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10 denet hyl ati on process that occurs in many cancers,
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15 MHC class | nolecules. Only a small portion of
exogenously added antigens enters the cell and only a
small fraction of the protein taken up thereafter
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Invention In its broadest aspect, the present
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(Weber et al., 1994) that 5-Aza-CdR might also induce expression of at least one of
CTA, MAGE-A1, in PHA-activated peripheral blood lymphocytes.

This technique is used in the patent application WO 03/012086 as part of a method

35 of generating antigen presenting cells which comprises collecting cells from a



cells. The present invention uses only normal cells

i.e. unadulterated | ynphoid cells and dendritic cells

as isolated frombody fluids, thus excluding cells

t ha been 25 treated with any foreign <

\Afgzéqsg%{og%eri ved activators e.g. PW and PHA 1%00%}6%&830

present invention does not enploy tunor antigen

preparations, either syntheti & or isolated fromtunor

cells. As a result the preparation and regul atory
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t he? c?h%b‘?“ytgg éns are cancer/testis antigens (CTA),

whi ch nmay be 5 chemically induced by DNA
dengd gé( ll?tsluﬂnan uﬂﬁe?*@(ﬁlﬁllﬁﬁrePPYOJ Ll dPRTtnt Wrt &fective cell-based

5-aza2’ -deoxy ternative procedure is
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1% actsetilad no foreign dganityvard uﬁqdﬁmanbvataltha:@llﬁs I n anot her
aspect the present invention provides use of the
conposition for 15 stinulating an i nmune response to
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i mrunot her apy.

The present invention uses only normal cells i.e. unadulterated lymphoid cells and
dendritic cells as isolated from body fluids, thus excluding cells that have been
25  treated with any foreign agents such as plant derived activators e.g. PWM and PHA.
Also the present invention does not employ tumor antigen preparations, either
synthetic or isolated from tumor cells. As a result the preparation and regulatory
approval of a vaccine is much easier and safer. Preferably a patient’s own cells
are used.
30
The tumor antigens are induced in proliferating (normal) lymphoid cells, especially
during the log phase of proliferation. The proliferation of the normal lymphoid

cells is stimulated by (normal) mature dendritic cells.



In a further aspect the present invention provides a
nmet hod of preparing tunor- specific CD8+ cytotoxic T
| ynphocyt es which conprises activating T |ynphocytes

usi ng the conposition as antigen presenting cells. Th
g§ﬁ@ﬁ%ﬁ Sof the cytotoxic 25 cells is prefeﬁi% woshStso

i nduced by (nornmal) active dendritic cells. The nethod

may be carried out in vivo as 5 therapeutic procedure

or invitro followed by use of the T cells in adoptive

T cradsk corivanisedy)ehé gyhphbidicefls ddedymphptytes) especidtig peripheral blood
W n '?‘ic t%OFl gure 1 illustrates phenotype of mature

dend?Pti¢ el I's. Fi gure 2 illustrates phenotype of

proliferating culture of |ynphocytes obtained after
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: %%lﬁc%lléﬁﬁugu@%y%\atgﬁ% exﬁ)gaetl?% (ﬁteéaqu nEy tregt'ment with histone
5- A:acéfxgllﬁset iheibited shmhacbdsmmaﬁsml | as in tunor
cells as detected by RT-PCR anal ysis. Figure 5
illustrated protein expression of MAGE-A group in

10 nt GarcerdtedtianiisgnCriRIXpressed dh & widerenge efsumarswed the ggmpesition

LUNR ¢he qwe%t@l? lsd%lg Gb les@lén QﬁHun@ ?&%Qns@'—th%saéf@cﬁ% Sgainst a
Figure 6 I1lust ratesmﬁ%enot ynphocyt es aft er

pri wﬁf:yargfe.ofrmr@&w SlesriFe the éactA&aé "oa F&e't'Yeéaff%n%mtabF%!@ous

I yrrphocyt es. Figure 7 illustrates phenotype of

i sol a CD8+ cells. 10Fi gur strate roducti.on

of PPASREEPST L PrSBatVONoBr PPUdFa e ot conposieh for
18 y nfuineutatingsanf imdaunp rrespanse ©uthe woreonarttigens, fi fee farrpgrepanaabon of an

targw%t-tu%%lrl\ﬁatcine. The vaccine may be used prophylactically or for direct

treatment of existing tumors.

The invention provides use of the composition as antigen presenting cells for in

20 vitro activation of cytotoxic T lymphocytes e.g. in adoptive T cell immunotherapy.

In a further aspect the present invention provides a method of preparing tumor-
specific CD8+ cytotoxic T lymphocytes which comprises activating T lymphocytes
using the composition as antigen presenting cells. The expansion of the cytotoxic
25 cells is preferably induced by (normal) active dendritic cells. The method may be
carried out in vivo as a therapeutic procedure or in vitro followed by use of the T

cells in adoptive T cell immunotherapy.

Brief Description of the Drawings

30 Figure 1 illustrates phenotype of mature dendritic cells.
Figure 2 illustrates phenotype of proliferating culture of lymphocytes obtained
after culturing with autologous mature dendritic cells.
Figure 3 illustrates expression of antigens of MAGE-A group in intact and 5-Aza-
CdR-treated lymphocytes as well as in tumor cells as detected by RT-PCR analysis.



