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WD 2004/ 035768 PCT/ 1 B2003/ 005109 1 ANTI GEN TRANSDUCED
T CELLS USED AS A DELI VERY SYSTEM FOR ANTI GENS Fiel d
w@bootloas7bivent i on 5 The present invention rel aP@BIR2003005109
delivery systemfor an antigen in the formof a T
cell, the use of such a Tjcell to nonitor an inmune
response and a net hod of preparing the T cel
Baok round of the Inventlon Gene nsfer_into
FEREE ARPBIEER 4 G-V est .ASa’r &&Lr‘{ﬁ” WTel P aoEye
a varlety of genetic and acquired human di seases.
Genetic diseases, due to a single-gene defect, were
Field fﬂ%hﬂ@&h proposed as the primary targets of gene
———3%erapy——ﬁbme ver, the majority of the human gene
therapy trials approved so far involve treatnent of
acqui red dlseases ¢ch 15 cancer and Al D

The ]gﬁiﬁngg)fyﬁn i togae 1v§1hfe§.y§tﬁg1 $0E PN @gtigrn mﬁbe form of aT cell,
[
the ugén ?{@g‘;ﬁg g gelggc%{?ﬁg%rr&gﬁﬁm#u‘i{@ﬁéb‘ﬁggs\é%ﬁ'E Iﬁgrﬁh&‘ F ple g the T
cell. genetically nodified tunor cells, in which the
transgene (cytokine, allo-HLA, et o.) is ained at
boosting their inmmunogenicity. An alternative approach
Backisfoul@9€ theQfivédidnadopt i ve transfer of ex vivo
generated tunor-specific effectors. The infused
effeot ors are usual 'y 20 autol ogous or HLA-conpati bl e

Gene, %gg?ocﬁoegg eﬁe&p& gﬁ/‘g%tigi% &° fé)? tﬁ% :trfegtgn%tn oP Y variety of

geneﬁemid zidqﬁﬁ&dl ﬁ{ﬂm@:ﬁ disbaeeefdeeeﬁ@mséases: dbow okinklRednBlivied were
been achi eved by their transduction with

ongl@a,lkydwpmscéraé &t prégyefagets erﬁ genibgrapgetiawerdrodie gnagority of the
n t
i A i HERS alASEIC L oAb ke diseases, such
cancercindi ABIDS] gOms sygidachl tb uabr geriecthagpy selizs olrlLtAe rsﬁ‘i_natae'dn of the
host %&%L%ﬂ\@@t'eggg%@é ?q%go%glgggpglfs @gltrvsrgcremnaiqung %r]t | %pgt \;v1th genetically
modl'ﬁ%?‘rlﬁﬁHP eenv 1hhwﬁlcf1 %@'t&ﬁsg@:ﬁé‘ RcRbkiAR! hl@c?PIIP{ eét@ﬁ‘ﬁé RAfned at
celI's transduced tunor antigen and a foreign
boostmg thEﬂmHmOg@ﬁ@f-}OEBﬂiﬂﬁrrBﬁW b0/ 6 0BEdDn the adoptive transfer

of ex vivo generated tumor-specific effectors. The infused effectors are usually

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
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.
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W97/ 19169 di scl oses a tunor vacci ne containing tunor

cells at least a portion of which has at |east one
wORIB4403316p] ot ype of the patient on the cell supP¢EHDE003/005109

and whi ch have been |oaded with an antigen. 5 Thus,

the prior art takes the apgroach of using a tunor cell

as the delivery systemfor an antigen, or an antigen

presenting cell which is understood as presenting the

WORMNY188 RiscBséLLiuhbr b8cdnelcotBliting timdM dels Qtele!gb@ %iion of vséhich

appreciated that there is a continuing need to provid
has a teasti ane SMHRHL hapiotypecef thapatomt ap threomtlsasface] aad phéshemmve been
i hvention. provides such an approach. Summary of the
1°adeldn‘§’/@h?rf ?fﬂlgl%ﬂ'e present invention relates to manipul at ed
T cells that when introduced into a patient 15 are

able to bring antigens, such as tunor, bacterial or
Thusy thegtrion attitgfeas she ppprepcheimsing atimhr cqll of s giebvey system for an

anigBoc P 0 BB Pl Bfiaee SohioR bRl B bleSete i e

direc@l) t€x @genious (or foreign) gene encoding an antigen to
stinmul ate a response against the antigen, and T cell
| oaded with an antigenic polypeptide to stinulate a

. ; . al : ' .
ttvif B8 RODERr alpeciichithet 1Y 5% SRAAOAEL 0 hrllhs Bibincs pnd
vaccinai@i approachese fTregirescaniasantiobprmaddsent 3n dgpeoathcel | s
are prepared in vitro and when injected, or otherw se
introduced in vivo, carry the transgene products to
SumPERf 95 ARel@Nt i gen presenting cells, thus
stirmulati ng the i mmune response agai nst the transgene
product. The invention also provides a nethodol ogy

he S5 BB B bRl PR O B8 o™
are aBlcOMi BI85 antipehd, Wuthds ARh&Y Badttial brGatal SntiddheSintoVBorkiadt Swith
now found that T cells containing an antigen act to

profassiprg] antigenaneseging edlsdAPCant Mgempasti@d ey, ithgyinyentjon provides a
) C at the AP Y. - € i
s S LRI RIBLL s Sy WS o
stinmilBé @ntdponsd At drecancippi, axé Tacetli1bddadenith aBAntidenitt @lypeptide
to stigtn s eptntsr e vl oy Als somonise & furthor ke sach & HV-Tk

which may be used to monitor vaccination effectiveness. Conveniently the T cells are

prepared in vitro and when injected, or otherwise introduced in 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

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

strategy to the prior art.
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According to one aspect of the present invention there
is provided a delivery system 5 conprising a T cell
w@ oy at | east one antigen and capabl e oPCT/IB2003/005109
delivering the antigen to a |ynph node, or other part
of the lynmph system In other words the present
i nvention provides a delivéry systemconprising a T
cell conprising at |east one antigen capabl e of
| oadi ng antigen presenting cells (APCs) with 10 the
antigen. The antigen is generally foreign to the T
Statepeeints. of Bye Infvemtéingn" we i ncl ude antigens which are
normal |y exogenous to the T cell. 15 The anti gen may
be introduced into the T cell as a pol ynucl eoti de
Accdin8 b el 24Be@Yf 86 Brescht Brverktiod t_ﬁel%eisl proMde®8. deli ivery system
transfected or transduced with the pol ynucl eot |
comprisgngla Eeell comprising at lrasteuhewntigent dnd capablg eﬁd¢lrver1hg tlfecmlnngen

toa Bigpf B8 BBk by allte M S o ypept de and

protein and generally used interchangeably
t hroughout. Thus, by the T cell conprising the antigen
In other wexds hisanresent iponteR ppides 2 delévsey aysi@mvwomprtshvg T cell

comfble 450, R 0 ok LRaURARLE Sl ySiE PAbE v

the agtiggnher aspect of the present inventi on there is
provi ded a delivery system conprising a T cell
conprising at |east one antigen and capabl e of

The grﬂ gée}{q% (r)'cr}]lﬂgt})?%l%ﬁ gg"??eﬂ.oBgn‘gbr?%} b %e @Eﬁ@g%ﬁg&s which

n on

arenanﬁallg;eamgmmshmﬂieéh@]l. or viral anti gen Preferably
the foreign antigen is a tunor antigen. 30 Preferably
the T cell is further conprises at | east one further

h j r |
e S By, PN e RSSO FOyp

i.e. tha/F pﬂéma&dvﬁétagsfeqéﬁ er tranSAucmdrVklér theipobynucleptidek er th@rT cell may
gene. rabl IS _a ba
be 1:Gf il e *lfeen 10¢ Sfpat ecrurob € i ane SBENE VA be »
proteii Gy e@s&@ﬂfﬁé&né@@lﬁ@’@dﬂs rp@%lp‘é%zI 8nd prbt@h Al Senerally used
embodi nent the marker is a further antigen, preferably
mterq;lgvgqabbﬁxr@gut Thus, by the T cell comprising the antigen we mean that the
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

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.

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

polynucleotide sequence.
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This antigen are particularly preferred because they
can be enployed in so-called suicide systens. 10 In a
wo ewotlods7eenbodi ment the delivery system furt hePCT/IB2003/005109
conprises both the further antigen and marker gene.
Preferably the T cell expregsses at |east one of the
follow ng markers: HLA-1, HLA-I1 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 |east one of the follow ng
In onerntoed Buentlilf- furthéd fBeclidn geB&0s meilB6 i.eCORdrkeEB¥ Hlsction gene.
CD62L, CCR7, CD54 and CD25. 20 According to another
aspect of the present invention there is provided use
. . t i .
ProfigbIF e fifker iSR! o Bhoc A8 o b B RRAAP BBl Suhich
confere spompen agpaitanse. one of the antigens is used for
nonitoring the i mune response agai nst the other
antigen. 25 According to another aspect of the present
In ahdi¥@nhtAihER" t8e nFarRérO¥ | ARG NS ARINAT pRIFeraBMHE LT CD20.
the i mmune response to a T cell containing a first
This antigeyeane papiablady pfeferzgdshasgusedhei camhecenrpdeyrdris ep-called suicide
SStEgonprising i ntroduci ng a second antigen into the T
YSIEE . 30 According to anot her aspect of the present
invention there is provided a nmethod of | oadi ng APCs
in vivo conprising exposing the APCs to a T cel
Ina @@ﬁtegiembﬁém@gm e leé(ﬁl:y sxssepp buther srgprises both the further antigen
03/ 005109 5 According to yet another aspect
mxh%%%%% gTesent invention there is provided a nmethod of
obtaining a T cell for use in the nethod of claim

conprjsing.jsolating a T cell; 5 activating the T
Prefq{@:{ﬁ? ;tll16 g‘uc?etltﬁmass%qgt leagt éqnp;of the fol?ov{u\ﬁg nllar ers: HLA-I, HLA-II
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.

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 response, and wherein the
response against one of the antigens is used for monitoring the immune response against

the other antigen.

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.

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.
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i ntroducing an antigen into the T cell. Preferably the
T cell is transduced or transfected with a
w@odognssrbeot i de sequence coding 10 for the ane¢TyEBR003/005109
Preferably the T cell is activated with
phyt oenpaggl utini ne, anti-&€D3 nonocl onal antibody or
anti - CD3/ CD28 nonocl onal anti body-coat ed beads. 15

Preferably the T cell is cultured in the presence of
grom h factors, such as hu-r-1L-2. Preferably the T
cell is cultured in a culture nedia which conprises 5%

Accoaaling lte yetusnotise raspnct 2bthermeentbivgntidrethi®recis| grovided a method of

t 1x.’L Accordi.ng to a further
obtaiftigach Sl ne b ERol Al R BRRPREPE | o provi ded a T
isolafifg la TORd@i nabl e by the process of the present
i nvention, and which is useful as a delivery system
actwatmg;thngngllto the present invention. 25 Detail ed

n of the Invention Various preferred
culmpgﬁh?rﬁ gnd enbodi nents of the present invention wll

intro@hdh ar@iges [td e Dyelay of non-limting exanple. WO
2004/ 035768 PCT/ 1 B2003/ 005109 6 Although in genera
the techni ques nentioned herein are well known in the

I rf - ok 1

Prefegfiy et B A Bpeiiten 38 oiBET B L bt Rlodile SOMTRRGE pcine
fort}arwhugﬂﬁubel et al., Short Protocols in Ml ecul ar

Bi ol ogy (1999) 4th Ed, John 5 Wley & Sons, Inc (as

wel |l as the conplete version Current Protocols in
PrefdAHIE GHL af ceﬁ' & 9%¥ated! Q/ltﬁe @émcga%%[{ﬁmmae REKSF  monoclonal

Invention relates to in vi ated
antibbgyrphatiy€BS/(28 mehdadjnat hlatbovb_henatedlbmdsed in vivo are

able to carry antigens (e.g. tunor, bacterial or viral

10 antigens) into contact wth professional antigen
Prefddt2y BRIT 841 & @Ultsred Hpm@\pﬁersenctefb@ gﬁfv@tﬁ%toﬂs mﬁ@m hé H@r-@LQO

enconpasses in vivo mani pul ati on of el |

parti cul arI y, the invention relates to. a) [ n V|tro

Prefetr:gb’cl1 %ﬁi cel [ A0%hES %9 aTcullt)flpé[J pn%ﬁ}ét \%icﬁocr})tmaﬂn%sng% autologous

serum.

Preferably the T cell is cultured at 1x106 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.

Detailed Description of the Invention

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

described by way of non-limiting example.
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exogenous genes encoding a tunor antigen, to stinulate
the i nmune response against the tunor; and b) T
woOypn@hosyses | oaded in vitro with peptides encedimsRo03/005109
tunor antigen 15 epitopes. The T cells nmay al so
conprise a further strong %ntlgen e.g. HSV-Tk, to
noni t or 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 tunor
Althaughiig %Bﬁerﬂdhe teechmiquesAfientianed heatinane hal ldie\en ii0l éiecart, efdrence
wever , n reporte EP 0 905
may Ebelad@ HhPaf{l aréﬁ?ﬂ@%f@g et&éemeq‘x%r &}%n?p Rdpberaiesy iMgal
(1989;%&?%&%1 Rf P e8hdrf Prh 6Ld1S il @E’ émar og?”(fslé 4“‘ ‘Ed John
I'sS view we have now ound t t
Wllegx& oSineg Iren(aAPR@:1 @s tthe complrtes gemsion vbirodnt |Psotocols in Molecular
Bi lsugsequently presented by the APC. In other words, the
10108Y¥¢el I's expose the transgene product to an APC for
anti gen processing and presentation. By 25 "exposing"
we include bringing the transgene into contact with an
In genp@! sarmis thﬁhaltesw nm\remgon wieieoto mprikenafipulated fr lafnsvé}e%ées (T
The ternal i.ses he. ant i
cenisprBERBoR BIREE i HIF alecie, ) G iy R et oy BBl vina
antigefs) il ¢heact hethdeorasahdl cmugén bReeraibi @HA Howevehdet @esent
pep tlde 30 sequences and the association_of the
invergiog: plge qnp@rnpm fioveeumasipulptien BifsT jgells. Mosg pegticulsely, the

vl TAEEE5 ISy, Sheby BB ) ol i

exogEiols IgBﬂ@Cb'ﬁb&Bﬁé@%m& dntlga’l tudn etimalE-the imfiMerrefp@sk lagainst the
resentatjon is, strictly

reggf%t Iy Amtl
tumog;, mﬂ@%ﬂ o o |ReRides senpogigg) tumor antigen
epitop&E € er? celtd) _a%%bﬁx%ﬁﬁ Eg@ﬁ%ﬁ&%@ﬁ%@p?@g ?ISV-Tk, to

eptide 1 n assocCiatlon

monitdramscihdtiomsifEctivemssson t he surface of APCs; however B
cells are al so capabl e of recognising and bi ndi ng
certain antigens. 5 W have also found that the

It haBI L NepSryelt St AT edlisdae amablef @fdetsv orn®Inb Otﬁ'ar@fer through, e.g.
dellverlng an antigen to the |ynph system and

retrovaaltwee@r%r hyparﬁ@llaly rsp o dscellvteapmesyieg unoregntigens for tumor

s BT SRRl ol SR SR S G s s
that thyriph effectesccugviaiouph Tt el aaﬁ@g adatipes tpedsentingt cellsdAPCR). In
contrgétttg 'thi|§¥frirépv&t] wre]:oh%\e/g 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
“exposing” we include bringing the transgene 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
sequences and the association of the peptide with MHC molecules. Two distinct classes

of MHC molecules, MHC class I and MHC class II, regulate the presentation of antigens
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10 function as an inmmunologic filter for the bodily
fluid known as |ynph. Lynph nodes are found
wao booaisfte’it t he body. Conposed nostly of T cel PGI/IH2003/005109
cells, dendritic cells and nmacrophages, the nodes
drain fluid from nost of ouy ti ssues. Antigens are
filtered out of the lynph in the |Iynph node before
returning the lynph to the circulation. In a simlar
: 3 itic .
o O TP LS SR bl ABBRED oAy 86 Wl Fgping
the agiitvetioralo$ T oells miadT Retletecspiospmeihugpecificailirtdoiinisd Gardigenic

pept e Ra Y e G QIR atschot Hessall mplERehon fhe surtace of
APCshhwe ks BB 18 aRBIChADTe o%?%ngé‘ﬁ{o%agfd@iﬁcﬁ%g&taﬁp ?@gegg

t he antigen, is introduced or re ce

vivo and then introduced into the patient. 20 The T
W B o B BYE alToh Ee Sh 38 5F vering e
antigzztsiabrm@%ﬂ)m BYst&RTRAE birtieMarl (Nekes [yaRith heassneriReFPQs %ta%y be

25 As nentioned above the present” invention relates
admipisterod dgeally, hut wist dlsebelieveathanthd Feeellspare smpeblapfcefficiently

i : i ng h : i ls, B
mis i o R T R GS0P R aR i el o noces
functorpaseasiniguiiiodid-i6itenioe tid dil$ AulbkieRh 20§ fpAl Eymph nodes are

hagocytic cells of the nmonocytic |ineage residing
foun; AR e Bed rdompased ey (e Rracs.vib|ells qlangiiBel bty and

i i t.arian. ThH r [ ess
L e St e S
the Ipmble ¢utheslyspt mkebgford tdturnhei the pyragto oy thie cigetagien.t inessimilar
fachi2h € xtrinel efficgient @% en ulfirg macr onol ecul ar
ashigp 1, fhe nleiPathe TaTreRtages @ FRgeHY thab paptessantigens present
thesdMotdigriaR¥ERAS ' |

e L S e S afng B iR Erosponse.
for recognition by T Iynphocytes. 5 Dendritic cells,

mhe T G RS S B RSB an e
this syBtemane eheideuest Ayt Leatilly e Bing $8e 4Ht@hn li&HRloduddd into one

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

The T cells of the present invention may be administered alone, but will generally be

administered as a pharmaceutical composition.

APCs and Immune Response

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.

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

are particularly well equipped for effective antigen presentation. They generally express
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MHC class Il antigen. Dendritic cells are actively

notile and can recircul ate between the bl oodstream
wa@pa4szsties. Dendritic cells are PCT/IB2003/005109

antigen-presenting-cells with a unique ability 10 to

i nduce primary immune respogses, thus permtting

establ i shnent of imunol ogical nenory. Dendritic

cells in the inmature state have an hi gh phagocytic
MHé?aplasa fly moMcues aminaloggnwcthpthenr ephafe0yEt Uprepeleiasi rard iekiremely
£ tﬁ& lg ate to t q&%qgh nodes where, after
efficiet ¥ sppafine Secfviele: (ReEkGURie HGTgh begsiag i, grocessing it
w1tH S

TR ol Bt and D5, h 02T, SOEVELERS i on

cell genfateifer recagaition tytiBiynaptecytes | ocated in the Skl n. B
| ynphocytes, while not actively phagocytic, are cl ass

I'l-positive and possess cell surface antigen specific
Dentii€REIY, So hamednaa! @b Highly YrartREd RAFYhIIBEEC
to their otential for %ghra ffinity ant%%eér% bi s I ng many

orgaBS supughoyt de ol ase Porniemed- dmtvhd eivbusplly apmsa Iylgh (bevels of
I ncentrat i ntlgen on

gg[tee{nﬁégn o@%/\{t‘%lglec cells arepalcg%eég glot aﬁrrgcg atq {)etwﬁen the

blooﬂkteeaﬁﬁmdeﬂ@;su&f D@ﬁﬂﬂtgﬁéﬁllﬁ aReRfi e peBerAE el 18 i, Nﬂl(ilpi ability
MHC antigen on their surface. In this manner,

to ingliee PEMELRY FERENG T@PP@%?SA thais Apmslttlﬂghwbha]nmmtmﬁlmmunologlcal

U|re p ence af
menk 500 RS L AT A=t S LER BB RESIR5 RS A

antlgmccamnha,g &nmatud@ mkéﬁdlﬂimd? c6ld h)lgrateﬂ t GDIVIAbh HdABE thherd after
When an APC presents an antigen on

maﬂfr?%one éFﬁWaé% Pﬁ%@lqgoalalgsanlﬁc yaephecytee|In this wayyribey tog are
iRrdd Plgok@h %ng%

conss pém fi é) al | yAglcﬁ ffhe Selg'%é Qg%kﬁﬁ?lgﬁedegg?tl% ec} S tgat are

locatgil reithe skimnt i gens on bact eria or parasites it acts as a
signal for polynorphonucl ear |eukocytes or
macrophages to engul f (phagocytose) and kill them 30

