invention there is provided a
delivery system 5 conprising a T cell conprising at | east one antigen and
capabl e of delivering the antigen to a |ynph node, or other part of the

| ynph sys{@3o0fgssfisher words the present invention pro¥b9ﬁ§m&mﬁ§ very
systemconprising a T cell conprising at |east one antigen capa

| oadi ng antigen presenting cells (APCs) with 10 the antigen. The antlgen
is generally foreign to the T cell. éy "foreign" we include antigens which
are normal |y exogenous to the T cell. 15 The antigen may be introduced into
the T cell as a polynucl eotide encoding the antigen, i.e. the T cell may
be transfected or transduced with the pol ynucleotide, or the T cell my be
| oaded vbthiembiie ofihe oventiom t he form of a pol ypeptide, but may equally wel
be a protein. For ease of reference, the terns pol ypeptide and protein and
general |y used interchangeably throughout. Thus, by the T cell conprising
the antigeRrdies FEaRe agp@a e 3ResBAM i ingé‘}ﬁmh&h&% 39 PR amiélnei:w@ys%nﬁe' | such
that the T cell is capabl e of delivering antigen to t ynph node
and/ or AOEPrisingag %ﬁlh“gm%“%@f kast ong p@%gen@ﬂd pmb}@rog@ehvermgwlmnmw there is
provi de @Wﬁh T cell conprising at |east one
antlgenqgnéﬁﬁg eén§¥&%gghvg?ﬁng @2@8% igen 25 to an APC for subsequent
presentation by the APC. In one enbodi ment the foreign antigen is a

bacteri ferabl th foreign anti gen

ant i gen%Sﬁﬁ%r‘@?@? é%i b e? ?]? pfov@éﬁlﬂtﬁeé eré'o%&fns‘é‘?‘g mrge%lgft C%I;e further
f or ei gn qoalprisptat thastawne anagm neaphgebi Iﬂ;@dﬁﬁqﬁ@g&@ms\éﬂ@%ﬂé 08BCH3with
PCT/}é)rBZOthI 005109 4 In one errbodl ment the further foreign gene is a

mar k © guliggar ker or sel ection gene. Preferably the marker is a
bacterial resistance gene, e.g. a bacterial resistance gene which 5
confers neonycin resistance. In another enbodi nent the marker is a further
ant i gen,TImgx‘ﬁ/ngfpxamgmﬂglw foreigp tothedl cell. By “foreign™ we include antigens which

are normally exogenous to the T cell.

15  The antigen may be introduced into the T cell as a polynucleotide encoding the antigen,
1.e. the T cell may be transfected or transduced with the polynucleotide, or the T cell may
be loaded with the antigen in the form of a polypeptide, but may equally well be a
protein. For ease of reference, the terms polypeptide and protein and generally used
interchangeably throughout. Thus, by the T cell comprising the antigen we mean that the

20  antigen is associated with the T cell such that the T cell is capable of delivering the
antigen to the lymph node and/or APCs.

According to another aspect of the present invention there is provided a delivery system
comprising a T cell comprising at least one antigen and capable of delivering the antigen

25  to an APC for subsequent presentation by the APC.

In one embodiment the foreign antigen is a bacterial or viral antigen. Preferably the

foreign antigen is a tumor antigen.

30  Preferably the T cell is further comprises at least one further foreign polypeptide or

polynucleotide sequence.




This antigen are particularly preferred because they can be enployed in
so-called suicide systens. 10 In a further enbodi nent the delivery system
further conprises both the further antigen and nmarker gene. Preferably the
T cell ex Ak | east one of the follow ng markersy, iy -1 15
060, | cop IR, 0n D851 coRr, | coba ang Cops. | ThGEEntvectel
aspect of the present invention there is provided a T cell which expresses

at least one of the followi ng marker$: HLA-I, HLA-11, CD80, CD86, CD27,
CD40L, CD62L, CCR7, CD54 and CD25. 20 According to another aspect of the
present invention there is provided use of a T cell conprising at |east

two antigens capable of raising an i mmune response, and wherein the

I esponsenagakmbédiMes: thé filrlher ARIEOEAS id Smutkedi.E AmdRE dr 9616d¥an g, | NTune
response against the other antigen. 25 According to another "aspect of the
present invention there is provided a nethod of nonitoring the imune

" €SPONS Cpetfirdyin€ flabicdt Y BcRlrAloBothhde o8 U, 98GR Sdd oL RHIGH_ 2N

i mune response, conprising introducing d second anti gen T Rto The T cell.
30 Actorebnfers neomypiptrhgstazespect of the present invention there is provided a
met hod of | oading APCs in vivo conprising exposing the APCs to a T cel
containing an antigen. WD 2004/ 035768 PCT/1B2003/ 005109 5 According to yet
anot her asethier embodiment theandrkermis enfucther idiiges, prefepbty HOWdATlaomeD20d of

obt ai ni .a T.cell for use in the nethod of c¢laimcopprisi isgQlating a T
el 115 Hif pigey Ay Repe g pterreLhcRusE iy R B Fploppd n so-callt sulcide

systems.

=

10
In a further embodiment the delivery system further comprises both the further antigen

and marker gene.

Preferably the T cell expresses at least one of the following markers: HLA-I, HLA-II
15 CD80, CD86, CD27, CD40L, CD62L, CCR7, CD54 and CD25.

Thus, in another aspect of the present invention there is provided a T cell which expresses
at least one of the following markers: HLA-I, HLA-II, CD80, CD86, CD27, CD40L,
CD62L, CCR7, CD54 and CD25.

20
According to another aspect of the present invention there is provided use of a T cell
comprising at least two antigens capable of raising an immune respohse, and wherein the
response against one of the antigens is used for monitoring the immune response against
the other antigen.

25
According to another aspect of the present invention there is provided a method of
monitoring the immune response to a T cell containing a first antigen capable of raising

an immune response, comprising introducing a second antigen into the T cell.

30 According to another aspect of the present invention there is provided a method of

loading APCs in vivo comprising exposing the APCs to a T cell containing an antigen.



introducing an antigen into the T cell. Preferably the T cell is transduced
or transfected with a pol ynucl eoti de sequence coding 10 for the antigen.
Preferably the T cell is activated with phytoenpaggl utinine, anti-CD3
nonocl ona i y or anti-CD3/CD28 nonocl onal antib = eads. 15
Preferabl&myﬁgb#gggll is cultured in the presence of g?gxgﬁﬁﬁg@gggs, such
as hu-r-1L-2. Preferably the T cell is cultured in a culture nedia which
conpri ses 5% aut ol ogous serum 20 P?eferably the T cell is cultured at
1x106 cells/m . According to a further aspect of the present invention
there is provided a T cell obtainable by the process of the present

i nvention, and which is useful as a delivery system according to the
present Adtefiig Bhyet 3bothat3pdce af DRSTEdeht in0ntdh thde id precidbd aimdlasd OUS
preferred features_and epbodi nents of, the present invention will now be
descr i betptainingay cgtl fofde in the fefigd ek slag eomBsnE004/ 035768 PCT/ | B2003/ 005109
6 Al t hoyghaiga genei:al the techniques nentioned herein are well known in the
art, reference nmy be nade in particular to Sanbrook et al., Mol ecular

d oniSng,achvatiapdreak ey Manual (1989) and Ausubel et al., Short Protocols in
Nbleculqhn§591ﬂg¥ gﬂ999) 4th Ed, John 5 Wley & Sons, Inc (as well as the
conpl et e 'vérsi on &ifrent Protocols in Ml ecul ar Biol ogy). In general terns
t he pr egemdducingentniigenigb diecBedld in vitro mani pulated T | ynphocytes (T
cells) that when injected in vivo are able to carry antigens (e.g. tunor,
bacterial or viral 10 antigens) into contact with professional antigen
present ipiefefaBlyl the THRYAY Bhnsdhittd PR HRAEHed WItR AlpoBhudkbsfillcRBGRAVASS g i N Vi VO
mani pul ation of T cells. Mre particularly, the invention relates to: a)

i n ViG r ot thg AsléasBed/ t ransfect ed T | ynphocytes cont ai ni ng

Preferably the T cell is activated with phytoemoagglutinine, anti-CD3 monoclonal
antibody or anti-CD3/CD28 monoclonal antibody-coated beads.

15  Preferably the T cell is cultured in the presence of growth factors, such as hu-r-IL-2.

Preferably the T cell is cultured in a culture media which comprises 5% autologous

serum,
20  Preferably the T cell is cultured at 1x1 0° cells/ml.

According to a further aspect of the present invention there is provided a T cell obtainable
by the process of the present invention, and which is useful as a delivery system
according to the present invention.

25

Detailed Description of the Invention

Various preferred features and embodiments of the present invention will now be

described by way of non-limiting example.




exogenous genes encoding a tunor antigen, to stinulate the inmune response
against the tunor; and b) T |ynphocytes |loaded in vitro wth peptides
encodi ng tunor antigen 15 epitopes. The T cells may al so conprise a further
strong anty . HSV-Tk, to nonitor vaccination ef J . It has
been repo?%ggﬁyﬁg?gT cells are suitable targets for ge%&ﬁﬁ%gﬁgggiﬁthrough
e.g. retroviral vectors. In particular the use of T cells expressing tunor
antigens for tunor 20 vaccination hfs been described. However, it has al so
been reported, e.g. in EP 0 905 786, that the any effect occurs through T
cells acting as antigen presenting cells (APCs). In contrast to this view
we have now found that the T cells act by exposing an APC to the transgene

whi ch i SAIHRSERUSRAEY the fehfiah&dnEiichdiEnedii ard WelPkdbn Wahsl g, (LRRnde Cel | s

expose the transgene product to an APC for antigen processing and

pr esent d83ydie. myle 1p partisWlanie; agpbrank ¢fgé) Modechler fifning, Phbaborateryddmmaal nt o

cont act t i ndi Ry - @ ene

pr oduct %%%dzrag@ fﬁﬁgo i%ghllh? ger’rrtu'?[r ‘lﬁgéedsy%gbgéﬁg |faae%261§%§(f%r9§)ges%dé§&|§? for

pr esént aWilepn & Byns, dn¢ i(agewelbras dbs sompletewesrsiog IGntent Petabolyr mdsfioleonlanf t he
anti gen %ﬁoﬁy)shorter pepti de 30 sequences and the association of the
pepti de WHC nol ecul es. Two distinct classes of MHC nol ecul es, MHC
class | and WHC class |Il, regulate the presentation of antigens WO

2004/ 035768 PCT/1B2003/ 005109 .7 tg either CD8+ or CO4+ T cells,

r espect i%{)é?e%ra Aﬁ‘ﬁr’i‘%\gﬁ Pb‘?sé‘étéﬂYeéf‘P%FP??tgs, togie e Ppmipplatad; hfymphopdesch i vat i on
of T celdefis)tha whefGhjectb® #LHHO bR, abl¥ oA RBhdnk ¢a k! timbE WABKRHACraiYal g€NI C
peptide in association with either MHC classS | or class Il nol ecules on the

sur filce agtigenapdo copfendwath progespipral sntigen presestipaisells. Sfowerero e BPsegt and
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provi deslﬁgér‘r]lhé# % ésgt %I%/cgﬁlﬁéstsﬁssogyg%da?g@%@?%%ggn@ cglﬁil\é%%eg%&ﬁﬁi% ;ﬁr%h system
and par tinemiion | iglatdsetd: ygphn néde stranfhwed tramsifécsednily Iypephoaykes niostagrimgl | ocal | vy,
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nodes  tumor; and b) T lymphocytes loaded in vitro with peptides encoding tumor antigen

15 epitopes. The T cells may also comprise a further strong antigen, e.g. HSV-Tk, to

monitor vaccination effectiveness.

It has been reported that T cells are suitable targets for gene transfer through, e.g.
retroviral vectors. In particular the use of T cells expressing tumor antigens for tumor
20  vaccination has been described. However, it has also been reported, e.g. in EP 0 905 786,
that the any effect occurs through T cells acting as antigen presenting cells (APCs). In
contrast to this view we have now found that the T cells act by exposing an APC to the
transgene which is subsequently presented by the APC. In other words, the T cells
expose the transgene product to an APC for antigen processing and presentation. By
25 “exposing” we include bringing the fransgene into contact with an APC such that binding
and/or uptake of the transgene product occurs. The APC internalises the antigen and

processes it for presentation.

By “antigen processing” we include the degradation of the antigen into shorter peptide
30 sequences and the association of the peptide with MHC molecules. Two distinct classes

of MHC molecules, MHC class I and MHC class I, regulate the presentation of antigens




10 function as an inmunologic filter for the bodily fluid known as | ynph.
Lynph nodes are found throughout the body. Conposed nostly of T cells, B
cells, dendritic cells and macrophages, the nodes drain fluid from nost of
our tissugsyofidsagns are filtered out of the |ynph ipc*fﬂf'zo&?’ o NOde
before returning the lynph to the circulation. In a simlar ashion in the
spl een, the macrophages and dendritic cells that capture antigens present
15 these foreign materials to T and B cells, consequently initiating an

i mmune response. The invention further thus provides a cell-dependent

delivery,s r igen. In. this systemthe antigen, or_ a

pol ynucl go%‘?‘éﬁ@%ﬁ%?ﬁégﬁf %ﬁﬁpﬁ‘éth‘fé}f's‘g*‘ P SERSEEROnAs Sutitly spepkingpr e cel | s
ex Vivo twedactivetioni ¢ft T a@lic @th Tnéell fbepitrat iwﬁféh-sp?&ﬁéﬁﬂ? rbedlseSar@bedible Present
i nventi oneé)gi?%/be admi ni stered alone, but will generally be admnistered as

a phar nma® EhPSSRERRES ViR gither ABEE elass 1 orraiase lse¥lebon 25 sufagenfi oned

above t happkapeteri BN bicQikol I ct i to an antigen
presenting cell (?&PC). AIng oicﬁ%ﬂﬁgrﬁ% rolﬁfﬁ\égggm&gggté}rtiﬁl?%%g ‘I's, Bcells

and v-‘trtually any other cell type capable of expressing an MHC nol ecul e.
30 Macr ' f e _mpocytic.lin e r.esiding
wthin ¢ raanccuds BuBBAPRK bl Safl By Bionldls s BB =Pt BT AN hnt 1 gen
pr esent aatitigen tol Heylygeh esystbhy amk pardesaWOiRODAHPA Iod&8 PR /T &10Q34085109 8
VHC cl asg, l.l. mol.ecul.es .and al.ong wth_their_phagocytic properties are
ext r enel %dm_?ﬁ%?e ig’ﬁ?lg'atbug NARES %ﬁllwﬁcﬁh@,ﬁ@qﬁé&fp arsy capable; fueiicientbht er i al |
di gest i n@igritingte dRemBpINGodet, cvid Iffthey hr@XdnBinRicka o ¥ ARBOHR. SYHHEHBAES

ant i geni eptide.form and expressing it on the cell surface for
recog)nit EP Sﬂﬂ%ﬁ?}ew%&ﬂ r@éﬂ@flﬁYﬁﬁldd@PW&aSb@Hhamph@qusr@éﬁr -hi ghl y

br anchedfoiRd BROIEIBY: theMRd).00RHpdsed My '8 BB, bhfe‘i’lg,g{iéh'd}iﬁé Rendady. are
bone marrowderived and usual |y expresS high levels ©
macrophages, the nodes drain fluid from most of our tissues. Antigens are filtered out of

the lymph in the lymph node before returning the lymph to the circulation. In a similar
fashion in the spleen, the macrophages and dendritic cells that capture antigens present

15 these foreign materials to T and B cells, consequently initiating an immune response.

The invention further thus provides a cell-dependent delivery system for an antigen. In
this system the antigen, or a polynucleotide encoding the antigen, is introduced into one

or more cells ex vivo and then introduced into the patient.

20
The T cells of the present invention may be administered alone, but will generally be
administered as a pharmaceutical composition.
APCs and Immune Response

25

As mentioned above the present invention relates to delivery of an antigen to an antigen
presenting cell (APC). APCs include macrophages, dendritic cells, B cells and virtually
any other cell type capable of expressing an MHC molecule.

30  Macrophages are phagocytic cells of the monocytic lineage residing within tissues and

are particularly well equipped for effective antigen presentation. They generally express




MHC class Il antigen. Dendritic cells are actively notile and can
recircul ate between the bloodstreamand tissues. Dendritic cells are
antigen-presenting-cells with a unique ability 10 to induce primry inmune
responses mtting establishnment of inmunol ogi JEIR
Dendriticwgeﬁﬁzoslgﬁﬁ%t he i mmature state have an high phaggjé’é?. C cg%%ci ty.
After antigen capture, inmature dendgitic cells mgrate to the | ynph nodes
where, after maturation, activate ciftculating antigen-specific

| ynphocytes. In this way, they too are considered inportant APCs.

Langer haMHCedliss Rrfoldsulex and labngf wie neLit tphﬁgoe?tlid rdpeftes 6 exﬂréné@ cated in
t he ski n.ﬁ.lﬁrrphoc tes, while not actively phagoCytic, are class

11- posi t PEIeh e Pguugmacsemoleaulat gartiontateymater e digestingrit qepdessim, it

I rnmunog i | . .t 0 ejr otenti.al for high

af fini tyl“gt%ﬁn égaen%?%g}{gg%o?%&é% 2‘9 g}rltgg%ﬁlrcl :%éﬁté#eyfoe nbl%%eﬁ&’ﬁsflﬁg 2 B8 capacity
t o concegél wriaces fonrecogrion byaT ilpmghoofte|ant i gen on their surface, endocytose
it, process it and present it in the context of antigenic peptide in
association with MHC antigen on their surface. In this nmanner, B cells
beconme ebenditiel gellef foeatrnst foxPEsir hifHIF brabhdd HYRMI0ESPARSBuhd irf ‘i}{a?j'rgn

antigen requitres th resence_of an antigen- 25 presenting cell (CAPC)
(usual | y°’é%g¥%t Ouéﬁ?égfeolfﬂﬁlig@e@Pn%@ﬁHPWIdFEV@eﬁnﬂ)uﬁuﬁlh &preps high leyalswfth a B
cell or WREtlass YA@heaN DARGri i L].4 face to a B
cell, the B gsésl | sesi gnal Itg{;l&?gQltg?dgﬁbfbg@gitﬂg%g%g&pfre%%%ug% {é%t%?%lo |ges t hat
speci f i chlopdstugamn and gssupshDendritiq eplls arel dntigénepraseniimpcklissvithi aohife #ility gens on

bact g¢gi a ' ' L gnal. . f or ol yno onucl ear, | eukocyt es
or rrg?:r ofooﬁglg‘g%rﬁgﬁ &erﬁgu 1%“@%&%8%%}81’?%?%?6%@“%iefsﬁaﬁﬂshé’rﬂj{ gglfmm %ﬁ’ca& npor t ant
f unct i onmsmonhDehditicesslis sn ttioe inmbatit saté heve' mONph PREIVCy ke Sdpatitl IAGRY

cascade", Mhen _anti bodies bind.to |1s or bacteria, serum proteins called
conpl emmn%cf%rfime ﬁ%’i’%%ﬁ%@/ Bes s e plvamwht podem evhierngalier | zed

ant i bodi emtuatidn deesit e yirclietind aitiieh-8pdificClyARhddYeshR 8% LBy, lh§Moo ANt 1 bodi es
can al so_si gnal, .nat ur al gller cell's and macrophages to‘.ii 1" viral or

bact er i af?S{HE &’PBQ)‘JEJ?’(’?EIAIP 5. Bangerhapgodlisergpewmple ohdendrtic gells the are cel | s,

t he 75 celok@edRGRIEIRCti vated. Activated T cells

B lymphocytes, while not actively phagocytic, are class II-positive and possess cell
surface antigén—speciﬁc receptors, immunoglobulin, or antibody molecules. Due to their
potential for high affinity antigen binding, B cells are uniquely endowed with the
20 capacity to concentrate low concentrations of antigen on their surface, endocytose it,
process it and present it in the context of antigenic peptide in association with MHC

antigen on their surface. In this manner, B cells become extremely effective APCs.