Figure 9 illustrates mcroscopically detected killing
of different target cells by isolated CD8+ |ynphocytes
fromprimary cul ture. Figure 10 illustrates

roducti on of |FN-gamma after incubation of ]
% AYB%RY i mrune Tymphocytes with di fferent]!;(?lggpg%@%gaoso

cells. Detailed Description of the Invention The

present invention ains to prowi de an effective i nmune
response by procedures in which the antigen-presenting
cel Figurargillngrared expedssisn bNNWAE@H, 6AGE-8IAindBOBIS @dligens in intact

t urmr 9 Ezsa\?\(zdRathgaQe@@ g&?ﬁes%@@veﬁ%ﬁ& t‘a F}ég@lag }ﬂeﬂe@@d g@T -PCR

also are en and so a
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t
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be

duri uce chem cal
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that con + cel , .and so
or cigMe; hlustate BistaEBE Y Getecied KUPET qffeiRh gereet cels by
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WO 20 81035P
7 g'gﬁé'i%sba'tul’ﬁbatﬁsggmdgc?%‘ 883%’& n&%ngrrﬁtﬁ 8.9% o B teRg-term
18Nt tgensl imAene lyhphgtytes with difterat tpeefetls.ed aspects of

the invention it is possible to propose various routes

of cancer treatment, such as: 5
Detailed Description of the Invention

The present invention aims to provide an effective immune response by procedures
in which the antigen-presenting cells are normal cells in which expression of
20 tumor-associated antigens has been chemically induced, and also which are
enriched in CD4+ cells, and so able to directly stimulate cytotoxic T lymphocytes
and provide CD4+ mediated help which is vital for formation of the immunological
memory. These antigen-presenting cells may be used as a cell based vaccine for in
vivo stimulation of an immune response or in adoptive T cell therapy in which

25  cytotoxic T lymphocytes are stimulated in vitro.

The invention is based on the finding that normal lymphoid cells can be induced to
proliferate by mature dendritic cells, and during proliferation can be induced by
chemical treatment to express tumor antigens, such as canter/testis antigens,
30 resulting in a composition that contains CD4+ cells, and so is capable of presenting
tumor antigens to T-cells to generate cytotoxic CD8+ cells, some of which include

CD62L memory cell markers.

The normal lymphoid cells are most conveniently lymphocytes, especially

35 peripheral blood lymphocytes, which can be induced by treatment with DNA



a method of treating cancer by stinulating an inmune
response against tumors, conprising: stinulating
proliferation of |ynphoid cells by nmature dendritic

Vﬁﬁéh(ﬁmsmss treating the proliferating | y"phOiﬁﬁf‘ﬂzb@m%(@so

uce expression of cancer/testis 10anti gens, there
obt ai ni ng an anti gen-presenti ng conposition including
Lynphocytes enriched in CD4+ cdells, and admi nistering
the antigen-presenting conposition to a cancer patient
t 0 demethylaing agents rmexpeess emygerr sastis antideps.cancer/testi s
antigens; or alternatively 15a nethod of treating
cancer by adoptive T cell therapy, conprising: .
st iArgprainglygby pes off RIpteried sty eﬁpn%\ﬁdmn @1 itdis BYssivlg iy Rropose
dengfibld routes bt &ncdr teaunBigt, i@ a8y ol i ferating | ynphoid
cells to induce expression of cancer/testis antigens,
% hereby obtaining an antigen-presenting conposition
COMd @ieftiodpf etk chiydep g Gyitresativng rancmeding nepbdse againkisfumors,
20%§in%.the anti gen-presenting conposition to activate
T &P hocytes ex vivo which can be expanded to
obtsiimulating praifentien efdmpplwxiid cells by oraturesiendyitic cells,

t ur@éa’tﬁlgeﬁ%kfﬁr&i@%fhgcl hehAK iU XH@EQ%&P&SI’W b Eh2kestis
menory ce mar kers; and adm ni stering the cytotoxic .
10 onghbisensi okharebyn eR{AMER At i @ﬁtg?“ﬁses?'%é‘gexﬁ‘r?ﬁwg%‘l%ﬂ‘ ofncluding

t hﬁlyﬁ]élﬁdd&%% eRricHRAMOED4+ cfé[ls,iatﬁd al sg cgnye_ni ent : ?/
achi eved by uysing normal mature dendritic cells .
St aA Nty e et PERn B SOmERT aniR, ERGST BAIAbfystmulate
cel drsimmiude p&spofsaas she dancardtesynphiigenst s abetnatiodled from
het er| ogous or autol ogous blood. 30 In its preferred
practical inplenmentation, the present invention
15 onpmethed of treating daoedr by agerstve dured sherapys braprising: of
perd Rl Cpg(%lﬁgrqgwmbmsw&&ééus%@merre%hm@éeuaat ure

dendritic rom nonocyt es; ) . .
treating the proliferating lymphoid cells to induce expression of cancer/testis

antigens, thereby obtaining an antigen-presenting composition containing normal
lymphocytes enriched in CD4+ cells,

20 using the antigen-presenting composition to activate T cell lymphocytes ex vivo
which can be expanded to obtain a cytotoxic composition containing tumor-specific
CD8+ cytotoxic T lymphocytes with CD62L memory cell markers, and administering

the cytotoxic composition to a cancer patient.

25 The expansion of the cytotoxic composition is also conveniently achieved by using
normal mature dendritic cells to stimulate proliferation.

Most suitably the lymphoid cells are peripheral blood lymphocytes extracted from
heterlogous or autologous blood.

