; NOPQe3eEB"z6TTp ' Q00001 Nucl ei ¢ aci ds encodi ng CD40/ CD40L chineric

pol ypepti des, net'hods for their production and uses thereof The invention
rel at es t\oom,yggggl c acids encodl n chi meri c pol/gpmepissgles, to

met hods for their production, Immmmconposi tions 5 containing said
nucl eic acids, and to uses thereof CR¥E,~ eceptor (hereinafter also
referred to as CD40), a cell surface receptor fromthe famly of TNF
receptors, was first identified and functionally characterized on B

| ynphocytes, where it is inyolved in the regulation of growth and

di fferenti ati onNugléic agids enceding e DAY/CIMOL ghimetie polypeptides srethads forgheis) f or
exanple on T cells (activation pfbductigif aldidsésthéreoh stinul ation, cytokine
secretion), dendritic cells, and nonocytes (activation -~ expressi on of
costimul atory nol ecul es, secretion of inflammatory cytol cines, e.g.,

TNF-oc, I1L-8, IL-12) as well as on carcinomas {activation |leads to

i nhi bition of TreouslehtiGy areldiaotten natleial acidd ndncoding hCDADACRMQY khimeriol . 113 (

1997) 393-399) acnng&?g of..t Hﬁ%b ei ns,
whi ch inmplies pfgjp ) ‘%fft%ace ) ﬁ)rI\]!ﬂ%rg['r;“r18wcn%;l glgxnas??re anescfﬂirgl%n and
an i ntracel | ul<qptamingsaid nsleicacidsnd & usss t ereefl tical Reviews in Imunol ogy
16 ( 1996) 59-108). CD4OL (= CD154 or gp39) is the ligand of CD40 (WO

93/08207) . | t¢ I?%%E&?ort{ﬁeﬁfﬁgg& dﬁs%&efgp'c&i% Lﬁ ?it)%% gp‘h u-ll_ﬁag Jel:ezst?r%emi s also

found on actlva n CD40L
and CD40 pl ayshafagdhiof INFregeptopsawesfirstidenyifiod prip fvemoreﬂy SErasteRizedtnP and
cel I ul ar i mmunyrhphocies atherrit Bfinvol¥4Alin the régiiioh nf grostiesndodifferetiatiod Ot mredi at ed

| {APC ( L | at
St onal via cogty #beth rf‘fr% *‘@%E?‘%tb%f?%h‘f&a@[s%S%m@Q?n@f EfGLbERb T ot o
type |1 Wenbr anePrglifstation stimpation, Fipling secegtionhtdendritiq ¢q ararn MEReRYISEs, a

t ransmenbr ane (aa@amh en@xpressiont sfacetinulatry dleuls, veetidmofinflginmatory 25

Gritical Revi ey |JpTUfigh a0y 4n m%z%%g@oeu§?o&<%§.>m§ﬁs§§mb@m1@4d§90been

described solu consi st of the
C torminal  extnBibision ot growBhaeR Kaqienzat ol b ack Alfergydmmungl n’g}3 &i9a9)
Consequent | y, 39B&9e)XItrias elembensf the griup df Sypedmhdntbrend proteinsy Wisich anpies i on of

trimer 5211 s CQQ é:&‘ra[:él'l‘hﬁ} Wi dﬁ&s fahﬁaﬁséﬁémg%h'&%?aﬁn,d&ﬁ%d“ r@;acglﬂﬁr ceptor

CD40 and thereby tri rlze@ | vat S receptor qualitative
di f f erences hdF@ipRitampn et <ErtichRevrysin fmmypelpgy 16 {196 e %@t to the
nmedi ation of signals by sol ubl e CD40L and by nenbr ane- bound CD40L (Laman et

al., Criti caI 4
001 63395 -2 P EP%S%D D Q’%" il?a“gl‘%@w%’%%g) 08%"@7?%?%40 have
shown, that fEPEsHeERACHTALESC el busas et%\mﬁl m/pftwa gn
functional | y alehdntic cdis.dotesdctibn tbetweerCODA0E |agd&1D40rpjays Hadeniralaoki inither et al . )
g y Lg}f;%lc gj—g%;éloﬂlggﬁ)ofg&%@uﬂoﬂl’agtd?aﬁﬂdrt?ﬁmgllnﬁtysﬂl ioftTof leMio%gg%:m@ the
receptor, NF- %B‘“ﬁﬁﬁlggtthDég'*%eﬁ\?E? "ﬁf@&g &Wﬁh @sq“l% ﬁbFf‘ci“'at\Rﬁ) 98/ 26061
describes a mendadl-odll- -stinpdatinggignalvin €40k ot {4 T cell eaivptionsi GR40Intsedorigh ng i nt o

a human neopl %tﬂhG iy oatﬁJQImnwm&kheepﬁﬁdﬁss vanam fekcanpfn%é‘éllﬂlaw ch
contai ns at | east. HOI"[I on of the. nmuri,ne gﬁe{}e toﬁ%& er Wth portions
erafi B

10 of the sandopings RArangpsbrane fEiod 43 ér?é’se" amap gt aly o
ot her spi¥ci es.CritisplRviemis yn Immarologydl 6 (§9%6) 69l6@r Therghave abobsansiesqnxyed)f t he

murine CDAOL ggnlet foihs BB CD1BN SRty nfeXﬁsoma@&{E? Qf?n@@ﬂ SStheaY kdMhifagen
attached to the exhracel | ul ar domai ns bge Ig c&ﬁfeé] | t tléﬂs he Obj ect
of the inventiBHEBURE Sor@Rin ARG FucPRACE g a&%"“\%ﬂ% WSFAMED
useful in genemrh@ﬂalpydqndn &rsaffisient for theaformatipmadf ttimersy wlkigh, i w::n,tbledat rrent of
t unmor to the extracellular domain of the receptor CD40 and thereby trimerize and activate

30 this receptor. Yet, qualitative differences have been discussed in the literature with

respect to the mediation of signals by soluble CD40L and by membrane-bound
CD40L (Laman et al., Critical Reviews in Immunology 16 (1996) 59-108).
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cells and local treatnment of solid tunors. According to the invention it is
possible to produce a constitutively active CD40 whi ch needs no foreign
conponent swogoe®dsy needs a strongly reduced | evel of 20 peompb@isis
conponents) in order to be active. The invention provides a chinera
consisting of the "soluble", that is, thg.non-nenbrane-bound, extracellul ar
domai n of CD40L covalently bound to the CD40. This is achieved by neans of
a fusion gene which contains the follow ng conponents: 25 - signal peptide
sequence, pr efaeskl al., EMBIDI0160(1927) o118 b6140R hraed shawns thgh &lsiceaguetmests of

extracel | ul ar gAQIRIY PRbtefaPP1 Ahd TIA bretiifaRAAIS A4HE BY Dt dougCD40 and
trinmerization;, - acer sequence; 30 - extracell'ular domain of CD40 or a

part thereof B# to CD40L (optional); - transnenbrane donai n of CD40;
WO 001 63395 PCT/ EPO0/ 03318 -3 - cytoplasrnic domai n of CD40 whi ch causes
signal tr a”SdFﬁHi\BEkﬂioT{H‘t‘ af..g."l‘?xgﬁahx?&. fé@?(!iﬁs?ﬁe@ﬂ%’,rde%&ﬁ:é% Y6 E oG 4
encodi ng_a chinerjc pol ypeptide conprising nucleic acid fragments encoding
5 i) a nanmal peth tke griaplasseipdomain of CRANYhich astivates eridermal gromil fasterdi ng and
trimerizati onrddepest, NFOkB ahiléitesandivatedprdtein kinabdlieMP-1) i ) a spacer of 50 to
100 am no acids; iv) the transnenbrane and signal transduction domai ns of
CD40. 10 Fragments or nodifications of these domains having substantially
the same acti W®P820Gledeseribesos mgthed rof)treatingea ihuaranoreoptngiasiemprising
transduction afsértial SoUsSRiniAn AcspRise B4l 4 EDNRSWhIBY @idddeda clinteicPagtein’ Cati ons
are) e.g., exc?gcs%es of ﬁ%no acl ds ot hercﬁggﬂo aci d%lav\hl. h do not

af fect the prdf ORI BF 19T A BRI P AP BR EERETOBTRI ' REPYY can be
used whi@h duef the saime olegthne CRMPL digand genpe fen citherdmouses bdman qrodtherept i de
encoded by any,efes (Hipeddl9VitefdREd iOf %ﬁﬁrﬂk’r‘ﬁ'g%h@ cé’:fsisﬁﬁ% ofdhd hfhindrdyagpr ef erred
are nucl ei ¢ acids which use the human codgn usaﬂ)g., e s:eagﬁga}ll peptide is
preferably t h8REi GARSmeRhsine an F’@ﬁ“iﬂc omping having: heep ddrachedpto they
preferred enbextravehtarciontains of human CH40L peresi on A, see Figs. 1 and 2), the
encoded pol ypeptide consists of the signal peptide, the CD40L bi ndi ng and
trimerization _domain, no.linker or a short linker, with apout 1 tqQ 30 am no
acids) the Ii b‘dhg?"o‘ir’]ﬂ‘éﬁt 9f theIB¥RHAR fo Frovedsipgw augﬁaee}?s Hﬁ‘c "¢ &P Yani no
aci ds, i%e tr asefuldnigesantherhppand asnphrtiidardyi geefil for anddel tieattrend ofrainiorof CD40.

Version Ais ggﬂs@@&%eﬁl?xe&?ﬁ Efs%ﬁdWl m.ut the aid of a second cell. The

design of the construct o ersion must be such that it is able to
trimerize wthout steric hindrance. This neans that the CD40L binding

regi on nust bfuwhfaredfdbigihventiayy de of the cell surface. For this, it is
preferred that a spacer, preferably the stal k subdonain of CD40 or CD40L, a

chimeric stal k dogmain consisting of a ,‘l))art of the stal k domain 30 and ot her
ami no aci ds of\cRBNEA? thromyention;ihis pastiblggo pEodpce gomstitutivaly aiive K40
abovenent i onedhicRngiells no Soreiga edogdnbrts,\eeonly hreedsDd Girofily dédugeds ldvelosrai N and
t he tragsnmenb [ . u . pref e . 1S eh: si sting
of at | Bhot sipgy BiBoled, i Yl fQ bEEy P e St Gt RS iR 2
spacer, G u/ Afepsisipgefthe .splubleCrshet ipahe nes-membeanechoynd, axtracellulgngmajacessary
for CD40L bi ngf oD46Inévaledtlyound to the CD40. This is achieved by means of a fusion gene
which contains the following components:

25 ~ signal peptide sequence, preferably of CD40 or another mammalian signal
sequence;
~ extracellular domain of CD40L or a part thereof causing binding to CD40 and
trimerization;
—  spacer sequence;
30 —  extracellular domain of CD40 or a part thereof binding to CD40L (optional);
~ transmembrane domain of CD40;



35 transduction. Therefore, other parts of the extracellular domain of CD40
can be delefed. The CD40L part of this construct is necessary for binding
and 4 PC f/EPO0O/ 03318 ' trimerization. nmust be
ensur ed tg\g'b%@%%?sm ndi ng domai ns of CD40 and CD4OL are agﬁxﬁ?“’%&ﬁd and
trimerize. For this, the linker between 3both bi ndi ng domai ns nust be
sufficient in Iength A | ength of about "8 to 30 amino acids, preferably 15
to 30 amino acids) is therefore preferred. 5 In a second preferred

embodi ment of_t hgd ﬁPﬁéﬁNd&HaxﬁVﬁCEﬁ@Whﬁhc&%@sf{rﬁ?traﬂsdﬁ&%@) after the
signal peptide the soluble) that is) the CD40L binding and trinerization
domain is covalently bound to the transnenbrane regi on of the CD40

recept or, thathe inyerttiva therefore edhpilisas a nedkeioncidfencbdingD4Bimericqolypeptider  at

| east the par i; causing binding to CD40L), which
is required f%)rnpérhﬁr{%& |$§%Jﬂeﬁ%§&gﬁlﬁ?s deleted. It is necessary to

i ntroduce between the extracellular donmmin of CD4OL and the transnembrane
domai n of CD4 aapamafahaisxgxdlpemtdhanddawmmﬁﬂh&ebfy 50 t0100 ami no aci ds)
for exanple tk X ﬁ'ﬁé ol ypepti de
like 15 - 30 &m f%@%dﬂ@%ﬁh%% gda{glqlr@%ﬁ on of h?'&%lvé tgl%ggcer can
be) for exarrp‘l“é, aspaces of 2} 191 19A aminq 36idsst al | s dommin of CD40 15 or CD40L
(about 80 aa)iy) a thétraRymemishiné dnddpimal tharsaidios doRfaimfof @Daert of the stalk
domai n @d ot her am no acids or another polypeptide acting as a spacer,

havi ng e above-nentioned | ength securing trinerization wthout steric

hi ndrance. HeFregmenss ahmedificatinns of dusclamahshayingosabstamtially she samefaetivid. Thi s

enbodi ment of fpers écl't‘eofagl\ﬁﬁmgagﬁﬁlehli‘ﬁfont h&d fs?ﬁat eRhsducRONNGe 4 LGl | Ul ar

CD40L dorralntrl rlze?l t|E)on eoug n asa%cj?ult) tri.meri.zes the

coval ently botffitf SENF B @@ 5%690“:3&66 » §p 1€5PREes0f aMng A€idsan ot her

advant age of lt)hD@eemmmh m;htwlnlsh tbaot affect GProtdig aomformativer. In sdditioh)

present;g n angRhgeRe Jc&rsreaarbd 38 whithr ®eCtotthk e n@ratcy bmtersg. ué’"k&ch: ot her
X

natural CD40 rec tor t. cells, rlrrelze a result,
activate the &% 3@&?}1 frF&’queg b amkpf ﬁl"s'?o?é"nﬁ’ﬁﬁ'f‘ ic d"ﬁl - acts 25
directly on tP:&tiaﬂhﬂly prafereedsiragucleie awidsnetiicle use deplhwnah uddaransagé.SThehave an
activating ef i1t E . ral CD40
eceptors. actBrpitide SARREABARELURI pafld: of CBUo BEPRERIAR MIBL B, |
presentation of tunorspecific antigens on immunoconpetent cells in an

i mprovezd mannky a peeferr@l emblodiment bf thedfivdntibh (NeRivth L) ek iHi@l atand2)pthesuch

i mrunoconpet I o] saan l1's. The
chinmeric CD40§H(§5§ pglgjfyph e e %sf hc(’)i:/vs;?lpeaQ@It?Jl %Ji’%gg % eP qsgd&h&l%] gvg‘?l on of
pr of essi onal WPEHizationR ‘émélanéo ker 9% aGbQULmF(ng‘d’tﬂéd ‘NS 1@4’«9 ampipgtacids) | t
transl ocat es fhedigahd)bixlding subdbmaihNsy @B4d,,a sb%KérSifAsT) N0 arkiBloNitkd3, gt hways,

whi ch | eads t t in I for
bost i mul at or y AR ol indHSna RO abhiy o MO kM A ke

PCT/ EP0%$1033 1®1e ® trimerizetitheut theorid of gtsetondesell.sThendesign af the construgt ofand
proi nf | ammat OVM'S@MUQK'IUBIG& S4B thaSt Islabledto tl‘thteﬁ&égwﬁﬂgﬁtc&erlcl-hlﬁdrah&e This

addi tional ly acts at..neans it ac di rect n,tu I cIIs by
duct fon of SR it GPAPLATARE Biten bulChE £ ingien Hufiae 8F e,
2243- 2254; vawrkg@tF@n this, i4lis prefented th@tcaw spasér, @rqje;rablmtbm@ualk SlleOIBal@ qf997)

393-399; Youn@hid oSCD46L, 2himetie FHRAoBA¥n dSHRMNng 8F { F&@%ﬁthei%z abRdin Several

ot ool A S5 R B T3 b 4 D o
RJ. et aI ,  Nantiored Jength, ﬂsglﬁﬁ_é)'tea(l)esﬁqenI-&u)CD’4OIJ\bmémgadubdoﬁhla and tife Bi ol .
Chem 272 ( 193 {hnedbtshejonti@ 65 Ci40. ?Im?é (%4 rredds! a@. ad Pé’o‘?éifsungl&‘lat (eas"t999)

947-955). 10 Howe usi on_ pr.oteins according to the
i nvention are84% Q\éﬁtﬁﬁn’t’%f‘%‘éﬁé Apllon 412 Qtné%r@asgf]élhkégacerrﬁﬁ éﬂew&gé sites

descri bed f or TREDEDUO @urtsdf thiz canstagt Gnordy nedessaffOlO0 (CDMOL ddndiag whd cignals
del et edyqd n thﬁTJstiﬁét% %ﬂ%t%%orré‘c&:ﬁer p-gpt?q Pl &ttalﬁalu%%%% dﬁlbf@ﬁ'b%

nol ecul es are [ ess sensi eavage and thereby

sensitive to SRttrodhe a¢PERL drart h’él YJ“%F@H%H‘FF n§ E%ﬁ%&&ﬁ)’t @rbylﬂﬂ“éﬁ eaé‘ yt| c 15
cl eavage. In a further preferred enbodi nent of the invention, the nucleic
acid contains a further gene fragnent encodi ng a cytokine such as |L-2,

I L-12, lynphotactin (Dilloo et al., Nature Medicine 2 (199b) 1090, and

Ent age, Hum Gene Therapy 10 ( 1999) 697-709) and/or Interferon-al pha. 20
The invention further conprises a reconbi nant vector for the expression of
said nucleic acid) wherein the expression of said nucleic acid is under the
control of a mammalian pronoter, preferably of a CW pronoter or a

cyt oki ne-i nduci bl e (inflanmatory regul ated) pronoter, nore preferably,

under the control of an acute phase protein gene promoter) and particularly

Y T T Y b1



25 human acute phase serum anyloid A gene pronoter SAAl or SAA2 (hereafter
referred to as "SAA pronoter"”). The invention further conprises) i'n a
preferred @gydimwent, a conbination of the vector accordipag/Erondfig

i nvention with one or nore vectors, which expresses, one or nore additional
genes selected fromthe group consistinggof the genes encoding a 30

cytoki ne such as IL-2, IL-12 and Interferon-al pha. WO 001 63395 -6

PCT/ EPO0O/ 03318 If one or nore additional genes are used) then said genes
can be under thmerzationotowever.iemysirhe epamgthet therbinding demaing of €AY andhder t he