B lyhiphbbReEs, i wilBey h@tnﬁctf\}éﬁﬁbh%c%c ané 'c?a%g'l?goélﬁvé %nd ssess cell
initiate the onpl errent destructi on scade Rhen

surfagp entesarspscibe m@pept@rs; emhsmoglobiduy, er amtibody nmrrieqaﬂest dbusto their

| ; ¢ .0 /03 76 PCT/ 1 B20Q3/ 00510 9
pote ldf‘8 E h‘féiﬂ% W nu%?t ‘9re?e‘gl g gsalﬁnamﬂg ¥r W‘Wﬁ’a with the
capablay: te cotcehirate 16wt ¢ohdediRliss | 'oﬂ ahlhﬁﬁl on Wi} Badices eﬁ%ytose it,

al so signal natural killer cells and nacrophages
procgss|if ayd prgsensit i dhe porext ofrantigendel peplidesin Ssspéiatiore wmavmc

antigeh 63 Bl¥Ss éﬁiﬁ talﬂf;dl@ ?rgans?gr ci%ﬁ]s béeonteWirdmS yI difcRES /BB,

activate

Thus, an immune response to foreign antigen requires the presence of an antigen-
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
polymorphonuclear leukocytes or macrophages to engulf (phagocytose) and kill them.
Another important function of antibodies is to initiate the "complement destruction

cascade". When antibodies bind to cells or bacteria, serum proteins called complement
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proliferate and becone secretory in the case of CD4+ T
cells, or, if they are CD8+ T <cells, they becone
w@edoswsitzesl to kill target cells that specifi caPd1B2003/005109
express the antigen presented by the APC. The
production of antibodies angl the activity of CD8+
killer T cells are highly regul ated by the CD4+
hel per T cell subset. The CD4+ T cells provide 10
bindy toothe imhabilded atibsdigNah® déstol MBS Backid By Lhating hgikdliy them.
themto proljferate and function nore etficiently. )
Antibaflies camalyo signplnagiratikillonesils epd esaceapbagesualKil vitalordedterial-
e WO maj or subsets that are functionally and
mfe%tﬁ‘ﬁeg%l%sypi cally (identifiably) different. The T hel per
subset, also called the CD4+ T <cell, is a pertinent
ulation. The main function of

co i nator _.of i.nmmune_ re
If the (S?PW&%%@G aptigqn to L feéI%atb@ rregells Becogs astivitad.eAstivatedd cells
0, t I et f i &l | zed fagt,ors
poESRARRCR B B RA0 PO SR RLAGES] 3D e o

cells, thescbbeme 2dtivaredt tekill tpgett @lis thatpspeoificdllE @ikpress the antigen
These cells

called th |, |l er-subset. or. CD8+ T cell . .
presiled Bishd ReL: ‘s i FeLoR ot ibadie 206 ba oaividingf CESH gtler T
cells/art MighiP tEIRM B¢ HeSCPAY IRMTET TRSubRRT AR EB3+ T R8s provide

of ten depend on the secondary |ynphoi d organs (thé
growth fpions oal ignalido thgse eelly thassigial dsnwheprelifaate\aat] ifomction more
dﬁéﬁﬁﬁyrs’ but they are also found in other tissues of

€”25 body, nost conspicuously the liver, |ung,

bl ood, and intestinal and reproductive tracts. Were

T cells are to be used in the ex vivo nethods of the
Teellsyention, the T cells are typically T Iynphocytes

isolated fromthe blood of a patient or donor. T cells

are obtained by an appropriate nethod (e.g. as
T cetle 37:Tiljzmﬂhdc}y_tebld8reﬁusﬁﬁ?§8 Gg&deg&ﬁﬁéttg/&gnij_@r ﬁilﬁsg_@ ke RROfunctionally
or.purifie st.andar d_net hads i ncl udi ng
and o pisp e it i OBt Jhe T Tolger subssti Ssrigloddhe B+ T

9 . . . St her i pun LlLs. e

el 0 o T s e B S ein g g chd & Retper

cell it fangraent o pdientishe atnmuak respoedes belthe sdordtion if gpetiatyd Betors
used, or. | eykocyte enrjc | pod or purified white
tha Eﬁsﬁg 85 o Pviltgyo‘f%scg% toeft;@g Oﬁaﬁéfﬂi@“' and ot her cell

types. It is particularly preferred to use helper T

cel|s (CD4+). Alternatively other T cells such as
Another important type of T cell is called the T killer-subset or CD8+ T cell. These cells

are important in directly killing certain 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

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
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



CD8+ cells may be used. It may al so be convenient to

use cell lines such as T cell 5 hybridomas, imature T
W@ eio®33768 peri pheral or thymc origin and NK- TPCEIB2903/005109

In a preferred enbodiment, the T cells used in the

present invention will beqgl cells that can transfer

antigen specific suppression to other T cells.

I nt roduction of polypeptides and nucleic acid

or a diSRFMERERG ! Altdmesvdle whbl KiBd %@Ilfe mhmqmo@ﬁe enriched
substances nay be admnistered to T cells as

blood piopyipEgst Wb@eu and) ¢ellgras dyoureg pbHduedlisenduether celhtypds It is

t ci-ar th.Ieid i nto
particufERTRERGLIIY ke E Rehs REOPY) PR eBL JREETI e pfehas
CDS" tdlk ne} ypaped.dat iyt 4l Be @Bhvenicht b5 @fecaldlltes @uch as T cell

pol ynucl eotide for use in the invention in a vector is

hybridejpass amrgatienk &glls plaperivberel o thugisepdaint sk Nk Tceqilsbile a
r [ ugn
preferrg(i eﬂh@dﬁh@é{‘ Qléée ?I ceilé1 'ﬁse%’ (1@ ke @%e?%htq{wénﬁgn Q\Rg&r%glé 28195 B0 En
transfer/mtgen spethfic $®pmss1oweiahé1yl“ télkked" nmeans that the
conmponents described are in a relationship permtting
themto function in their intended manner. A

IntroducBEHS HRIURDEE 11O REH 8Lkl kP celld @ coding

sequence | I gat e expressi on of
t he coding sequence is achieved under condition

h the cont oI e ce . e contro
An‘lg%ls%@ﬂﬁpg V\diﬁt‘%éesrm@f bg ﬁ%aso@*e PRiPeRide itsdhor
by mtr@ﬁucfmgr hh@éic a{cfdaﬂé}%frhﬁﬁ/{/ﬁ;ilas}ectroﬁg Hﬁc%ﬁfﬂ'gyth@'ﬁ)%@ t@det f?lto cells
make the | evel of transcription directed

under cobditipnsl thafeljowreresxprassien pkibppeligpoptide in the 5r¢sl¢r i pt i on aI
nodul ators. Vectors of the invention may be
transfornmed or transfected into a T cell as described

Preferabl, @wolyhupleondsl forf\RE i@ XY B &itdn iafa fttarnt iogefblyitked to a
present invention al so enconpasses T cells into which

Controlaiwwéﬁéhat as gapaple afipwoviging, fof therpigseipn joff dke coghing sequence

AN N T ——
that thanémpErhts db@d:rqudmre fies ralﬁﬁiombipypwmitﬁﬂg ith‘bﬁﬁ tengRtbmeh their

t.her ef or e referred to a nti 5 Conveni ent
infendedoamen; ¢ FREIRYHOHELFRSE Fomaguuﬁ bt & Emes segHgnee is

ligated R budRePl b 8t EXrBssion 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

confrol 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.
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cells are discussed bel ow. Any suitable nmethod of

transformng the T cell may be used. Non-limting
we@npbyss of currently avail abl e mechani sns fPCT/1B2003/005109

delivery are via electroporation, calcium phosphate

transformation or particl e{onmbardment. However,

transfer of the construct nay be 10 perforned by any

of the nethods mentioned which physically or

chem cally perneabilize the cell nenbrane. Suitable

met hods are described in nore detail below 1. _
For @se oxfrispoencei bnih | the catigdiin poherriides candnpolsinypdentisles fencoding
S ot he antigen is introduced into
there%'(ﬂ?nagrrl:% gf‘%&eh%? %nﬂ pofation. Electroporation
|nvolves t he exposure of a suspension of 15 cells and

DNA to a_hi.gh-voltage el ectric discharge. IS
Convepithie Ap-HREYRE Fashod dex HSI9gPEng Snth: grReSt anéngolwﬁﬁes into T

cells%&'dw%u&'&ﬁb@ﬁmpp“ m zed. One may particularly with to
opti mze such paraneters as the voltage, the
capaci tance, the time and the el ectroporation nedia
: e r
Any gg%%ﬁ%%ﬂ%?@ o\fvi Isfﬁjgﬁeﬁg%%e% c?lg n%%lg)geuslé? }\{?Hq m1t1ng ei%amples of
curreatly avabk: mIéahatniiamisefoBmlHIbVﬁr}d renvyia@iectropoiatidn f mlcmm phosphate

ransferrin nstruc ells invol ves
transfyRRner o TGS PARGATITIORh | BORE ot Ho R 1 RoRfget T2y be
perfo@rﬁbc!l b}:(l Yoy Qf tRE ?r?étlﬁfd@tiﬁen%dcv@l%l? FhysHafly P Eﬁ’érﬁl‘éﬁl'l}l' lefbilize

velocity allowing themto pierce cel ranes
the celhmembra@ne Seitalde mettods ate debdribied gn tnhemdetéﬁhbelow
m croprojectiles used have consi sted of biologically
1. Elkd¥®pbration> substances such as tungsten, platinum or
gol d beads. WD 2004/ 035768 PCT/1B2003/005109 12 It is
cont enpl at ed that in some instances DNA preci pi tation
ont o net al rticles would not be ne}clessar

In cegfaim; Rr%f.egre@ 8 Oﬁlé%ﬁnbﬁ drihe prepynt (RYAGOPARE ARIEED is mtm%‘l\‘l‘f\ed into
r [ I
e SOV deorkip Bl ORRTRL B U BR3P oo of
cells iasd PNgptosebightvattagaileatnadiechapg®c t i cl es nmay i ncrease the
| evel of DNA delivery via 5 particle bonbardnment but
are not, in and of thenselves, necessary. Several
It is SR¥ngRSed MHat BRERHRIAIINNDnEMBLS fRAT tdIkIES NPNYRINKEEN One may

_devel oped. One such device ) ]
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,

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

substances such as tungsten, platinum or gold beads.
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relies on a high voltage discharge to generate an
el ectrical current, which in turn provides the notive
w0 20083576810t her net hod i nvol ves the use of a BPOI/IB003005109

Particle Delivery System which can be used to propel
particles coated with DNA {irough a screen, such as 10
stainless steel or Nytex screen, onto a filter surface
covered with cells in suspension. The screen _

It is ChrB@apIaRE thittinRBel 1ﬁ$tﬁ¥ce§ P)Nf@ gffecﬁﬂ'ﬁ}ioﬁroﬁtonﬁgtag ?‘Jafti}fl%g §duld
to the recipient cells in aggr egat es

not b@élep%ss@a fph& N/ dsbyesy o amc@pwmwm mnletummbardmem It is

conté?ﬁéagﬁtg altt ﬁal%lgfégrt& ]EJCSOIIJ'I%EIF g Faé}?egld%q:b gﬁ) Wdl-lence it
is prcpm;bdi Itbatt PN/ codtechpaitieles fri @ iRnsare Qhe tlév%[‘ %ff 8 ) 2\ H&R/ep}’ via
u0|n the damage inflicted on the recipient
particlg pergbs bej’llé @¥q Mot<in@pd of themselyes, Negeswdry. For t he
bonbardnent, cells in suspension are preferably
concentrated on filters, or alternatively on solid
Severalildevices for dicceterafiine smell psrtictes havb betindeletbpri €One such device

T R E A
the BV foP&d, €MD n@h&P 1rR%WeE'tH@ %ge bt %@?&&s@@% icle Delivery

accel eration device and the cells to (
Syste, W}Bcwl@rmbétQWOPﬂ@Bﬂmh@ coetyd withiDNA thxdnjuglsta sur@en, Gueh as

h ardnent in _snall e studi.es
sainfls 5 4F pb OB FBE ofiEh HRE i ovearE vt o Poaiony The
screeitidfspeiises thejpasiclespsaytBaicBey ﬂ@rn@ﬂﬁélﬁfe?edsﬂécthe a&cifed cells in large

di stance, flight distance, tissue distance and helium
aggregpies Jf fsebeligned ey 2 grisen é}ﬁ@r‘/ﬁ@l@é betyeeen (the nrejectitiuenpatatus and

i_nfl
the %0 B¢ PolballRl oo BOUE PR o pRRR Ll M S R o
a hlghm'yﬁ¢quenc5f of gansforfdatiendg redigf herdakiage iwflidted on the recipient
? n efficiencies. For exanple, the osnotic

CeuSé}fBrtogc LS %%&Eetﬂ%qrg‘?l on and the subcul ture stage or

cell cycle of the recipient T cells may be WO

2004/ 035768 PCT/1B2003/ 005109 13 adjusted for optinmm
For the hegierdreant.opellsThie suspensian are plefarstiigrconoerttiateel on filters, or

BT b RS 6 [hesegb S Tntoe .
appropri&¥ealismidectstldw rthél elaciopryjeddiie blaBping Gk ClfaddsHed, one or more

constr cts involves the use of an adenovirus
screens are also positioned between the acceleration device and the cells to be

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
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
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expression vector. Although adenovirus vectors are
known to have a | ow capacity for integration into
w@emansT6ONA, this feature is counterbal anced PYT/IBRE03/005109
high efficiency of gene transfer afforded by these
vectors. "Adenovirus expregsion vector” is neant to
i ncl ude those constructs contai ni ng adenovirus
sequences sufficient to (a) support 10 packagi ng of
adjudtérbfor opStnnctramsfiom@tion. tThe ek edutiph eif pthex prems adjustments will be
con ﬁruct t.hat _has been cloned therein. The vector
km“%b%% oseof siillgp P&k al 1y engi neered form of adenovi r us.
Know edge of the genetic organi zation or adenovirus,
3. Vieal J@asifprmarinear , doubl e- st randed DNA virus, allows
substitution of l|arge pieces of adenoviral DNA with
or ei equences up to 7 kb. In 15 contrast to
“*“%%?VG@?W%?%mthe adenoviral infection of host cells
does not result in chronosomal integration because
adenoviral DNA can replicate in an episomal manner
One wiethodubr gelivent ofthe aecloicaxidoddnytruol Biwolvas tieaist bl a8 add@ioirus
st ruct ur al %%ﬁgle, and no genone rearLangenent has

I
xPIesgIOR FEioBcALouER afehe IR B Rl AiFpmomcio hgie a low capacity for
. D . i ol g
eePEROHE ok, DAL GBI £ VobBh Sl 16 39y Ry o
geneclrasionfaffrmdido by dhésenyectirg h' Adeneviruswexpeessimngedctort lif meant to
. . range and hi infectivity. . Both ends of..the vir
inchg8 e SORERH SOUE50S. pisbavipth requROGR, SHFERkdt ) suppor
pack%%i&ﬁ%f theWoinsthuct aRE (1)1t uﬁin%i‘ﬁ?teﬁq_l%%ﬁ s&vrvcil 18ht MsMRkn cloned
[ replication and packaging. The early (E) and Ilate
therefn.) regi ons of the genome contain different
transcription units that are divided by the onset of
viral DNA replication. The El region (EL1A and EIB)
The eedodasnpiset el fehel&llvespmsicd! forth af ddegoviaguKabiwisdgefof the
t.ranscription gf the viral genone and a few cell ul ar

d
genele AERIIZAHEN k ArES¥ITBh 4010 Kheinesr, depbleirpmdsd N4 vps) allows
subsfiGRth b? 14rde e ¥PLAGRYFODNAGithPOREE SSubtes iy @17 1. In

replica n. These proteins are |
contragplio cratroanys, | the eada@o Pt 41r085ip6 8 oPCDSt B2UH3d@E5AGO resilt in

ene expression and hopst cel hut - of f. The products

ohroffgiifyal s R ReBSs AR PYBH plsatel b of SRtpTel manmer
withit fpdtenfi APSendtoR Iy CARS, ad®hEvifsEd 88 SBHctaNlY sBhbleStnd no genome

significant processing of a single primary transcript
rearrprgspisat g bepe defegted i csteprivhemplifiqQeip®) . The MLP,

(located at 16.8 mu.) is particularly efficient

during the | ate phase of infection, and all the nmRNA s
Adenovirus is particularly suitable for use as a gene transfer vector because of its mid-

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
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
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5 issued fromthis pronoter possess a 5 -tripartite

| eader (TPL) sequence which makes them preferred
WOorRNA035760r translation. In a current system PCT/IB2003/005109

reconbi nant adenovirus is generated from honol ogous

reconbi nati on between shut e vector and provirus

vector. Due to the possible reconbination between two

proviral vectors, wld-type adenovirus may be

gene SRPREGEE And Gobt Qéﬂ St P "Iclféelﬁ%ducﬂ" er el (s gbﬁes' $ncluding the
critical to isolate a single clone of virus from an

majoritydbfthel wixkl gripsidursotaing, s aipresseil oalyefirs signifitantprogessing of 2

singlG RpaRsr = Sr L oF B e Pl rofuafet A, THERE, (g
16.8 H, ﬂmqaahtedmry &fatient dudg tﬁeﬁt@p}adse df 2&3@‘[10‘1‘141&1?&'15111/\/&& mRNA's
transformed from human _enbryoni c kidney cells, by Ads

issuethiyans thisgrereter apHesanstinatiieeadsr bty é@‘ﬁ’@§°el‘B’hEh “nilkes them

pmﬁJF@BﬁﬂﬁﬁeﬂﬁHﬁ&Ehh E3 region is dispensable fromthe
adenovirus genonethe current adenovirus vectors, wth

the help of 293 cells, carry foreign DNA in either t he
El, the D3 or botE.re?l ons. Jn nature, ge oVvi r Ia
In & @KEge DFTbXIT ANy ) BGRTGY rpth 15\ SCRETRLF ﬂ%‘o ogous
recor%lﬁé(ti&' MRnpeRagindile fRIctRP oM }?ro@iﬁsr %&Br Oﬁ)u@'\% the pos31b1e

nmbi ned wth the approxinmately 5 of DNA t hat
recombpatamehttWem riwp heoHkal avedtoE3 Wlé@mpnsadenmnmmam g@erated

from B8 Goe k0 SPBYE of ' REP0L A1 e gR Vbt TPRE epis iom an
individiaBplhfiaerdQ¥adinetiReeasianRawuttuge. vi ral  genome remai ns

in the vector backbone. Hel per cell lines may be
derived from human cells such as human enbryonic

oo SERERTIE DS SO ORTPATR) Sy s S

deﬁc%bﬁt Ic&paﬁ& be lralrh&hqueeﬂleypertdeﬂ lhel rlesngr&ﬁdl 293yewhitie wde mianﬁdrmed
ron1t cel.ls of h n spec s that . ar

EomicoROREHS T B RO SR 0P RSt Shgxpresses

E1 pﬁ)t%lésh CShﬁ/c%r Be §8! degioflis QisB&{sam@rﬂ‘c%{ ﬂ%eﬁ@ﬁk&  ge nomethe current

or epithelral cells. st at ed ove,
adenwmsmecm mmapm haebf 293 erdlsj @nzgferelgl@mo:m/emmg El fhe D3

PCT/ | B20Q3/ 15 Ot her than the. r
or b BRSPS (P r R AP GRHaT ST JE0Y Tt Vp-tvpe
genohRaShrovieRdtigaonal oy MRlect ickga EheoMBNA.e Combif® with the
adenovirus vector-is not believed to be _crucial to
approximately 5.5 kb of DNA that is replaceable in the E1 and E3 regions, the maximum
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
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.
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the successful practice of the invention. The
adenovirus may be of any of the 42 different known
w@erenspes or subgroups A-F. Adenovirus type 5P@F/1B2003/005109
subgroup Cis the preferred 5 starting material in
order to obtain the conditigpnal replication-defective
adenovirus vector for use in the present invention.
This is because Adenovirus type 5 is a hunan
Otheattendls regaireratn hat Wi sdenavigiseaktod ©a|refﬂfcatﬂbr9@éi€éﬂv‘éabr at least
nd genetic informti n is known, and it has
°°ndﬁf°§fﬂg¥ felegtivg, the QAR F aﬁierwms vSHE tF Beitbeliged to be crucial to

the s@cBRSEN i
estyplsglgﬁ%égtggg%\aéégor |ng to t{%elrﬁlrsézaﬂ AV ?ﬂb & 42 ilﬁ%rent

knowneeﬁrot(ypeq @nsubgﬂ)upeﬁAeE t Adencavivals \miel 5 m)ﬁfsuﬂiﬁld@ @is the preferred
Thu be .npst conveni ent

stardf SRS orer DIRBHEY the SPBRNioR] R isei P dtioveradanovins vector
for ugOigithd prasdnt et IThishe b@au@ﬂ&é’iﬁvﬁﬁéq P68San Pﬁ\éﬁ 206 80irus

renpved. However, the position of ins tlon 0

about whighr g, greairiealjof bﬂmenmbﬁ@dugﬂmmsmﬁlmat@s is knavat, and it has
| | eoti d di
histofifaty' 1wl 0 oL MR BOns o BB Ay FRtes Bier@ of ©

Cere
the deleted E3 region in E3 replacement 15 vectors or
e E4 region where a hel per cell |ine or hel per

As s(;i]tqdugbogsﬂg}ee ek vegtar pacordiag detthe miessol, irrvlqgt_ngr @s/mtphcatlon
defecBiRe aRRiIPHbEH V@%'aﬁ%ﬂﬁggg? ?éll&q AT i Sk bF (:t)n%?ﬁ 801?vrement to

art, and exhibits range i1n vit
mtrOdncv dhe s forgring gpnstruct iat ﬂ&qmsman fiven oMichi theﬂlldadﬁﬂggzﬁquences
p. 11 pl ague-formn

have e sBipay< o, Iy Posi 0% b i iont ek ey eonoTHeL ithin the
adendviifug s@?}fén@esolfs r@@%ﬁﬁ&il rtgShél %%%nﬁ&{ T&%l&ﬁc’le@ﬁﬁg (AR the

into the host cell genone. The foreig
gene g lﬂtVéﬁéﬂa}bﬁlsQib% leftﬁ?dJBl Necofoths daleeaddfsﬂ mg[mi 1naE1?d replacement

f not oxi Ci t host cel
seoo RS 81 BN ML REDELON 1 A QeSS fimeh e
defeczacci nation wth wild-type adenovirus, denonstrating

their safety and therapeutic potential also as in
vivo gene transfer vectors. 25 b. AA V Infection

Aden@&iﬁﬁogréw%ﬁp&ﬁ@ﬁﬁglﬁﬁ lalib? 15( Igi‘fb\&r} fS 38 8 { bLASH ;t'l){eie'ti ,ﬁ%téloeé(hlblts

system for use | Fnvent i on ' a
broadHiogtrafigeipudire yndin vlm éijnagnoup oﬁmﬁ}uSets c@tlbe obth@6d in high titers,

os. TPUREATSIR g e ST, B s
life cbdé of MhalfAR/ @33 1R8 Bt ﬁ@%@ﬁl&oﬁﬂ& he B85t 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.

