WO 01/64739 | TCF RESPONSI VE ELEMENT BACKGROUND TO THE | NVENTI ON 23 August
2004 PCT/ @A /00856 5 The present invention relates to a T cell factor
(TCF)-responsi ve el ement, a gene and uses of the TCF-responsive,£AgREMody
nucl ei ¢ acw eoeussa uct in assays . nucleic acid construct (C:ﬁé(ﬁr %@i@g_a
TCF-responsive el ement and a therapeutic and therapy. 10 T GPRL/BE6, | y
of transcription factors within the H gh Mbility Goup (HM5 of
DNA- bi ndi ng proteins (Love et al., Nature,{ 376, 791-795, 1995). The fanmly
i ncludes TCF-1, TCF-3 and TCF-4 which are‘described in van der Wetering et
al', (EMBOJ., 100, 123-132, H8g Kori nek eta!,
(Science, 275, 1784-1787, 1997).%@9&1@@%&%@% to be involved in
tunorigenesis related 15 to Wit/ Wngl ess signalling. TCF and LEF-1
(1'ynmphoi d m - i dered to nedi ate a nucl ear response
to Wit signals %??Q@?rgpt]-ﬁé lﬁ‘fﬁ“ﬁ%ﬁateni n. Wit signalling and ot her
cellular events that increase the stability of 13- catenin are considered
to resul J{H transcri pti onal activation of genes by LEF-1 and TCF proteins
in assod af BRI INentionawiaies tmatTheekh fertor (G )-Wiposisiead b i 455'2%0
1/ TCF prot di'ﬁsé%fﬁfé bﬁ@%@”@ Lon in gssoci ation with Goucho ‘an P
(CREB bi ndi ng pr ot el n}-. I RBSING Sleentpr Dielels aridiconstuet incassapsn i s
found in tmecleicsidithconstbdticohiminy a % mhocat ed at
the plasma r\gaamg ane, coupl es cadhﬁgi r;g@ggg %ﬁ?%%%’e’%@{r%cﬁ? %@@?Fﬁﬁ
nol ecul es)® TAR% actin cytoskel eton whereas the other conpl ex
(contai ning the proteins adenomat ous pol yposis coil protein (APC), axin
and gl égo enFsynt hase ki nase 313 (GSK31l))-targets 13-catenin for
degr adavi s e adamilyldf itregmsari TH ' :

g ity df iregseriphg @‘%“’mm@*ﬁgbgﬂﬁﬁﬁﬁ@{@\?ﬁ? of o

resul ting @éﬁ? hncreafe i.n_the pool of free cyto
L_r eg c{ltzgp?% TéE!E Ng.Rg Eélfngl Q,‘@??faﬂwt'\‘%g:.(ﬁf{ﬁ, é'gﬂe?@ﬁ}e’lgﬁﬁjl_rﬁmm Mhﬁllyet it f
I nds 9l Sﬂ'@:t.q)'r;rc enes. regul ation o
LEF- 1/ TCF transcri {)t i on 1 act, grasw\é@haﬁwégn eoﬁéﬁb '61’?84’%3’\’3{6%“9 et al,
(EMBO J., 10, 123-132, 1991), EP-A-0 939 122 and Korinek ef al. (Science, 275,
1784-1787, 1997). TCF-4 has been shown fo be involved in tumorigenesis related
15 to WntWingless signalling. TCF and LEF-1 (lymphoid enhancer factor-1) are
considered to mediate a nuclear response to Wnt signals by interacting with -
catenin. Wht signalling and other cellular events that increase the stability of -
catenin are considered to result in transcriptional activation of genes by LEF-1 and
TCF proteins in association with B-catenin. In the absence of Wnt signalling, LEF-

20 1/TCF proteins repress transcription in association with Groucho and CBP (CREB
binding protein).

In the absence of Wnt signalling, B-~catenin is found in two distinct muitiprotein
complexes. One complex, located at the plasma membrane, couples cadherins

25 (calcium dependent adhesion molecules) with the actin cytoskeleton whereas the
other complex (containing the proteins adenomatous polyposis coli protein (APC),
axin and glycogen synthase kinase 3p (GSK3BY)) targets B-catenin for degradation.
Whnit signalling antagonises the APC-axinéGS'KSﬁ_I_complex,. resulting in an increase
in the pooal of free cytoplasmic B-catenin. The free cytoplasmic B-catenin can

30 ftranslocate fo the nucleus where it binds LEF-1/TCF factors and activates Wnt
target genes. The regulation of LEF-1/TCF transcription factors by Wnt and other



23 August 2004 ECT/ GB01/00856 2 signals is discussed in Eastman et al,
(Current Opin. Cell Biology, 111, 233-240, 1999). The APC gene is a tunour
supressor gene that is inactivated in nost colorectal 5 cancers. Mitations
of APC are G9p%idgsgd to cause the accunulation of free 3 cateni?? AUMFLEP04
t hen binds TCF causing increased transcriptional activation oPCT/GBOE608s6

I ncl udi ng genes inportant for cell proliferation (e.g. cyclin DL (Tetsu et
al., Nature 398, 422-426, 1999 and Shtutman et al., PNAS USA, 96,
5522-5527, 1999) and c-nyc (He at al., Science, 281, 1509- 1512, 1998)).

The i nvol versgalefs & | l.apnent i s discussed in He at al,
' (suplra;/. ¥Cﬁ?ﬁ1§ elskn‘(%vcxylne@%;?)‘ﬂ rlﬂ“‘egggwés%ggég (Qﬁﬁﬁn | "‘bi¢ﬁ" é@!@?ﬁ:ﬁmf&ﬁSm&;h
n

have t he Srtide sequence CTTTGNN, wherein N indicates A or T (van der
Wetering at a!, supra). 15 TCF reporter genes have been constructed and
are described in Korinek at al, (Science, 275, 1784-1787, 1997), Morin et

at, (Sci enc@heXABC daifyisld - A 39. 122 and WD 98/ 41631. The
TCF repo:é er gene i%gsai d ?gng%ﬁ%g@@gséf%%%&%@ hacdvalgddn enesttcolompstal eam

of either® aCAi¢RiFalMutaties QARG tare coniidiensy &9 | r@&,ﬁ .ession qr a
m ni mal herggén}ﬂ Wﬁichl}ﬁg %IHPFES f@;}ase pr onot erc%%igév?%g‘ C nﬁ%‘%ﬁﬁ%ﬂtﬁ?@%‘
acetyl -transterade expressi-gi dRUgINg BomaseddrandoniptiondICictivaAeR bf e
gene const r genas raigding igashek b | ndj > nts inserted into pBV-
Luc. 25 Thege,is neeg gféglr an pg?%ggﬁr\’/}%uﬁggﬁp nfﬁ‘g'c%}ﬁ[}@r[%" faisdicambd
with a der egtIr&eEh L2426 1909 andShtutimey peahWNASICA, 9@,“8@%55%?' ude
nost col or epdgd) arg%pe_qﬁ?‘?&Hg%?%gxgnm el yzgg%,) of me'll anomas and so east,
prostatgoan&ﬁ@heqat ocef Itil'ar ar ePiEREs28%0! SRl 81251908)) Zhederbliernheat JCF
responsével At twmoelr devetfognmetad dise esslb ne gives inproved
| evel s of expression and spgci ficity. L%\%e%ﬁg{egéél?js%p%_

TCFs are known to recognise and bind TCE binding elements which have the

nucleotide sequence CT1 TGNN, wherein N indicates A or T {van der Wetering et
al, supra). |
15 .

TCF reporter genes have besn constructed and are described in Korinek e a/
(Science, 275, 1784-1787, 1 897}, Morin et af, (Science, 275, 1787—1790, 199;),
EP-A- 0 939 122 and WO 98/41631. The TCF reporter gene is said io comprise
three TCF binding elements upstream of either a minimal c-Fos promoter driving
20 luciferase expression or a minimal herpes virus thymidine kinase promoter driving
chloramphenicol acetyl-transferase expression. He et al (supra) discioses TCF

reporter gene consiructs comprising four TCF binding elements inserted into pBV-
Luc.

25 There is a need for an effective treatment of cancers associated with a

deregulation of the Wt signalling pathway. Such cancers include most colorectal

cancers, approximately 30% of melanomas and some breast, prostate and
hepatocellular carcinomas. '

30 There is also a need for a TCF response element which when linked to an
expressible gene gives improved levels of expression and ‘é‘peciﬁcﬁy. -



SUMVARY OF THE | NVENTI ON 23 August 2004 PCT/ GB01/ 00856 The present

I nvention provides a nucleic acid construct conprising: 5 a TCF response
el enent conprising: at |east one TCF binding el ement having the %e‘gluerk%om
CTTTGNN, wogegsy Nis Aor T, and a pronoter, and an expressi‘fle'9"s

t herapeutic gene operably linked to the TCF response 10 el el EBOI0EF i n
the TCF response el enent enabl es induci bl e expression of the operably

| i nked therapeutic gene. The term induci blfj expression" as used herein
means the | evel of expression 15 obtai ned™*using the TCF response elenent is
I nduced (i.e. increased) when one or nore TCF/ (3 catenin heterodiners
binds to og«i@% re of the TCF binding elenents. Preferably the | evel of
expressi on QETHE INVENBON15 fold, nore preferably at |east 25
fold and nost preferably at |least 30 fold. 20 The term "operably |inked" as
used herein refers to a cis-linkage in which the gene 1is subject to

expr essi onThedmesenhinvehtioh préaddERE he. expressi bl e gene
conpri's%s t he ne(:]eésary el er?gnts enabﬁ%%@ngﬁgﬁ%&ggﬁgﬁ'qﬂgen operably
0

| i nked the TEF Esfﬁﬁﬁ@@s%eﬁmfmtcwnphsiag: splice 25 acceptor seguences,
I nternal ribosonme ent [, t nces (I.RES) and transcription stop
sites. Such el enents dé?%gﬁ%ﬁesﬁ%ﬁmﬂ@agﬂ%gﬁha\rm@z@he fequence CTTTGNNS
been found that by usiligelrR i8UChbeTCargi d construct of the present

i nvention that expression of the operably |linked therapeutic gene is only
i nduced when 30 TCFI & RIRIMAIER heterodiners are present and capabl e of

activating trangggi .:&% Ié that have becone cancerous due to the
deregul ati on of tﬁe (/éut sﬁaﬁgﬁ ﬁ%ﬁ Se%ﬂmoﬂﬁﬁﬁmdﬁodﬁﬁemlﬁ response
het er odPreglemanti ch activate transcription, 23 August 2004 WD 01/ 64739

PCT/ GS01/ 56 .4
%ﬁerem the TCF response element enables inducible expression of the operabiy

linked therapeutic gene.

The term “inducible expression” as used herein means the level of expression

15 obtained using the TCF response elemént is induced (i.e. increased) when one or
more TCF/B catenin heterodimers binds fo one or more of the TCF binding
elements. Preferably the level of expression is increased by at least 15 fold, more
preferably at least 25 fold and most preferably at least 30 fold.

20 The term “operably linked” as used herein refers to a cis-inkage in which the gene
is subject to expression under control of the TCF response element.

‘The expressible gene comprises fhe necessary elements enabling gene

expression when operably linked to the TCF response element, such as splice
25 acceptor sequences, internal ibosome entry site sequences (IRES) and

transcription stop sites. Such elements are well known to those skilled in the art.

- lthas been found that by using the nucleic acid construct of the present invention
that expression of the operably linked therapeuﬁcrgene is only induced when
30 TCF/B catenin heterodimers are present and capable of activating transcription.
| As cells that have become cancerous due to the deregulation of the Wnt signailing
. pathway have TCF/B catenin heterodimers, which activate transcription, . v



expression of the therapeutic gene will be induced. Accordingly, the
nucl eic acid construct of the present invention acts as a tunmour selective

pronoter. The nucleic acid construct of the present invention e |ﬂ' 1,5t 2004
highly selective 5 expression in that. it gives no induction of eXpreéssion
of an operaﬁf(ﬁlﬂlt’q“ﬁ??ed gene above the background | evel in theahssimnesgf
TCF/ J3 catenin heterodiners or a functionally equivalent transcription
activating factor. The therapeutic gene can be any gene that on expression
gives a therapeutic 10 benefit. Preferred 4 herapeutic genes include genes
encodi ng t Ol rJ.cin nd di pht heria toxin, and prodrug activating
enzymes suc ﬁ@?%hﬁ%@&f@?%@ﬁp 18ne Wil hevinducerl. 3AeBdidingly ofianqudisa RS e
whi ch act i vebesirdct fof es peadedsiment; O, Feand.qani ch act i vat es

cycl ophosphani de and pargacet anol , ’gﬂﬁ% %)g/%itgﬁﬁ)é"@ie SviHPERlaGt i vat es
ganciclovir. Preferably the therapeutic gene 15 encodes a nitroreductase.

Sui t abl e ni ; s. e described in EPA 0638123 and Wt anabe eta!,
(NAR, 18, 1%@%?%%g‘%?c?’ﬁc‘i‘ﬁ’gfmﬁfﬁf@}erI%f&s?'P?éFl&%mn exhigiés bighig seidetigenes
% ot A ooy o el e geneaar dUFEsT TR AN oipbbuinked s as
RB, p53 andifie thg fereatleyetimipemimsenot iof TOMIBTa30R hedlr &R r{aSL
and caspasegg ré%{m; . an ronpter that gives a-desifed |evel
of expressi olr}c{(géf}%!ﬁe opagé% %ﬂ%ﬁgé %’@H@?n&ﬂq(%fbl e pronoters include the
SV40 pronoter, the E1 B pronoter, and the c-Fos pronoter. Preferably the

pronoter i thﬁpbasal . TATA box_ 25 of the El B pronoter. Preferably the TCF
response el BleMETRFHIG SRS FaN baanyt gansethan dnexpecssioh gihaly a’thé}'&ﬂégﬁbst five

TCF bi nd0Nn@epledi nd that by using at |east three and
more pref gair{‘a abl _:ggﬁg%gﬁ;ﬁi?ﬁ g&f %?ﬁg?%”g%gﬁﬁﬁﬂﬁgcﬂﬂlﬁg f@ﬁllﬁrﬁmbeﬂff Kin 3?.

i ncrease i n ai ivaang ehepn se_el enen
cont ai ni ng f ey (gﬁ?gil I emapz S. g,Thils ilg%)réeaseblgr?%gépq;seé@i%g%&fcsa% bl e
for the pr oﬁﬁ% $ 'gcﬁ?%ﬂﬁ igase whight adivales Srwarbcytbsiag, encoded
product . - 28yRichresrthe 2AA30NRIN L6472 RETICGRALAPORE0. 5 P é%';aeéea%grlma%l T

response el ement conprises between
thynudine kinase which activates ganciclovir. Preferably the therapeutic gene

16 encodes a nitroreductase. Suitable nitroreductases are described in EP-A- -

-~ 0638123 and Watanabe ef al, (NAR, 18, 1059, 1990). Other preferred therapeutic
gene include genes encoding immunomodulatory agents such as -2, IL-12,
GMCSF, B7-1 and B7-2 co-stimulatory molecules; genes encoding tumour

Suppressers such as RB, p53 and p16; and genes encoding apoptotic genes such
20 as Bax, Fasl and caspases. ‘ |

The promoter can be any promoter that gives a desired level of expression of the
operably linked gene. Suitable promoters include the SV40 promoter, the E1B

promoter, and the ¢-Fos promoter. Preferably the promoter is the basal TATA box
25 of the E1B promoter. '

Preferably the TCF response element contains at least three and more preferably
at least five TCF b_inding elements. It has been found that by using at least three
and more preferably at least five TOF binding 'eleﬁents that an unexpected

30 . increase in expression can be obtained compared to a TCF response element
containing fewer binding elements. This increase in expression is desirable for the

~+ production of a therapeutically effective dmount of an encoded product. ~



el ements, nore preferably between 5 and 10 TCF bi ndi ng el enents and nost
preferably 5 TCF binding elenents. 5 The TCF bi nding el enents are
preferably separated from each other by between 3 and 20 nUC|e%%UQﬁ§s:gRﬁe
preferablxggyigetmeen 3 and 14 and nost preferably by between a b
nucl eoti deSYUEHF is further preferred that the TCF bi ndi n@E/eReIISSAr e
so spaced fromeach other as to be equally distributed radially around the
DNA helix, especially when the pronoter %s the E1 B pronoter. It is
preferred that the TCF binding el ement cl®sest to the pronoter is between
140 15 and 10 nucl eotides fromthe TATA box of the pronoter. It is further
preferred that the TCF binding el enment closest to the pronoter is between

100 and 10Prefetaidy twﬂcmmsponsebwméht'caﬁwiggftbﬁgmgﬂﬁzgj%gg‘i‘g ]:I"@iéinding

preferably ,between 30 and 15 nucl eoti des

pronot er . SEMENIBBORR preferakly bebuermErand He T bisiding elpresresamicmose
separ at ed 5’5%‘“3%@“9*5?@%3%%%@ n 3 or 4 nucleotides and the TCF

bi ndi ng el'enent ¢l osest ter is 25 nucleotides fromthe TATA
box of ©he pronoter. The TCF bindi ng el enents preferably have the

nucl eoti d se?&i:nc,e CTTTGAT. 25 The TCF binding el enments can be in either
ori ent at i o' M RS elements are prefpmlly sepansied fHm each otber By betwésn 3The

PC°50 say BR0 cCHRe” Mehe Rerably LY deEeh £ 87 (4500 ol plEiarabiu by
descri bed bietwean thapdi12 muckestidest hod section bel ow. 23 August 2004 WO

01/64739 PCT/ GBOL/ 00856 6 The present invention also provides a TCF
response el enment conprising: at |least five TCF binding elenents; and a

g ;1 0 (ran)zlto fg Sgiieig:fgﬂgga g?‘éﬁfr%ﬁﬁhéﬂﬁe% AR BelcRiP e SEPOSFHAR Lath Bed toO
as to be equally distributed radially around the DNA helix, especially wher the

promoter is the E1B promoter.

it is preferred that the TCF binding element closest to the promoter is between 140
15 and 10 nuclectides from the TATA box of the prbmoter. it is further preferred that
the TCF binding element closest to the promoter is between 100 and 10
"nuclectides, more preferably between 50 and 10 and most preferably between 30
and 13 nucleotides from the TATA box of the promoter.

20 In one preferred embodiment the TCF binding elements are separated from each
other by between 3 or 4 nucleotides and the TCF binding element closest to the
promoter is 25 nucleotides from the TATA box of the promoter.

-The TCF binding elements preferably have the nucleotide sequence CTTTGAT.
25

The TCF binding elements can be in sither orientation with respect to the

promoter, namely 5’0 3’ or 3’ to 5'.