80][1]2 rol of twgpaenir: eble t@fblrdi Ixfdefrﬁﬁlénzerwf&hﬁ,r the HihkbNBetedEbIB Widing OF 0N
ifferent expression ve e _inv rjses. conp S|t|ons
preferably phggﬁﬁggu‘f’% %@%W{){ ol fen %ﬁéﬁtfrﬁ Ryt gf{g ief’zg?“‘}?n% ids;
expressi on ve@trefcrabladélttdi’mgnmatlldslstlhqurcpwfnsdan essential component. The
conposi tions conprise nucleic aC|ds/expreSS|on vectors according to the

t t th th t bl e XCI lent / or
or esor vadi ve. IBacrroBg meEt SHESGRENT ALt bRA (REITSE BF Hehd HiDel ¢
aci ds/ expr essiafter ﬂxemtgnabpe}ﬂdadceoeromhhg than if, e Cmehﬂain'dingamct trimeiated i al

; ) I
constituents %nﬁH{? c%QHPr&Fy' Edu%lstio Sti{é‘?raﬁﬁ%gngtké{ Pe{@ﬁmaéfethk‘%ﬁdb réieg tor,

activating ant] Eresen referre
)ls,t

of the inventi %%?Fﬁlbg?rt‘ie&‘ﬁnétfﬁb?apﬂ?éoafﬁ?@&s@f@ agdhe Pagpfdhe or
nmore vectors. ekirsdeliilacfbgidnaaidigsbialingas €D4Oh); adich B equiel fyethe bisding €

listed RQel ' '
CDA0! CABLch :oﬁg??*?i Rl BRI T*%?T?F{%ﬁsﬁf&“% %Z?%%Réasﬁﬁ%%‘fn

CD40/ CD40L | L- 2f £+[40L and ¢he fwapsmentimany dpmsin pf £D4da specsr fofra fengthhpfrer i ¢
CD40/ CDAOLI L- hgprtinitély 80 t100 BmehdRIBSfof EHRMpkEtE @tralk]doaxlilﬁln ¥ecbao ap?d &an al so

be co- express\%@j ct fo}I%O ng..conbi nat | are al.s
preferred: '88 %%%FFR??WEBE% b3 §6 g" S84 BoROE e r8gion of
IgD. Such a spacer can be, for example, as in Version A, the stalk domain of CD40
15 or CD40L (about 80 aa), a chimeric stalk domain consisting of a part of the stalk
domain and other amino acids or another polypeptide acting as a spacer, having the

above-mentioned length securing trimerization without steric hindrance. Here the
above-mentioned Glu/Ala spacer is also preferred. This embodiment offers the
advantages that the covalently bound, extracellular CD40L domain trimerizes

20 spontaneously and, as a result, trimerizes the covalently bound cytoplasmic CD40
receptor and activates the same. Another advantage of this embodiment is that the
CD40 ligand trimer is still present in an unbound form and can therefore interact
in trans with other natural CD40 receptors on different cells, trimerize same and, as
a result, activate the same as well, that is to say, this embodiment not only acts

25 directly on the cell expressing the chimeric receptor but can also have an activating
effect in trans on another cell that expresses natural CD40 receptors.

According to the invention it is possible to induce the presentation of tumor-
specific antigens on immunocompetent cells in an improved manner and to induce
differentiation and proliferation of such immunocompetent cells like T cells,
30 macrophages and dendritic cells. The chimeric CD40/CD40L polypeptide shows a
»trans® activity by activation of professional APCs in the same way as CD40L
ligated to CDA40, that is, it translocates the signal via the JNK/AP-1, JAK/STAT and
I-KB/NFKB pathways, which leads to upregulation of genes coding for MHC-I
and/for MHC-II, for costimulatory molecules such as B-7.1, B-7.2,



Vect or 1Vector 2Vector 3chinmeric CD401CD40LI L- 21 L-12chineric

CD40/ CDA0LI L-2interferon-a chinmeric CD40/CD40L | IL-12 | _ interferon-a
Genes fromveabessss 1 to 3 can al so be conbi ned on one or PBYIEFERBNES.
Particularly preferred is the conmbination of the chinmeric CD40/ CD40L vect or
with 5 1L-12 (IL-12 as gene or as proteig). The invention further conprises
nmet hods for the production of such expression vectors and of conpositions,
pref erably pharmaceutical conpositions, containing such vectors. The

phar maceut i calimownpsinglatonscyhokinessaech dsdil- Bx Iv-Byandgprdinflammaterytaymkineent |,

preferably fog,dnnaViLvRy it ARt 4RIN: 1©f6. it H@c[iti&ﬂll&%c@fin acRatthank 480Gt her apy
cont ai ni ng.t hATERngR | EieneloBlofdding GhSEMRRERBRRRT SElgouate A

cont ai ni ng i e GA
pronmoter are @nebganedsd (H96) 224BrA26407ah Kebepetibl,dnagedt Alibgy Iinhainbl. 23 nent  of
turor di geases)oohladh. Sadt YRty PISCLEN! GlmSAOREY TRy 1914080541 1 On, the

expressi on vectoxs or host 'S "actordi ng vention are conbi ned,
for the treatnment of tunor disease, 15 with the proteins of Interleukin-2

(IL- 21}; , Inter giu_kdl rpratzolgzdi@cléa&)agefaﬁdk afe dié?,hfilid‘d&fnﬂrb}cﬁiaﬂ ifot(r?f Rf Ridd ¥nd =~
i nterferon-ot . a t +fLupro v, faor application in
vivo. The i nvé’h‘{‘i“&ﬁ‘@?ﬁ#&ﬁ‘éﬁﬁ-f 231?3 &Egﬁ%*rgrrgpégrﬁ% %’ Qrgrlfasf»ﬁﬁngtf ‘tt ed

with an expr edatua 302(1992) 88 itiunY.-Mo et #le ThaveoftBiok Chant. 272(1988sH 1f or t he

production of 9853t K. g@;_ipcm%m@;(mbymmsgge according to the
invention by culturing a host cell of the invention under conditions

pronoting the expression of the CD40/ CD40L chineric gene and presenting
sai d poll§pept Hiaveyer fusien puotdimod GIF40LRad KO0 acairding Ththetinwentbratedrke kbst cel |

b acess Tor T B e e e e D e ng
an expressi on '¢E% g‘itgéﬁ:g)éef'%‘ﬂ%{:“@n‘l"wg]? fsc‘ﬁ Pégﬁ sion CW?)“D‘W%%@% orgy
PCT/ EPO0/ 0331 &hep@D¥QyEPH4DH ehimetiie rmalednikistaroless sensitive tohpreblytiCickeavagidid

ol ypeptide i ' .ace of
polypep A ?lhér?%hﬁfg%‘? siéfgte Ecggo%%ggﬁul&?dd ofthdr Bérgﬁlﬁ%[ %g?c?@ bgg:ﬁoébll i&

said cell. robj Invention 1s ypepti de
encoded!dy a Gl§8Y28¢-c acid according to the invention) wherein the
extracel lul ar donmain of CD40OL 5 consists of amino acids 47-261 of human

CDI0L o 47200 aFure W braferePdBinoB RS lof WHEirvBAAGHS thd Hhlic 48TPfhealls £540

consi sts of amno acrd i
further gene fragment encoding a cytokine such as IL-2, IL-12, lymphotactin

(Dilloo et al., Nature Medicine 2 (1996) 1090, and Entage, Hum. Gene Therapy 10
(1999) 697-709) and/or Interferon-alpha.

20 The invention further comprises a recombinant vector for the expression of said
nucleic acid, wherein the expression of said nucleic acid is under the control of a
mammalian promoter, preferably of a CMV promoter or a cytokine-inducible
(inflammatory regulated) promoter, more preferably, under the control of an acute
phase protein gene promoter, and particularly preferably, under the control of the

25 human acute phase serum amyloid A gene promoter SAAl or SAA2 (hereafter
referred to as ,,SAA promoter).

The invention further comprises, in a preferred embodiment, a combination of the

vector according to the invention with one or more vectors, which expresses, one or

more additional genes selected from the group consisting of the genes encoding a
30 cytokine such as IL-2, IL-12 and Interferon-alpha.



CD40 or 216-289 of nmurine CD40. A further object of the invention is a
nmet hod for the production of a conposition) preferably a pharmceuti cal
conmposi ti ongfQse ?ﬁglvatlng antigen presenting cells and 1@-ffglcrfis
conprising a nuclelic acid according to the invention, characterlzed by the
use of a nucleic acid according to the |dent|on as an essenti al
constituent of said conposition. A pronoter (also designated as an .
expression control region) according to the 15 invention is understood as a

nucleic acid rﬂg;hear marskucnﬁ&ﬁe erieh@fe@s&r,misam BeQHAb%nﬂ;deemeeontrol
transcription Such

|
expr o551 on cont B PEhPEREEE BA) Fs,saebenlf%?’% SRR hEPHeey 6 o Hicheilignot o
regi ons to whi diferentipromoitgrs dwthefsame vectoroer anediffersaionxpression iictads. Expr essi on
control regions can be regul ated via binding of acti vatl ng or repressing
factors. A 20{_ gul at or 3 on accor di ng to.the inv S under tood as
a region whi ch!Pnfiyet P\és ib e SOPBRSH U SOMBOTitiee t P ! Yc?%%maffé‘élc Based
on this, &he esymmssioos costaitinghatlledsteche dxpressiqar edcerragchrdimgadlitheeintensiont he
invention, a ed.

M TBdse fapqﬁﬁugfm ”ﬁ&e”é‘dinﬁmﬁﬁi&n?Q%Pﬁké‘guﬁéné%ﬁgégdr&sbﬁ or

M ni mal pronoters an helr %tlon are cri

exanpl e, in Lutector aeor ipg toth 3%&%@@ EogEOF ¥itRed Phamaceytinglhy achepigblang
Spear, B.T., eéxcipient add¥r fietervaival . 14 ( 1995) 635-642. A nminimal pronoter
useful in the expression vectors according to the invention contains at

| east a TATA-box, one ore nore cytokine-responsive elenents (CRE) and one
or more bi ndi n¥c |69@§0$le@nwaa§aé gd/bit the sesefthe aucleirreds/ompsine veqtersand

al so othgys 30ac8bk@ﬁhg&§ d(éfnnlzentﬁﬁﬁs&nsl ese&tihl congtituiehts Dby SonipRSitiafis dthey
consist of 4 to 120 nug:1 aerotl elff e CREs ar e d@sgcf;dége% for exanpl e,
in Dendor fer, UMPOAMPOR;areysauier s 8“ B%ﬁ“é‘é%’ﬁ $03318 ( 1996)
437-444; Birt, D.F.) et al. . Nutr. 129 ( 1999) 25 Suppl ., 5715-5745;

Kang) D.C., et Inael refeh@ﬂ emﬂoch%t)l)f thé InveASSS heldohipokitid@: coalififat Nadtdve R M)
et al., Leuk n%)homa 28 1996)

709-720. Usef U E i 8&’6‘%‘6‘) r?deﬁgﬁe‘?ﬁ@"ipﬁ"\?é’ﬁE‘f’iﬁﬁé‘éﬁ"ée‘gﬁbﬂ’éh&% viral
pronot ers sucharadistéd Biles imTablesdsnd@, Rous sarcoma virus and cytonmegal ovirus
(CW). Such pronoters are constitutive pronoters and they require no

speci fi C’r#t nduci ng signals. Preferred cg{&é&ne-i nduci bl e pronoters useful in
the invention are highly sensitive to i ne induction during |ocal or
system c inflammtion due to the action of pro-inflammatory protel ns |like

| L-113, 1L-6 and TNFoc. AvQdiye to the f eglcadpat 10 expression of these
cytoki nes has been found frrsevera—tunors (€. 9., Ssquanous ceft—car ci nonas)
but not in normal uninfla ?ﬂCQQIH‘g)/CQ‘i%amfl c expressiaon of such

pronoters in these types hirh e BAWED 4bIe Iﬂ,ounli.-ZSEWrEroﬂ gnors hfave been

described to express high c%ﬁ? téDRI[CB4&[,. ﬁfimt ry cytokines) je. g
r-th = 29 126 A

Knerer et al., Acta O o-LpFyrgol ug. €8 LW}I& +596—1+32—136—dese+r+hed hi gh

| evel expression of 15 IL} chimert GDAOL Hiibansiinterfetdn-Gar ci noma [of t he
head and neck. But al so OfdighedODIRCHANE| IRERhnd EREFrbBRA L O €XPr €SS
pro-inflammatory cytokines; e g tevy et al ., Neurosurgery 39 (1996)
823-823 found IL-6 and IL- 1f3 expressi on i n neni ngononas.

Cyt oki ne- i nducGéleefrpmdvestorlsng Yetton2 cinhidsohreeb expressebA\dpe eevtatrer or t he
SPLAZ-pronoter will be activated in tunor tissues such as 20 nel anonas,
prostate tunor fb]ika dder ca,rC| nonas breast tunmors and col on tunors. They
are therefore ﬁ'é?r PYPEFIY biggfiqns grealso greferseds poration into constructs
designed to drive the synthesis of desired pol ypeptides. They are

especi al | y advant ageous for the treatnent of squanous cell carcinomas |ike
head and neck cancers. O course other acute phase protein gene pronoters
could be used, including 25 pronpters of C-reactive protein, fibrinogen,
serum anyl oid protein, conplenent

LT




factor 3, orosonucoid, alpha.sup.|l -antiprotease (antitrypsin) and ot her

i soforms of  SAA. 'Pronoters of genes encoding the najor APRs (in humans the
acut e phaswo963adee anyl oi d As [ A-SAAs] and C-reactive propergpréoasdis) are
extrenely responsive to such signals causing themto be nassively induced
during the acute 30 phase response (Varley, A W) Proc. Natl. Acad. Sci.
USA 92 { 199S) 5346-5356; U.S. Patent No. 5>744,304; U S. Patent No.

5,851, 822; Kushner) L, Ann. NY Acad. Sci. USA 389 ( 1982) 39; Kushner) L,
and Mackiewi cz, A.) Disease Markers SI_M@?) |; Fey, G H , and Gaul die)
J., Int H Popper and F. Schaffner (Eds ), Progress in Li ver WO 001 63395
- 10 PCTI EPOO/ 03318 [ seases. Vot —9—( 1989 WB—Sapgders, Phirtadet phi a,

p. 89). Consequently tor 1 é’_ng.&éLtho aal €Nl 1o be ysed as

i ndi cators of the abchinteyic@D40aCHOAl | ViIDRcurri ng apid-wynt heti c noljecules to
act as pro- and anti eag s. The hupanp, - phase |serum
anyl oid A pronoter Elhﬂ{;m@b&]#@ha zﬂ%w. 5—¢+ UEE rfé&hcﬁ‘l—&l‘—e{—m J.

| mrunol . Met hods 20\,ch1m99ﬂ04pl;@@30 Hrd2spAA2 promteéferqnsadescrl ed to be
active in inflamed tissue and can be highly activated (by factor 70) in
vitro by nonogyte _conditi med as by IL-1Q 1 L-6 and TNF-a
L6011 nithe o Getart i1 O A Gombist eB anE Y MM E 0BT ept or  ant agon st
(Uhlar et al., J. Immunol. Methods 203 (1997) 123-130 and Steel et al., 10

Bi ochem Jour Pﬁ'k r&aiﬂyﬁ ﬂr%?e%)eﬁzp the ¢Orhbinalibn bfthk ¢h {c dBH&NEPh vécfbrqaﬁx wi thin

t he vectors agco nvention a translation contro ment within
the SAAD 5 - UERIZ Hhr! GF&W%*‘%P'{?&‘@I role in m)dul ating A-SAA production.
This elenent is a cell- and/or tissue-specific translational enhancer. Its

efficiency cowld; rﬁ'ESI ze é\%p cgﬁﬁgﬁ&]g 'tngeitftﬁ@cﬁeéo{'( 'tﬂeaﬁrofda&ﬁo%r ofls%cfrr}%reké

activated or syn cytokine trea uence of
t hi s enhancer vestassrapd of somgpesiipnsnpreferabl va mcwm#@og@p&em coxﬂaa@#r& ably,

the enhancer {ighugedrs. fl‘hstphhxlﬁmhhtiwl Wrﬁlbbsttféﬁs AreSA¥ed oL BPVIRD and.ift-vivo

downst ream of _t r eam e enc roduct of
interest). Th&¢ %ﬂ&g{ ?g?{gtflﬁ °r\kﬂ| cﬂ 'iegt"belngf’ Péod%gl;s of ﬁﬁmqgenteh%r Bventi on
is a prihot ertrmmmﬂchcqosdmertq the inventigmit hwag| fotmd ﬂmmvmtbrammta@dng ithesues but

whi ch is specifiieat bbﬁmmm eHe hﬂaérétHETEérﬁfi)l 26 thed AYO pidindterRE phéfasae. A
muri ne squanous, carci nodel systemto show

The. funct! onalid PRBIREF Hapeis gt or {5 Bssirpany éwrﬁfssws%er o s

expressing preinflammatory cytokines as it is already described for human
squanous car CId”';Qﬂﬁﬁxer &fen%%nmoqimérﬁrof tﬁqﬁpern‘ﬁbﬂ,(}kh& @x;srlaﬁmm\é&aiesl dmosther ef ore

nmeans a prorm t.he f.unction .o oo vvh| ch is
her of or 6 § natflF Bi-0rdige 1 ydmwHitn sir CSeedhior bt PereR Lo R A ens. t he
SAA protit er wihdthd preteinsrof e Bikid3 GE.- 2 fntethéukin- ik(lés@éand/at Interfademt i cal to

the sequence g Bhﬁ '@réﬁéeﬂ; aRtrREorshAR) RInQBRt Ghith AlRRrdir&die Sgreférawe foy oot er s
whi ch are code é uences which 30 hybridize wth D'NO 1 shown
in WD 98/ 40506"%3&}“‘§t"f“’|"ngent conditions and have the ability to act as an
expression control sequence inducible by cytokines. WO 001 63395 -11

PCT/ EP0D1033 18] hiveRbbASGrthtl Rohfligs & BEleimaitahl RE el CQAELANWith RANS t hat

two nucleic
expression vector according to the invention and a process for the production of a

20 chimeric CD40/CD40L polypeptide according to the invention by culturing a host
cell of the invention under conditions promoting the expression of the

CD40/CD40L chimeric gene and presenting said polypeptide on the surface of the
host cell. The transfected host cell can also be used as a pharmaceutical agent.