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
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broad host range for infectivity. Details concerning

the generation and use of rAAV vectors are descri bed
WO pooglosE7eat . No. 5,139,941 and U. S. Pat. No. PCT/IB2003/005109

4,797,368, each incorporated herein by reference.

Reconbi nant AAV vectors havue been used successfully

for in vitro and in vivo 5 transduction of marker

enes and genes involved in human di seases. Recently,
broagnhoﬂmang@ebr anfeptigtyb ddmtaisppmosraihef the genemtion andn®s of rAAV

ials, for th f ic fibrosis. AAV
veotfs @ RS o 1S (i 101 RtE OBl 1 R Lok oy 4T 366, each

incowddrite@R@tingyy réfekdige.( €i t her adenovirus or a nmenber of
the herpes virus famly) to undergo a productive

infection in cultured cells. In the absence of

i . Ctyi ' r virus, the wi,ld.type AAV 10 = |
Rec%gtr)}%%rreﬁ ngg‘igg{ogssq]?kfofﬁﬂ ‘fsfé %ﬁﬁ?sﬂh?'ofoﬁu’%aﬁm o' aid in vivo
tranglociomsiomerktO geres kad igkndsdfvélest intdnan @bRB8Es. RleddRlydsn A AV

rovirus. rAAV, however, is not restricted to

Vectgrrh*\é ReELARpTavsd oy Phasy} gnan trisls forthe sreatmeat afoystie fibrosis.

protein is al so expressed. Wen a cell carrying an AAV

provirus is superinfected with a hel per virus, the AAV
AAGénadependettpasouirdy if thamittroguires kbfationByith afdtgi arus (either
d r econbi nant El gﬁg] % and. a normal productive_ infection
adenoyirus) of 3, WEmBPY A ihg herpes, virug family) de BadsreAProdaetive misgrion in
cultitéd @elld. S i i

B e DR oy F RE e S AR Ty anv
genomepwiassaten threugh Bx pnds Bito huphashtanasonteal hiwhgret eresiildstin a

y. AAV coding s nces W thout the termnal
laten? esgag% tag ’a Prgrvugg ar{&%’\?,pﬁmger,ﬂs‘ enq; eqeit,}gctgﬁ etoaqqggmosome 19 for

integratioQintss Ge AAVBILEORS W Add SPRRQNM "'WEerPE P cibAsaifg Av
carrying .the adenovirus genes required for AAV Helper

Proviriih & supRrinfeptad) with adelner yins thadbAVngengnls i detscusd" dren the
i i Vi i be physi cal.l .
croB SRR DL L' PP St 5

establigddum chl ori de density centrifugation).
Al ternatively, adenovirus vectors containing the AAV
coding regions or cell lines containing the AAV

Typi€AH, NBcdr@Gh&iS AN FRAEN OGird I hgya oL -
yplhe_}lgupeerZS genes couqéd bg ﬁlggbjd.ls &ﬁe F?,ngejogﬁggﬁeéyl 5 H?gmld
contaimny thevgeas eininteresgflatied tpr b twes AAV tahsmelbepemednd an

expre\als\Qo% %?a%{nci)cig go7n aglnflg%el v%lzlg Q%eogg%oc%din%gsequences without the terminal
repeats, for example pIM45. The cells are also infected or transfected with adenovirus or
plasmids carrying the adenovirus genes required for AAV helper function. rAAV 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
centrifugation). Alternatively, adenovirus vectors containing the AAV coding regions or
cell lines containing the AAV coding regions and some or all of the adenovirus helper
genes could be used. Cell lines carrying the rAAV DNA as an integrated provirus can

also be used.
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c. Retroviral Infection One preferred nethod of the
present invention involves the use of retroviruses.
woheo4/B8t68 ovi ral vector of the present inventi 8aTAB300HE5109
derived fromor may be derivable from any suitable
retrovirus. A large nunberj;of different retroviruses
have been identified. 5 Exanples include: nurine
| eukem a virus (MV), human i nmunodefi ci ency virus
a}@ﬁﬁ%ﬁﬂ]@@@&ﬂian i mmunodefi ci ency virus, human T-cell
| eukem a virus (HTLV). equine infectious anaem a
One MroftRd (LAY of TRY! SResBRITIREMidnUFRbIVEL TS ubdVF troxJﬁ@;éés. The
sarcoma virus (RSV), Fujinam sarconma virus (FuSv),
retrovita] vevéey afiihe presdéns dkeendion wiay s deNbedVirein, or rEBRberderivable from

eny FHTRREOTE Nese ABEReUR L P el 1557 Hhes Wb
Exambhss Mc¥)de: Mvtias [dikemBohRTRMIOS)| Burddd #end@bdefiMedd) vinRHIV),

. . Avian erythroblastosis virus SAEV)_ A detailed |ist of
simiap gppgedolisieacyriius Bumpp §rgllil % viguse@ 1Y), enoig infectious

anaeryiy Sifd (ETRS 52 mou oG fapanB il BB VD99 T RBLY SBE6RE virus
(RSVDeEujitl)iaﬁlfi (wrcgim_e gaﬁo@ﬂusvs,t Mobdnigy en?ines Merlﬁ'at ffigxsit (Mls-MLV),
. be 1oun In the . way O exa e, etalls
FBR g\iﬁa&mﬁw%aarmnmw&%% M e RBf THAROBSBh iR (Mo~
MSVY, BRUER nFins SShiQmiNAgrus AZORASHD Angh %&&&%ﬂ&natgsésa virus-29

respectively). Retroviruses nmay be broadly "divi
(MC2Z9ptand tAnaarc etythgoblasiesis meme(AE V). sA detagedtist of2@troviruses may be

".C ex" . oyl ruses na n.be. further. divided )
found, AREE T 4 o apare by G SamgPaistr Fahratbphiess mas
TM Co i SV HugRs, NE Vir@aspgesd-gepot enti al . The remai ni ng

two groups are the lentiviruses and the spumaviruses.

A review of these retroviruses is presented in Coffin

ot e >
DSt sFE7 e TAE L SR B vy o
exampheadgpdilzon IV piid Va-RIINemiy be fogesirom che NEBA @aabank (Genome

[ odeficjiency Vi H V), the causative agent of
AceesiaiPeatt B ST A 35 BnE e B bne (Al DY), - and
sim an i mmunodeficiency virus (SW. The non-primte

lentiviral group includes the prototype "slow virus"
Retrovirgwes/ maedbe wpadly dividgyl, inde twed | categoribge namhelyed‘simple”and

« apripe_arthritis-enc alitis.wvirus (CA equi_ne
com{TiF & REpanEinnal 5701 FEAR e Ajdel D rediaonnt cbivhaehese
groupd @geéseadirbahiseewith BRtureaie footinEHIC YT heirém sSin{dgNvoaslps are the
. bovi ne i mmunodeficiency virus (BlIV). . ) )
lentiviruses and the spumaviruses. A review of these retroviruses is presented in Coffin

et al., 1997 (ibid).

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 (VMV), as well as the related caprine arthritis-encephalitis virus (CAEV), equine
infectious anaemia virus (EIAV) and the more recently described feline

immunodeficiency virus (FIV) and bovine immunodeficiency virus (BIV).
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WD 2004/ 035768 PCT/ |1 B2003/ 005109 18 A distinction
between the lentivirus famly and other types of
woebwmsswsises is that |entiviruses have the capambBiont/gos109

to infect both dividing and non-dividing cells. In
contrast, other retroviruges - such as MV - are

unabl e to infect non-dividing cells such as those 5

t hat make up, for exanple, muscle, brain, |lung and

Iiver tissue. Each retroviral genone conprises genes

all ed gag, pol and env which code for virjon

A dlavlaﬁtl@n nRetepen dhe Jertyirus fampy gndogiher dypes heks ectrpitases aisethat
g
1ent1§1g%e§ﬁé§/e?ﬁer%taﬁh%@3n 23 ﬁozggﬁékgn%%ﬁislﬁcﬁlddlk/ (E)e?lgc’lh?&intrast
other mtregm:—sba; eeuchlﬁ MY t pens@biept iinfect noﬁthmlh@)ceﬂh rsueh asthose
hanc ter ences and.can control the
tha“@ g‘?r et ﬂ’élséfa’ﬂﬁf‘mglélﬂ%gn B 85%dat i on of the
retrOV|raI RNAs occurs by virtue of a psi sequence
| ocated at the 5 end of the viral genonme. The LTRs
Eacht 1¢tpwiedl @Qoras SOMPEPRS] REAES s%bd@aeesoltmewa\ﬁhlbb cddey de atrion

tothree 5.which are aII
proqid S H8eE  BTBY Fone meo SheS e iie e PP Fi8 My rogions
calle@NéhgOerminblrepeifls (RTRS). dRfel VERE ik @88pansiBRUBH ?ﬁ)\ﬂilﬁpﬁ@dgﬁﬁlon
at both ends of the RNA and U5 is derived tromthe
and Gawerics. dniRudse servpas snhagprl-pspmeiee sqaqancesfad spn eentea! the
nt
exprifiPn S URSird BB o BRYGA 4f BRI ATEF ENASTRIN by viruo of a
psi sequgadct [eedtedat thd 5’asmdi afftiectitabgsnanet. r ovi ral RNA genone i s
(5") R- U5 - gag, pol, env - U3-R (3"). In a
defective retroviral vector genone gag, pol and env

The ms tREnRRRQ rbtre Menfid] solitibtOMdt can'BE dRiAKDIR$hred elements,
both ends of the RNA are repeated sequences. U5 and

whictizre eale@ $BaR amduloﬁ@eUé esq deriied drom thetseq@ncepniqge tathd S’ ghd of

the 08, 1y aR R oG Bk T 2R 0BG 5

derivied tfeong $lie béiquendbsﬁﬁlt]@eﬂ td l?HeOS t el ¥ thel REANOMRe istet B the three
pl ace of certain viral sequences to produce a virus

clemepis £ay wary episidesatily amgeg @éﬁr%retnowr@seaer to produce
virions, a packaging cell line containing the gag,
pol , and env genes but wi thout the LTR and packagi ng
The basimnmlemlsr organieaioatof aa tirfdctiovi m’uroe'trahRNA SABe.is MER -aJ5 -
onbl ' ontainin DNA, 30 together
238, 2ok A nUS (] byl & B A B RGP B Ao oad o env may
be abdthf @ WeEFundibRall Nirhe G€lrbgibhd 8t both ends of the RNA are repeated

sequences. U5 and U3 represent unique sequences at the 5’ and 3’ ends of the RNA

genome respectively.

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,

together with the retroviral LTR and packaging sequences is introduced into this cell line
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WD 2004/ 035768 PCT/ 1 B2003/ 005109 19 (by cal ci um
phosphate precipitation for exanple), the packagi ng
woegumsres al | ows the RNA transcript of the rePONB20631105109

plasm d to be packaged into viral particles, which are
then secreted into the cul {¢ire nedia. The nedia
containing the reconbinant retroviruses is then
coll ected, optionally concentrated, and used for gene

(by taldmsf gHospinas poacipiakion €6t exdngle)ailee pidkaging deghi@rt aMows the
broad varjety of cell types. However int,e%r ation and

a

RN/%E%P@@?&%&P@MH%@W&@ tp e _paqlvg@d e yiralggticlesewhish are
then SRREEA EhtWtﬁJ‘C\h&lFe H38i20frid qlfle%(l:(% &%?ﬁli%l?l&trtf;% {‘egcgﬁlb}{l%ﬁlt RliBviruses

i's the potential appearance 0
is there pdliecttl] opticnalip ebecentreted Umdiused e geme kepifog Rettdviyal vectors

L e TIMIE T R -

requitO tHeRBHikieARY he@mtdie gag, pol, env sequence integrated
in the host cell genone. However, new packaging cell

l'ines are now available that should greatly decrease
Con%gxg %zvlg)t;—lléﬁeldl,laegc?fj c\i/e?%cgiv%\?gtg&gxﬁlg %‘ﬁég})rnsb% %Een&tg@%& \z{lgéeglrance of wild-
type C gdpSitatiegit Sonpetdni e vived hiadshed AckRMIOSdellk. OMhis 1&n result from

descri bed here. Vectors derived fromviruses such_as.
recomphnation gV ith aihisdis ieripteels saqugnag elions e ggeomnbingnt virus inserts

. ] > . .
s IR PSP Sn O BISEL BSAALDT, O FEAESPRALER s
new ipadkagidgeel linos tivenomedtailabis itheg shalld igreatly dbasmeahelikelihood of
co- precipitation. In another enbodi nent, the
reco’é‘gk‘j’f‘%%“si on construct is delivered 20 into the cell
usi ng DEAF-dextran foll owed by pol yethyl ene glycol. 5.
d. Obar ial Wegomi nj ection or Sonication Loadi ng Further
enbodi ments include the introduction of the antigen by
direct mcroinjection or sonication |oading. W

Othe.%.?vgr% ?gc?%rgtsrpghcyeIel?nzpqgg’e/dog)SSg'o%%truc?tg ir(15 'theLlnge?ﬁc’o%gEanNEcgolrr?ptoggions
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

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

3. Direct Microinjection or Sonication Loading

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

sonication loading.
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In a further enbodi nent, the antigen nay be entrapped
in a liposone. Liposones are vesicular structures
w@ehb@nmstres | zed by a phospholipid bilayer menbreCEIENE/005109

an inner aqueous nedium Miltilanellar |iposones have
multiple lipid |ayers sepaggted by 5 aqueous nmedi um
They form spontaneously when phospholipids are
suspended in an excess of aqueous solution. The lipid

6. Lipsyome Nealisied TABIBPmeRLS - r earrangenent before the
formati on of closed structures and entrap water and
di ssol ved sol utes between the lipid bilayers. Al so

at ed | d t t | d
In a 2T B iRt e Be BFEYaPIG fonk dipsame eﬁffosomes are
veswﬁl'ﬁPC&%E‘i%FEssc}%actté?ﬁeﬂ Qtﬂhggbhohpﬁ bIRRF gﬂ%ﬁkfj‘g{ aﬁ ap inner

conpl exed with a g utrnattng vi‘ru
aquegirss msdivmm. shﬁxmlamllzﬁradlpbsomt ehdvasinahiplé tlipid Neyegelskparated by
en

d t | |
sauellROBERE: Dot awenareust] Whdh Rhospheliidiesromssenderein an
excedsidIQGRsBRIs FBItiBE. W‘Iﬂh@é@lﬁp&{en%%d@%gg%eif%aﬁpﬂﬁ&ﬂgﬁt Bfore the

wi th nucl ear non-histone chronpso
formgtiqurafiglosed rsuy@‘qurqsmrr@trale rHatedl i amd mhssplv’eﬂ] soluiep deomen tlhé lipid

g ed.in unct on, W
bilay {18 a8 SRS Gea2 LRI R OngSieL PaiibleRanSrbdpolkciemine
(GibodBRR). n enbodlnents, the nucleic acid construct is
i ntroduced into the cell using adenovirus assisted
transfection. Increased transfection efficiencies have

In cRREN hPBAIEE bf th@ gh@ﬁ%ﬁ c?s'oﬂ'l% ﬁ}%ﬁnge?/ Ig{)lil%l%ieq,] dmth a

coupl ed syst ens, nven rs con
hemagglgtingidgs vims (I'é\ﬁ)n iThisehdsobden csheas etot fagilisdte Ghidion with the cell
present invention also

fi
mempid 80 BSRater dalloPhEn oh ThEove.earapspGa . BOLA; n Dheother

emboRin@id) the BfosbMéandy B rﬂ%;?e@%/
T R A part i c%ﬁ# }% 10 conjunctiqn with nuclear

non-Highpns-iEPmasoneed [preseinPBNIG- 1SOIIHY® (:l’u.n‘tluemns'mhe)rl1m)etmslr ahe liposome

may (PRI PR e R Tt b Bl Bod bRICUS, o

conpounds such as phytoenoaggl utinine (PHA; 2g/nml) or
7. Adgyowiralotssistasl reaiEdion30 ng/n) .

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

same technique to increase transfection efficiencies.

Culturing

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

invention.
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5 Activated T cells may be cultured at 1x106 cells/m,
in media supplenented with 5% autol ogous serumin the
wones@is®sof grow h factors, such as hu-r-1L-2PC®1B2003/005109

100 Um). One preferred enbodinent the T cells are
cultured in the presence @1 magneti c beads 10 coated
with antibodies to CD3 and CD28, preferably in the
presence of hu-r-1L2 (e.g. 100 U m). Conveniently

In patthalaquﬁ;;haabblusé thoabnuxlaaatelts (FBMO) iselated fttsvt pdrimtetdl blood

The .T ¢ e, Lransduced/ t.r ansf ct d.b
may B RALHER T g P ot Mio o Froutaliyt By B gl gy the use
of cofﬁﬁ@ﬁuﬁfs (s8dh eﬁg;atgganﬁﬁé g@@ﬁi %)%/ml_)rtﬁ' BUTTES 8 AWK T3; 30
e transgene(s) my be used to ‘eval uate
ng/mPr ansduction efficiency. Selection genes and markers
is discussed in nore detail below Alternatively,
| ynphocytes may cul tured as descri bed above, but not
Activiated B duite eifalyr nafleeddest. 1:4108 tcedehnl, biaf media adp@leﬂnsﬁte@t\xhﬂm%
to a patient, actlvated T cells are _|oaded wth
autolognus geHm i the presenen af grgiil Betosy, et ol p? (@@ s 00 U/ml).
encodi ng e.g. well-known tunor, bacterial or viral
antigens 20 The entire mani pul ation process generally
One pastredSenibodiays. the IT céllsearermnltynetl at ek Preseddesofrmygrstic beads

o e PSR RLASS Skl Bed bt i e 10
By e

have found that the phenotype of the T cell is

/035768
he bR 580 Bindbabiucs TRt Bk B R e cigieg T cels
using B @6ctbFE) dridodak Mg @itighi(E)) Mhkegbadion 65 HRNEMsgdhe@) may be

i ndi vi dual particularly a mamal, preferably, humans,
used jip cxaugts ﬁfﬁnﬁ@é@m ﬁéféqwn&w rﬁflﬁqtﬂenuaﬂa%mg}ark% isndipgpssed in
0 t t
e R ORI R4, okt A RSRISBLIGONEN O, s

transdekd/transfected. rlespoh defaro aqlmnnmanosam d panehnty iachissted! T aells are
loadefdovrvitl(le)égggeln?’e. ga.1 in the form of synthetic peptides encoding e.g. well-known

tumor, bacterial or viral antigens

The entire manipulation process generally lasts 5-15 days.

The manipulated T cells may be frozen for storage purposes.
At the end of the culture the manipulated T cells should express at least one of the
following markers HLA-I HLA-II CD80, CD86, CD27, CD40L CD62L CCR7, CD54

and CD25. Thus, we have found that the phenotype of the T cell is important.

Vaccine
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5 tunor or infection, such as a bacterial or viral
i nfection. Al so provided are nethods whereby such
wOonmmuoeswgi cal response sl ows tunor growth or PCTAB2003/005109
bacterial replication. Thus, the invention relates to
an i mmunol ogi cal conpositpen that when introduced into
an individual, preferably a human, capabl e of having
i nduced within it an inmunol ogi cal 10 response,
The irivedtiarerelads tb Ak OHir datucing 3P IRERINDID gﬁﬂdpfésﬂ)d’iﬁé W sldividual,
. Th |nnunolog|cal response may be used
partlc?lﬁgy

MR Pieigrbly ruisHpe.athict onsprisay inpsyleting dhe frdividual
with thO#Ho8i-cotfihinB Gt o BUrtkn AL Ao Elch thind YA [ibduces an

_ as ce ar inmmunity arising fro
antlbocdgldnd/. ol® cEHenmmapaueaionwtoopromt edid ésdiwidalhfram) fai example, 2

tumor: o erﬁl %u t(%t%{ef \faq%%a tmnr-y%fg;qergl %n @5% 'methods
where%?@ﬁdm%ﬁmﬁ{o%gi’éﬁ p@p&&ée Aows! L EBRKIESy vied] bPBct@fl replication.
| i quid solutions or suspensions; solid forns SU|ta€

for solution in, or suspen5|on in, liquid prior to
Thus, t]?é 1%%1%9091 esiq{p 30 ﬁglu'ﬁo e pcro&lposﬁlo rtg Svglbaeit | og_agra c:éd into an

indivitiopriiably thauaed,i capableTofregay Bddéed wgh@ditemt fn@tddlogical
often m xed with excipients which are_pharmaceutically
responsec dRISE 81 AFnuRo iTBINONGH ih SR l%fbﬂdv@ ﬂ?bgr Bamapglogical

respordd! 18Pl ﬁ%%‘a' Hie?%%ﬁh%{l ano?fopﬁ?lﬁ&ﬁ!aﬁy e an &RL 18 form of

extrose, glycer
antibocly nimummlty@né/ot helhdaofimmumitydslichi asrcellulbr thamimigyd arigilg from CTL

i ine may contain mnor amounts of auxiliary
°rCD§%a§?Eﬁces 25 such as wetting or enulsifying agents,

pH buffering agents, and/or adjuvants which enhance
the effectiveness of the vaccine. The vaccine )
The prenapatioat ¢lowacgines W@uﬂnvemtamoan preteegenic ppypeptils(s) s active

n J:U m f oy _enhanci ng_t he
imgredffl R, e B SRR e R o PO Sl as
inj ectaaﬂid:su vidtir as Jiquislyhrions ai ﬁﬁ@ermcﬁlfseicﬁlﬂtfbﬁhé yuieablEHbr tolgon in,

response. WO 2004/ 035768 PCT/ | B2003/ 005109 23 An
or susp%mnf aydpeer tedy SHETIRBAHPY PUPEPIRGUT RHEEPARQR gialso

be enfiifiEAEof 3hE PP6RS en géunge@ ip! gﬁﬂgaﬁks OfpE eichv@aﬂhﬁh%gemc

| muné responses (traditiona haracteri sed
ingreddents bredyfteardixed ewlthjbmplaitfs edidr arﬁqmlaanac@nucadﬂfy acceptable and

compﬁlggete\%ﬁé Iél?? n% (rglre E@}Fr#n‘%l %,@bTh%%{e?hc aergt%)g ?:)Scﬂg%]]e;\?zs R0 $altne,

dextros€NVRER) eth@idd of s 1eRAd cBRMRAtions thereof.