Thus, an immune response to foreign antigen requires the presence of an antigen-
25  presenting cell (APC) (usually either a macrophage or dendritic cell), in combination with
a B cell or T cell. When an APC presents an antigen on its cell surface to a B cell, the B
cell is signalled to proliferate and produce antibodies that specifically bind to that
antigen. If the antibodies bind to antigens on bacteria or parasites it acts as a signal for
polymotphonuclear leukocytes or macrophages to engulf (phagocytose) and kill them.
30 Another important function of antibodies is to initiate the "complement destruction

cascade". 'When antibodies bind to cells or bacteria, serum proteins called complement



proliferate and becone secretory in the case of CD4+ T cells, or, if they
are CD8+ T «cells, they becone activated to kill target cells that
specifically express the antigen presented by the APC. The production of
anti bodi e activity of CD8+ killer T cells ar ul ated by
the CD4+ ﬁve(lﬁf)ug?/&ﬁf%gell subset. The CD4+ T cells provi dg ?gﬂ{b&%i%t% factors
or signals to these cells that signal .themto proliferate and function nore
efficiently. T cells 15 T cells or T ?ynphocytes are usually divided into
two maj or subsets that are functionally and phenotypically (identifiably)
di f f er enthind[fdahd I he: + L. cell,.is a
pertinent coordi ﬁg?g?ﬁ%?ﬁ?mm%u%%lees r%{é(ggie%& tﬁgb#%ﬁaﬁcméf{mﬁq@%ﬁnéﬁeﬂ? ‘he T

hel per  d¥ttibodies qag alsgpignal ngprap sillen téllstand inmaerophages spkitisem by bidkeiapecr et i on
of speci %fe@tg&i Ldigctors that activate other white blood cells to fight off

i nfection Anot her inportant type of T cell is called the T
Killer-subset or CD8+ T cell. These cells are inportant in directly
killigg tunmor cell.s, viral cted cells and sonetines arasites.
They gf t gﬁ‘ﬁ“%gg@@de%ﬂ‘s tﬂf?ean?g@b??dgfi}lsi E%ﬁ%tfﬁpﬂb‘?‘iP’@Sﬁ%“‘(af%AP‘}W 'P\@‘dgs and

spl een) @sommteanmmna@acw@tyl@&h@@é‘sero?,cwT%Effgf A Rﬁ&}e dT'” ot her
tissues of the 25 body, nmpst conspicuously t i ver’, bl'ood, and

i nt esti n&Fsa yr‘%ﬁﬁP’@ELﬁ?PYQF%d o k& darget\qellp ghar Seedlﬁfylla(r@cprezss Wiee estimini n t he ex
vivo net badsmf by bR Ameﬂ%e' HBaudtidf of aiftbddPes g t]:\e X&ivﬁgl BbeJ8+ %@gﬁhﬁcyt es

isolated fromthe bl ood a patient or donor. ed by an
appr opr i &els avehighly 1(6@11@2&1 &y thl&a@&'-lr*tislber T del-swbsét GBO TH)4-al dbeli@probide 30

enri ghed Y, nga ds jncl g ant i body- nedi at ed
sepa?gtl &n. ﬂ%m?#&l 4 S t%é%}g %eﬂssélat WPIE Wé’tr?lgfg a\?ﬁ ?‘ﬁl %f“ﬁ@?l M¥fune
cells, obffmm‘dyi fromthe same WO 2004/ 035768 PCT/|1B2003/ 005109 10 or a
di fferent individual. Alternatively whole blood may be used or | eukocyte
enriched blood or purified white blood cells as a source of T cells and
ot her celllcellypes. It is particularly preferred to use helper T cells
(CH4). Alternatively other T cells such as

15 T cells or T lymphocytes are usually divided into two major subsets that are functionally
and phenotypically (identifiably) different. The T helper subset, also called the CD4+ T
cell, is a pertinent coordinator of immune regulation. The main function of the T helper
cell is to augment or potentiate immune responses by the secretion of specialized factors
that activate other white blood cells to fight off infection.

20 |
Another important type of T cell is called the T killer-subset or CD8+ T cell. These cells
are important in directly killing certaih tumor cells, viral-infected cells and sometimes
parasites. They often depend on the secondary lymphoid organs (the lymph nodes and
spleen) as sites where activation occurs, but they are also found in other tissues of the

25 body, most conspicuously the liver, lung, blood, and intestinal and reproductive tracts.

Where T cells are to be used in the ex vivo methods of the invention, the T cells are
typically T lymphocytes isolated from the blood of a patient or donor. T cells are
obtained by an appropriate method (e.g. as described in US-A~-4663058) and may be
30  enriched and/or purified by standard methods including antibody-mediated separation.

The T cells may be used in combination with other immune cells, obtained from the same



CD84* cells may be used. It may al so be convenient to use cell lines such
as T cell 5 hybridomas, immature T cells of peripheral or thymc origin and
NK-T cells. Ina preferred enbodinent, the T cells used in the present

i nventi onw doos/pB76k Cells that can transfer antigen s ression
to ot her %el? Introductl on of poI ypepti des and nuc?glﬂéﬁ%@?@gfsbgquences
into T cells LO Ant i geni ¢ pol ypept{ e substances nmay be admnistered to T
cells as the polypeptide itself or y i ntroduci ng nucleic acid
constructs/viral vectors encoding the polypeptide into cells under

condi ti@nsqitdatt idbhiveial N 854 Ql he, T ceI l.

Pr ef er abl y1 a po1 ylkﬁa(,:é(l eot |e§i%§' ?%@% ?%O(% ﬁgyl nv%%??%#q&dy%%/ ?:}fle r

oper ablbjodd; erkaudified wehitecblned otllssaquenaes bhiat cells and pitint eckb fryges.oNt th ng for t he

cpr os e Bl biTe Sl e TR (0T Al e setb e Brponent s

descri DR asetls |n1myab<5r &éﬁt [ nrm&y Pls® OF Eohitenieat 11680 il fiACHhubiPRs rl‘ncéllge' r
" to a_coding

i nt nner operably i nke
seq en?’é(b{@“@ai?rﬁ%‘ﬁgﬁeg @c%f ‘Wg‘?m RE thanisr gidn gRd K TheellsodR iy sequence
i's achl;ﬁ&a@lemﬁtﬁfduﬁétﬂdthbllo&11sti@éw@th@b&s&&taﬁveh G«ﬁﬂﬁé 9l ccficpueages. - The
control sequences may be nodjfied, exanp he addition of further
transcrqaﬁﬁﬁmgewﬁ’gﬂflﬁtsﬂ?weséloéﬁ%ﬁ@gfT@ﬁllﬁake the I eveI of transcription
directed by the 5 control sequences nore responsive to transcriptional
nodul at or s. V@ctors of the invention may be transforned or transfected into
Botghe plypeptidéraindmwutleic peid siqgdencéointockgllessi on of an antigen. The
pr esent |nvent|on al so enconpasses T cells into which antigens, e.g. in the
form of polypeptides, are introduced, i.e. |oaded. WO 2004/ 035768

PCT/ | leﬂﬁigérﬁ@ﬁ&lﬁ&pude]suﬁﬁtﬁnoeﬁﬁﬁyﬁé admﬁl%@a@cewatsms&}&sp ptm@nﬂsaf&ol ypeptides
therefor may be referred’'to as "antigen". 5

and pol%nuc?fﬁﬁl I des. encq
Conveni g el get ’I‘?@H%tS/ pigal ‘feﬁtpﬁo%e@ﬁ@ %Pﬂmﬁéﬁs infh@ellsol ypept i des
I Nt 0 T under conditions that allow for expression of the polypeptide in the T cell.

5 Preferably, a polynucleotide for use in the invention in a vector is operably linked to a
control sequence that is capable of providing for the expression of the coding sequence
by the host cell, i.e. the vector is an expression vector. The term “operably linked” means
that the components described are in a relationship permitting them to function in their
intended manner. A regulatory sequence “operably linked” to a coding sequence is

0  ligated in such a way that expression of the coding sequence is achieved under condition

compatible with the control sequences.

The control sequences may be modified, for example by the addition of further
transcriptional regulatory elements to make the level of transcription directed by the

3 control sequences more responsive to transcriptional modulators.

Vectors of the invention may be transformed or transfected into a T cell as described

below to provide for expression of an antigen.

) The present invention also encompasses T cells into which antigens, e.g. in the form of

polypeptides, are introduced, i.e. loaded.



cells are discussed bel ow. Any suitable nmethod of transformng the T cell
may be used. Non-limting exanples of currently available nmechanisns for
delivery are vi a el ectroporation, cal cium phosphate transformation or
particle t. However, transf er of the constru

per f or med by any o? t he net hods menti oned whi ch physi CP{:T@ﬁ%?s%g légn cally
perneabilize the cell menbrane. Suitable nethods are described in nore
detail below. 1. Electroporation In Hertain preferred enbodi nents of the
present invention, the antigen is introduced into the cells via

el ectroporation. El ectroporation involves the exposure of a suspension of
15 cells and DNA to a high-voltage electric discharge. It is contenpl ated
t hat el eF@t reowoofatdfmnaaobmthtth@ regtigemic PolypdptidesTand lpelyapdlédtidze dncoding nmay

parti cul i mze,.sugh parameters as the voltage, the

capaci t a %ee Qﬂeﬁggeﬁ 2 THEER oct roporation nmedia conposition. The
execution of ot her routine adjustnents will be known to those of skill in
t he

. Par JcIeB e thod for transferrin anakedDNA
consgr u&onlv‘ﬁ??}“ QR ’émf%a%e\%@ 38& laﬁeg]@mggﬁgaaea?ﬁem d potpeptides W Tdepends on
t he abi lgdeliyart BisaizsRRIAE.e DNA-coated mcroprojectiles to a high velocity
allowing themto pierce cell nenbranes and enter cells wthout killing
them The microprojectiles used have consisted of biologically inert '.5
subst anceg suitshle afttol v $agsFornith@ tHeMUEBIOMaP B GsclC MbH-1in¥iEn 2 GRAMfeHof6 8
PCT/ 1 B2003/ 005109 .12 It is contenplated that in sone instances DNA
preci pi tHEPBlY Fald Walpanﬁm fog Id@év%ﬁﬂed’ 1a ﬁlﬁ?“%r%’éée%%‘aw FhesobBiRA del i very
to a reqipimMaieh!dr phiidd bBﬁibEﬂdﬁleﬁt grgavgaad RAbfer o Mﬁé coa%aeﬂia& geed that

particles may contain DNA rather th ¢oated Wt Hence it is

prodds e@etfhmGdIbMAﬂE obithe angtinds mentenedashidhrmdysioally arisherhigslly peshedbiilivedel i very
via 5 %e?nﬂ?%@b%{uﬂ Qhep}&ls %%e{éﬁﬁed 1'11%0?‘?%:8@'3%19\3“& ves, necessary.

Several ‘devi ces acce erating snma particle e been developed One

such d ev.) . %iactropomtion

In certain preferred embodiments of the present invention, the antigen is introduced into
the cells via electroporation. Electroporation involves the exposure of a suspension of
15  cells and DNA to a high-voltage electric discharge.

It is contemplated that electroporation conditions for T cells may be optimized. One may
particularly with to optimize such parameters as the voltage, the capacitance, the time and
the electroporation media composition. The execution of other routine adjustments will
be known to those of skill in the art.

20 2. Particle Bombardment

One method for transferring a naked DNA construct into cells involves particle
bombardment. This method depends on the ability to accelerate DNA-coated
microprojectiles to a high velocity allowing them to pierce cell membranes and enter cells
without killing them. The microprojectiles used have consisted of biologically inert

!5  substances such as tungsten, platinum or gold beads.




relies on a high voltage discharge to generate an electrical current, which
in turn provides the notive force. Another nethod involves the use of a
Biolistic Particle Delivery System which can be used to propel particles
coat ed mﬁg&bg%%#%ﬁ&ough a screen, such as 10 stainlessPé%ﬁﬁkmﬁhsﬁatex
screen, onto a rrlter surface covered with cells in suspension. e screen
di sperses the particles so that they are not delivered to the recipient
cells in large aggregates. It is bel? eved that a screen i nt erveni ng
between the projectile apparatus and the cells to be bonbarded reduces the

i f pEojecti : tribute t hi gher f f
tr anst or o doRfEkist e AL SO ARG TRICA BRlRI B oS et P aione 15 o 1
by proj ]gmt nog iﬂecdse’raajz fc&rlBNAaglikr&y]g@rt rE@pieﬁth@lm@{ﬂtgqfadm?mor?&@dnh@t.i Ilﬂ_is;US ple ?si on
ar e rerer oncentrated on I, ers, or alternati ve on _sol 1 cu ure
Tedi b PRETBIAII O P 55 HBOIEAR DA 15T fhegrhecsosied ah TN Beopdt o
di st anceis hedpowed het TRCAQBERI §atticles rﬁ%yﬁ RRtdaee Bleaichel bf gﬁ@? idEl?\Féﬁy e or nore

screens are_al sQ positioned between e accel eration device a dQlt e cells
to beJ] plall s hyedment puf age peninand phtheyselyrst nespsaiyay wi sh to adj ust vari ous
of the bonmbardnment parameters in small scale studies to fully optimze the
conditions. One nmay particularly wish to adjust physical paraneters such
as gap dieyerahdevices (foryencelgiatingsmell peitisksdavk bteantezclapell. Mpkisuch dpi@ssure. One

may al s L, r .on fact.ors b i fying conditions 25
whi ch i%?%té’%?e@h‘té&%ﬁégﬁ%ﬁ 1 %EE%téi%e%%ﬂﬁ%@uvé&”\%ﬁﬂmﬁ%&nrgw #d whi ch
may t hertbé orotive iforick.u eAnethérr medbbd invelviesthanst b aeBioditicoPartélt imdlRBsi es. For
exanpl e,o.the o tic,stat ti.ssye. hydrati o d the subcul ture stage or
cel | oy datemy WRER cpia? psedio PWE‘W#@%W?LW%”%%@F%?@SWWM@EO03/ 005109
13 auj usstaidlesk GteeloptNyTeibdrécASHite b Mt fiffacd O eRUSHH defB irPfusnbigh. THRUL | ne

adj ustnents W to those of skill in the art. 3. Viral

|1 be, knqg | 18 \
Tr ansf orff&ET GiPeres %m%%% % hptfheete oAt delvpred e thegacipist qells invlerap of the
nucl ei ¢ sagrlefat@ONSk Wehévedithy @l REn iliGviisy Bliwath AHGRGULIY Spparatus and

the cells to be bombarded reduces the size of projectile aggregates and may contribute to

a higher frequency of transformation by reducing the damage inflicted on the recipient
15  cells by projectiles that are too large.

For the bombardment, cells in suspension are preferably concentrated on filters, or

alternatively on solid culture medium. The cells to be bombarded are positioned at an

appropriate distance below the macroprojectile stopping plate. If desired, one or more

screens are also positioned between the acceleration device and the cells to be
20  bombarded.

It is contemplated that one may wish to adjust various of the bombardment parameters in
small scale studies to fully optimize the conditions. One may particularly wish to adjust
physical parameters such as gap distance, flight distance, tissue distance and helium
pressure. One may also optimize the trauma reduction factors by modifying conditions
25  which influence the physiological state of the recipient cells and which may therefore
influence transformation and integration efficiencies. For example, the osmotic state,

tissue hydration and the subculture stage or cell cycle of the recipient T cells may be




expression vector. Although adenovirus vectors are known to have a | ow
capacity for integration into genomic DNA, this feature is counterbal anced
by the high efficiency of gene transfer afforded by these vectors.

" Ad . : t L t t i | ud th t
enovi T o SERERSAI on vector” s meant to include thasengABSkENeLS

cont ai ni ng adenovirus sequences sufficient to (a) supp pac

the construct and (b) to ultinmately gxpress a construct t hat has been
cloned therein. The vector conprises a genetically engi neered form of
adenovirus. Know edge of the genetic organization or adenovirus, a 36 kb,

l'i near, a?wwd@oﬁéﬁtaﬁtﬂﬁ@aﬂ%ﬂaﬁwsrheaéxwﬁﬁn of bidst dobitttd AusthedtdfiiEbdi eces of
a

adenovir DNA with foreign sequences up to 7 kb. In 15 contrast to

r et r ovi rigowniip goseiafdkill indhe athf ecti on of host cells does not result in
chronmosomal integration because adenoviral DNA can replicate in an epi somal
manner  ilitwd @tangforemioral genotoxicity. Al so, adenoviruses are structurally
stable, and no genone rearrangenent has been detected after extensive

anplificatjon. . ovirus is particularly suitable for use as a gene

transferg\#gg "6’?“8@‘2%%% of its md- 20 sized genone, ease of mani pul ati on,
high titer, wide target-cell range and high infectivity. Both ends of the
viral genone contain 100-200 base pair inverted repeats (I TRs), which are
ci s el enem methed &yglstiyery of theinualeiciidl sonpinictsinivdresghelupadleagidenpvitthe early

(E) and ' ain di.fferent trar [ ption

i ot reRafioh b A RNeP hadBR-ARNRRE BROBNA (R a0k R L

regi on (ibfegrating irfd Bpnemic A, thisdbsimds 2ounta@Bbyiarnsd by ¢hed lph tifieienegaf at i on of
transcriptiqn of t vi.ral ,genone a few cel | ul.ar enes. The, expression
of ‘the e dBre ESHA Y 3 et Adtni e p S R i ot of ne
for virainclaNA thep! ¢oiiridd codidiRiR PdedbeinkS s@fuendel \saFficedht 118 NAupsgat | cat i on,

| at e, WO 2004/,035%28 PCT/IBZ&O /005109 = 14 gene expression and host cell

shut 1bf frackaging,ofdhe consirget ang & |tae’§v@6éﬂ@§z<prpﬁa st ihebhasthepl Flopgd of  t he
viral cagglegh proteins, are expressed only after significant processing of a
single primary transcript issued by the major |late pronoter (M.P). The MP,
(located at 16.8 mu.) is particularly efficient during the | ate phase of

i nfectiofye %E%raéohpiﬁg% E@%ﬁ%ally engineered form of adenovirus. Knowledge of the
genetic organization or adenovirus, a 36 kb, linear, double-stranded DNA virus, allows
substitution of large pieces of adenoviral DNA with foreign sequences up to 7 kb. In

15 contrast to retrovirus, the adenoviral infection of host cells does not result in
chromosomal integration because adenoviral DNA can replicate in an episomal manner
without potential genotoxicity. Also, adenoviruses are structurally stable, and no genome

rearrangement has been detected after extensive amplification.