30
In its preferred practical implementation, the present invention comprises the

following procedures:

A isolation of peripheral blood lymphocytes;

35 generation of mature dendritic cells from monocytes;



8 stinulation of the | ynphocytes by the mature
dendritic cells leading to preferential proliferation
of Q04+ cells; treatnent of the activated | ynphocytes
with chenical agents |eading to induction of <
g&ﬁ@@%@ﬁ) of cancer/testis antigens; 5 and PCT/EP2008/030050
preparation of vaccine fromactivated and treated

| ynphocyt es; use of vaccine as® a prophyl actic or

direct treatnment of tunors. O generation

of Ryt otstimiutatiby mpHbe yiyraphooytes by cthe trhatatei dendotic cells leading to
I ynphopytrgf@i;e\migl{brg,@g&%r{%{rg 4+a&,qs;t reated | ynphocytes;
expansi on of cytotoxic [ynphocytes in the presence of
dendr i t iteeagmpntsofathef astiated dENPROCYtgs avithf cheapiGl Gagnts leading to
| ynphoc Wik &2tibPbr &pRALIGEHH caffer tebly shtidynsadopt i ve

i mmunot herapy. 15 Wiile the invention has been

%les¥ld bed with reference to treatment of cancer in

hunans, prigar@icncs dadce® fesm héteratethand tticateddyreptaicyptes;
applicable to veterinar I Cl f e '

mat eri al'§® f’f)Yacf‘P‘ég? ?rBﬁ’tPX%?&?C uoﬁﬁjﬂgcﬁ tﬁéaﬁ%ﬁﬁkﬁﬁ%ﬁ%.

manomal s. 20 The invention will be nore fully

undgrsto 4 [ j ( i i
A e
19 i ndi ngsactivated and Bagted PMPBENIPRei pal di fference bet ween
the cellgbasefl HagedtBRACc dpfistocied in fhd BicsericoEndenartiaells as
ot her exi sting vaccines designed to induce anti-tunor
innunitfk?§ﬂﬁgg¥ the 25 procedures of this invention

do not eaipl 6y cgtvtodiciNpmplaoelieg efor ptrep@reat i afn turedrs hey adoptive
synthetic or | %pl ated fromtunor cells. In this new

vacci ne, éﬁ?igens are induced endogenously in
1proliferating antigen-presenting cells of the imune
syswaite biye mkentionalas beemtessribed with tréfiesengayo tieatmemehancer in
r esﬁlﬂﬂ%ﬁ {Meffhocfegﬁ@[)f {4 inen#ibﬂ'?r‘e_a%%‘pSl%b@R@ Gbfdrifaly Theldticine
is itnitrated wthout need of antigen uptake and cross-

30 foresestating roateriath £or s raabMeh AMt4AOTs HcARBthugian Grammals.

hel per response is solved by enploynent of activated T

hel per cells (CD4+ | ocytes) functioning. both as

28nti @%ﬁnv'gpg%mﬂilrﬂf Eéﬁgul%ani%stmcg&yd@nﬂggrﬂmgt e methodology
ant h@tedipetht praseftifvencat insdevBypius kiegabiole Bndipgsy assfoliows.

is possible to induce expression of a broad spectrum

of tunor-associ ated cancer/testis antigens in ) '
pr olrhé primdipah giféBehee belwesn thenckltbrsed vaseink slescribed in this invention

and other existing vaccines designed to induce anti-tumor immunity is that the
25  procedures of this invention do not employ any tumor antigen preparation, either
synthetic or isolated from tumor cells. In this new vaccine, tumor antigens are
induced endogenously in proliferating antigen-presenting cells of the immune
system by chemical treatment. In this way the immune response with formation of
tumor antigen-specific CTLs is initiated without need of antigen uptake and cross-
30 presentation. The problem with induction of T helper response is solved by
employment of activated T helper cells (CD4+ lymphocytes) functioning both as
antigen presenting cells and to provide help to antigen-specific CD8+ cells. By
using this approach it is possible to induce expression of a broad spectrum of
tumor-associated cancer/testis antigens in proliferating CD4+ cells, and these cells

35 are able to stimulate formation of cytotoxic T lymphocytes recognizing a broad



35 are able to stinulate formation of cytotoxic T

| ynphocytes recogni zing a broad WO

2008/ 081035PCT/ EP2008/ 050050 9 spectrum of tunor

cells. The imune CTLs cells induced in this

WARROEBNES char act eri stics of menory cells. MPZ@Js{ﬁwOSﬂ
task addressed by the present inventors was how to
generate a culture of 5 proli%erating |ynphocytes
enriched in CD4+ T cells. It is well known that the
beSipeWﬁiMnQ)ff tgaoecdlsi Ntheaintmyerncdpeellf inducedhiel thisrwayedlicshave
is to e Q ic cells |oaded with the
ant?oa‘eenn‘%r Sér%ﬂ' e%stﬁfee%%ﬂggéugom De Vries et al.

2003). However, the present inventors m xed

antT&%sP&kl@Q&ﬁgssg@BW{h% ;ﬁi@s"ém int/érﬁor"é Qb %thB Een’?brate a culture of

non-adherent fraction of n5%PQ¥tes and found

&f t @rphfrragmaéxmpfwtmﬁwm%m Flbe 'msw%hknoml éh%ﬁ the best
pr Olvhy ©f Qéde@éhr@,fadtté,@@?&@iﬁceﬁheﬁ&ecélrsals ith @hﬁildynlgature dendritic

ul t I t h

yriiagts. iR EeR GBE et ot b Dl &y 2009
cuI Howeer,ofhe pyredent dmehtony mixedpindigyn-esloadérk maters emndntlc cells
| nvv%]% ﬁo aclic}h%l:g?\tt q’pac‘:lgn :o?q%ﬁ@m@it@g %ﬁ&'f Jhdofhat after 7-8 days of

cance s anti g
165- amaut@twmetdmac»mam 1n@en§15e PO tecRiFN qfdwnﬂpéyfeknabmpﬁoaferatmg

! ndHﬁﬁr&Wr?ﬁﬁﬁ%ﬁfmpﬁW@s@nh@ﬁéd if CaRt lyﬁ‘\%ﬂ&y&fs' marily
in tunor cells (‘Weber et al 94). Al'so, it was
previ ously denonstrated by one group (De Snet et al.