In addition, if desired, the vaccine may contain minor amounts of auxiliary substances
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

system raises preferentially a TH1 type of response.
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5 responses (hunoral response). Extrenme TH -type
i mmune responses may be characterised by the
waqgemariasicen of antigen specific, hapl otype reBCrTilB1088/005109

cytotoxic T | ynphocytes, and natural killer cel

responses. In mce THI-type responses are often

characterised by the generdation of antibodies of the

10 I g&a subtype, whilst in the human these correspond
An ithfuh8Hs | 10 HistihERiz fePARR: CaRd i

are cha?gﬁfgwﬁggyggsm?ﬁgﬁgrﬁﬁ%ﬁ?ﬁ% of a g?%ad r§§§ganga
humaytl orj ogHumesidted ininnng sspyses (tradlondily gharacterised blyg@tibody and

Ac..and | .1t can be considered.that the drivi
cetlulf g AR it SRR TEorar e d DRt gasEls oF Jespguse
have ibeBA REMEE IPPINSHS r@dp@nsfeh’t(@é‘il—ﬁi@@iateh‘"r@f?oh@y,eénﬂ PH2-type immune
TH -type cytokines tend to favour the induction of
respogsds| (higpeahfesPolsphune responses to the given antigen,
whil st high levels of TH2-type cytokines tend to
favour the induction of hunoral immune responses to
Extrenfee THntypegiemuriQesponsusanmmobié eliscserissdidl thes gatretiones antigen

Jmay. be prepared fromT cells_conprising one or nore
spemgga W@ﬁmfd@é’em@fi Riexin fchvamhperdess apdiapued kil el gesponses.

In mieE GFAC c‘(:j Eb?égcgﬁsbsoﬁ*e ofljaﬁ chﬁﬁ&@t‘}’sreétbkq}lﬁ]e Xneration of antibodies of the

i mruno tors which contain a nogeni c
IgG2p sliytppg twhilst B) thahumac these comeppeanti tonig(d) typée sntkodvas. TH2-type
. one skilled in the art. T%fi ally, such brc
IR FRBABREI 4 r SRR pRY efCagRFHIRY £Hi &, repd Hgpse of
imm@globiith SoPesncRidthgdh nSHSRENS IR Snd 2avsol i d forms
suitable for solution in, or suspension in, liquid
prior to injection may al so be prepared. The
' . i,fie .t ejn
1t b€ BRIt A e i5he 161 Phibh b BiveBipmif oPBAEHb types of
immuegegdingsstte aytekints. eHigh keels of TH 1expé pfyte}anSs Wﬁ'ﬁ&h tfamg the
. . pharnmaceutical ]y acceptable and conpatible with the
inductiop;af @elff RfEds e iumus respanses todhe Biyea shtiegy avhilsphigh levels of
2 inddeERd ¢ WP e SRALHASE b G€1;
H gﬁﬁﬁﬁéﬁ??ke and)%%%lgoﬁ%?%at?bns t é%égg&&vﬁfk%a&&ESU)ﬂw
antig@004/ 035768 PCT/ 1 B2003/ 005109 24 In addition, if
desired, the immunonodul ators may contain m nor
anount s pf auxiliary agents §uch as wetting or
Imm B i faydrs) Gsudl @8 bcciits BMf b€ bidparedIRoth ST cARVoMprising one or
adj uvants whi ch enhance the effectiveness of the
morej peRYPIRGE| et sVen @gl@p@qlee§emengﬁ$} Wfaflespresent invention. The

preparation of immunomodulators which contain an immunogenic polypeptide(s) as

active ingredient(s), is known to ome skilled in the art.  Typically, such
immunomodulators 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 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

corubinations thereof.
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whi ch may be effective include but are not limted to:
al um num hydr oxi de, N-acetyl 5
wounoermps7ek - t hr eonyl - D-i sogl ut am ne (thr-NDP), PCT/IB2003/005109

N-acetyl - nor-nuranyl - L-al anyl -D- isogl utam ne (CGP
11637, referred to as nor-lDP),
N-acet yl muranyl - L- al anyl - 3
i sogl utam nyl -L-al anine-2-(1"'-2'-dip almtoyl-sn-glyc

In ad@iifhn, 3if dBYAIO M PRR R O RXN magf vt o SbRntO 88 E‘zﬁnhary
referred to as MIP-PE), and Rl whi ch contains t

agents: @n@o A% Mtedtingx o amédfymgoagebac pér baffem agdnbs pindfoy | adjuvants

|l ose diycol ate and cel
whiell gBiteind pBECTBRew e SurepiitaRe) Fillien g adiwvants
whictedly PeQdFrechive Id&ﬁideediﬂlré?é a6t Whitedlidd \edithimuanBy@bige, N-acetyl-
agents include al um num hydr oxi de, al um num

murapg ok hraeryl-Reisogluaming ot GesMR)s uN-a@eéylfraqramramyl-L—alanyl-D-
1sogh§§{ﬁélr l{ GL ﬁ|6§9t Cefeiibd | t‘c‘saas] lﬁ% I@%’)écﬁragaﬁlmuramyl L-alanyl-D-

enul st ons, renu
isoglamimyisL-atinfrep2( He - dtpahmecrylah gtk;mdmz}hydrprqﬂldsplmm{lOXy)

oty AL Ko Tebried 1ot Y HbBRacTEOR e dViidb@ptyHas thrce

comp@ﬁ&ft@é@tﬁcteh% 'chv:telllé’ %ﬁ%@h&%ﬁlﬂrﬂ yi fdaﬁ[' ﬁel‘?&lo&arﬁﬂf}b&ate and

| posones, | evam sol é xtra i ocked
cell mﬂpbtlyina (PO TOMRCWS) e h @i squabpu’»va/ncls 80 eiBulston.
adj uvants are available comercially from vari ous
sources, for exanple, Merck Adjuvant 65 (Merck and

Furth@oémmiﬂ/es dfagjuvaiia M@ ptheNadents PElulie @Hﬂﬁﬁnﬁmﬂ@ﬁﬂmﬂdleﬁtaﬁlmmum
uvant 20 and CorTI et e Adj uvant

PhOSPLhé{% plamgiune potaspmpoifatenp iy gberyl hunryﬁ}lﬁaéﬁ Isificaglgalipa pargon,

vt S0 SRBTRY R (L TR on) DNERAE o QUL BB,
lipid E}f eCugadbacmfwn Flavwann L(!?rdwdrabnct@lﬂumswmpp rMeb‘eﬂm I'pertussis,
unan use.

25 _The ortjio en .and adj uvant
POIYU@SW%%’WS% sedigipe rEH EtP a‘&n‘ﬂﬁhgéysggu ﬂ&}%g Ylamip oy SpRenin,

11posc9ﬁ%s Fe%misﬁleeb@%ﬁ H¥@raR B BERl: cobOfynR¥eH M iBer ¥l dfuvants.
hydr oxi de can present i1n an anount of about 0.5%

Such afljuvhgs wmamhbl%«mmrmlaﬂm”mn e/afipus @B erss ifey) example, Merck

adiv g MERk i Conbanl ey RRra of 5o P ST RERERRS hjwvant
and Uoﬁfp%e Abjuivee D UanrZQ)Qleg/Détnonp]VEélﬁga'iD' y 5 to 50
g/m, nost preferably 15 g/m . WD 2004/ 035768

PCT/ | B2003/ 005109 25
Typically, adjuvants such as Amphigen (oil-in-water), Athydrogel (aluminum hydroxide),

)

or a mixture of Amphigen and Alhydrogel are used. Only aluminum hydroxide is

approved for human use.

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 (Al;O3; basis).
Conveniently, the immunomodulators are formulated to contain a final concentration of

immunogen in the range of from 0.2 to 200 pg/ml, preferably 5 to 50 pg/ml, most
preferably 15 pg/ml.
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After formulation, the i munonodul ators may be
incorporated into a sterile container which is then
woeealdpdsmnd stored at a | ow tenperature, for erampBm®03/005109
4C, or it may be freeze-dried. Lyophilisation permts
| ong-term storage in a stalgilised form 5 The
i mmunonodul ators are conventional ly adm ni stered
parenterally, by injection, for exanple, either
subcut aneously or intramuscularly. Additiona

formul ati ons. which are suitable for other nodes. of
After BFATHRIATs 19 BATFAETO/ET IR Pe 4RGO8ROTaIRH orp glsrs container

WthfF?SS Sn 59:{12(} é@igg}rﬂsﬁf 535\73 teﬁ?érat?l%’ Sicie 'ekﬁﬁ%lgzlfc’cf or it 1By be

ition and carrters ray inc

freezaa&mm | Ieyoppidisstadnkpyermite loglgytemt stoxge fir a gihlyitierd fdam; such

suppositories may be fornmed from m xtures containing
the active ingredient in the range of 0.5%to 10%

The iBhef@fRRlMiokatOcoRUtisNadl dipfimeall m&aterany UGk i1 &tH0n, for

normal |y enpl oyed excipients as, for exanple
examplea eithet @ubq%meogqlra@e sntegmysawlaily.olAdditzanab £@muéat@ns: fvhich are
um ccharine IIu ose

suitatE AR SRl Mt BE Adiini ARG MentROGRM AR e S 1 kIR pasgs, oral

formil@toRs !t h@‘oﬂfsuﬁpﬂsﬁbﬁés S@ddifidrAN hindeS PAASERAGs nabl @tkde, for
pills, capsules, sustained release formylations or

examalﬁm@z@lkﬁlﬁ@e gbyselsio tighperislegsuich FupRasiiordes lﬁgy bgifermed from
mlxtu% Joﬁéa%ﬁh% t}?e:“:’%c‘h:ifg ngﬁgc/qleﬁs{wglg fife rﬁh&f gﬁlv o Fqe n@'%%%al% a}f 1% to
2%. r@xy&l tﬁc&mﬂﬁm&sﬂclud& csdc]rpnomtalllyoem;dnwd staipientegs, dorgexaample,
a suspensi Recons, tion is ef er abl effected ..
pherrgi YR 450 OF pERHIIS PR e s 5 HRESRYLR U Aty Sosium
SElCChEiIQI'iéWEMl@& hﬁ%ﬁesﬁlﬁﬁ dafIBH e MRAUILRURES Bifese G&'ﬂfaéﬁﬂlor@,rtake the
salf forns. armaceutically acceptable salts include
form toﬁ eolamrxs, sisdension, thletss pillsf game@s,vﬁusﬂalﬂed @eleanei formulations or

powdBSHR 5t LGRS 8 008 AP RS04 B, pr

the mhm&h@dm@toﬁsc b@‘xﬁpoﬁﬁoﬁs 4 hydphgaed,C thaClydphisised) n2ferd$ may be
acetic, oxalic, tartaric and naleic. Salts fornmed with

recongiputefl rpél@r iapiBIeiaPRUDS ARy SHIRSBSIOBe Respnstinion s preferably
eﬂkd%@?f ggp.c bases such as, for exanple, sodium
assi Um anmoni um calciun1 or ferric hydroxides,
and such organi c bases as isopropyl an ne,
e nol , .hi stidine

The ép{lig@gp!ﬂ%sl olxfhe WP% ot h%y %m i%lgmultath 3 nto the nmnunomod%rl]a(iiors 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
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.

Antigen
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WD 2004/ 035768 PCT/ 1 B2003/ 005109 26 In general terns
an antigen is any substance that is capabl e of
WO paoa08EI68 i Ng Wi th an antigen receptor. An anPCTEBR003/005109
binds to a specific antibody to provide a nechani sm by
whi ch the antigen is recogry sed and i nactivated, in
this manner, an antigen conplexes wth a specific
anti body so that the conplex can attach itself to
In gﬁﬁﬁﬂitéﬂrﬂssad ahtigan® sel bsbshntd diat b tcaptbld of dntefabihey Wi an
onplex to destroy it or rel ease hial ogi cal nediators
antlggla EgpeRier. Wit pRfRECREPIRGS 19r & RRCHIC RN Orlx rt@ iDEPYids p dRsrRaREp by

which Gk’ liien 1?‘2 dgH}ég@ 9RD idedti RRePh H98 MarkBA andGHhi ¥1‘?E8§1plexes

I mmune cel enerate an | Amune response agal nst
with iatspedific anftthody samhat nhﬂnumqg@ncmtmdl aisetlf @esp;aclbhﬂedammune cells

that ek Hiimple P DR TS B ol ARt Dl e ietors Sheh as

histaidfBHI0G8MuR £ AeRSEAMIIMHSBE) redfbrst! QL hdRaRaRhYs af MBtigen
present invention in general terns relates to a new

that pgiivaiss lminwe@élmt@ rEgnerateadit 1@1@14116 respense againghdisdl s tldms, an

imm S8 Bl 1oL RAAPLS B 1150 SLOLORY B shTHRRGC W fvever,for

ease g@fh esfefefcarharéiiutie (&8RO Bﬁ't%enl med Uvdemanges Sibi geﬁeyan;rf used

15 an_antigenic epitope to i mune cell recognition and
inter¢hgags2Bllt e of antigen administration. The present

i nvention provides a systemfor inproving these

factors such that the inmmnogenicity of an antigen is
The peséninmsedtionds geness tdrins relotee tne nawymétbod bf presenting @n\aatigen

o A AR AL o1 AR A0 QL ee Goes L0, LSt 008 o

an arftfgbh, %@)heﬁée f‘tsh@mﬁ@ocﬁ g8 ferbi@Rh A& Hine Retbodes RicRAlk 'a@égsmblhty of
conpliance. 20 The present invention is appllca eto

an arérgymammt@@nto\émrwm egllgaenebitionsmdihe mayte af peiien adminipfrasion.
t
The D rﬁmxgtgmgelitt‘&% n,{p}ov% s g@g&@rﬁ ?ﬂ?@?arlﬁé%@%g /&ge%%l %lﬂ:gl that the

1mmﬂﬁfgi3m€iﬂjl af hiy atighds bpﬁim&a@oms remetult, Remasrd @en bk able to recive
introduced into the T cel|l] in the formof a

the egivglsicatedy itte ChMiTendesss Enyaiime @rm%trﬁgme%‘p‘faé%%d Thys, not
only &J}ﬁe eﬁ"ré%ﬁ' Gt vadtiW ifBrdRARut Qfs? Ect ath Q!)lfxgﬁ'ﬁ{cle gens is

ei r sequence nmay be se exanpl e,
on the basis of polypept|de sequences known in the
The Ilarletse%rt ?I}V%ltlt?on 1Fsoa[ppﬁ th %D any an%gen 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

T cell.

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
establish which peptides are suitable candidates by means of sequence comparison.

Preferred candidates are polypeptides whose immunogeneicity has already been
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whi ch have a partial sequence of a protein with an

I mmunogeni ¢ activity, it is possible to 30 establish
wohbeh3pept | des are suitabl e candi dat es by neaReTmB2003/005109

sequence conparison. Preferred candi dates are

pol ypepti des whose i munoggneicity has al ready been WO

2004/ 035768 PCT/ 1 B2003/ 005109 27 denonstrated, i.e.

pol ypepti des derived from known innunogens such as

e e i .
st . BIGRSNE AL R YOGBAAEEOTal 3 i o
bactetlelsprotmnsacEmiymptxdés bhidiis typerueegdh exltﬂyxt aTd&eng @Edttion on an
ML TR B aPBTER B S5
poly;ieBﬁ’dlé’ inthighl GORRd tay erﬁﬁltl RLPORRR %L@@%oﬁ%fexké NiRee Bdividuat

coval ent or non-coval ent ans
consﬁtp@itymmapdées iarec llinifed pepovaled @f npwoovalentomearsniTiw term

“potyEhithe b HeBuad G R arimdiRnto oS T 2R, it Hawing

moreSBAUEN08S 20 amints&iddd the invention are not limted to
10 particul ar sequences or fragnents thereof or

sequences obtained froma particular protein but also

It wil Q@hﬁ&?stmgtgﬁ)%gﬁg é’é‘aﬂ%ﬁ% ﬁ)?e“ a ﬁe rfv%ﬂ&cﬁf%e n0Hffted to

exanpl e viTa prote
particnidr Iseduencdsandtaggieats therdofsyrnbdiehids qbwhecﬂ&&n aq&rimildr pastein

arla és or _derivatives Lherﬁi{ Pol y g
but aisg felhdeRomgploghes sHaBenast oPRRSHLTR 2By S0 qaample related
viral/BRYHDE BEJiEIRS c@nﬂ&dﬁ&nmg&elam ef;ltﬁafd &?ﬁd&t ad WEI1 B REMs or
invention. 15 Thus, the present |nvention enconpasses
derivetaes athersof. h@’nbdpggtui@s sequedessi wat the egresdnt t yemtiion alsoadiodude
seguences ns as, .variants, honol ogues
polypgp reflglo‘jtegf%’ b@gﬁﬁ%ﬁda%oﬁﬁ%é%?sam IX®Aces coded for
by the nucl eotide sequences of the present invention.
20 In the context of the present invention, a
ThusHBerpreses u&ve@éla@ ERRAENASSES ARBHITS, BomploEuescor slerivaiivenef the petino

acid Sl%glgérét@&cal % Q ds%v@]tas v@?ﬁrtts ﬁglinolgg'ues 09 dgxgg%?%‘i ofttP% no amd

sequenbes cadechbr hyzthd rﬂuel\itﬁilde\ﬂe(ﬁd’enaas pétheipeasbrinwatoence. | n
particul ar, honol ogy should typically be considered
Wi th respect to those regions of the sequence known

In thé QolExiC¥SIBB irékent RN e@¥nl 99k 6us 3EQRLE RPfAken to include an
non- essenti al nelghbourlng sequences. 25 Regions that

aming peid soqusacs/ whichds ebleast £0i V6 §PeartRs identical dprioferabdyai leadd 95
or 981"}3 1Hent1caf eJ[ ?Itlel \ellglllﬁ/o 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.
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

can also be considered in terms of similarity (i.e. amino acid residues having similar
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hi gh honol ogy scores - this assists in defining
functional nolecules. Regions that are unique or
w@o@logs7eonser ved between fam |y nenbers shoul PCTEB20682005109

all owed to have |ower score, on a case by case basis

- this assists in establispgng novelty. This bit by

bit approach is in general nore useful than an

overal | honol ogy score. Although honol ogy 30 can al so
chenbeal postRiiiierfedctions), e ke @fntadt 1 ey ployent imentianitnig pefetted to

i dues having simlar WO 2004/ 035768

expr PR S?EFG@EG SeqEENGEHGFRIEAl properti es/ functi ons),

in the context of the present invention it is

preferred to express honology in terns of sequence
Homiotbgmcbmparimam‘gg/ cwrtrpiad byeps or armrbeswatipowuith dt 4y of readily

. d of
avaﬂg@g FeélBF%c ga@gﬁl&seo 8%%%03?1&%; g‘jP’%ﬂle‘%E{e éa.lla%le computer

progReRER Ed1al1AtY YaNGho18DY) BetWweHRWD B mobd Rghdass. can
cal cul ate Qbhonnlogy betmeen two or nore sequences.

The terms "variant” or "derivative" in relation to the
& +Qf r ntio
The ?e %wvdais an§ gé{‘g\g?l?% u]? rgltna{]cgrf B %gr%%}]élilo '%ané{ g?&’uen&s of the present
mverrﬁbdluiﬁdlmﬁt amylsxmfsmmﬁ@:pbfacmaﬁ oﬂfnodd'ﬁzhﬁtﬂ ¢MreplbBerfdnt @f deletlon
addi tion of one é%am no acids fromor to th
of orgddifian o6 ops 6V Freﬂr%amﬁ% A P K to HRiSEBIcaeS larogléaxgéh%@sultant
I, ) Y. 0
amin B3 @RNYe HRRAN haSige Ig&édg;(fli‘r%ﬂr?/@%ﬁfﬁa@ng ot R $5%0 50%
of th«p adtmig ps the @slypqmﬂem szbnltad it le ss@opuenictings, starapeferatdy & least
ef er abI at ast substantially the sane activity.
%15 "ar sequences of the invention may be
nDdlfled for use in the present invention. Typically,
nmodi fications are made that maintain the antigenicity
Thusg fpaxtigular segiaaese of T sventipro may elrth owidiHiedt forausp nio fzbc i pfesent

st r rom.1
v S A B, T of e
sequdém-éj Tmadlrs@maMmemmmmo akid slueaiitltuﬁfs(miy 12&5m"a@e , F0%xample
or substantlally he sane activity in an

fromgl PerAdo 0250 Hhmbatiteaens prapded thabihe YindiRes yEengaoiams a
least aa?)bﬁ{ %:%Hﬂ?é E’t?l gﬂ; 3 F@%%ﬁf@é Eg@et EU%B? I—;[J%ye%gltéilﬂgn affBhative
emb(ahnnmwt; npdigicatidres tp dheypeipd iacid. secﬁmncese:)fammll@epndmaﬁhe thvention
| tid t bl f to t t
o TS T A 0V b e
amp®e frithcadsl p@lb'%cﬁitf(i@i ﬂla@frerhaﬁﬁ RpsH1O Sk bRldidL td Mkt Iﬁ(ﬁlecule but
g

the full l'ength nol ecul e.
lack functional effector domains may be useful as inhibitors of the biological activity of

the full length molecule.