Adenovirus is particularly suitable for use as a gene transfer vector because of its mid-
20 sized genome, ease of manipulation, high titer, wide target-cell range and high infectivity.
Both ends of the viral genome contain 100-200 base pair inverted repeats (ITRs), which
are cis elements necessary for viral DNA replication and packaging. The early (E) and
late (L) regions of the genome contain different transcription units that are divided by the
onset of viral DNA replication. The El region (E1A and E1B) encodes proteins
25 responsible for the regulation of transcription of the viral genome and a few cellular
genes. The expression of the E2 region (E2A and E2B) results in the synthesis of the

proteins for viral DNA replication. These proteins are involved in DNA replication, late



5 issued fromthis pronoter possess a 5 -tripartite | eader (TPL) sequence
whi ch makes them preferred nRNA's for translation. In a current system
reconbi nant adenovirus is generated from honol ogous reconbination between
shuttl e v AbaeadgProvirus vector. Due to the possi bI /iﬁ'z%im% gtl on

bet ween two provi raI vectors, wld-type adenovirus may e generated 10 from
this process. Therefore, it is critical to isolate a single clone of virus
froman individual plaque and exanilfe its genom ¢ structure. Generation
and propagation of the current adenovirus vect ors, which are replication
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prOV|d|ng capaci about extra kb nbi ned

appr 8xi righued fom ﬂgs REPIRSerpRESeES ot -iigartite praderdBT-bsaqnench &vhigh magkes themy egi ons,
the nmaxi gpqpﬁg% ibhe current adenovirus vector is under 7.5 kb,
or abou oof the tog%igﬁial%ngth of the vector. Mdre than 80% of the
adenOV|rus viral genone remains in the vector backbone. Hel per cell Iines
may be derived from u unmn r.ypn Kk ells,
muscl e ceél Ps ,cuﬁ%nr%atsgg%’g&egoq@el%@ %@engﬁ hs n?u ﬁgﬂr%paéérégrﬁ%ﬁl I(I:lg%és Shy rral or
25 epi t hedandtinatioh | Betwhért eshmﬂm veetor, ammqarmmseveml IBuermy the plmsibined from

the cells of I |ans cies that, are perm ssive for

L eenovi 1TEROHbERIS haP e, o il creptors, Wl BbE ABFHVIERS B e BT enr yoni ¢
nes eync hyreh 616 e&dWeFHeﬁJfor@eiﬂﬁ crifi6al Sb Akt abgigle cldneeofpviafsefisr@chnhel per

cell lineis 2 WO 2004/ 035768 PCT/ 1 B2003/ 005109 15 O her than the

requi rer*é‘ﬁf’ldtlﬁe?ﬂaqﬂlﬁémhﬁ@ﬁ’é% ifs BENUBICSBRCBE- r epl i cati on def ecti ve, -at

| east conditionally defective, the nature of the adenovirus vect or i s not

believed to be crucial to . o
Generation and propagation of the current adenovirus vectors, which are replication

deficient, depend on a unique helper cell line, designated 293, which was transformed
from human embryonic kidney cells by AdS DNA fragments and constitutively expresses
15  El proteins. Since the E3 region is'dispen‘sable from the adenovirus genomethe current
adenovirus vectors, with the help of 293 cells, carry foreign DNA in either the E1, the D3
or both regions. In nature, adenovirus can package approximately 105% of the wild-type
genome, providing capacityﬂ for about 2 extra kb of DNA. Combined with the
approximately 5.5 kb of DNA that is replaceable in the E1 and E3 regions, the maximum
20  capacity of the current adenovirus vector is under 7.5 kb, or about 15% of the total length
of the vector. More than 80% of the adenovirus viral genome remains in the vector

backbone.

Helper cell lines may be derived from human cells such as human embryonic kidney
cells, muscle cells, hematopoietic cells or other human embryonic mesenchymal or
25  epithelial cells. Alternatively, the helper cells may be derived from the cells of other
mammalian species that are permissive for human adenovirus. Such cells include, e.g.,
Vero cells or other monkey embryonic mesenchymal or epithelial cells. As stated above,

the preferred helper cell line is 293.



t he successful practice of the invention. The adenovirus may be of any of
the 42 different known serotypes or subgroups A-F. Adenovirus type 5 of
subgroup Cis the preferred 5 starting material in order to obtain the
condi ti ongo irMbIseat | on- def ective adenovirus vector f@erhgRodfdsidde Present
invention. This is because Adenovirus type 5 is a human adenovirus about
whi ch a great deal of biochem cal and.genetic information is known, and it
has historically been used for npbst constructions enpl oyi ng adenovirus as
a vector. As stated above, the typical vector according to the present

i nvent i oBthes thae el reqiteent thék e h@iblive: Aor Bk kdplition RREEHAD oﬁﬂ%ggyi rus El
regi on. i ntroduce t?]e’t ranstorm ng

Uﬁg% ib i.l |. be nmobst convenient to i ¢
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r enoved. thelewsRusul ptddScdTThd inOéhtidh. THSKEA wthin the
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encodi ng PR SCERYRSS OF spbares A-Firdylerdvins thepei 5188 subgrbuprC ks the paéfeirde del et ed

E3 regi Offartifls Fatefi bavect ors or in the E4.regjon where a hel per
cell Tine or .hele%glﬁh??%g?%béér’rﬁp Iﬂéelﬁn(‘%%@ilg?%éepé‘ auo&’eqeg%f“.’e %{T@ﬂﬂmsrvﬁ%tobr owt h and
mani pul T BYe in Srekpmesant inventibm Shisoik badeinbd Adenoting tese S isantinfx hitktobsus br oad

host ra ' L tr I -wivo. .This group.of viyuses can be obtained in
high ti '?%rglslﬂ ‘Méh tg. 8,%%%%5‘5& ‘§°‘¥’f ?%‘”’E&i%e%tlad%g@m%%oﬁﬁlﬁ&n@wt@dgéhasm , and
they ar éustomally beerfuzed for enosildoastAtibhd @nlyaheadthoRfgaOY LEMS,, does not Tequire
integration into the host cell genonme. The foreign genes delivered by
adenovirus vectors are episonmal and, therefore, have low genotoxicity to
host celAsstalda ®Hote t8E frfhidad RAUE SBERMNE 8P LA i5{ead] vaeci nation
Wi tg Wi qu-tﬁg% adenovi rﬁg, dermn;t r at P%g ?%ée?%sésrgfle%e%qgﬁis ?%Pehrp%boéluti C
pot et i Aefegtgandawillpot haxerngdprovinug B fregion dhus iswillte tostAdm¥énlenf foCt | on
Adeno- assigsdudé 8fd tahibSnihMNstr Lact.] v.ector..system for use in the
present invention as it hass“g&k??gﬁ%%)%@%?ﬁ%lsw%lf fhﬁrEégéf/oéﬂgosﬁq%Fﬂﬂesit can
i nfect rbamibwrumgoveél Hewevanuthe pamitiongof insertied wif the rcoflthicy &iginothegenes i nt o
gac_l_”;r? :3'2 %g%r%ggg% 6«%@9&%&@? 4ot CHE A" VY enEs. a[‘h\e/\%ogyggééoqa%g 7e:frsfgbding the

gene of interest may also be inserted in lieu of the deleted E3 region in E3 replacement

15  vectors or in the E4 region where a helper cell line or helper virus complements the E4
defect.

Adenovirus growth and manipulation is known to those of skill in the art, and exhibits
broad host range in vitro and in vivo. This group of viruses can be obtained in high titers,
e.g.,, 10.sup.9 -10.sup.11 plaque-forming units per ml, and they are highly infective. The
20  life cycle of adenovirus does not require integration into the host cell genome. The
foreign genes delivered by adenovirus vectors are episomal and, therefore, have low
genotoxicity to host cells. No side effects have been reported in studies of vaccination

with wild-type adenovirus, demonstrating their safety and therapeutic potential also as in

vivo gene transfer vectors,

25 b. AAV Infection

Adeno-associated virus (AAV) is an attractive vector system for use in the present
invention as it has a high frequency of integration and it can infect nondividing cells, thus

making it useful for delivery of genes into mammalian cells in tissue culture. AAV has a




broad host range for infectivity. Details concerning the generation and use
of rAAV vectors are described in U S. Pat. No. 5,139,941 and U.S. Pat. No.
4,797,368, each incorporated herein by reference. Reconbi nant AAV vectors
have beenwssmdyestgessful ly for in vitro and in vivo $ciigdessiesiobon of

mar ker genes and genes involved in human di seases. Recently, an AAV vector
has been approved for phase | human tigials for the treatnent of cystic
fibrosis. AAV is a dependent parvovirus in that it requires coinfection

wi th another virus (either adenovirus or a nenber of the herpes virus
fanily) beadihesigoee frinfetivity Détailseatcaningrhe gahdraticdametdsSof JANY he

absence i s i l.p i th L1 d type AAV 10 genone

i nt egrat gééc“%\rﬁrag%gﬁstcbﬁésh YeHn 3 'ihflatt'oﬁhuﬁﬁabl’gﬁlr 5@&&89%9%1&787435%@@ des in a
| at ent simmtmomteddiepioby refisenceAAV, however, is not restricted to chronosone
19 for integration unless the AAV Rep protein is al so expressed. \Wen a
cell carrying an AAV provirus is superinfected wth a hel per virus, the
AAV genoRecansbiriah® YA dveckdr® Maké Seefr A RTEsRlly ffﬁo? E}»ﬁﬁ&%ﬁﬁmz‘rz ngpg plasmd,
and a_nornal prodyctive infection is 15 established. Typically,

r ecombi ngfsd Cf ether eensyand goprgdavalyeddn thumeas discasen Regemlyasmidd v

cont ai ni {&idrings KRR gpﬁgvgdrkgpﬁ%é I ﬂﬁrﬁé&ktﬁgls ?((yf t{‘%%a%%?&ﬁ iﬁ r&g};sonal repeats and

an expression plasmd contalining the w &fuences
wi thout the termnal repeats, for exanple plMi5. The cells are also

i nfect ed i ' 20 pl asnj d .ying th
adenovt e gicerrasht vty s SRR e boibofosvih et e Egencks made
in such édeséniom oarencndrt afihedionds virbfaatNRVindugEoWirefucivs InfReopiy si cal |y

separated.fram t.he V particles, (for exanple, hy cesiumchloride density
centri fuégiué < nSehs’Al @%ﬁf@?%ﬁ’ wf copdiehon it ToviEIsc iet wildityg ARY AAV

codi ) r g@PoMBSntOrates Bhrbust RETn@OMAWLAD chBBIoAAY: ?9%%& ftex?.i;i&)égsinafd Some or

all of Uﬁe adenovi rus hel per 25 genes coul d be used I nes carrying
the r AAVASRIASIES 2502 iPEVERYF-at e Yor BRWeves is aet restrintedbty clwenhoson® 200fdy 035768

PCT/ | B20@befi88d @ esskile AAV Rep protein is also expressed. When a cell carrying an AAV

provirus is superinfected with a helper virus, the AAV genome is "rescued” from the

chromosome or from a recombinant plasmid, and a normal productive infection is
15  established.

Typically, recombinant AAV (rAAV) virus is made by cotransfecting a plasmid
containing the gene of interest flanked by the two AAV terminal repeats and an
expression plasmid containing the wild type AAV coding sequences without the terminal
repeats, for example pIM45. The cells are also infected or transfected with adenovirus or
20  plasmids carying the adenovirus genes required for AAV helper function, rtAAV virus
stocks made in such fashion are contaminated with adenovirus which must be physically
separated from the rAAV particles (for example, by cesium chloride density
cenirifugation). Alternatively, adenovirus vectors containing the AAV coding regions or
cell lines containing the AAV coding regions and some or all of the adenovirus helper

25  genes could be used. Cell lines carrying the rAAV DNA as an integrated provirus can
also be used,




c. Retroviral Infection One preferred nethod of the present invention

i nvol ves the use of retroviruses. The retroviral vector of the present
invention may be derived fromor nmay be derivable from any suitable
retroviruwo foohassges nunber of different retroviruses hane/meaanidentified.
5 Exanpl es include: nurine | eukema virus (MV), human i mmunodefi ci ency
virus (HV), siman imunodeficien virus, human T-cell |eukem a virus
(HTLV). equine infectious anaema virus (ElAV), nobuse mammary tunor Vvirus
(MMIV), Rous sarconma virus (RSV), Fujinam sarcoma virus (FuSV), Ml oney
muri ne keRdteiwviral Mfectisn (Mo- MLV),  FBR nurine osteosarconma virus (FBR MSV),
Mol oney murine sarcoma virus (Mo 10 MSV),' Abel son nurine | eukem a virus

(A- MLV) Oné\pirefierred/ elefiopt ek qsresent investioh9invoivbe? the, usaNk A¥b®Ruses. The
eryt hrobl ast osi s vi r%ls (AEV).. A detailed |list of retroviruses may be found

i n" Cof f FiFo¥tralafector g 9 prospRitipysptipn gay-be deryed fpsr ion g aphetsistivablafemat or y
Press Eggy suithMeGRirbvifus. AMakbtORGaper Mﬁé&h@rgﬂ@viﬁg&' R8R b%ﬁ i&&&iﬁ%ﬁs on the
genoni c_structure of sone retroviruses nay be found i1n the art. By way of
exanp| e Exareplss inglude; npyripe deikengin wrug VBV )bkuntanimanuiodeficidney MOBI (HE¥hbank

(Conore i ey Q602 HAAS, 0SB FRSP95. ol 01 o0

di'y divi nto two categories:
" conpl estiagemiReviray (ElAS8s naye enenmiry timnot lvirns MM Rous sagewanvigisoups. Fi ve

of thes S _r.epresent. re Lr S wi th. oncqgenic. potenti The
r emai ni ﬁ%swgl %rﬁlpgar%’ﬁréa the &lrug\yb’. Wi%&?%%ﬁ%@%dﬁ%i(ﬁ%@)% revi ew
of thesEBRetudié bets@ardomapyieme(HBRI MV Vblofley &furiab -sarcdR@ rvitusbiMb-. 25 The
| ent j vi grQup can be it. even further into "primte"and "on-primte".
Exa% e M8V Alelrp ing fefsmmia Swes; (eMide. KV MY RICEHERISTORIE | BREYOvi 1 us
(HV), pe2gpusthiig cAgRoblasiofis b L O BRRIORE b FdifRR riises YY1 (Al DS),
and sim_ an i nmunodeficiency virus \%V\Lh The non-prinmate lentiviral group

. o

i ncl udeounddn pEinggwhe 19% orRtroviresss” Syrgddarbourilraberatoyxifyess Bdsiwel | as
the rel ME&WM@EgﬁéstﬁEi\h{r&WBg?ﬁl?ﬁ tis virus (CAEV), equine 30
: rus (ETA TSE-T03,

i nfecti ous anaem a virus (El e nore recently described feline
i mmunodefi ciency virus (FN) and bovi ne i nmunodeficiency virus (BIV).

15  Details on the genomic structure of some retroviruses may be found in the art. By way of
example, details on HIV and Mo-MLV may be found from the NCBI Genbank (Genome
Accession Nos. AF033819 and AF033811 , respectively).

Retroviruses may be broadly divided into two categories: namely, “simple’and

20 “complex”. Refroviruses may even be further divided into seven groups. Five of these
groups represent retroviruses with oncogenic potential. The remaining two groups are the
lentiviruses and the spumaviruses. A review of these retroviruses is presented in Coffin
et al., 1997 (ibid).

25  The lentivirus group can be split even further into “primate”and “on-primate”. Examples
of primate lentiviruses include human immunodeficiency virus (HIV), the causative agent
of human auto-immunodeficiency syndrome (AIDS), and simian immunodeficiency virus
(SIV). The non-primate lentiviral group includes the prototype “slow virus” visna/maedi
virus (VMYV), as well as the related caprine arthritis-encephalitis virus (CAEV), equine

30 infectious anaemia virus (EIAV) and the more recently described feline

immunodeficiency virus (FIV) and bovine immunodeficiency virus (BIV).




WD 2004/ 035768 PCTI | B2003/ 005109 18 A distinction between the lentivirus
famly and other types of retroviruses is that |entiviruses have the
capability to infect both dividing and non-dividing cells. In contrast,

ot her ret w0069 such as MLV - are unabl e to infectpdi@i@dbMésdoong cel | s
such as those 5 that make up, for exanple, muscle, brain, lung and liver
tissue. Each retroviral genome conpriges genes called gag, pol and env

whi ch code for virion proteins and enzynmes. In the provirus, these genes
are flanked at both ends by regions called long term nal repeats (LTRs).

The LTRs are responsible for proviral integration, 10 and transcription.