The present invention also provides a nucleic aciéi construct designated herein as
30 3merTCF-E1BTATA, which is shown schematically in Figure 6 and described in
the materials_and method section below. ' '



5 gi ves inducibl e expression of the operably |inked gene. The TCF response
el ement conprising at least five TCF binding elenents can be wused to

obtai n i nduci bl e expressi on of any operably |inked gene such as eparter
gene or a therapeutic gene. Suitable reporter genes include Iucizgel{rugggt,ioef"é

gal act osi da¥¥0 &Hét78h| or anpheni col acetyl transferase. The TCR X

el ement conprising at |east five TCF binding el enents has bégﬁﬁ§§@ﬂ@gWo

give inproved (i.e. increased) |levels of expression of an operably I|inked

gene conpared to a TCF response el enent comprising less than 5 TCF 15

bi ndi ng eleﬁﬁgas. The. TCF binding el enments and the pronoter of the TCF

response el e Pfeséaﬁﬁ}‘ﬁe@ihﬁg a0 peaddesSa MGF hispdinga éfé,ﬁ@ﬁ%amgﬁg@gs defined
ruct

above. 20 The pr i ' | so,provides a TCF reporter

conprising the Tgé%éseﬂsfg}éﬁgée;%%ﬁtelﬁwpﬁaﬁg | east 5 TCF binding el enents
operably |inked teopmmeoepseteenggne. . The present invention also provides -
the use of gjh%trT.CF rep‘ggter construct of the 25 present invention in a
met hod of i der ?Wﬁg ReFReASS elemantvdreruseerablyt likeldrioas %.eggib@égrs
associ at &6l wivieB ihBEci @ﬂﬁg i the Wit .signalling pathway conpttstng
t he steps o?‘ contggctnig%rg t eg%’éﬁrbr@a%PP&F‘ﬁ\‘/'\gBH@‘f@g%senwh a test conpound
under conditions in which the reporter gene is transcribed; and 30
measuri ng t4j4 of the reporter gene; wherein a test conpound

criptio
whi ch i nhi bi ﬁ%&{ a %%Rqo | ORMEN crmprisig abdeagiche TSF&JinémgCBl%bﬁtsdc;é}gg%or
cancer treatigmhio oMRiM ki t 2004 PCT/ GBOL1/ 00856 referably
the step of contacti rl1rqg’ the@%&%é%’%&@%gwwy "@(%Qﬁmﬁud) BB dieporter
presence of9¥g Q8 aitbefapetic genkl Sditdble rﬁ%@@éﬁeﬁqn%{)@b& @%r}é" ling
pat hway 105 %é]gcﬁ%ﬁ%%@taédgv%tion al so_ provi des a vector c Ay t he
nucl ei ¢ acid constructanefPfNBhesieat 2¢eivldransderase. t he TCF responsi ve
el enrent having at least five TCF binding elenents of the present invention

operably |ipke an expressi bl e gene.
The ?CtFofesponse element comprising at least five TCF binding elements has

been found to give improved (i.e. increased) levels of expression of an operably

linked gene compared to a TCF response element comprising less than 5 TCF
15  binding elements. '

The TCF binding elements and the promoter of the TCF response slement
comprising at least 5 TCF binding elements are as defined above.

20 The present invention also provides a TCF reporter construct compiising the TCF

response element having at least 5 TCE binding elements operably linked to a
reporter gene.

‘The present invention also provides the use of the TCF reporter construct of the
25 present invention in a method of identifying candidate drugs for use in the
treatment of cancers associated with the dereguiation of the Wnt signalling
pathway comprising the steps of:
contacting the TCF reporter construct with g test compound under
conditions in which the reporter gene is transcribéd; and
30 measuring the transcription of the reporter gene;

. Wherein a test compo:_.md which inhibits transcription of the reporter geneisa
candidate drug for cancer treatment. e



The vector may be any vector capable of transferring DNA to a cell.
Preferably, 10 the vector is an integrating vector or an episonal vector
Preferred integrating vectors include reconbinant retroviral 9? Sust 004
reconbinant retroviral vector will include DNA of at |east a por 3%
retrOV|raﬂW JE{88T8 whi ch portion is capable of infecting thaNnHGEEWmB§i|S
The term"infection" 15 is used to nean the process by which a virus
transfers genetic material to its -host or target cell. Preferably, the
retrovirus used in the construction of a Vector of the invention is also
rendered replication-defective to renove the effect of viral replication
of the target cells. In such cases, the replication-defective viral genome

can be pac ' ' dance wi th conventi onal

t echni qusP?gthg%ﬁ%?Féf Sfcé’ﬁtéﬁﬁq%g-’ef‘?@ NPT CORBIUEJS Perprmed iim the

i nf ect.i ousPresenaawf eclypatsi ﬂronrrya aélf {ujtcs d@F@éul@l@@ﬁ/\Mk %I@%faﬂ{nlgg?dg {‘)’%}éem)l oyed
vecrtor

in the practice of the invention. Suitable retrovira 1 ude but
are not linmted to pU, pZip, pWe and pEM 25 vveII known to those of skill

in the &rtThSpidsdtrenRashio él@%ﬂ‘fb\nﬂ%&rd ¥)§&B@% n'gﬁ te%e?%;g&cl:q\%m@t s

retroviruses I nclude, for exa

useful i n 9fibe presemt invanton bothe TCFUGe BHSNE\WIEMS ?éa}? t
HSV gnd pOXVi rugtﬁgg@ L ?88 ferred

Vi rus, ci Vi rus

vect or i s@ﬂéﬂn céﬁmﬁr&ﬁg?%eﬁﬁﬂ“? invepdienansrably linked tmanmxpreséaﬂjﬂesﬁne
skilled in the art and have been used to, deliver genes to nunerous cell
types, | ncI uding airway epithelium skeletal nuscle, liver, brain and skin

(Htt, nesvegign maybe AW ertdrRIPET HERSIHARSBINA fo 2Rl 8 {e(;lab@nd

G aha F ovirus vectors for gene transfer
marmalmlj%nl”géﬂ”%%@r,&ggﬁg'g%%ﬁ"@?ﬁ @5@@9%13!8@@6! ¥8¢top06; and Ander son WF
(1998) Human gene therapy. Nature, 392: (6679 Suppl): 25-30). 5 A further
preferred_ve i s the adeno-associ ated (AAV) vector. AAV vectors are

vel | know?fﬁﬁef f%gﬁegiaﬂngé@thametudetreaomtﬂm regoviralsedidre, #f ably
b e S RO TR ko on s s
applicati gsslo(mhmlq:h portion. is ckP8Ble of infecting the targét cells. The term “infection”
15 is used to mean the process by which a virus transfers genetic material to its host
or target cell. Preferably, the retrovirus used in the construction of a vector of the
invention is also rendered replication-defective to remove the effect of viral
replication of the target cells. In such cases, the replication-defective viral genome
can be packaged by a helper virus in accordance with conventional techniques.
20 Generally, any retrovirus meeting the above criteria of infectiousness and

capability of functional gene transfer can be employed in the practice of the
invention.

Suitable retroviral vectors include but are not limited to. pLJ, pZip, pWe and pEM,
25 well known to those of skill in the art. Suitable packaging virus lines for replication-
defective retroviruses include, for example, ¥Crip, ¥Cre, W2 and YAm.

Other vectors useful in the present invention include adenovirus, adeno-
associated virus, SV40 virus, vaccinia virus, HSV-and poxvirus vectors. A

30 preferred vector is the adenovirus. Adenovirus vectors are well known to those
skilled in the art and have been used to deliver genes 1o numerous cell fypes,
mctudmg airway eplthehum skeletal muscle, liver, brain and skin (Hitt, MM,



Mol . Cell. Biol., 14, 2411-2418; Russell et al., 1994, PNAS USA, 91,
8915-8919; 10 Flotte et al., 1993, . PNAS USA, 90, 10613-10617; WAl sh et
al., 1994, PNAS USA, 89, 7257-7261; MIller et af., 1994, PNAS 9L 2004
10183-10187; Enerson, 1996, Blood, 87, 3082- 3088) | nt er nat i ondl” ‘P&t en
Appllcatlon“U&?@ﬁWWEBOBB descri bes speC|f|c AAV based vect or $cTigBdgiRr red
epi somal vectors include transient non-replicating episomal vectors and
self replicating episomal vectors with functions derived fromviral origins
of replication such as those from EBV, hugan papovavirus (BK) and BPV-1.

[ | |sonal vectors are well known to those skilled in

Such t . de
the art andAReisoh GliardEeeaTBetL (#9¢ Ae uman aerkase s 1 dor U
th Kill [ I t
descri bed | ﬁ“%'@%’*@?%%* S ARER T Rnar Sl o e tea andAnsemons o
as vectors WF{heoPridsman gdmyigetamn. Ngﬂpeuggg Ofﬁ%@%rﬁ)f i cial

chronosones i s discussed by Cal os (1996, 51n a
preferred enbodi nent, the vector of the present invention is a plasmd. The

lasm d ; |nte |l asmi d. The term
IopI ;sm dfﬁi)aléh’ggtgér l(:,f'lr?gllqrﬁar iéo?gé Hﬂég%%%}%l AP egcdqgﬂ@ﬁ@%‘?fn vaglors are

expr essi bl ewgﬁlkéomdmthosectkmed imées afand Hok BeeNUSAS S %%Bﬁﬁaﬁg doubl e
B A and

| | id Th | d
mayconpr 1 sAUBERACHeditioiss Mdastd nassimommatridobnoscs, b sivetduid
| eotid f d b h
means as ﬁf{“ﬁd P??'.io‘an“‘b”oér'@?%'é%?ﬁ%?ﬁgs"fbé e e R s alp e e ole et B0% ai |
a;}r uEt ur es. Mal. fezil. &@L,liﬁa«g-zmﬂusseureatavdggggﬁgfmﬁg Lljggatggugggé ggggl dOt
ic n s |
speci f\lMggl I@Bﬁ%tséggé gg?’g‘?tﬁ'ﬁ‘égﬁo@ﬁ 3@&3%0@@30% Igh ega! OHRG%E RNASISAY at e
at high f r@;@ﬁﬂ?exz@mdwméeéfaptwmﬁ 28 A *procl' ﬁ‘?ﬁ#f‘f{ﬁersg%ph 19§%Ej ; pg

pl asm ds C?éll be |dent | fi usi ng standard assay's'
replicatiorP'989 0303%53968)3tln§fnah@nﬂ@alent /Qﬁphfﬁﬁ%ﬂ%b 91&%@883@%09%§§e”t

invention afr3pidr AXVIRS R Jéc&%rscell transfected with the vector of t

18  Preferred episomal vectors include transient non-replicating episomal vectors and
self-replicating episomal vectors with functions derived from viral origins of
replication such as those from EBV, human papovavirus (BK) and BPV-1. Such
integrating and episomal vectors are well known to those skiiled in the art and are
fuily described in the body of literature well known to those skifled in the art. In

20 particular, suitable episomal vectors are described in W098/07876.

Mammalian artificial chromosomes can also be used as vectors in the present

invention. The use of mammalian artificial chromosomes is discussed by Calos
(1996, TIG, 12, 463-466).
25

in a preferred embodiment, the vector of the present invention is a plasmid. The
plasmid may be is a non-replicating, non-integrating plasmid.

The term “plasmid™ as used herein refers to any ﬁﬁcfeie acid encoding an
30 expressible gene and includes linear or circular nucleic acids and double or single
_Stranded nucleic acids. The nucleic acid can be DNA or RNA and may comptise



present invention. The host cell may be any manmmalian cell. Preferably the
host <cell is a rodent or mammalian cell. 15 Nunmerous techni ques are known
and are useful according to the invention for delivering the Vef’%&)ur%st2004
descri bed ‘ggr ein to cells, including the use of nucleic acid con ers

. I'ng
agents, el t"ﬂ’&ﬁ@?ation, conpl exi ng wi th asbestos, pol ybr en@CIBERE/N00856

cel lul ose, Dextran, |iposones, cationic |iposones, |ipopolyam nes,
pol yom thine , 20 particle bonbardnment and direct mcroinjection (reviewed
by Kucherlapati and Skoultchi, Crt. Rev¥ Biochem 16:349-379 (1984);

g
Keown et a . _ Epzynmol..  185:527 (1990)). A vector of the invention
may be del b’\?’éﬁf%‘{ ‘ﬂ-gccf%""%éyoré@%qnuﬁ%?ﬁg%@ﬂdg walvibe ehemisatipedifiechby yuth . e. |
It

to a desi geiand BURSBIyIonThe Gl ' ' on_viral .means of
delivery. Preferred gfgl ivery ne?ﬂdodﬁé%yéf@%wﬁﬁrggésl ﬁgﬁaagr{ﬂllgmctures.‘
particl e- produci ng packaging cell lines as transfection recipients for the.

vector of athe at i nvention.into which viral packaging signals have
been engi n’ée":a’@d’%rpﬁé%@’f‘?’d@Q'ﬁ%%@aﬂPgég%%ﬁ lﬁ&?ﬂﬂemdw igh édhemttansfected
papovevbr uatsa Hosetell Heds Mef radlics! RfR ' d ,met hods
may al so be used in the inveaﬁ_{g\ﬁté ghg .ncﬁ“u‘%é@&%f;?@é{'yﬁ'ﬁégﬁﬁgﬁﬁo?ﬁé hRsty
i nj ect i on,*elRgeeemedbrddeentehintenrapept highsrequehoimnané pldedatot iKRigraR 5

| i posones %%%gﬁqﬁ@e%zul ation in |liposones. 23 August 2004 WD 01/64739 10
PCT/ GB01/ 0 € direct delivery of vector into tissue has been descri bed

and sonme short-term gene expression has been achieved. Direct delivery of
vect or int&@%g@ﬁﬁ%lff et al., Science, 247, 1465-1468, 1990) thyroid
(Sykes et fgpi RS cance dentifiedgsing standeod apsaps moludingthee et al .,

Cancer 1festan A Wy tal ., re Cenet, 10,
161- 166, 1905 e %ﬁ'ﬁéf’e‘gaﬁ’.‘?“ %ﬁ%né@ﬁéﬁ%ﬂ 199%,477. 1483,
1994) and after exposure of airway epithelium (Meyer et alL, Gene Therapy,

450- 460, 11%%5% i S ﬁeargé d?scri bed in the prior art. 10 Various peptides
derived fr FECHHNYENHED @ Q-piavidessa bost pelhiransfestashwithrtheaiector dfahe been

used i n ggnesdritaivdritionPRe ABsAELI M3 5L Sy WAMnRaLY' &5 Wrerdtably the host

cell is a rodent or mammalian celi.
15 |
Numerous techniques are known and are useful according to the invention for
delivering the vectors described herein to celis, including the use of nucleic acid
condensing agents, electroporation, complexing with asbestos, polybrene, DEAE
cellulose, Dextran, liposomes, cationic fiposomes, lipopolyamines, polyomithine,
20 particle bombardment and direct microinjection (reviewed by Kucheriapati and

Skoultchi, Crit. Rev. Biochem. 16:349-379 (1984); Keown et al., Methods Enzymol.
185:527 (1990)).

A vector of the invention may be delivered fo a host cell non-specificaily or
25 specifically (i.e., fo a designated subset of host cells) via a viral or non-viral means
of defivery. Preferred delivery methods of viral origin include viral
particle-producing packaging cell lines as transfection recipients for the vector of
the present invention into which viral packaging signals have been engineered,
such as those of adenovirus, herpes viruses and bapovaviruses. Preferred non-
30 viral based gene delivery means and methods may also be used in the invention
- and include direct naked nucleic acid injection, nucleic acid condensing peptide
and non-pepﬁdes, cationic liposomes and encapsulation in liposomes. :



conpl exes (Plank et al., J. Biol. Chem 269:12918-12924 (1994));.

Trubet skoy at al., Bioconjugate Chem 3:323-327 (1992); WD 91/17773; WD
92119287; and. Mack et aL, Am J. Med. Sci. 307:138-143 (1994)) i%qggﬁ§§2004
t hat co-condensati on of 15 polylysine conjugates with cationic ITpirds can
lead to i npVOEMM® in gene transfer efficiency., Internati opalcialofik
Application WD 95/02698 di scl oses the use of viral conponents to attenpt
to increase the efficiency of cationic |ipid gene transfer. Nucleic acid
condensi ng agents useful in the invention {gclude sperm ne, sperm ne 20
derivatives, histones, cationic peptides, cationic non-peptides such as

pol yet hyl enei mi ne (PElI) and polylysiné. Sperm ne derivatives' refers to

al ' I f .m di | ud d t forth i
Pntermatt ondfieftec BEINGY it yerl Bl atlishambetesaiid Subsonendbon,
1993). 25 Dyswmé plprkssiom : I tidi t ;
oD el vgfz%/ Tohi et (G oan et BreR ddficnt (RSB ok EuboGuoR) -
see al so, TPUBerHeNCe, Z47, 465 4448,a)99Mehyroier f Xkéblatlaﬁi.b‘r!fugﬁaﬁj@e'néefﬁér?fg,

DNA constr ugt-s iLn.,the art 30 include
DNA/ pol yfscggf%ﬁhgb?r%%@@g@#@%&% eéﬁZcpﬁPEe‘f £5.223e962-967 4863), skirpt or
as descri be{Hényge e algNatnte Gaplet ang, M Ly )i . 146 1988) ;
Wlson at al /JI Bi ol . Chem 267:%3%46%é?’1@§?5]"%3%@%‘%%@&]}" an
5, 166, 320) ghe JE&'@TY@MW@&%@%MW/@?&&@M epRhih 2
vect or accqypgh | ion,i ont.e ed using nucleic acl
condensi ng. péﬁai d%é'f h’%l'}c‘?m?égagg’r & %gﬁ'égi&?sﬁﬁé & gallysdesasibed iarthe prior art.
particularly wuseful for condensing the vector and delivering the vector to
a cell,  arg,described 5 in. International Patent Application WO 96141 606.
Funct ij pﬁgl Eﬁ&??%ﬂ;&@efmﬁomf@e@mmm%qu%?dﬁ oﬁgﬂfa;f_‘ﬁﬁﬂiéldgb ol or
accordi ng M i W : ese functiona
groups may include a Ii ggﬁedm?ﬁaapg %ar%%'fgoé?d%@é%rﬁé‘"ﬂg] Po‘ﬂyﬁélesﬂﬁ% as a
monoc| onﬁl complees (Plank ef ian, Jt BmisCBdlem 269:128982] 2@4@@@&%&.@%@% of
sugar. The Jji . ta N a non-specific manner or in a
speci fic né%‘h%‘?ﬁ?%ﬁéﬁéﬂgg} (i?%'swga@w & WO§2/1928 Tyeand
functi onal Mackuesail An. JTAVIEED R 757 138 1419845 R85 83T 59 naSh s, &

15 polylysine con;jugates with cationic lipids can lead to improvement in gene transfer

efficiency.” Intemnational Patent Application WO 95/02698 discloses the use of viral

components to attempt to increase the efficiency of cationic lipid gene transfer.

Nucleic acid condensing agents useful in the invention include spermine, spermine
20 derivatives, histones, cationic peptides, cationic non-peptides such as
polyethyleneimine (PEI) and polylysine. ‘Spermine derivatives’ refers to
analogues and derivatives of spermine and include compounds as set forth in
International Patent Application WO 93/18759 {published September 30, 1993).

25 Disulphide bonds have been used to link the peptidic componenté of a delivery

vehicle (Cotten et al., Meth. Enzymol. 217:618-644 (1992)); see aiso, Trubetskoy
et al. (supra).

Delivery vehicles for delivery of DNA constructs tb cells are known in the art and
30 inciude DNA/poly-cation complexes which are specific for a celf surface receptor,

as described in, for exampie, Wu and Wu, J. Biol. Chem. 263:14621 (1988);

Wilson et al., J. Biol. Chem. 267:963-967 {1892); and U.S. Patent No. 5,166,320).



stearoyl; a neutral hydrophilic polyner such as pol yethyl ene gl ycol (PEG,
or polyvinylpyrrolidine (PVP); a fusogenic peptide such as the HA peptide
of 15 influenza virus; or a reconbinase or an integrase. The furfa}}h%’&@ézom
group also may conprise an intracellular trafficking protein suc S a
nucl ear IoWé’I‘?lé‘séﬁf’on sequence (NLS), an endosone escape Si gRAlGBMINsSS a
menbrane disruptive peptide, or a signal directing a protein directly to
the cytoplasm 20 The present invention also provides the nucleic acid
construct, vector or host cell of the prEksent invention for use in
therapy. Preferably, the nucleic acid construct, vector or host cell is
used in the treatnent of cancer. 25 The present invention al so provides

t he use of Dklige ' i . or.or host cell of the present
nvention Lo iay oy poRF ety o Bie nUBHiGh i g piateo s nvdaigasid. of
cancer. 30cqmriensieg peptides.ditcieit atid @onﬂenéiﬁg?e?fﬁ@&&, {dﬁfa@[ﬁ{;g@%};y

conpri si ng jnistering to a patient in nee suc real

‘effective %%ég@mg? QPE@G%S”RLI%GS\{GGM@MA@EWMI% VRCIUraB@ ¢6INEHE dbdcribag! ei ¢
aci d cosstinupatermnd8shAlr : . t _invention. Preferably,
the patient ismsufr?éélr?ﬁ%“??@m@#c”ewo?Eg"f@foﬁf";?“‘%fma@am@s may&ey cancer

associ at edPWnchta peplitesysefat fornistitetyhsf AMéctor Bcsbeiiy td e iH@%J& such as
prostate and Hhepatocellu as

col orect al y breast,

carci noms@%gér@g& @55@33% Jﬁ"eﬁesféinﬁﬁ*wf gesuRs pleyrinelvdeta bgdnd that
conposi ti dargAserdrsd 4 ' vector. oy host cell of
t hgp present l:i nvent%)dr:&i_: Eélggynﬂgl %{éﬁ %%%%gwsgﬁﬁéf%ﬁgf'WC!ﬂﬁ"ﬁ“ﬁaﬁ'}s‘cﬁﬁlifbpt abl e
r eci pi ent .2SiHegWRaPRISE OF eatugaymite gambthab rhde trgeseslls inny ﬁﬁﬁ_isg,gc%y
conpri §g trﬂ&r]gn iﬁ'%sﬁ%ﬁﬁcwmt rrti:ﬁti' yecttriog or host cell of the present

i nvention, if desired. JIRANAT et Rireptngtad withdespestdalcell tymzept abl e

carrier or diluent, for therapy to treat 15 a di sease.