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.

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
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25 I n general, preferably |less than 20% 10% or 5% of
the am no acid residues of a variant or derivative
wae@4mbi7es ed as conpared with the correspondi NBCT/ERP0E005109
depicted in the sequence listings. 30 Anmno acid
substitutions may include gdhe use of non-naturally
occurring anal ogues, for exanple to increase bl ood
plasma half-life of a therapeutically adm nistered
(see pddw fepfuttter AARIR0A4HOFOTEBioRCT hBRIBAI3 DA Por 1291 iBERpY).
bel ow for further details on the production of peptide
derivatives for use in therapy). Conservative
- , 7§0
ConspHaRte Bl R R o ylery o BRAE, RrohralbTR SrBRE W) a7 TabR, below:
Amirgegudsdincbé game hhdk pn dfeeseatmid/cilumh hed peaferablynia thevsarhe line in

t.h hird col um . e substituted for each other:
the ﬂm_dle @aﬁg’ﬁ-sg%tglﬁg%ea lf1L‘%lg‘erii’ol ar - uncharged CST M
NQ Polar - charged DE KR AROVATICHF WY
Polypeptides of the inveption also include fragnents
fALIPHATICENOt ) Reh-yoepti des and var| gnhp 10 thepeof.
referred fragﬁ"ents i ncl ude those whj ch include a
pitope. Suitahle fragnents wll be ?i\l,east aboyt 5,
.g. 10, 12, 18 or 20 am no acids injlength. They{my
| so be less t 200, T00. or 50 am ids—in
llengt h. Pol ypepthﬁog%r'fl}nﬁlé%?ﬂs of the Bf%? ns and
Ilelic and species variants thereof Ty —contarmjone

Qr nore (e.g. 4, 3, 5, or 10) substi | &tQons,
del etions or i nsertt+ors—tretuding—ecphserved
y
[

ubstitutions. |iidae ohatgeditutions, d8IBtion 15 apd/ or
nsertions have been nade, for exanple-by neans o
fleconmbi nant teghnol ogy, preferably | &R than 20% 10%
r 5%of the amino acid residues depicted in the

JeqrenceTId i stijngs are altered. HFWY

Polypeptides of the invention also include fragments of full length polypeptides and variants
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
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.

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
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Particularly preferred fragnments include those having
antigeni c domains. 20 Pol ynucl eotides for use in the

WO pwensi7et conpri se nucl ei ¢ acid sequences encPCi/IRROCINB®5109
sequences of the invention. It will be understood by a
skill ed person that nunerogs WO 2004/ 035768
PCT/ 1 B2003/ 005109 30 different pol ynucl eoti des can

__encode the same pol ypeptide as a result of the

differbag polgnaddyotide$ cihencgée e neqsi@ypebidaslh st ofithe §Szehbracy

ftbe under st oqd tgax skilled persons may, using routine

Of the CEehic o Hreddinacltbith e Wieisiopd (edt sHiog Hitsoms mapt using
. | H . .

ot ko 0O BB SRR o5 80 Wbt o spencs

encodgslayethe polanyclendides efithamvelidnds tefletth bedoni uagdhd oy hhicular

ol vpeptides of the ipvention are to he expressed.
host ‘%&%‘ﬁﬂ R Fﬁ&bespobﬁ’e? SPE@‘@ FVEBHPIAES todsiRsPIessedDNA. or
RNA. They may be single- stranded or doubl e-stranded.
may al so be pol ynucl eoti des which include within

They . I
Polygucldotidgmehéia ivertionothiayi eothpnige IS4 ateBNAA Thaybmay dfe single-

' 0 difigation to 10 oligonucl eqtides_ .
stranfied bEUGRIC MERRRA°THIP Bk 88 b aelFut ey e sidhde & ibin
themanydtheiih os plodifaidhiveRbeda ok BaiBs , ofallgbiehioRpe o PffolifHicABon to

. _or gg{ﬁ%l ysine chains at the 3' and/or 5 "~ ends of the
oligopugl 3. Ao FNOWE My P§s @8 ofhaspe islwise pmethylphosphongte and
hostbHorbifi r pn cl i_des ., .
PO PRt s aaren s aBlciph B pROLXIN HERR SR 5" andior 5
ends gf/thie nzddéaalls. Aot the parposes Githdpresatt friveatiém itSis BRYe BRlerstood that
arri.ed. out in order. to enhan e in vivg activity
the pfShtqi a2 s ol 57 p sy o BB - BX 2 meiRo g inihe rt.
Such Tilifi@kiBAs muPbe aitied oufIAPRAL W EnhaRe thASK [ABLENRLy drfife span
relation to the nucl eotide sequence include an)y
of polyneleptides obhearventiani at i on of , nodi fi cation of,

repl acenent of, deletion of or addition of one (or

nmore) nucleic acid fromor to the sequence providing
The tehes Pesiahtt atomoRéusUet edirivaeyes 4 4ERES &P BRSIIcRbAe sequence

. ol ypepti.de having antigenic activity. As indicate
mdu‘g?o@ég%u%wlttlﬁorr 8k peEptiany ok apadilination efrotplgsemant of,ededdsion of or
i+ [ o Ly. at |east B 85%
S S PP S1o7 45 TR B 0 AP bliedes gl B3, o ot
nuclegfitgwnquence ¢reles fog a polypepitids havige feigenio actMiye pr ef er abl y
there is at least 95% nore preferably 25 at | east
98% honol ogy. Nucl eoti de honol ogy conpari sons may be

As inGiondd eb&R, Rgthdesett 8&€quence 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
at least 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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above. A preferred sequence conparison programis the
GCG Wsconsin Bestfit program described above. The

wdeb@Bs7éscori ng matri x has a match val ue of 18CT®AB2003/005109

each identical nucleotide and -9 for each m smatch.
The default gap creationsgenalty is -50 and the
default gap extension penalty is -3 for each
nucl eoti de. 30 WD 2004/ 035768 PCT/ | B2003/ 005109 31
The prlddént PiR&Rdh LRYeaicoMPadiibs QueRERI¥P &fHREcel UtHal Qlré d®pable of
sequences _that are capable of hybridising selectivel
hybridisigg tsplectielyl (et ANt el FRAESNCEHIOTATY YREARa fegmertaqyndatiyvative
t 0 e
thereofObr E geté% éd;%b]%ﬁng te%}faﬁgg)ffgléeq%beoknfg elgllineogﬁgr?é ch Qe% aPJ %@fyab%t at
least 15 eakotidés in ekt tnotkesrefernblyemn @dake, 20080, &0 pr 66 ﬁﬁcﬂéﬂtydeﬁih length.
| east 20, 30, 40 or 50 nucleotides in length. 5 The
term "hybridi zati on" as used herein shall include "the
The tefh gﬁﬁﬁﬁhﬁ‘ﬁoﬂm b fsed &kﬁﬁ@ﬁalpfncluﬁb‘ SliRigro@ss By hWidts ‘é“iriﬂa of
a conplenmentary strand through base ‘pairing" as we
nucleicagcid Heins pritc @scspnnﬂemMWf Stead itougls beser paisdg’doas weall as the

procesli} SRR Hoe it G e PAVBREROR Lafsagiop rhmologics

sel ectively hybridising to the nucleotide sequences
presented herein, or to their conplenment, will be

Polynugléﬁ@ieal ofy thet Ivertton vw@le fr é¢léqﬂé(blbfyhﬁd3tﬂdll% tto ghe arucigotide
r ahl 50 0go t o
snerfSoMBE R PSR B SPeRB: 00 IAIUIRN oY R

preferably @lease®Bér 9% apd Slogy plbfe){abai at| leas95%%r @8%3@0m016gdus to the
i nstance at | east 40, or nore conti

or
corresponding gr¢leRtide sqaiengrs OY%Trarﬁeg]@é Pé%ttlwte?@ PFF‘;f?Iﬁ]Pléhag @54“85 or 30,
a probe is used
for 1nstd!§%§?le%%ngl é(lﬂgrnl?@ gltrégé (g)g%lg'%g# ﬁ‘g%ﬁ?%ucl eoti de of the
invention is found to hybridl ze to the probe at a

SUE TSRt T M M DT

under RRHYBECWBEE 2485 ciHoBRRbkotidedf tRXADRItRN id fouhf € BIINGARMo the
genom ¢ DNA 20 library being screening. In this event,

probe Mclra@qi @Lﬁﬁdiqanﬁbr thoye @aﬂﬂ@lﬂdofh%ba}h@lou@é hridizagionynay ocour
s SRS LS BELNES L0, PLPBESANL 8 APORAEEH Kb

library eiigedcadhing) BSthid b&ﬁt Labkgraind iaplient enge oﬁ&gﬁdﬂegenerated by

. specific interaction observed . L
interaction between the probe and a non-specific DNA member of the library which is less

'D

than 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.

Hybridization conditions are based on the melting temperature (Tm) of the nucleic acid
binding complex, as taught 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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with the target DNA. The intensity of interaction may
be neasured, for exanple, by radiolabelling the
wonol3swsg. wth 32P. 25 Hybridization condi t PONSBANE005109
based on the nelting tenperature (Tm) of the nucleic
aci d binding conplex, aszfaught in Berger and Ki mrel
(1987, Cuide to Mlecular Coning Techniques, Methods
in Enzynol ogy, Vol 152, Academ c Press, San D ego IC‘A)
1 3 f o |
Main 600 S B B | A IREREY -2 BP Rl AR Moy
high stsingéncgehahout FHT cal 0°F lmtmrr[&l alitedilitte o béaclaCaliil 90LC to
e Trn of the probe); h stri ngency at about 5C to
20°C '1‘5 BN @ AW %’%&eﬁemaatabo@t 10°Rgen ey Gibelayo im. LAC wib be

undersé)Q)g’ l&q}:ﬂgﬂ E;ﬂ{llﬁﬁdth%%w gtn{ enC r%ten%hbﬁigéidg? %QRICFHF EF Hsed

to iderttifp oaldhtecraldnmaaﬂnpm}&hélbﬁgﬁn&y{umébs” iwdilg ahi iattr@8dakSor low)
1o identify or detect identical polynucleotide

Smngeg%fﬁ@?? EULZAGRR | €20 DS ER niodiigendify ofr |dshget Bimmilangenciplated

polynumégﬁdléjgeﬁaéﬂc@p can be used to identify or detect
simlar or related polynucleotide sequences. In a

preferred aspect t he present invention covers
bridise to

T e e S B oo B aliader Seolprasg it con Tobridise to

d SSG, =
an antfgeﬂdl ﬁucrbgili%é %Ae%g%&gﬁ?gégt setﬁ%%hﬁé&dlﬁ&é @C‘g 6%01511&\/'0 1xSSC

NaCl

{1xSSE 510k MasEli @181 DM Nawirare @Rt 7.0, i s doubl e- st r anded, _
both strands of the duplex, either individually or in
conbi nati on, are enconpassed by the present invention.

Where epatyudfeotidd opdleynesalieRt @fibieSstahd BomtshAREEsk thi tduf)léx
to be understood that the conplenentary sequence of

either ipgyxiduglly qrrin 6pabinpien, pre encerpaseasl hyotbel prasertiinventien. Slope the

tid whi ch
iy, A Uy AL T e
that poliynwadsuttide is aldouhclidddlwitkiid the Bcdpb@f 8@ Pp&etiiintdafion nvent i on

can be obtained in a nunber of ways. Gther 20
vari ants of the sequences described herein nmay be

Polynu&@&tﬂ!e@ QMlich Qe ﬁé@qrm*yeh&ﬂol %o‘ﬁp kd e %eh&{g RS V&g{j Fﬁ]vention

froma range of indi vi dua Tor ein
but falk wishindgth¢ fseapemef the invention can be obtained in a number of ways. Other

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
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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popul ations. In addition, other virallbacterial, or
cel l ul ar honol ogues particularly cellular honol ogues
woéama3sms manmmal i an cells (e.g. rat, nouse, boPCHEBANEI005109
primate cells), may be obtained and such honvol ogues
and fragnents thereof in general will be capable of 25
sel ectively hybridising to the sequences shown in the
sequence listing herein. Such sequences may be
Variad ailﬂm&dlnbpe@disdhim@o@%a& lal3b &k b @ired deing rdeerRfate PCR which
genom ¢ |ibraries from other anj nal eci es, and
will Ibﬁe@ﬁm-?gs %eaksﬁec} fodruget queCeWithiB B vaEIgRtS rani Bﬁ@o@gues(ﬁmodmg .
f;
oo e O A B PR b RS iRl dfervs
sequaistsaianiba greslpda, & ehmnplle,dgué'gnimgdﬁleadﬂliab iacid wequeaces SronB&kveral
2004/035%@8 PCT/HBZOO /005 ? @rlants an
variagsihgmalogh e i SE S rAisT | 1%6'6 PR SN YRS g fiware
knovAEH BReKRFS: ReRpWthe Gcelwldcoﬁ@ﬂwmbgraﬂ% haeuden.
target sequences within the variants and honol ogues
encodlng conserved amno acid sequences within the

The @gg 150 C %%etnglgt e r(,elg %Pl{l cé&ﬂz\flﬁ g#é n‘p | c{eeggrbera%%})o%thonﬁ énd will

be udelent amng&ogwodmﬁemmmemaﬁ ftE)cSEbS@MEf@ckﬁnng sequences with single
vari ant s/ hgnol ogues. Sequence alignnents can be

Se@%??@@ﬁ@@%%ﬁﬂf@%ﬁ%‘ﬁ@ﬁ%oftvvare known in the art.
For exanple the GCG Wsconsin PileUp programis w dely
used. The prinmers used in degenerate PCR will contain
Alteraaievety;, suoh epotiemeleetides emp;oéjet poamed g/ \ﬂité-ﬂuedmi useapendsis of

strln ency con i on han.t hose  us:
charig RO A0S o L& "V O gt SR BB oy anges are

requl?&iatb NeduckBQUWH opBALS '&6@&1 % el SEafol ¥ Yatticuli ﬁbst cell in which the
pol ynucl eoti des may tained by site-directed

polwmgteag@wmu@wgsf Memmmeq%eﬁe Othee qwnmcharrgﬁsgnm‘ge fesired in

e o an
°rde¢l"88f&ff°rdg‘&e Ee%mgté?iheé’ﬁ@EgP‘?c 16?9 ﬂfe %Eﬁ‘inb 748 function of
the pb9peptidpadcbddd B thdpsyme®botiddsn whi ch the 15
pol ynucl eoti de sequences are being expressed. O her

sequence changes may be desired in order to introduce

Polyx‘i\fé?etoﬁ!i thaED JDIR 85191%#%%%&%@%&%5‘ pocdidi %toaéhé ﬂge{sﬁb% may

roperty or polypept i ncode
be pxbhm:ep odcpmbirlaathy, isghethetidgty, yon b laap hicdesavailaiie asthasem%hll in the

nuc ti des, and probe ccording to the invention
at. Thgy 15 s B¢ pPBARE RO RUP IR v | Synt het  cal 1y, or
by any neans available to those of skill in the
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

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.



10

15

20

25

30

art. They may al so be cloned by standard techni ques.
When proteins or protein fragnents are used, the
woOdentossys of the processed end product can bePCT/IB2003/005109

denonstrated by chem cal analysis or by biol ogical
assays (the ability of APCg,to 25 stinulate T-cells
which are specific to the processed fragnents). In
principle, peptide candidates are selected for their

One %Hl'tatb?é)ﬂnleihbﬁ o@ﬁmﬁe@ﬁ%«i tR iDEBE EERSH1E the FANE Qﬂxal%@g%éd on flow
general ly, the can idates are first tested In

cytometpy.i dée meptzkﬂfng mexked fwith & lorescdnit nigtﬁ,rrgg cwnhﬁlifgl (floomecein

ot Teora e RSO0 0 PR Spon 4B MG BolEifodn the

flowiIndiidhes tcbﬂ@hteoékdlt‘éd byOd 1R8¥%28Ph @erthil oA eR gl ahy FuSrescence
based on fl ow cytonetry. The peptide is marked with a

emitfefl jpmeasaradrand yedensndent gp the qnpm@yprf peijidsdroand to the cell.
i sot hi ocyanate) and applied to tunor cells which
express the MHC-I nolecule. In the flow individual
Anoihet h&ﬂmﬂeofedetbmeidiﬂgytha duasigly off peptiderjoand ivake|Semghdrd blot.
emtted is neasured and is

Peptf@éﬁ%b?hsﬁtm e ‘aﬁ%ﬁ%rfﬂ i iR JPRSHE- 8 GUFPTYD) istised for this.

The 6&slare ARREJEH: 4@%&1@%&%@&&%&%%&&&5@&&&% ﬂl&ey fo?fSO to 240
peptide bound is the Scatchard blot. Peptid ed

minwigst Hn pies toodetaiminhe nemr-spegHictihternstion of wapsid¢ svidy. cells an excess of

i A df h | h )
untaifed Bpbtfy i AR sk o el mb o he isbiecbtepfion of
the RBelled p4fidd0 MhBWtRS celld af %Ehédotdj 4R6ve Bﬁ?l non- spec1ﬁc cell-

non-specific interaction of peptide with

assogigied suptesfal. lﬂ%hea%@ntltéfdofp@&bqw@dup@pmﬁj@dthm d@@ﬂ@m@d eﬂh@r in a

scmtflﬁb%{n dﬂ%re \f‘s?r?%ﬁx Q%}]M@w sl tHdg of* ﬂ1t Ehi %@h@g{é{ %Ihlch 1@ Quitable

en t are 0 renbve
for megsuring-lepplivdd clucebdencasshiei ditedhnRbblaigld. arthevaluated using
ntity of cell-bound peptide is then determ ned
Sta“‘gi“?’ﬁ]éﬂm fha scintillation counter using the
radi oactivity emtted, or in a photoneter which is
suitable 15 for measuring long-1lived fluorescence. The
In adaeeondh u@pomaadidews awihegaddidtinding squeditiest amadéasted for their
net hod In a second step, candidates with good
lmmB]?%&P]l‘i qual ities are tested for their
i mrunogenicity. 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,

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
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.
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The i munogenicity of xenopepti des derived from
proteins the i munogenic activity of which is unknown
worey4loas7eest ed, for exanple, by the M.C test. RepiB2dex005109

whi ch provoke a particularly violent reaction in this
test, which is preferably g so carried out in series
with different peptides, using as standard a peptide
with a known i munogenic activity, 25 are suitable

T2 cémc,rorthpy RS Q19 frahdtBetd §H8RL HIX ke, @% VARPHNALAT and/or
possi bl e way of testing MHC-I-bi nding peptid

HLAcARdieunkst exs Used ferrbisrtesti dfitheoglnprsi ac;edcmﬂmlseprtldes which are

he hind f d T2 lIls
sood SR R0y bRt i i MR ROAP i Gl 3,885 t0 be
recofifidedSs %re?&ﬂﬁy&hé @it Bﬁ;‘tenﬁ hBysePeptidR cdadeatit FRA hdldchRs to

AP pept.i ransporting mechani sm and onl %@ pr esent

appeat BWpHgnifieat quanpgsics au the calh sprfaaseyDetedionnef hedikHs on the cell

s b 0 Se Pl e B0 SERT s, Mrkyiafeh fifiry Shavte

peptided. | Herstaphiny atstadsddgepade dvin tonhadeA gevdellA- gr MHCIbinding
HLA- Al and/Of' H_A- A2 genes, are used for this test.
Capa?lfyltsﬁﬁpreg??tgydlsé -acted upon by peptides which are
good MHC-1 |igands, by being presented in the MHC I
context in such a way as to be recognised as foreign
The bytigdmemiammnéerw:dt om fungis eapeiies, destciausid vineeHL Ahus, one

emb%gl ecgqﬁg%gl er%fﬁf%ﬁa?%s &%)]r}bSi ?ﬂ I can]&rS?q‘][uan ft iigfelsétiggs c}i.@e%ses

Exarfipled o€ enfe@idis diyeabBRadswhich Be @edsemainvaiitidnbady epplie@ kRsude:
it possible to |dent|fy sui tabl e peptldes Her e

adengyaiisn antiras shefsied dipbpietiaetelanbmpertyssinvealariy deluaeainciding
p e
Hacrphiis D91 38ac ARPE, ripotife ALPRRLLEBEecliBifls, HPadE mumps,
rubela)d meningsies .sudiiuss MbagingewrhlodipentA,ofC, t PYe andvéMtlBGn plague
relatestothe revention_ or treatne ctiqu
PPCUFIOSRAY RS DI ERITP RS Smongia crtsss Vﬂﬁl%%lészéfé oFofeiph RHfC Valley
fevet. hﬁo@&re%&e he | Pé’s@l'i‘ct in@@nﬂ'&ymﬁ? Félléoege 'a ldd8R" to use with any new

adenovi rus nt hrax, chol era, p eria, tetanus,
lmmrmgeu seiie bemminzesiaxpilibid. | lieked henfaisa dhen greséi smpkioh Gmproves
uenz type B, atitls
the iRl tink WRReckp HEPRirhleditoul RERLY e Parfioutactypaptigable o

disesS&KC Bnd@ SnEIN 0NBCR| ark VgeB&rally b@lev\édam)d bé/‘v‘réé’a&nrﬂ{tatguz@ ,vaccine
pneunococcus, rabies, smallpox, sal nonella, typhoid,

approashi @&IHEY. yel low fever, Rift Valley fever. However,
the present invention may al so be applicable to use
with any new
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,