LTRs al s rve as enhancer,- pronot er  sequences and can cqgntrol the
expressi‘gn‘ﬁé’lmtt‘% Givegn qﬁ%d&&“@ﬁéﬁ%f/o&a@i ClofyPeh T st gUsesals ks occurs
by Vi rt Uentiviruges hRd the 0848NEP td ikt Kifh @itvi&iﬁgeanﬁ'noﬁﬂﬂg\éi@igmgtcag,égﬁ t&ira@ienone. The

LTRs thengel ves are identical sequences that can be drvi into three
el ement sother TErQyHpes -aueh anMled - e, urblsrial infect nog-diddine celletich eooshe

SequeNCanathdid Sp 118 ig@n s, 136 Ofraint igll\gﬁ lgederived froma sequence
repeat ed at bot% e% S ﬁetnﬁg I%N&alg’nlgﬁ |§veB3éeS?vaed fromthe sequence
unique to the 5 end of the RNA. The sizes of the three elenents can vary
consi der TR i ff fetrovinuses. 20 The basi | ecul.ar

or gani sa%mé%e of %g@a{xxgi{oﬁ@&g&r%etnrgso\c/e}lfréélgaﬁ% 38%5%‘”?%0 (Cg%? ?(ﬁ vingy - gag,
pol , enwreteid8ail é¥yjnes.) fin thed@beieis] thesd gineo wier fiinkstb 6t 0th eeddsyEregiofs pol and
env may éﬁe 1absgnt .oi not, f ,gﬁti al_.._.The R reqgi nzo at bg’i]h ends of the RNA
are repdBEHong R, Eeé).eatﬁgﬂ B .erlégﬁ'se%r%ﬁ?s?"ﬁfﬁ?bg% TRERNEN SR he 5' and
3" ernds 2o tizheriftivh. DEROBR0 k&FH QS bhkatt-protRothisc@hdREs 1R GRRSAK Ghe
retroviral vector, a nucleic acid encoding a gene of interest is inserted

into t he*rossign ofdhe wisaligenesn Ensrnsidation ottae retforirel RMAs sequtrdnicdsue of or oduce a

ViTus tRfdeqhchct RRhteE 8 th05” LRI SFFhd M gdldnRl der to produce virions, a
packagi ng cell line containing the ggg, pol, and env genes but without the

LTR and packagi ng conponents is constructed (Mann et al., 1983). Wen a

reconbi t ] I; B t ith 1h troviral LTR
SconDl i BB kA3 0, o WEAR BT b0 e
15  which are called U3, R and US. U3 is derived from the sequence unique to the 3’ end of
the RNA. R is derived from a sequence repeated at both ends of the RNA and US is’
derived from the sequence unique to the 5’ end of the RNA., The sizes of the three

elements can vary considerably among different retroviruses.

20 The basic molecular organisation of an infectious retroviral RNA genome is (5°) R - U35 -
gag, pol, env - U3-R (3°). In a defective retroviral vector genome gag, pol and env may
be absent or not functional. The R regions at both ends of the RNA are repeated
sequences. US and U3 represent unique sequences at the 5’ and 3’ ends of the RNA

genome respectively.

25 In order to construct a retroviral vector, a nucleic acid encoding a gene of interest is
inserted into the viral genome in the place of certain viral sequences to produce a virus
that is replication-defective. In order to produce virions, a packaging cell line containing
the gag, pol, and env genes but without the LTR and packaging components is
constructed (Mann et al., 1983). When a recombinant plasmid containing a ¢cDNA,

30 together with the retroviral LTR and packaging sequences is introduced into this cell line




WD 2004/ 035768 PCTI | B2003/ 005109 19 (by cal ci um phosphate precipitation
for exanple), the packaging sequence allows the RNA transcript of the
reconbi nant plasmd to be packaged into viral particles, which are then
secreted i goobss7esul ture nmedi a. The nedi a contai ni ng tpegBRGHGIRIgaNt
retroviruses is then collected, optionally concentrated, and used for gene
transfer. Retroviral vectors 5 are abhe to infect a broad variety of cell
types. However, integration and stable expression require the division of
host cells. Concern with the use of defective retrovirus -vectors is the
pot ent i albyagriean ahosptate pietigitationpfer eehpER tho PackFTRE s6itenddl AlléSvsi tle t he
packagi n can result from recqnbl nation events in which the

| s. . Thi
i nt act sgﬁ%ﬁcqw&mwgcm’&%ﬂﬁﬁld tg ibe packagedeintosvinad perieles sdvshfarom t he
gag, Poi thefBycr&EHHENIR Rt ML AT Mmidle cﬁﬁﬁﬁﬁ%ﬁx}é Je&ﬁﬁﬁﬁ%‘t r%‘é‘()ﬂ(s%g ,  New

packaging cell lines are now available that s gr eat crease the

| y
i kel i hobdhest coliegiedraptinnalivospncentratethand wied v sree tronsferORbeoviml vadtoryect or s
may be egRl.gned @St SPRSMEALS o : Lthons 15 described
here. Vect gy S dg]??c\{eg Tr a}r%ﬁ %?rogggéggﬁgﬁggg%\?’é%gﬁg gggn(r?}tﬁler %‘@W?‘lgﬁses may
be enpl tavide tha diviadrcoihosRietlsphat e Co- Preci pitation or DEAE- Dextran
Treatnent In other preferred enbodi nents, antigen is introduced to the

cells using cal cium phosphate co-precipitation. In another enbodi nent, the
expr essi Gnneeanwith tiet useof defettier retlovidl vestb it B pobdnkialgpbgardEAF wilgxt r an

fol | oned bg %O{ié/agt hyl ene &Isycol ..5.. Direct Mcrginjection or _ Sonication
Loadi ng P8Pt FRRICAUNBEAMRESRTS ile | Badhe mackaging, $6hs | SRisoran Heswkntifagen by

di rect nics@biniRe bv@Atsdh wIHEH ifeainteN sdqfate eom VR 2B0ALAAR 18R inserts

PCT/ | B2003/ 005109 20 6. Liposonze Medi ated Transfornmation
1 upstream from the gag, pol, env sequence integrated in the host cell genome. However,

new packaging cell lines are now available that should greatly decrease the likelihood of

recombination.

d. Other Viral Vectors

Other viral vectors may be employed as constructs in the methods and compositions
15  described here. Vectors derived from viruses such as vaccinia and herpesviruses may be

employed.

4. Calcium Phosphate Co-Precipitation or DEAE-Dextran Treatment

In other preferred embodiments, antigen is introduced to the cells using calcium
phosphate co-precipitation. In another embodiment, the expression construct is delivered

20  into the cell using DEAE-dextran followed by polyethylene glycol.

J. Direct Microinjection or Sonication Loading

Further embodiments include the introduction of the antigen by direct microinjection or

sonication loading.



In a further enbodi nent, the antigen may be entrapped in a |iposone.

Li posones are vesicular structures characterized by a phospholipid bilayer
menbrane and an inner aqueous nedium Miltilanellar |iposonmes have

mul ti pl e W@bdsbssyey s separated by 5 aqueous nedi um Thew/Baoiosio9

spont aneousl y when phospholipids are suspended in an excess of aqueous
solution. The |ipid conponents undergg self-rearrangement before the
formati on of closed structures and entrap water and di ssol ved sol utes
between the lipid bilayers. Also contenplated is a nucleic acid construct
conpl exe@ Aipashme Mrdimeat Bansfermdiighbco BRL). 10 In certain enbodi nents of the
i nvention, the |liposone may be conplexed with a hemagglutinating virus
(HVJ). This has been shown to facilitate fusion with the cell nenbrane and
pr onot e o one- encapsul at ed . |.n other, enbodinents, the
| i posorreﬁlerréay e} (E:%IR}Q) glfgtg?%r a”rglrgﬁ? 8%?& 9 W@Bﬁ‘ﬁ%& LER’?OWF{ Lipptpanes fre

non- hi st onistiahstnosesahapttetiaidnby @HMsholipldbitSer dhivhak ﬁﬂbé}ﬂi.. Epts, the
' ' h both HVJ and

| i posone mayhbe c xed. or, enpl oyed I n conjunction wt

HVG- 1. fq“%\%esn@é?m q@tﬁ%’{‘%}tﬁf HPRsEss cRavE npliplee fipidi Hyebesparatedtey t he
nucl & ¢ amechscaediiml They Sorh bFRGMERAL idsUsH ngvj I us
assi sted transfection. e};I_’ n%r eaﬁs,e_d t rar%ls?g@}t Pgﬁpgﬁﬁ%ﬁ %lﬁcqslg%f)seﬁ%’lavl(e?1 %{aen

r epor t ed®5CHS Of agyeous saluipn. The Hpid sempenanisymdenga selécanysgertent bedord thehe

| vent orfm kST RES sti%%: LdFuni2) AT SRANAIE L, LaGEease iLeansT ecti on

efficiencies. Culturing The present 1nvention hod of

cul turi rilayerge Alsp ¢anterapdated s 2 heclgie esidrbnst@bt comvsiatedonith Vo RAMAIMR35768

PCT/ | BZC@%CQ 9 21 In particular, peripheral blood nononuclear cells
(PI3MC) isolated from peripheral blood nay be activated in vitro to
proliferate. Mtogenic stimulation may be obtained by the use of conpounds

St AR BABMbAY (el PRt tocdbnd ey e comprercd Wit o
hemagglutinating virus (HVJ). This has been shown to facilitate fusion with the cell

membrane and promote cell entry of liposome-encapsulated DNA. In other

embodiments, the liposome may be complexed or employed in conjunction with nuclear
non-histone chromosomal proteins (HMG-1). In yet further embodiments, the liposome

15 maybe complexed or employed in conjunction with both HVJ and HMG-1.

7. Adenoviral Assisted Transfection

In certain embodiments, the nucleic acid construct is introduced into the cell using
adenovirus assisted transfection. Increased transfection efficiencies have been reported in
cell systems using adenovirus coupled systems, and the inventors contemplate using the

20  same technique to increase transfection efficiencies.

Culturing

The present invention also provides a method of culturing T cells for use in the present
25  invention.



5 Activated T cells may be cultured at |1x106 cells/m, in nedia
suppl enented with 5% autol ogous serumin the presence of growth factors,
such as hu-r-1L-2 (e.g. 100 UmM). One preferred enbodinent the T cells

are cul t ukwasl2dofoishg presence of nagnetic beads 10 coat %%5@3,@@569b0d| es to
CD3 and CD28, preferably in the presence of hu-r-1L2 (e.g. 100 Um).

Conveniently the beads are used at ajratio of three beads/ T cell. The T
cells may then be transduced/transfected by exposure of the activated T
cells e.g. wusing viral vector(s) encoding the antigen(s). The expression
of the ﬂmamﬁgéareps')phnmjl blved nidfongdwir tellsdPBMG tislatedfroniystiplaldidadci ency.

Sel ecti rkers ussed re detail .belo

At or naty SR R SEA G PoriCrof PRSI strhueiinis S Stie wior
transdu @écurhpcﬁm&s‘ such esiphyliosh@aglutibias (VHEeA axlipmi) of aal-COB thAb CORES;3eNnt ,
actlvatedéﬁbcells are |oaded wth antigen, e.g. in the formof synthetic

pepti de 28 odi ng e.g. well-known tunor, bacterial or viral antigens 20
The gntire mani pul ati on process generally lasts 5-15 days. The mani pul at ed

T cells may be frozen for storage purposes. 25 At the end of the culture
t he maniAstivaedd cplle apaysbes petiresl alx¥l6s selisfml, d medwn%lpctenten@d with $%wi ng

Thus.  we RRge T SRy Fap rree bt feroky Wi SRR 2 L 1B Vacei ne
30 WO 2004/ 035768 PCT/ 182003/ 005109 22 The invention relates to a nmethod
R R R L T S T
t he 1ant ngam wil tnﬁih@tmg tofCD8 lahd @DZBMeiﬁfaBEQﬁfthd pr¥RAtd GMhu-SHLHe ghEp t he
cai d°i a0 ey Bebpabel Gea s creuo offfese voroel Arebt | on. such 46 &
bacterial or viral infection. AI so provi ded are nethods
The T cells may then be transduced/transfected by exposure of the activated T cells e.g.
using viral vector(s) encoding the antigen(s). The expression of the transgene(s) may be
15 used to evaluate transduction efficiency. Selection genes and markers is discussed in
more detail below. Alternatively, lymphocytes may cultured as described above, but not
transduced/transfected. Instead, before administration to a patient, activated T cells are
loaded with antigen, e.g. in the form of synthetic peptides encoding e.g. well-known
tumor, bacterial or viral antigens
20
The entire manipulation process generally lasts 5-15 days.
!
The manipulated T cells may be frozen for storage purposes.

25 At the end of the culture the manipulated T cells should express at least one of the
following markers HLA-I HLA-IT CD80, CD86, CD27, CD40L CD62L CCR7, CD54
and CD25. Thus, we have found that the phenotype of the T cell is important.

Vaccine
30




wher eby such i mmunol ogi cal response slows tunor growh or viral or

bacterial replication. Thus, the invention relates to an i mmunol ogi cal
conposition that when introduced into an individual, preferably a human,
capabl e olwdwekordsnduced within it an i nmmunol ogi cal 1GHABAREGR10d NAUCES
an i nmmunol ogi cal response in such individual. The inmunol ogical response
may be used therapeutically or prophylactically and may take the form of
anti body immunity and/or cellular immunity, such as cellular imunity
arising fromCTL or CD4+ T cells. 15 The preparation of vaccines which
cont ai nTleinvention ogjatas © Jrabiipd il iRy ad Imathdl¥EcalirEoRiiL Bl (ilviddag known to
one skill edli B’ the art. T %i @al | y, such vaccines are prepared as

i nj ect atfireeany; ¢ fRgomgal, IPF% PRy PsoyBich ccompiprs napaling P jiadivignals

sui t abl with fie a@gedldoMinindy T cellof HESRERA 1APertiBn, subifihhChp ?ﬁtg n%fbdug%?%ﬁt lon nay
al so be prepared. The preparation may also 'be enulsifi 5 or the protein
encaps Lﬂnélle%’ M/ jor do NUNEHESNYBSY ipeproteniusaidydiveduRd fiomg ferdéxempls, ar e of t en
M x el Wby @ GhiRLESE Syflla€ . Bicher3f TGP HAGRN] W HRRIGA! 8o WdhodsOmPat bl e
with the active |ngre3| ent. Suitable éexciprents are;, for exanmple, water,

sal i ne, whetebst sugls snmyhglogiead rgspestsh alowls turper grbvethl or kiraleoybacteridl irepdications t her eof .
In addition, if desired, the vaccine may contain mnor anmounts of auxiliary
substances 25 such as wetting or emnul sifying agents, pH buffering agents,
and/ or Hujsuthartentidri wiatesen haimehble gieblf @adpovidoe dtt Ghed hifrodasediifne an The

~vacci ne_for ation, of the inventio referably relates to and/ ar _i ncl udes
an adj ng]r‘ﬂd?lws 3%?%’?]{’18’0? E‘Bﬁ‘ﬁ%n@?%e PE&%W%&S& VR, tofn fpgurlegittlat i on.

Pr efter afebponkd) eindieties \eANMmmEd1SpiE @88pbAdeS BS sihefnaividial. alhey idmihdiogivae of
response. WD 2004/ 035768 PCTI | 82005/ 005109 . 23 An_ i nmmune responSe may be

br oadl YeRRO8EG HHYi Shaieed Hherpewipally 1o cprepldecsigelly and i tele dhe Hombrofl or cel |
med! at ehibpI ik RRPAIAR Sekilk A B) AN of B ifhhAR) a.?ﬁ’in??o{nb@gﬂ and -
cellular effeector mechani sms of protection respectively), ese categories
of resp¥{d4t Rgells. been termed THI-type responses (cell-nediated response),
and TH2-type inmmune 5 responses (hunoral response).

15  The preparation of vaccines which contain an immunogenic polypeptide(s) as active
ingredient(s), is known to one skilled in the art. Typically, such vaccines are prepared as
injectables, either as liquid solutions or suspensions; solid forms suitable for solution in,
or suspension in, liquid prior to injection may also be prepared. The preparation may also
be emulsified, or the protein encapsulated in liposomes. The active immunogenic

20  ingredients are often mixed with excipients which are pharmaceutically acceptable and
compatible with the active ingredient. Suitable excipients are, for example, water, saline,

dextrose, glycerol, ethanol, or the like and combinations thereof,

In addition, if desired, the vaccine may contain minor amounts of auxiliary substances
25  such as wetting or emulsifying agents, pH buffering agents, and/or adjuvants which

enhance the effectiveness of the vaccine.

The vaccine formulation of the invention preferably relates to and/or includes an adjuvant
system for enhancing the immunogenicity of the formulation. Preferably the adjuvant

30  system raises preferentially a TH1 type of response.




Extreme TH1-type i mmune responses may be characterised by the generation of
antigen specific, haplotype restricted cytotoxic T |ynphocytes, and
natural killer cell responses. |In mce THl-type responses are often

char act er mwaesgholpysstdse generation of antibodi es of the 10dGEsssssabeyPeE,
whilst in the human these correspond to 1gGl type antibodies. TH2-type

i nmune responses are characterised by, the generation of a broad range of

i mmunogl obulin isotypes including in“mce 1gd@, I1gA and IgM It can be
considered that the driving force behind the devel opnent of these two types
of 15 iAABureas §5 ii stk I - - Cyt oki nes
tend to favour thﬁeiﬁﬁi n%ﬁ%’? ?gﬁﬁgﬁﬁég{l% lﬁeg?g%oetgﬁﬁlxm%alﬁ%crg%ogfgﬁgo&n%t% t he

gi ven armgeh or Gall mediated drmuuag egsgonses (tpditionsifyecheyactskisertlsy argibddy end avour t he
i nducti bRy, (Rasa0le) - t 20 | nonodul at or s,
such as Q:\@/glg{]:rl nes rl;gi;}e%le pr ggg%g(g&?lr%g%e#’%%%{éﬁg‘ ?%eﬁﬁ%ggg%%esoﬂemmms%r e

pol ypepthadebsendermed € hiypleredpiodses {edlmadiand raspodsh)y apd A5EAlpé vamid on. The
preparat] J nmmunonodul at ors whi ch contain an i mmunogeni ¢ pol ypepti de(s)
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Pr epar alshaidraplolyso i RRLRaIbHiE: 1yRiphbdyesPhet SlrfaPRRAPOH Blifdh
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15 immune responses are cytokines. High levels of THI-type cytokines tend to favour the

induction of cell mediated immune responses to the given antigen, whilst high levels of
TH2-type cytokines tend to favour the induction of humoral immune responses to the

antigen.