The functional groups also may comprise a lipid, such as palmitoyi, oleyl, or
| stearoyl; a neutral hydrophilic polymer such as polyethylene glycol (PEG), or
poiyvinylpyrrofidine (PVP); a fusogenic peptide such as the HA peptide of
15 influenza virus; or a recombinase or an integrase. The functional group also may
comprise an intraceliular trafficking protein such as a nuclear localisation
sequence (NLS), an endosome escape signal such as a membrane disruptive
pepiide, or a signal directing a protein directly to the cytoplasm.

20 The present invention also provides the nucleic acid construct, vector or host v.::ell
- of the present invention for use in therapy.

Preferably, the nucleic acid construct, vector or host cell is used in the treatment of
cancer.

25

The present invention also provides the use of the nucleic acid construct, vector or

host cell of the present invention in the manufacture of a composition for use in the
treatment of cancer.

30 The present invention also provides a method of treatment, comprising
administering to a patient in need of such freatment an effective dose of the



The nucleic acid construct, vector or host cell of the invention or the
phar maceuti cal conposition may be adm nistered via a route which includes
system c, intramuscul ar, subcutaneous, intradermal, int raven_ous,2:,’{;}!(3J99|§‘§)£004
oral 20 (solid or liquid form, topical, ocular, as a suppository,

i ntraperit oWOAV6AT or intrathecal and local direct injectipoT/GHIgHEsAC
dosage regine will, of course, need to be determ ned by individual
clinicians for individual patients and this, in turn, will be controlled by
t he exact 25 nature of the protein expres4g@d by the therapeutic gene and
the type of _ti,ssue.that is being targeted for treatnent. The dosage al so
will depend™QEk 3¢id CansEusle Vedar oahioshcalhaf thegresenianoéntici NPRIFSEA 11AQ-

30 The anmousdtic: idYEHSH W truct or vector delivered for eftrective
t r eat ment Lkg'éf:cordi ng té@ﬁéhf%&\?}gn ion will preferably be in the range of

bet ween about 50 ng 23 August 2004 13 1000 erg of vector DNA/ kg body

wei ght; anc referably in the range of between about 1-100 pg vector
DNA/ kg. Al ﬁ%ﬁ%}%b& Pf{‘% CBP%%{@ﬁraéer GRICSF @sheciated: with vy detsquriation etiiien\sit er
gt ¢

t he nucl 8 Gi@sa ' cell to a mml for in vivo
-cel | uptak e@%ﬁqgeg g\m%w%%hp%‘% %Ecjﬁfr%&;?i g%’?‘#ﬁﬁ ﬁ\%%l?%%?@f 5@sk drestatg and
removed f r d¥@patocaiiviancarcinanmduced with the nucleic acid construct or
vector, and then re-inplanted into the animal. The |iver, for exanple, can -
be accessed by an ex viva approach by renoving hepatocytes froman ani nal,

t ransduci nGHehereke i [ i I anting.the transduced
hepat ocyt eg-i nt o tﬁgkg%ﬁggl? al(gg’. %I{O.R{fo%ggé]ggé@‘?%%eéjéﬂ‘%l}?ompggwpﬂsc%@m@imry

O o T U hast o5 et idehean in EUMIEARG, | ¢,
vari ous popdtl%g% Q%gﬂég‘fé%’@qﬁgﬁe %?%W‘EWPQPOW or |ynphatic systens, such

as erythrocytes, T cells, B cells and haematopoietic stemcells. 15 The
pr esent in¥ﬁntion al so _provides a conposition for delivering the nucleic
acid const @cﬁh%chﬁétiﬁﬁ'moﬁlmof the mesemtanTémtiore

SR
conprisin ; t Lpdi el enent s, of the present invention
ongr)abI v lglngﬁlgg! ’té‘gaacoﬁn striftt, OB HYPIENLF il presentpmventzon, if desired, in

admixture with a pharmaceutically acceptable carrier or diluent, for therapy fo treat
16 adisease. |

The nucleic acid construct, vector or host cell of the invention or the
pharmaceutical composition may be administered via a route which includes
systemic, intramuscular, subcutaneous, intradermal, intravenous, aerosol, oral

20 (solid or liquid form), topical, ocular, as a suppository, intraperitoneal and/or
intrathecal and local direct injection.

The exact dosage regime will, of course, need to be determined by individual
clinicians for individual patients and this, in turn, will be controlled by the exact

25 nature of the protein expresséd by the therapeutic gene and the type of tissue that
is being targeted for treatment.

The dosage also will depend upon the disease indication and the route of
administration. A

30

The amount of nucleic acid construct or vector delivered for effective treatment
according fo the invention will preferably be in the range of between about 50 ng-



expressible gene to a cell. 20 A-BRI EF DESCRI PTION OF THE FI GURES Figure 1
shows the results of transient transfections of HeLa, Hep& and SW80

cells with the Tcf responsive luciferase reporter construct -
"Smer Tcf - SV40- Luc" (CTL501) (Figure la). The nunbers indicate th2e3‘ﬂ“"ﬁ'tﬁ'Srrli)zeoroé1
of base pairs between the Tcf sites. Thg nucl eoti de sequence of 25

5mer TCF- SV40 anti sense strand (SEQ I D 1) is shown in Figure. Ic. The
sequences underlined and in italics are active TCF sites. The sequence

j ust underqg E ' Ikt in bold are the
Bgi ||, Nhel an%1 Eﬁ\g\?d?ggogm ﬁégﬁyyeﬁ@é J@P@?ﬁ&é%&%‘%@iﬁ@ﬁeﬂ?t h
' egui ol ar betwean aboubbdi00Iupyectac BNAGEg.t he Tcf - responsi ve and control 30

| uci ferase reporter constructs as indicated in Figure 1b. "SV40p" contains
the SV40 pronoter only; "Sv40 Enpfang AMENDED SHEET WO 01/ 64739 23 -August

2004 PCT} / i : : . t d enh :
T cont SROUGR IS bréférel Ricofdig B iR H0eMIT B AR AR it B2 oo
as fol® aéonstayctovecter onhostaetido atmatrinealdst ity calf uptlRe DfBx ROt er set

SD from twg, i ndependent transfections are shown.

as 1. The an val ue, an:
This res uﬁfr’rsf CH PRy, P@é&'ﬂ?@ﬁ‘ wherelty eellsaseirameped flom anapimalahsdudsdqyur e 2
shows t hewgtHaRé hudlkei©aci8 oo e sed by Hela, Hep&
and SWA80_cel | s inf eég?%lg c&ﬂ?ﬁﬁ%}ﬁ&f\}é Wﬁwgﬁélﬂl’ thG@nmalt ect ed
at t he-i ndledver fongxarpplectan be agtessednt anex(ivs apmbach dlyrkmwyvirg 10 ei t her
CTL102, | NTR fromthe . ephancer/pronpter, cl CTL501),
ahi oh_comeeByiRs YRRE Becitecl dasalicing bur herqiacueR dr wihccand G
or i erftQat i impianting 1R tedrsdusBE W ‘éﬂité:t% SHATE S . the right
to left orjien Qéﬂt i on. Cytopl asrei c xtsﬁgtco:@%v\ere {o{eg%ar%@%tsg@s#a@g | at er and
assayed fiGPPNTRY&Anvediuing ot o)., Brieape 2541 802+1805N39an0k ineuneeiss by 15
| nf ect] OnMER SHEA Befb Fl 810222 NBoBT B TReoB S50 Sy v Shoddha™
for delivery to various populations of cells in the circulatory or lymphatic systems,
such as erythrocytes, T cells, B cells and haematopoietic stem cells.
16  The present invention also provides a composition for delivering the nucleic acid
construct of the present invention or the TCF response element comprising at
least 5 TCF binding elements of the present invention operably linked to an

expressible gene fo a cell.

20 A BRIEF DESCRIPTION OF THE FIGURES
Figure 1 shows the results of transient transfections of Hel a, HepG2 and
SWA480 cells with the Tcf responsive luciferase reparter construct
“SmerTef-SV40-Luc® (CTL501) (Figure 1a). The numbers Indicate the
numbers of base pairs between the Tcf sites. 'The nucleotide sequence of

25 SmerTCF-SV40 antisense strand (SEQ ID NO 1) is shown in Figure 1c.
The sequences underfined and in italics are active TCF sites. The
sequence just underlined is a mutated TCF site. The sequences in bold
are the Bglll, Nhel and Kpnl recagnition sites. Cells were transfected with

- equimolar amounts (about 1 ng each) of the Tef-responsive and control

3¢ luciferase reporter constructs as indicated in Figure 1b. “SV40p" contains

the 8V40 promater only; “SV40

Enpfang AMENDED SHEET



representative experinment is showm. Figure 3 shows the antitunour efficacy
of CTL5011CB1954 agai nst Hep& xenograft tunours in nude mce. Goups of
six tumours ranging in size from 20 20-80m® cross sectional ar eg MRl e ~604
i nj ected w’rxgﬁog{%w ?xi mately 1010 viral particles as a single injectton.
Prodrug ad i Z¢ion and tumour neasurenent are descri bedPCHGRSN@0EsAl S
and nethods. Figure 4 summarises the results of NTR i mmunost ai ni ng of
subcut aneous 25 SWI80 xenografts in nude mce after a single injection of
CTL501 or CTL102 (1.5 x 1010 particles ind420 pl of 5% sucrose, 25nM -

Tris-HC , pkt.=- . T ugour re excised after 48 hours and nonitored
for NTR' ex%yrp es%éﬁﬁ”&%sagéﬁ)? gﬁ‘\{\g RIeAoigaEad anBancer; TVt Sopesinsahe The
average pegyient Mirg b4 onsecutive, sections are
shown for '3% eac cci)i SSg(%éI?%%gﬁtht%é%%A%angW@%@pr&d gctivatinn a
conpar i son ¥HN{KEPEEt {0 he Bmtivilyt of tife SUMDBraaBRaT S8k 49 1. il Ared PLLRM N9

system c adg i ' and, prodrug treatnent, Nude mce were

i ntravenous y&isﬁl? "’eﬁﬁrhg{?v& '&ﬂepﬂ?é]%fﬂﬁ%mﬁq%minﬁda@sWnum refultvsr al

particl eS. rAbtreseﬁ&tﬁ@éﬁtf@bgiﬁﬁe‘b%ﬁc@ﬁ{%}ﬁ]é}%38 ritoneally for 55
ght. e ri

consecutive days at 20 nyg/ kg body wel re shows the maxi num
average weight loss (% during the nonitoring period (day 1-15) for each

i mal ' r aro .and .percent age of surviving aninmals for

cach tr Séﬁﬁﬂs?ééﬁ% B q8haHHCH o BT R e o rova TR E oxposssen by
t i ent fdebiGihandlS I i t he Tcf .r onsi ve
Ilrjginfsla(ragse r epor eF con?truw_sg)ngrag%wgﬁiﬁ%Iﬂ:ﬁﬂ%@gd’%hﬁ_ﬂggéﬁ)ce%e
nucl eot i de "dGuBHeetesk atthesinainatethmuitipieitissr aiihfé Sich I(ﬁd}liopﬁ)/cb ) SN in
- Figure . (ST ined a ' italics.is the El B TATA box.

Tlhguseqﬁgn?gsh%ir?gg?gﬁhwgvﬁ%%me%%Mﬁi&r‘%&ﬁlhh . “/kl?n@lﬂ]ma({pmmoter, ¢l
recogni ti ofC3iLEEY), @hicls cmﬁmnbrt@@ﬁff;métﬁ@f_swmmidggsggte( ﬁfggéﬁ#‘—’l@? each)

I ca

anount s of eporter constructs as I ndic e

| luciferase r
6b. pGL3b agﬁ%ﬁf%ﬁ?giqugh ﬁ%@ph@nﬁaﬁ:@s the same cassette but in the right to
left orientation. Cytoplasmic extracis were prepared two days later and
assayed for NTR expression by EL}SA (see materials and methods).

15 Infections were done in duplicate. The mean NTR expression level from a
representative experiment is shown." '

Figure 3 shows the antitumour efficacy of CTL501/CB1954 against HepG2
xenograft tumours in nude mice. Groups of six tumours ranging in size from

20 20-80mm? cross sectional area were injected with approximately 10'° virai
particles as a single injection. Prodrug administration and tumour
measurement are described in materials and methods.

Figure 4 summarises the resuits of NTR immunostaining of subcutaneous
25 SW480 xenografts in nude mice after a single injection of CTL501 or
CTL102 (1.5 x 10" particles in 20 ul of 5% sucrose, 25mM Tris-HCI, pH
7.4). The fumours were excised after 48 hours and monitored for NTR
expression as described in the materials and.methods section. The average

perceniage NTR positive cells from 3 consecutive sections are shown for
30 each dissected tumour.



cDNA; "E113" contains;the Ads ElI BTATA box upstream of the | uc CDNA,

S5mer Tcf-Sv40 (CTL501) is described in Figure la. Data are expressed as 20
fold activation conpared to the activity of pG.3basic set as 1.

val ue and SD of duplicate transfections are shown. The data arez-gr]ﬁ'gn&aﬂ)04
representative of three independent expgrinents. Figure 7 shows, in
schematic form the four different arrangenents of 5 Tcf 25 binding

el ements that were evaluated in the work described in this docunment. For

- each corp . aha ; Ny : LNl jtes i,s shown,
as wel | aisgrlt‘%es {s\ﬁgwﬁjnens'?g%gge@?f gﬁgéﬁe'}r%ﬁ W?ﬁtmg@g%ﬁﬁjqrﬁg B

“hel i x bdSEH108 follewing syptémic aﬂmﬁniﬁﬂ'aﬁohnaNm?lr@@myﬁﬁeatrﬁeﬂt.%ﬁ@éet e turn
.of the helix. shows esults of transient transfections of

30.Fiqure 8 tge r.esul | ans
swiso céllie& Wef ‘?\é"tfg}ﬁ%n?%ﬁyclai%e dtaif ¥aing with she indicated Bumberrafer

.constru AL T. . t .2004 TcfC were
P her - el pEtietls] M08 ot BSOS R, BN nltare g o8l 1478n (he svio
basal Spromsesutiveaays g8 gy bedyersighht Tiea figi.:ré’ eshbws fHef Raxmufef ©) .

rTci- El BTATA (CTL502) and CWwW

-rrgge)olrzlt e%vﬁigﬁ%%ggﬁ‘?%ég%b%g’kﬁ‘g ﬁ"?ﬂ@ﬂi@jmpﬁﬁ'oé (Fayu-d5p forceack wer e

f egindam i . h) of
T Lginfse(raase rae gﬁggugégﬂs r'ﬁﬁggtﬁ}hgf’g%ﬁﬁgs%&ﬁ?%@%8f&g'?ﬁiﬂiﬂg(c)@ﬂﬁﬁé@ fQ(Ft ivity
of 5Sner BachBIe@Mant ¢ @b afer (1) days.5ner Tef - SV40  (CTL501) (b),

respectively. The nean value and SD of triplicate transfections are shown.
These data are representative of three 10 i ndependent experinents. Figure 9

shousot Figuies 8l difows the3asURS 'oftFANSERCIaARRedtlons dPllefS dri syguBE Tof - E

BTATA | uc] f erase r%porter constructs w
ar r angefigli¢ with the T chiraapagsivetivsifedspurep AterstovetrudteSmerPefc of Tof sites

iR b EIBAPA-DR IR S0 TG L Pl ohlifes Mol eias Tt Rai 175 ©
The seqanfisense/steind (BECRAIDNO 2)iglshetrAirPFifilre 6. Tthe sequence
underlined and in italics is the E1B TATA box. The sequences in bold are
15 the Hind\ll, Bgl\l, Nhel and Kpnl recognition sites. Cells were transfected
with equimolar (about 1 ug each) amounts of several luciferase reporter
constructs as indicated In Figure &b. pGL3basic contains a promateriess luc
~ ¢DNA; "E1B" contains the Ad5 E1BTATA box upstream of the luc cDNA:
SmerTcf-8V40 (CTL501) is described in Figure 1a, Data are expressed as
20 fold activation compared to the activity of pGL3basic set as 1. The mean
value and 8D of duplicate transfections are shown. The data are
representative of three independent experiments,

Figure 7 shows, in schematic form, the four different arrangements of 5 Tef

25 binding elements that were evaluated in the work described in this
document. For each construct the number of base pairs between the
binding sites is shown, as well as the two dimensional arrangement of the
sites along the DNA helix based on the assumption that 10.4 bp correspond
to a complete turn of the helix.

30 Figure 8 shows the resuits of transient transfections of SW480 cells using
the indicated Tcf responsive luciferase reporter constructs. TcfA, TofB and
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sites. The sequences in bold are the Bglll, Nnhel and Kfanl recognition
sites. In the 4nerTof - El BTATA construct the Bglll site is defective. Cells

were transfected with 0.5 pg of each Iucgéerase reporter construgt Hg%gt%ﬁ
are expressed as percentage activity of 5nerTcf-ElI BTATA (CTLSO%%? I'g .

The nean value and SD of triplicate transfections are shown. The results

ool £ of L aneren i SoRolrEeCRRR 1R iRl alRRtuyal EXHIATR s 1

results of transient transfections
BTATA- | uc Wighdhe &40 \biat_smwammmbdale(mﬁigwemfdmﬂebbﬁPﬂbﬁ@fnpéfAch site
Ce i

d the TATARD - b The < f the T |
SQSJ i gedﬁ?d&Bﬁ?@% f’g’?g.jl-gﬁ'ﬁ @%B-r ‘ %&%&fgﬁﬁbﬁﬁﬁé@&@& ﬁcf—&eg%:ﬁﬂz- E1BTATA
t t f ' " g i ndi cat. th nb f b
PP Fr KoM 502 end B rBboter bt ard dekBhEd 1S te 186l T . 00 The®

first Toofiguke FACAlIsawars transitateasyity sgnimolkt @ﬁouﬁf&l(ﬁfcdtr@snﬁgt s vere
. Cells weTe '

derived bé Ig%? Ere%r&.tlhe. human CB-'Lg‘I obin gene intron |1

transf ect 880 £h 5§ Hgifsrase repeder censtiuctse Rataare expressedtas Data are
Enpf anAVE aaE Tadtivi 4 r tivity of
the Tcf G El BTAT da:éztgv ‘ﬁ’gﬂﬁ??ﬁ?cggﬁﬁﬁ?ﬁ%ﬁﬁ}%@i@iOﬁjﬁ%%eq;%\/ﬁﬁm I cate
transf ect (©hb58k (BhoespeTtieely: Fhel meaarealueirE 8 8f tritdicitet r ee
independeq_,h % @ | nents. . The cl eoti de sequence of the antisense strand of
Tcf G E1 BTAT Fg{) @Fﬁ? REPYY- SRR A1$ yRReNtativegel threec. The
sequemsindapmemgiﬁmﬁnémsi_tal Ics are active Tcf sites. The sequences in
bold are the EIB TATA box, and the Smal and Kpnl recognition sites. Figure

11 shows the gu&r%t ation by ELISA of NTR expressed by HeLa and 10 SWA80
cel I s i nfld@We disnewsrtheresultn sHiraastenttimcfectiohs of BWd8Ddeilt ed with a

range of | L ; d 1500 pfulcell). Cvtoplasm c extracts
were pr epﬁz;grqgg ﬁfo&zgﬁ@ﬁ‘%ﬂ‘g&eﬁggaggay’ga GPBEL'H? wt)hﬂ:%,&eﬁt AUMErsl s and
et hods) anamargjamsnty of Wof biraling SteSCHIQANG 4 8nala'he dambegre 12 shows
a conpar pr n 'Pf thﬁ bevel s .of reconbi nant “adenovirus- directe R
expr essi o H¢hanflitherspaging hebwpenitber. &liguve Ag shows thy eatlemtide
15 sequence of the antisense strands of the Tcf-E1BTATA constructs (SEQ
' ID NOS 3-7). The sequences underlined and in italics are active Tcf
sites. The sequences in bold are the Bglll, Nhel and Kpnl recognition
sites. In the 4merTcf-E1BTATA construct the Bgill site is defective.
Cells were transfected with 0.5 yg of each luciferase reporter construct,
20 Data are expressed as percentage activity of SmerTef-FIBTATA
(CTL502) (Fig 9b). The mean value and SD of triplicate transfections are

shown. The results are representative of three independent experiments.