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
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
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I mmunogen whi ch becones avail abl e. Indeed, because the
present invention inproves the presentation of the
wanvigases o t he i mmune system it nay be parti eqiraBioy3/005109
applicable to 20 diseases and infections which are
general ly believed to be rgcalcitrant to a vaccine
approach, e.g. HV. In a particularly preferred
enbodi ment, the present invention provides a cancer
partiot® @hil€ns oANHEr bMeades. € TRES hAYBNhhighe tindf8IMH tifork NGhared
treatnment of tunors, such as nel anoma, 25 prostate,
by severial Lynige.eers expaerded by dhe aamed rtisseed foymphinhes tundpreargses.  The

N Y e T T

involvdie irc ARG fiplation, HRBYasabis0gElaNtad SR eptekdy genes. The
tissue. _Cancer vaccines seek to arnerliorate these

presept ighendion. is frdepprisalle fhvigies whichdiape pesncassegiatyd wigh cancer,
: _ . ' . dnai i .
s SARLERL b, VAR ok Rt B8R0 BT ey Y e
cancataehd EBds foreign, it has been found that cancer cells
do carry WD 2004/ 035768 PCT/1B2003/ 005109 36
particul ar antigens on their surfaces. These may be

The #&@ééiw endeRtibN i B4 %hxp‘id&@’@ rgilow gl @dondd) SEYRERL drYRBASwing
or expressed by the normal tissue fromwhich a tunor

initiahthegpy suchas suppesisenvhematherapyon is al so applicable to
anti gens associated with the products of genes
i nvolved in tunor formation, such as oncogenes and

Non-fithifg SKBRFIES DI tuBRA Eftigdiye whidhl @R§Nbe | AWROYdOM itife present
~ further appljcable to viruses which have been
invengien yeil apwdedischssedRelew: such a hepatitis B virus,
whi ch has I ong been inplicated in the devel opnent of
liver cancer and EBV. The present invention nay be
Sincectip lclopag ¢fol/d G- 1 gthei fagingesie sepmirted ite easoele ar hiinednl towion gntigen
10 ipnitjal therapy .guch. as surgery or, chenot her apy,
recogRigit By Gl B i SR S S T CH B iggns has
mainfémpéeﬁya%ﬁie'ved fhemB8SBAL A mAEREseN M tHis eWiPehe difficulty of
i scussed below. 15 Since the cloning of MAGE-1, the
establishing cgkheesripore éwnt othentypdeohicdngemnudhubnes being grspssary to

senhCRARSFERY 1 B, PSSO R0, B
appro;aﬁig h%?e?ﬁt Ix:rgjll?d;}lﬂé?ﬂ@ém&yiﬁg e Pandee a60Fenk OVokdteSedtlyeBowéver,
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
be used 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,

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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establishing cell lines in vitro fromother types of
cancer, such lines being necessary to generate
wao eom3zpeci fic CTL |ines or clones to be usedPCTIB20€3/005109

genetic or biochem cal 20 approach ai med at
nol ecul arly identifying neyw cancer antigens. Mire
recently, however, new approaches have all owed the
di scovery of new antl gens recogni zed by T cells even

in mdtAstdtRE Roflin g;; 9%155%' .goﬁﬁian% bt ctdéc%?] @Qxﬁuhoma,
various antiden c Teg ries a gi ven bel ow. wever,

etc.). A8y dising mmpmtmvcﬁnpustnal Dgeithms,aa tufiber af Imwnqﬂto‘pbsa @vill be

. i,t n the resent i,nvention.

identE1fR Sp DM SuslienlS e bttt oG paROacHEy Dl ey of

gene Qfotig@d cA bedsdrédng@ ©PIthGF okt abilRMc AmcHES ehhRdnéNenic
the Serex technol ogy, can be found 1n the data base

epitopgs ¢ane e sedqciadytheoughraporopciaic Roetomek hssays. All these may also be
REX.htm). It is of note that many
useﬁjtq \%,J}Alrr/\ege pre% 1?"3%‘%{%3?”5“ g. MAGE, NY-ESO la) are now known to
be recognlzed by both T cells and anti bodies in the
same, cancer patients. In addition, using recent
Classifieatiog) of gnmer aptigenss bt r acti ve hybri di zati on,
representational -di fference anal ysis, 30 n1croarrays)
hundreds of genes are being detected which are
Grouprle€ChsehHILal-teytrieied casme/tbsts antigers. expr essed i n
neopl astic cells as conpared with normal counterparts
or are expressed WO 2004/ 035768 PCT/|1B2003/ 005109 37

A milBstéRt 88 hahbC i nsRLy | 'ﬁaspﬁérfmﬂy th8adlbMng & PNRGK-@. fhd the
nmel anoma, breast cancer, |ynpho etc.). By using

subseapprrtocﬁlara@teélzemm of dhs fisgt ngce ldﬁf?snedaarrtmer epafoppeavyear later.
Thosg F?"nu o %Ve\{'\é %plcﬁg f?llloqx?erglt1533}:J h%dldérﬂf%tcat? arpop h&g nll\é_nl%ers w1th1n this

ech roac a [arge array

grouIQf Theg MMBGEF 0BUGIES aﬁcarGAneE Sﬁmﬂﬁ{se@f ge{est Weder b(ﬁﬁl emte i ﬁitlgens
antigenic functi on. Innunogenlc 5 epitopes ca
beloree}ge@t 155 FREDRIY AR plae & 580 T.owee f@&%%yelcemwls (CD

antigbydSoPt %X?Lleﬁﬁoﬁ) m&él%%i&hu BiskeR&nt ?Bﬁ%ﬁ gﬁnrl)&g\éﬁ%ta!é@glglnormal

aSSI i on o tuno gens
t1ssuédLAa smmatocytesi/spmmamgéMesﬂ [ tSSt]al’Hnﬂg eosisiofalty, liv gflamgetai These
nor i mrunal s _certainl

antig S DTS B By BB G EopinF S velopment.

CT aﬁngeeb bestR IS ELadi 41O BF SerRBnbARAlyasi kAR ddalk Slksues, HH@ Wt are
find |n?s were rapidly followed by the i denti fication

transgriptioaelleqityaied i ln\dsqrhfr fumoms. sCT gerpsgupprovaldy tiwagost chmegterized
ones. %’ew%%Es Inat'ﬁ]e lgjro%% o‘% Tgaeh'?l%gnsvﬁlgh Hé)\[erbeenr @l%ngmv 19ffude (CT9,

CT10, LAGE, MAGE-BS, -B6, -C2, -C3 and-D, HAGE, SAGE).
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
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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bel onging to this group, now including al so NY-ESO 1,
were called cancer/testis (CT) antigens for their
wez@mssson in histologically different human PCIB2903/005109

and, anong normal tissues, in
sper mat ocyt es/ sper mat ogoni & of testis and,
occasionally, in placenta. These antigens now
represent one of the main conmponents for antitunor
vacci ne devel opnent. 20 CT antigens result from
reactivation of genes normally silent in adult

Genqs| %@Q@Qg mdclytdxatesmdemmr antgens gravo et yetacted via tnesohyi mormal

o0 AL S S AGRER, RS LORRLY ok IS MBSl o preni

expr@@ioh@ﬁnﬁcewiairp@p@ av @mb&elt i€ b@é&ﬂﬂe Wat thel Iﬁﬁﬂyuéﬂﬁ’t é@&xressed on
CTr10, LAGS,  NAGE-BS5, -C3 and-

normpk tegsgsspare. belows shy ﬂmlsaﬁhpbistlwebtfeﬁ Tarelt erp@cranitm cmhﬂe their

oS08, AREES ISR IEAEY SOMERTL LI Byt

previansly festabiikhied totedaacso ﬁhssea\mdleljm“)dpﬁéssdmg@ﬁ@wm havenyvealed a
qshese nel anocyt e Ilnea%e rel afed proteins are

broag gResfry@yof Fephanisgisobphihdeyalvet merngrtne Bepk éﬁ’é@ed epitopes

throdéﬁ%ﬁgﬁhé&dm 238e QXnQHf)ﬁbr%ﬁrﬁ@ﬂn% Hi ﬁlgéﬂt %?ﬁi@ Rxdifiples, the

erived from nmel anosone protelns. ass
epitople Af (FHA ri$ dewdednfidel y nenﬁdé@sleﬂnahtﬂtgmtsfe ORF, while the RU2
ene%904/ 0,{:;;57 8 PCT/IB?T% ﬁr@% 38 CGenes encoding
gone CrEIss 1S ERIORE TSV T YERUHave been detected in
many normal tissues as well as in histologically
different types of tunors with no preferential
Grougyin (4285 1 Bh-AoFpstaictedy tumag-spggylc gittigehcer. It is possibl e
that the many epitopes expressed on 5 normal tissues
are below the threashold |evel for T-cell recognition,
Uniquh tuneortahgens ativefremprofis sinutationg of Homial gendsglikawtatehing GBIK4),
an ti.cancer response even by breaking a previously .
whosggpalEFYIah Eeenest @ I ASCOPREY IGRPHENS teRpPEBin glepEogression.
Thes? msﬂgéﬁ& %ehﬁyseexbfe\éﬁﬂl ity B th@ﬁfa?x%fa@ ﬁ&ﬁé@eg Hég%t@@id%ﬁﬁﬁed
- that” are involved in denerating T -defi ne
Slnceeplstmjlﬁlbsly thdt tlougpmeahtigtion mepsceur iy éne diffeaers aeopibsnonunless it

and translati Tg highlight sonme e | es, the 10 .
1nv°1¥Eﬁ t35pE Z? Céggﬁ) ‘%éorg? v"gt? %%‘mlsa %oﬁé%réfeﬁeﬁe&l neoplastic
transfirin@ficiat Inv enddBE, mobéls eufifi® BZoendERSeCHER Rowh Sto be more

epi tope by reverse strand transcription. Goup 4.
immigjogeric IthHLAh? edlqri growps of (rbBed spBigens; csinge upigns . antigens are
respoggl'})%; gen ec?Pﬁ'oqecﬁ%g Ecﬂaﬁ%lix{&%%?x? Eé]tthggflth%é LS 8eﬁned as
tumor-specific transplantation antigens (TSTA).

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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whose nol ecul ar changes often acconpany neopl astic
transformati on or progression. These antigens are
WO baog/08wps essed only in the individual tunor WhET/E8220082005109

were identified since it is unlikely that the same
nmut ati on may occur in two 4 fferent neopl asns unl ess
it involves genes (e.qg. S) whose alteration is an
obligatory step in neoplastic 20 transformation. In

Gnmﬁ@U€ﬁm§HQQL§4&ﬂﬁ&Hfmﬁﬁ&hQens have been shown to be
nore i nmunogeni ¢ than the other groups of shared
antigens; since unique antigens are responsible of

. the rej.gctl f tupor, transplants i.n nce, .have
stimyifioh el cagi & el Bis b AT e 8 phaffed Gl ibtited or
abser ik c@RRE pitioRlsnd B A BE tHeltleBon HP QA iihdueridiett iaR Jesponse
anti gens have heen descri bed which are generated by

fo tugorse rideredorei the dpamtidiopliPriat Fretslizan ¢PitPReseaeaiged; by such

u ANy I I : f .
tymphlfR%, BN sl S50 BBoEE Bt s Busrisnf £ 08Bl ipypune
respose fHatgmylrbsulifta elfticdl effchcpnThey frss epifipenptesdntedrbyof class II

the, CD4+ T hel per. cel | tunpr antigens.is . ) .
HLAC#Kk FepaPleg ot &r _éﬂq%paié%%y drcelh frsapsei Wag dpagified in 1994 in
melafithd 8R6SnABATHA # iyt DSedb Sl KA AE vAllch BRY ddeCldttfonal

I nMrurie response to tunors. Therefore the
epitopelwas rlidraditrizsd, biforentimr ganes gpendiepictaspls resgidberhpeagidepyere

. such hocyt IS, a crucjal st in the |ong_sought. .
ciscof BT 41 Tinl iy 4 BB oCPaichlpetfos iy ayinbning
CDA+ gs¢dlitepitops & thitiof ahtighé heachecohBavhildbdd, a8RIkpORStial increase

. presented by a class Il HLA and ca&%bl e of provoki n(lg
in repprigpmsuch-cpippesihvs hevstecnak faglepined 1288 ssimamoas 2 hnew class II

: ' T f I 0l

FATEL A0TSR RE TR0 2By Al B8 LD, anons
othershdi-elONey | foeidn hidfaies, divmemizpdnesnenidimigeclaads blochemical

restricted peptides wer | scover ed., However, as the
aPPrAAELFeni 35}8 ahebticsn sipse Frespisidatitigens giclude a subgroup of
mutated PRtihY Whtkh, He¥storE: ©ftcker BhulyRRDr-Shec Rt gRAL | 9ens

have becone avail able; an exponential incréase in

reporting such epitopes has been seen. In fact, since

Chou1§9€ as qgg%ﬁgs 27 new class Il  HLA-restricted
Bpi %sbélspf) I 14 anti gens have been nol ecularly
identified using, anong 15 others, 1i-cDNA fusion

l'ibraries, inmmunized transgenic mce and biochem ca
In seyspl omelhgnancips, patigylaptia sorae feyen off lpgkemias, the molecular

mechbhisth St Eairgihggengﬁg iimesitpﬁllsfﬁgﬁio% 3#9&%&%9018@5 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, pml-RAR in CML and APL, respectively)
and generate new epitopes that can be recognized by T cells, either CD8+ or CD4+ in
class I or class II 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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nmut at ed proteins which, therefore, represent truly
tunor-specific antigens. G oup 6. Fusion proteins. 20
wonoe@sersal nal i gnanci es, particularly in somePConB®I®005109
| eukem as, the nol ecul ar nechani sm of carci nogenesis
i nvol ves transl ocation of‘ﬁpronnsones which results in
fusion of distant genes. This often causes the
synthesi s of fusion proteins which characterize each
Non—hiﬂi’tﬁlgoéxa%pﬁ&a§ﬁttﬁﬁ‘organti%%s ¥loh REpRARIR %lalﬂdthé%resent
respectivel and generate nem1ep|topes that can
invention dephidee ¥ ETBAQIE and @AGEeCTLDep goisingDpitopaes frarh mﬂesmase
AEMa haHL el Cti on, respectively. Al though
Melaﬁﬁ‘ese ;lloloopes% %ﬁgar to be weakly imunogenic in
| eukem a patients, sonme of these peptides or proteins
can neverthel ess be used to pul se dendritic cells for
Selecfign geneQrimaatkenyo 2004/ 035768 PCT/ | B2003/ 005109 40
Non-limting exanples of tunor antigens which are
particularly useful in the present invention include:
The ’MéﬁEof tBA@Eesamdn hGan pf‘élfbrab@mg’fyr'sém lept bwpRsthbr Mtign gene
rosi nase, Mel anA 100ne] igand 75Txr1 5
whicl B EFIPQion Eene Bra war b ok IBPN KPS CRfis gees may be
used tQVAB itRRsBHAEEEAR! Folh MRLE3ERrAEd LERST M%Hf dflfférfsfﬂtesrelectable
foreign gene which is a selection gene, a marker
markegshieve peen wsedeshifceksfolin irs emm,i avl thewwemayraqudlly weid bd usal in

the ol by ERens - Bife il S0 MR ab AR vE e, Fagrotemed
embo‘éliiﬁ@rﬁs &drUinktdnd b d@&H Mt g@R0(eld) qﬁgalﬁ@exsﬁﬁegl Babtepal ge,@e% or

used in t he pr esent inveéntion. Suitab acteri al
otherzgehergondgrting eeststance toiguithiotios (8. gpned, empe Kanemd de) we Iatsulclde

ce bacterial antigens (e.g.
geneg%g'gaﬁ{:@gsi dase), bacterial genes or other genes
conferring resistance to antibiotics (e.g. neo, anp,

Kan and tet) or a suicide gene (e.g. HSV-Tk). 15 1n a
In a prplemret ?@W@Wﬁ@u theeheell q%@ﬂﬁ%ﬁ:@llﬁast:@ piieirle seneaas the fxthen

forei n“fl' ?rg gt o an e%@gfférgﬁl 59 e usfe ?)'f gdc%rﬁ s"ﬂﬂtlc!l %elﬁa 1sT ‘Elat the .

use of such gene’i s
activ:tth)atof thie gene can be controlled by systemically admmlsterlng a fufther

substance such as cyclosporin or 5'-fluorocytosin. An examples of a suicide gene includes
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
allows killing of the transduced cells by administration 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

killing the T cell if undesired side effects occur.
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activation of this gene can be controlled by
system cally adm nistering a further substance such as
woyel4gspesi n or 5 -fl uorocytosin. An exanpl es 8ETAB2003/005109
sui ci de gene includes 20 the herpes sinplex virus
thym di ne ki nase gene (HSV4Tk) which can kill infected
and bystander cells followng treatnent with
ganciclovir. Qher suicide genes include, for exanple,
Accdrding ¢y b aithelaBateRase EHBRinwL 6D (1RORERNS inv'eﬁ@ié}?{kﬁe selection
sensitivty to 5-fluorocytosine. and the human cel
or markey geae isisieticinraunoBewc ofhRk I psse® pratdinwdidh islinmymogeritieThe
: y Nl ation.of. rituxi .
advaBTSEUERY %ot 1 Mo PARL LTS BoplyBlighstitls e patient, and
theredizt diet effertiobndSDP the videiiatibe tregn@nh tiTBE nivNiterddl EEkdmplSs of

not i ogenic. A particular advantage of the use of
such a“@%h@gg@ﬂg iieih et yctyde RS, Tk ad Neo.coth 96 whadbuenerate
an infiBiine B6hofd I BYirkMGndc ' e ' 6%
Yoceur. R o 6357%8(:0%@%;6?{8%%%@? oA EBuTjg SEBELS of the
patiepipagginshithe Gt antigempraf be mewhiterddobly detetting atthEISH-Ek etolytic
. lL.nventi on.the sel ecti.on. or nmarker gene is itself
act1vit¥n%1|§igasecﬁﬁb8 B}mggp‘fei@@éeéo‘% protein which is
i mmunogeni c. The advantage of such a systemis that
enabl es the i munol ogi cal status of the patient, and
For spfebt wpwns thad esllbod tthe/prgeent inybntidremen elsb hetgrowth-arrested, e.g.
j 1,0 . Exampl es_of. 5 such. suitahl e
thorugh STt e R T O e R e o Copl i a
roomofemphiiatiiie geaaioat &f 180 R4WViRtd. €EBRNSLHdsBd 3 such irradiation no
oconpetent patient, For exanple, immsation of

[
longqr REPLIgTae; BAHOMGGAIS O fss TPRNA Wik 1S Reessnbia tho cell are sl
i cting anti-HSV-Tk cytolytic activity
capaﬁ@fi@gfggg%f)gg%h?n nore detail below 10 For safety
reasons, the T cells of the present invention nay al so
Treatbe tgrowt h-arrested, e.g. thorugh irradiation or
APt ment wi t h m tomycin. Such irradiation may be
carried out at roomtenperature at a dose of 100
. Rad/ m nute. Cells exposed to such irradiation no
This inelygesr anyrtberapaitigtapplication dhat aacbensfit efhutasior noRMAmahiacimal.
j ' i he cell, .are,still apabl e of
The tféaétrr)r?eéﬂs J%i% %lg{lﬁggt%e P%IQC&I?%’ HIF%gF?YB ﬁf)th uman and V%%nnary%reatments
are within the scope of the present invention.

Treatment may be in respect of an existing condition 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).

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
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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Thi s includes any therapeutic application that can

benefit a human or non-human animal. The treatnent of
woanBs/ess particul arly preferred. Both hunanrPamaB2003/005109

veterinary treatnments 20 are within the scope of the

present invention. Treatnmept may be in respect of an

existing condition or it be prophylactic. It may

be of an adult, a juvenile, an infant, a foetus, or a

£ of an f .the oresajd (e, g.. an n tlssue
elancf 3, HopAhh PagdetCRE” oER Bty Ry, e Wi o
thyrofd. EfIak &thnbigs bflob® tEBfb&e rhdifow BAIRNBLPMPABYRET-lymphocytes,
adm nistered to a patient suffering froma
lymphagyitig ergepitorsen ayvglqig cell proggnitass mawglscabwrée&@% t he
patient wll be the sane patient fromwhomthe 30
treated T cells originated. Exanples of malignhancies
The tuhmt nayybelresdlidetatred or naoudelid ame@randahay be alprie@sy fumor or a
dissof St S (ST TR 02, T8 myetoms
leukRBfrld (BAROS CRRARY 1yigh@lBO Ay SidIsbytie) QAL abltadBRioblastic,
CNS, oesophagus, head- of - neck,” I'tver, testis, thynus
acutepprontyliocyiial. aovkd inyekomeinesytisf abkte odonwiylis, etydmelerndaenuay and

ells, B-I h t,es, Ts hocyt.e Ly yiic .
tymef36S noPoid TEMERLR o e Rt Pn S o Bl ¥ RaY g, include
carcihdiB8tcdibn &urdilemb,UiRdll eaYIuBE carcB®kiad nbhtdBiall@elldung carcinoma,

non-solid tunmor and nay be a primary tunor or a i
renaly & BATAatAdgNIRSEARAER:| Brctasaman dapd}) OF (igBAMONo Fek ofFgrginoma,
mesottllrémﬁﬁ, hOGbHEGM4E AR, a%h%‘dﬁt%ﬁm InddAfilb EstOha E{tﬁﬂ%ﬁstoma,

I"'ynphotytic or nyelfocytic) such as acute nyefo astic,
sarcoatayt estposanoatc ywhalslonposdreona; el finosaooyitd, C, osteogerdc  sarcoma,

nonocytic, erythrol eukaem a; and | ynphomas such as
hepaﬁqg@ggg%/drpegl’m% -Hodgkin's and Burkitt's. Solid tunors

i nclude 10 carci noma, colon carcinoma, snall cell 1ung

carci noma, non-small cell lung carcinoma, rena
Typiezdlly ¢heommepostiperd dag pieseohay entisnanaynzs, adpaisisterest with) a suroers
oo G RuaelTO6H RSl NP pEH Bl 21 iRe Pl ens
sarcomm, osteosarcoma, rhabdomyosarcoma, fibrosarcona

ost eogeni ¢ sarcoma, hepatoma,, and sem noma. 15 .
The T cells may be used to treat an ongoing immune response (such as an allergic

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.