The invention further comprises a process for the production of a modified human
25 tumor cell containing an expression vector encoding a chimeric CD40/CD40L



fragments are capable of hybridization to one another under standard

hybri di zati on conditi ons described in Sanbrook et al., "Expression of

cl oned gene® oom3ses coli ™ in Ml ecular cloning: a |aboratorgrmrosmbis( 1989),
Col d Spring Harbor Laboratory 5 Press, New York, USA) 9.47-9.63 and
11.4S-11.61. More specifically, "stringegst conditions" as used herein
refers to hybridization in 6.0 x SSC at about 45C foll owed by a wash of 2.0
x SSC at 50C. For a selection of the stringenry the salt concentration in
the wash st eppelapeRside safiacopditionsin whishié CORPISR b qlyPEPtlsis seGused 50C f or
| ow stringency the taherdell And preséntéd G the@kxrfice bf Aidikelst ri ngency. In 10
addition, the tenperature in the wash step can be increased froml ow
stringency conditions at roomtenperature, about 22C, to high stringency
condi tions) alBourtheschjectioé theeinventiondiera dhiraerdopelyprptiderencosled bata nuekeior onot er

pol ypopt ] de. ¢ hs a1 1, BeviRiond Wiiatin e Xfacilap AR B, CBAOIES Lo
of the struct ﬁ?’&fs‘sg%fﬁ%mii‘t" ‘lcflfé ﬂg?@s"‘% g\‘mf"i‘léﬁf@ i?reﬁ'ﬁ%q Qt)é‘ﬂ’t‘f‘ﬁeélgﬁ(i The
readi ng dir echnd/or tife imdiellidardiotidin pHCHAEcasHS of smirlonaids 216-ART bfieuran t 0 t he
3" end of a Djp 19aql, yApwnst ream neans everything located in
3" direction on 4?%(&%{@%%95&(}??'%2{5 -strand and the term "upstreamt neans 20
everything located in 5 direction on the DNA-strand. Signal peptides
(signal sequeaAdasthercstgecessthe invehtigraistaamethodrfsrithap@dbetivntofar copgpmsitiond

pol ypepti des i . £10 . I . pepti de
and which ar elglgérf%%%lgé gﬂ%g‘fagg‘ﬁ‘%lr‘r"g%‘ra Fﬁﬁéﬂﬁo&%{:ﬁaﬁgk t9 Igr}%&s] &’g%sg{'?%&nﬁmsdygnal
sequencd0 has & delneamprisingshpudeiq acid peconding i thy inkendionacharactarized Ry tha | east
25 one positi vg éfashti@c alid b&drding fotheiiVeRflbn 85h estéiftial Edtstituedf oft AR si gnal
sequence is a _stror Ing hydr ophobic part of 10 to 15 residues and is

descri bed, foforgg%l% , by Nunnari) J., et al., Curr. Opin. Cell Biol. 4 (
1992) 573-580 and by Glnore, R, et al., Ann. N Y. Acad. Sci. 674 ( 1992)
27-37. Pref er prehiled DearinBeR bf 8he Inhflop Ne Si gnal peptides of CD40, CD4OL or
TNF- R The signal peptide 1s cleaved off on integration 30 into the
rnernbrane of the target cell. To determ ne whether a signal peptide is
useful for thé piemeter @lspolesigngted de aneapreshionycerdrdl regipml aseordimg & thehet her a
fragmengs or nMafiehtiGRlsl @HleAtoddN® ShadAL acid WeEiON WhidD@iuseb 2hPelpeRH1 63318

pepti de of or F- R has the act.ivi 0 he.si gnal. peptide of
respecti vel 3%3% G"grl\g‘e?ﬂﬁ:-trﬁ?scflﬁgorbd??e@ﬁ&f‘eﬁ?é 5&?%88"%’( B}agsas[%f}ﬁtgo?f epi t ope
t agged CD40/ COSeA kY. Usicl expressioni comtioh megienst wsebliyd cdngaif AfBannenlr¢giéors ansli ng

anti bodi es ag?i&ﬁ&teﬁéhi@n@ﬁi %B%trax@éh){ti&l £10@ks ehreEleR h bihd? ERReLsidhunct i on
will allow de ectoa}m:éocell surfsllct&/?ié xpr.ession of the ta(s:Js ed_'CD40/ CD40L

fusi on prot ei AT WePALS Tredls ipg ofjagtiyating of rgpressIng fagtors. Any - ey
Genet. 232 (199@nlabit-r6din at¢vadiGP40Lthe dnmeintion df undersfoodiasm gegiars whichner i ze

and) ther ef or g,auehdelBipréSioh AGe {&539&85%9%@&5& BRYA dn 68 Ahé BHERLGH isWhi ch

causes acti vat |,on]aof eceptornedl ated sighal transduction inthe sane
manner as a t PRYAtedi vating CD40 ligand 10 trimer in a natural system To
determ ne whether a fragnment or nodification of the binding and

trimerization i r i : VAR & .t he

bi ndi ng and t g?%f%ﬁ %‘ﬁ%ﬁ@n‘)fgﬁé Lﬂ%@g?%ﬁgﬁﬁy@%t C X‘%’h%le&)%t_h

functional i t yeRhancing ecloments K dWedagMinunal r prognqterst psh @eteardn forohsis is the

lji gang fzgr CDéén stxﬁl_&tidﬁm‘;g Heseribddo s eddmplan €0ékodaB., leeall, mtlegi.f\hc‘ﬁzims.qan ]E)e )
one eter - X I I t4.Qn | S. of the

pri nci );;al out odrgrgjsé%P %B{?ggasfi g%%f_%ﬁﬁ%ﬁ"@ﬂ‘ﬁbh; @ﬂl%%% ién’ﬁlgfrgagel S

expr essi ng CDPiosuoter pefubin ts/expraseipm yediord acqording ito she iientipmeiontains at

modi fi cat i onsldadter BATA Wok,Norfeedrk Sn X RiteRinkE-NGpohae ddnenta(ME)dRdrRert er gene

plasm d (e.g. pNFxB:- CA re the CAT-gengn I} ed a repeat of
D0 Tour Ne- kprBrnitRipess B Bt Bt s R NP, SRR S YsPoBRAY ' 5
Exp. Med0 191s4choodY I 3RE 8951P1Ubechibindingsites wsually consgtafd Pel2 nugleptided90)
1975-1984; angh MuM CREs 20! BRcHbdd, 19 9kainph Tn TRAWHE! €. NARNFOKENEAT i S
descri bed) and determ nation of the reporter gene expression (e.g. by
CAT- ELI SA) all ows the meassurenent of correct CD 154-nedi at ed
transactivation of CD40 signaling. 25 To determ ne whether a fragnent or
nodi fication of the transmenbrane and signal transduction domain of human
or marine CD40 pol ypeptide having the activity of the transmenbrane and
signal transduction domain of human or marine CD40, the functionality of
CD40) or CD40 with nodifications in the transnmenbrane and signal
transduction domain can be tested. This can al so be done by determ nation




30 of NF-xB activation as descri bed above. Coincubation of cells expressing
CD 154 with cells expressing CD40 or CD40 with nodifications of the

t-r ansmenbraggyassd/ or signal transduction domai ns plus a pErofs®rter gene
pl asm d and WO 00/ 6339S -13 PCT/ EP00103318 determ nation of the reporter
gene expression (e.g. by CAT-ELISA) al l.ews the neassurenent of correct CD40
signal transduction. To determ ne whether a fragnent or nodification of the
| i gand bi ndi ng subdonmai n of CD40 has the activity of the Iigand binding
subdomai n of (C¥H))}37H444;BiftuPdH.i esrabl J. Nutof12€0HD9p 25 Shpgl., \s71 5245 Kaggent or

modi fication g, téi‘%l'lrﬂa]”@)rp.bl”% s REDTRIZG; WABeRotRSRA, et Bli, LefRN @l SO

Coi nounat | on oL shb L8 ﬁ%} sbv e oHASHR 7o U836 B 0no B0 o oo

with a fragnent of or with nodifications in the |igand binding domai n plus

a NF-xB reporgge, %?&&t?} E%{%%n@@? l%&é@eﬁa eﬁ‘%te' eSlB‘%e%ust ﬂf‘alé n‘}&‘tQRrsL&{ aégDi”ﬁ

expreSS|on (e meass correct
bi ndi ng3and t&\@#@t‘ﬂ’r‘@&@*ﬁ%sé@fﬁ?@ét‘“rm Sreaegaloyirgn CM¥Y. Sish prametettc cor di ng

to the i nventdr@torstitutive prosicrend add thy Peyuite apkpetficihddingsegnall i vity and

bi ochem cal characteristics of CD40 receptor. Such pol ypeptides are) for
exanpl e, human or nurine CD40 or nodifications thereof such as nutations,
15 del et i ons Ryeferrad sytokine-indusiblepromotere gsefig dn theciavertion asohighlysensitie are at

| east 80% hongl Qasitfe 1h9ud@iéﬁ9€fhr@?49capbﬁ§ﬁfeﬁm mﬂa&rﬁﬁutmnt&ﬂ tbthé a&Rinl off ar

of the conputh prnraRe St i Uiy iy e AREEE 4551 SlUBR A% PRicoa aman

and Windch) Jexpidsdion Bf these c;t@k(nes_bam)eem&mndas seveyal tumcan&le gasquamans celldy .

g\gpgs Mr%]lt Pensctaﬁ@?WQ%t hof &2 Bgﬁ%%lmlan-[lgfagﬁd;@é@uw eank%sz#e%ldrioféwcr}:gp no
[ [ =

sequence of PTPERH %ftg‘?Q pRs Y HmYE BRRE ¥gf“?9$eve¥“glt}‘wg\%ﬂh h%

extracel | ul ardedaitedro @iprassllﬁgigamourits b?ﬁroamﬂamn&tomls:y(ol%oss, - K@e)r eta

hydrophoblc t a 20
194- 215), 25 %'m a cx}t §q 1@?}9}60 iﬁeﬁ”ﬁ“’%d mﬂv‘?n(ésr‘\o ggigeocf (Pos.
Frep 3

216- 277 {Swills oATAES 8&‘-‘1 andwré BRiiGlse other " 1930)
1403- 1410) . Tﬂamoeaxh:{\mbeéd ddsaribed aoreipress pro-irflannsdtbiyeryfolines,legg. Lgaatdl.,bi ndi ng

and for the t t I At o] h o

consi sts of tl\%}{rg% IB%S?%P aE% %%ndﬂogﬂds&bgoﬁg?nn\{g %Q%Q%(s bhOITB.I n).
Accor di ng to %‘H’@nc‘%?ﬂ%‘i*ﬂsi Srytoki xI'ﬁam duciple P&E’é‘?tﬁﬁl sHehgahdh Bre ef’G b%A‘%?nderst ood
as the full |sagidterdermihe) sPIOA,- ;&bnimstvﬂlase ptitatécdhéd aamor isswds aebisas | i gand

(CD40L), b nd' ngliréThgs, lg}cgépeﬁugxo H%gda'% Mag bq'gzﬂﬂ (ﬁs ?r(d gotf&pﬁyi&g am no

aci ds ('Pos. subdonal n consi s am no
aci ds (Pos. 1Pheymogihesefersmartiylarly smitghle for incorparption me@nsmlctz esigngg)

00163395 -14 B@lv&?@@s’b@ﬁﬁ%of delﬂ&ﬂ?bolﬁ&p?x@es They &b abgecialipstivaRtageous fa@ donai n

whi ch is nec r teric reasons. iti)o res an opti nmal
di st ance bet V\é‘gﬁr %/tﬁéengfﬁsﬂ PO o famgnﬁ’af ﬂfaehce% fm(gﬁer 5?:%‘:%%/\]8“ ch is necessary
for trimerization. The cytoplasm c domain nedi ates the signal transduction

of the conpl eyf thatke lothep adtte! pAtE Prdtintgy ehﬁ%&brﬁaterso&ulélbgnesledtrnama gigction is
nmedi ategd by the sQ cal

b1 ndi s 1§ esPRFE iDL EHoe PE"éﬂeyﬁ%w RSB RV DP O O | e el y
| eads to the factor 3aviosemuadoids atphewsp.i r-ananonewM@mtﬂmm@lasd qﬂrerx&fqrmSng t he
most  promi nenge g, tﬁ?@xﬁ@tef'srcﬁ%éﬁés eBEdd?Hg {tRGhH5SAPREn A0AAIME e Phae CD40
mol ecul e s 238egurg marrrlnglo?dc As [A %AAe]n %Elg I-\%\a/xc?ive protein (CRP)) are extremely

responsive to such signals causing them to be massively induced during the acute

30 phase response (Varley, A.W., Proc. Natl. Acad. Sci. USA 92 (1995) 5346-5356; U.S.

Patent No. 5,744,304; U.S. Patent No. 5,851,822; Kushner, I., Ann. NY Acad. Sci.

USA 389 (1982) 39; Kushner, I., and Mackiewicz, A., Disease Markers 5 (1987) 1;

Fey, G.H., and Gauldie, J., In: H. Popper and F. Schaffner (Eds.), Progress in Liver




10 21,111 Da) (Gi mal di et al., The J. of Immnol. 149 ( 1992) 3921-3926 as
well as Swiss-Prot.: P27512) and has a signhal sequence of a |length of 19
am no aci dwdm;;gsl 19)) followed by an extracel |l ul ar dorpgrikpadnezdigl engt h of .
174 am no acids (Pos. 20-193), a hydrophobic transnmenbrane domai n of a

| ength of 22 ami no acids (Pos. 194-215))j;and a cytopl asm c donmain of a

| ength of 74 am no acids (Pos. 216-289). 15 CD40L (CD154) according to the
invention is understood as a pol ypeptide with the activity and bi ochem cal
char act eri st i ddiseasesYl@L(1989)NBSair Phidksislphiaep.89)o Consegnpity)majomalR or

nurine CDAOL QyromBebes h&@tthé"iiﬁtehﬂﬁrt%q;e $3¢8 Qs iR LIRS abifl§ S AABANPT
substitutions. Pref eraﬁ dlf d CDA0OL quglt' des .are at' | east 80r6
honol ogous t o WEHFERS eRAHR 'éB‘eV%Cf iy aé‘?f‘f‘ﬂ?:"@?’l*‘?ﬂ’ﬁ“%l n. 20
The human CD40L pr ot e| n |s 261 amno acids in length (Sw ss-Prot. P29965,

= 29, 273 Daghem éa-r ,@&h%g} Jtﬁgﬁ gifma,o}e@mm bgg

am no aC| ds ( Sj
ani no acPds (t rI(’)‘FBP’H’ Megﬁgé 203 (tlgl?fl)c]{% -130g45¢ Sﬁ‘éﬁtl de)
(Pos. 23-46), piﬂﬂlo&hlsebeidhbedatdhdaatwe iniigfisadedniBslieand ran bohighly acdvaged|(bngt h of

215 am no aci

consi sts of t\c/%gdéslﬁ 5%&%@04%’ &ﬁhogg‘ %E&él%n%ﬁi ﬁ'ﬁﬂy L@‘Zf}jj%f’%} i ﬂin_fﬁ%’&-
trinerization QWi H-6pdk-181 mediated) stimplation 1Gan ebgy|bledk) o‘tYeJh’lha‘t«FeﬂOT

mol ecul ar dwei ghta gOhisSWHidpee all, heldm&hﬂﬂvﬁ@ﬁﬁk tzoﬁgmsr ?30130 an?%?iéﬂ&)a_ll s 260
am no agi,ds i n and starts wi a cytoplasmic region
of a IerC{Bth 0193%% %nrougwi\é?ldé%?é |9§%1)>'1-22), fol | owed by g s?gnal anchgr
of a length of 24 am no acids (Pos. 23-46) and an extracellul ar,

si gnal - medi at imgs AQRY ré¥brrad ke nge hnmﬁn wv&mr@qc@&u oP@%- indeinidf0) . The

rure T e ALUGERL AR T et L L 05,0 A e T G o2

el uci dat ed: Theoctulartuxgt GrSeMofPrQ@@nW@hﬁ dmait isonprelx ahdlor Biseye-spedifived from

the known hong}Qdeticnad Teﬁluﬁk&r fs Qfﬁc;ENEy Eoulld bNmediAeby bR r’Bt?acellular factor
crystal - tructﬁge det erH1 sol ubl e, extracel | u,i_ domai n.of the

oD4oL t fPmer (REpESHEE ess# de 85y it Rgioking treatment TR pequenga s  pi s
has led to t hehlmydhdncacdunmtng shawnini SEQ DNOL4 of Wi p8/4e306aReferdtdy, ¢hor e
medi ates tri m%BhZﬁ:H' i@'ﬁséafm %?ncdﬂ'ﬁ%ﬁl MQSJ@Q rJH’A'(StbP@ ecqggnﬂmhpéftthe? 6%

honol ogy. Human One may
i ntroduce the M%P@Féngﬂi’s&“?@éﬁ&ﬁ%”’%WB HthFB ‘H‘i@ i on ex vivo or

invivo into a marmmalian cell or a mamal i an host by any of several neans,

10 i ncl uding VﬂﬁtSAAztﬁl%Hx%fté?%Hlaﬁxs Wefeftbd X&BP&?}S td"Hh% 1p€en‘ﬁ§ﬁqs L%rérﬂ&t@xct hurman
and animal cells wth t recglé ant Eﬁ;@_ﬁ‘ a| n vec rs have
proved parti cdrhich ¥ Yfé’éf‘ By; pogin t'éﬁ“és gl" e‘d 5P?§‘ rse DNA
segnent s need antite ihénflanimareldibetchlsorih aumet txsuby\ murine sxiuams oarrcmana eeit