Figure 10 shows the results of transient transfections of SW480 ceils
25 with TcfC-E1BTATA-luc constructs with variable spacing between the
proximal Tef site and the TAT_A box (25-499 bp). The structure of the
- TefC element is described in Figure 7. Figure 10a shows the structure of
- the TcfC-E1BTATA reporter constructs used for this assay. “d"” indicates
the number of base pairs from the last nucleatide of the proximal Tcf
30 binding site to the first T of the TATA sequence. The 88 bp and 447 bp
spacer fragments were derived by PCR from the human B-globin gene
intron 1l. Cells were transfected with 0.5 pg of each luciferase reporter
construct. Data are '
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wi th CTL102 and CTL501. Mce were tail vein injected with the indi cat ed
quantities of CTL1 02 or CTL501, sacrificed 48 h later and livers stained
for — 'NTR as described in Mterials andqjpet hods for tunour sectiso%‘sg.usg%m

Figure 13 shows a conparison of the |level of anti-tunour efficacy
CTL5011CB1954 with CTL1021CB1954 in a xenograft nodel of col on cancer.

Groups of SPWBESSedoas pefoctiagecadiivity bh i i Ogu
sectional a e)'aT re injected v%t h a gji_ng;dzé ggg% %‘Sﬂg?\ qg%a%[’?g‘%?ﬁu(ﬁtes) of
either 25 -c,(ﬂr 4 'Hﬁa&r‘@yf.aw &H of triplcatednansfadtionswire gmaenr ERENt Were
done as d i | | met.nqds Fi,gure 14 shows a conpari son of
the | evel g}%‘ég%ttgf‘éﬁe'ufré‘éﬁkgbﬁft cgpﬂ?ree@agag’l‘&@g&?&pwlmml_1Td)Z€1CS1954 in a
xenogr aft muddeoctifie sdqErRRN6Eth i WP _?ﬁ%f =3~ angi ng

~in size frci && g? qgjreoss . secet ?ggﬁﬁﬁggﬁ&gre |tlc’1)fjde Wé@gl ngl e
dose (1810 @a g&)%fbﬂ=35tlﬁ@h0\m'm Figurer 105L T02 sduibisces AVENDED SHEET
WD 01/6473 . [ B0110 6 .18 Prodrug treatnent and tunour
rreasurerren'?'I n\?%[r: @jggénoggpﬁgggsfl HR A 'He%'% 'E‘%ﬂ'sThﬁrﬁFMﬂ%m Folgure 15 '
shows t hat alFRae QWBAchgX, et e \S9h Wap human 5
endot helial cells, dermal fibrobl as?s a%déﬁggm?%?ggﬁ't@%%re I nf ected
w th Ad. COW-nLacZ, Ad.CTPI-nLacZ and Ad. CTP3-nLacZ as described in
Materi al s ysed, 4 at For the data shown in
Fi gur e‘t éS‘anﬁvJﬁ{ Q@Q\??‘ Z@%gaaﬂ’%ﬁ%ﬁ’ Bﬁiﬁﬁhqum%éw@sﬁﬁﬂm%@-%ﬂﬁ t he
i ndi catled SROI4BQ péily infddied it CPET ' S ' h

o ST ETESG CHi e tFate.,

Gal act o- Li @Hh assay system as describe the stp
repr esent tangefimaisi(dn5. 20.- K16, 588rand: 1509 pfefuetl). r@ptbplasmishown in each

bot o gal acy o5 HeTE préfared b s Do el bl S TR Byt ng. Oy
fl |5 3r obl ast Enateristsiant miethody). Kekinvahess shduptisatedniéelishs ahl enswgy ™. Figure
15 Figure 12 shows a comparison of the levels of recombinant adenovirus-
directed NTR expression in the livers of normal mice following i.v. injection
with CTL102 and CTL501. Mice were tall vein injected with the indicated
quantities of CTL102 or CTL501, sacrificed 48 h later and livers stained for :
NTR as described in Materials and methods for tumour sections.
20
Figure 13 shows a comparison of the leve! of anti<tumour efficacy of
CTL501/CB1954 with CTL102/CB1954 in a xenograft model of colon cancer,
Groups of SW480 tumours (n=5) ranging in size from 20-80mm? cross
sectional area were injected with a single dose (10° or 10 particles) of sither
25  CTL102 or CTL501. Prodrug treatment and tumour measurement were done
as described in Materials and methods.

Figure 14 shows a comparison of the level of anti4umeur efficacy of
. CTL503/CB1954 with CTL102/CB1954 in a xenograft model of colon cancer.
30  Groups of SW480 tumours (n=5) ranging in size from 20-80mm? cross i
sectional area were injected with a single dose (10 particles) of either
. GTL102 or CTL503.
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shows that all three viruses directed high-1level beta-gal actosi dase
expression in 15 infected SWI80 col on cancer cells. Figure 16 shows that

.. CTPI and CTP3 express at very. low | evels under replicating cond)3tA' QNS idﬁ4
t he adenovi wusotabper cell lines (PerC6 and 293). Per(C6 and %33 ¢el S were
infected at an MO Of 100 and harvested"30 h later. Cell extfaci@Bo@p85620

t hen prepared and assayed for 1li-gal actosidase as described in Materials

and nethods. Error bars represent standard deviation. A representative

experinment is shown. Figure 16a has a log&aftithmc, and 16b a |i near,

scal e. Fi gurRrotifugtreatmémadnd A Rto@dNdeSh ress at high levels in
secondary 25 col orectal cancernjr?l ss&gg%%ﬁ%ﬁtw‘?rﬁ %”P&?}@@ﬁqflhﬁéirlntl‘wam@b
2-3mB seg gthadseshl y exci sed secondary colorectal cancer (liver) with
attached liver margin tissue were incubated in the indicated viruses,

fixed 48 h later and stained for (3- gal actosi dase expression as descri bed

in Material Figok 18sheds.thailts ssue, "L" denotes attached
liver tissue. 30 WO 01164739 ggq@gcﬁggﬁ %%Q’%%ﬁs ‘t%&’%g%‘ﬁs fpnormahiremas

shows that RNGATISYGEeelisTHRMIALiToRRIsix pnd SepatboyizD @éﬁ@Weré%l%rcf%i@%t

cancer speCA@Q@MLé&?{‘%ﬁ?ﬁ%thlgh-l ev(gl non-rrenbranoug exp Bn of

~i - catenin. g S fehls P ohlrce s\ AdCdPedans andgscibef ipchateriagcer
t d anéthods Iz {H . ' i ned f.

3 gal act osi da I8 Mgl Holhedil ShBWAGA Fidlreriam ansi! es

3-gal act osi dase .expressi on as descri
of each tu acta were fuepaissdiremcalisdnieeted with R Palicied Wgﬁ?@'ﬁgb &

descri bed ige ' ds. 1 TAI LED DESCRI PTI ON
| NVENTI gg Th e@%ﬁ%@%gjﬁgfg&%&%&”ﬁm &‘ﬁ%@é&#qﬂwf apRayeysten ahdesaibeatbyg
exanpl ed0 Tihesppliee Fryombarsabpiddais std LYoRNA ALs. ot Lo be taken as
limting. 1§ MPLES Materi al g_and met hggd;d%gi%aﬁo@u?\%p esthtative expeniment
Showt in each case. In Figure 15c¢, cells were infected with an MOI of 1000
pfu/cell and beta-galactosidase-expressing cells visualised by X-Gal staining. Only
fibroblasts infected with Ad.CMV-nlLacZ expressed detectable enzyme. Figure 15d

shows that all three viruses directed high-level beta-galactosidase expression in
15 infected SW480 colon cancer cells.

Figure 16 shows that CTP1 and CTP3 express at very low levels under replicating
conditions in the adenovirus helper cell lines (PerCs and 293). PerCs and 293
cells were infected at an MOI Of 100 and harvested 30 h later. Celi extracts were

20 then prepared and assayed for B-galactosidase as described in Materials and
methods. Error bars represent standard deviation. A representative experiment is
shown. Figure 16a has a logarithmic, and 16b a linear, scale.

Figure 17 shows that CTP1 and CTP3 express at high levels in secondary

25 colorectal cancer tissue but not in attached liver tissue. 2-3mm?® segments of
freshiy excised secondary colorectal cancer (liver) with attached liver margin
tissue were incubated in the indicated viruses, fixed 48 h later and stained for B~

galactosidase expression as deseribed in Materials and methods. “T" denotes
tumour tissue, “L” denotes attached liver tissue.
30



20 Hep&. (human liver carcinoma; nutated -catenin), SW80 (human col on

carci noma, nutated APC) and HeLa (human cervix carcinoma) cell lines were
obt ained from ATCC and were mai ntai ned as recommended by the Su%lddnﬁhstzom
PER C6 (hygshigpRpyoni c retinobiast cell line) cells were obtained Trom

IntroGene, (Fallaux et al., Human Gene Ther., 9: 1909-1917, PEF4EHO1AAower e
25 cultured in DVEM suppl enmented with 10% FCS, 2 nM MgCl 2 and anti biotics
(150 t.9/m penicillin, 250 g/mM streptonycin). Primary human der nal
fibroblasts were isolated from punch bi o8y sanples from healthy

vol unt eers ' ' s_above. EC cells were obtained from

Pr or nocel | F?J‘E@Ie@ %‘L%Q ﬁ%ﬁ]’rﬂﬁ%"é&%ﬁﬁﬁﬁ-ﬁﬁa EXpraasitut imsprimbryEcivtdtia]
Medi um  3Ccarices sPepphanend | | mary, hepat ocytes were

mai ntai ned in W FI | ans ned?%dr%%evé ?ﬁﬂﬁ@@é‘é‘é‘?{t'ﬁ)‘%’% m%rﬁefanapét rgesion e€ti n
and hydr oc&€fiBone. 20 23 August 2004 Plasmid construction To clone

pG.3pr of Sne. 32 CIL50 two, partially doubl e-stranded - fragnents
wer e genegtéi:e%ﬁ b‘?/g%'ﬁ%ggﬁ 9‘#36? ¥ S¥SSer\ Al eoferectal\capaer weod transduced

ol i gonus |- avith thesindiceidd vy L, ¢ al. PCT AGC AAG CTT ACT AGT
CCT TTG ATCMggG 'aAigT CCT Acsc’:@@%‘ﬁ s&@@ﬁ% Qﬂﬁ?ﬁ@'&%ﬁ exressionTes dseibdai NO
9) 10 O EyYateriga@rmetiadCSamebs A MGURLRS i AR
AGG ACT CEC T. CAA AGG ACT AGT A%g CIT G (SEQ | %@%&@%ﬁ g}gﬁa'ﬁﬁﬂ%
ATT CAG TECHIHNERPresplonms Jescrihad ioMateials 20T MSAoddT GCA CCT TTG ATG A
(SEQ ID NO 11) 1a Aigo 4: PGA TCT GAT GAA AGG TGC ATT TAG AGA TCA AAG GTA
GGA CTC TTG ATC AAA GG (SEQ I D NO 12) (where P indicates phosphate
nodi fication) 20 These fragnments each contain three TCF binding sites
(cons u m hese two. doubl e-stranded fragnents were |igated
and tﬁ.g)S PES-@H Sﬁ&f@ﬁ%ﬁ'@m\dﬁﬂ'ﬂ@ﬂ aining six TCF sites was
cloned by their Nhel and Bgll | sites into Nhel/Bgfll-digested pA.3
pronot er Il)_las_m'd_ B o _

he invention is described in detafl by the use of the following examples. These

are by way of illustration only and are not to be taken as limiting.

15 EXAMPLES

Materials and methods

Cell cuifure

20 HepG2.(human fiver carcinoma; mutated B-catenin), SW480 {human colon
carcinoma, mutated APC) and Hela (human cervix carcinoma) cell lines were
obtained from ATCC and were maintained as recommended by the supplier.
PER.C8 (human embryonic refinoblast cell ling) cells were obtained from
InfroGene, (F*_allgux et al., Human Gene Ther., 9: 1809-1 917, 1998) and were

25 cultured in DMEM supplemented with 10% FCS, 2 mM MgCl, and antibiotics (150
rg/mi penicillin, 250 pg/mi streptomycin).

Primary human dermal fibroblasts wéte isolated from punch biopsy samples from
healthy volunteers and maintained as above. HUVEC cells were obtained from
Promocell (Heidelberg, Germany) and maintained in Endotheliai Growth Medium

30 plus Supplement Mix (Promaocell). Primary hepatocytes were maintained in

Williams medium with added antibiotics, glutamine, insulin and hy;(drocortisone. :



(p&-3pro; Pronmega) result ng in pG.3prof5merTcf--SV40 clone 10. However, 25
sequenci ng reveal ed that the nost 3' TCF-binding site contained a deletion
of one G nucl.eotide, producing an inact'%je si'te (CCTTTATC) (Seezﬂﬁ,ggtezom
1c). To generate pG.3basic/ SnerTcf-E1 BTATA (CTL502) 84 bp fromthe
Clontech plasm d pGCAT, spanning 21 bp upstream and 55 bp downstream 30 of
t he adenoviral ElIBTATA box (TATATAAT), were anplified with PCR using

ol i gos cont ai mnEg Bglll and H ndill overhangs. This fragnment, containing 16
bp of the R@smEd cenpinarfisiner ( GGGTATATAATGCGCC) (SEQ ID NO 13), was then

~cloned int | Hwngdl | Er f VENDED SHEET 21 23 August 200. 4

di gest ed p&@%@ eﬂ?@m’{ﬁ'ﬂ SS&%S i 20 1 e rartiadly doebR-$iseeded gure 6¢) .
Then the 5- r.Tef - - SVA40 L501) cI one 10

were cut out bgﬁﬁh@?| %’Tﬁr%ﬁ%ﬁﬁ@@%ﬁg@ (FWP?JERW&I 3EQRAails ofgi gest ed
. pG_SbasﬁclEngsmmiaotidemé vith 2.eand 8iwith 4n pGL3basi ¢/ Smer Tcf El BTATA cl one

1. Sequencing confirnmed the expected construct. To generate
pG.3prol Tcf A-SV40 clone 4, pG.3prol cfB-Sv40 clone 31, pG.3prol Tcf G SV40

10°and pot Rert YT AR ATEACT Gl b e BcbosTaC s,
r espect i velTI,T GATICTGTAA HTE CAGCTTVEGK DpRg, (SCTTTEATO) - and

an intentionally nutated site (CCTTTATC, ?onm ste were anneal ed to
their respective antisense oligonucl eoti des 6, 8 and 10 Ain: CTA GCA ACGC

TTA CTto CTOIGE: Tk Teth A% 6T T6h TAEAT ol T A Taase AT
CTT TAT CAG@QG(B)R{BJ' CIZ) GAITi @AAGAGG%C‘ITWG’BM@WCC;% 'MO% ATC AAA
GGT AGG TTA CTC 20 TTG ATC AAA GGA CTG AAT TCC TTG AT ATT TAG

AGA TCA AAG GTA GGA AAC TOT TGA TCA AAG GAC TAG TAA OCT TG (SEQ ID NO 15)
=1 9o0figo GT RARCEACRTTICAGTCENTFEAT A AL P e BT 1BA TCT
TCTCTAAAT GCACCTTTGATCA  (SEQID NO 11)

15
Oligo 4: PGA TCT GAT CAA AGG TGC ATT TAG AGA TCA AAG GTA GGA
CTCTTGATCAAAGG (SEQID NO 12)
(where P indicates phosphate modification)

20 - These fragments each contain three TCF binding sites {consensus
CC‘I‘ITGATC) These two double-stranded fragments were ligated and the
resulting fragment (about 130 bp) containing six TCF sites was cloned by their
Nhel and Bglll sites into Nhel/Bgh I-digested pGL3 promoter plasmid
(pGL3pro; Promega) resulting in pGL3pro/SmerTei-SV40 clone 10 However,

25 sequencing revealed that the most 3" TCF-binding site contained a deleﬂon of

" one G nucleotide, producing an inactive site (CCT‘ITATC) (See F;gure 1c).

To generate pGL3basic/SmerTef-E1BTATA (CTL502) 84 bp from the

Clontech plasmid pGSCAT, spanning 21 bp upstream and 55 bp downstream
30 ofthe adenoviral E1BTATA box (T ATATAAT); were amplified with PCR using

oligos containing Bgfll and Hindili overhangs. This fragment, containing 16 bp

of the Ad5 E1B promoter (GGGTATATAATGCGCC) (SEQ ID NO 13), was
then cloned into BghliHindlll -
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25 CTA GCA CCT TTG ATC AAG AGI CCT TTG ATC AAG CCT ACC TTT GAT CTC TAA ATG
CAC CTT TAT CA (SEQ ID NO 16) O igo 8 GAT CIG ATA AAG GIG CAT TTA GAG ATC

AAA GGT AGG CTT GAT.-.CAA AGG ACT CTT GAT gAA AGG. TGC TAG AGA Tgﬁ%@'@‘i
GCT TGA 30 TCAAAGGACTAGTAAGCTTG(SE ID NO 17) OR-go 9: AGC
TTA CTA GIC OIT TGA TCA ATA CCT TTG ATC TCA CCT TTG ATC AAG TCC TTT GAT

T W b A ek AL U T v
- GGT ATG AT hamthe@mmﬁcE;sitemlnf\@ewﬁa?mm@mlef_amgmﬂsm) a@Qeﬁmggﬁ;
TAG TAA GCT, . [ ' ' I fi 5'
plhospgat e) c#ﬁ#?ﬁ%?ﬂ%’ é%?& aﬂtaé‘%jl W?%Fi ﬂ’?&g’%ﬂﬁgtghllsg?gﬁﬁ;e?ﬁalngls:werg '
DG Sbasi of B DEASTEIPTAAERHE S, PSS PR GG ie T R TR aghe 1. the
‘sequenc®s \equengingednfirmed the dxpeetedesgmetriietl. The constructs

pG.3basi c/ 2nmer Tcf - ELBTATA cl one 9, pG.3basicl 3ner Tcf El BTATA cl one 2,
pGA.3basi cl 3nmer Tcf - E1 BTATA cl one 13, pG.3basicl 4ner Tcf E1 BTATA cl one 15

d pG.3baiccheiet A I t h .
ﬁﬂt , Iot hesgsg%st r UEEGEEP/@ one-%?@rggg% %@é@ﬁggﬂcﬁ'@@dﬁﬂgﬁgﬁbgﬁ?/y due
to | oop gen&ilaprofdcit+SVi) aoned, pGl.3badic/T GTALRVBTATA O 20 gdLimaRs i n E
coi l afterﬁf@ﬁg@@%i E{r]l ﬁ)r igg_}(ﬂan between the TCF sit S an confirned
sequences Feut @n Pgﬁ&c@@@aﬂ BHATA clae haligoascleobdesl
BTATA a@ﬁlcb ' - - I .(dist 1
box: dt:nl?l(r)])g' a/ere_ c'g%'??%@? d%&ﬁﬁé ﬁ%ﬁé’&%%w Pﬁdélﬁﬂ'lg Sa@fﬁﬁi&%‘f@ (5
T O X NG or St weld dealed fo,