20  Immunomodulators, such as vaccines may be prepared from T cells comprising one or
more polypeptides, or even nucleotide sequences, of the present invention. The
preparation of immunomodulators which contain an immunogenic polypeptide(s) as
active ingredient(s), is known to one skilled in the art. Typically, such
immunomodulators are prepared as injectables, either as liquid solutions or suspensions;

25  solid forms suitable for solution in, or suspension in, liquid prior to injection may also be
prepared. The preparation may also be emulsified, or the protein encapsulated in
liposomes. The active immunogenic ingredients are often mixed with excipients which
are pharmaceutically acceptable and compatible with the active ingredient. Suitable
excipients are, for example, water, saline, dextrose, glycerol, ethanol, or the like and

30 combinations thereof,




5 muranyl - L-t hreonyl - D-i sogl utam ne (thr-NMP),

N-acetyl - nor-nmuranyl -L-al anyl -D- isoglutamne (CGP 11637, referred to as
nor - MDP) , N-acetyl nuranyl - L-al anyl -

I sogl ut amwuytood/emhaani ne-2- (1' - 2' - di pal m t oyl - sn- gl ycer pcanidysdspesyghosphor yl
oxy)- ethylam ne (CGP 19835A, referred to as MIP-PE), and RIBI, which
contains three conponents extract eg from bacteria, nonophosphoryl lipid A
trehal ose di mycol ate and 10 cell I4 skel eton (MPL+TDM+CWE) in a 2%

squal ene/ Tween 80 enul si on. Further exanpl es of adjuvants and ot her agents
i ncl udennhdaidn P ded) ¥hetBrm oA dAHRrs RBYSRARTCmirdt ldiHoHH@oE%ﬁﬁ%Jyum sulfate

(alum, berylllumsulfate silica, kaolin, carbon, water-in-oll “emnulsions,

0i | - i n- @8Nk SUSHS SY@tRg omsrmasiving pesptsi o, buffering ragants.epaftoroadiunantss | i pi d X,
Cor ynebgpicar dinindaahy LE@?@QEJGQQ&SOEP hﬁcﬁfﬁfu{lﬁb olﬁﬁﬂf&% E%?fé‘l Rl Eld &b ussis,
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saponi nw: Chlrp@skmeﬁectwemwte arEA irdiod toaalunbﬂmnlhgdroxmtapNyamtyB or other

syntjet K va Ie CONME' rom

var i ousin(saf)%ﬂég“sﬁ%ﬁyl %Ea%tﬁ%%b Q&r Eﬁ’uv ?Ce PR, Af‘rﬂﬁ@?%(r#any, I nc.,
Rahway, isbglitajnimer (EGRUDIB3S, Irefenspl ot as Adt-Mm?)I N-R&tﬁmdrﬁwlm fh814Mdj uvant
(Difco La oratorie De Typ | | nts such as

Amphi gel§ bl iRl YA‘H@?@?‘%@%&W%@*&@@%&&% MYB}}E?S&?? oX¥F a mixture of
Amphi geéthﬁl@ﬂlm%l (GG agedsmrefare@to 4ANMTPAPR)TIaRd MIBY,0WAXh dniafns @RRI oved for
human use. 25 The proportlon Qf I mmunogen and adj uvant can be varied over a

broad r EQTRROVERS |66§Ff§teé}sfr015éﬁﬁe%?,énmg@ﬁhoryhh@flfﬁed:{qhglesqimplgte mdr exanpl e,
al urn nugeIhyAlr Qeiet (MHLHME-C ) in 2 D%, ﬁﬁal@t@PWéen%fO ?5‘%%% 5% of the

I mmunonodul ators m xture (A1203 basi Ss) Conveni ent I mmunonodul at or s
are fornmulated to contain a final concentration of 30 I mmunogen in the

1o o7 e 0 et e o th Pk ouhecubatnh BReMiae Milopu{ 0% 7Y

i mTu n onphhshizats rebmmaym [petassivmrspbbiat(eldm),teoylhusm tsalfatb ESlh@l;l kmlma carbon,

water-in-oil emulsions, oil-in-water emulsions, muramyl dipeptide, bacterial endotoxin,

15 lipid X, Corynebacterium parvum (Propionobacterium acnes), Bordetella pertussis,
polyribonucleotides, sodium alginate, lanolin, lysolecithin, vitamin A, saponin,
liposomes, levamisole, DEAE-dextran, blocked copolymers or other synthetic adjuvants.
Such adjuvants are available commercially from various sources, for example, Merck
Adjuvant 65 (Merck and Company, Inc., Rahway, N.J.) or Freund's Incomplete Adjuvant

20  and Complete Adjuvant (Difco Laboratories, Detroit, Michigan).

Typically, adjuvants such as Amphigen (oil-in-water), Alhydrogel (aluminum hydroxide),
or a mixture of Amphigen and Alhydrogel are used. Only aluminum hydroxide is
approved for human use.
25
The proportion of immunogen and adjuvant can be varied over a broad range so long as
both are present in effective amounts. For example, aluminum hydroxide can be present
in an amount of about 0.5% of the immunomodulators mixture (ALOs; basis).
Conveniently, the immunomodulators are formulated fo contain a final concentration of
30  immunogen in the range of from 0.2 to 200 pg/ml, preferably 5 to 50 ug/ml, most
preferably 15 pg/ml.




which is then sealed and stored at a | ow tenperature, for exanple 4C, or it
may be freeze-dried. Lyophilisation permts long-termstorage in a
stabilised form 5 The i munonodul ators are conventionally adm ni stered

par ent er alwq 2o00by3s7é§ ection, for exanple, either subcut@hesushiosio
intramuscul arly. Additional formnulations which are suitable for other
modes of adm nistration include suppgsitories and, in sonme cases, oral
formul ati ons. For suppositories, traditional binders and carriers may

i nclude, for 10 exanple, polyal kyl ene glycols or triglycerides; such
suppositories nay be forned fron1 m xtures containing the active ingredient

inther 50 ta 10% ferabl 1% to 20/ Or al rmul ati ons
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capsyl es, sustained release formulations or powders and contain 10%to 95%
of active ingredient, preferably 25%to 70% Were the inmunonodul ators
CONMposi i) W@nqﬂy@ﬁbmtmiss%ﬁ convegtionady tadigistaredeaeanteallyby ibjectiangdamst i t ut ed

prior t ﬁlﬂﬁ% Recons ution s preferably
ef f ect eg I %®%€%§W§818 qrypeﬁ?ﬁgﬁlgﬁg ‘At%ﬁglofl%l?/le”"lt ]agmn vi’}"%}é #r nul at ed
i nt o t heuilableufoooibetinadasraf admmlsi:mubn alchale ssﬁidsmﬁms”srmd 1Bhammmu,tdrslal |y

th free am no

accepta ts incl ude t ddi sal f or med

gr oups gﬁfn%“ﬁagi%septﬁ&eﬁupgﬂ% o\ﬂﬁ °c &5‘4 (LJ'WH%H* i I‘Fafrt%? G| E:“HUQE’I & such as,
f or 18xasxdnsple, pothatigidne rdlyoly orhigBpéatek;Csudk lsqﬁoosmnesw? BUﬂﬁﬂé@fraﬁl ds such
25 as acetic, oxaljc, tartaric gnd leic. Salts fornmed with the free

car boxy PIGPES Seatpinehe aetive dngedienf dp theyiapgs oidh-fare &O%aﬁ@@r%mﬁ I% o9, for

exanpl e2%s ot MorRMLASH hhﬂlud@@ﬁ&ﬂh&kﬁﬂaﬂgrcéﬁﬁb%ém exfpid®y bd %P)é&éfnﬂﬁé des, and
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15 form of solutions, suspensions, tablets, pills, capsules, sustained release formulations or

powders and contain 10% to 95% of active ingredient, preferably 25% to 70%. Where
the immunomodulators composition is lyophilised, the lyophilised material may be
reconstituted prior to administration, e.g. as a suspension. Reconstitution is preferably
effected in buffer.
20
The polypeptides of the invention may be formulated into the immunomodulators as
neutral or salt forms. Pharmaceutically acceptable salts include the acid addition salts
(formed with free amino groups of the peptide) and which are formed with inorganic
acids such as, for example, hydrochloric or phosphoric acids, or such organic acids such
25  as acetic, oxalic, tartaric and maleic. Salts formed with the free carboxyl groups may also
be derived from inorganic bases such as, for example, sodium, potassium, ammonium,
calcium, or ferric hydroxides, and such organic bases as isopropylamine, trimethylamine,

2-ethylamino ethanol, histidine and procaine.

30  Antigen




26 In general terns an antigen is any substance that is capabl e of
intereacting with an antigen receptor. An antigen binds to a specific
anti body to provide a mechanismby which the antigen is recogni sed and

i nact i vat &b 20080dsléss manner, an anti gen conpl exes W t hcgaaResackigs anti body
so that the conplex can attach itself to specialised immune cells 5 that
either internalise the conplex to degiroy it or rel ease biol ogical

medi ators such as histam ne to produce an allergic/inflammtory response.
An imunogen is an antigen that activates imune cells to generate an
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that detWH ﬁ@ctﬂ?é‘ngh‘?ﬁ}’rﬁ?dé?ﬁtée praerlere cax) attagh itsglf 1 Apqcipdised immernpepllse it s
abilidy CINCRE 'er’r;ggﬁglﬁ i d - AC eSS Di: L 5 an
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t hese f : t e | ogenicity of an _anti I S,Optim sed. As
a resul ?&l agéck%gsgﬁnn%%gélgbﬁceéﬁ%ﬁ%e% very reeSPeo(ﬁl Wi 95?1%%3’%(8# ?ﬁgt% or three
doses i nimmsiogane andnigenshut ah iattigenfis Ma@etes@rilylalisnmitdien. OHbyeies foihe
efficacy of the _.vaccipe inproved, but also patient conpliance. 20, The
present T Hft FOFeR8 gﬁfﬁﬂn@%lt‘é‘“{% aQfRen /MY FORURRSEH 26 gE?fﬁé& & bei ng

i nt rppcug@brchifidedbla. T cell such that the antigen is presented to the imune
system and nore particularly an APC. In a particularly preferred -

enbodi mrent the antigen is introduced into the T cell in the formof a

pol ynucl egd pre@niil&ifioh $n caR#N t6mRfrelBRl AP ﬁé_l‘yﬁ LREARAGS sﬁxﬁﬁigmaésagagéhel . A

wi de range of suitable antigens is known. el r sequence e sel ected,
for exdffheimmmetsygenaSomedt thofagioesthat detenrige tredosntiongeic patentiabof _
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with an T nmuRodeni ¢ activity, it Is poSsible to
15 an antigenic epitope to immune cell recognition and the route of antigen administration.
The present invention provides a system for improving these factors such that the
immunogenicity of an antigen is optimised. As a result, someone may be able to recive
the equivalent of say two or three doses in just one administration of vaccine. Thus, not

only is the efficacy of the vaccine improved, but also patient compliance.

20
The present invention is applicable to any antigen which is capable of being introdcued
into a T cell such that the antigen is presented to the immune system, and more
particularly an APC. In a particularly preferred embodiment the antigen is introduced
into the T cell in the form of a polynucleotide which is capable of being expressed in the
25 Tecell

A wide range of suitable antigens is known. Their sequence may be selected, for
example, on the basis of polypeptide sequences known in the literature. For polypeptides
which have a partial sequence of a protein with an immunogenic activity, it is possible to
30 establish which peptides are suitable candidates by means of sequence comparison.

Preferred candidates are polypeptides whose immunogeneicity has already been



30 establish which peptides are suitable candi dates by nmeans of sequence
conpari son. Preferred candi dates are pol ypepti des whose i munogeneicity
has al ready been WO 2004/ 035768 PCT/i B2003/ 005109 27 denonstrated, i.e.
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15

Thus, the present invention encompasses variants, homologues or derivatives of the amino
acid sequences of antigens, as well as variants, homologues or derivatives of the amino acid

sequences coded for by the nucleotide sequences of the present invention.

20 In the context of the present invention, a homologous sequence is taken to include an
amino acid sequence which is at least 60, 70, 80 or 90% identical, preferably at least 95
or 98% identical at the amino acid level with a particular sequence. In particular,
homology should typically be considered with respect to those regions of the sequence
known to be essential for antigenicity rather than non-essential neighbouring sequences.

25 Regions that are conserved across family members should be required to have relatively
high homology scores — this assists in defining functional molecules. Regions that are
unique or poorly conserved between family members should/may be allowed to have
lower score, on a case by case basis — this assists in establishing novelty. This bit by bit
approach is in general more useful than an overall homology score. Although homology

30 can also be considered in terms of similarity (i.e. amino acid residues having similar




uni que or poorly conserved between fam |y nenbers shoul d/may be allowed to
have |ower score, on a case by case basis - this assists in establishing
novelty. This bit by bit approach is in general nore useful than an
overal I hevwioegysssesor €. Al though honol ogy 30 can al so herhapneisieied in
terms of simlarity (i.e. amno acid residues having simlar WO 2004/ 035768
PCT/ 1 B2003/ 005109 28 chem cal propepgies/functions), in the context of the
present invention it is preferred to express homology in ternms of sequence
identity. Honol ogy conparisons can be conducted by eye, or nore usually,
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two or nBPESE %lﬂ%%’é”e‘?fl’fgg tsg?‘}?ﬁcelﬁ}%lj iant" or “"derivative" in relation to

t he am no aC|d sequences of the present invention includes any
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poIypeptﬂ@@@méﬁ%ﬁéhmb&9ﬁh0mhbgzb§wamdwobrm@mmggmmmsre preferably at .| east
substantially the sane activity. 15 Thus, particul ar sequences of the
invention may be nodified for use in the present invention. Typically,

modi f i CaTheotlasnsalvenamtier ’tdea?amfa'l int rafatiordt fmethaﬁfrﬂr@@l&idcs!etpyen@és éffige pleg@tience.
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fromi1, %Y 10%1115 SRy SppsHutign ok ypetion Caﬁ%"B\S’f dertiecemsnt of klslefionii f i ed
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i ntent i ogghd atiti ers%m ?@aé%@saﬁadqakhe% cgl'e rfgfs rh{;k%g mﬁg&t éagf For
pol ypept i cap e 0 ding to tar

exanpl e truncate des that renal get
nol ecul esubgientiallyhr samgectiviinal ef f ect or domai ns may be useful as inhibitors
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15  Thus, particular sequences of the invention may be modified for use in the present
invention. Typically, modifications are made that maintain the antigenicity of the
sequence. Thus, in one embodiment, amino acid substitutions may be made, for example
from 1, 2 or 3 to 10, 20 or 30 substitutions provided that the modified sequence retains at
least about 25 to 50% of, or substantially the same activity. However, in an alternative

20  embodiment, modifications to the amino acid sequences of a polypeptide of the invention
may be made intentionally to reduce the biological activity of the polypeptide. For
example truncated polypeptides that remain capable of binding to target molecule but
lack functional effector domains may be useful as inhibitors of the biological activity of
the full length molecule.

25
In general, preferably less than 20%, 10% or 5% of the amino acid residues of a variant or
derivative are altered as compared with the corresponding region depicted in the sequence
listings.

30  Amino acid substitutions may include the use of non-naturally occurring analogues, for

example to increase blood plasma half-life of a therapeutically administered polypeptide




In general, preferably less than 20% 10% or 5% of the am no acid residues
of a variant or derivative are altered as conpared with the correspondi ng
region depicted in the sequence |istings. 30 Amino acid substitutions may
i ncl ude t o twPoBHesnON-natural |y occurring anal ogues, fpei/BRYHNRIA® t O

i ncrease blood plasma half-life of a therapeutically adm nistered

pol ypeptide WO 2004/ 035768 PCT/|1B200g4 005109 29 (see below for further
details on the production of peptide derivatives for use in therapy).
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or nore (e. F—2—3—=5; o r—stbstrtutronss i nsertions,
i ncluding c )Mﬁéglgubst Nezirelss. \Were substlﬁu’:Pons, delleti on 15 and/ or
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Polypeptides of the invention also include fragments of full length polypeptides and variants
10 thereof. Preferred fragments include those which include an epitope. Suitable fragments
will be at least about 5, e.g. 10, 12, 15 or 20 amino acids in length. They may also be less
than 200, 100 or 50 amino acids in length. Polypeptide fragments of the proteins and allelic
and species variants théreof may contain one or more (e.g. 2, 3, 5, or 10) substitutions,
deletions or insertions, including conserved substitutions. Where substitutions, deletion
15 and/or insertions have been made, for example by means of recombinant technology,
preferably less than 20%, 10% or 5% of the amino acid residues depicted in the sequence

listings are altered.

Particularly preferred fragments include those having antigenic domains.
20
Polynucleotides for use in the invention comprise nucleic acid sequences encoding the

sequences of the invention, It will be understood by a skilled person that numerous



20 Pol ynucl eotides for use in the invention conprise nucleic acid sequences
encodi ng the sequences of the invention. It will be understood by a

skill ed person that numerous WO 2004/ 035768 PCT/|1B2003/ 005109 30 different
pol ynucl eso thesozags encode the sanme pol ypeptide as a r eg4hh00d00518
degeneracy of the genetic code. In addition, it is to be understood that
skilled persons may, using routine ggchniques, make nucl eotide
substitutions that do not affect the pol ypeptide sequence encoded by the
pol ynucl eotides of the invention to reflect the codon usage of any

par ti cul differegt prdwtucteotidesi camencvdehhe fertd aRbYRERtd 488t 6f tht EednBMENt i ON are
to be ex&x&gs%get.cPoldgnﬁgl(ggti des, of .the invention may conprise L or RNA.
They may’ be. S ngleC8t raiftiiPlo it §dahedmdersiaedidat slilles parsops anayo using

pol ynucl reotinedeshnighés; akéglcledgdeMubdtinfions ' |

nucl eoti des, A n}tlmb$r of different type@ﬁg‘owgﬁfﬂé‘gt??%egp%é%ﬁ&ce

ol i gonuciPEXied pydncp oWl pt thp invartion tqresioet theeoidonlesage bhaypianiplaonat e and
phos ghorisiireaie, i i i.di r _polylysine chains at
the 3' and/ og@%' gﬁggﬁgf@ﬁc{lﬂgﬁﬁ% ggueggvelé—tgﬁagﬁé%ﬁu’yﬁ%%eedg of the present
invention, it is to be understood that the polynucl eotides descri bed

her ei n I f hod avai le 1n,t art. ~ Such

nodi f i C;fﬁ! %%gle%%bdefetgg?%{‘feggg%u S'i cnocrj’ﬂ r 1(§%rJj 1\?8 oér#ﬁﬁcgg?%@aiy e FEeacti vity
or |ife sépaded arsdayblepsttaydudc Taey ndgsalal bé Pelyhmlestided WhichNiaclh@s Wmivari ant ",

| to_the nucl eoti de sequence include

“honol ogle" ~derivat.Lve' in.relatio ,

any subgtq‘?’fl 5%%?1“ o?rl,mv?/‘%b%/(g? c@ﬁ‘?ug‘?s; %‘H&?q’fé’&dﬁfﬁﬁe‘%ﬁweﬁ ep medfivation tof |

del elt0i orolighmmieotideidiard Cthodfn G EtHeOlartMOTIRke NitEHAL cm@&'g%g{égpggﬁdagé A t ge
S

sequence,provi di.n he resultant 20 nucleotide sequ

pol ypeptppgg%ﬂ%ﬂ%ﬂ%e bﬁﬁﬁb@éeﬁi addifiop; of aeyding\er polifiyeing elepinstas e 3'wind/or flespect to

sequenc enfiosRthOasleolle S @ HARYpdsBE5d Srofth S Bfton PHto pIRAEAES! 120! Y 2t
bl t" l east 90% hono ogyto? q g

| east 85% re preferably at" . he “sequenc shown in
the s eqﬁ]&mfgﬁ}%@%ﬁfg degsribphhersip menypieahedifgsl yy dnyenathadsavailablemshe &% nmor e

pr ef er algyyh gRddcati @RSty He% : ucl eot i.de. honol oqy caqnpari sons nmay
be conducted as described agbg\ggqlﬁ%}%rrg#%r[jﬁg%c&t ee’&d’évﬁcagugé'n?fg’:}?%ﬁ program

i s tlle ofrrlynucdestidesoiesinéntiopr ogr am

The terms "variant", "homologue" or "derivative" in relation to the nucleotide sequence
include any substitution of, variation of, modification of, replacement of, deletion of or
addition of one (or more) nucleic acid from or to the sequence providing the resultant

20  nucleotide sequence codes for a polypeptide having antigenic activity.