199ﬁ3v1%&ev@®be@ﬁ%mbd (o’g‘é,bﬁra@’(g allturesl&%lr))hﬁel’amg lymphocytes
in

|
RreRE Ao A RN i PO Bn P e e tkens in
1$ ynﬂhee:ynla:sres | t5-az-2’ 2Roxyeyidiod [(y-AzcCdiit ked bdeat knOWnl to induce
wc%@?&mg? di fcgﬂchltéstlg g?ﬂlééqy m@ﬁ@eﬁﬁﬁh?ﬁke‘ﬂg Igr\ga—b%r'e@ al., 1994).

0O Ca
199450, Vit s pawowsly demgm:)‘n\tedoby 1eagroh @ér%mtqt@éné‘?%ﬁ) dut not

not aﬁo@ﬁé#c('v\}%lb@r BY aid; £99ay GOHR 9- RzaD@IRRligh€ %lsbSn&dﬁé‘Ve&f)re@lon of at

2004) . Neverthel ess after optim zi n& ‘ﬁ& L
forlepﬁrﬁmdlfﬁTé MG, BnBHA-petivatedrResiPhgrAL blog %"é’é‘ﬁt It is
26 NV Qﬂ AvedpR hedimaﬁ it thlljkﬁﬂ\utﬁereadhfﬁchhetoqﬂmerdxbr@sﬂicbrSof CTA in
ant that they ha S,, DSt
Rl eﬁ&wp@egrga A Fage oS OR QBT 5t Bbre S ANERRT et al., 1994),
MACEr t@\bt tH\#‘éﬁat&an MaGEE: MdpciMeE®y-5A6za- MRGENAmaAD cells (Karpf et al.,

VA 0 o A AR oy o v

r esuaitimedt,tthe preserdOnveripreweiedld 1@ ipdusg raééaee@ﬁné%mteéws antigens

25¢€l #h%t tiRRhIc FFS@B Sis P briad ki %Mnl@kréﬁ&oﬂﬂﬁﬁo&e ﬁﬁ'nely the
per f or me Eerlnents wer

fr oﬁ’M—IEAM&QE MeHAERP3 a¥heE-44, AA%Gﬁ ﬁ"»t'ﬁ‘@‘: %@s @AEE Aﬂ% Y6kGE-37,

posRylet@-1taad weRISHLA- A2- posi tive tunor cells for

detection of anti-tunor CTL response.

5- Aza- CdR-treated | ynphocytes were used as stinulators

W t HﬁMirtg bbtaget adxpassiar ofriat omopd isped@rum eatGfantthatassarhided their

? h ee)éoﬁ rs@%”{s_%io?%ésé?%?%?%g %érlrbéhg%serimeﬂ&t (.BrF %ldljé{ioﬂbosfe(fﬂ tjeEbonse
were performed. All experiments were done using lymphocytes from HLA-A2+
healthy donors, as in this case it is possible to use HLA-A2-positive tumor cells for
detection of anti-tumor CTL response. 5-Aza-CdR-treated lymphocytes were used
as stimulators without irradiation or mitomycin C treatment, as their own

35 proliferative capacity was practically absent in the end of 5-Aza-CdR treatment



10 period. The non-adherent fraction of Lynphocytes,

kept frozen after isolation of nobnocytes, was m xed

with 5-Aza-CdR-treated | ynphocytes and i ncubated for 9
days. IL-2 was added at day 2. At the end of ' <
é‘(iﬁ"ﬁ?"@"ﬁérl od there was an intensive proli feélgfizlfzgoﬁ/oaqoso

| ynphocytes. FACS anal ysis of proliferating cultures 5

i ndi cated that the proportionief CD8+ | ynphocytes
exceeded the proportion of CD4+ cells by 2 to 5 fold,

an dpérhﬂt Triel fﬁonQi‘dhérI&Gt feaBioncef| lymphneyt&s chept Esémnaftdrhieolation of

K f. t ral
e SR AR ST PSS 487 oo o o
whi ddysarie-2neds dtidedirtidanal. fASrthe end qﬁmhr@ lgpki;greajengﬁ there was an
pr' mr%vétdrm}ftﬂ%ttl]pﬁrbf @R?ﬁ&%}&e F&Soﬁr%‘iéfsgt & Cer%tlﬁ‘?iégg cultures

ytic activit dﬂgenerate
@el indicatedcthit 1 progortige 42 reWPRhaSYteg Peregrd dhe proportion of

act tNAJaéuy\Bi £ tPSFJI@r B AndtHali Bf ehadeDee|celdf wirdrmpresstrigl the CD62L
i nes bot %£03|t|ve and negative for HLA-A2 antigens.

Cyt BRBRY of SRR\ PEPoYiceel Is in the end of the

stimulation cycle was low, but it significantly
I nc heez?éevg%? f%s (s)l%?@gan?, H\%Qr 81f ngtﬁul%( dﬂélzl (Nkﬁﬁafse\ﬁﬁa?%re not

10 est:musaallfomceli idfugest 4ftry FOManyedmeladen.| FBFTeforaiforer to detect
NK- ggg Qétﬁ/ﬂ | s 'oﬁly Iﬂ'éuienériteG agpgie C¢9§‘Ct[9@re@eltsh derd Ndvlated.

pre inventors’ have devel oped a new antig
pr eMeastramentsedl CHRHRBIESACHVIBH WeEs PeTFRITIEE | BIREGT pw—é 6t Sy cell

T Mﬁ@%%b&nfv@%ﬂ@ megativetfr Ak Qﬂ@eﬁmt CytbteRRractivity of cells in
speci ficit

racteri st
oD Gl el 5 SHPUBHAS S LSRR e ater
1§ ac ficadtion f eélisciartbe prepardeanttlls2 for 24 bours. nThe tysie showed HLA-A2
generati.on and tes
e e T
treatment of the normal |ynphoid cells, DNA
denmgf iyl aL) g@ cgcuaeé 1A A prestaR W@Nﬁo%ﬂaﬂ@ dé\féio‘bééa(ﬁéﬁ)antigen

is preferre reagents that nmay be used for DNA
denetess/itingcah cgm@osg.lognzfg&y)ldpgf%é)f cytotoxic T lymphocyte response with