; ) romthe human O-gl obin
gene int r%l%%gtﬁ% %’?ﬁrﬁﬁ"s&\%&ﬂa golidRs, GBéfﬁ"d-w- )

Qligo 5: CTA GCA AGC TTA CTA GTC CTT TGA TCA AGA GTT TCC TAC CTT

15 TGATCT CTA AAT TGC ACC TTT GAT CAA GGA ATT CAG TCC TTT GAT CAA
GAG TAA CCT ACC TTT GAT CTC TAA ATG CAC CTT TAT CA (SEQ ID NO
14)

Oligo 6: GAT CTG ATA AAG GTG CAT TTA GAG ATC AAA GGT AGG TTA CTC

20 TTG ATC AAA GGA CTG AAT TCC TTG ATC AAA GGT GCA ATT TAG AGA TCA
AAG GTA GGA AAC TCT TGA TCA AAG GAC TAG TAA GCT TG (SEQ ID NO
15)

- Qligo 7: CTA GCAAGC TTA CTA GTC CTT TGA TCA AGC TAC CTT TGA TCT
25 CTA GCACCT TTG ATC AAG AGT GCT TTG ATC AAG CCT ACC TTT GAT
CTC TAAATG CAC CTT TAT CA (SEQ ID NO 16)

Oligo 8: GAT CTG ATA AAG GTG CAT TTA GAG ATC AAA GGT AGG CTT GAT
CAA AGG ACT CTT GAT CAA AGG TGC TAG AGA TCA AAG GTA GCT TGA
30 TCAAAG GACTAGTAAGCTTG (SEQ ID NC 17)

Oligo 9: CTA GCA AGC TTA CTA GTC CTT TGA TCA ATA CCT TTG ATC TCA

CCT TTG ATC AAG TCC TTT GAT CAT ACC TTT GAT CTC TAA ATG CAC CTT-
TATCA  (SEQIDNO 18) | o -
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di gest ed pG.3basi cl El BTATA clone 2 orBgll|l digested pG.3basi.cf Tcf C- El BTATA
clone 1, respectively. pG.3basic/447-E1 BTATA clone | and

.. pG.3basicf T cf C-447- EI BTATA clone 6 (diggance to. TA TA box: d= %%ugﬁ?ffb%

cloned by inserting a PCR anplified 447 30 bp fragnent (5 olig
GAAGATCTCCCCTTCTTTTCTATGGTTr J G (SEQ ID NO 22), 3" oligo: GAAGATCTGATTTGG

TCAATATGT legicl ' AN 11
usi ng Bgl |l " over g%g@!ﬂ??&gﬁﬁﬁ?@ di ggﬁmngam I%@%?ﬁq;gﬂﬂGZ or
EMPf ang AVERBED GSBIRETT P EAB CARNASG TGN GAJ CAA ARGETATA TR AAG BAC E1
BTATA cl on nfirmed. To create

pG.3basi c/ ?&T&%ﬁﬁﬁﬁﬁoé%m stance to TATA box: d=25), the TcfC
fragnent was cut out by Hindi Il1iBgill digest from pG.3basic/ TcfC E1 BTATA
clone | _and then blunted with nung bean nuclease (WEB). The bl unted
fragmem wédl sikeliganuecleotidepwers alodifiediay 5-phiisphatejd, nung bean

nucl ease- bl unted pG.3basi cl E1 BTATA clone 2, to create the internedi ate
construct pG.3basic/ Tef C-25- EIBTATA clone 19. 10 From here, we had to

recl one thghda 1 @Kﬁa | t he

pl asm d bacilg%oﬁgulﬁﬁ %QE'TEL}?%\CEEQWQQNHé ea%?ﬂg%g%ﬁ%g@%ﬁgﬂ@ed for
unknown r ebiietiBgithdigestes ;iGLSﬂ'ﬂmmcﬂémeréﬂBg’Mfdi‘g@eElpcﬂ_mchEq)B‘pAQ‘A was
cut out by lgﬁgé% |ndI | | fro dpr%?)bas Ich C— 25- E1 BTATA clone 19
Snd then LPERBA A SETPrRI A brer NG, TRy S, I he-SasUpRCes WrEG 5. 1
BTATAﬁUagmﬁrm@ptd:ﬁ@ggngg@@dHl ndl 'l di gest ed and Kienow bl unted
pGL3basic to generate pG.3basicl Tcf C-25-E1 BTATA clone 6 (d--25) with the

correct plasm d backbone. The sequence was determ ned since the blunting

rocess i 1 sjent_tr fection d

Fum feras?@égﬁwﬁﬁ%&%é% %ﬂﬂ%—%‘é&@@d@é@ (ﬁ&?ﬂf’/é ST%n
transfectl@ﬂBﬁATpdaﬁﬁetzl QSstaQ:cErﬁferﬂr%f E1BirA"TR<cl$He5lsa”d 6.0 x 104 cells
per 6-well respectivel he next day, a m xture CL22 peptide

( KKKKKKGGH! sﬁxEEﬂWﬂﬂm (8rnd mﬁm@iqmmeﬁcf-m BTATA
15  clone 34 were cloned by the same way, but, these constructs have one or more

Tcf sites deleted most probably due to loop generation during annealing and
following excision of loops in E. colj after transformation. For spacing between
the TCF sites and confirmed sequences for these constructs see Figures 9a
and ¢.

20

pGL3basic/88-E1BTATA clone 8 and pGL3basic/TefC-88-E18TATA clone 2
(distance to TATA box: d=140) were constructed by cloning a PCR amplified 88
bp fragment (5' oligo: GAAGATCTCCCCTTCTTTTCTATGGTTAAG (SEQ ID
NO 20), 3’ oligo: GAAGATCTGCAATCATTCGTCTGTTTCCC (SEQ ID NO 21))
25  from the human f-globin gene intron [ using Bglll overhangs into Bg! -
digested pGL3basic/E1BTATA clone 2 or Bgll! digested pGL3basic/TcfC-
E1BTATA clone 1, respectively.
pGL3basic/447-E1BTATA clone 1 and pGL3basic/TcfC-447-E1BTATA clone 6
(distance to TATA box: d=489) were cloned by inserting a PCR arnplified 447
30  bp fragment (5’ oligo: GAAGATCTCCCCTTCTTTTCTATGGTTAAG (SEQ ID
NO 22), 3’ oligo: GAAGATCTGATTTGG TCAATATGTGTACAC (SEQ ID NO
. 23)} from the human p-globin gene intran I using Bglll overhangs into Bgl!l ~
digested pGL3basic/E1BTATA clone 2or T
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25 (described in International Patent Application WO 98/35984)) and plasm d
DNA (2:1 ratio, pg:pg) was prepared in a final volune of 100 pi in HBS (10

.. MM Hepes pH 7.4, 150 mM NaCl ; Si gnm) andzé ncubated at RT.for 30

before addition of 0.9 m of "RAC sol utiGh (0. 1% hunan al buni n (zé%[‘@hﬁ?)“f”
120 pM ghl oroqui ne (Sigma) in RPM nedium (Sigma). The transfection 30

sol ution waSgfhg ggyeg(,- ' t i.th PBS and
i ncubated with t eegcel I SL?%éﬁ%f%g}grﬁgrngﬂémg%n ¥ of fresh

conpl et e mé@Nfirmedfter two days, cells were washed once with PBS and then
I ncubated for 10 mn at RT in 200 pi lysis buffer (10 mM sodi um phosphate
pH 7.8, 8 MM MWCl 2, 1 nMEDTA pH 8.0, 1 % Triton X-100 and 15%

EnPf anl AVENgED §tﬂ5§@ 4, PCT/ 0856 24
~glycerol). Kiier cen!’ r %ém%%_g;\éi‘f\ﬁ&%‘g@%éqaﬁg@%gm"{agf’x‘v\as assayed
Ok e AT e e LR b0 R et i ok bt o
Ger many) . Rﬁ&?ﬁﬁ?}ﬂ%&sgﬁﬁﬁ :J@?‘Iélgﬁg&%nd&wﬁg%ﬂgﬁgé w(ithurggm baan of éacﬁr sa(r)rpl e

BCA, Pier ctyi ' i ' Ad ' e
Coepr esel no R TR Ly Bk I P IBhRE i B SRR KA nan
adenovi r usdigestedC Tt bear hicleade Bllried pGL3basRAI B A PARICH 2 -t§V40 (cl ones
1 and 13) P81%28/5 rTcf E%l BTATA (clone 10) respectively were
‘construct e%é%tle BW)'" W‘g%@s‘?onﬁ FMWP@Q‘WS&%@?&W&&W% @noter from
.pGL3pri@ 5 _ I f | BIATA pronoter, from
BGL3Ba1g c/ngi;?e-Fﬁ#g! %I\‘é%ﬂ?ﬁ t@gﬁ%lége %@%ﬁﬁ@?@ﬁﬂr %Déf ?f‘aﬂ Ps into
H ndi || di pebBkasipBxdbEplasrsidl tackbone immenlizAeympatreai éfithe Gidmoter

enhancer/promoter W, th the respective Tcf pronpters to create
" pTX0374/ 58T ’fb?“%%%}”c‘!’gﬁﬁ‘@“@' egaans iolene 195 fherefprecthegiof€a255 cl one V.

PTX0374 copBIATAREMAWat Y3l buttly BpbRiRNFdigk8 fofidel Mdd@T it ase
gene anplified fromgenom c DNA) exXpression cagse te e dman
3- gl obi n i2R-FIRTATA elonerignang then biuntedwittbKlenost ey Fitdlly, Geapl ement 2
15 biunted TcfC-25-E1BTATA fragment was cloned into Hindiil digested and
Kienow-blunted pGL3basic to generate pGL3basic/TciC-25-E1BTATA clone 6
(d=25) with the correct plasmid backbone. The sequence was determined

since the blunting process is error-prone (see Fig 10¢)

20  Transient transfections and luciferase assay

HepG2, SW480 and Hela were seeded the day before transfection at
densities of 2.5 x 10°, 1.5 x 10% and 6.0 x 10* cells per 6-well respectively.

The next day, a mixture of CL22 peptide
(KKKKKKGGFLGFWRGENGRKTRSAYERMCNILKGK (SEQ ID NO 24)

25 (described in International Patent Application WO 88/35984)) and plasmid
DNA (2:1 ratio, 'pg:ug) was prepared in a final volume of 100 ul in HBS (10
mM Hepes pH 7.4, 150 mM NaCl; Sigma) and incubated at RT for 30-45 min
before addition of 0.9 mi of “RAC™ solution {0.1% human glbumin (BPL,, UK), -
120 uM gchloroquine (Sigma) in RPMI medium {Sigma). The transfection

30 solution was then added to cells after washing them once with PBS and
incubated with the cells for 4-5 hours before reptacement with 2mi of fresh
complete medium. After two days, celis were washed once with PBS and then
incubated for 10 min at RT in 200 pl lysis buffer (10 mM sodium phosphate pH
7.8, 8 mM MgCl, 1 mM EDTA pH 8.0, 1% Triton X~100 and 15%
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gene poly(A) signal for termnation and the plasm d pBluescript KS+ as
backbone. In the second stage, the conplete expression cassettes from
pTX0374/ 5mer.Tcf 20 SV40 cl one 8 and .pTX0374/ 5ner Tef ELBTATA cl 0“%3%\%5@2004
recl oned i Rg@ oPRSze di gested pPS 1128 to create "pPS1128/ 5ner Tcf

clones | and 13" (3clone 1: left to right orientation in El ; PeT/&B81/46856
right to left orientation in E1) and "pPS1128/5nerTcf EI BTATA clone 10
(left to right orientation in E1). pPS1128 was kindly provided by Dr. P.
Searle, CRC Institute of Cancer Studies, Bdiversity 25 of Birni ngham

pPS1128 congial a ' uences.fromthe left hand I TRto nt 359 and
from nt 35;%1955?%90%8}%h§k@5m9&%'F%'Oéﬁfﬁle gepemngtanterasassayBORYF5, the
t ransf er velttiberass exttit/ , ted by cloning a

y nElSeraSd dssdd butB? (ST EleEH. N et SORTATE 15

Spey fragm=1nt. zﬁ%n i ng the whol e expression ¢ 30 -
1 VSI | - p( A) )YFP ARETHEENG & nminepeterdilyst &8 9FSL1R6rtadld, G@%%ah%j_%%;’vgg of a
cl one contghdi i the |ef o right orientation.

August 2004@%?8%%%\# @ﬁﬁ&%ggﬁgtgﬁbcomge{ %#e?ﬁk!sﬁam@iﬁ {(BEAcBiesceuct ed by
Pacl |in8arisation of pPS1128, ligation with a Peal -conpati bl e adapt or
(oligol: 5 -TA%‘el';grA TAAT - 3' (SEQ ID NO 25), oligo2: 5'-T7ATCTAGATGTA- 3'
(SEQ I D NO DUIFHEDAR &F replicatian defartie Adenavinmsadeipyeadin Agest i on to

rel ease a e tisraPad | ni.ng 5 Ads. sequences 3524-10589. This
was then cl onedgr?sr]:t 0 X%gféﬁ%&eg? ?gﬁ%}ﬁi}‘g&%?ZCOT%"?”WQ%OMGISQH@TLEO‘! ,

pUCL8- base&1BlandrE BLEGR.ai pPSJ 188/6meqUEmeR) (Ao anligiipd 0 the right
hand I TR bﬁg’éﬂ%@ﬁ'{f@ at r?% %%It o 30,470 (E3 region). The"r nbi nant
viruses CT , 8 el HAclpeed Qapspectivehdwere cofsthosted o eus
recont 10 stagosnlPpe frGE 176 e TH: ANPLEF RS LiL-ale, ggul ol ar
m xture of tzil|F£§8112815ml9r Tcf Sv4 i c ong\,@rog}&% ﬁ'ﬂ@ Eéﬁ?’*’fﬂl‘@“ﬂmwam -El
BTATA (cl of©Nneol0 and f1exBBwSTcHEd BEATIA plomoten fropP Gl sRsisimeridfe ippipent
PER. C6 cel l%neTm FeeEH%Elté' nan%. \Qow,ufses wer e harvested about days ter by
3 freeze-thaw cycres d 7% FRAMERtS(IDieElindill gigested pTINAAVEGER)iting5 By
repeat ed | inf repldcentdreofans iCMVCHH ' rRgrow, 1o Larde scale
and then purified by standard A et PRof M PR BPRR FLpipaitiers
agai nst exteFeal Pt AdemedT efeBV4a Glore 8t aisd Wo:gws&%rw-m *TAT?I\ i
KCl, 0.6 nMohNaakR - I . Cl 2 and 5% sucrose) an
finally snap-f r%o'z@;?( ?%%Fgﬂ%ﬁ%tm‘?iaw PA) ﬁ\ﬂ'R: E. coli Bir
, nitroreductase gene amplified from genomic DNA) expression cassette with the
human B-globin intron ! for transcriptional stabilisation and the Complement 2
gene poly(A) signal for termination and the plasmid pBluescript KS+ as backbone.
In the second stage, the complete expression cassettes from pTX0374/5merTcf-
20 8V40 clone 8 and PTX0374/5merTcf-E1BTATA clone 1 were recloned into Spel
digested pPS1128 to create ‘pPS1128/5merTcf-SV4Q clones 1 and 13" (clone 1;
left to right orientation in E1; clone 13: right to left orientation in E1) and
“pPS1128/5merTci-E1BTATA clone 10 (lefi to right orientation in E1). pPS1128
was kindly provided by Dr. P. Searle, CRC Instifute of Gancer Studies, University
of Birmingham. pPS1128 contains adenoviral sequences from the left hand ITR to
nt 358 and from nt 3525 to 10,589 and is therefore an E1-deleted vecior.

25

PTX0375, the transfer vector used to generate CTL102, was constructed by
cloning a Spel fragment spanning the whole expression cassette (CMT-NTR-

30 IvSil-p(A)) from PTX0374 into Spel digested pPS1128 and identification of a clone
containing the cassette in the left to right orientation.



and stored at -80C. Particle concentrations were determ ned using the BCA
Protein 20 Assay Reagent (Pierce). Infectious titres were either estinmated

on thé assunption.. that | in 100 particlss.are i.nfectious or wer
determined in alimting dilution st an&%rd nmet hod agai nst a delegr{mé'uSt 2004
I nternal virus standard. Adenoviral DNA was characterised by restriction

d | fie i h
o oot er | TR0 AdERbAR BERIIE Botdt bR1160 W as BindTiclea AP PRLAiedrsAan pf
pTX0374 wﬁswzstlrgm‘bﬁdmﬂ\/a@a@pcempetzﬁle%p@&ﬂ(éh FRHITACRIPAGATRARLNI Ng

the CW pronmpter fused to E. coli ntr gene |nto pSWLO07. This plasmd

was const {BEQIPNO @I5brphl§l@2a5'9ﬁ&'§cﬁ' AAEGTASY (SRR iﬂﬂi@rﬁ&)}:cantﬁlmbg mngene

- (BanmH 240bp
oncl | - B TeLBIGREE By ha Modiira Holsio B, PRE brr ol HBofiest Sefafaingha
term nd i Adb semﬁmm&mmms saBthemeinedantgcxsal ilink grisdd HPS@ Oppt
AVENDED SHEET 26 23 August 2004

(Stratag ) TX0375 was E
construct@& %9 CRGERT) aeP‘éCgE@ alplawgmammgrﬁ@s&mceaﬁ@m nt

Frste oy f@ﬁ%@ﬁﬁ%ﬁ" B S R A A T vl Ccer T

press) was converted to a vaal site to create pPS115. In the second, the

350bp Sp AfI Il fragment of pPS115 was replaced with a |inker prepared by
anneal i n ’W’%wﬁ§§$&ih5@ésCTL§0 2 aptiASThoarRamSALTEAEEBEGGT GGCC

28). (3951%&‘%%@% rE st S AL Tee M BB Bt hand
EcoR si teguimolag nivure of pP&1128/5nerlicf-5VMO (elpnedcoradionk 9g),t hose skilled in
oF ek Rl L e VREA el oo R0k TebEtial: b ST | e
onst T Ut e o O T e mant Yt W @ hdr¥stad absf T e, "
Pr epar at {ad@r by 3dvesreriham cyoies in infection medium (DMEM 1% FCS, 2 mM MgCla).
15 By repeated infection/harvesting cycles the viruses were grown to large scale and
then purified by standard CsCi dens'rty centrifugation, dialysed against excess of
storage buffer (10 mM Tris pH 7.4, 140 mM NaCl, 5 mM KCl, 0.6 mM Na>HPQ,, 0.9
mM CaClz, 0.5 mM MaClz and 5% sucrose) and finally snap-frozen in liquid nitrogen
and stored at -80°C. Particle concentrations were determined using the BCA Protein
20 Assay Reagent (Pierce). Infectious titres were either estimated on the assumption
that 1 in 100 particles are infectious or were determined in a limiting dilution
standard method against a defined internal virus standard. Adenoviral DNA was
charactetised by restriction digestion and direct sequencing using viral DNA as a
template (the promoter region up to the starting NTR reading frame was |
25 sequenced).

pTX0374 was constructed by cloning a 1.6kb Bglli-BamH! fragment containing the
CMV promoter fused to the £. coli nfr gene into pSW107. This plasmid was
constructqd by cloning a 917bp fragment of the human beta-globin gene (BamHI site

30 in exonZ to the EcoRl site in exon3) coupled to a 240bp Hincll-BamHl fragment
containing the polyA addition and transcriptional fermination signals of the human
compiement C2 gene into pBluescript (Stratagene). pTX0375 was
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Viral DNA was prepared from about 1011 CsCl -banded virus particles by
i'ncubation wth 100 pglm proteinase Kin 20 nM Tris/HCl pH7.5, 5 nM EDTA
pH5.0, 0.1 % SDS for 3-4 hours at 37C. Jge crude DNA preparati

extracted two 20 tinmes with an equal volunme of Phenol: %A";‘%ﬁsttib%ﬂ
Chl orof orm | sranyl al cohol (25:24:1), once wth chloroformonly and then

i pi t at exbnstrubtety pcining S26kl SiselAeingd j ki !