As indicated above, with respect to sequence homology, preferably there is at least 75%,
more preferably at least 85%, more preferably at least 90% homology to the sequences
shown in the sequence listing herein. More preferably there is at least 95%, more preferably

25 atleast 98%, homology. Nucleotide homology comparisons may be conducted as described
above. A preferred sequence comparison program is the GCG Wisconsin Bestfit program
described above. The default scoring matrix has a match value of 10 for each identical
nucleotide and -9 for each mismatch. The default gap creation penalty is -50 and the default
gap extension penalty is -3 for each nucleotide.
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descri bed above. The default scoring matrix has a match val ue of 10 for
each identical nucleotide and -9 for each m smatch. The default gap
creation penalty is -50 and the default gap extension penalty is -3 for
each nucl @ 200903528 WO 2004/ 035768 PCT/ |1 B2003/ 005109  FkrhBSiopb@sRnt

i nvention al so enconpasses nucl eoti de sequences that are capabl e of
hybridising selectively to the antijgeni c sequences, or any variant,
fragnent or derivative thereof, or to the conpl enment of any of the above.
Nucl eoti de sequences are preferably at |east 15 nucleotides in |ength,

nor e pat efrédehly idlentiAtso2 GncodiPasséd) notlelieNstghanéd dRE b bpARENor S5 The
term"” as used herein shall include "the procCess by which a

h%gr?r(j.di zatign" ’ SS,
st r and h¥prdisygcsekicively: foy theaniigenig pequences op |y priant.yiragmeaher desivetigh base
pai I'i Neherdd$, oMY the@BmplReenPbO&S ST 1R 2RV I\ilfgleé%féy&%ﬁ%%g%s&ﬁ%Efse?eg?b%fﬁ In

pol ymerase chain reaction technol ogies. e invention
capabl deagiflSgatlentideyiallengy broreipreferalivtad leasi @0A0c Heart S0cwclestidgs rlemth. pr esent ed
hergin, or to their conplenent, will be generally at |east 70% preferably
at Teast 80 or 90% and nore preferably at | east 95% or 98% honol ogous to

the cdhe éspoibmdjzationl e tsederesadn slediciasindy Ghe procesyiynwihith atstrhiast 20,

preferabl,y. at. | east or 3 for 1instance | east 40, 6Q. or 100 or nore
cont i g&g?}gm s 06F ‘H@S a W@?fger[wé?rﬁm’é% 8‘33}\/6%2}59 e A5 2581 & H¥eans t hat

t he pobyesslofaimplificatissds asried @t dbgoliBerdSeathaintbabtbn ERAMISENS Where a tar get
pol ynucl eotide of the invention is found to hybridize to the probe at a

| evel significantly above background. The background hybri di zati on may

ocqyr PHEARIGEIGS oPlhe ﬁnve&kohnwaﬁetéfdg‘e}ecawf ?}&Emﬁdi&iﬁé t@xﬁgﬁtug}eﬂﬁdé the cDNA

or genom c DNA 20 library being screening. I's event, ckground

i npl i eseqencey dreserfteds ihgighl, of in efhair egmiplement tveitlalet igomerdllt wiebsastt H%.pr obe and a
non- specich Ql\f@éﬂg@rp of ' ' b han I d,
pref er gﬁe}ﬁ{féﬁ%és S tS an Ii%%/% fa%(? 5‘&%5455 @%@gﬁgg@% rbtsk{‘gmjs%s}?‘: |hP %’8%?%‘#3? gh%t ion
obser v edrespandmgmnelestiiegequedidd ovfhaegion efivs least 205 prefotablyeat fdasiriz5mng0,be
measur ?oqr’ins];a%e ﬁ)féaasntpdo%o gl‘y 100 or more contiguous nucleotides.
15

The term "selectively hybridizable" means that the polynucleotide used as a probe is used
under conditions where a target polynucleotide of the invention is found to hybridize to the
probe at a level significantly above background. The background hybridization may occur
because of other polynucleotides present, for example, in the cDNA or genomic DNA

20  library being screening. In this event, background implies a level of signal generated by
interaction between the probe and a non-specific DNA member of the library which is less
then 10 fold, preferably less than 100 fold as intense as the specific interaction observed
with the target DNA. The intensity of interaction may be measured, for example, by
radiolabelling the probe, e.g. with **P.

25
Hybridization conditions are based on the melting temperature (Tm) of the nucleic acid
binding complex, as tanght in Berger and Kimmel (1987, Guide to Molecular Cloning
Techniques, Methods in Enzymology, Vol 152, Academic Press, San Diego CA), and
confer a defined "stringency” as explained below.
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radi ol abelling the probe, e.g. with 32P. 25 Hybridization conditions are
based on the nelting tenperature (Tm of the nucleic acid binding conplex,
as taught in Berger and Kimel (1987, Guide to Ml ecular d oning

Techni quesyo blatiossdss | n Enzynol ogy, Vol 152, Academ ¢ PrigsS$made3bodheo0 CA) ,
and confer a defined "stringency" as expl ai ned bel ow. 30 WO 2004/ 035768

PCT/ 1 B2003/ 005109 32 Maxi mum stri ng;ﬁncy typically occurs at about Tm5C
(5C bel ow the Tm of the probe); igh stringency at about 5C to 10C bel ow
Tm internediate stringency at about 10C to 20C bel ow Tm and | ow

st ri ngevisyimain sdhcy29Fichiny &%Qrstheggall\{ﬁmnsaﬁs 5wtlb[3 Rethe toog%}by t hose of

skill in the art, a maxi mum stringency d|z I on can 5to
i dent i fh}/g}b?tmé@!l@c@t ab@!éﬁde‘aHO‘ﬁblbqlmdhe@mmd&dmmfg_mSy Ahibb& 18°C kg1t er medi at e

| t brid t dt tif det ect
i | ety YelDARE g $37 EREBEY o Lo Rce: 25 helpwehar peavilishect . ¢ he
tund. m t 10
pr esentuni@rstood bPthos@BLES] i et h%xﬁﬁﬁﬂ%ﬂﬁ%@nge : cé/%n ﬁ&lgﬁyn%ﬁ'bg' S%Scoand an

ant| genl c nug} e(c)él de sequence under strin I ons

Sséo 1deniiyserdetecy identiggl pebmuclgotpiessepanads Chils an éntarhedialy (o lowyher e t he
polynug bAcse ny.gnt 0 tradd bohstra of the
dupl ex, hﬂl(egllicﬁ h%%%?z\ﬁliogug%{‘ Eé)r{lsﬁ %olrfrgélnﬁafl onr&§ iael] ]ésrseggedoy t he
presenpolym}‘émtidéﬁeqw@me the 15 polynucleotide is single-stranded, it is
to be understood that the conplenentary sequence of that polynucl eoti de is
al so included within the scope of the present invention. Polynucl eotides

whi ch & epiebired 8@%sthibapiesgoimvettivntchers AR HIEAR qRhcdsiRat I@Exﬂ?@ﬂ&xs& fvention
i nvention can be obtain in a nunber of

but1 faél eh| n tg tlico%e of th
ways (iR %nu Fi"4ht q‘ifPC?PFE < etjtasele sonfitionr  (B8d 6AWF and kwSSEe obt ai ned

for exqrﬁtﬂse?%&lpMNh«JQODMMNgr@&ht@ Hn;qg?e froma range of individuals, for
exanpl e individuals fromdifferent “populations. In addition, other

viral /bacterial, or cellular honologues particularly cellular
Where the polynucleotide of the invention is double-stranded, both strands of the duplex,

either individually or in combination, are encompassed by the present invention. Where the
15 polynucleotide is single-stranded, it is to be understood that the complementary sequence of

that polynucleotide is also included within the scope of the present invention.

Polynucleotides which are not 100% homologous to the sequences of the present invention
but fall within the scope of the invention can be obtained in a number of ways. Other

20 variants of the sequences described herein may be obtained for example by probing DNA
libraries made from a range of individuals, for example individuals from different
populations. In addition, other viral/bacterial, or cellular homologues particularly cellular
homologues found in mammalian cells (e.g. rat, mouse, bovine and primate cells), may be
obtained and such homologues and fragments thereof in general will be capable of

25  selectively hybridising to the sequences shown in the sequence listing herein. Such
sequences may be obtained by probing cDNA libraries made from or genomic DNA
libraries from other animal species, and probing such libraries with probes comprising all or
part of known sequences under conditions of medium to high stringency. Similar
considerations apply to obtaining species homologues and allelic variants,
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honol ogues found in mammalian cells (e.g. rat, nouse, bovine and primate
cells), may be obtained and such honol ogues and fragments thereof in

general will be capable of 25 selectively hybridising to the sequences
shown in hedpebsesace | isting herein. Such sequences mptRo9hisajoned by
probing cDNA |ibraries made fromor genomic DNA [libraries from other

ani mal species, and probing such |ibjaries with probes conprising all or
part of known sequences under conditions of mediumto high stringency.
Simlar considerations apply to obtaining species honol ogues and allelic

var i ant Vari3fts Wil a&ﬁﬂpeaésmﬂnd?@ﬁké B2PaR6 8008@Bed ding/@dgkits PERGvhich
strai n/g@ cies.ho @%’ﬁis may. al so be ohtai ned usi ng degenerat e PCR whi ch

will P RReTy I 1ETESt SeAvRIcesSRidR Hisaanigis #drhomeloshes gefing and

honol Og%ﬁse%ﬁ@ﬂﬁﬂwam@@go YORiIRR RO RGNt ST IMERE RS MWy d;l%foﬂ EhiRervgauences of
the present invention nserved sequences can be predi cted, for exanple,
by ali gﬁP%%aneﬁéafd?ﬁM@ﬁl%t@d éor%annl@dysallgm@m@mcld&eqm@r&m saveral ogues.

Sequenc Jo! t & wn in the
ot Spor B AR e AR S E A IRE oS 1R bR Gl ShhHRL oA T,

pri mer s kneeulin the ait Fenexagipte tEEECﬁ W[lscmtshﬂhleﬁp@r@'m isridely dsegener ate
positions and will be used at stringency conditions |ower than those used
for cloning sequences with single 10 sequence priners agai hst known
sequenc&ie pﬁiﬁeﬁru@ﬁim\deganﬁraﬁdm Pl yortein 0 drdfsie H8pP¢ndiste PBYiRING ald Wil
site-directe enesi characteri sed sequences. This may e useful
where f&F 1S ggﬁlqyeﬁﬁﬁ“@a%h“@h dose paed e glgping dequsnose e

opt iy s%e@gmrﬁ{e@;a%g@mﬁgwﬁgé u@m@@lrtl cul ar host cell in which the 15
pol ynucl eoti de sequences are bel ng expressed. O her sequence changes nay be
desired in order to introduce restriction enzyme recognition S|tes or to

al ter thaiRl t t

pol ynucpgg. %; %cﬁy%&%gfg%@%e??ucﬁ Ob%}léﬁDﬁlg %tg%%ﬁ% %ggs Sand pr obes
accor di mgm‘a@ertSh@ séquowsas. i Ghis may bezseﬂgbwpcre d@rmdmpbcsdmmmam thapges are
synthet & c@}.rl d tqbé%quf%?l&satn%g%?sfz Todt nap € %8??6&: %ru eg c?ula?‘fho 11 m wﬂw&aqﬁe art.

They nay ohed andar
15  polynucleotide sequences are being expressed. Other sequence changes may be desired in

order to introduce restriction enzyme recognition sites, or to alter the property or function of

the polypeptides encoded by the polynucleotides.

Polynucleotides such as a DNA polynucleotides and probes according to the invention may
20  be produced recombinantly, synthetically, or by any means available to those of skill in the
art. They may also be cloned by standard techniques.

When proteins or protein fragments are used, the identity of the processed end product
can be demonstrated by chemical analysis or by biological assays (the ability of APCs to
25  stimulate T-cells which are specific to the processed fragments).

In principle, peptide candidates are selected for their suitability as foreign peptides in
several stages; generally, the candidates are first tested in a peptide binding test for their
binding capacity to an MHC-I molecule, preferably by series of tests.
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When proteins or protein fragnments are used, the identity of the processed
end product can be denonstrated by chem cal anal ysis or by bi ol ogi cal
assays (the ability of APCs to 25 stinulate T-cells which are specific to
t he procesggshologégents). In principle, peptide candi daﬂﬁm%o@m&?{»ﬁm ed for
their suitability as foreign peptides in several stages; generally, the
candi dates are first tested in a pep&%de bi nding test for their binding
capacity to an MHC- I nol ecul e, preferably by series of tests. 30 WO

2004/ 035768 PCT/ 1 B2003/ 005109 34 One suitable nethod of investigation is,
for exa i Hod S% oS ; jde is
mar ked vn\ffil3 %ﬁsué&?llgl?gr escﬁ%ﬁg%ﬁﬁ’%\rl\n ;&%‘{ﬂ&e %‘%‘Fﬁg% tgfé%resib-r%&%ioglg@% ocyanat e)
and appl ¢¥eametey. t Thropeptidt lis matliedwidk piwomstent djd;i@.d. witd BITC Gluotascdine 1 ow,

i ndi vid j ser ,of a certaj vel ength;  the

1 tor escnBeeFhfy Bl ahoPooh® 3o cotbaf A BHC SRR 1y of
pept i de Bounddividuelheells elrt sxdltedttyes lazet bidsl corftaifl etaptRhEhN et Mi@redesaBE i t Y 01;]
peptide bound. i s the, Scatchar | ot,. Peptide |labelled with 125 or wt
rare 5(ejar W&ng’tsélfeaflgﬁ%a‘r((@? éﬁpegg?rgﬁpﬁ}}ﬁquﬁg@tﬁggaeppg? ‘e’?‘l"ﬂdst.o%ﬁq‘?g- cells are
charged at 4C with various defined concentrations of peptide for 30 to 240

10 mnutes. In gt{ngr to determ ne non-specific interaction of peptide with
cell s, heg e of daferpinge the yuintitey ofi repide) baundy iss theeScaichard bletanpl es,

prevent | Pepibd fbaRACK €21 b G Giro QB ot ishs!@RCELBHATR LS - RN, e
cells are washed to rempve any non-specific cefl-"aSsoCiated material. The
quant i t yrsreellepe chygediatyeptwitevarious fefined comseniratiods of péptide ffar 34 to 240

sci ngg | 1.at.d i j LYt it t in_a phetoneter
wni o | SRR, ERAGI0 abiskitle bR oS IRE A BPhAL Bl ol R ®E: 2 T e
obt ai nedidabelled/peptide Badded togomstod titbasaniplest frextating theaspsafiontbration of

candi dat.gs w t.h, good, bi ndi ngq, qual,ities are tested for their .,
i munoge ?(}%{ﬁe_g}.ed %Bp_ e %ﬁﬁgﬁjéﬁl%ia{eywa? egetﬁoﬁ?gf?tvlsoeé’é/ B 5Rgeific 15elm pr ot ei ns
t he | mMmunegidcmatetialyi The @dantity of cell-bound peptide is then determined either in a

scintillation counter using the radioactivity emitted, or in a photometer which is suitable

15  for measuring long-lived fluorescence. The data thus obtained are evaluated using

standard methods.

In a second step, candidates with good binding qualities are tested for their
immunogenicity.

20
The immunogenicity of xenopeptides derived from proteins the immunogenic activity of
which is unknown may be tested, for example, by the MLC test. Peptides which provoke
a particularly violent reaction in this test, which is preferably also carried out in series
with different peptides, using as standard a peptide with a known immunogenic activity,

25  are suitable for the purposes of the present invention.

Another possible way of testing MHC-I-binding peptide candidates for their
immunogenicity consists in investigating the binding of the peptides to T2 cells. One
such test is based on the peculiar nature of T2 cells or RMA-S-cells that they are
30  defective in the TAP peptide transporting mechanism and only present stable MHC-I

molecules when they are applied to peptides which are presented in the MHC-I context,




whi ch is unknown may be tested, for exanple, by the M.C test. Peptides
whi ch provoke a particularly violent reaction in this test, which is
preferably also carried out in series wth different peptides, using as

standard gsy@spibEfksW th a known inmunogeni c activity, peprsofsdsichabl e for
t he purposes of the present invention. Another possible way of testing

IVHC- | - bi ndi ng pepti de candi dates for 51thei r i nununogenicity consists in
i nvestigating the binding of the pep?f des to T2 cells. One such test is
based on the peculiar nature of T2 cells or RVA-S-cells that they are 30

def ect i ve) baislof RMAS QEPLBg tahAIAALY4HAM HIBEDAH 591 PACEOR| X1 BhgSeNt stabl e

MHC-1 nol ecul es when they are applied to peptides which are presented in
t he VHC-HLAoK gsoes, awDied day basves 10U /celbp e 36190 50@0by Béptifies whichsreor RVA- S

cells st g ' S & A- nd/.or HLA-A2
genes, agééhﬁvs{ggqp gaﬁﬁ]?g b}éﬁg?{br@%%@{tﬁ%%%@ﬁﬁ ge %?dél tég?:y;%’lé tk}paona)bgs ;S)e]foeti des

whi ch armcogysoediadd@ign by thamgsiunb yyskem, riesp pegieag etsé the oA MdEchlestont ext i n
such as to recogni sed,as foreign .he | system .t hese

pept is‘é‘e\é\a’%&a&sﬁé Sigﬁ‘gﬁﬁl‘_wu 'I%éeé (e t°8ﬁ “fgaﬁg-e&?"){?"h‘)% PB Wﬁéﬁf\gn el ties on
the cel | susfued, e by bedane bf anodlonid antilofifes ORaltdiar fekible BHUHERTE snitb® by nmeans
of nonocl ongt%i g?ti bodi es, es |E ﬁossi ble to i1dentify suitable peptides.