25l f bi28 Oardi- tmxy&)ﬁficﬁy N Maa@rbguicawfnmemw Ghspbsse.  This
o1 nRarahostion et ba T AR SR (ARG RIS G5 Fer batients, or
Thef® iardtral gaemobe andrexparcioaosii deotdideTrdyriphoattendor adoptive
agents but their effect Is weaker than that of

5- - PR tri ggering, for exanple MACE-1

expression in tunor cells (Chong et al., 2005). An

z§' tPEYRE 'cK&ﬂﬁQeﬂF%aQﬂlentt 51k 7B ﬂsmalwphbmd&% W%éﬂﬁﬂ&twn with
I'stone acetylation

achi eved u %
h| sbare2 dé%mvym@&ﬂﬁ%ﬁi)ﬂépgefermﬁst OWGhFRFEERFS g‘% e used
andshesinst dethadylhfod I bh0sagdcyfldife,( TSALorol2-deBycytidine, and
i nduce a_weak, expression, of
zebularine, which 15 also a cytxdme analogue. Zebularine may produce a similar
effect as 5-Aza-CdR (Chong et al., 2003). There are also some non-nucleoside
30 demethylating agents but their effect Is weaker than that of 5-Aza-CdR. in

triggering, for example MAGE-1 expression in tumor cells (Chong et al., 2005).

An alternative chemical treatment for inducing antigens is histone acetylation
which may be achieved by using histone deacetylase inhibitors. Most commonly

35 used and best studied is Trichostatin A (TSA). It may induce a weak expression of



11 sone proteins, including cancer/testis antigens,
but the spectrum of these antigens may not conpletely
overl ap those expressed by 5-Aza-CdR). |f enpl oyed

et her these reagents may induce a stron
by %"é%f"’aﬁ "si |l enced" genes which may engCTéIEPZOOS/050050
additive effect (Wachnewski et al., 2006). Another
group of histone 5deacetyl asell nhibitors are sone
depsi pepti des that al so can be used in conbination
Wi t dorfe-phatein€diRcl(iiés satcertestis antigR0O byt thEtspedtrumeelt thess antigens
experl nt al t
bl ooay CO% le‘@%&%v%%ﬁ)ot?ése ‘{%\h%ﬁ%gqgr ovec(f%?z‘f“’r E?}élo\?\ﬁ@@g)gether
pat theset seagerne mayeindyrieed sHPRE LRIt ¢fi SSilenapdnirest Wit may

nor BRLLY a §6ditlO e dt I MRRRIVERT etPAL,l @0d63. Nﬂ@’dhlévgfouptdﬂfmstone
fact the io invention invyolves q? g ﬁB binati
ot SRFCEaRT BhRpIHAES Foq SO PERLleB 13 P 67 e AEPdp Fofgpination
vacwitn §-AL5-CaR (Weisdl etdonzoos).f or treatnent of cancer
patients. In this case very careful selection of

donor-reci pient pairs eded in

o T chensish Arnainshia ek pR af 5 Siagh helfefly b biood from
| ynﬁ&‘rﬁlﬂydmrs N/Ismn apphwee kpesé withpatientertke mzesamgeufered by this
g:ﬂ%{ Iet thof v9 o?rpﬁﬁé erbq dffr ctan@erzﬁﬂ'gnt?l 0@ewder, the fact the

ocC he us dendritic cells
10t hmwerttimann'fql‘(ﬁm mm@maﬁﬁlgp@r wopermgli cellshRoipts e (e rRossibility of

cony, %@Fa‘%{n& ’vagﬁne %ﬁ%(ﬁl%aladd?{o%bl}o? m&fméﬁf&tdénée@ Sﬁah@lﬁts Ofn this
the®donor™s dendritic cells di ti on

pos&aspIvent reful salegdorypf Q‘P']oo r%{:n'?‘Fr&ePiasrsd‘@'}l '?Feaeefqef_]ﬂp order to

dengédrédsé alt®dntiBerEpecibie réegon sgthsbyoroy ipiphoytess t hat
in turn, may stinulate allo- response in addition to

g:iﬁ@giﬁe Fe?peir%ial%&l%ﬁ%n%éq Eegﬁ%:qg gXlls cﬁ)% lpecﬁfr%rgttﬁ) ¢ same blood
19f §afmq>lésn§$€thé ilyaiphotyies. cOmpasei df idendrititagells otiendian from the same
gg gvePot@I O% bag{ﬁ%t\{ gt erqgr?t' B&dchJteé“?gF‘o%w IF saFéN] testing of

resen ositronS are sometines
usethet dpet’ hdenthtChcekle pmr?aildélqnnjltelétno‘éﬂbl%ithalt Ltrazes gfjpllo-antigens

m)r gﬁrgfeh GorfAed rﬁﬁl Setl HrayORRRRI r&di B LhsHIRy te R} ﬁ\xtu@n may

ocyte conpositions are usually used 25 togeth B
Wi thtrmmiﬁtsoatlwcrﬁsn@ﬂs&am 2401810 $0 SXFBPN8 40 FHTe, AnFigensq R blyeading