Lranst eot | on R IRESEONAPITRod oSl ABQTA B0 ER A nbe 5) or

DNA- | i posome co exes one corrp exe been
used to int rocﬂﬁgg e PAAZ gemateRgn 6P’E9§fsaij‘lpéﬁ§ﬂll$1 PS“} AR-ONh Fokip b#st'é)‘s with
subsequent pr aiteadyidestribéd for hainag bquadious Etcinbhagpr ost acyclin (Conary et al.
J. din. Invest. 93 ( 1994) |834-1840). An appropriate vector includes the
gene encodlng the selected protein or protelns such that the nucleic acid
or aci d®3accor of-hgremotenaceasdiag te Hig inwengen thezeforgdaeans ppromotey whish hapt i onal

control of a phéfinteén WEnCASAA pR6Mbie ahd whRHTiSthieRfore mcﬁfcmai# ¥ cyedkifuman

cells such as.th noter. the 0 r The
vector is int r;c') l(ﬁ%:‘c’eé? a]rP}'t §e ot an%eéla?\/g SR‘%? or?gt r8 ﬁeg%&g%r es
known to thosandkvhirleds |ewem¢vélyadcnhcshtq1ﬂ@ss sefjuergst Oﬁ ther Mhtamd@ro?A@\lA by
gene gun tech r&ue&r AlidRERITRA afeROSHRES WIlEh De cBilé DNﬂcseiludneésemﬁé}pn

Direct fu5| n, i t he. c er carcino

nf usi offoui ¢ h%é(h iy é@ﬁ@%ﬁ%%&%ﬁ?@f?@ﬁﬁ § eBkens ORaoR

carci nomas. | rand hpregheshiktt teady asidmexpressiomconttvl sagpence mmdiciblabyaaytaktirend t he
genes encoding IL-2, IL-12 and/or Interferon-al pha are bei ng co-expressed
on the same or on different vectors. This can be effected by nmeans of

cotransfection or cotransduction of two 30 viral or plasmd vectors which
carry both genes or of a single vector on which both



genes are present in coded form In the latter enbodi nent) both genes can
be expressed by separate pronoters (the pronoters may be identical or

di fferent woaosmpe another)) they nay be present coupl edperapreovn3isiBES
sequence (internal ribosonmal entry site) in the expression, or coupled via
a splice-donor sequence WO 001 63395 RGT/-EPO0/ 03318 - 16 before the first
gene and a splice-acceptor sequence after the first gene, that is) before
the second gene. In the latter enbodinment, in the case of unprocessed MRNA,

the first gendhephrase Shybridias)undey siringentecandisionst meprs thas dwo rudaic adid f i r st
gene woul d be ﬁag):hexﬁs@lretzuﬁab&r&htybﬂd@ﬁaaﬁg og@ﬂﬁawwnaemx{daa&hybﬁdﬁeﬁw

encodlng chinmer| uc C to the inyention repre
'i munol ogi cafo?fﬁg? Je&':é‘rc?fgg' g?’ﬂ&f gs"gf‘lg Expressign; of clened :ﬁﬂesb’f‘%‘f ifg M hr ough
CD40L, CD40 i Mhleskr alapingata lnbmb@ry ofangd- @989y CatdoSprifgatiarhos Laboratory

i nfl ammagi on- u»mlyqua@ ¥k, n@s&t@nﬂ%@ J@Ciﬂaﬁh@ﬁ%&@ mcaiﬁyr@ ndefffrune
reaction (Sto .1996) 4 | so

2
i nduces the Nﬁ?ﬁ??’?ﬁns“dd@f’ reb%lt #ﬁﬁomagl’brﬁbzaf‘ﬂ’é 180 51ssékﬂtc?P°PhéF§ are a
great number édllowed byrawdsh e 21020986 arm°(§ Ul aa&lecn‘imr of thetsatrgpencyl the 1)
IL1-fi, IL-6 QErhc-Q-}Eat?on ilNGe R g ﬁég{ %‘i @J;Rggeegga lé‘?rdnﬁ'\éﬁﬁt'z‘qk §5¥@ refore

consists of a nucl eic under 't Ssign cont t he
cyt oki ne-i ndu@t BPE farolemt gringency jte a&ﬂ“ta%a‘r'ﬁts‘&g%t th‘?i' ighhstsmeensit In hat |

af t elr bepng | l@&ﬁhbﬂ,&hb érApeatntdTin the Wikl Btep \cai be fidresed frofl fowi ﬁﬁhgmyat ory
cytol ci nes on e S cri.pne a ation
cascade, i. X‘#%ém;s aft%(%ttérkfergt)ﬁ%? %%uﬁezg G leﬁ?ﬁ% S&Iaré%e%?’hgondmor%t g)r gn t he
i nserted vect §°Gaccor di ng to the i nvention and the chinmeric pol ypeptide
will, in turn, activate the NFkB transduction pathway) at the end of which
there is the vatl,.on of, t he pr.onot er s_effect, can be further
enhanced by | 108 PheSTRT dha Fentf  BRctet, R ms T ISt ine PRESHN nai ng
sites for prordati\deaﬂwrdlabpﬁ the ANAeEncoding ithe desinetl polypeplide that Nilows the e. g. )
the regihgn fr ?%mé}t@pt& EfﬁaZx&l YOdirdeD Bar¥oABtitH 81 e RfrubturflBkde bi'thel glds\bAual

bi ndi ng sites M \H/ %leg multinmeric form A gene therapy agent
according to t Slunder st ood to mean a phar maceuti cal
conposition which contains one or nore expression vectors 25 according to

oo o on ISR ShofrmAnstalooghubaiil st S0 ST
contains at |dafid &%%ft&ndt 3&&1‘?{5} “%?"hoﬁ’e%‘?sr ervthipg gﬁgﬂ?sé?étem as
an adenovi raI directionr oor thes transceibed\DNAtstrand tord. the terme Hupstseam“ eensel | very
system 9? t he Ydrfing6GEEATi geciiref%ﬁox%n HDRAREERged CD40/ CDAOL gene will
cause a local or’sy tem ¢ 30 1nflammat ory response in the tunor and/or in

the tissue surrounding the tunor. In such cases, cytokine nobilization
caused by the Shgial peidet(siginl Gkqudnees)l eiré \eeefeyﬁdlapsgat bf enentbrawe-boundubr | ead

to the pronot ! C i u at

| east a hundr g%frggdnepgﬂgg t?&ytéhlgﬁlaﬁguceg %gg{aﬁg ﬁ 3&% %%5’/"6%3@

PCT/ EP00/ 0331 @okypeptide pad which arespraenssed afier o5 duging wnahferamﬁm@fé@prby* u5| ng,
e.g., retrovi rsighal\seo;deﬁwl)as&tlbuegth ‘of idut 18 @hA136 adfin®¥cidOind/tdnddingfrieast r ansf er

o S 0 e R S R B,

are) for inst arst,renglv évdr@phtrha@eyt of A9 ta Hparesidgespangd is describash fqr expmplenley
Synposi um 8 hin®h8 gy, e€dl., CUFFROpHI. CelRBRL at 199295&3\193(}% GilhmBRsR S al). . and

Patt ersun, Ra - §SS0C ated virug (ML ghl in,
J. Virol . MQ%‘BA? é@@:;,)sa éﬁgﬁﬁ??fg)égga?’f%é as‘ eplyde, are the 5ERE} © one
Ther apy 6 (19%ptnck&a£(113&) CDAE or TNE-R.The siggal/peptidstis eeéaved offon itRegratiammunol .

5 ( 19838} 305)ntokhRvihBRbRAPLE the Mgt ickils (Rasmussen et al ., Methods Enzynol .
139 10 ( 1986) 642) or viruses fromthe group of the Herpes viruses, such
as Epstein-Barr virus (Margol skee et aL) Mol. Cell. Biol. 8 { 1988) 2937)
or Herpes si nmiloedetenntine whethee aesignahpeptidd isusseful aoe the ehimmerizdpoliifieptide

adenovi r al veg&&mﬂgwkﬁe flveRtidiCorrRkth&i0a #3ghf Y %ufﬂzal&i‘ of el GgHaP |1 i ds
(e.g., DOSPER) wth ADV as descri bed by Fas%ender A, , J. Biol.
Chem 272 { 1997) 15 6479-6489 and Dodds, E.) et aI J. Neurochem 72
(1999) 2105-2112. There are al so known non-vi ral deIivery systens. For
this, usually "nude" nucleic acid, preferably DNA, is used) or nucleic acid
together with an auxiliary agent, such as, e.g., transfer reagents

(l1'i posones, dendroners, polylysine transferrin conjugates (Felgner et al.)
Proc. Natl. Acad. Sci. USA 84 (1987) 7413).




20 It was found that it is possible according to the invention to create
and activate tunor-specific T cells which are cytolytically active for a
very | ong maydomsbeef tinme. The conbi nati on of CD40 and CD4AQh/Ereqo3gssi on,
preferably in conbination with the expression of I1L-2) IL-12 andl or
Interferon-al pha or in conbination with @&-therapeutically active anount of
IL-2, IL-12 and/or Interferon-al pha pol ypeptides 25 or 5-fluorouracil
further lead to a synergistic enhancenent of the |evel and duration of the
activation phasetidsf ofs@i)go pPUADIE:-R pat thej astivitycef the signplepeptidp 96irespsetivelyay be
adni ni stered ED4YraNE-Rythe 6irétd celf REfabpRbson bfypabpetafLedTIHAN/CDEGL
preferably for. int rattum)ral i nj %%tilg)npg&g aplglegiseru%gl yanitlrtl,%gifpeaad &nscal‘i(peck
cancer (a squ&‘fb‘ﬁ% PE%F'InsccﬁPcl?en en%afl. ot e repar 21 10N O0F° J&Th i Nj ectabl e

30 sol uti ons, epitepevOolyignabpaptides with propefun¢tionoyillialow sletsctablgicelbsitrface h

phar maceyt i Calex% &idn of O GRAICDQ/CDLMARki6n BYdttiRi, CTHiS metholl iElefieRBibPr
preservatives. PCT/ EPOO/ 03318 are) for

t WO . 0Ql -
exanpl ) wat efarv Y )C%%QRIAS‘B@WQ)’“@#(,@?%SOJ;)'P ‘erably having a neutral pH

value (pH 6-8). Pharmaceutically acceptable buffers are, for exanple,
omposi 1 ons e QPN ATHIE! B Bt Il pend Eifral d N NRREIAIRGE thd C2l
stabi | i zi ng ad@Fanaolecylarly; h@“%ép‘g’, r?feEﬁoér‘?%Pahef’PPﬁﬁ aguation g&rggeb'gr-t y
agents, salts niediatéddgnahtraméductionoih the samie amiee as al transabtivatieg €DAO ligand
Ia]ssgstgrg'n_t ain other therapeutically val uabl e agents.

ant i oxi ggnt s. Fheyi ke

Sui tabl € preservatives tor‘use in such preparations include benzal koni um
chl ori de, benzethoni um chloride) chlorobutanol, thinerosal, and the I|ike.

Suzj_t abl e 3uf f arosie_wniir&osbhtdwerlac&aiggx_emcérdnocﬁﬁcﬁtiumomd u@miﬁ@sﬁd:md@éragqi&onat e,
sodi um and potassi um.bor at es, sodi Q i um.car bopnat sodj
acetate, sodi Sﬁ{"ﬁifbﬁ?ég%‘ﬁ%?“g dénﬁ’“f‘ﬁgn‘F?E%}: Q‘la%]atggroalfgfqg’asogf%?cﬁgﬁ{n%t ?)#drrai ntain
the pH bet weertrizigtizatiopdogaimef Iptmap orpputing GBAIL, he eetiorghgaf thaCP13hd pH
7|. 5. Sui t?bl ebﬁ%@iﬂcb&ai&&ﬁﬁitﬁm&fo%aﬁﬁ?@mm iflm): ligknd! foROD40), ordﬁﬁiﬁ@ﬁghs .
gl yceri potassium ori,dg).. propyl en cal...so oride an
She 11 kdS) sht ehRas G B ettt GhTRERE6y tFlnaitati i o NBRRASH  TO
sodi um net abi dastdri whichsiedingnefi theopnindipal eoutqomes afeGD4h digniléng) i detivatigni t abl e
welt ting ancziBZIc%&ﬁcng%ﬁt?; aﬂeénjtssex'%::@ti lems;,ymerc_ntaisa_ &thec&;msembatz?a&p) ! ug
pol oxamer ,y. an oxapol . Sui Vit SCOSI asi ents include
Hoxtran 40, gdeRpimor mPoREtioRs V&?wﬁéflhm%&ﬁ"f%‘?@i@um%a%ﬁpﬁwgr opyl
cel I ul ose, | agetd plpsomidi(hg! pEF-KBHOAB, whtte thetGAST-generis cqrotalied by lagmpeatiby col
Bt he T e, e e L e Ne T 1 g
i ke. | | i -

(APC) and |t EFPgMh 1OBRG0bP TSt PR, NPy & ok Gastorte B FRE) b1 R1
upregul ati on ehd ARG, ScAIDENS (1931 9874502 bdesint pEIFAdt-Codt is clesasibedd7arglir f ace
eXpressi on andefebmihatisy U MRS réporterBerte> exprkiSh N2.g By CATLLRAN Ali6ws hd he
i nduction of an effecti vg antlgéﬁmr 4.es&onse. At was bg@nd a'tl.hat t unor
cel I's from badRfassyranedy abepsisst 4-rogdintedd fFapsacyvatign oT GDALHBNANBE | ation or a
dramatic | oss of CD40 which may account for a tunmor escape nechanism by
uhi ch aghi vat af dhi el iURE & 33bAG LRG0 0F 2 Bafinh ot hhd ard WprbMO"
cells any Iongt;er. 1e potentl ﬁl of the su stanc?s aq%gg gn&hto the
i nvention 30 itnsdystien Aemain of humar armuring SHYA seolpsRtidehaving the sviy of abl e
transfection alie famsdidnbraieogrRdignaCMdAsduttisiDdomain| of (ingn, oramafina o4, cel |
carci noma cel |y |¢ne.|j I ' t ¢ ld- 1)
the neo contr ct)lf ; gxﬁgn%g&o%@@é3%&191(%@%?12?:{3%’%%%#%6’&% tr}{\ﬁlén?ﬂ’té?rrgf?e ﬁqcv
proliferati onsigapldransductipn daeraigsanibs tested: Thissem glsp be dorshy fgtrrmingtion nj ect ed
S.Cc. W Bb CDARF NIKB/httivatien as desgfibdd sbané. CoiNubafdéh3BEMs expressing CD154

with cells expressing CD40 or CD40 with modifications of the transmembrane

and/or signal transduction domains plus a NF-kB reporter gene plasmid and



-19 PCT/ EPOO/ 03318 reduction in tunor growth conpared to the CD40-

w I d-type SCCVII 'or the neo control. In contrast, CD40-transfected cells
i-njected iwbeoeaske m ce exerted the sane tunor grow h ki pet/epooassighe two
controls indicating that immunoconpetent T cells are necessary for
anti-tunor activity. Hi stological analysis of tunor explants S from CD40+
tunors reveal ed predom nant infiltration of CD4+ T cells and expression of
the CD25 T cell activation marker. These changes were not detectable in
control groudstermimation ahiheenepertescgene ¢xprgssian (e hynGATEIIBA) allowsethepopt osi s
and i nhi bi tiQes@irethi® dFtSréck DAL s@RaltALSIUcHoA.UNDr cells In accordance with
the invention, the vectors according to the invention can be 10 used in the
control or treatnent of tunor diseases, preferably in treatnent of

vascul ari zedl'd determgne Whexhcrasfa@meinsoambdiﬁhaginmfltlhtylimﬂéotdm@subdmuam of the

Rl vi dual T ot e B i D e for
viral vect oré“f%onigtg’ fé@@%ﬁ@la}\‘ﬁb@’f oanﬁéﬁfae‘goorlﬁwg‘ﬁﬁ a]?‘ﬁ on (see
al so Ki kuchibiading bubdoidair-tanmde tésesdeTHis earaglyo HeGlope bQﬁ@t)erxﬁﬁﬁﬁeriLBB?E -xB

pref erabl y 50:;20in -8 JIaB6td QR BEadA efil eltfie B SCOBICWRE SR 2P €
vol unme per injection_1s between tors are preferably
f or nul at ed |W$S§%FP&9@.5&Q4Q| withy A pagmentRf Qfdﬁf}amdrfgamsla b Heamds f er ed
saline, pH iddiag dobdagd plusfafl NFBofeppiterogene plashrfidir asd detbdmingfiorlbf thePr oc.

Natl . e ad. 'y ﬁ&ftﬁri%ﬁ‘e g}ﬁ:rgssx%ga??% n%'lég'f EH?%\C}%JOWS'\% %kls%re%ﬁﬁgtl gt c%rr%gte 20

preferably fo conposit sones al so
at a pH val UeD#HIL indiggand &fefethﬁ@ﬁﬂlg# prrrest CD40 gigna) trapsdystion. Ce| | BI ol . Hum
Dis. Ser. S ( 1995) 6482 Thi erry, A. R) et al.) Gene Ther. 4 ( 1997)
226-237; Gao Gene 1995

o Bl ol - PR hesBraifi RS i witepdod sy palypebtih vithyBg sefiers, 1
(1995) 314- 3@11;1) biogleriTiad fiuracemtstmssofbﬁé}‘l@rabm}mt rSash epblypeptideshare, fexy t hat
1-2 injecti oBgmpR! hWﬁﬁK il ﬁluﬁﬂm@lﬁ)t 6F GfbdtH a6 thetedt QudhNgs HidtRiongVer a

e G U e M R

exanm ned andhomélogmnse ts aymarasCid0 | praferably pogtsn bite, intiecelwlanrdanmin.enoved. A

therapy regifggmo ta'&éo?diﬁ?“t@ the lerRBh! dahUbAteterRiARY ARAE WY hik seBRECt 30 to
inproving the results of

era ecayse after post-o ive treatnent, a
sufficient n eroPTOBTATRY E%qusBWqﬁ“l ?@T‘V?rF‘%QF ap'é%ﬁ‘tnl.‘o%ﬁqéleﬁa’ésaﬁ‘ gi cal
i mruni zat i onWiuasalnl,I Molh&mbu&(1)970)144a 4531 Srink aied Whrarman y AbpAppleMatls @ af t er
the reppval @B\t 00/ 63395 -20 PCT/ EPO0/ 03318 tunor and therefore
cytotoxic T ? are for med whi ch are capabl e of destroyi ng netastasizing
cells and cells of mnimal residual disease. It is further preferred to
adm ni ster tTiee huday Cidalmélegubcis 20N aminmt arids iplleirgath (MW ef 3056 1963a)i andt he tum)r
and/or in tgﬁaﬁg xglltl‘p hidrgéh&bhcem%ﬁﬁr&gueﬁw' Eyleﬁ%t!h%%9gnﬁn§Ms ﬁseﬁ'tlbszal

ng to

agent accor reac tundr cells
but al so ot hiooweshbnt amextrarellalar demain qfgdengtinph 1 714|a§§a%ac1%<f1’°é>@9n1@ Bha

fi b][ obl azt fhhym@ﬁlmbft&%ﬁmeﬁbﬁﬁb|dsnﬁfn sferleligth bfzzzcaﬁhins acid (P. fmzﬂsy:][ .
pretere ? d Pr 8£>la§r81c cﬂ)('lj’!{am %{erfr%m S?% an &?ﬁi@ n?fé mt(% 58 e

phar mecCeut i C accor e 1 nven reaction

on the 10 tqut RIUR cendeStpmerdioxicr ¢tea., |T<beaﬂl\r190 i 61982 148-Hdebrkdiei shed by

means of , f OfxtR ¥R orhae 3d résb&isrmé fée' ﬁﬁtl@ﬁa Klﬁ&ﬁﬁ qwawes)the ﬂ{ee&?ur e) or
ar nace a |t eg in and

by in ectl on o I

 eCo ol nedietsh ERE e ot el S Rler Betusfufarins sitdbaRin T Ron ey be
i nj ected as biodimgl subdomsinniand stalknsibdemainhgdntosding r o they invention,uthsr s,

post - oRer at | Y@daYellult AokddiPls t6 DéaildeRfoolos TS hfNMehgth! dbmai) ca a@ne%&eisr ed

enbodi nent of t i ai |cal agent
accor di ng top"trha’efeﬁgé‘ﬁ’t“%bo % 15%@@%@&? fh%gg?gggkﬁ gemeBctor for
| L-2, |L-12 comdiswrof bidwrlDeroimeiqidsaPos. 2063@0), and ther stalk asbdomaadionsatst and in
conbi nati on :ﬂﬁu’f"ﬂ’q RERGALE R D3 D& oRfihd Y4 BYjoRdth kt-al2 Prbieint27and/ or 20
Interferon-alpha. In I's case, the vector-containing agent is adninistered
as descri bed above) whereas the pol ypeptide is preferably adm nistered
systemcally. In this connection, it is preferred to adm nister the

pol ypepti de before and after (inmediately before or after or up to 12 hours
before or after) the injection of the vector-containing agent.