G el L PR St e o 118 ot 2"
RT) th . 5% 0 st | thie - cgnd
t_h)en rgSLSFE‘ﬁm‘jsiﬂerbfgfpﬁﬂ %%W @Egé sed by r sﬁ?ct? on ocliigegtion.
The 25 pronbter Tégions of * Cho% 'emziﬁﬁﬁjé’@ﬁ @Bﬂ‘ﬁﬂt@ ta
Eransduged ol e (Ll oy Pl i the SO the DT S IR ET o o1 ot o

t ransduced %Ils (EL1SA) 1-1.5 x 104 cells per
vere t rans@icdd Soyas repiaced withw linker pospered byiannieafing theotwositjoniciddabbl %

compl et meh G L GATTE R AR T AR BRI B rsameNaEs: Beld 273 adgus:
2004 WO ommnmmcem(ym&mﬂcmmm%t@u R R§ 289, DY
hypot oni c | ég,@ngel | s were washed with PBS before 1ysisS w i ce-cold

hypot onic P WYaseonsiticiad fremspHBB72 by cooversbrmfiheright hand EcoRhslie
were cl eargfly iy Aempri fugation at 13K for 2 min. 96-wells (Nunc- | mmno
Pl ate Maxi sorp Assay Pl ates) were coated overnight in triplicate with 50 pl
5 extridkt. Wells were washed three tinmes with PBS/ 0.5% Tween20 and then

i ncubat ed with sheep anti-NIR polyclonal antibody (100 pl of 1:2,000
di l'ution #ﬁ"‘hbﬁsﬁi@n@mwmﬁmllmnﬁha aghthalranySuitable veclormaybeuses s

primary agfiessdHStr | g, ] 0. 9% Tween20 the extracts were
i ncubated wi t h do_nI?ggong?\ﬁ%%ee%%{)g‘gmﬂit%I%%sﬁﬁ Weﬁﬁ(%?-o di | ution
in PBS/ 0. Bgstiviiasnit eyl be mppeecatedithatanySuitabls adendvis baREAYRcHridanARS wel | s
were incu |t of..a solution prepared by mxing I nm of TMB
(1 my/ ?%é‘gﬂ?sfge %’é&g‘fﬂﬁ PE“’&S’ ﬁ?sffeswsw B &f thecpresantingentian. ( Si gma)
and 218l of 30% (v/v) H202. Wells were

Preparation of adenoviral DNA

Viral DNA was prepared from about 10" CsCl-banded virus particles by incubation
with 100 pg/mi proteinase K in 20 mM Tris/HCH pH7.5, 5 mM EDTA pH8.0, 0.1%
SDS for 3-4 hours at 37°C. The crude DNA preparation was then extracted two

20 times with an equal volume of Phenoi:Chloroform:Isoamylalcohoi (25:24:1), once
with chloroform only and then precipitat.ed with /10 Vol. 3.0 M Na Acetate and 2
Vol. 100% Ethanol in a dry ice/ethanol bath for 10 min. After centrifugation, (10 min
at 13K at RT) the resultant DNA pellet was washed with 70% Ethanal, air-dried and
then resuspended in water. Viral DNA was analysed by restriction digestion. The

25 promoter regions of CTL501 and CTL502 were analysed by DNA sequencing
(Seqglab GmbH, Germany).

Assay of NTR expressed by virus transduced cells (ELISA)

1-1.5 x 10* cells per 6-well cell culture plate were transduced by incubation with
30 virus in infection medium (DMEM/1% FCS) for 90 min at 37°C in a 5% CO;

atmosphere followed by incubation in complete medium for 2 days, Cytoplasmic
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i ncubated for 15 min at RT and the reaction stopped with 25 pl of 2M H2SO4.
D 450nmwas read using a 96-well plate reader (Labsysterns Multiscan M5).

NTR i mrunost ai ni ng of virus injected xenografts SW80 tunour.s | d
with 20 pl %1; ei ther CTL102 or CTL501 and excised 48 hours Iatgf\zr?'?nd'*gp%)%ar?g
humane sactiXP@&73%The tunours were then fixed in 4% formal Pa/tRED1/0085620- 24
hours at 4C before enbedding in paraffin wax (C tadel 20 2000). 3-4pm wax
sections were cut and collected on APES-treated gl ass slides. Sections
wer e dewaxed, rehydrated and washed 2x imp7#BS/ 0. 01 % Tween20 (5 mn) and
t hen irrrrersg{jrﬁiE% 0. 25% H202/ PBS for 30 mn at RT. Sections were then

/

e e e T oaze P mplontslysie oIS WErBllrkyperit g co ool ¢
PBS/ 0. 01 %?g‘; E;&ﬁse‘i%ﬁ‘g”g%‘%ma@m Lyﬁi\gf‘btﬁf%dﬂednw’fms g%msyfmusmhbbh

in PBS. ftraets wei haeubat iop i 4h .a pol ycl opal sh
anti - NTR (it o%dg T arcH DRSeMTGRIo A 18R el uf Bl Whlngs "
ant i Eo?_y m;ug v'@_ _ ’%Fﬁl ﬁi&ﬁﬁ@fﬂiﬁ)wﬁﬁbgc%o%rﬁwgﬁ%ﬂd@a@ %htéae&lore
I ncupat KO L-.sheep, reptavl di n- SO 1O
( Vect astEi aﬁ%ig%g%@%&ﬁ%%wﬁm%%ﬁﬂbiﬁ@é%gmaemadd thgred i n PBS)
for 30 m ningubated @ih ahgeptari 739 PCT/ : Sect|
ver e m?hqg B Lol R hﬂgzééf)“%?"g‘i’b@?%ﬂ‘?ﬁ ¥ EBE YRR 08 aan i <
freshly pr e% pa &’eﬁ‘@ggy r 3Q/aun gt RAL. ﬁsﬂevmwall-@ff@{o%grﬁmw RRREHANS

t opgtwa ) ' ' t d finall t
mount od | e A B/ % Leh I I Bt mareaneNbaied nitndoniy

oo i o ety Cotgate (060 Lbof 500D ditofTH B e i TEr ' "
gener at gd%%é@ﬁ?ﬁ%ﬁ”ﬁ% washemwith RS wellaveredhcalbdiedRat1 6o 6Py mce

6-8 weeksohitth ' fa 1 nensi on of . ex trall
ér oW \rll\gec$l t rendbl?l?ﬁagﬁcr! l!E](?e Pdsﬂdle\a@ﬁc’e]c? I\gﬁ(p %@Miﬁmgﬁi%éﬁéﬁtﬁggld.& g
sol ution. W!Osl?hﬁtﬁ-ﬁtrﬁjie befen(Siyems and@hul GIBO% HORGR, 2T, IWKIRGHL M Of 5 X
106 cel S iibataf Yor 18'Mmift et B ba tne Feaction Blopped with 25 i of 2 H2S0,. OD

450nm was read using a 96-well plate reader (Labsystems Multiscan MS).
15 '

NTR Immunostaining of virus-injected xenogratts
SWA480 tumours were injected with 20 Hl of either CTL102 or CTL501 and excised
48 hours later following humané sacrifice. The tumours were then fixed in 4%
formalin/PBS for 20-24 hours at 4°C before embedding in paraffin wax (Citadel
20 2000). 3-4pm wax sections were cut and collected on APES-treated glass slides.
Sections were dewaxed, rehydrated and washed 2x in PBS/0.01% Tween?20 (5
-min} and then immersed in 0.25% H20,/PBS for 30 min at RT. Sections were then
washed 3x in PBS/0.01% Tween20 (5min) and then permeabilised with ice cold
0.1% Triton-X100 for 5 min at RT followed by 2x washing for 5 min in PRS/0.01%
25 Tween20. Sections were then blocked with 5% normal rabbit serum in PBS for 60
min at RT before incubation with a polycional sheep anti-NTR (1:2,000 diluted in
PBS) for 60 min at RT. Excess primary antibody was removed by washing 3x with
PBS/0.01% Tween20 (5 min) before incubation with a biotinylated anti-sheep

lgG/Streptavidin-HRP solution (Vectastain ABC kit, Vector Laboratories, PK-6106,
30 1:200 diluted in PBS) for 30 min at RT. '



) ' ing injection, mce were kept in a sterile
r at 2 x 106 cells. Following injection, mce were
lag\\,/\?ronrrent and exam ned regularly for the appearance of tum)lig 15 .
xenografts. I ntratunoural injection of ,CCiZTL_10ﬁ an](ci_ CTIC_iS(Z)% Agzjgegr?le‘ieh ﬁ%“j%é’é
' TERUMO, Leuven, Belgium fitted with a fixe -
ag;hntgg i(nj 8015739 of virus suspension or vehi ;:Ihe al gnfhezggﬁﬁg@i R %ﬁ%‘\ngd
' Tris-HC, pH 7.4) directly into tunours roug ;
{/inrﬁgmlweakage, i nj gct ions were performed in a continuous slow novenent and
the needle was held in place for about 15sgeconds after injection \t/vas
conpleted. 25 CB 1954 treatnent schedul e and tunour size nmeasurenents

_ ¢ : , was
Cotd, 1o ey s vmsied o i oo Akt My B pete
adni ni st er eq,;thl}frézs@‘ii ”gﬁ%alrgcg%g nt (VeetastainaVedtor hiabbratbries)e Ficslcfioh One
daily doses OI MR b Ak PirRlrk i h%_)_ Tunour grow h
30 was m ePI oregidgbegec%%uri ng thgm‘%urm ]n%at%gtazlgdf{q#l\ﬁlf’é? 'PHe Weie ineuntedo
ﬁgr E’iﬁd{"éﬂi %amﬁﬁ#@%ﬁw@ﬁgsmmm waslahalyssd mgtmjr;]iéibgqrgﬁ i Iéﬁ)é&\f/\le)ssed
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: ' d changes in
carried out when the tunour reached 140 mm2. Weight | oss an

i ' ' i "were also recorded. 5 Intravenous
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resuspended in sterile saline solution. Cell viability was at least 90%. For
HepG2 an innoculum of 5 x 10° cells was used. For SW480 this was slightly
lower at 2 x 10° cells. Following injection, mice were kept in a sterile

environment and examined regularly for the appearance of tumour
15 xenografts.

Intratumoural injection of CTL102 and CTL501

A U-100 insulin syringe (TERUMO, Leuven, Belgium) fitted with a fixed 27-

gauge needle was used to inject 20 pi of virus suspension or vehicle alone
20 (5% sucrose in 25mM Tris~HCI, pH 7.4) directly into tumours through the

skin. To avoid virus leakage, injections were performed in a continuous

slow movement and the needle was held in place for about 15 seconds
after injection was completed.

25 CB1954 freatment schedule and fumour size measurements
CB1954, freshly dissolved in DMSO and diluted 1 in 5 with NSS, was
administered by intraperitoneal injection. Mice received 5 consecutive daily

- doses of 20 mg/kg body weight. Mice treated with the vehicle alone were

injected with 20% DMSO/saline (5.0 ui/kg body weight). Tumour growth

30 was monitored by measuring the tumour diameter through the skin in two
perpendicular dimensions (length and widtﬁ) using callipers and expressed
as surface area (length x width = mm?). To prevent undue suffering



any sign of severe distress. Ex vivo transduction of freshly excised

col orectal tunmour sanples 15 Freshly excised tunour tissue was extensively
washed (at |east. 10 m nutes duration) under aseptic conditi onsr%giguh ugtozdg4
of Earl's WgMmQmeai ni ng 10% FCS, 150 gglm penicillin, 250 g/ J
streptomycin, 10 g/m tetracycline, 100 g/m anikacin, 150 B01/00856

chl or anpheni col and 100 pg/m gentanycin and stored at 4C overnight in
medi um contai ning 10% FCS. After renoval of fat and grossly and 20
suspected necrotic tissue, 2-3 MmB sanpl é8 were prepared and pl aced

I ndi vi dual ' wells_.of a 96-well plate. Sanples (in quadruplicate)
were i ncubgpgyﬁﬁg%ﬁagr[flcewa%é’ﬁ‘jﬁﬁdr@éﬁ whenuinecunaiiniregechdd Q49 A0

Vi rus partiiéiasit 96sd j . h.i.n a, Q02 incubator. The nmedi um
was then repl gced V\%?R@Eﬁ/hél‘\l/l %én?giedrﬁ'%fb Yo faﬁ{an?t@?@féﬁ"ﬁsééwefelﬁiaoed
for a furtfRGOM@EE.t0 al |l ow gene expression to 25 proceed. j3-gal aetosidase
expression was visualised after fixation of the tunour sanples in 2%

par af or mal dehydel PBS for 2 h at 4C and washing with PBS by overnight

i ncubat Bon/ritraverysis #jebhbh ' C i n_i munohi st ocheni cal
stai ning 30 Paraffin- é’nbeddge%fsgzgﬁoggg??ﬂlgr%é %’{"gﬁ?@@sg ragnyyeEAatianugi ng

rabbi t poI@%‘F”éﬁéfce anti serum (Santa Cruz Biotechnol ogy I nc) and vector AEC
kit. WO O : 2004 / GB01/ 00856 30 Construction of CTL503,
Ad. CTPI %%@%%ﬁgéﬁ%bﬁ ﬁt‘fﬁng UgeaRsedle viest useddo ailmbNStama00
const r uct exf Hyus lsos; @gstdre'.ﬁgﬁfﬁ@—?ﬁﬁ— ; r tex.as ,a Hnd 11 fragnent
upstream of the l\[I'Rpgene i F\ Hi ndl | I—%’ingeﬁﬁg\ggﬁ%ﬁﬂegg%r'é%ﬂ ﬁbB'{ cw
pronot er WatAdiBInisiered asrdesoghed atxpre silicm wersseidretoies éﬂc{f_ﬁf%@qﬂ 0
pPSllZ@Oa%aq;ySpﬁl}, frég%lqﬁqb L% create 8P8112 1 TCFCd- 25- E1 BTATA." “The
transfer vector 16rcad CrefuR HRag te Aumals fuunapesaniifice was @mried
expr essi oputdf sestise boady weidht Whs Felue eﬁ-@}, eZ gene, fused ta the
nouse protani ne rggtéadenyl atnggn Si gﬁal ggaﬁaynh%%l rag%f)giaﬁﬁee)@%qtﬁfel

10 di gest &Yar¥ p¥are #igigzss. The CTPL1 pronoter was cl oned upstream of
t he

Ex vivo transduction of freshly excised colorectal tumour sampfes

15 Freshly excised tumour tissue was extensively washed (at least 10 minutes
duration) under aseptic conditions with 20 ml of Earl’s MEM containing 10% FCS,
150 pg/ml penicillin, 250 pg/m streptomycin, 10 ug/ml tetracycline, 100 pug/ml
amikacin, 150 g/mf chioramphenicol and 100 ug/ml gentamycin and stored at 4°C
overnight in medium containing 10% FCS. After removal of fat and grossly and

20 suspected necrotic tissue, 2-3 mm® samples were prepared and placed individuaily
into wells of a 96-well plate. Samples (in quadruplicate) were incubated in 150 pl
of serum-free medium containing, 1.0 x 10*° virus particles or in rmedium afone for
4 h in a CO; incubator. The medium was then replaced with EMEM containing
10% FCS an:_i the samples incubated for a further 44h to allow gene expression fo

25 proceed. p-galactosidase expression was visualised after fixation of the tumour

samples in 2% paraformaldehyde/PBS for 2 h at 4°C and washing with PBS by
overnight incubation in X-gal staining sclution at 37°C.

B-catenin immunohistochemical staining

30 Paraffin-embedded sections were stained for B-catenin using rabbit polycional
antiserum (Santa Cruz Biotechnology Inc) and vector AEC kit .



nLacZ gene as a HndlIl fragment The CTPI-nLacZ expression cassette was
then cloned in a left-to-right orientation into pPS1128 as a bl unted,

Speli Noti fragnent. .into Spel, blunted pPS1 128 to create

pPS1128/ CTPRY; d ‘tﬁgég To construct the transfer vector for Ad.CTP§-3T'§8§t2qoﬁ
a first stept P3 15 pronmoter was cloned as a blunted, SFEL/GBHIANSI6
fragment into HindlIl-digested and blunted pTX0374, replacing the CW
pronoter with CTP3. This cloning regenerated the HindllIl site. In a second
step, the resulting plasmd was digested 3fith Hindlll1lPacl and then

blunted to .t he n d the I'VSI intron/polyadenylation

si gnal . Thetﬁlﬁgﬁg%‘%ﬁ’ 9(%? g@’aénfgé’é—ﬂ?&%ndéd@w gha?:/lZZO for the
construct i omheftrZaERdr f .CTP bl unt ed
Xbal fragrrent rFl nal I‘f/é?ﬁ%%éorrp ete gggﬁ@%@ﬁ%ﬁsigs@@?mg fﬁ%ﬁ‘c’?%eﬁ into

pPS1128 i nEABITéRA promptgtase Hémdli fiagmerst upstrieant 60the WPER inf AGIEN

into the Png; p 81128 derjivative (pTX0398) in whi t'he 'ini que
Spel site i$s repeitc1e 19%0364 E Pgéh?gzl\ﬂyé)&@@ m@mrmﬁhéne%

Vi \be ; f
Ayt r“‘“ﬁ%‘?‘????ﬁ“%é@é‘é‘%ﬁéd TR R LB 42 8%%3%9?%@@9&%‘5%0? of

\rlg(p:)lt |O(r:Zt | oW‘QﬁzF%@&TQE%%T@\ET@E&S expressi ng NTR) X-gal staining of cells
SRR R TR S S P AL
L e s B 8
31 KaFe( CNJ'8USABFCRNMYRE Reladeryiatnm signd@san XpaMragyaeat IS Xnhal/ g/ M
)Iz(;gflesm on o eﬁ@ga&:ﬁ’gfﬁ%‘@} %Fgﬁ( a%éztiéﬁﬁl n‘?rg”]; ngYgg k&sﬁﬁagﬁtgﬁ%‘ ?ﬁiiitll; "o
o g EGZE ati dhang geness of Hihl Gaacho Thl (Q‘hPﬁi\L%beBxﬁééé%Rf chBGettd RRL 15,
y clgr?esé ina Pef% - ngcﬁ’( onen%atlon mto pPS1 128 as a blunted, Spel/Notl fragment
into Spel, blunted pPS1128 to create pPS1128/CTP1-nLacZ.
To construct the transfer vector for Ad. CTP3-nLacZ, in a first step the CTP3
15 promoter was cloned as a blunted, SpeifHindiil fragment into Hindlii-digested and
blunted pTX0374, replacing the CMV promoter with CTP3. This cloning
regenerated the Hindlll site. In a second step, the resulting plasmid was digested
with Hindlit/Pacl and then blunted to release the NTR gene and the IVSi
intron/polyadenylation signal. The nLacZ-poly(A) céssette (see details described
20 for the construction of CTP1-nLacZ) was cloned downstream of CTP3 as a blunted
)(pa! fragment. Finally the complete expression cassette was cloned into pPS1128
in a left-to-right orientation as a blunted, Spel/Nod fragment into the Pmel site of a
pPS1128 derivative (pTX0398) in which the unique Spel site is replaced by a Pmel
site to create pTX0398/CTP3-nLacZ.
25 \Viruses were rescued by homologous recombination of the above transfer vectors

with pPS1160 in PerCé cells as described above (Construction of replication
defective adenoviruses expressing NTR)

X-gal staining of cells for histology

30 After washing calls with PBS, cells were fixed in 0.05% glutaraldehyde in PBS for
10 min at RT. Following further washing in PBS, cells were incubated cells the
foliowing solution and incubated at 37°C, X-gal solution: 400 pl 500 mM



Exanpl e | A 5nerTcf-SV40-Luci ferase construct is specifically activated in
tunour cell lines wth deregulated 13-catenin activity. 15 To evaluate the

ability of (3-cateninl Tcf binding elements to direct high-Ievel AENE o 2004
expressi oRygRegifbcal ly in cells with deregul ated 13-catenin actiVi W
constructed a luciferase reporter plasmd containing an ar ®CH{EBE00856
pronoter conprising of 5 Tcf sites upstream of the basal SV40 pronpter. In
HeLa cells (R-catenin not deregul ated) the 5nerTcf-SV40 was not nore
active than the SvV40 pronoter 20 al one. B contrast, in cell lines with

der egul at t e 5 Tcf-SVA0 pronoter expressed at about 80%
activity o Fﬁ%%ﬁmmﬁ%ﬁﬁ(%)ﬁ dWsd 2robl MgClargonasie MRL&al
active than DWW Hldepes) i nduction ratios for the 5nmerTcf-Sv40 were 18
(Hep&) and 44.2 (SWLBOT. ese data indicate that the Tcf sites are

active only in the presence of nuclear 3-catenin. In some experinments 25

t he activi#’%/ c%f ll.he gger cf-SV4A0 pronoter in Hela cells was even | ower than
the acti WHAMRICR/Bb gaiRosidasaexprestionn). This is consistent with the

fact that : S lly repress transcription e.g. by interacting
Wit h tﬁ Fr}gﬁesscsfr'%tb?g?%apg&gg‘?ﬁ%?HYEPSC@@@(S@AW%W Guaniiiatpeogreiphjcalf f 3- cat eni n
i's not prpeEsEntaifore b¢ahés i ¥ gt ' s. 30 WO Q1/64739 32 23
ALguSt 2004 PCT/ CBOL ooéﬁ?@%ﬁ?’?@”@%ﬁ%@‘l‘@F%F@pé‘arﬁpéity of the
5mer Tef - - stgmss Festar Gityolds &kSis)retained in a replication defective
adenovirus vector. To evaluate the utility of the 5merTcf-SV40 pronoter to
drive the high-level 5 expression of a therapeutic gene selectively in
tumours conprising of cells with deregulated (3-catenin, for instance a

t umour, ,of _col orectal origin, we constructed a replication defective
AdenO\;'iOr JeXamales s expressing the E. coil B nitroreductase gene (NIR)
under the control of the 5merTcf SV40 pronoter. The NTR gene encodes an
enzyme that can convert the prodrug CB 1954 into a potent DNA

Example 1

A SmerTcf-SV40-Luciferase construct js specifically activated in tumour cell lines
with deregulated B-catenin activity.