2b N €F4dAasOfn t@llﬁoﬂd&éifﬁz reypsRRoCcyt e conposition is
sonetlnes preceded by chenotherapy (such as a

| egﬁ]l nFij‘?Lﬁﬁytﬁ‘ép eeinl on’ E%e %o%ﬁgsétcotnyglﬁ&?qg{]@e conventional

usuad beansusspmdedj or neqeldsyph aoreex@mpfee ratigenaprespating C0mP051t10n5
suppl.s Joﬁ%hﬁ?:% ogtto? witR 5582k hhﬁ'&tnonoéf 24t @LOFBKSoften as a

pl as rmati on on del i very
F or relluiari compesition elogearCHPONEYERILLH qoﬁ@%\ﬂ‘&iﬁtqr@éls‘ﬂauy used

gel ltog‘eth%? kYh @Qét&r’(%mldﬁwar(t%th neniL-2et 1Al addRG;injection of
ee'cytotox1c) lymphocyte composition is sometimes preceded by chemotherapy (such
as a combination of cyclophosphamide and fludarabine) leading to
lymphodepletlon. For injection, cells are usually suspended in phosphate-buffered
saline supplemented with human serum albumin or autologous plasma. Further
30  information on a delivery formulation can be seen in reviews on the adoptive T cell

therapy, for example, (Gattinoni et al, 2006; Yee, 2005).



Interl eukins such as IL-2 nmay al so be used to enhance

the proliferation of |ynphocytes. They are optional,

and different interleukins could be used. For exanpl e,

IL-7 and |L-15 could be used instead of Genejaf @ﬁmﬁﬁmso
SN BIEScel I's from monocytes usual Iy requi res

presence of cytokines, with GwW CSF bei ng the 5nost
preferred, although others codfd be substituted. The
practice of the invention is further illustrated in
thelnﬁalduam& ngctexpelLizmanay adlsdEbanpdedsto  &0haaxa e eproliferation of

enr Ewé pes EB% Y, Ce{:;ﬁgo%ta‘ %dcdd*férlé[\teﬁ\t&fl MERBAQAYELEsed.  For

O |1 nauce expressi on
of SBfp Ib?ilanfgéﬂ15moeblé1¢tu5¢@méf@ﬁ¢ of lby2- cGrRaRTagian of dendritic cells

tr em)@‘?‘@énoéﬁg uSX R RGBires¥ht Bre@@@:‘efbf kined, With GMICEEIB&ing the

shoul roliferating. Professiogna antlgen
Br eg@ﬁmrﬁgrr@@l glhougfedtaets cowd PR FYBSUURS. not proliferate
under 15 normal conditions, and therefore the

I nventors wer e | ooki not e ;

T O e e BT Bl 5 B O Beriment
ant Egeipl@tr esenting cells that may stlnulate
antigen-specific activation of CD8+ T |ynphocytes. In
particular, it has been shown that activated CD4+

10el peampledel | s may be enpl oyed as anti gen-presenting

cel bénér%ﬁ?ﬁ of oﬁgh@lratm ZMRiresk Rshoc Ft‘gs éhnche@ﬁﬂi‘bﬂ cells.

Additio ntage 20 of CD4+ cel
or ebeANGoJBRICE POEHER IR Ky ENIEST I ILDS (el Py chemica

f or frahinfeint Qfor Ne@mble, g A‘Z@BJCﬂRX, Kgsnadyrethalld be2fi08ferating.
i nventors ther oreﬁslrs

d
o PSSO A e seer i Bl orEndrde bt Ho 6l Buterate under

ture
1£D4 mer@at icoritsbns y anpch treydfos. thlennvdmmremrmloekldeém dripghpr type of

bel oxy ep:ep %gﬁf lf‘#p%pls Ofrngpd %%e@e@%}qwés' &f a%ﬁlgérﬁpr%?entm% cells that

culfi ocytes isolate om per I pheral
25 wag ssmgkaéesmtlglenypmﬁﬂ wwuonmféppﬁratlmﬁhqsf/teﬁat'mp@rtlcular it

denﬂgg lgée? H&h %héﬁ’aa%tl%i@@ CB@P ﬁélgérn'g cble ﬁ'\E’F b@ eimBloyad as antigen-

met Romani et al hur ner
in ﬁf?é‘?'ftlnééﬂl%ﬂ?omﬁfealbtﬁop ?dyc‘%frﬁﬁof?@ﬂ%s higfipathvantage
2h ' OpF ¢paateds bk ondigee ﬁﬂes@bﬂﬁ@ ﬁads fsr onat tthey laoe ableBtoatimulate

30 Bank. Upon arri f § r f .

50 SRRl BB POl B8 T ) 180 e
Dul b&@eft)resﬁﬁhaiepﬂtee tBLdptlepEdtf@abnepaa(@Plg protifeydting cpdgures of
BEléPé %r%ﬁhi(gqﬁﬁh%?ytﬁg% f‘ll\@exa?% QSQFIBé(d Ibégwnthe"\’g&ﬁtlon of

| ay oprep uct
AX| Ba8he BeddritiCcells, to N@ckt“@;)of ﬂym@wcyﬁes tsg@g%d framt Rgnpheral blood

zgenwaggl}éggsgfa,g?ﬁ,?, lO(I,Q&p g, 30 min, 20C, the upper |ayer

cont al ni ng pl asma 35(approx 4099 was
collected for further use as additive to culture

medippdPartion fopmatdrd deh@edd Bdisafascidhé 3ca%fdlﬁg taacthei drigimal afethods
hep%{olnpam( %ts al U1495ﬂ 1th|urr]r?e|r)ét zﬂl aﬁ)@&b) n modlﬁcauons The buffy coat
components removed from donated blood were obtained from the local Blood
30 Bank. Upon arrival, buffy coats were transferred into the flask with 60 ml of Ca-
free and Mg-free Dulbecco’s Phospate Buffered Saline (DPBS, Product No. BE17-
512F, Cambrex, Belgium), and approx. 30 ml were layered on 15 ml of Lymphoprep
(Product No. 1053980, AXIS-SHIELD PoC AS, Norway) in 50-ml tubes. After
centrifugation at 460 g, 30 min, 20°C, the upper layer containing diluted plasma