25 Table 3 shows the preferred adm nistration schene for the adjuvant
adm ni stration of pol ypepti des. WO 00/ 63395 -21 Table 3 PCT/ EPOO/ 03318
Pol ypept i ded bg/638ds5i ons per daAnount per in'ecti onAnmount [IT/EP00/03318

dayl L-21-20.6-2.5 106 units0.6-5x106 unitslL-121-21-2x104 unitsl-4x104
unitslinterferon-al hal-20.5-1x106 unitigf. 5-2x106 units 5-fluorouracil is
adm nistered with 12 ng/ kg body wei ght per day for the first four days of
the tunor therapy and with 6 r‘rg/kg body wei ght on days 6, 8,10 and 12. 5
Accor di ng t d1997e 59aX0erheostalksubdemainpiora demainowhish ie mgeassaxy forf teric DNA and

to avoi d anyedshhd. thsa&nilﬁaﬁgu&&% @hxﬁahals&hée%e@weemh%mmgchdnmce

pr ei anamratog % ﬁ Eif %Piless on V\/? on the other hand would lead to a
sti mul ati on 288 theesllsikasei HRSHRETE °’tH"5f‘F?éPnt i ssues but squanpus cel |
carci nomas. Such endot oxi nfree DNA can be produced according to WO

mine. ot | Ml At yP e (PaR LAY the Gkl AN SEMEORPRE il ip; [T
whi ch voul d ¥% grragerézﬁv@bt%snaﬁmséuer% ﬁ.nm?s wid b éhepf%é@w

adenovi ral \peoteins S(TNIBR Alseciatefl eEdced),t whase sbinding sites ghhd docattedg it itBsues or
ot her organ r.d Add iy t A | {1 ment
could result %y! #%gmisat Hﬁﬁgﬂloﬁc éﬁ ’gﬁqu&{n%ﬁﬁut ﬂlﬁar%rtl(j"[qzii]lr %93@0}1%\?@??& S
stinul atory tfyr!e@mtlenf%?tmﬂ zﬁﬁ -6B . beingnthe mgacpromingn efathesse trapssriptiery by

ei ther tar ggidislg. THe anble Msamsrﬁxﬁeoctmmmbﬁagemm hidddtis$n RhgthUMW-=speci fic

gee a§pr S350, %, R A 1Sl BPLN oY 98| MG lenthoal 1 03t or

reagents is easi ple \M I"Cient I CI't |C|ency but
tunor speci fSwissgirotrdi2ZP12) ané hawmgr@blsmuemaﬁndms&l obH1% ¢m1néél§'o§1ﬁ (Masi on, this

i nvention wilig)hauewed eﬁtanleﬂﬁa&nuland&xhﬁntdfeeare tof 294 Aimihé ABIAS (PA¥EL ast ases

gencs. Tho dUGO8) IR EPERG FaR IRt BIA %%ﬂéﬁpﬂﬁagﬁﬁ%fwagﬁfi 0T

hi gh-1 evel , 19@-@@)5],a!sdaﬁgopl$§mlemrnahI0§'a lengthif B4 eshinspacisls $Bas 216a289)-t unor

speci fic expression. Therefore in cancer treatnent regl mens usi ng vect or
ectlo opti,mi ze ,the results ,due to Iast and

i ghertS anou Aok Bl e 5E e dvenfiag b bee Fra Prifeg the
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homologous to human CD40L preferably within the extracellular domain.

20 The human CD40L protein is 261 amino acids in length (Swiss-Prot.: P29965, MW
= 29,273 Da) and starts with a cytoplasmic region of a length of 22 amino acids
(Pos. 1-22), followed by a signal anchor of a length of 24 amino acids (type II
membrane protein; without a typical signal peptide) (Pos. 23-46), and an
extracellular, signal-mediating domain of a length of 215 amino acids (Pos.

25 47-261). The extracellular domain of CD40L consists of two subdomains: the stalk
domain (Pos. 47-119) and the trimerization domain (Pos. 120-261). The mature
glycoprotein has a molecular weight of 35 kDa.

The murine CD40L (Swiss-Prot.: P27548) is 260 amino acids in length (MW =
29,396 Da) and starts with a cytoplasmic region of a length of 22 amino acids (Pos.
30 1-22), followed by a signal anchor of a length of 24 amino acids (Pos. 23-46) and an
extracellular, signal-mediating domain of a length of 214 amino acids (Pos.
47-260). The mature murine glycoprotein has a molecular weight of 33 kDa.



A further preferred enbodi ment of the invention is the treatnent of
non-solid tunors -of hematologic origin |ike chronic and acute |ynphocytic

| eukem a, woRbkisbp! € nyel oma, chronic and acute nyel om cptemkemiss | N the
case of these nonsolid tunors the treatnent will be preferentially ex vivo.

This includes renoving of tunor cells_fisomthe circul ation by

| eukapheresi s, transduction of these tunor cells ex vivo by vectors
according to this invention and reinfusion of the transduced tunor cells
into the pat ThﬂthreéSdinhEnaxondtslmdtuwsf G40k hes beeanddaddated: Thadbriucturs ofl 0

described b S Ki kuchi ,
T., et al. YE#%B‘; eraggg %eg) a%@%ﬁé%l&%%o}égﬁﬁen?oggél ng the
vectors accoftEHey et‘lf ']EIﬂ%Ri hv B‘ecr?% Frssugiuge ﬁte{rﬁ@ag%@ iner. The
fol | owi ng exmimﬂle&)trarcdimreim afude IGDMOL etimar (Kappusds, dddl et )., Sirdctiifeed

under standi ”Qlfgb fd%?-lg,ﬁ@s”?ﬁs hmwfmh%o&e c&rdﬂ'% 18 fich Bf)ét‘ﬁ?{rﬁﬁ |8 Set

forth in the 'S un I ca |ons can be
made in the m%é&mf?résmgmte&r BrrtlﬁlzmwheﬁPDdepHPmaﬁgCIP%md rauringi G40 of t he

i nvention. Fihibit 7698 G8Mmologh HhErARd CD4OIOmmmuﬁﬁ@CDﬁONe:ﬂﬁblﬂsﬁ%haﬂﬂlo;é?f sion B.
20 Fig. 2 describes a CD40 - CDAOL fusion construct) Version A. Fig. 3
describes a CD40 - CD40OL fusion construct, Version B. Fig.4 shows a Western
Bl ot with pcONABaghaodue the misleicacidsegments pesordingitosthel inyentiomeX w¥a ed i nt o

HEK293 cel | s;aggo ShR 2 eshmivhilinacdIOs10f Inddthaldit hcﬁ@@?f%yaéft &eb&QYm@éx{seCt ed
against_the 25 intracellul a

ntr CcD40
P ol o% R aReter BetohechiSt oy Ypcitry Hit Deased iy oD Homan B on B
bands at aboatiml célls.with theGleddmbiDarit PYA; c@tain @bev(r@l vecpyy ha® pro@M0 (1.6

pg); 4 = Conb&‘ﬁkul%@use%eﬁgwgal Rébtors Sre r¥f@1rr§d @Tc&x(sQDNPI éeg)nentz nged/ €7 Sion B
30 (0.1 pg = version B WO

= versio
001 63395 PCTPE‘F*GGPBS%&CS injq quiﬁ by a¢virg) vector: Birgs em(Afe%l%B "ﬁ?@)q’e petformedyr sjon A
( 1.6 1tg); B elecwepsiation,Bgénel ghinf teghniqidsg.oB BINArKp@somien comnplexesf forct i on
anal ys of (g%ggg, 9@%33& |
pc DNASi%D40 %‘4 h;ﬁgéjg?ﬂ% e%?%%iieeﬁ%%%sté’n ﬁ\%\%ﬁ g(ﬁcrgx re%%q“«lagct ed into
human 293 cePT%taalﬁEdlpé%’PtéEPefIB?o rehlitse 1y é*eaﬁer(tcm dystion of prestaglandm |y
Fi g. 6a showsE2nnidnpréstacyelit YQohirpret addal]y €lis. uiveﬁDQQL(/lmﬁ}Oldfmsus@m) @anst ruct

version B. T ne and
bonAs: coto PR H idbaRd A ﬁ*?%o@%%%%é‘%@”b% sl Prbtcf 3l

after transf é@t it npeleis acid pr p@éﬁ accadiag g ﬁheubmn@enflérorzerew@ﬁﬁ tlaenen

t est edaf or CAdnR¥Pli&ES citrol Of @ peHmEle Whichrs hdtive it hniriliah| pnf@m} si s of

CD40L/ CD40 f SI on nstru Fohbans: it CDNA3- CD40
5 Coa0L al ofimah g Re EM‘*MSWPE SReteptERY 4O Sl B SAl g e o 203
cells. 24 h Zhe wectarriningrodueddgntamhest edl by o gmmk@r@épme@we@m 24 h
and then testeehdserskifled ifXREé @%§ish as direct introduction of DNA by gene gun

techniques, liposomal transfection or direct local injection. Direct infusion is

25 preferred in the case of bladder carcinomas and infusion with an endoscopic probe

is preferred in the case of colon carcinomas.

In a preferred embodiment, the chimeric nucleic acid and the genes encoding IL-2,
IL-12 and/or Interferon-alpha are being co-expressed on the same or on different
vectors. This can be effected by means of cotransfection or cotransduction of two
30 viral or plasmid vectors which carry both genes or of a single vector on which both
genes are present in coded form. In the latter embodiment, both genes can be
expressed by separate promoters (the promoters may be identical or different from
one another), they may be present coupled via an IRES sequence (internal
ribosomal entry site) in the expression, or coupled via a splice-donor sequence



Animals: 20 Six to eight week old female C57BLI6 mice are delivered from
Charles River. All animals were IVC s with daily rycles of 12 h light/12 h
dar kness WO®HEINg to i nternati onal guidelines. C57BL/BCHERNNPE syngeneicC
to B16F10 nouse nel anoma cells and used for inplantation experinments with
this cell line. Female syngeneic C3H HasN (H 2Kk) m ce were purchased from
Charles River, 25 Germany. The mice were between 8-12 weeks ol d. Fenale
Bal b/c nu/nu nice (20 weeks ol d) . were obtained from Bamhol tgard Breedi ng)
Denmar k. B16P#a1s the%aﬁca%ae agd p spb%eaceeagorgsﬁmcq ﬁﬁeg%a@ﬁ%.sen@h%m,
m ce(H 2b). befoi® me|sea>395gena41npmt/1&moynﬂﬁ»a&ﬂenmeim thiei qages of BAfrbdddseouse
mel anoma ceI Q% fa e 4 Yred g.f DVMEM
Kﬁ uld' Vﬁ %%105/88%'“% PproAtbaGHRi

(Bi ochrom Lt ﬁmante a\g oyi ne serum ( PAA
Labor at or i esgengyop “& ﬁMl“dg‘P%%eé‘?ﬁdrﬂé“?@‘H €reagi f e Technol ogi es) MD,
USA), 1 5 nmM sodi um pyr uvate and 4,5 g/ 1 glucose. The culture conditions

" per £ RESG%E%C?% BfiAh 3?%2%‘% e Mol Ehe it don Eéffé*{f. tting
twice a week»mmiegiabm P%%ﬁél‘"é db%taﬁ Wéav’@ﬁaﬂ*wtbnéemhrfss}sﬁ AW cul t ured
i n DVEM ( Bi oChroindutd.a, grédhumbppdfesstiinatitory ftols) Wffagintdtichandueingzer um ( PAA

10 Lab t A
i ﬁe"LSuSL@S‘féﬂa&@k{%H&&? angr*{ﬁ%t&*#m“@@é%?w‘gw ol N RS9 2
J. Cancer Re39daya7((19359487- i%?CQﬂis%Wd“@ﬁfdie NEKErnspction patlyeiayi att i on
Resear ¢h 104tl'(e ehQ BB hitk theérd aarwtgreat mumbaeofdﬂﬂlamﬁma&fnqnémmmsatﬁ ad, fone (e.qg.)

CT26; Xi ang) bei ng
CD40- and nees h ﬂ ] ﬁaﬁ ?5%&&’%%@?&%&%9 ISP%E%Q?G BCO Life
Technol ogi es)heéftﬁfﬁlc%%ﬁ‘& ﬁblﬁﬁrlie%lﬁéafldméert ﬂvéf@assp@scoespbddhﬁu fe
Technol ogi esgytgldnd-inidutible proshoset.r kel ampadvant(gRaxt his [Bntbgdinsdnt abatCafedrd, DE) .

This cel| 11 Qég @?:geﬁé;ep%oQ%uﬂéﬁgh%&%dgj%gie%ﬁx%flpﬁéﬁﬁmr} @;%élé}?es 8??]?“" es.

constructs an ecti.on usi on el n:  1wo ver5|ons
of thel}usi off plittlesxisntniiinduses,anautaerine\astivatign cagscadsy ieprfing iIRlapERaerY conpri ses

t he CD40 si goyadkipspivilldinduaa tio pronhotérl op the Siaskried \teliler axtdr&ﬁgldouﬂmar part of

mmunogl obul e aF 4'?’&3?2%’5{‘%4}%2‘3‘*8‘*‘1?*“KS’&%“R&%‘%&E&?E’ e 2

64-123), see'™RpdReion FaEMERICE thoerd ofgdigh thamsds thgaglvatien AREE(PEORAFS part with
t he resi dual Thisrdffae &in4Be Foberi enhgmad Rgys insé?ing Arto( thengndking-ind8&blerur i ne}) .
20 promoter the binding sites for pro-inflammatory transactivators, such as NFkB or

NF-IL6 (e.g., the region from -190 to -78 of the SAA2 promoter or only the
individual binding sites), preferably in multimeric form.

A gene therapy agent according to the invention is understood to mean a
pharmaceutical composition which contains one or more expression vectors
25 according to the invention as essential components, in an amount needed by the
tumor patient to ensure an effective treatment. Such a composition preferably
contains at least one vector together with a non-viral delivery system, as an
adenoviral vector or as a retroviral vector. In such cases, the delivery system or the
viral vector per se or the expressed CD40/CD40L gene will cause a local or systemic
30 inflammatory response in the tumor and/or in the tissue surrounding the tumor. In
such cases, cytokine mobilization caused by the administration of the
delivery/targeting vehicle would lead to the promoter-driven production of the
therapeutic agent at up to at least a hundred times over its uninduced basal level.



b) I'n conparison with a), the extracellular part of CD4OL is truncated

| eaving 30 the as position 120-260, thus omtting the stal k regi on of
CH40L. WOoUMSBE3395 - 25 PCT/ EPO0/ 03318 Version B: TRCHEP®03I1HN conpri ses
the CD40 signal peptide (aa Pos. 1-21 ) fused to the extracellul ar part of
CD4A0OL (aa Pos. 120-260 (or 121- 261 ofithwman CD4AOL) --~ conpare to Version
A-b) which is directly fused (without a linker or with a 5 short |inker
(1-30 aal/ e.g a 20 as linker derived fromlgD hinge to a truncated form of
the CD40 (aaGresstherappofspmaticaklsfan bracomopl (Shfﬂgbme)r)g e.gheetrovisal deq@eset i ng t he
CD40- CDA0L  bothe ﬂ@aldxaafatsnmotay obMQiralTgene ftransfer (ddSFvdntaN Tl r9dehée 244

human/ hurra_n g;gg ﬁ% W%?Qn Rio3 B & B%(arﬂf da 8 %ng{‘g% The construction

of the murin riné chitner1°c’ construc S |s i'n"‘éxanple 1. The
fusion of the different parts of the cDNA constructs was perforned by
standard PCRv&&shmtqmeSmtaBMos gereaheapyas, foelinstanesd reyovirepsgMulliggnt he

resulting P t. r t h pc DNA3
(I'nvit r%gen 89&@ i Iﬁ%gl %&%&;{m@ I%txo? ng%h%%egkss?%ggvhg IS)NA %r]ansf ection
of HEK293 ce(1+1§£ s J. camc} Petaerm eds) M- 189 Raveadiresh audetzfgeaﬁ@csatfdmmET"'
ERoch?a Di agngfn:n% mlxﬁmwmm}z (@988$|1§63),nﬁe36ﬁ1@1@ésl (zhkng nga ebLaBrtdaz@érl : i pi ds
non- | i poso r t Lometry t,bodj e S were
characterize ﬂle{ar?é'% (5%}2%15{0‘%\9’0 Ccmiav'm oss ﬁaﬁsﬁ? (<';1ﬂceS[r?lanrl‘kneo?:gD by direct

i mrunof f uor e@@éﬁc@%bweepmﬂ@mpermﬂia@muﬁm@ ebnMathade Enzimradcl¥nal

anti bodp es ag®Be)SE42 b Girushd¥roh tﬁlrlgl%lﬁg oft}ﬁﬁm es)mnmllﬁieh ak @ﬁmlh BaffD54), B7.1
(CD8O)) B7. ngllc[@@r olFag {glc el Iﬁaﬁ) Fae?sxm e‘?‘(nvclI Fast,
CDO5L) or tags g ?—lﬁ fag, use erm-ni t he
CD40- CD40L 2 owe\sqradenm’voueqsmmeerr@mo cD4oL” ~e) The correspondl ng i sotype
controls were used for determ nation of unspe0| fic bindi ng Ant i body

bi ndi ng was ed Ol t enper at d by
washi ng and ??ﬂﬁ’ u CF%Z)“&'?Q&%%? Pt ﬁfe)c'zp L CRT ﬁyca%bmf)g ldsr\fg’v ivo
experiments: DQSP é@l"i@dﬁsrlbedbbbﬁﬂab@@eldh-ntd I:(Bﬂfdéihetﬁatzin)ﬂ%?f) 5 x

105/ 2095 pl  sphoL84808RUBbIds( B., & -a)., Ji NedrBéheiri. ght19p9) w0281k of syngenic or
athym c animals. Tunor growth was quantitated five days post-inocul ation

three tines a week using a calipper. Tunor
There are also known non-viral dehvery systems. For this, usually "nude" nucleic

acid, preferably DNA, is used, or nucleic acid together with an auxiliary agent, such
as, e.g., transfer reagents (liposomes, dendromers, polylysine transferrin conjugates
(Felgner et al., Proc. Natl. Acad. Sci. USA 84 (1987) 7413).