15 To evaluate the ability_ of B-catenin/Tcf binding elements to direct high-level gene
expression specifically in cells with deregulated B-catenin activity we constructéd a
luciferase reporter plasmid containing an artificial promoter comprising of 5 Tcf
sites upstream of the basal SV40 promoter. In Hela cells (B-caténin not
deregulated) the 5SmerTcf-SV40 was not more active than the SV40 promoter

20 alone. In contrast, in cell lines with deregulated B-catenin the SmerTeE-SV40
promoter expressed at about 80% activity of the CMV enhancer/promoter (SW480
cells) and was even more active than CMV (HepG2). The induction ratios for the
SmerTci-SVAQ were 18 (HepG2) and 44.2 (SW480). These data indicate that the
Tcf sites are a_ctiye only in the presence of nuclear B-catenin. In some experiments

25 the activity of the SmerTcf-SV40 promoter in Hela cells was even lower than the
activity of SV40 ajone (data not shown). This is consistent with the fact that Tcf
factors normally repress transcription e.g. by interacting with the transcriptional

cofactor CBP (cAMP binding protein) if 8-catenin is not present to create B
cateninfl‘ cf heterodimers. | '
30



10 cross-linking agent that can kill both dividing and non-dividing cells.
Clones 1 (CTL501) and 13 contain the cassette in the indicated orientation
(Figure 2a). In CTL102, the CW enhancerlpronoter regul ates NTRj , q 4
expr essi on. wgs§dgq7anded viruses were prepared and HeLa, HepQ&2 and‘éﬂiﬁﬁ
cells were infected with the indicated nois (Figure 2b). |nPCHiGBotagssst he
|l eft-to-right orientation of clone I was 15 found to offer slightly greater
specificity of expression, as shown, and this becane the standard
orientation adopted (CTL501). As expected3€TLI 02 showed NTR expression in
all three cEkgﬂhﬂgqp i ndependent of their 13-catenin status. In contrast,
CTL501 was highl'y ‘active only in Hep& and SWI80 cells. Even at a 5x higher

ot ve RZSXQE“;gESW Dt & B, ALV S pimeterinataimd iy o
al t hough st/FPrC@ordeiestivg evengvirswheloel conpared to the former. Exanple 3 °
The Tcf respppsi éaﬁ%n L. rus. CTL501 _shows anti-tumour activity in vivo. 25
Havi ng %st abl ?Zﬁggtt at &@?ﬁgg?'ecg'ﬁ'eé re¥do ﬁi’@hoteff\teldsivefthé\lﬁﬁgL@vgpr m ssive |
cel I's i mdviexpeession ef aaHeiprl K8 hanat |, injection of. €
xenograftsgwi th t{1e vi rus regglgtég% %%#h%%@&y r%ﬁomp”??lﬂgfﬁf{)ﬂ@fawiﬂfnzyrre
to sensiti SETT9YIShBGRienin, focBiAsAcaaduRRUS BF OBRRUAR A Ot
effectp, | r@pbmﬁﬁagqtéfgaweﬁ‘&%@eslm on. tlrn' t he experinment 4 B

t umour s underw;lr\lé_(ﬁc) ear regresyGie asiorexpspssing the F5608B nigyedusnf the
four respof@se |uhdeg tit@ teaRbs] | reqressions and two

ani mal s ha%Boured a qui escent, vla?@ﬂg%m&ﬁﬁjg{@ p%ﬁ?%@iﬂ@ﬁtmm th

vehi ol e onPySRiEe evihehcamrobyer oS PO TEIRRA RS o A 1I5RA' "9 Y
\r/ :3 g 3i5t \élg ?aogﬁﬁgﬁgﬁ%%*ﬁ;{ﬁ%w éﬁ@ﬁg@%ﬁ{ﬁ %é?%%\mmgg-u&:&g ;:elbgltn&lolhée1
. i . n: bl-ﬁghég& 'S
highly actvinsesrwsASIRpaRiPLAG 1A £ HEPG2 and SW4s0 cells were infected with the
indicated mois (Figure 2b). In this case the left-to-right orientation of clone 1 was
15 found to offer slightly greater specificity of expression, as shown, and this became
the standard orientation adopted (CTL501). As expected CTL102 showed NTR
éxpression inall three_celf lines independent of their B-catenin status. In contrast
CTL501 was highly active only in HepG2 and SW480 cells. Even at a 5x higher |
moi NTR expression was barely detectable in Hela ce!!.s. Clone 13 whilst as active

as C..TLSO1 in HepG2 and $wW480 cells aiso expressed in Hela although still at a
| relatively low level compared to the former.

20

Example 3

The Tcf-responsive adenovirus CTL501 shows anti-tumour activity in vivo.
25 H_avmg established that CTL501 can express high levels of NTR in permissive
cells in vitro we tested whether intratumoral injection of HepG2 xenografts with the

virus resulted in the expression of sufficient enzyme to sensitise the tumours to

CB1954 and cause measurabie anti-tumour effects including tumour regression. In

the experiment 4 out of 5 tumours underwent clear regression (Figui'e 3). After 56
days two of the four responders could be categorised as complete regressions and
two animals harboured a quiescent, very small tumour. Tumours injécted with
vehicle only and treated with CR1954 grew out as expected. interestingly virus

30



cells in vitro we determ ned whether high | evel NTR expression could be
obtained by intratunoral injection of subcutaneous SW80 xenografts in
nude m ce. Four 10 tunours were injected with either CTLI 02 or ﬂ&uhug;l}&g‘l
and 48 hougg 13484 fol l ow ng humane sacrifice, were excised, flxed’,
sectioned and | mmunostai ned for NTR expression. The resul t FE/BYNIBHr i sed
in Figure 4. These provide further evidence that CTL501 expresses NIR at a
| evel at | east conparable to CTLI 02. W attribute the significant
variation in the percentage of cells that3zare NITR 15 positive to the

I nher ent v_%ﬁérﬁbi I ift% of the intratunoral injection technique. Exanple 5
Systeni ¢ atT O #EPPJRSHedineab wppatTisiowinghfitymoRt BEdwi, §5 FBRbLtSTHS01

is much | ¢s% ' -NTR).., 20 W show above t hat

i ntrat unoral ﬁ!jég%??%ﬁ@%]:%&%%%%? 'It%ge %’Wﬁ{?@h"ﬁ%ﬂy _f the migatesorain.
Associ at ednygationttechnigeiehod of obt ai ning specific delivery of a

t herapeutic gene to tunour cells however is the danger of virus

di ssem nation, in particular via the bloodstreamto the liver. Based on
the in gitEgampesificity data presented above we predicted that whereas
i ntravenous injection of nude mce 25 with CTL102 would result in high

| evel expridighilevielgxmERsion afeTRIiN & TIH0Y - iﬁ@@@@@%@&@%ﬁ cant toxicity
of CBI QSA%ELQ'ée tion of 4550% woul d be relatively very T tolerated as
this shoul ¢®f e[mql?,st(,%tpg{ #teTEO81 mbighiy activexipraBkisorcoloectil Bandae

resul ts shsahg i Witk 3 HH0K L $.¢ r dose .of 10E9 particles
of CTL501 + CéngZd tq’g{ag?tﬁenﬁt resh eclﬁ?‘f%hv@ﬁ’ﬁf @iﬁa FRI6S¢ieRi cquld, be phtained! d

30 | dydatratunamal Ggjecticnbf subéutaA6o36 i - . Lh L501
o aaaa0s SHIAS, Kipog M RREHINE Foyf

o PR SRyl i S8B5r BTYEE e ot opisnonrsrr
Chap! e, O folovhg i ane shoafes Wi 6ol s eSSl biBlnbSelind e
woul d be PXBIeSSQN.i Mg teatiistdre spmuafised iy Fifuré B8 These provide further
evidence that CTL501 expresses NTR at a level at least comparable to CTL102.
We attribute the significant variation in the perceniage of cells that are NTR
15 positive to the inherent variability of the intratumoral injection fechnique.

Example 5
Systemic administration of adenovirus followed by CB1954 treatment: CTL501 is
much less foxic than CTL102 (CMV-N TR).

20 We show above that intratumoral injection of CTL501 resuits in high level NTR
expression. Associated with this method of obtaining specific delivery of a
therapeutic gene to tumour cells however is the danger of virus dissemination, in
particular via th_e bloodstream to the liver. Based on the in vifro specificily data
presented above we predicted that whereas intravenoﬁs injection of nude mice

25 with CTL102 would result in high level expression of NTR in the liver and
consequently significant toxicity of CB1954, injection of CTL501 would be
relatively very well tolerated as this should result in very {ittle or no liver expression
of NTR. The results shown in Figure 5 support this. Whereas a dose of 10E9
particles of CTL501 + CB1954 treatment resulted in virtually no toxicity, a tenfold

30 lower dose of CTL102 resulted in 100% mortality. We conclude that CTL501

eXpresses no, or an insignificant amount of, NTR in normal cells, in particular the
liver.



5mer Tcf-based artificial pronoter further, for instance to control the
replication of a therapeutic adenovirus. W therefore evaluated the

conbi nation of the 5merTcf el ement described above with the adepg .gru§1!2004
(Ad5) El B gaygueifd box (5SmerTcf- El BTATA-Luc (CTL502), Figure 6a). ~As
shown above, 1n transient transfections in 10 HeLa and SW80PCA&BO1/00856
S5nmer Tcf-SV40 pronoter is highly active in SW80, here conparable to CW,
but shows a background activity in HeLa cells due to the basal activity of
the SV40 pronoter. In contrast, the 5nerT@#- EI BTATA-luc construct

al t hough I ess active in SWM80 (60% activity of 5nmerTcf Sv40) was
conpletely inactive in HeLa (not deregul ated P-catenin). Expressed anot her
way, 15 repggagipiate of the SV40 mininmal pronoter with the EI BTATA el ement
resulted in _an increase in inducibility in SWM80 conpared to HeLa from

about 30- 60fEAstiustON SiFeTiTioroMId Tebbabew brdihic? 99 TRl TGt - E1
BTATA i . e. c%%f %5%@ i%rgé%/.e_gaa_nt. 20 Exarrgl e 7 The a%ﬁ'&%%%@%@?s
Sner Tcf - SVAOCARE SRREAH 2BFVIBTATA promoter constructs is dependent on the
rel ati ve 5poBoit $dmhé Akaf P ' t ermi ne whet her,_changi ng the
arrangenent _ of the@;}rpt oe @f@oﬁg\&{lﬁﬂébgﬁgsﬁgpg © NyePgeise spepificiicel thet y of

Sner Tcf - bas¥Beprdnbrsad adiiistal peoraots? faaR6r FoIGhS@n2S i of the I and
"Tcf C' (Fi %ﬂ\ﬁf‘e %L)J [ c&nbi nat i W \gﬂ th either thenS\é/Atf%-E%BﬁP;’ntQF r%&'%ﬁﬁ%?f or
the El BTATA"&h %‘&ﬁb@ TP Ve gigrefarg expluatethe eambirtation of the 5RRsTENE"
Tcf - based.elgmenptiesSribedalb . ransi ently transfected
SWI80 cel | s. the_ hi ghest Iaeg‘ﬁlﬂgp Q&%Egr'é B‘EIQXﬁQSLEJE&%%ﬁAW%tma&w_
with the THRIATASTRTIC BradR) Biguet 6akms &Fownesoa) in FRIAMEH s Gl iR
expr essq?n HAS: 30 %&éa%%g th tgg)fl BTATA- Tcf B_conbi nat1 on | é
about half ‘as—activ BIGE] P XA pregioteris hinhip actv imaW4B805 Hegs s
vari ation icompepablestodDMVe but SRERE LK .. Fyrthernore in narked
cont r ast tg}é%h{e result with E1 BT%\TA, é)@%ﬁ%i%ﬁgl‘mgﬁ%b the
PCT/ GBO1/ 00858! agivity 10 thre Sy4mmnpotendnennivast, the Shravtr-BeBIAT ARG t he
Tcf B- SV40 t | e. r S gest _that the optinmum spaci ng
of the Tof Egiﬁ?fgg&iasfﬁlg)ggéﬁgg%%gﬁe in §WJ§0 (&'ﬁ‘}% activity of bmerTcf-SV40) was

compietely inactive in Hela (not deregulated B-catenin). Expressed anather way,

15 replacement of the SV40 minimal promoter with the E1BTATA element resuited in
an Increase in inducibility in SW480 compared fo Hel.a from about 30-60fold for

SmerTcf-SV40 io about 600-2,000fold for SmerTcf-E1 BTATA i.e. a 20fold
improvement. |

20 Example7
The activity of the 5merTcf-SV40 and SmerTei-E1BTATA promoter consiriicts js
dependent on the relative positioning of the Tof sites.
To determine whether changing the arrangement of the sites along the DNA helix
influences the activity of 5merTcf-based promoter constructs we constructed

25 “TcfA", “TefB” and “TcfC” (Figure 7) in combination with either the SV40 minimal
promoter or the E1BTATA and compared their activity with the respective original
Smer Tcf-based promoters i.e. +SV40 or + E1BTATA. In fransiently transfected
SWA480 cells, the highest level of reporter gene expression was obtained with the
TcfC-E1BTATA promoter element (Figure 8a). The lowest leve! of expression was

30 obtained with the E1BTATA-TcfB combination which was about half as active as
TcfC-E1BTATA. For the SV40 coinbinations less variation in expression was
observed (Figure 8b). Furthermore in marked contrast {o the resuit with E1BTATA,



the basal pronoter that is conbined with the Tcf el enents. Further evidence
for a critical role in the spacing of Tcf sites in determning the |evel

of expression in ji 5 catenin deregulated cells is provided in @%ﬁﬁzom
This showgvbta?js_r_{e]%ults of transient transfections of SW80 with Tct-
BTATA- | uc '¢constiGict s cont ai ni ng fewer than 5 Tcf sites (2, PRTARDIAPSSG
Wiilst there is a general increase in expression wth an increasing nunber
of sites, the results also show that by appropriate spacing of 3 sites a

hi gher | evel of. expression was obtained ggnpared to an 10 alternative
arrangerrer](b %é gi tgs. None of the constructs described above exhibited an
i ncr eased ‘BEKGFoRNAL BEQBOEWas thelesst aotive had dheTarR S \40 m‘eem?%? égfn{'@'

CT SIt€s

Smer Tcf - bagqd: ' | t ti f th ' f th
does not racaio s tpeestinat e Shfinker Bcing o iee of siey isspundent on
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and conpatreasighit dransfdctions of BWASE8yi 3 e ods_section). As
shown in Eigure 10 aﬁ jn\?grse relgglﬁtnimt;ﬁgﬁgggqf&g?l |G§€(g1\)sgﬁécgs GRRRIERT t he
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respectt vB BTIRIVRFEANGaMentiaf 4 sifss.construct s tested here retai ned the
specificity of the original 5nmerTcf 30 EI BTATA artificial pronoter (data

not shovvn&. Exaggl e 9 23 August 2004 WD 01/6-739 PCT/ GB01/00%$36 36 The
activity BRBespdoeiconstrycsidastebedebbve-dxhBlitst an iRLEEEsd bcRgrddinget ai ned

in a ; i
expression level in Hela compared to the original SmerTcf-based promoters i.e.

alteration of the spacing of the Tcf sites does not result in a loss of the exquisite
15 specificity we have described above.

Example 8
The activity of the TefC-E1 B'TA TA promoter element is determined by the distance
between the Tcf binding sites and the E1BTATA box.

20 We also determined the effect on expression of changing the distance between
the Tef binding siies and the TATA box (Figure 10). Four constructs based on the
TcfC-EIBTATA were constructed and compared (Figure 10a - and see the
materials and methods section). As shown in Figure 10b an inverse relationship
was discovered between the Tcf-to-TATA separation and the level of luciferase

25 expression in transfected SW480 cells. Although expression may be further
improved by reducing the separation further it is likely that 25bp is approaching the
minimum separation. As below this the initiation complexes and Tcf/B-catenin
would be expected fo sterically hinder access to their respective binding sites. The

new constructs tested here retained the specificity of the original SmerTcf-
30 E1BTATA artificial promoter (data not shown).