35  (approx. 40%) was collected for further use as additive to culture medium and for



centrifuged at 1500 g for 15 m n and kept frozen at

-80C until use. Mnonuclear cells were collected from

the interface of the Lynphoprep gradient in 25 int of
DPBS- EDTA (Canbrex) and washed fo

9&{022@&8&1@% pre-cool ed 5 DPBS- EDTA by centri fgga bz‘ﬂﬁ‘smaoow
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Induction of cytotoxic T cells response against 5-Aza-CdR-treated CD4-enriched

proliferating autologous lymphocytes.
After induction of CTA in normal lymphocytes after 5-Aza-CdR treatment, these
lymphocytes were employed for the generation of tumor-specific immune response

35 in vitro. 5-Aza-CdR-treated cultures were harvested, counted, and seeded in 96-
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Figure 8 shows release of IFN-gamma by lymphocytes after overnight incubation

with different tumor cells. It is clearly seen that release in the presence of the

HLA-A2-positives cell lines LNCaP, MCF-7 and MDA-MB-231 is higher than release in
35 the presence of the HLA-A2-negatives cell lines PC3 and T47D.
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flasks that might support formation of such tight cell associations, the inventors
came across to 235 cm? expanded surface flasks, where the bottom consists of
numerous V-form grooves. In the first experiments the inventors compared growth
of activated lymphocytes in 96-well plate and 235 cm” expanded surface flask. The
results demonstrated that lymphocytes were able to expand in 235 cm? expanded
surface flasks with the same efficiency as in 96-well U-bottom plates.

The whole process is adapted to these tissue culture flasks. It employs isolated
peripheral blood mononuclear cells and consists of 5 steps: 1) generation of the
mature dendritic cells from monocytes, 2) stimulation of lymphocytes by the
mature dendritic cells leading to preferential proliferation of CD4+ cells, 3)
treatment of the activated lymphocytes with demethylating agent leading to
induction of expression of cancer/testis antigens, 4) generation of cytotoxic
lymphocytes by co-cultivation of lymphocytes with activated and treated
lymphocytes, and 5) expansion of cytotoxic lymphocytes in the presence of
autologous dendritic cells as feeder cells.

Generation of the mature dendritic cells.

Isolation of peripheral blood mononuclear cells (PBMC) was carried out as described
in Example 1. Isolated cells were not frozen but were used immediately in the
experiments. Cell suspension containing 50 millions of monocytes was incubated in
T225 tissue culture flask pre-treated for 45 minutes with RPMI 1640 medium
supplemented with 5% of human AB serum. After collection of non-adherent
lymphocytes the adherent monocytes were washed once and 40 ml of AIM-V
medium supplemented with 2 % of human AB serum was added into each flask. The
collected lymphocytes were frozen in the medium consisting of 70% of AIM-V
medium, 20% of human AB serum and 10 % of DMSO. GM-CSF (100 ng/ml) and IL-4
(25 ng/ml) were added after overnight incubation and two days later. At day 4,
maturation mixture consisting of IL-1beta (10 ng/ml), IL-6 (1000 U/ml), TNF-alpha
(10 ng/ml) and prostaglandin EZ (0.1 pg/ml) was added into the flasks. After 2
days, non-adherent cells were harvested and part of them was used for immediate
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start of activation of lymphocytes while the rest were frozen for further use at the

expansion step.

Stimulation of lymphocytes by the mature dendritic cells.

Non-adherent lymphocytes frozen at the start of culture were thawed, counted,
and 40x10° cells were mixed with 4x10® dendritic cells. After centrifugation, this
mixture was suspended in 40 ml of lymphocyte cultivation medium consisting of
AIM-V medium supplemented with 5 % of human AB serum, placed in 235 cm?
expanded surface flask and cultured during 8 days. At days 2 and 5, 20 ml of fresh
medium supplemented with interleukin 2 (final concentration of 15 U/ml) was
added into the flask.

Induction of the expression of cancer/testis antigens.

At day 8, activated lymphocytes were harvested, counted, and 20x10° cells were
centrifuged, suspended in 40 ml of lymphocyte cultivation medium supplemented
with 10 pM of 5-aza-2"-deoxycytidine (5-Aza-CdR) and placed in 235 cm? expanded
surface flask. After 3 days, cells were harvested, counted, and used as stimulators

for generation of cytotoxic lymphocytes.

Generation of cytotoxic lymphocytes.

Non-adherent lymphocytes frozen at the start of culture were thawed, counted,
and 20x10° cells were mixed with 20x10°® of 5-Aza-CdR-treated cells. After
centrifugation, this mixture was suspended in 40 ml of lymphocyte cultivation
medium consisting of AIM-V medium supplemented with 5 % of human AB serum,
placed in 235 cm® expanded surface flask and cultured during 11 days. At days 2, 5
and 8, 20 ml of fresh medium supplemented with interleukin 2 (final concentration
of 25 U/ml) was added into the flask.

Expansion of cytotoxic lymphocytes.

Different protocols are currently used for expansion of activated lymphocytes, and
many of them employ feeder cells. In order to block proliferation of feeder cells,
they are irradiated. This makes the whole procedure laborious and subjected to
the risk of outgrowth of mutated variants. In order to avoid these problems, the
inventors decided to use dendritic cells as feeder cells, as mature dendritic cells

do not proliferate. In addition it has been shown that autologous dendritic cells
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in T235 expanded area flasks.