20 It was found that it is possible according to the invention to create and activate
tumor-specific T cells which are cytolytically active for a very long period of time.
The combination of CD40 and CD40L expression, preferably in combination with
the expression of IL-2, IL-12 and/or Interferon-alpha or in combination with a
therapeutically active amount of IL-2, IL-12 and/or Interferon-alpha polypeptides

25 or 5-fluorouracil further lead to a synergistic enhancement of the level and duration
of the activation phase of said tumor-specific T cells.

The compositions may be administered parenterally, using, for example, injectable
solutions, preferably for intratumoral injection and preferably into head and neck
cancer (a squamous cell carcinoma). For the preparation of such injectable
30 solutions, the vectors according to the invention are admixed with pharmaceutical

inert, inorganic or organic excipients, buffers and/or preservatives. Such excipients



WO 00/ 63395 -26 PCTI EP00103318 vol unmes were cal cul ated by the approxi mately
ellipsoid formula: 413 x ~t / 8 x (length x width x depth). For the
exper i menwe oomsssibcut aneous i nplantation of in vitro AdefiR¥dirsndOL
transduced B 16F 10 nel anoma cells into C57BL6 mice, the B 16F 10 cells
were seeded 5 into 12-well plates (Falgpn), 4 x 105 cells per well. Wen
cells were adherent vectors in appropriate dilutions nmade in transduction
medi um ( DVEM wi t hout suppl ements) were added to the wells. After
det er i nat i onrepfor syariiple.ovaterprledwlsopolpdls, glycerbl, pefarabinbaingadnevaghpd _
CD40- CDAOL" ~g,1fidI 631988 OPBdr id€eluBicdly aEABRbRMVMYS aFe, for SatPR, Ey&pnate‘,e! Is in a
vol une of 20? pl \Agre m’g)l:lrt?n%ied.sul}c.ugg‘?egus into |ateral, 10 a%gsom nal
wal | . For t hi% 5 BResAlAe dhffece sthivce LoihdIr RBPTASEHURRY RmROHE™S MAASP gr owt h
was quant it aredaihi presaidys agersts,- toxisiy | agenton stabilizieg tagees wethieglkagerssng a
]g:al i pler 5 EJ g’elarimghyﬂgageae@lrv@sc Gigbrd, gﬂﬁmrgta@tvmo%mlmh% pﬁés&drp,s OIt d y
or mul a: X~ X ..l en X W X de : anpl.e nstruction
of expressi oRuiiIE o rant tf'giheﬁn@a’f\/@tsﬂo??g?a‘rgegﬁ&:st-ﬁxﬁfﬁ%‘I‘EﬂXO‘@i’(“ggrsi on A
and B) mari negehtsmari ne fusion constructs: (nurine/ human and human/ human
chinmeric constructs were constructed and tested in an anal ogous manner) 20
The signal peptide sequence of parinhe CDAQ conpri sin m.no igs 1 - 21
wns anml 1 i oSbEREREIERTRS fonase Byt RESoRon: PR RIEBRPINE P
Kpnl - rest ri cbersetheniven chivmidt, ahledibytanpls thimarnsdf andhtheAlke Suimble todfesn and a
BsmBl gpd a HRL Horit &Rid] ls6dibMNarkd g&taﬁfun& BRarbon B Isfurt RAd Rt g
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nucl eols des cldorids puditherifje.tSuitabiieaBloxislaot anid stabdizers dichyle sedjumridwmlfisé, mCDAOL

HonG1 11 51 t o SR indlibifdite a0 il SlotiaR@iaE li RRSHE 16ARgS @

corr espondi n@“cff)l“t‘%g?gg’ﬁﬁﬁ‘%@‘ggm%rgﬁf g@ﬁ%‘.”@?éﬁ%ﬂ'}"ﬂ%%gggg‘"@he 20 as

| gD- hi nge r etylaxapaeleSuitabletvisoehity értraasing hgent' indnde dextrain 40, RERXIA,rghgemt . | n bot h

?as es the d'ot Bi)@?m RENUIGE, gmrbﬁ??tﬁﬁgr@yp(halm&%]ﬁnlallﬁn,}(ﬁl@tg 'celﬁ‘xﬂﬂg,OI thet PCR
ragnent s w st op-.cadan dir .upstream ,The uescript vector

(St Pt Byeney biladari Polr ey Ristaiedh by alepBt ot VIS paRFmEPIESEOR b1y a)

pepti de was earboxymethykgsHulosqandithelikand t he PCR fragnents with the two

different versions of the nCD40 gene were cut with HndllI/Xhol. In
3-fragnent n diate.constr

pBl uescri pt l gﬁg%’%&ﬁ%"%’%&g& & ver §P%n§resﬁ%rtfgcfn§ (‘%%CQ)) aneflni(ﬁs B@Inﬂescri pt -
Si gnal pept i d@DAOIcmdp ¢clle exrta e promipenpiole irpthg uppegplation oh ARSdunctions.
These include the activation of B7 surface expression and IL-12 synthesis, two
25 proteins which cooperate in the induction of an effective anti-tumor response. It
was found that tumor cells from basal and squamous cell carcinoma exhibit a
down-regulation or a dramatic loss of CD40 which may account for a tumor escape
mechanism, by which activated T cells expressing CD154 are not able to kill the
tumor cells any longer. The potential of the substances according to the invention
30 in inducing an anti-tumor response can be shown by a stable transfection of a non-
immunogenic CD40™ tumor cell (e.g., a squamous cell carcinoma cell line like
SCCVII) with such constructs. Wild-type SCCVII, the neo control and CD40" cells
were indistinguishable in their proliferation rate and morphology in vitro.
Syngeneic C3H/HeN mice injected s.c. with CD40" SCCVII had a significant



10 The nCD40L binding and trinerization domain (aa 120 - 260) and the
nCD40-L stal k plus binding and trinmerization domain (aa 47-260) were al so
obt ai ned B o@eR9anplificati on using pcDNA3- nCD40L ( pcDiRé&3/Erbd/d3zel oned
nCDA0L cDNA) as tenplate. In each case the upstream priner introduced an
EcoRlI-restriction site followed by a B3gBl-restriction site followed by 5
nucl eoti des corresponding to the 15 3'-end of the signal sequence to the
5'-end of the PCR product. The downstream priner introduced a Xbal
restriction seduetiomirnt tven®' grewtl compated tPER CP4Y makt-type SGCHIIBetBE ne@st ri cti on

site i medi ak@ﬁdolﬂ%%&xﬁ?’dﬂ, C-Blﬁ-t{'ﬁﬁfé&tzé:l @alsﬁg&tﬁa JOPERIGS nifed gx&!eertﬁ_d into the
EcoRl / Xbal sites of the |I|.SK+ Bl lﬂ?eSCI’I t vectqor .BgSt r at aﬁsn%. A | inker
lﬁ.tl PI ;m

derived from PRE HRHEEOVHinsticss the o copirals i thag pp REER 20 above)
conpri sing 20 aHi #re newisdy famsntotureraetvityyHis@Rogigabdnialysic of tugror wsplangs 2

over | ?pgl Pgl ?lldngdcszdb +el%§do§|§$eveﬁfci Iﬁéﬂ@f | lnﬁgarﬁcﬁ’nﬂtg@bﬁ e?fat{)_hger el BAA Wasd_
inserted foll owed, by si;te.foll owe ucl eot i des ,corr.espondi ng
to the 3'- en&xﬁfssqu@fglbeg‘?ﬂg 'ﬁfﬂﬁﬂ"?’glgﬂ&@ﬁgﬁ%}}&fe ?qﬁ%geéw-e?rﬂft gfte‘fthtge | gD- hi nge
fragment a Ximkemstrelegrowgs tunmirs.cchimerhs \aitonding B3 thidl ingéntieon i induwd i apbptosis upst r eam

The resul tingnf{ AR ofiRe PREfertRAGSte ifuthdr RAISECORI / Xhol sites of the
pol ylinker of the IlSK+ Bl uescript vector. CD4OL (aa 47 - 260) and CD4OL

{aa 120 - 260) as well as the IgD hinge were cut out from pBluescript by a
BsnBl di gest ilnnacandhnct edthcthe invantior, thgwetrs hécgatingdto thatinveatisw cBsb8l cut

Phe Bongl - oi (2 o By SR OF realldl of (G3) A, BRI o FHmALS 20 150"
289). WD 00P¥Y gked ot Chs despief ﬁ@OPg%%@r%g%Fém°WfE%ﬁfmﬁ%

pBl uescri pt -<asvgnatitheptdedinits 2a6DA0 bf (@mse) fitted @B} individual eequir&bd@s (ver si on
A long) 5 - pBl %ﬁ&?rbﬁ’:&icmaﬁi gnal PROT perablCDUBLe (f&ﬁl 144 - v?&@r)s -js hi nge -
“verst on Al SHBC10’ TP hsectig a0 10 g ANARBistfase tsed st oRBuehi A58 260) -
hi nge- 16D40 (Hhenai GeneBFhefdpy 104999CDATH- 1583} ipoefergdn 668-20£ pge DNAYingeetlod r om t he

Bl uescript veglohSiriWe B! TH bid VOB e poPinfRforsiy B&e |dodnl NE
pol yl i nker o? prg;DNAB ECI ontee h) éA, 10 UgA)l)nﬁ?n whi ch the tusion genes are
transcriptional regulated by a CW-pronoter. pSAA2-CD40- CDA0OL (Version A

and B) were OOnbvecust ﬂdpbsjeratéyrfmnn@tadfinhmbarﬁatexgiedeo@pmimmxﬁgg
'EEur ope?n g‘p b%tafe%_ﬁ?gd sﬁ%l%@gfjitﬁ)oﬂw_lbhﬁérk of! ﬂ%ﬁ&gg@?ﬁ@& M, ki ding up of
e protrudi ends . w enaw enzyne. - sl on genes were
exci sed from %@Rﬁ%ﬂcbﬁ%‘ gﬁhoﬁgvfbyi%ﬁ%s) ﬁﬁ%%% G)gs%?'b'ﬁ‘,rﬂlgecf?{ PBF ot r udi ng
ends wele bl pntfeblyjorulaialinpabgrmacadtiat copgtosition with dipesoeebhlsmat agritied
frag {re nt ts wterv@luk bgakcesi(&%hkggh&@%gc AV oY, €1 Biol f ﬂéﬂﬂb{ﬂh Ser! 51(19%0?40- CD40L
constructs usi on genes are Junde ol o onpt er.
PSAA2- | L2 mg‘ibﬁmm&?ea‘ ygF'é 1 “‘%H@ @%gée%’%ne %A%ﬁz €hy Not | 20
di gesti on) an#995nZH-732n4bddllal,/Be et 4l2 BeDNRELAA( 1395 Z; Enepst, DEA.eet abyMPICR usi ng
primers w th NNoi fro@er(199%314-BEIPNA3- 1 L2 was constructed by Boning the PCR
anplified I1L2 gene into the mammal i an expressi on vector pcDNA3 (C ontech).

PSAA2-1L12 was constructed by removing the Cat gene in pSAA2-Cat by Notl 25
di gesti2on. THhePatiensunipreferelly drep@d immsachpa vap fthatHle2 linjdRioneper wegkaarat el vy

anplified administered directly into the tumor over a period of 3-10 weeks, which induces a
cytotoxic immune response against the tumor cells. After that period, the extent of
change of the tumor is examined and, if necessary, as well as if possible, the tumor
is removed. A therapy regimen of this kind is of particular importance with respect

30 to improving the results of therapy, because after post-operative treatment, a
sufficient number of tumor cells will still be present. The presurgical immunization
results, however, in a cytotoxic immune response also after the removal of the



by PCR Their transcription was coupled by the use of an | RES sequence from
EMCV (derived from pl RES|I neo; C ontech). P35 was anplified by a 5 -priner
with a NoMQa0gié3385 i n t he overhang and a 3'-priner with ZCEEPYSIIBe in the
overhang. EMCV I RES was anplified by a 5 -priner with a Sall-site in the
overhang and a 3'-primer 30 with a Xhebkesite in the overhang. P40 was
anplified by a 5 primer with a Xhol-site in the overhang and a 3" -priner

with a Notl-site as as a Xhoal - |te n the WO 00l

PCT/ EPOO/ o331@rﬂawr41§'§*§f°“rﬁe°taﬁm eell arertp aa%?e‘ﬁ@sh Wercél”(‘ﬂ?f‘e tawez:s into

pBl uescri pt (nBitastdsizipgrel)s andh cals ofiminimaltrediquaNdisdaseand Xhol . The final plasmd
pBl uescri pt - p35- 1 RES- p40 vvas then cut with Notl and the fragment cont ai ni ng

p35 and p40 transcriptiongl Iy cou Ied b 1 RES wa
PSAA2- Cat i ndtis Sthsr prefrare é‘(ﬁgﬁ\ll M‘%‘%g’t%ﬁé‘ﬁ*ﬁ esoy
subcl oning t hnetmaﬁmbREﬁd/pAm tgemmm':tasmﬁ dtettembr ovhighSAAR's tHchzxarmatoeutlchle

manmal i gn exBE&ﬁ%Lc%Pdﬁ{g?& e uE’Jé f&%&nﬁcﬁ%ﬁl th@‘gé{u %oxq%fl?'but Adenovirus

vectors (AdV) are constructed oni ng g e expressed into an
Adenovi rus. t 10815 pen-timerabrellsAf 1 termeR Hhe qrr?éaresg Jagty RaERESS and

regi ons 10 hdnellogaisadsitic delie Adenovi rus genone. The AdV transfer vector and
the AdV genone are linearised and cot ransfect ed into 293A cells (ATCC CRL
1573.1 ). There t hey reconpine to formAdV 5 \r,%g can b packed into
viral particl Iipts fpxiher papfarsed thapprietatoe duRiRg o1 1Efé B Eftes Reministiation © E}Fe regi on.
Thi s del et i orpharnesetlticali agerithecoediag tade ravenatdor, vhedhflamikirorylhesctido vnlect or s can

only bgg proP%?ggm%ﬂf’b%E}ﬁ&% Aﬂig 1953%%?%?ﬁ1plx&%9(§§&9§4ah§ Y"*szCh are

stabl e transfec by shear e g gene

products in texamle ! watwsntv RGN RIESHETE.COMPL IEEEOR @ éleer ucted by
insertion of phb:enmicel agmﬁnetealphnaluae’éﬁthim ahd omnthp eioNAP of IR Burfid4OL i nto t he
Adenovirus transfer vector p@Bl-AdJCWS ( QUANTUM Bi ot echnol ogies Inc.) from
whi ch the 20 CWS pronoter / enhancer and the gl obin-poly-A site _have been
removed. Due T VeR@rs ageprding o theatsiventioasmay beigiscted @e Joypidatigns vath

expresssi on casasfat ragéntoripalPNABECTH Mot dkt-§ekarively it eumoiClode), &D40- L,
poly-Agite) ¢ n%@éni%mﬁl ified by PCR and al so the p@BIl - AdCWS vector wt hout
the CW5 pronbte hancer and the gl obin pol yA was anplified by PCR The 2
anplified DNA fragnents were 25 restricted with Pnmel (the recognition sites
were provi dedn b;prdftreedoanﬂrddmags obthegmehtifiCRhqvacwechniainthg phgahaeutiyyl T4- DNA

lCII 9?53; Th? Q&%o?}diﬁ 4 ﬂ{lslfm%ngl\SﬁQf)ﬁfe{ C&Pﬂd RnglAd Oe%cx %‘iodd b&tﬁﬁrﬂfrs ed by
al diges e rizatio ite an CO ansfected w i near
Gt g get oty e et st Sy L anp got cnsfectod v o Finea
( QUANTUM Bi otcemhinatiomnyivish lanpolypeptide\Cha3ig6 830 5ctivp HICTL-ZPJD/1@3& Mol n t he
293A thg t ra'ix?tfeﬁéro}{-e‘sﬁ:thgr I@Qﬂlsta?e GRE rv@&éxf @&ﬁﬁﬁnédﬁﬁﬂvisrﬁim%ﬁe%m' ne in
their overl app ng J%%I on rp t he navinus vect AdV- 0- CD40L.
escribed above, w ereas po ypeptlde 15 pre erably admmlstered systemically. In
this connection, it is preferred to administer the polypeptide before and after
(immediately before or after or up to 12 hours before or after) the injection of the

vector-containing agent.