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
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Typically the conposition of the present invention may
be adm nistered with a tunor- specific antigen such as
wanvigasss whi ch are overexpressed on the surfaeeTmB2003/005109
tunor cells. The T cells may be used to treat an
ongoi ng i nmune response (spych as an allergic 20
condi tion or an autoi mune "di sease) or may be used to
generate tolerance in a patient. Thus the cells of
n d eyt i -
A phfRBABER. PoRBYR0) 12 I boBelfon al oRRERACHE Gpgists of o
theraphaicaity effécsiod ahgountmfmmhapnacaﬁtmcaﬂly mpmm:@geat atqirbfe'rdbyy innludes

ani mal s and hu The T.cells ma %o confe
a phpigagputice Yta&C%Pr{al? ﬁg‘laéﬂeémdilb"éﬁ Fr % leﬂtél @mgv ng combinations
thereBI)! 1A38E5iab1E Tafidth Qﬁ‘l diYoent’ fb%l &&aﬁéﬁwotﬂeﬂhﬁe%sﬁfﬁm&rﬁ% the

patient  or donor pri med as described above before
phariyegentical eartyr arell areo dﬁ*\?élbpdat fos nexagngple, vinv Bemingteryy Pharmaceutical

Scielies) NS0 B0LIB0 Cra. A“pnr ot Calt comis Tieoriipige of

phar@ace v ThatriepNetdisienicRilubfiosn e ®MREIISHEh 9€gaad to the intended
therapeutically effective anmount of a pharmaceutically

routey ©f 1alggﬁqion |wdpﬁtém@r@mh)anmp@p@@éspragtme The pharmaceutical
t C rri
comBRREPSRYLLERHLY SECCPRL LR ol USRIl o it any
suitablec bjpidalgs)e lubricinesy suspeiidinge igeni(Q) dohtifig pagehi(s), ustubilising
re well known in the 5 pharnmaceutical art, and are

agmg%%crlbed for exanple, in Remington's Pharmaceutica

Sci ences, Mack Publishing Co. (AL R Gennaro edit.

1985). The choi ce of pharmaceutical carrier,
"Themgpentipialy effoctivti dmmmt" reters fodhsaheowtief the therapeyiar akenbwhich is

e DGRy B8R oo, BB AR RgPA R Sy vy

deter@@RERS1 &fl GREMABYNEQNTE | FRctREe amOBiinth bfaddh i@l d:de aldiRt is
carrier, excipient or diluent any 10 suitable

withig; thej élfdkl of the %r@@&?ﬂ”@’§§le d%%%@wﬂ%f%@@ﬁtll(%ﬁl copdien Wih the
com@cgjﬁ %rﬁi)/or o % hohéb s 13%%51%){11?9 selec ?éa%{l%p&‘fgén%@lvh% a variety

Ive a

of fatthsy ﬁj@ﬁldingCthagﬁm; agah IWBl‘ghlt sex, afidtent mvelidad canthiticyvef thé patient,.

I nt ended pose, ile individual patient needs ma
the @g\feylty of pt%e dysfuné{c\!]on the route o? cgmngstratlon p armac)cgloglcal

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.

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
diglycerides, petroethral fatty acid esters, hydroxymethyl-cellulose, polyvinylpyrrolidone,
and the like.
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15 determ nation of optimal ranges for effective
anmounts of each nitric oxide adduct is within the
wekbd4o3sfest he art. Generally the dosage regi meRCTAB2003/005109
treating a condition with the conpounds and/or
conpositions of this |nveqh|on is selected in
accordance with a variety of factors, including the
type, age, weight, sex, diet and nedi cal condition of
the patient,. the severity of the dysfunction, the
route of adm nistration, pharmacol ogical 20
The Mirahgeammm‘l depertis as thaehoiet df\peptyde, ﬂfefrbmaco)f administration, the

r.magoki etl and toxjicol o rofiles of
natur o o P RS e o oo, EICHEY SoP ity Sir e Bitgement of the
attencﬁ%é 9&[&1t1§ne‘r'se§tutaﬁléddd§ﬁ$ﬁ hEswdME aré QAMRSIREhgkSof 0.1-100 ug/kg of
~adnministered as part a drug conbi nati on and can
subjeeldj ust ed by one skilled in the art. Thus, the dosage
regi men actually enployed may vary w dely and
therefore may deviate fromthe preferred dosage

A vatd@ ®fbcstionfi0cbiiveARheY i indéctdbi@fiine Cotbentional adjuvants may be
pharmaceutical |y acceptable carriers include, for

emplex@éntm almtféﬁ imgging respenss; Poshitablel wiheese foF aceawéEon is 0.5-5
J | gt

mmrcﬁ?ﬁ&ﬁ%g o?%ﬁ Fs)% glgéﬂg i \(gfgl%h 2 gﬁfé‘}éﬁstgﬁégar g +3Yds SR8 with an

mter\gae bfit 43nwedkac Néﬁletheainddbsﬂsce doswergmess no radmrmtoatoelo gical effects will

RIrvE Pl BORBNGy Lbr e eV aHEPBo Dl Pioak gt thei

admu?@&zﬁt%ttb @itabldfdidfld esters, _
hydr oxynet hyl - cel | ul ose, pol yvi nyl pyrrolidone, and
the I'ike. WO 2004/035768 PCT/|1B2003/ 005109 44 The
dosage r.ange r red ends_on the cho
wide BB AR i Acnde i WsBte BERFF e f T PORPRL HF xf ot pericty of
comﬁothﬂisfa@ﬁmm@bmcpﬂme differingadrisienddds dfherisudfoRieds' of administration. For
condition, and the genment of the attendln

examplegere} an@ﬁewaﬂosmla@beemets@ tosrequigmighsr dogages fhan pdrainistration
1 f \; :
by ink BB i b VAR i tooeb BB A0t QP P using standard
emplﬁmhmnhesdnabptadl,saimruses walyuﬂnth:rstmdphdyeem to enhance the
I mmune response. A suitable unit dose for vaccination
is 0.5-5 mcrogran)kg of antigen, and such dose is
PrefeRE&TafuaR!nd @Qﬂ%ﬁhﬁhﬁf esent 1h{7&§10ﬁ Rl b ibe @BschiBed further with -
interval of 1-3 weeks. Wth the indicated dose range,
referange tedhe fodlewingdioiriegiaod Figafebect s wi I | be observed
Wi th the conpounds of the invention which would
preclude their

Description of the Figures

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

human low affinity nerve growth factor receptor).
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adm nistration to suitable individuals. Wde
variations in the needed dosage, however, are to be
wexpEmssdsi n view of the variety of 15 conmpouRd$/1B2003/005109

avai l able and the differing efficiencies of various

routes of adm nistration. jsor exanple, ora

adm ni stration woul d be expected to require higher

dosages than administration by intravenous injection.

Variations in these dosage | evels can be adjusted

usi ng standard irical routines for optimsation,
Figurps? jpsesqiip [reqite of sP?nE dusis gxpaiiencais usipg effpdprpellsdisolated from a

e S R REBIE o BB PHET e i

fol |l owi ng Exanples and Figures. Description of the
igures 2 Flgure presepts results of cell lysis

. Fi
F‘g“@xgeﬁhPWéﬁ § TElatoRy befesR tiBiusions’| Umes SrEPEOf Feginenied T cells
inj ecﬂe&‘féﬁﬁ e@le p@év\eﬁgﬁ‘émaUP 'anﬁﬁnsgéﬂe'@ﬂe@ifﬁg r 1nﬁﬁJz:leS refsé&ﬂs'e Data points

and agal nst unrelated targets
represaptr’dwl ®)l infifioe cesponsiblel (Sl oi e nat wspdngibid@empty symbols)

sti .ati of peri pheral blood npnonuclear cells
for the 1°?g€%ﬁPEHBP? %SEr eated patients with

aut ol ogous transduced T cells (circle) and wth
al l ogeneic T cells (square). Transduction was
Figuxeet prsserseiraapihoRelligsis @mer@mwum@ ehectoaliyisopptet Gom two

L, e | ow
e oI 58k, B FAREROPLAE e M5B 1 St PR e
(emp@CBS/nhlE%)OE/fﬁ%ﬂ. @911s dord-p @it e bpriks stiinslation Wt EBMIC 1solated
| ysis experi nts usi n effector cells isqglate

from fzrwﬁlt%y denasan vy 3y taloe tragadvaed TissHe &irid gnd éfflﬂsallmanew T
ce11s§ hér%) expressing either HSV-TK or ALNGFr. 5 Figure 3
ows the rel ation between infusions' tinme, nunber of
engl neered T cells injected and the devel oprrent of a

s TR HRES L TS RS0 5 FLF s
UPNQ'S ’Fl‘)?é pre&2BO (181 Rir8lef SMRE YoYU BPREDLy citQE) JMgrchRgre ﬁhﬁ%ﬁuced

he imune response. 10 Figure 4 presents resul
T celd;sf m@lmomlygctt ab e midienteds tiowi p@n‘@f bediR wigh IPEV-TK-spemﬁc

at | thy donors against.the._. . .
primeg. R EPebbRG % 1ot WepSRAYU S BN b BE vivo, gigpyation
of cifcAlagfg Iympeotgtes pyinbph@ploghlid-eisaicededdds aldefeic T cells The

_generated by the stinulation of PBMC isolated fro
patwr%é?%ﬂStCﬁymé%‘ﬁ% pat {rpized: (SMBROTRSk YrapEREsd (ul b@anskagamst the

transée‘flia B%e%}lin%% b Eﬁh-PﬂSIVOQKQ%Othc activity detected.

Figure 6 shows the results of ELISPOT experiments using fresh lymphocytes isolted
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 treated melanoma patient, against either MAGE-3 transduced and

untransduced T cells (i.e. PHA-M3 and PHA) respectively, and autologous and unrelated
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cells (square). 15 Figure 5 shows a schematic

representation of the clinical history and foll ow up
woho@asseat UPN-15. The presence (full circl epConB10h&005109

absence (enpty circle) of circulating transduced T

cells was nonitored at theyd ndicated tine points by

PCR with HSV-TK-specific prinmers. The devel opnent of

an i mune response was nonitored by ex vivo

melafbéhBVERIhQD Pectr eild %fag,édneﬁtédx/ﬂy)dﬁe GhQRtiBH 'PB‘MC isolated
aut ol ogous-transduced and al | ogeneic T cells.

fromgg ireated priisnCwitl ﬁ‘d@loéqu&MAqrErﬁlmnmei Eoplly st ar s) or
i mmuni zed (full stars) against the transgene
dependi ng on the anti-HSV-TK cytolytic activity
Exafipleect ed. Figure 6 shows the results of ELISPOT
experinments using fresh | ynphocytes isolted 25 from a
treated nel anonma patient, agai nst autol ogous cells
pressing either MAGE-3 or HSV-Tk and agai nst
nnodi fi ed aut ol ogous EBV and nel anoma cel |l |ines.
Figure 7 shovvs the results of IFNg rel ease experinents

effe S |solat vitro from.a treated
The 13hflonat Rt rnRe et o oen Spn et 331[%5%% W O
transplAntdflbA ¢ EJMBMP) %rcl@hlka%rrﬁé i$ anpé'ﬁbﬁ@le@nﬁraf’ )to control tumor

respecti veI , and aut ol ogous and unrel at ed
relap® @ud 0387 GEeFOns B‘Qmmsuto@xe inberat| rigkonh gzs@ft-ws—hqbs’qe@sease

(GVISER B RlarF P es DR bR L Ehatitock Pt SIS b8, Yonferring

sensﬂwit? kg atisy, MBmay diloanseyelective diehihgionforaR® t@fsduded cells for
npl e 1 The infusion of donor |ynphocytes in the

Uﬁh@ﬁﬁ%@kﬁcﬁi WSty isHsi c bone marrow transpl antation
(all o-BMI) for |leukaem a is an established strategy to
control tunor 10 relapse and viral infections. To
Periphierat biood nhotdmacieahedils (PBM Gkwedfe igaslatfetl -bysEyraplopdéps Bdgemed,

Oslog (AN, CEtS e R PEE B e () 1 B dogis s P delthy

contidBYst@liéOW the sel ective elim natl on of the transduced
cells for both therapeutic and safety issues.

Activation. Two different activation signals were used to activate T cells (hereafter
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 (EuroCetus Italia S.r.l., Milan, Italy).

Culture medium was changed every 3-4 days.

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, Mandéllo, Italy), in tissue
culture flasks in the presence of polybrene (8 ng/ml). The cocultivation was performed

for 72 hours. 2-spinoculation: After 3-4 days of activation lymphocytes were recovered
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15 Peri pheral bl ood nononucl ear cells (PBMC) were

i sol ated by Lynphoprep (Nyconed, Gslo, Norvay)
wdenmsisyrgr adi ent centrifugation fromall the BYIaBWO3/65109

and the healthy controls studied. Activation. Two

different activation si gnZ?)s were used to activate T

cells (hereafter 20 refeftred to as T blasts):

phyt oenpaggi utini ne (PHA) 2gg/ m (Boebri nger

and tra%?(ﬂﬂgfbf? ’cycl?ﬂ){%@f %pt fu/m-rsﬂ n 3%’ pres ?Acg(ogfgltg grl%{s ger%reo‘viral
superna@nis and pdlybete 8 glx)06 Cel | s/ m in RPM 1640

suppl enented with 5% aut ol ogous serumin the presence
of hu-r-1L-2 100 UmM (EuroCetus Italia S.r.1., MIlan,

After {Heairé(r)sductfgﬁl ﬁﬂdﬁ@dtﬁ&d'lgﬂ%ﬁ%& h@%eﬂar@é/s%&’ arsd %89&}43 fRsh

Transduct i on ynphocyte transduct
mediume(l 6°/mi)i Retredral traoshiotd oelts: werk\anplyoed, foe ALY GFHEXIHEBSM&)H

oy s L T ML e RO SIS, v

G lardoni, Mandello, Italy), in tissue culture flasks
in the presence of gol ybrene (8 g/m). The
Selectigncul tHupatiophlatiens perifapsdused 36lls overg hined by two selection

metho%s %gﬁgct{}é%ttta\g@%ucf% 'gg{i/l etlr?i% gFg%ﬁ\g% 829123}%%1}%@51"@0@16 HSV-TK/neo
(TN) fﬁ’@ﬂ'ﬂ bB2€10,34 6Fai@Rdnaldptotnd cérfaming boedtHeyhednsyiel ®Sis@hce?and
e G P Sk S b S
ot AR ARPRE SO S VIS GES
Lymplﬂeme@tramseiucetdr\almls the SHCNM 3 wctoerancadiag jiwewild type ASNGFK and
the LR i ot hosc{oRied Mg hientyh teaBRb ALy bind g Rt

mouseng@w k@étb@ﬁ@ad@fD?ﬁa@BﬁﬁMﬁﬁocﬁ%fﬁzﬁ A IRODRLEdINRGrPYy )t WO
sél ection methods. Lynphocytes transduced wth the

SFCMM2 vector, encoding the HSV-TK/ neo 10 (TN) fusion
Pure pﬁé\%&tﬁﬁoéalg of ﬂaﬁd(l?éhccelﬂg %l Pr?%etne _QH% IVI %(gf)ot\agpgnents or

n resistance an

utilized &t €od aslsthyulatoe tcﬁ@hdni&cbmugén-meﬂminmdn@ r&poades] ) to
the culture nedium Fresh neonycin was added at day
3, 7 and 10 of culture. Lynphocytes transduced with

Sampldsh6r PEIMAB waCtRen BRF AL MO 1EAEd ‘ﬂa{i&tg,y;ﬁﬁ ERVYactks 30 Dither
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
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
the conditions described above, are able to elicit immune responses against the

transduced cells.
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the ALNGFr were inmunosel ected by magnetic sorting
wth the mAb 20.4 and rat anti- 15 nouse-I1gG coated
woeeadd3fBynabeads M 450, Dynal A S. N0212 Gsl opllonBagy/005109
Pure popul ati ons of transduced cells were frozen and
then admi nistered to the pgtients or utilized ex vivo
as stinmulator to nonitor antigen-specific inmmune
responses. 20 Sanples of PBMCs were taken fromthe 7
treated patients, and contacted to either irradiated
transduced T cells of the respective BMdonor, or
Exanpple adi ated all ogeneic T blasts. After 2 days of
culture 10 UmM of 1L2 were added. The mixtures were
observed for lysis of the stinmulator cells, which

FurtheP 8iugiat &rd batie€ WhotooMetifY thy MRS extigéns(dETthe Immune response.
specific for a trans?ene product expressed by th

e
Effectoragelle deduedrftea pae of theopatigat wiereoiesicd geainpiatfalogous T blasts
o . y .
exprf B8 R4 P URE 85 vebif TYuds BEORLBTRISIIIR WO Bocd
whild tagget eclls exbmasing sic AYNGFo xiege dotaetdghizad tahald PRigi 2). Giralogous
for the  transduced targets V\%re oﬁtai ned fromall the
resulfsgysrepbtained gyt tor el iplpted from otherRiE¥E onpet ence,
speci fic i nmune response agai nst allogeneic targets
was tested and detected in all the responders. This
Examsplgdests that infusion of T blasts, transduced under
30 the conditions described above, are able to elicit
I mmune responses agai nst the transduced cells. WO
The 200 085 6B RGIE | BADO3LORGARY o BITHARDSocBid Wikldfity) wore
studies were carried out to identify the target
analygad i eigiosf tot the tivpmohherig8isons end s mpmber of engandered T cells
. r.yed e of [ [ t ' .
infustf B of RO PRGN bR oFtind B, DR B B Shpntation
(absdid3g) &L hamberl of| chginger@d PT &3l ngjet&Y/-(idins)e akey peéented. The
while target cells expressing the ALNGFr were not
developmigBholz &1 IIBRURE Fespppsg, agpinst ﬁmﬂr%@%d qells iyyas svalipted by ex
o O ' f f r LSl 0
vivo MTRUAEE Y SHLS, REFAT o S AIP SRTUGAGo) T cells as
desciibedein genplatli dmn thd ptiSkicEkefspeositive antralini immuneeresponse the

.analyzed.in relation,tq the ti the infusipons and
paﬂe%‘ga%gﬂ?sléiﬁreéfmé SgrBized ety epibol ot tgwarired (BTGB o
the t{d&lg%é?g f&g]a%ngtﬁifggﬁﬂ W8 pR3ePRYINS cftbRAL RRAFItYBELIAW 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
infused cells and strictly related to the presence of a functional immune system at the

time of the infusion.