Here agaf%RY CIh ey apd Mg RAEe & s9ebH LA AT MECHiRding ndi ng

capaci t YeabfcitRPspRipriated) Ysetised. 10 The antigen may be derived from fungi,
parasites, bacteria and viruses. Thus, one enbodi nent of the invention

relates to the prevention or treatnent of infectious diseases. Exanples of

i nf i i A, 5h € N {0 ) pl i ncl ude:
adeﬁ{)bf/i (rjﬁge gdé%t@ﬁ?lgd?, lt’égﬁo ee?a?r&%?fgﬁé hé%?%fés‘t é%g%’ldl?s, per %%gsgh%grrg ari a,
i nf | uenzanbodishant pHide invgohopislatasdo ihefpresentiaeorttyepanddf ofefmtivts dsedsesHepat i t us

B, ence [ 5 1S : Sa: , rubel |l a, .menj.ngitis such. as .Meni ngoccal
Cypes. A DurdsCor FRRTYE e S wikoh i rcndy VM0 ey “erBliE B
sal nonel ddapoviryphemitolax, \cholerze diphtheyia) tetamnsf @wr@rssis Rinhlarid/ahflesnza ireligling However ,
the presgnt inyentjon be .appl.icable to use with any new i mrunogen
whi ch b ngg’@df’#@ﬂf%%Sﬁ@atlﬁ%ga{ig@tW§= ﬁP‘?@Eﬁ’tﬂsi Wéﬁ?ﬁy BMPfpr oves
15  rubella, meningitis such as Meningoccal types A, C, Y and W-135, plague,
pheumococcus, rabies, smallpox, salmonella, typhoid, varicella, yellow fever, Rift Valley
fever. However, the present invention may also be applicable to use with any new
immunogen which becomes available. Indeed, because the present invention improves
the presentation of the antigen to the immune system, it may be particularly applicable to
20  diseases and infections which are generally believed to be recalcitrant to a vaccine

approach, e.g. HIV,

In a particularly preferred embodiment, the present invention provides a cancer vaccine.
Thus the present invention is useful in the treatment of tumors, such as melanoma,

25  prostate, lung, breast and colon cancer and lymphomas.

One of the drawbacks of convenientional cancer treatment such as chemotherapy and
radiation is that, in destroying the cancer cells, they also damage some healthy tissue.
Cancer vaccines seek to amerliorate these problems. The present invention is particularly
30 applicable to use with tumor-associated antigens. Even though the immune system does

not recognise cancer cells as foreign, it has been found that cancer cells do carry




the presentation of the antigen to the i Mmune system it may be
particularly applicable to 20 di seases and i nfections which are generally
believed to be recalcitrant to a vaccine approach, e.g. HV. In a

parti cul amwq2004/6ds8¢sr ed enbodi nent, the present inventi GirRABSNsARS Cancer
vaccine. Thus the present invention is useful in the treatnent of tunors,
such as nel anoma, 25 prostate, Iun% breast and col on cancer and

| ynphomas. One of the drawbacks of gnveni entional cancer treatnent such as
chenot herapy and radiation is that, in destroying the cancer cells, they
al 50 dapBgieulsOsHRighePd thirshgsis. Théé%ﬁﬁ@;fbé’@rﬁ B InaeRt AmBREHAT A1 2 these
probl ens. The present invention is particula app icable to use with

t uror - a&¥ FEYEN SN OF gepressetparihe nowe tistus frmmletcls psiumar diws.  Thet

carry i Sued oRuEe BelpeBefDismlibet Bethih hAHNe bR A BT o7

sur f acednvolFsd se tnmyr Bermatipgusichoasi ortogéres aind ttumor suppsésamreﬁnehy Hever al

type th or t.issue ari ses. The

or eadny st A EIREL s Mol SulShaiRlo i3 S Bl eof Bt Bl e

pr oduct sudif a fepatitis B mirad, wﬂdch Hast lon® beéro inplicad , in IHE ReRSopaREOELAGE and tunor
suppressor g The 5 present invention is further applicable to viruses
whi ch h&%¢9 Be'gﬁ%‘a%'soci ated with cancer, such a hepatitis B virus, which
has | ong been inplicated in the devel opnent of liver cancer and EBV. The
present _inventi on may be enpl oyed follow ng diagnosis of disease or

fol | ow HBG Pi@elitn‘ilt"’rfﬁll‘mtrﬁ@f prmé)ﬁb’ﬁd dellayiing eiiagnoms of difsesserrafollowiugn- | i niti ng
exanpl emi@fl dlddR susDid & iBY%pPe enployed in the present I nvention
wi || now be d| sCussed be ow. 15 S| ncg the cloning of MAGE-1, the first gene
reported to encode a human tunor antigen recognlzed by T cells, nolecular

identif Y t 0 of . 1 mai nl y been
achi eved ?1118{]”;‘,3%?%5131%}1%5 }%nﬁlﬁg?aaﬁel S anlgﬁ ‘gglof"‘?f{]t“hehedlpﬁsf’ ulty of
est abl i sviemigpnowitlinotw teadisdussed below: f r om ot her types of cancer, such lines
bei ng necessary to

15  Since the cloning of MAGE-1, the first gene reported to encode a human tumor antigen
recognized by T cells, molecular identification and characterization of tumor antigens has
mainly been achieved for melanoma. A major reason for this lies in the difficulty of
establishing cell lines in vitro from other types of cancer, such lines being necessary to
generate tumor-specific CTL lines or clones to be used in the genetic or biochemical

20  approach aimed at molecularly identifying new cancer antigens. More recently, however,
new approaches have allowed the discovery of new antigens recognized by T cells even
in tumors different from melanoma., Examples from the various antigen categories are
given below. However, as discussed above, analogs or artificially modified epitopes may
also be used in the present invention. Other antigens, identified by antibodies, may also

25  beused and a large collection of them, as detected by the Serex technology, can be found
in the data base of the Institute for Cancer Research (www.licr.org/SEREX.htm). It is of
note that many tumor antigens (e.g. MAGE, NY-ESO-1a) are now known to be
recognized by both T cells and antibodies in the same cancer patients. In addition, using
recent technologies (e.g. subtractive hybridization, representational-difference analysis,

30  microarrays) hundreds of genes are being detected which are preferentially expressed or

overexpressed in neoplastic cells as compared with normal counterparts or are expressed
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15  group. The MAGE , BAGE and GAGE families of genes were bormn. The antigens
belonging to this group, now including also NY-ESO-1, were called cancer/testis (CT)
antigens for their expression in histologically different human tumors and, among normal
tissues, in spermatocytes/spermatogonia of testis and, occasionally, in placenta. These
antigens now represent one of the main components for antitumor vaccine development.

20  CT antigens result from reactivation of genes normally silent in adult tissues, but that are
transcriptionally activated in some tumors. CT genes are probably the most characterized
ones. New genes in the group of CT antigens which have been cloned will include (CT9,
CT10, LAGE, MAGE-BS, -B6, -C2, -C3 and-D, HAGE, SAGE).

25  Group 2. Class I HLA-restricted differentiation antigens.

These antigens are shared between tumors and the normal tissue from which the tumor

arose; most are found in melanomas and normal melanocytes. Many of these melanocyte

lineage-related proteins are involved in the biosynthesis of melanin. Epitopes recognized
30 by both CD8+ and CD4+ T cells can be derived from melanosome proteins.

Group 3. Class I HLA-restricted widely expressed antigens.
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non- AUG defined alternative ORF, while the RU2 gene creates its epitope by
reverse strand transcription. Goup 4. Cass | HLA-restricted,
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mut ati ons of normal genes (like -catenin, CDK4), whose nol ecul ar changes
of ten acconpany neopl astic transformati on or progression.

15 Unique tumor antigens arise from point mutations of normal genes (like -catenin, CDK4),

whose molecular changes often accompany neoplastic transformation or progression.
These antigens are thus expressed only in the individual tumor where they were identified
since it is unlikely that the same mutation may occur in two different neoplasms unless it
involves genes (e.g. RAS) whose alteration is an obligatory step in neoplastic
20  transformation. In mouse models unique antigens have been shown to be more
immunogenic than the other groups of shared antigens; since unique antigens are
responsible of the rejection of tumor transplants in mice, they have been defined as

tumor-specific transplantation antigens (TSTA).

25 Other tumor-specific but shared antigens have been described which are generated by
alteration in splicing mechanisms and which occur in tumor but not in normal cells, as in
the case of TRP-2/INT2.
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15  others, Li-cDNA fusion libraries, immunized transgenic mice and biochemical

approaches. It is of note that even class Il-restricted antigens include a subgroup of

mutated proteins which, therefore, represent truly tumor-specific antigens.

Group 6. Fusion proteins.
20
In several malignancies, particularly in some forms of leukemias, the molecular
méchanism of carcinogenesis involves translocation of chromosomes which results in
fusion of distant genes. This often causes the synthesis of fusion proteins which
characterize each type of disease (e.g. ber-abl, pmI-RAR in CML and APL, respectively)
25  and generate new epitopes that can be recognized by T cells, either CD8+ or CD4+ in
class I or class IT HLA restriction, respectively. Although these epitopes appear to be
weakly immunogenic in leukemia patients, some of these peptides or proteins can

nevertheless be used to pulse dendritic cells for vaccination.
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bacterial genes o t her, nes conferrjing resjstance to antibiotics (e.qg.
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that théhe Bessn svesfipror Supkleglasteriehr primebrtisshy arg usyd.s s pamefered y
adm ni S tefrfbbficheft, T §MBnce bacterial antigens (e.g. P-galactosidase), bacterial genes or

other genes conferring resistance to antibiotics (e.g. neo, amp, Kan and tet) or a suicide
gene (e.g. HSV-Tk).

15
In a preferred embodiment, the T cell comprises at least a suicide gene as the further
foreign antigen. The advantage offered by the use of such a suicide gene is that the
activation of this gene can be controlled by systemically administering a further
substance such as cyclosporin or 5'-fluorocytosin. An examples of a suicide gene includes
20  the herpes simplex virus thymidine kinase gene (HSV Tk) which can kill infected and

bystander cells following treatment with ganciclovir.

Other suicide genes include, for example, the cytosine deaminase gene which confers
lethal sensitivty to 5-fluorocytosine. and the human cell surface molecule CD20, which
25  allows killing of the transduced cells by adminisiration of rituximab (Introna et al. Hum
Gene Ther 11:611, 2000). The advantage of CD20 is that being a human molecule it is

not immunogenic.

A particular advantage of the use of a suicide gene is safety in that the it can be used for

30 killing the T cell if undesired side effects occur.
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For safety reasons, the T cells of the present invention may al so be
growm h-arrested, e.g. thorugh irradiation or treatnment with mtorryci n.

Suchoi rrfbdsﬁbﬂyeeasﬂi@y tHRET GalsrdfaRe SrebenBinvefiRAThiE @%M% adgge of 100
Rad/mnglme Cel I.s .exposed to such irradiation no er pron‘e ate, but

on acco gt Iadiation prpatmantowith mitemyein. §melsemd1atmnmw h@ejameda:ue astill
capabl er@ém@&ﬁﬁe@a?&'e% ap&&E%fnﬁ)O R/ mhinGal negﬁshexﬁﬁs t'ﬁnsr(l:rxlﬁ 183, foherapeutic

application that can benefit a human or non-
longer proliferate, but on account of their mRNA which is still present in the cell, are still

capable of expressing proteins.

15
Treatment

This includes any therapeutic application that can benefit a human or non-human animal.
The treatment of mammals is particularly preferred. Both human and veterinary treatments
20  are within the scope of the present invention.

Treatment may be in respect of an existing conditjon or it may be prophylactic. It may be
of an adult, a juvenile, an infant, a foetus, or a part of any of the aforesaid (e.g. an organ,
tissue, cell, or nucleic acid molecule),

25
The T cells prepared by the method of the invention may be administered to a patient
suffering from a malignancy.

Generally, in an ex vivo approach the patient will be the same patient from whom the
30 treated T cells originated. Examples of malignancies that may be treated include cancer

of the breast, cervix, colon, rectum, endometrium, kidney, lung, ovary, pancreas, prostate
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conposition, of the present inyention nay be adm nistered with a tunor-
P mesothelgoma, ne oglsastoma, gﬁoma, astrocytgma, medulloblastoma, retinoblastoma,

sarcoma, osteosarcoma, rhabdomyosarcoma, fibrosarcoma, osteogenic sarcoma,
hepatoma, and seminoma.

15
Typically the composition of the present invention may be administered with a tumor-

specific antigen such as antigens which are overexpressed on the surface of tumor cells.

The T cells may be used to treat an ongoing immune response (such as an allergic
20  condition or an autoimmune disease) or may be used to generate tolerance in a patient.
Thus the cells of the present invention may be used in therapeutic methods for both
treating and preventing diseases characterised by inappropriate lymphocyte activity in
animals and humans, The T cells may be used to confer tolerance to a single antigen or to
multiple antigens.
25
Typically, T cells are obtained from the patient or donor and primed as described above

before being returned to the patient (ex vivo therapy).

Pharmaceutical compositions
30
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pur pose.agiiifs).e i ndi vi dual patlent needs may vary, 15 determ nation of
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"Therapeutically effective amount" refers to the amount of the therapeutic agent which is
effective to achieve its intended purpose. While individual patient needs may vary,
15  determination of optimal ranges for effective amounts of each nitric oxide adduct is
within the skill of the art. Generally the dosage regimen for treating a condition with the
compounds and/or compositions of this invention is selected in accordance with a variety
of factors, including the type, age, weight, sex, diet and medical condition of the patient,.
the severity of the dysfunction, the route of administration, pharmacological
20  considerations such as the activity, efficacy, pharmacokinetic and toxicology profiles of
the particular compound used, whether a drug delivery system is used, and whether the
compound is administered as part of a drug combination and can be adjusted by one
skilled in the art. Thus, the dosage regimen actually employed may vary widely and
therefore may deviate from the preferred dosage regimen set forth herein.
25
Examples of pharmaceutically acceptable carriers include, for example, water, salt
solutions, alcohol, silicone, waxes, petroleum jelly, vegetable oils, polyethylene glycols,
propylene glycol, liposomes, sugars, gelatin, lactose, amylose, magnesium stearate, talc,
surfactants, silicic acid, viscous paraffin, perfume oil, fatty acid monoglycerides and
30 diglycerides, petroethral fatty acid esters, hydroxymethyl-cellulose, polyvinylpyrrolidone,
and the like.




within the skill of the art. CGenerally the dosage reginen for treating a
condition with the conpounds and/or conpositions of this invention is
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(7))

Wth th ho adverse toxicological effects will be
observed with the conpounds of the invention which would preclude their
adm ni St\’[’i%cte ivgrpatiggs i?lut{‘lé ggeldgd iigsgige\,/ ih(()jvggrlei ‘are to be expected in view of the variety of
15 compounds available and the differing efficiencies of various routes of administration. For
example, oral administration would be expected to require higher dosages than administration
by intravenous injection. Variations in these dosage levels can be adjusted using standard

empirical routines for optimisation, as is well understood in the art.

20  Preferred features and embodiment of the present invention will now be described further with -

reference to the following Examples and Figures.

Description of the Figures

25 Figure 1 presents results of cell lysis experiments using effector cells isolated from the
infused patients against stimulator cells (full symbol) and against unrelated targets (empty
symbols). Effector cells were generated by the stimulation of peripheral blood
mononuclear cells (PBMC) isolated from 7 treated patients with autologous transduced T
cells (circle) and with allogeneic T cells (square). Transduction was performed with

30 vectors encoding the HSV-TK protein and the cell surface marker ALNGFr (deleted

human low affinity nerve growth factor receptor).




Wde variations in the needed dosage, however, are to be expected in view
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Description of the Figures 25 Figure 1 presents results of cell lysis
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15

Figure 5 shows a schematic representation of the clinical history and follow-up of patient
UPN-15. The presence (full circle) or the absence (empty circle) of circulating transduced
T cells was monitored at the indicated time points by PCR with HSV-TK-specific
primers. The development of an immune response was monitored by ex vivo stimulation
20  of circulating lymphocytes against autologous-transduced and allogeneic T cells. The
patient was considered not immunized (empty stars) or immunized (full stars) against the

transgene depending on the anti-HSV-TK cytolytic activity detected.

Figure 6 shows the results of ELISPOT experiments using fresh Iymphocytes isolted
25  from a treated melanoma patient, against autologous cells expressing either MAGE-3 or

HSV-Tk and against unmodified autologous EBV and melanoma cell lines.

Figure 7 shows the results of IFNg release experiments using effector cells isolated in
vitro from a freated melanoma patient, against either MAGE-3 transduced and

30 untransduced T cells (i.e. PHA-M3 and PHA) respectively, and autologous and unrelated




15 Figure 5 shows a schematic representation of the clinical history and
foll owup of patient UPN 15. The presence (full circle) or the absence
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gener at dikappla he stinul ation of PBMC isolated fromthe treated patient
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t r anspl drteatnfosiof adfl demVT Jyniphbcyied kaethea comednof sllagdneizh 8ones trh@t®gy t o

control tumr . .10 I nd viral i.nfectjons. K To circunvent the inherent
ri sk of g@@@é"-"h@f’%@%i@é%’@% 1B/ cfé‘iarg{'ﬁ?‘} SBHERY, £ SORE RO r ansduced
by aosuirelap® QRN GiralCiaRfkcBorsl MY cifc@Sbht Mk tiMhdront il $f0gratifi@tho s dis@kdé OW t he

sel ective_elimnation of the transduced cells for _both therapeutic and
safety (N8 BMs-dpaer hmwhaeyies say bolenstrced &ty @etvieidy M) conerdng sol at ed

by Ly nmphepyi@Rt/ ithCaiE dhat may allow the selective elimination of the transduced cells for

both therapeutic and safety issues.

15 Peripheral blood mononuclear cells (PBMC) were isolated by Lymphoprep (Nycomed,
Oslo, Norvay) density-gradient centrifugation from all the BM-donors and the healthy
controls studied.