25 Table 3 shows the preferred administration scheme for the adjuvant administration
of polypeptides.



AdV- CD40- CD4A0L has deletions in the E1 region of human Adenovirus type 5;

t he CD40- CD40L expression cassette is cloned instead of the deleted El

regi on. ©u@owed3ss t he E1 del etion the Adenovirus vect orpdBERNODIZED]I € tO
replicate alone. Only in 293A cells which contain the sheared genom c DNA
from human Adenovirus type S) the El Aand EI B genes which are essential for
virus replication are provided in traps and therefore the virus could be
produced in that cell line. The virus vector was purified via several
cycles of plaque purification and isbbie®d in |arge scale fromthe 10

i nfected 293A cells by nethods described in the QUANTUM Adeno- Quest Kit

protocol or réyL,e y Gah . al . [ Brotechnofl, 3 1 T995) 20(7-220.
The Adenovi rus;i‘(\)/lé%\l&gfipAdV-l L e%slm%(?ﬁg _Ar'/lglgf%tgeénal ogoﬁmﬁ'ﬂﬁpfﬁ%- Cmil(:))lé_l by
¢ - - OL.

usi ng the exprlession cassett da¥f pcDNA]
The Adenovi rusgivgect or AdV-I1L{1L2 was copgsnucigddnadnal o Sx106MifsD40- CD40L 15

by using the & ©55i 0N CassEire or pc - L C-.IZ T nst a 1.
pZDNAS- gC;’:D40 @Eiz@em‘ressi “I.[@EL/ecLeEs )i\'lé\wt}é‘?lgas M‘P\'_gﬁéﬁ_'é‘ﬂ&)g.w_;g]l
vectors coexpl bsefenop-tipba genes2wer e con® skl editby usfofg2xitbuxifs t he

expression plasm ds above) inserting an | RES sequence from 20 EMCV
(Encephal onyocarditi,s, virus, deriyed from pl RES| neo; G ontech) directly
downst r eam o ﬁ‘f?f%“'iaFl §Pd§‘é‘ﬁﬁerte§wbt 12 me/ weght P?fs‘E‘th‘i’rrf%e ﬁﬁif"é‘écond gene
to be expreshgdofiihd tneen thenapylaRE Fith éqog’kg Bodyrwtighhen payls 6; §, AP asdtpience. The

| RESsequence (I nternal Ri bosone Entry Site) allows a reinitiation of the

transl ati onal chinery and therefore an expression c ling of hoth genes.

25 Accor di ng{“tcg’%f‘}ﬁ tg %FFE'PYF&HWP’HE‘S FBPIEARE HyPs§ eequ?’gn-grfeﬁﬁﬁ’bmﬁeavoﬁ

pSAA2- CD40/ Gig(GibflirhateBAARcGiME06 el isué. L Tiis Acbil CDIcE4EihfdrhRatoy WO

001 63395 -3 | R/ C = 0 0-chi nera
R T LSRR AA e o A0S

weretransie,ctl ecte |ntoS wo days after |
t r ansf ect i orffd4dRle progiotedn giRenssyes but spupgausHel curFiRemas. Sugheendatoming yr f ace 5

was veri fi edrde\DN¥ sindrerprodueed adcemdingto WO O74Y113si ng anti - <CD40> anti body
directed against the CD40 Ctermnus as well as w th anal ogous CD40- CD40L
chinmerjic constrycts N-termnally ed with Fl.ag-tag,or. a HA-tag (naned
CDA0CIA0L " ~ g tiikeasmaRyjongasipe ﬁ‘/’!é%%gﬁ’%’?é?g Of e TE PLRPLAIPTY 8P | A- { ag
anti bodi es. iFfagowabiebs welt dsvemantell specificisy whith would reduqersisieefferss duego exani ned
Oroty D) - e, A kb of 3déhaviri e okl fh (el Wil B e
transcripti iabbeiione Gapes oBothsFeregs s dverar unes AddiiepelB fumoppeeifa

si gnal i ng. Teeatraatt éomid tresgltcins smtmiviinjectoin phehCdMbt-Cd@ed liinnema, t he
PCDNA3GDAOL/ (EXHEaéh) | FRAd b ARTES. WRinfor COLLRRST &t 68 2MilRdtle elgpOr t er

plasmd into ) . . .
targeting of the transfection reagents to tumors or tumor-specific gene expression

or combinations of both. Targeting of the transfection reagents is not yet feasible
with sufficient specificity and efficiency but tumor specific promoters are available.

According to the description, this invention will have great impact on the treatment
20 of tumors, metastases and minimal residual disease by vectors which code for
immune stimulatory genes. The use of the promoters according to the invention
allows high-level, long-lasting, potentially inducible/repressable and tumor specific
expression. Therefore in cancer treatment regimens using vector DNA injection it
could optimize the results due to longer lasting and higher amounts of the immune
25 stimulatory proteins in the tumor, the possibility of systemic treatment which
would reach not only the primary tumors but also metastases, and a wider



15 HEK293 cells and tested for CAT-activity after 48 h hours. Figure 5.
shows the results fromthe assay for CD40-CD40L cis-activity. To test for
the trapswasdolsygoty of the CD40OL/ CD40 chimera, the reporcerpridloasigi d

pNF- kB- CAT was cotransfected with pcDNA3-CD40 ( expression of CD40 gene
alone) into HEK293 cells and the pcDNA3, CD40/ CDAOL-chinera plasm d was 20
seperately transfected into HEK293 cells. After 24 h and verification of
cell surface expression of the CD40/ CD40L chinera both cell clones were
coi ncubat ed ftiarapedtic wirslond (histhehd@adandhanltipestosidgf due ©ATdwExp tasssidn. Fi gure
6a/b. show degign/results fromthe assay for CD40-CD4OL traps-activity.
Exanple 3 25 In vitro growh and surface expression of CD40- CD40L chinera
SCCVII) CT26 and B 16-F10 cells were infected with adenoviruses expressing
t he CD40- CDAQL ficthiermpredercsd embaeipoertent the ireventiqr Bsthe tgatment bf nenxsélalc e

mol ecul e SUC*Euxﬂérsa%# R¥inabiogfd! BM%HeﬁRée cHIbAW dhd f@&ﬁ@%ﬁ%ﬁ:@fﬁ@knﬁ%m or an

i ndi cator gene s 395 / EPOO/ 033 as a control.
The expl5 essi Gligple mye BV’én‘E TRIIF F“‘S?R‘fe CIQPEF %@i‘%‘“‘f‘éﬁéb" @Eﬁ%ﬁ%"s T 1 CAM1)
...) in respoeolgktutmrsyihe sleatmehewill lerprefaintiallgien mvpr’ﬁnemnluéespemeunqu was

char act eri zeqym,fULNfbm tHE G¥dulbtibh Bﬂe‘uﬁa’i:h@n’}ﬂs,Qﬂﬂm&ﬁbrpot{%ﬁ&@\’dlﬂér &fis the

i nfected cells was exam ned. Non- . viral. tra t]on S were seeded
in 6-well pl &XSWORY Yeckpshasepsiing 1o, this,ippention|4n /rwe?wsmfeo rfge rapidyced

transf ecti ontumonpdlf datoi tha patientp Sudhox meethodi, Mking g&kdNEatisfd dfr GIMLedst | on
reagent;o( ROCQ@SCRD@@WQ&%Q? alebdjm 'Bﬁ)est ir(he(ﬁ?és@ r1?3’:3 &ﬂyﬁk&éﬁ%\ﬁ{ i 6 was

added to 100 _E, Seru I_nCubat ed f min at room

t enper at ur e M%&ﬁnagt*&?f%&%’c%% 1P¥531%§&M HsrEnent klsiﬁ‘ﬁethﬁ/a‘éec‘ioﬁcubat ed
for 15 mi n atacooding teehpinventiongaabelpafbimed o thpyemeanarmet.he cells with a
volunme of 2 m cell culture nedium (DVEM 10% FCS) 2nM glutam ne, 4.5 g/1
gl ucose). For rg}@gl ent Je;{ax <<Easssr| n zgsssaﬁé he cele!s mﬁé@ t est, dég or gene
expressi on aflfigr foloymgs st G5TEtr AnSf ofE I8 g el ect ed
by additi on ahdéasdiggof dne(pmsclﬁnmreatwmrth@fruﬂscbpd_omhmh Js sétSforthiig bhesel ect s

Ior neqs marlg enﬁé‘c[‘ecla?%ﬁ)rﬁst"s' QRderdtSS P thit Hmohiﬁcéﬂo\‘xf{é’ &hOpd %%hﬁiﬁﬁlg deri ¥3d
umors in syngenic mc uno o} inetics o
the murine Bpg%‘ﬁé‘fﬁssfbfrt I‘Y‘%‘é?“t‘%)ﬂf“@ﬂgg' ﬁﬂ{mfeﬁé}ﬂfelgg "&%9,0 or CD40L or
CD40-CD4AO0OL chinmera, 5 x 105 cells / 200~"~I were 20 injected per nouse.
Tunor for nmat i?%:%dbfﬁﬂﬂ%kmi n 10- 15 days. Quantification of tunor growh
was perfornme y call per. am | e Subcut aneous inplantation of in vitro

Ad- CD40L/ CD40 transduced B16F10 mel anoma cells into CS7BL6 m ce 25 For the

experiments &g Bubcut ansbows 3 sshématicapmparison of Wersion AenAddeGidB.CDA0L
transduced B 16F 10 nel anoma cells into C57BL6 nmice, the B 16F 10 cells

ol | s Whre adfefent, wedtBrop SR ol ok eBuS Yo Ko mer 2y Aa enpt y

(control) and Ad-lacZ (control) in appropriate dilutions nade in
transducti onpggesli um ( DViEdhcplbHOTID40 - CDAOL fusion construct, Version B.

Fig. 4 shows a Western Blot with pcDNA3-CD40-CD40L chimeric
constructs A and B transfected into HEK293 cells and stained
with a monoclonal anti<CD40> antibody directed against the

25 intracellular region of CD40. Control shows pcDNA3-CD40
transfected into HEK293 cells. Version A bands at about 40 kD;
version B bands at about 47 kD.

1 = CD40 (0.1 pg); 2 = CD40 (0.4 pg); 3 = CD40 (1.6 pug); 4 =
control; 5= CD40 (0.1 pg); 6 = version A (0.1 pg); 7 = version B
30 (0.1 pg); 8 = CD40 (0.4 pg); 9 = version A (0.4 pg); 10 = version B



WO 001 63395 -33 PCT/ EP00103318 suppl enents) as well as no vector
(nock-control) were added to the wells. The infection was done on an

i nhcubat orwapo/@3IB and 5% COz. After 2 hours transducti oPCTIERNOMIBINAS I enpved,
culture nediumwi th its suppl enents was added and the incubation was
contiunued for another 2 days. 5 Cell -gurface expression was indirectly
verified by FACS-anal ysis of a tagged AdCD40- CD40L" ~g construct transduced
in parallel under the sane conditions. At day zero 5 x 105 tunor cells in a
vol une of 200 pl were i fptaiRed! SER4Gt Arfeb)s 12 1t gersigned d1.6aglodd mal wal | .
For this procedure m ce vBioa B1esig)eti zed with ether. Tunmor growth was
quantitated five days post-inoculation three tines a week using 10 a

cal i per. Body weight was nonitored three tines a week. General disturbance
was checked & Py. Turmorshows @rel Wisioe funstien|aalsss 19 CREOLARREG SRR el y

el l'ipsoid formul a: 413 xonsttuct. Kest for BiglabtivityVpIINK 3+ CDe@CD40L khd pNF- of

Ad- CD40: CD4A0L adm ni st r gt 0 i . 5 i.he F10 cells
wer e injsect ed at a dosea%q'%grrx&ggé&@i[‘%ga%{)6%%%%3‘%rlntlrér{ljo%ds&e??n to 16
days after tunor cell i rredsandt¢stad faCADSPrean(CATELSADnlerd8dnd B} or
AdCW- LacZ as a control were injected intratunorally and the tunor size was
nmeasured eve hird day,for a period.of .about, 21 r.esponse
curves with %Ygrgaerent cdc’lﬁ?:‘gsntaflanl _(‘Slrtlrso SHeUP aalnalyselsc.tog?é]?mf@ﬁ%b'fw% 1 x 109 /
50~, ~1} and conpari son cpnstoickivergion B.sTespnfpr itishesigrglingt PdMNAREP40per f or med.
After term nation of thecEspehim@&ittalontianl QPRNASICIHNG + PNPKH-CATRErM t h

expl antgd tumors and cheghefl,f Ol AGHNALEINT 59 Loer(QRepciOR2RM oA OM ¢ hese
studies 'the optinmal reginen can be established. -ce

_ MENOr y experi ment
Exanmpl e 6 was perfor ned Paelsowetienepin@ibated nfor 245 odethen tesied Her déére of tunor
regression, treated m cexpfesigihal | enged with tunor cells i.p. into the
contral ateral side. Gowh of secondary tunors is neasured to nonitor
menory T-cell response. WO 00/ 63395 - 34 Exa~rmule 8 Vaccination
experi ment PEg 6001033 3Bowh ag iy vitiee fungen caelisieof VCROLAGDEDAGIADA0L- or
AdC:W— LagZ_—transduced SQ_Q{At}ugt W_@?Loncﬁl |'§sWﬁ;ﬂaﬁJ—@&ivﬂFf:89ch§ﬂ@@40ﬂ?) b?'ndh 4
i mpl an in syngeneic Wi [ = Lunor st abl i she
accordﬁ%g to Exanpl e 4) r%[?‘ﬁ% a?% 3?1‘?1)2??@)‘;’%%? E)B&g\m(%% YHe e%? mary
tumor was nonitored to dresfesterdinig 2P esils rdch pfteri trapsfsetionHotia gell peaknor

effect. As control Ad- Chvde édiMddbatedfor Ad GNNd tiva £ésted ToAUCE ekpléshiber ent (e. g.
CT-26) tunor cells were inplanted, which should give no anti- B16F10

reacti on.
Materials and Methods

Animals:

20 Six to eight week old female C57BL/6 mice are delivered from Charles River. All
animals were IVC’s with daily cycles of 12 h light/12 h darkness according to
international guidelines. C57BL/6 mice are syngeneic to B16F10 mouse melanoma
cells and used for implantation experiments with this cell line.

Female syngeneic C3H/HeN (H-2K*) mice were purchased from Charles River,
25 Germany. The mice were between 8-12 weeks old. Female Balb/c nu/nu mice (20

weeks old) were obtained from Bomholtgard Breeding, Denmark.

B16 F10 melanoma cell line was grown in syngeneic C57BL/6 mice(H-2b).



10 Exanple 9 In vivo tunor growh in athymc mce In order to denonstrate
whet her tunor-specific CTL (cytotoxic T cell)-activity plays-a pivotal role
for in viwoowdasesr growth reduction, the Bal b/c nu/ nu sRGTBPO@O3AIsCe Strain .
which | acks mature T cells was used. B16F10 cells were inoculated at 15 the
sanme time pattern as described for syrmgeneic C57BL/6 mce. The tunor growh
ki neti cs were neasured under the conditions described in Exanple 5.

Phar maceuti cal conpositions a) Nonviral vectors 20 For the production of a
phar maceut i c&¢ll ¥me¥posi ti on 100 pg of a nonviral vector according to the

i nventi on ar B16K16 suYedelanbrda délls wWére phamed 8bm ANCE aCRI06478) dndeultiiéd: 8 ¢

sodi um chl or] h Q. 24
pot assi um di H%Mgéd @%%5%’3&3@&2; p%ﬂi ﬂ{% Qﬁ&oﬁp/hﬂaﬁ)mfmeseﬁ"?“ B \/ ral
vectors 25 Fbabordterigsr vehitrisi omMok-ghutashine f@bmhl@él&w}ﬁmﬂhﬂpoﬂs&b'l pFU

adenovig us vgm %dlaaﬁq@ma&ganw 8 ld&U&ntTlﬁrhultﬁreacoﬁQiuUHEale37§C mta PBS was

added to 1 transtecti e Roche s QrbH,
added 10,1 Ml bl Sk 205 G 8, SRR GRS, DAdnes

( 6- Car boxy- smsnyEl?Tprlﬁb@chﬁD@syoﬁhﬁS Gmbll, DELspbittingdwicop week. mi n.  at room
tenperature and stored at 4C WO 001 63395 -36 Abdallah, B.) et al., Biol.

Cell 85 (199 t 7 1 2 B th
et al.) I(Dr ot g‘%’ﬁé@sﬁ n‘?ieég t)ag’ﬁdﬁf éfﬂlﬁfpéﬁﬁg@ﬁ;’g @%Bcu(hture%D"%:D%eB? al . ) oSa
Nutr. 129 ( G&@@)om §IK), sepplanaers vithy J90) fuel beving| serumr ¢BAANat | |

Acad. §gi. %o%otﬁe%gﬁﬁinai}lﬁﬂg’fﬂ-éﬁ%me (Gibco - Life Technologies).

A murine squamous carcinoma cell line (e.g., SCCVII/SF; O’Malley, B., et al, J.
Cancer Res. 56 (1996) 1737-1741 and Snit, H.D., et al., Radiation Research 104
(1985) 47-65) and a murine colon carcinoma cell line (e.g., CT26; Xiang, R., et al.,
Cancer Res. 58 (1998) 3918-3925), both being CD40™ and CD40L", were cultured in

15 DMEM high glutamax® medium (GIBCO Life Technologies) supplemented with
10% heat-inactivated FCS (GIBCO Life Technologies) penicillin and streptomycin
(Roche Diagnostics GmbH, DE). This cell line can also be used used instead of
B16F10 in the examples.

DNA constructs and transfection:
20 The CD40/CD40L fusion protein:
Two versions of the fusion protein were expressed:

Version A:
a)  This version comprises the CD40 signal peptide (aa Pos. 1-21) fused to the
extracellular part of murine CD40L (aa Pos. 47-260). A linker derived from
25 the hinge region of immunoglobulin D (IgD) (Accession 709448.1, Locus
MUSIGCDI15.EM_ROD — ht 64-123), see Tucker, Science 209 (1980)
1353-1360), connects this part with the residual murine CD40 protein (aa
Pos. 22-277 (human) or 289 (murine)).
b) In comparison with a), the extracellular part of CD40L is truncated leaving
30 the aa position 120-260, thus omitting the stalk region of CD40L.