Culture | CD4+ CD8- CD8+ CD4+ CD56+ CD3-
51/07-1 | 14.7 17.2 54.2
52/07-1 |12.8 57.4 15.3
54/07-1 |28.8 31.2 10.5
59/07-1 | 3.7 51.5 34

60/07-1 | 1.9 54.9 3.3

61/07-1 | 6.6 32.8 35.6
Average | 11.42 40.83 25.48
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A nmet hod of preparing an antigen-presenting
conposition enriched in CD4+ cells conprising
stinmulating proliferation of normal non-activated

| ynphoid cells using normal mature dendritic cells

t IGliAIMSe not been | oaded with antigens to which 5 the
I mmune reaction to be induced should be directed at,

d chem c reatin raoliferatij
2 X Rk AR B P o nthid i s
agelly kéthpAsing Gtimhthiing ﬂbﬂfdﬂﬁﬁinoﬁf aémzanmaldneskdslymphmd cells
antigens. 2. A nethaqd acc o, cl ai
© Reini el At dendie A BEIAVE POLPGBIOR AL JHtEERS to which
e’fﬁ%ﬁx‘gﬁaccor mmt&rlﬂh&&ﬁ%oﬁlﬂ valfieted at! %nh'dﬂ@ﬂxcaﬂl?fireﬁtmg the

toclaiml of 2, in which t
alptolg'alasnm aslb, b@téragﬁmd umb:@:ngﬁmﬁgimml@g)wdyﬁoeﬁ acetylation to

oL SR of el dBL ARG PT eparing a cytotoxic

conprisin aring an
antlgen presenting conposition by the nethod of any
one of A hRitio dcconlifg takthimsi ivg whivh ﬂnntlygxphoidr eadls rere rpgripheral

corrp03|t|onto activate T cel] | tes reb

o BiSn ey ey rared pom aaloepi R ARHRERS bﬁ"é’% ’

tunor-specific CD8+ cytotoxic T Iynphocyt es.

”E_‘T |h°d AaRHod R8oriheSb@din®t of 3 iWtWHi¢h ﬁa@%.nﬂgé'ﬁéﬂ’fav@fbegn induced
ynp

ocytes is expanded, after activation by use
ofduring thedogiphaseiof prolifesiatien. 6. A conposition for
i nduci ng an i nmune response in a nannal, conpri sing

Iyrrph0| d c n_which ex . c ' :

T gt miaed o e £ PSR inBoulioh St Proparing an
nﬁhﬂg&ﬁﬁkﬁt{hnﬁg cbinpbsitien g eieyinathbd bf afiy ene af¢lainag | tn3, and using
with normal mature dendritic cell t ve not. b
| élardwlas?mnﬁesah%ggmmswmoa’f“msﬁ" ?ﬁTha’H P%S%F? Jherghy obtaining
b 6r-@ecific CD#+ oA T lyonph
a%cc mﬁgg?lgbggg?‘m&?gﬁh{n?ﬁmﬁl cﬁkg lhl:e: I ynpﬁjgl d cel l)gﬂ%rogytes

| ynphocytes, preferably peripheral blood |y hocHt es. )
5. A method according to claim 4, in which the number of T cell lymphocytes is

expanded, after activation by use of mature dendritic cells.

6. A composition for inducing an immune response in a mammal, comprising
lymphoid cells in which expression of cancer/testis antigens has been chemically
induced by DNA methylation or histone acetylation after activation with normal
mature dendritic cells that have not been Joaded with antigens to which the immune

reaction to be induced should be directed at.

7. A composition according to claim 10, in which the lymphoid cells are

lymphocytes, preferably peripheral blood lymphocytes.

8. A composition according to claim 6 or 7, in which the antigens have been

induced during the log phase of proliferation.
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31 9. A conposition according to any one of clains 7
to 8, in which the antigen expressing | ynphocytes

i ncl ude CD4+ cells. 10. A conposition according to
any one of clainms 6 to 9, in which the DNA
denet hyl ati on conprises treat@gnt with

5-aza- 2-deoxycytidine, or a histone 5deacetyl ation
inhibitor. 11. A vaccine for prophylactic or
therapeutic treatnent conprising a conposition

agcor diAngorhpositivn avterdig & ay1enéof claiifls And 8aiin which the antigen
accept abl e carrier,. éZ. Use of a conposition
aBFIEHingdymphesresdneluds COA%iCRES-6 to 10 for preparation

of a vaccine for stinulating an i nmune response to the

Lygor Anbdfilion AArdiie 10Tan? SHRIBIOAIO8 189 h Ak e DNA
any one of tlainms 6 to as” anti gen presenting cells

f demetbylation | compriises y trsatment Withy fpizadydeoxycytiding, net had histone
of, preparing.tunor-specific CD8+ cytotoxic T

I f/lena%ﬁ%’ga?oé‘%%‘\ﬁk#%rh conprises activating T | ynphocytes

usi ng a conposition according to any one of clains 6

t91.10 ASva%B?'AE gempropBpadio mh&ebéulsic tﬂeﬁ&ﬁedﬂﬁempgsing a c(;)mposition
tunor-specific +. cytotoxic, T ocyt es obtai ne
byocertingia Hpr O eloiri 10,18 81 mé%g&avlﬁaﬁ"m a
pharmaceutical conposition for adoptive T cell

| FFUNO{JIL bAR ¥omposition according to any one of claims 6 to 10 for preparation of

a vaccine for stimulating an immune response to the tumor antigens.

13.  Use of a composition according to any one of claims 6 to 10 as antigen

presenting cells for activation of cytotoxic T lymphocytes.

14. A method of preparing tumor-specific CD8+ cytotoxic T lymphocytes which
comprises activating T lymphocytes using a composition according to any one of

claims 6 to 10 as antigen presenting cells.

15.  Use of tumor-specific CD8+ cytotoxic T lymphocytes obtained by the method
of claim 14 for preparation of a pharmaceutical composition for adoptive T cell

immunotherapy.