Activation.  Two different activation signals were used to activate T cells (hereafter
20  referred to as T blasts): phytoemoagglutinine (PHA) 2pg/ml (Boehringer Mannheim);
anti-CD3 mAb (OKT3) 30 ng/m! (Orthoclone, Milan, Italy); OKT3 (30 ng/ml). Activated
T cells were cultured at 1x10° cells/ml, in RPMI 1640 supplemented with 5% autologous
serum in the presence of hu-r-IL-2 100 U/ml (BuroCetus Italia S.x.l., Milan, Italy).
Culture medium was changed every 3-4 days.
25
Transduction. Two methods of lymphocyte transduction were utilized. 1-coculture:
Lymphocyte activation was performed on a semiconfluent monolayer of lethally
irradiated packaging cells (100 Grays; GIL RAD, Gilardoni, Manciello, Italy), in tissue
culture flasks in the presence of polybrene (8 pg/ml). The cocultivation was performed

30  for 72 hours. 2-spinoculation: After 3-4 days of activation lymphocytes were recovered




Gsl o, Norvay) density-gradient centrifugation fromall the BM donors and
the healthy controls studied. Activation. Two different activation signals
were used to activate T cells (hereafter 20 referred to as T blasts):

phyt oemoaggd stok/mdsies (PHA) 2gg/ m (Boehri nger Mannhei n) ipcra@bdos/bdafoemAb
(OKT3) 30 ng/m (Othoclone, Mlan, Italy); OKT3 (30 ng/m ). Activated T

cells were cultured at 1x106 cells/p, in RPM 1640 suppl emented with 5%
aut ol ogous serumin the presence ot/ hu-r-1L-2 100 Um (EuroCetus Italia
S.r.l., Mlan, Italy). Culture nediumwas changed every 3-4 days 25
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G lardoni, Mandello, Italy), in tissue culture flasks in the presence of
pol ybrene (8 gg/m ). The cocultivation was perforned 30 for 72 hours.

2- spi nodidrahé aransdbbiier pedddey Sy@bhatics Wadrk Garveyten %G%e%&ci,d\/\/ﬁf %F§}§C overed WD
cycles o

2004/ 035768 3/0Q5109, 4 d transduced
houPs- CSHFR ﬁ@&%ﬁé‘? Pl ensuce ﬁ% Voire galyzed %Ai@ﬁ%@?‘?ré?rsmns@per nat ant s
and polduias SR EACRGHi the k@ Ent-Rnbd BN@@R%AGQO @r(R‘?Egﬁﬁg‘?}%V}%%'@,}PCyt es were

harvested and seeded in fresh 5 medium (105/m) transduced
cells were analyzed for ALNGFr expression on day 5 by FACS with the
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the ALNGFr were immunoselected by magnetié sorting with the mAb 20.4 and rat anti-
15 mouse-IgG1 coated beads (Dynabeads M-450, Dynal A.S. N0212 Oslo,Norway).

Pure populations of transduced cells were frozen and then administered to the patients or

utilized ex vivo as stimulator to monitor antigen-specific immune responses.

20  Samples of PBMCs were taken from the 7 treated patients, and contacted to either
irradiated transduced T cells of the respective BM-donor, or irradiated allogeneic T
blasts. After 2 days of culture 10 U/ml of IL2 were added. The mixtures were observed
for lysis of the stimulator cells, which indicated that cytotoxic T lymphocytes (CTLs)
specific for a transgene product expressed by the transduced T cells or for an alloantigen

25  were present in the samples. The lysis assay employed was a chromium release assay.
The results presented in figure 1 show that cytotoxic T cells with specificity for the
transduced targets were obtained from all the patients. To assess the patients'
immunocompetence, specific immune response against allogeneic targets was tested and
detected in all the responders. This suggests that infusion of T blasts, transduced under

30 the conditions described above, are able to elicit immune responses against the

transduced cells.
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expressing single conponents of the vector. T blasts expressing HSV-TK were

| ysed while target cells expressing the ALNGFr were not recogni zed at all
(Fi 90 Z)Ex ggl ogous results were obtained with effector cells isol ated
fromot hér patients. 10 Exanple 3 The results from Exanple 1 (i.e.
generation of HSV-TK-specific imunity) were analyzed in relation to the
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?Igfuse-lcih%ime of the infusions, measured as months from bone marrow transplantation
15  (abscissa) and number of engineered T cells injected (ordinate), are presented. The
development of an immune response against the transduced cells was evaluated by ex
vivo stimulation of PBLs against autologous-transduced and allogeneic T cells as
described in example 1. In the presence of a positive anti-allo immune response the
patient was considered not immunized (empty symbols) or immunized (full symbols) to
20 the transgene depending on the presence of a cytolytic activity against the transduced
cells. Data points represent the cell infusion responsible (full symbols) or not responsible
(empty symbols) for the induction of the immune response. For patient UPN-15 two
different time points are represented. These results suggested that induction of the
immune response by the in vitro manipulated cells was independent of the number of
25 infused cells and strictly related to the presence of a functional immune system at the

time of the infusion.
Example 4

30 Further studies were carried out to identify the mechanism utilized by the transduced T

blasts to elicit in vivo a transgene-specific immune response. Samples of PBMCs were




devel opment of an i mrune response agai nst the transduced cells was
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15  Further experiments were carried out to define the cellular mechanism responsible for the
induction of the transgene-specific immune response. The ability to generate effective
immune responses and the presence of circulating transduced T blasts were evaluated
during the follow-up of patient UPN-15 (Fig. 5). The presence of circulating transduced T
blasts was analysed by PCR with HSV-TK-specific primers, on fresh blood samples.

20  Immune reconstitution and HSV-TK-specific immunization were evaluated as described
in example 1. Patient UPN-15 was injected early after transplant in the absence of a
functional immune system. The infused cells were detected by PCR in the circulation for
a long time (Fig. 5 full circles), even when his immune system was fully reconstituted.
Immunological reconstitution was documented by the presence of an active anti-allo

25  immune repertoire in the absence of an HSV-TK specific immune response (Fig. 5 empty
star). Therefore, at the time of the injection the immunization does not occur because the
capacity of the patient to generate an adequate T cell response is profoundly
compromised in term of b;)th antigen-presenting and antigen-responding capabilities.
Later on, when the immune system is fully reconstituted, the circulating transduced T

30  blasts are unable to provide activation signals, they do not act act as APC and therefore,

cytotoxic effector cells specific for the transduced cells can not be elicited.
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in vitro modified to become the vehicle for target antigen delivery in vivo.

Example 6

20 T lymphocytes can be in vitro modified to become the vehicle for target antigen delivery
in vivo. Autologous lymphocytes from a patient affected by a MAGE-3 positive
melanoma, have been transduced by a retroviral vector encoding the tumor antigen
MAGE-3 and the HSV-TK/neo (TN) fusion protein, a bifunctional protein conferring
both the neomycin resistance and the HSV-TK activity.

25
The activation transduction and selection procedures utilized were the same reported in
Example 1. At the end of the manipulation process, pure populations of transduced cells
were frozen and then administered to the patients with an escalating dose protocol of
vaccination. The transduced cells were also utilized ex vivo as stimulators to monitor

30  antigen-specific immune responses.




antigenic material by host APC and activation of naive HSV-TK-specific T
cell precursors. 15 The foregoi ng experinents described a new net hodol ogy
whereby T | ynphocytes can be in vitro nodified to becone the vehicle for
target anwq@emn4/dmstrésvery in vivo. Exanple 6 20 T | ynphopdras2eaneshe® in vitro
nodi fied to becone the vehicle for target antigen delivery in vivo.

Aut ol ogous | ynphocytes from a pati eny affected by a MAGE-3 positive

mel anoma, have been transduced by a Tetroviral vector encoding the tunor
antigen MAGE-3 and the HSV-TK/ neo (TN) fusion protein, a bifunctional

pr ot ei n Sumpiediof PBYICHOER thln MY tldlardofhl patidh Befodd Pedibibnt BRYafdt tRET I Vi ty.
25 The agtivatjon transducti on and sel ection procedures utilized were the
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popul at i Basnopfa ée[l@,nﬁﬂrﬁﬁv tefikdied gﬁ%%iﬁ&fﬂ%bﬁ@%rt@@@-ﬁ nml‘ﬂérﬁeé?{vgg to the

patients with an escal ati ng dose protoco vaccl nati o ransduced

cel | s waegomesoony ELISEQR R plates\doeisd agthsantinliNg mAd. t Aftero?d haf cuBre the

anti gen- pfic i S 04/ Q35768 PCT/ | B2 005109 51
Sarrplggs %?Egﬁ{%gmﬁg%%da%gaﬁ%%oﬁ&? #ggﬁéﬁ%%%‘ég%%e’l BRetor & &t P84t ment  and
af t er t HEhe résufts preventai indtigwoa 6 sHdve thabifNeeicbdsifig Tl callyweite spaaitrily adrahy
contacted to autgolo \/ n cells, .an BV transduced with either
e s grereineriBADEst d BOEHR an Siiae] aberts BOEE Ear i wi th
anti - | FNigniffiant ibfede A%hb fRbudidl B hendiPedific al defls Wak SildoedRsad. angs t he

pl ates were treated to eval uate the presence of | spots. The results

. h FNG 'S po
pr esent 48§t thaf dnfusign of dnblesa trapsdyged md@aéher@nﬂiﬁ@g?ﬂ@sgquw@m@m icity for
the 10t r 3BRAE RSt frimthe M¥hsed 28416kt Hn%\ﬁ’a;@ucﬁﬂéé@rsom ained after the

vaccination. A significant increase Int equency of tunor-specific T
cells was al so detected. This suggests that infusion of T blasts,
transduqﬁgnﬁﬂgpr the conditions described above, are 10 able to elicit

i mmune responses agai nst the transduced cells.

PBMCs were taken from the melanoma patient after the vaccinations and contacted to
15  irradiated MAGE-3-transduced T cells. After 2 days of culture 10 U/ml of IL2 were
added. The mixtures were observed for IFNg release in the presence of the stimulator
cells, which indicated that effector cells specific for the MAGE-3 transgene product
expressed by the transduced T cells were present in the samples. The results presented in
Figure 7 show that effector T cells with specificity for MAGE-3 and the autologous
20  tumors were obtained. This further confirms that infusion of T blasts, transduced under
the conditions described above, are able to elicit immune responses against the transgene

products.

Example 8
25
To investigate the kinetics of generation of transgenes-specific immune effectors, in
respect of the dose of transduced cells infused, PBMCs were taken from the melanoma
patient before treatment and at several time-points of the vaccination protocol (i.e. after 3,
5 and 15 vaccination). The collected cells were contacted with either irradiated MAGE-3-
30  transduced or HSV-TK-transduced T cells. After 2 days of culture 10 U/ml of IL.2 were

added. For each time-point several independent micro-cultures were plated (ranging from




Example 7 PBMCs were taken fromthe nel anoma patient after the vaccinations
and contacted to 15 irradi ated MAGE-3-transduced T cells. After 2 days of
culture 10 Um of L2 were added. The m xtures were observed for |FNg

rel ease i 'Woh@4fosisence of the stimulator cells, whi chra¢mo2asioesiod hat
effector cells specific for the MAGE-3 transgene product expressed by the
transduced T cells were present in tﬁ? sanples. The results presented in
Figure 7 show that effector T cells Wth specificity for MAGE-3 and the-
aut ol ogous 20 tunors were obtained. This further confirnms that infusion of
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observed for IFNg release in the presence of the stimulator cells, which
i ndi cat ) ecific for MAGE-3 or HSV-TK were present
in the &&fye ifusion of MAGE sexpressing T ealls iswespansitfiofardhe induttion of MAGE-8he
exi stergg@f C IMIMuRG LpANseh het ween i nj ection of transduced T 5 cells and
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Post-5 6/48 48/48

Post-15 30/30 ND
10

ND: not done

All publications mentioned in the above specification are herein incorporated by
15  reference. Various modifications and variations of the described methods and system of
the invention will be apparent to those skilled in the art without departing from the scope
and spirit of the invention. Although the invention has been described in connection with
specific preferred embodiments, it should be understood that the invention as claimed
should not be unduly limited to such specific embodiments. Indeed, various
20  modifications of the described modes for carrying out the invention which are apparent to
those skilled in molecular biology or related fields are intended to be within the scope of

the following claims.




specific i mmune responses. Blood Sanple N of mcro-cultures with specific
activi anti-MACGE-3 anti-HSV-TK Pre-treatment 0 O Post-3 3/42 ND Post-5
6/ 48 48/ 48 Post-15 30/30 ND 10 ND: mgt done All publications nmentioned in
t he above specification are herein incorporated by 15 reference. Various
nodi fications and variations of the drpggsi bed net hods and systemof the
invention will be apparent to those skilled in the art w thout departing
fromthe scope and spirit of the inventi on Al t hough the invention has

choul d bo g S dod L A REE S sRARRCH T IRBUIBALE At

limted to stedicapeefdridelieatagiheantigen tbadgegh nyds.i ous 20 nodifications of
t he descri bed nodes for carrying out the Invention which are apparent to
those skilled in nolecular biology or related fields are intended to be

wi thin the smpsfoaf T tBg é&ﬁ}gx@é{‘ﬁ%]%tclle e éi?mgdg greyal%g% & 1 cell

conprising at |east one antigen Tor t e prepar I'canent for
del i veri ng trhedicamangemdt whachl jsnpdpabledef d2livddee dfe antTgemetd aft OAPCi foirng at

| east one ant{) en for the (5) g\zﬁlra iqQn of a nedicanent and which is capable
of deliveriny %ﬂﬂe’ﬁﬁf‘?sﬁ%tﬁu ) for subsequent presentation by the
APC. 3. Use of a T cell containing an antigen in the preparation of a

medi canment for |loading an APC with the antigen in vivo. 4. The use

accor di ng3t dJsgref @rTe@@lgiCngtaizﬁmi anvintigei m theep@paiajem of 2 meticamentafori gen.

loading an APC with the antigen in vivo.
4. The use according to any preceding claim wherein the antigen is a tumor antigen.

5. The use according to any one of claims 1 to 3 wherein the antigen is a bacterial or

viral antigen.
6. The use according to any preceding claim wherein the T cell comprises a marker.
7. The use according to claim 6 wherein the marker is a marker gene.
8. The use according to claim 7 wherein the marker is a bacterial resistance gene.

9. The use according to claim 8 wherein the bacterial resistance gene confers

neomycin resistance.
10. The use according to claim 7 wherein the marker is a further antigen.
11. The use according to claim 10 wherein the further antigen is HSV-Tk or CD20.

12. The use according to any one of claims 6 to 11 further comprising both the further

antigen and bacterial resistance gene.



5. The use according to any one of clains 1 to 3 wherein the antigen is a
bacterial or wviral antigen. 6. The use according to any preceding claim
wherein the T cell conprises a marker.547. The use according to claim®6
wherein the marker is a marker gene. 8. The use according to claim?7

wherei n t he TR K8 hedsdiRe RAGH I bicBldif & Slafth WHRIIGREE cell expRRsdiSE1AGTNdI N9 o

claim8 wherein the bacterial resistance gene confers “neomycin resistance.

10. The use ddbofalomgng madiess: HIZAMhBLA-H, CR80nEDREy CD27,L D40, HED62int i gen.
11. The use@ﬁg r&ggg t(g ﬁégl m 10 wherein the further antigen is HSV-Tk or
CD20. 12. The u&e 4RG>t 0 any one of claims 6 to 11 further conprising
both the further antigen and bacterial resistance gene. 54 13. The use

according to_any preceding claimwherein the T cell expresses at |east one
of the fol4.ddierf avatritiees assapiatad with A-T rcell,GRBWrisTRES leasDr obpr antigeaD62L,
CCR7, CD54 .1 ntigen.associated wth.a T cell,
conpri si ng Zc{ﬁ g?bg%@? Ta&%lggo H@ﬂ&ﬁﬁgﬁ)ﬁ& %(gptgslpéepﬁa?ipgiog i%n e%fﬁarp?fﬁutoé
response fommédivripgehainahingresporse atdhsaahesticast olic othErtintigén BY agsAgingNMUNE
response agaj nst the at |east one other antigen by assaying the imune
response agdlfhERmppRrespense against damiirsy antigkRe use according to clai m 14
wherein the first antigen is a strongly i munogenic antigen. 16. The use
according to claim15 wherein the first antigen is HSV-Tk or CD20. 17. The
use accor th.fhetuwse acnprding toélaimh &4 neheiedn the {16t adtigeeisn dtfvaghtinlnddmigenioe ot her
antigen is a %.urmr antigen. 18. The use according to any one of clains 14
to 17 wherei®"8fk at | east one other antigen is a viral or bacterial
antigen. 19. The use according any one of clains 14 to 18 wherein the T
cell expresses at |east one of the follow ng markers: HLA-1, HLA-11, CD80,
CD86, CD2106. Tbease according to claim 15 wherein the first antigen is HSV-Tk or CD20.

17. The use according to any one of claims 14 to 16 wherein the at least one other

antigen is a tumor antigen.

18. The use according to any one of claims 14 to 17 wherein the at least one other

antigen is a viral or bacterial antigen.

19. The use according any one of claims 14 to 18 wherein the T cell expresses at least
one of the following markers: HLA-I, HLA-II, CD80, CD86, CD27, CD40L,
CD62L CCR7, CD54 and CD25.

20. The use according to any preceding claim wherein the T cell is prepared by the
method comprising:

isolating a T cell;

activating the T cell;

culturing the T cell; and

introducing an antigen into the T cell.

21. The use according to claim 20 wherein the T cell is transduced with the antigen.



CD62L CCR7, CD54 and CD25. 20. The use according to any preceding claim
wherein the T cell is prepared by the nethod conprising: isolating a T
cell; activating the T cell; culturidy the T cell; and introducing an
antigen into the T cell. 21. The use according to claim 20 wherein the T

cell is tRanFliucsd asedriinghey @hiimgen.or53] wikreidNihe US EcallC g0 hetivagedt il ai m 20
or 21 wherei the T ceI |.is activated with phytoenpaggl utinine, anti-CD3
nonocl onal Vi RAreeFinigy | apsiDymonagiaeal| swEbodit 19 0 PAticdla: “JA/EDBeads.

23. The use @A6cQNHNEtiHRAFaRADeXs. €l @i M8 20 to 22 wherein the T cell is
cultured in the presence of growth factors. 24. The use according to claim

23 wherein the gromh factors incl ude hu-r-1L-2. 25. The use according to
ains 20 t 4 where culturedl_na cul ture

any one o
mséi a whi %%Ct}beﬁbsﬁag%(gdg’%z‘gﬁf%l%‘ﬁé’ aétB'T‘ 9nt° E%Wh?FFén theel selk &y iltdEpdtid any one
of clai ns 2Qh¢ predénceepdvhiti®ork. cell is cultured at 1x106 cells/ni.

24. The use according to claim 23 wherein the growth factors include hu-r-IL-2.

25. The use according to any one of claims 20 to 24 wherein the T cell is cultured in a

culture media which comprises 5% autologous serum.

26. The use according to any one of claims 20 to 25 wherein the T cell is cultured at
1x10° cells/ml.