Conary et al., J. din. Invest. 93 (1994) 1834-1840 Dendorfer, U, Artif.
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272 ( 1997) 6479-6489 15 Felgner et al., Proc. Natl. Acad. Sci. USA 84 (
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Kang, D.C.) et al., Int. J. Oncol. 13 ( 1998) 1117-1126 30 Kato, K. et al.,

J. Gin. Invest. .1 1999 47-955 Kato et _al....J. Clin.  JInyvest. 101 (
loog) 1135 Karhs GEd fusjgn Oty %Pwaeﬁmangmizﬁgbwﬂaéf*.“mg”sﬁizmsuchi 8
al ., HuMan 40lHeP4®y Tho constrggtinn of the nBgmerpesineg chimege congteycks is

Q o- Lar yngol ogdséribed IbexamPRO). 132- 136 35 Kushner, L, and Mackiew cz, A,
Di sease Markers 5 ( 1987) 1 WO 001 63395 _ -37 Kushner, L) Ann. NY
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16 (1996) 59-Tiogfusiey of the different pastsrod therchiVA copstrycts 9B @erfgaaeddystandadow, B.

et al., Nucl epcr A@dhﬂgu?@SDNﬂQe ueh88 whs FEMMLASMVRdEa gL theClesitling PORI . Cel | .
Biol. 8 {198831_0%8%57' CT/ EPOO/ 03318

15 The chimeric cDNA was cloned into the pcDNA3 (Invitrogen Corp., San Diego,
US) mammalian expression vector. Transfection of HEK293 cells was carried out
using transfection reagents FUGENE™ (Roche Diagnostics GmbH, DE) consisting
essentially of a blend of lipids (non-liposomal formulation).

Flow cytometry and antibodies:

20 Cells were characterized for the expression of relevant cell surface markers by direct
immunofluorescence using either PE and/or FITC conjugated monoclonal
antibodies against CD40, MHC-I (H-2K* A BALB/c), CD40L, ICAM-I (CD54),
B7.1 (CD80), B7.2 (CD86), Fas receptor (Fas, APD-1/CD95), Fas ligand (FasL,
CD95L) or tags (e.g. HA-tag, Flag-tag) fused to the N-termini of the CD40-CD40L

25 fusion proteins (> CD40-CD40L“8).The corresponding isotype controls were used
for determination of unspecific binding. Antibody binding was carried out for 20

min. at room temperature, followed by washing and analyzing using a FACScan®

(Becton Dickinson, DE).

In vivo experiments:

30 Tumor cells were inoculated in a concentration of 5 x 10°/200 pl subcutaneously
(s.c.) in the right hind flank of syngenic or athymic animals. Tumor growth was
quantitated five days post-inoculation three times a week using a calipper. Tumor
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Example 1

15 Construction of expression vectors
Material and Methods:

pcDNA3-CD40-CD40L (version A and B) murine / murine fusion constructs:
(murine/human and human/human chimeric constructs were constructed and

tested in an analogous manner)

20 The signal peptide sequence of murine CD40 comprising amino acids 1 — 21 was
amplified by PCR using two overlapping oligonucleotides with a Kpnl-restriction
site immediatedly upstream of the ATG start codon and a BsmBI and a HindIII
restriction site at the 3’-end of the resulting fragment. Two different versions of the
mCDA40 receptor part of the fusion gene were amplified by PCR using pcDNA3-

25 mCD40 (pcDNA3 with cloned mCD40 cDNA) as template. The first fragment
(corresponding to fusion gene version B) codes for aa 122 — 289 of mCD40 and the
second fragment (corresponding to fusion gene version A) codes for aa 21 — 289 of
mCD40. In the first case a HindIII-site followed by a BsmBI-site followed by 5
nucleotides corresponding to the 3’-end of the coding sequence of mCD40L were

30 introduced at the 5’-end of the PCR-fragment. In both cases a HindlIII-site
followed by a BsmBI-site followed by 5 nucleotides corresponding to the 3’-end of
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template. In each case the upstream primer introduced an EcoRI-restriction site

followed by a BsmBI-restriction site followed by 5 nucleotides corresponding to the

15 3’-end of the signal sequence to the 5’-end of the PCR product. The downstream
primer introduced a Xbal restriction site to the 3’~end of the PCR-fragment with a
BsmBI restriction site immediately upstream. The resulting PCR fragments were

cloned into the EcoRI/Xbal sites of the IISK+ Bluescript vector (Stratagene).

A linker derived from the hinge region of immuneglobulin D (IgD-hinge; see

20 above) comprising 20 amino acids was obtained by PCR amplification using 2
overlapping oligonucleotides. A flanking EcoRI site at the 5’-end was inserted
followed by a BsmBI site followed by 5 nucleotides corresponding to the 3’-end of
the coding mCD40L sequence. At the 3’-end of the IgD-hinge fragment a Xbal-site
was introduced with a BsmBI-site immediately upstream. The resulting fragment

25 was cloned into the EcoRI/Xhol sites of the polylinker of the IISK+ Bluescript
vector.

CD40L (aa 47 — 260) and CD40L (aa 120 — 260) as well as the IgD hinge were cut
out from pBluescript by a BsmBI digestion and cloned in a 3-fragment ligation into
also BsmBI cut pBluescript - signal peptide — CD40 (version A; aa 21 — 289). and

30 into the BsmBI-site of pBluescript — signal peptide — CD40 (version B; aa 122 —
289).
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pSAA2- -CD40-CD40L (Version A and B) were constructed by removing of the Cat

gene from pSAA2-Cat (European Application No. 99107611.8) by NotI-digestion
and filling up of the protruding ends with Klenow enzyme. The CD40-CD40L
fusion genes were excised from pcDNA3-CD40-CD40L by Kpnl / Xhol digestion,
15 the protruding ends were blunted by Klenow-polymerase treatment and the blunt
ended fragments were ligated to the pSAA2-CAT vector fragment. In pSAA2-
CD40-CD40L constructs the fusion genes are under the control of the SAA2-

promoter,

PSAA2-IL2 was constructed by removing the Cat gene in pSAA2-Cat by Notl-
20 digestion, and inserting of the IL2 ¢cDNA which was amplified by PCR using
primers with Notl-overhangs.

pcDNA3-IL2 was constructed by cloning the PCR amplified IL2 gene into the
mammalian expression vector pcDNA3 (Clontech).

PSAA2-IL12 was constructed by removing the Cat gene in pSAA2-Cat by Notl-
25 digestion. The 2 subunit-genes p35 and p40 of the IL12 were separately amplified
by PCR. Their transcription was coupled by the use of an IRES sequence from
EMCYV (derived from pIRES1neo; Clontech). P35 was amplified by a 5’-primer with
a Notl-site in the overhang and a 3’-primer with a Sall-site in the overhang. EMCV
IRES was amplified by a 5’-primer with a Sall-site in the overhang and a 3’-primer
30 with a Xhol-site in the overhang. P40 was amplified by a 5’-primer with a Xhol-site
in the overhang and a 3’-primer with a Notl-site as well as a Xhol-site in the
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the lack of suitable restriction sites the whole expresssion cassette from pcDNA3-
CD40-CD40L (CMV promoter, CD40, CD40-L, poly-A site) was amplified by PCR
and also the pQBI-AdCMV'5 vector without the CMV5 promoter/enhancer and the
globin polyA was amplified by PCR. The 2 amplified DNA fragments were
25 restricted with Pmel (the recognition sites were provided by the overhangs of each
PCR-primer) and ligated by T4-DNA ligase.

The Adenovirus transfer vector AdV-CD40-CD40L was linearised by Clal digestion
at the linearization site and cotransfected with linear QBI-viral DNA into QBI-293A
cells according to manufacturer’s protocol (QUANTUM Biotechnologies Inc.).
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CD40-CDA40L expression cassette is cloned instead of the deleted E1 region. Due to

5 the E1 deletion the Adenovirus vector is not able to replicate alone. Only in 293A

cells which contain the sheared genomic DNA from human Adenovirus type 5, the

ElA and E1B genes which are essential for virus replication are provided in trans

and therefore the virus could be produced in that cell line. The virus vector was

purified via several cycles of plaque purification and isolated in large scale from the

10 infected 293A cells by methods described in the QUANTUM Adeno-Quest Kit
protocol or reviewed by Graham et al., Mol. Biotechnol. 3 {(1995) 207-220.

The Adenovirus vector AAV-IL2 was constructed analogous AdV-CD40-CD40L by
using the expression cassette of pcDNA3-]12 instead of pcDNA3-CD40-CD40L.

The Adenovirus vector AdV-IL-12 was constructed analogous AdV-CD40-CD40L
15 by using the expression cassette of pcDNA3-IL-12 instead of pcDNA3-CD40-
CD40L.

Coexpression Vectors:

Vectors as well as adenoviral vectors coexpressing two genes were constructed by
using one of the expression plasmids above, inserting an IRES sequence from

20 EMCV (Encephalomyocarditis virus, derived from pIRES1neo; Clontech) directly
downstream of the first gene to be expressed and inserting the second gene to be
expressed between the IRES sequence and the poly-(A) sequence. The IRES-
sequence (Internal Ribosome Entry Site) allows a reinitiation of the translational
machinery and therefore an expression coupling of both genes.

25 According to this method the following vectors are produced:
pSAA2-CD40/CD40L-1L2
pSAA2-CD40/CD40L-IL12
AdV-CD40/CD40L-IL2
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against the CD40 C-terminus as well as with analogous CD40-CDA40L chimeric
constructs N-terminally tagged with a Flag-tag or a HA-tag (named CDA40-

CD40L"#), and analyzed by FACS analysis using anti Flag- or HA-tag antibodies.

The constitutive activity of the fusion proteins was examined by cotransfecting an

10 NF-kB (e.g., CAT-gene (CAT-ELISA, Roche Diagnostic GmbH, DE) > pNF-kB-
CAT) reporter plasmid to test the activation of the transcription factor NF-kB, one
of the principal outcomes of CD40 signaling.

To test for the cis-activity of the CD40L/CD40 chimera, the pCDNA3-
CD40L/CD40-chimera plasmids were cotransfected with the reporter plasmid into
15 HEK?293 cells and tested for CAT-activity after 48 h hours.

Figure 5. shows the results from the assay for CD40-CD40L cis-activity.

To test for the trans-activity of the CD40L/CD40 chimera, the reporter plasmid
pNF-kB-CAT was cotransfected with pcDNA3-CD40 (expression of CD40 gene
alone) into HEK293 cells and the pcDNA3-CD40/CD40L-chimera plasmid was

20 seperately transfected into HEK293 cells. After 24 h and verification of cell surface
expression of the CD40/CD40L chimera both cell clones were coincubated for
additional 24 h and than tested for CAT-expression.

Figure 6a/b. show design/results from the assay for CD40-CD40L trans-activity.

Example 3
25 In vitro growth and surface expression of CD40-CD40L chimera

SCCVII, CT26 and B16-F10 cells were infected with adenoviruses expressing the
CD40-CD40L chimera or a reporter gene expressing a cell surface molecule such as
a low affinity nerve growth factor receptor (LNGFR) or an indicator gene such as
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Cells were seeded in 6-well plates at a density of 1-2x10° cells/well 16 h before
transfection. Transfection was performed with FuGENE™6 transfection reagent
(Roche Diagnostics GmbH, DE). Therefore, 8 ul FuGENE™6 was added to 100 pl
serum-free DMEM medium, incubated for 5 min at room temperature and then
10 mixed with 2 pg DNA. This mixture was incubated for 15 min at room temperature
and added dropwise to the cells with a volume of 2ml cell culture medium
(DMEM, 10% FCS, 2mM glutamine, 4.5 g/l glucose). For transient expression
assays the cells were tested for gene expression after 2 days; for stable transfections
the cells were selected by addition of G418 (at a concentration of 0.5-1 mg/ml)
15 which selects for neo® marker gene expression.

Example 4
In vivo growth of B16F10-derived tumors in syngenic mice (C57BL/6)

To examine the tumor growth kinetics of the murine B16F10 cell line, which does
not express CD40 or CD40L or CD40-CD40L chimera, 5 x 10° cells / 200l were
20 injected per mouse. Tumor formation occurred within 10-15 days. Quantification

of tumor growth was performed by caliper.

Example 5

Subcutaneous implantation of in vitro Ad-CD40L/CD40 transduced B16F10
melanoma cells into C57BL6 mice

25 For the experiments on subcutaneous implantation of in vitro Ad-CD40-CD40L
transduced B16F10 melanoma cells into C57BL6 mice, the B16F10 cells were seeded
into 12-well plates (Falcon), 4 x 10° cells per well. When cells were adherent, vector
preparations of Ad-CD40-CD40L chimera, Ad-empty (control) and Ad-lacZ
(control) in appropriate dilutions made in transduction medium (DMEM without
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At day zero 5 x 10° tumor cells in a volume of 200 pl were implanted subcutaneous
into lateral abdominal wall. For this procedure mice were anesthetized with ether.
Tumor growth was quantitated five days post-inoculation three times a week using

10 a caliper. Body weight was monitored three times a week. General disturbance was
checked daily. Tumor volumes were calculated by the approximately ellipsoid
formula: 4/3 x T/ 8 x (length x width x depth).

Example 6
Effect of Ad-CD40-CD40L administration on primary tumor growth

15 Murine B16F10 cells were injected at a dose of 5 x 10° cells / 200ul per mouse. 14 to
16 days after tumor cell inoculation Ad-CD40-CD40L (versions A and B) or
AdCMV-LacZ as a control were injected intratumorally and the tumor size was
measured every third day for a period of about 21 days. Dose response curves with
different concentrations of viral vector (1 x 107 to 1 x 10° / 50ul) and comparison of

20 single vs. multiple injections were performed. After termination of the experiment,
histopathology is performed with explanted tumors and checked for activated T
cells (CD4, CD25).

From these studies the optimal regimen can be established.

Example 7

25 T-cell memory experiment

Example 6 was performed according to Example 5 however in the case of tumor
regression, treated mice are challenged with tumor cells i.p. into the contralateral

side. Growth of secondary tumors is measured to monitor memory T-cell response.
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Example 8

Vaccination experiment

In a further approach ex vivo Ad-CD40-CD40L- or AdCMV-LacZ-transduced
SCCVII tumor cells were irradiated (5000 rad) and implanted in syngeneic mice

5 with a preexisting B16F10 -tumor (established according to Example 4) at a distant
site. Tumor growth of the primary tumor was monitored to show the antigen-
specificity of the anti-tumor effect. As control Ad-CD40-CD40L- or AACMV-LacZ-
transduced different (e.g. CT-26) tumor cells were implanted, which should give no
anti- B16F10 reaction.

10 Example 9

In vivo tumor growth in athymic mice

In order to demonstrate whether tumor-specific CTL (cytotoxic T cell)-activity
plays a pivotal role for in vivo tumor growth reduction, the Balb/c nu/nu athymic
mice strain which lacks mature T cells was used. B16F10 cells were inoculated at

15 the same time pattern as described for syngeneic C57BL/6 mice. The tumor growth
kinetics were measured under the conditions described in Example 5.

Example 10

Pharmaceutical compositions
a) Nonviral vectors

20 For the production of a pharmaceutical composition 100 pug of a nonviral vector
according to the invention are dissolved in 1 ml of phosphate buffered saline (PBS:
8 g sodium chloride, 1.44 g di-sodium-hydrogen-phosphate, 0.24 g potassium-di-
hydrogen-phosphate per liter H,O at a pH of 7.4).

b) Viral vectors
25 For the production of a pharmaceutical composition 10'° pFU adenovirus vector

according to the invention in a volume of 1 ml PBS was added to 1 ml of liposomal
transfection reagent (Roche Diagnostics GmbH, DE; DOSPER: 1,3-di-oleoyloxy-2-
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thereof,
iii) a spacer of 50 to 100 amino acids and downstream thereof
iv)  the transmembrane and signal transduction domains of CD40.

10 2. A nucleic acid according to claim 1, characterized in that the spacer is the
stalk domain of CD40 or CD40L.

3. A nucleic acid according to claim 1 or 2 encoding, between the binding and
trimerization domain of CD40L and the spacer, the extracellular region of
CD40 or at least the part of said region causing binding to CD40L.

15 4. A nudleic acid according to claim 3, characterized in that between the binding
and trimerization domain of CD40L and said extracellular region of CD40 or
said part thereof an additional spacer encoding 1-30 amino acids is inserted.

5. A recombinant expression vector comprising a nucleic acid according to

claims 1 to 4.

20 6. A mammalian host cell transformed or transfected with an expression vector
according to claim 5.

7. A process for preparing a chimeric CD40/CD40L polypeptide characterized
by culturing a host cell transformed or transfected with an expression vector
comprising a nucleic acid according to claims 1 to 4 under conditions

25 promoting the expression of said nucleic acid encoding the chimeric
polypeptide and presenting said polypeptide on the surface of said host cell.

8. A process for the production of a modified human tumor cell characterized
by cultivating a human tumor cell with an expression vector comprising a
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10.

11.

12,

13.

14.

-40 -

nucleic acid according to claims 1 to 4 under conditions at which
CD40/CD40L polypeptide is produced in the tumor cell and presented on the

surface of said cell.

A chimeric polypeptide encoded by a nucleic acid according to claims 1 to 4,
characterized in that the extracellular domain of CD40L is preceded by the
signal peptide of CD40 or a fragment thereof.

A chimeric polypeptide according to claim 9, characterized in that the
intracellular domain of CD40 consists of amino acids 216-277 of human
CD40L or 216-289 of murine CD40L and/or the extracellular domain of
CD40L consists of amino acids 47-261 of human CD40L or 47-260 of murine
CDA40L.

A chimeric polypeptide according to claim 8 or 9, characterized in that at
least 80% of the polypeptidic spacer consist of amino acids Glu and/or Ala.

A composition characterized by a nucleic acid as claimed in claims 1 to 4
together with a pharmaceutically acceptable buffer, excipient and/or

preservative.

A method for the production of a composition for activating antigen
presenting cells and T cells comprising a nucleic acid as claimed in claims 1 to
4, characterized by the use, as an essential constituent of said composition, of
a nucleic acid as claimed in claims 1 to 4.

A composition for the treatment of a patient for tumor therapy consisting as
essential components of a vector according to claim 5 and a substance
selected from the group consisting of Interleukin-2, Interleukin-12,
Interferon-alpha and 5-fluoro-uracil.