Example 4

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
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15 (absci ssa) and nunber of engineered T cells
injected (ordinate), are presented. The devel opnent
woRo@En3sweune response agai nst the transduced eeriB200&605109

eval uated by ex vivo stinulation of PBLs agai nst

aut ol ogous-transduced and Eglogenelc T cells as

described in exanple 1. Inthe presence of a positive

anti-allo imune response the patient was considered
takerf‘ﬁbm' :!TH%{h%re&Bn()ﬁ‘s‘%&’wéﬁé@ﬁ%ﬁz]tecP %cdo?&]ﬂgl'yzt‘é Cxfnlel 1 with cither

synbols) t0 20 the transgene depending”on the" presenc
irradipfedzangyjogiuptiranséused Ui blgsta gaiinsdiateh @llo gaeidl bédts. ddlet 2 days

of oifft 1 DGR L erpdee g amishes Dt pheEipnt dysit af the

stlmﬁlE\tSr bé‘ﬂg UrhicAAnditatbd) that TTUE SpdcERPRN S rankine PASduBNéxpressed by
two different tine poi nts are represented.

the tfleﬁé@@efft dsblasts osufgyestadigantigan e peeseeninothe tsawples mihmeesults
pon y, t [ I d |
presen‘tee e&eﬁ er% t4 Shoy htgan u}h‘é fEB‘f c%& %1 sé% tl10§ y%% tRe transduced

targess wére byobiteinad &dnd lealthe cit@de Mhas sﬁggastfngr’thﬁtl inoat expenmental
i mmune systemat the tine of the jinfusjon, Exanp
settingoiransdyqsd, T gﬂ%ﬂ:ﬁ @s npkakledgract ay prfessiogal a@r&enfweaeﬁ%ng cells,
actlvgfl?r‘fé APIEe RS hﬁ@QTQ)éllg?&uI'sﬁf’sn %Uiﬁeﬁivo crofd-febéhtdtfon é)athway,
eliclt in vivo a transgene-specific | nmune respons
medi%d‘pﬂyesesrdﬁanPBIPCs veuld BAOReWIblS fot6die RadildtiBA 0e31he EheSene-
é. aken from 2 heal.t gy.dﬁp s .and were stinul ated
spec %&%‘Pﬁé‘?s?%% T ¥iyegp dheyin Paé’FP er irradiated
aut ol ogous transduced T blasts, or irradiated
all ogeneic T blasts. After 2 days of culture 10 Uni
Exargifle L2 were added. The mixtures were observed for
lysis of the stimulator cells, which indicated that
CTLs specific for a transgene product expressed by 5

Furtiehexperiattmtiuedd carrldant & dofink dic @luBk hahinige fespbiisible for the
present in the sampl.es. The results presented in

indugtiog pfethg tgaﬁé%@ﬂ?ﬁa?méw@frwa? dgespops; The v@ibtlﬁy 4p éa*@wm@. gf{pctive
imm{n {etslﬂﬁl oot o Cﬁ%ﬁ_ o8 lo$ ectn%ul\ﬁﬁﬁi traf? dthQ% 2" lglg?cs T ePMevaluated

fus suggest |
durngxche fqllnwam;abf patient UAY- 15 (&igs Gy e pfesbhmdfscimulatin@traraﬂh@d T

0o act of i ona gen .presentin el
blasth 38 YT BY HHE AR P50 B PEcIRe GEmery g e Plood spmples.
Tmmbk &b&guﬁfﬁ%ﬁsamar}mmﬁ@s éa{ﬁo%hﬂmxauo%%fs Q‘:'v@ih@c@d *ay described

resi dent APCs, cou be responsi bl e for the induction

in exafplehé. Patéﬁmédéﬂi&lx\p@smme@c@da eamiynafter degneplent imthej apgericn of a

ﬂmctmr}ledl {ng]r;lﬁjr?eesdys e?nt. I’I%re]:tirslﬁlsed 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
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 bbth antigen-presenting and antigen-responding capabilities.
Later on, when the immune system is fully reconstituted, the circulating transduced T
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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Exanpl e 5 15 Further experinments were carried out to
define the cellular nechani smresponsible for the
wonoumssws of the transgene-specific i Mmune reBOOAB®I3/005109
The ability to generate effective inmune responses
and the presence of circu%ating transduced T bl asts
were evaluated during thé follow up of patient UPN 15
(Fig. 5). The presence of circulating transduced T
bl asts was anal ysed by PCR wi th HSV-TK-specific
primers, on fresh bl ood sanples. 20 | mmune
A seqoad anptiio toif dhS WK fdf¥inddted (Te blakisc perfommmdz athiew thevdiRN-15's
. eval uat ed described, in_exanple. 1. Patient. UPN-15
il Sy S TRULG S0P e TR R 1 Gt BBk gcific
immugity {RIBC3 F@Nddr) ldHAHRE 0 SNSIRMict i LSk e
) de}t,gc ed by P inthe ci rcullzaBElieognH% or aeﬁlgioénegs}(ﬁ%ies Py
circlel. Fig. 5 fall circles), even when his inmune system was
fully reconstituted. | munol ogical reconstitution was
docunented by the presence of an active anti-allo 25
Thercforeimenunéeioh Otdigs ivhed TecADHRAPEIAGI RicktPNed fn SRRGIIE I Care
. inmune response (Fig. 5 enpty star). Therefore, at
delivergeing gnpigrgynqepmppispemelion Ik particwisnnt gally et iyt asot vehicle
: J I f_t {] ngrate.
camyfig B4 BB 47 3nc Bt HARCE oo e BB B fPnsl B A T
cell death bEtheinfected tchllg mhddiret Py eoeuth favgoraine. 1L.2) de%vation,hleads to
nti -respondi ng capabilities. ~Later on, en the
the el 46 1Ly CRBTRG BTHEFTy i o fRlloed B0 Presmeiation of ths rigased
antigehlc@AEHHEE byl 136 ISl d U QivaaP | ARvE IRV AK specific T cell
activation’signals, they do not act act as APCD ancf
precutspesr ef ore, cytotoxic effector cells specific for the
transduced cells can not be elicited. WO 2004/ 035768
PCT/ 1 B2003/ 005109 50 A second injection of
The fdiR6iTdKegREIEE! RfcrTbell aaeismeRdd o5y RH BT 1HBhocytes can be
. . UPN-15's immune systemwas fully reconstituted,
in vitrp grqdifiedfoibsceme theriighicls fontasget antigsv.delivergdr vivpe
immunity (Fig. 5 full star) leading to the destruction
of the engineered cells (Fig. 5 empy 5 circle).
Exampleér ef ore, i mmuni zati on occurs when T cells
mani pul ated as described in exanple 1, are delivered
in an i munoconpetent nelieu. In particular, T cells
T IynBfioyted oth VO i 9iufb MBMIEN & bARIHM GethilIE Vol BPhhtlgRn Bffvery
right place to i nduce an I nmune response. re, he
in vivoar tAudglog@usc binhphoegieh fofm tah patient eaffestbdcy |as MAGH Atpesitive
melang%agrl(l)ay\\f'te efegcttré)nrsd&éedeby Ll‘r%t)roxg%ﬁ) rvlegt%% Ie%cr:]ddir|1ge %jes tutn(q)or antigen
MAGE-3 and the HSV-TK/neo (TN) fusion protein, a bifunctional protein conferring

both the neomycin resistance and the HSV-TK activity.

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

antigen-specific immune responses.
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the release of the carried antigens; this is foll owed

by presentation of the released antigenic material by
waasi4/0P68 and acti vati on of nai ve HSV- TK- speci PCT/182003/005109

cell precursors. 15 The foregoi ng experinents

descri bed a neMInethodoIog%_whereby T | ynmphocytes can

be in vitro nodified to beconme the vehicle for target

antigen delivery in vivo. Exanple 6 20 T | ynphocytes

Samp%’é"oﬁ%M@s\(ﬂ/éré k%’@ﬂofd fd rﬁe@arﬁﬁﬁgﬁﬁeﬁt% HEWeStnfent Ad after the

target antig lvery 1n viv Au ooou
fifth vgerprationt e"Eher cadhncadpcatls srere ahfmeditety bwtactwféiaﬂologous EBV

melof5% bl 2pT ALY GrEaLT A TREr DERGR oot POyl st was

perfoRiléd bheEHISVOTK RS c(ﬁt%a “ﬁmsmmmgohmm AFebbliunet b@lﬂﬁé the
protein conferrin both the neonycin resistance and

cells teee KEVOVER 2adtthe p?a;es wge Tisated do ievalppterihe presetgcfilBNg spots.

The r%g\ﬂts}?ésgﬁtteh %%905 %ﬂffﬁ%g er?afl\g r’Ie?e%lg wr}%l nsipSﬂiﬁ ]tt¥ gorg the
transpéres ehe. MAGE30P thditHSfmi‘K()f wereasisaine® hfeelths Vawﬁamon A

frozen and .t hen adm ni stered to the patlents W th
signifeanh iRareasy 1o daeipausrey of tunor-spaeific napelisivasrplgo detecied. This

suggésr@@x fﬁ%ﬂoﬂ? gt l1'5’01%(§§ Qraﬂédélge&‘hﬁ&ér %ﬁgc&ﬁlti’dfn% Qeltibed above, are

ators to nonit antigen-specific 1 mmn
aMEkﬁﬂmmmmﬁmnewﬁmﬁmﬁdhgﬁﬁﬁﬂ&tﬁﬁmhmaﬁﬁﬂ&/005109 51
Sanpl es of PBMCs were taken fromthe nel anoma patient
before treatnment and after the fifth vaccination. The
Exangflt bected cells were inmediately contacted to
aut ol ogous EBV nel anoma cells, and EBV transduced
with either MAGE-3 or HSV-TK  The test was perforned

ELI | at ated vvlt . After 2
PV gyt e o Pie sFEbE el Pl S P A Bputea o0
irradivieMNGIRB aghnk@ucel at vélse Aher Pregeneubire! FNDASPOL 8.2 were
The results presented._ in Fh?ure 6 show t hat

addeq.FRige meixByes WereTohsenved v FNEsiskaese i fheypresspcq pbthe stimulator
cell‘st %@EﬁQEﬁeg‘te& th&- fMAtgx:' c%}&éa@gecﬁﬁv op?ﬂe WA%}E)?tt?dnggegl i ﬁ’(rgOdHCt

vaccination. cant 1'ncrease
exprésmiq:;ethe yranddut edr® rce]stq)wenefpmseﬂ’c 1n ¢hd sioyiss. alteaedldt @edsetted in

. e nfu |on transduced
Figuig J(jé]po & ?)f%qﬁqrhgrgg 13, wdih, sngel 0515 6b 0k ﬁé&vg 3 and the autologous
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

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-
transduced or HSV-TK-transduced T cells. After 2 days of culture 10 U/ml of IL2 were

added. For each time-point several independent micro-cultures were plated (ranging from
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10 able to elicit inmune responses agai nst the
transduced cells. Exanple 7 PBMCs were taken fromthe
worb@Emosms pat i ent after the vaccinati ons and cearaB10e:/005109
to 15 irradi ated MAGE-3-transduced T cells. After 2
days of culture 10 U ni of5 I L2 were added. The
m xtures were observed for 21 FNg rel ease in the
presence of the stimulator cells, which indicated
30 tolBRL AR S8R 1o iRl Stk Bl ool -3, brans
Oprgd%ctrs expr]fgssescf;ir ts)?/ﬁtﬁ ﬁagg{fls(r:tg%gn teet 1%%%%013\%}3’@%%%&%
releaggrigghnpresenct o tisastiphdator ddiB, whiktlitdicpesmentsttdritells specific
lgure 7 hat effector T cells with specificity,
for %&Em@;@&g}ﬁ’g‘ VR RIGEO Sy dessamplasy e Jospdls éu@maanz%m the
followiteStablershB&! the QR{kdn®® ol Badorieldiida! hiddti
tr gnsduced under ;nheocondoi teﬁlné l%gg%‘;nl %Jeeg{lglgtg\igan%druged T
cells apnde deeelegment tofi amimsune spprse sagaipai (st trafsgertes aAS gaMi@uous
. roducts. Exa 25 To.inyestigate the kinetics of
incree O M ot PP gafee Jelif e b seorgvetegoi 6 mper
of posiis@aidroRulthis, wiasds&@led r ansduced cell s infused, PBMCs

were taken fromthe nelanoma patient before treatnent
and at several tinme-points of the vaccination protocol

were con

e e
6Sc

L€l 1S
specific immulie xeopoRSeses <1 Jb o0 oo T cells. After 2 days

IE=AV IV AVA VAV RERv )| 1 T arroguoa

of Bledd SHrgpid0 U i of 112 byl mugreoyltunes it spepific activity

time-point several |i ndepeteMAGESr o- cul tjur es wend-HSV-TK

Pre-trpatme@ta (ranging from WO 2004/035768 PCT/ 1!B2003/ 005109

Post-52 30 to 48). After several B@Onds of stijnul ati ons ke

Post-1i cro-cul tures wer e observedgfser TFNg  rélease in ygag

Post-P esence of the stinulrator cgjss, which fjndicates gt

a3 W2

effector cetis specifit for MAGE-3or HSV=-TKwnere
present in the sanples. The results summarized in the
ND: fogl Loevvi ng table show the existence of a correlation
15 fiv\%en injection of transduced T 5 cells and
devel opnent of an i nmune response agai nst the
transgenes. A continuous increase of the anount of
All pyploptigng agentioped Ting Bie| abnvec spesification epe dwesin eicbrpotatel by

refereﬁyéyb@&ioﬁfmgﬂﬁi:&tio\ﬁg aﬁ@i %r?dtl%ﬁls b e Sesibed %’éﬁgc%éea%d 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
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.
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In vivo infusion of MAGE-3-expressing T cells is
responsi ble for the induction of MAGE-3- s ecific
wonmmuaswesponses. Bl ood Sanpl e N of m cro- cul PATAB2003/005109

with specific activity anti-MGE-3 anti-HSV-TK
Pre-treatment 0 O Post-3 342 ND Post-5 6/48 48/ 48
Post-15 30/30 ND 10 ND: not done Al publications
nmentioned in the above specification are herein

Claim#&icor porated by 15 reference. Various nodifications
and variations of the described nethods and system of
the invention will be apparent to those skilled in the

ar . W . 0 i.rit f ...
L, B SRR SAER LT 350 R BRUE i s

calebby o fhletlveringothe aetigen v a Wrhiph nkieeci fi ¢ preferred

enbodi nents, it should be understood that the

invention as claimed should not be unduly limted to

. SHel bdnh GoRphQAL FBINES! ﬂ?ﬂ%%?g Rkt ich i
2 nodi feﬁggﬁ%%soo thge des%r(i)dbed rmd%t\sfl %éogﬁggrgﬁ%?nnagndoﬁltmh s

capebld efidshivéring thipeligearte am APSr fonsubsequentirssenstion bydhé APC.
nol ecul ar biology or related fields are intended to be
within the scope of the follow ng clainms. WO
3. AR8NALBARERH Red/did320QRiAAkWwh&éinChdhrdifzen Is a fimor antigen.
delivery systemconprising a T cell conprising at
| east one antigen and which is capable of delivering
t . i . . . N rv.,. e .
4 A QB B Jo e SRy BRREMing o Dt KRy Y 8 Bactria
oanidalwhiigén.i s capabl e of delivering the antigen to an
APC for subsequent presentation by the APC. 3. A
delivery systemaccording to claim1l or 2 wherein the

5. ABLHRE sysken al dBhg 3 bhPHficeding claim wherein the T cell comprises a

marker.

6. A delivery system according to claim 5 wherein the marker is a marker gene.

7. A delivery system according to claim 6 wherein the marker is a bacterial resistance

gene.

8. A delivery system according to claim 7 wherein the bacterial resistance gene confers

neomycin resistance.

9. A delivery system according to claim 6 wherein the marker is a further antigen.

10. A delivery system according to claim 9 wherein the further antigen is HSV-Tk or
CD20.

11. A delivery system according to any one of claims 5 to 10 further comprising both the

further antigen and bacterial resistance gene.
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10 4. A delivery system according to any preceding
claimwherein the antigen is a bacterial or viral
wW@raoHgaiTes 5. A delivery system accordi ng to anpCT/IB2003/005109
preceding claimwherein the T cell conprises a 15
marker. 6. A delivery syst sgw according to claim5
wherein the marker is a marker gene. 7. A delivery
system according to claim6 wherein the marker is a
bacterial resistance 20 gene. 8. A delivery system
according to claim7 wherein the bacterial resistance
12. jelcBvargnfeem acomdmgdb mnquéc&ﬁmgmlm%hé}einﬁthelél éelbéygpresses at

B BT di Py ustheRich T 0y J1dh D £ e b i DR CDAOL,

@b@gp&y@@mmmﬁr@)ﬁyrther antigen is HSV-Tk or
I1. A delivery system according to any one of

cI alrrs 5 to 10 further conprising both the further

ntigen and bacter e t ene, 04/ 0 768
13, B P B o poatereE it TGPl e, A vt abe ohm npieen
dapalsleyf Bd‘lﬁﬁ%dh RPNDha répbie] Bir nddi@rifg 8 imB¥Ry e @kainst

| east one the followi ng markers: HLA-1, HLA-I
tbpgbleastopeothepfigespaol, CD62L, CCR7, CD54 and CD25.
5 13. Use of an antigen associated with a T cell,
conprising at |east one other antigen capable of

14. Usel ®covgirggrioictanarié whesgio tise antfgen inosirdngiy ingmttgsehiommtigen.
response against the at |east one other antigen. 10
14. Use according to claim13 wherein the antigen is a

15. gger &B@d&étﬂ%ﬂﬁgﬁ%&réﬁttﬂ%ﬁ en SHSWI® A¢g9¥dli ng to
claim 14 wherein the antigen'is HSV-Tk or CD20. 16.

Use according to any one of clainms 13 to 15 wherein

16. Itjse accord%n%e{g tan39 O%e & cqalmsalgtttlj qgr\lvﬂefc’em the a? letagtrro%re 0 trlagt?gén isa

tumor antigen.

17. Use according to any one of claims 13 to 16 wherein the at least one other antigen is a

viral antigen.

18. Use according any one of claims 13 to 17 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.

19. A method of monitoring the immune response to a T cell comprising an antigen
capable of raising an immune response, comprising introducing a second antigen into
the T cell.

20. A method according to claim 19 wherein the antigen is a tumor antigen.

21. A method according to claim 19 wherein the antigen is a bacterial or viral antigen.
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17. Use according to any one of clainms 13 to 16
wherein the at | east one other antigen is a viral
w@niotgas168 20 18. Use accordi ng any one of cl ai PET/IER0039005109
17 wherein the T cell expresses at |east one of the
foll owi ng markers: HLA-1, §9LA-11, CD80, CD86, CD27,
CD40L, CD62L CCR7, CD54 and CD25. 19. A nethod of
nonitoring the i mmune response to a T cell conprising
22. Aammethod lageiding Go aap @it of efaimail $ite @ 1 avhdrfiMihe sécv8PARsgen is a
cogfrjsing i ntroduci ng a second antigen into the T
S ¥ IypUNoge RS PRBgEYaccor di ng to claim 19 wherein the
antigen is a tunor antigen. 30 21. A nethod according
to claim19 wherein the antigen is a bacterial or
23. Avmethbd ambidpemto INONPID AVHBRMHY 68 sBOTit [aBE GBI GIEH-0R or £920.
22. A nethod according to any one of clains 19 to 21
wherein the second antigen is a strongly inmunogenic
24. ARbHBEBE 1083ing APES RRf aﬁ(‘aﬁﬁ’%_éiiﬂ R PirloQottpisteZek p¥hifE BleMAPCs to
the second antigen is HSV-Tk or CD20. 5 724. A method
adicellsagipingngrtbesniiganh an antigen in vivo conprising
exposing the APCs to a T cell containing the antigen.
25. A nethod according to claim24 wherein the antigen
25. Al BetBod H¥efdiadid Qg 24 WHerdh. thdarthich @fla aGERTadlifgh. t O
claim24 wherein the antigen is a bacterial or viral
antigen. 27. A method according to any one of clains

26. AR SN RGP S TR0 TEn Boc RN RE PR,

mar ker gene. 29. A nethod according to claink8 wherein
the marker .is a bacteri

|. resistance gene. 20,30, A .
27, A BEHGR SETEIE Qo0 8 DS Whds Gor B BFlhcontains a

o8&k stance gene confers neonycin resistance.

28. A method according to claim 27 wherein the marker is a marker gene.
29. A method according to claim28 wherein the marker is a bacterial resistance gene.

30. A method according to claim 29 wherein the bacterial resistance gene confers

neomycin resistance.
31. A method according to claim 28 wherein the marker is a further antigen.
32. A method according to claim 31 wherein the further antigen is HSV-Tk or CD20.

33. A method according to any one of claims 27 to 32 wherein the T cell further

comprises both the further antigen and marker.



10

15

20

25

30

31. A nethod according to claim 28 wherein the marker
is a further antigen. 25 32. A nethod according to
wobhei4rms3tswherein the further antigen i s HSV- TRCOAB2003/005109
CD20. 33. A nethod according to any one of clains 27
to 32 wherein the T cell fggrther conprises both the
further antigen and marker. WO 2004/ 035768
PCT/ 1 B2003/ 005109 56 34. A nethod accordi ng any one
34. Aahethddhdterdidg by e WhEkigisP4t 833 Twkebin tBX Wr&ﬁ%%gre@ées at least
| east one of the followi ng markers: HLA-1, HLA-1I

ogsrsgdhe folowingmprkersobld gi-L, TEpb AL COYCRDE6COER 7ah B40DoGD62L,
C@R%CB@H?R&@%SM obtaining a T cell for use in the
0

met ho any preceding claim conprising isolating a
T cell; activating the T cell; culturing the T cell

and 10 introduci ng_ an aptigen into the T cell. 36, A .
35. ArBeRoa #g‘alzfﬁlalﬁ%g 3D cellafOin 58, iatfbe apFiioh of e preceding claim
cdh ced with the antigen. 37. A nethod according to

cl'aim35 or 36 wherein the T cell is activated with
isolatirg plyedenoaggl uti ni ne, anti-CD3 nonocl onal anti body,
Ct.va%rg %}%t% )3/ CD28 nonocl onal anti body-coat ed beads.
actl g Fhod according to any one of clainms 35 to 37

cultur}eheTreetlhgndl cell is cultured in the presence of
] rowh factors. 20 39. A nethod according to claim 38
1ntr0(§;ﬁ

isganantigrs igtooe A" dellct ors i nclude hu-r-1L-2. 40. A
nmet hod according to any one of clains 35 to 39 wherein
the T cell is cultured in a culture nedia which

36. Aemtidd sesrdhif Ll HinBFoMEerSia T cdlbisdiansdhce® kiBdhe antigen.
according to any one of clainms 35 to 40 wherein the T

cell is cultured at 1x106 cells/m .
37. A method according to claim 35 or 36 wherein the T cell is activated with

phytoemoagglutinine, anti-CD3 monoclonal antibody, or anti-CD3/CD28 monoclonal

antibody-coated beads.

38. A method according to any one of claims 35 to 37 wherein the T cell is cultured in the

presence of growth factors.
39. A method according to claim 38 wherein the growth factors include hu-r-IL-2.

40. A method according to any one of claims 35 to 39 wherein the T cell is cultured in a

culture media which comprises 5% autologous serum.

41. A method according to any one of claims 35 to 40 wherein the T cell is cultured at
1x10° cells/ml.

42. AT cell obtainable by the process of any one of claims 35 to 41,

43. A T cell loaded with antigen.



42. A T cell obtainable by the process of any one of
clains 35 to 41. 30 43. AT cell |oaded with anti gen.
wo\e0208469©35768 PCT/ 1 B2003/ 005109 57 43. A  PCT/IB2003/005109

phar maceuti cal conposition conprising the T cell as
defined in any one of cl a%,/ms 1 to 20, 42 or 43. 5 44.
A pharnmaceutical conposition according to claim43 in
the formof a vaccine. 45. Use of a T cell as defined
in any one of clainms 1 to 20, 42 or 43 for the
preparation of a nedicament for the treatnent or

43. A phigmecdutionl cimpasitiunoompising thiedtedlios.defined in any one of claims 1

to 20, 42 or 43.

44. A pharmaceutical composition according to claim 43 in the form of a vaccine.

45. Use of a T cell as defined in any one of claims 1 to 20, 42 or 43 for the preparation of

a medicament for the treatment or prevention of a tumor, or infection.