Example 9




replication defective adenovirus. To confirmthat the SmerTcf-EL BTATA
(CTL502) pronoter also retains its activity and specificity I n the context
of adenovirus we infected HeLa and SW80 cells 5 with CTLI LA‘Q%JJ %tﬁ)
CTL502 and assayed NTR expression by ELISA (Figure 11). As expect I
02 was hi ghWP &ée#dfe in both HeLa and SWA80. Consistent Wit pcm@aRjofits
transfection studi es shown above, both CTL501 and CTL502 were highly
active in SWI80 but only very weakly active in HeLa. Furthernore, CTL502
was apparently | ess active than CTL501 |n315ieLa Whereas 10 CTL501 expressed
a clearly detectable | evel of NTR at highoi (1500pfu/cell) this was not
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qvel oh fugonnselegivgty ietyito be suitable for the expressmn of genes encoding

highly potent therapeutic agents which couid significantly damage non-cancerous
15 cells even at low levels.

from or

Example 10

Intravenous injection of CTL501 and CTL102 info normal mice: lack of liver
expression with CTL501 :

20 We _show above (Example 5) that systemic administration of CTL501 to normal
mice (fail vein injection) followed by CB1954 treatment is very well tolerated. In
contrast, injection of a tenfold lower dose of CTL102 (CMV.NTRYCB1954
combined with CB1954 was lethal in all cases. We concluded from this result that
the p-catenin _/T cf-responsive promoter driving the NTR gene in CTL501 is inactive

25 or at most weakly active in normai mouse fissues infected b)} the virus, pn'ncipaily
the liver. To provide direct evidence for this, mice were injected with CTL501 or
CTL102 and liver expression determined by immunostaining 48 h post-injection. In
Figure 12 we show representative liver sections stained for NTR expression.
Injection of CTL501 resulted in sporadic,

30 low-level NTR expression whereas 2 10 fold Ioigver dose of CTL102 generated high
level expression in a majority of cells. We interpret this result and that described in
Example 5 fo indicate that the B-catenin /Tcf-4 complex is either absent from or



PCT/ GBO1/ 00856 37 present at too low a level in the nuclei of normal nouse
hepat ocytes to activate the pronoter. It is highly unlikely that these

data reflect an-inability of murine beta- cateninfTcf-4 to acti \@t@#@&om
pronoter agoloh)ssl Wit pathway is evolutionarily highly conserve rom
flies upwards and (ii) the pronoter of at |east one nurine FEEEBIHGHET6 | S
activated by Wit signalling (cdx) contain Tcf binding sites that fit the
consensus human Tcf-4 binding site that we have used to build the pronoter
(Lickert et al (2000) Devel opnent 127: 3895-3813). Exanpl.e 11 10 CTL501/CB
nograft nodel of colorectal cancer W

1954 anti - | Ln.a xe

show aboveb'ilgr?ééi 5’%‘}%@9 risfelin the Rielel poRoBTakepaEs beputrcytsieidiivate the
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?es pgct i vegl y and éBlggﬁatggm%% éflg@% "ﬂjglgqcﬁgfiﬁ%t@"ﬁ? Ipdigrsitesdhatfitithe

| at er. So &¥1Sepsys hatnan Tef-4 winpding sitbehaf foarei W‘Mﬁgldtiﬂew?ﬁho?cm evabl e

t1ona

when 20 r fromthe ronoter, two addi ur
gr oups mﬁgﬁﬁjﬁﬁégaaﬁfﬁe 990@@%&15§@§"3ﬁ13¢ﬂ102. As shown in Figure
13, CTL501 and CTL102 injection resulted in a simlar |level of anti-tunour

efficacy. %n-vi rus injected control tunours (vehicle injected + systemc
CBl 954 t h"‘grew strongly. 25 :Exanple 12 CTL503/CB 1954 anti -t unour

effica ' f=t. | of caolorectal cancer W show above (Exanpl es
6- 8) tﬁolat 9‘{@?%?{,% rs’ {9 f‘ear??@?%’ﬂ?ﬂué I69EXIR A Kenagrafi madekh efpolose i/
pronot er watirean i ncreased dependence on J3-catenin /Tcf--4 (and therefore

i mproved Wechf | Ci tg for tunmours with deregul ated (3-catenin) by
€ Show above in Example 3 that i.t. injection of HepG2 (liver cancer) xenografis

with a single dose of CTL501 strongly sensitised this B-catenin -deregulated
tumour model to the prodrug CB1954, resulting in tumour regression in the

15  majority of cases. We show here that CTL501/CB1954 therapy is highly effective
in a xenograft mode! of p-catenin-dereguiated colorectal cancer (SW480). Two
size randomised groups of tumours were injected with 10° and 10 particles of
CTL501 respectively and CB1954 administered to the host mice beginning 48 h
later. So as to be able to compare the efficacy observed to that achievable when

20 NTR was expressed from the CMV promoter, two additional tumour groups were
injected with equivalent doses of CTL102. As shown in Figure 13, CTL501 and
CTL102 injection resulted in a similar level of anti-tumour efficacy. Non-virus
injected control tumours (vehicle injected + systemic CB1954 treatment) grew
strongly.

25
Example 12
CTL503/CB1954 anti-tumour efficacy in a xenograft mode! of colorectal
cancer
We show above (Examples 6-8) that it is possible to build a -catenin /Tcf4

30 responsive promoter with an increased dependence on B-catenin /Tcf-4 (and
therefore improved specificity for tumours with deregulated B-catenin) by
substitution of the SV40 minimal promoter fragment with the Ad5 E1B TATA and



substitution of the SV40 ninimal promoter fragnent with the Ad5 El B TATA
and WO 01/64739 23 August 2004 PCT/ GB01/0086 38 by altering the spacing
bet ween the Tcf binding sites and between the El B TATA and
Pr onot er-pr% 7 cf-4 binding site. A reconbinant virus (" CTLB%?S"“P“\?\%%OM
construct ed cont & m ng this nodified pronoter driving NTR to R&/EBI068se
whet her the high | evel expression in perm ssive cells observed using _
transient transfection 5 experinments would be retained in the context of an
adenovirus backbone. In Figure 14 we.showwghat Lt. injection of SW80
xenografts st té{] CTL503 and, subsequent CB1954 adm nistration resulted in an
anti -t umour % %‘HgéhéfspécmﬁbﬁﬂN&enrthgﬂidﬂbﬁmmg»sﬁ@@énﬂ%@ﬁh&éﬁ%&@
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transi ent trenstededconéiniayithehsdiias 38} e £ i,on of. a high
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endot hel i al f((:éel I's ﬁﬂ@@%@%‘%@? ﬂ?eﬁgo ﬁ%é{ﬁgan FAsReYius bagibaws fat very
| ow | evel s Figuraitduwe.shewlthht itehiddtin LA WiRLER egyl ati on.
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Fromthis we .nfer . pronoters w1 be ™nac pressed

t hese
i n nor mal h?H%‘%‘FGé’@P} g%t1i9_5é_a%ln@@iomrﬁeuﬁmuan aatitamiotr RSSbndh R
cells. To pgimik e ' for: thi 0] rmned the activity of
two of theEﬁ%’ﬁﬁﬁfﬁﬁ%’aﬁ%@%@ﬁ% SR HEPS raiment Taese i vivo
(hepat ocyt exfficaey Lalproté streng «led ' RS LLitate
t hese aqg g&g gyent SCL ci es invol gi ng %ﬁ%%?gg%{l rra?%}dﬁ%;ﬁgﬁi'?%b?g%gﬁ’(%e
Exanpl es -1 Eg .HL% Gl §); TResieshyapsiectian eaperitrientwaa dmivsd wi$aStention of
expr essi ng I ' e e.control of two of the clained
pronot er s, qﬁ C'Ie'g?l %dﬁﬁgggfﬁgﬁﬂﬂ"%&%@fgﬁaﬁi%te@if’r'iczi‘tﬁ@’ﬂ hdrdest of
clarity we now use a systematic nonenclature for the pronoters: the

original pronote esent in CTL501 is renamed as "CTP1"; the optim sed
pr onot er pégaerﬂpi?ﬂ'&CTLSOS Is renanmed as "CTP3").

The p-catenin /T cf-dependent promoters express at very low levels in cultured
15 primary human hepatocytes, dermal fibroblasts and endothelial cells
We show above that the claimed promoters express at very low levels in tumour
celt lines that retain normal B-catenin regulation. From this we infer that these
promoters will be inactiveAweakly expressed in normal human cells, i.e. we used
the tumour celis to mode! normal cells. To provide direct evidence for this we
20 determined the activity of two of the promoters in a panel of cultured primary
human cells (hepatocytes, endothelial cells and dermal fibroblasts). To facilitate
these and subsequent studies involving cultured primary human tissue (see
Examples 15 and 16 below) we constructed recombinant adenoviruses expressing
beta-galactosidase under the control of two of the claimed promoters, “Ad.CTP1-
25 nlLacZ” and "Ad.CTP3-nLacZ” (in the interest of clarity we now use a systematic
nomenclature for the promoters: the original promoter present in CTL501 is
renamed as “CTP1”"; the optimised promoter present in CTL503 is renamed as
‘CTP3". v
Figure 15 shows that the CMV promoter expressed strongly in all three cell types
30 tested whereas CTP1 and CTP3 directed very low levels of beta-galactosidase

expression in these cells. Alf three promoters were however strongly active in
SW480 colon cancer cells (Figure 15 d)




Figure 15 shows that the CW pronoter expressed st'rongly inall three cell
types 30 tested whereas CTP1 and CTP3 directed very |l ow | evel s of

~ beta-gal actosi dase expression in these cells. Al three pronotey AL%Q&OM
however st gapglys8gtive in SWB0 col on cancer cells (Figure 15 £

01/ 64739 39 23 August 2004 PCT/ GBOLl/ 00556 Exanple 14 CTP9 RI/GERY0d5G ect
very | ow | evel's of transgene expression during growh of an El-deleted
adenovirus in the 293 and PerC6 hel per cell lines 5 Attenpts to grow

El - del eted viruses encodi ng cytotoxic ger@ driven by pronoters that are
active in El -expressing Ad helper cells are generally unsuccessful as
expression of the toxic gene product prevents the cells from supporting
efficient Exampopth. To determine the | evel of expression of the CTP1
and CTP3 prC&_(rrfp ers during 10 virus production we infected 293-and Per C6

cells with e 822 diradt ERlowTbasE P3- i r.uses and
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| ower tHan t8itd ; [ LN el per lines.

However, as obsper veg%%?aggﬂ%rﬁ%%@creﬁi% FVE’(%%’PIQQnieﬁ ivegt®3 was

clearly | eBOrBgkEry thatiare active ing Epp@q)reggtagl,qd ﬁ@'ﬁe?'cggiaﬁé’{;gggﬁaﬁim ers were
cerrs.

appr oxi mat more active in Per than in Yese data
suggest t hglbé/%&o"[eﬁg@'hgls FHNESSIon GF thentoxia gereiprnd @G preedits tho bl SHRPOrt the

efficient sgdrtiagicPiviont JitusSirodgiRer ati on Adenovirus vectors encoding a
toxic tra ene under the control of the CTP3 20 pronoter. Exanple 15 CTPI
e

B e S A
expressio \rgg??; ::i zi:mam_%z ViffR%ard BERifed ISR 5 CNF erroms o MarY
In Figure 16 we show that LacZ expression driven by CTP1 and CTP3 was
significantly lower than that driven by the CMV promoter in both Ad helper lines.
18 However, as observed in all other non-permissive celf lines, CTP3 was clearly less
active than CTP1 (approximately 10 fold). Both promoters were approximately 3
fold more active in PerCs than in 293 cells. These data suggest that both cell lines
but in particular 293 ceils would suppart the effidient replication of first generation

Adenovirus vectors encoding a toxic transgene under the control of the CTP3
20 promoter. ’ ’.

Example 15

CTP1 and CTP3 promoters are highly aclive in freshily excised metastatic
colorectal C&I::'CSI’ fissue but inactive in associated liver tissue

25 Established tumour cell lines are useful model systems to study gene expression
patterns in cancer. These lines are however cloned from primary cancers, which
are polyclonal populations of genetically diverse and genetically unstabie cells.
They have also generally been continuously cultured for long periods of time,
providing further scope for the selection of cells that are well adapted to ex vivo

30  cuiture but not very representative of the cancer from which they were derived. For
fchese reasons we determined the activity of CTP1 and CTP3 in freshly expianted'
samples of primary and secondary colorectal cancer. Samples were prepared and



are polycldnal populatiohs of genetically diverse and genetically unstable
cells. They have al so generally been continuously cultured for |ong

periods of time, providing further scope for the selection of %A%ug{?am
are wel | a%egﬁ to ex vivo 30 culture but not very representative O e
cancer fro 1 A"¥hey were derived. For these reasons we deteraBoiftksghe
activity of CTP1 and CTP3 in freshly explanted sanples of primary and
secondary col orectal cancer. Sanples were prepared and 23 August 2004 WO
01/64739 PCT/ GBOI /00556 40 infected withgd. OW nLacZ, Ad.CTPl-nLacZ and
Ad. CTP3-nLacZ viruses and analysed for nucl ear beta-gal act osi dase

expr essi on ged yvithoad. GM\VEhicad tad CATF®] - i Ad. COW- nLacZ
_ vvag used to biﬁty of ?agﬁg%gﬁn%:%ggﬁws%%pwwﬁqq M to

Ene the vi f
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provi ded b | trchieddiyer vedrgin waspessatal S oy 3 and
Ad. CTP3- nL%gewerdWﬁﬁ: 1 | b@ltglrl] cases exposure_ of %’ggoéf\%%@h?\st i ssue
resulted In a level “of &ﬁ?’% 1Y SREAMEES cthe tissueMasiree béshdbgémslid 0
tunour ti sbeta-gihcttdieasabbi > t ases.exam ned were
per ni ssjyve, for high-level CIP an%%@zg&gégﬁg@‘%%H?tss@nsiﬁ’!b?(i'@ﬁﬁi es, 3
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each case. %O anpl e éh-q@9@§tr@”ﬁﬂ RElwmaW spegiiiciy siamprovideel [y es Wi t h
hi gh | | infectiomeiday ' t Iy l e 15
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Ih both cases exposur; of liver and tumour tissue resulted’in a level of expression

equivalent to CMV but restricted to tumour tissue, To date, all 5 colorectal

15 metastases examined were permissive for high-level CTP1 and CTP3 expression.
Of 10 primaries, 3 were found fo be weakly or non-permissive for promoter activity.

Of note, the primary tumours that gave rise to the secondaries were permissive in
each case.

20 Example 18

High-level CTP-mediated expression correlates with high level, non-membranous
expression of beta-catenin
In Example 15 we demonstrate that CTP1 and CTP3 can provide high-level gene
expression ss_-!eqtively in secondary colorectal cancer tissue despite the

25 simultaneous introduction of the transgene into neighbouring heaithy liver tissue.
Whilst o date the promoters were active in all secondary CRC deposits, low-level
or undetectable expression was observed in 3 of 10 primaries. Analysis of these
non-permissive tumours for beta-catenin revealed a correlation between the
overall level and sub-cellular distribution of the protein. Figure 18 shows the

30 results for representative permissive and non-permissive tumour samples. Tumour
A (non-permissive) is relatively well-differentiated with beta-catenin staining
restricted largely to the cell periphery, consistent with this being associated with E-




expression selectively in secondary col orectal cancer tissue despite the 25
si mul taneous introduction of the transgene into nei ghbouring healthy liver
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TCF bi ndi ng el enent having the sequence CTTTG\N, wherei n
~and a pronoter; and : '



an expressi bl e therapeutic gene operably linked to the TCF response

el ement, wherein the TCF response el enent enabl es i nduci bl e expressi on of
the 10 operably linked therapeutic gene. 2. The nucleic acid C‘Hﬁs&{gﬂ&tzd&
claim | wheggi §ydh% therapeutic gene encodes a toxin or a prodrug
activating enzyme. 15 3. The nucleic acid construct of clai mPCTarBjoassel 2,
wherein the therapeutic gene encodes a nitroreductase capabl e of
activating CB 1954. 4. The nucleic acid construct of any one of the
previous clainms wherein the pronoter is gelected fromthe group consisting
of the SV4OM%$H, the E1 B 20 pronoter, and the c-Fos pronoter. 5. The
nucl ei ¢ aci ruct of claim4, wherein the pronoter is the El B
pronoter. 25 6. The nucleic acid construct of any one of the previous
clainms wherein the TCF response el enent conprises between 5 and 15 TCF

bi'ndi ng el efrenfsn@teit. ackh eonsel @i corii f.any one of the
previ ous clains wherejin the TCF rmﬁggog]e?g%%pgg‘ﬁ%Preé@@”b‘é@'ﬁééﬁﬂgi and

10 TCF bi ndi ng el en@hedst gne TE hincing eleamsm haoingtthe GeddicrRRYPP t he
previ ous &l ai s me\y\lﬁéfb}%gﬁsy H:_esponse el emsirn:l?g corrprc@sgsg?% 1g{‘]\lldi ng
el ements. 43 23 August 2°d}°rde nucleic acid construct of any one of the
previous clains wheamd a grosmoléf-andgbi ndi ng el enents are separated from each
ot her by between Sﬁl’ggér%ﬁ _.brrllﬁg%:hlﬂioti des. 10. The nucleic acid construct of
any one of the pre &l apeuﬁcg@meﬁﬁfabwméwmﬂeep? t

separated from eachyjgipqk by between 3 and 12 nucleotides. 1 ?r%ﬁ@érﬁiftl eic
aci d construct of{gny oné of the previous clainms wherein the TCF 10

bi ndi ng. el enent $vhwreirsthgal @FadspoRsB 8RFh:R seen 10 and 12

nucl eot ilges. 12, -The nucl eic acid constr uc%%?‘%ﬁgagﬁlﬁﬁq GrRessionmhither ei n
the TCF bi ndi ng OPeTably inked therapeutic gene.

2. The nucleic acid construct of claim 1 wherein the therapeutic gene encodes a
toxin or a prodrug activating enzyme.

15 3. The nucleic acid construct of claim 1 or claim 2, wherein the therapeutic gene

encodes a nitroreductase capable of activating CB1954.

4. The nucleic acid construct of any one of the previous claims wherein the

promoter is selected from the group consisting of the SV40 promoter, the E1B
20 promoter, and the c-Fos promoter. ‘

3. The nucleic acid construct of claim 4, wherein the promoter is the E1B
promoter.

‘25 6. The nucleic acid construct of any one of the previous claims wherein the TCF
response element comprises between 5 and 15 TCF binding elements

7. The nucleic acid construct of any one of the previous claims wherein the TCF

response element comprises between 5 and 10 TCF binding elements,
30

The nucleic acid construct of any one of the previous claims whersin the TCF
response element comprises 5 TCF binding elements.



el ements are separated from each other by between 3 and 4 nucl eotides. 15
13. The nucleic acid construct of any one of the previous clains wherein

the TCF binding el ement closest to the $fonmoter i s between 140 2 %hgliO% 2004
nucl eotides fromthe TATA box of the pronoter. 20 14. The nucleic acid

construct am/ onﬁ of the previous clains wherein the TCF binding
el enent cl Gsest'® BUEIRIC 35id ppRelfuGtof sy anerofibe pesdoudciaims edicreithe figm t he

TATA box of t The nucl,eic acjd, construct of any one of the
previ ous cl ai @“@ﬁ@%’ﬁéwﬁ?‘?&@mﬁe@ifm REcR cthas by hatwesnt3 and 2Be pronot er
I s between 50 mmfkotidesucl| eoti des fromthe TATA box of the pronoter. 16. The

nucl ei ¢ acid construct of any one of the previous clains wherein the TCF
bi ndi ng el enent cl osest to the pronoter is between 30 and 15 nucl eoti des 30

f t TATA ‘ : .c17. Th | ei id t t of
one of ol a0z Theyleit SEPEGHIRLER of Ay ahd bt Be pipui Glaimawhetsindhs TCF
separated f ronbiﬂdirig.aéhﬁn@mé)@ém{écfﬁ&h éach"cﬂpﬁxgb@pgﬁ@%%@ %g\dn%l eotides

and wherein the TCF, binding el ement closest 1o

nucl eoti des fridWeleplidesaTA box of the pronoter. 18. The nucleic acid
construct of any one of the previous clains wherein the TCF 5 binding
el enrent has the nucl eotide sequence CTTTGAT. 19. A TCF response el enent

conpr i si ngl1.bEhevmanleid 46id 2Rsh L&t SidhySie 8 Bdidigvi At s 8 _pr

sequeg&:, 10 wherein the TCF lg‘iléndl ng ye%rrentﬁg @%sggg@wwgrﬁmﬁ#ot her
by betleen PIRANIRIeMestcats shparated fror SBER diherchybemleEnt agiazest to the
pronoter is m‘g&% 50 and 10 nucl eotides fromthe TATA box of the
pronoter, an ereln the TCF response el emrent when operably |inked to an
expressi ble gene gives inducible expression of the operably |inked gene.

15 . .
12. The nuclelc acld construct of any of claims 1—10 wherein the TCF binding

elements are separated from each other by between 3 and 4 nucleotides.
15
13. The nucleic acid construct of any one of the previous claims wherein the TCF
binding element closest to the promoter is between 140 and 10 nucleotides
from the TATA box of the promoter.,

20 14. The nucleic acid construct of any one of the previous claims wherein the TCF
binding element closest to the promoter is between 100 and 10 hucleatides
from the TATA box of the promoter.

15. The nuciei¢ acid construct of any one of the previous claims wherein the TCF
25 binding element ciosest to the promoter is between 50 and 10 nucleotides
from the TATA box of the promoter.

16. The nucleic acid construct of any one of the previous claims wherein the TCF
hinding element closest to the promoter is between 30 and 15 nucleotides
30 from the TATA box of the promoter.

17. The nucleic acid construct of any one of claims 110 or 12—16 wherein the
TCF binding elements are separated from each other by between 3 or 4
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20. A TCF response el enent according to Caim19, wherein the TCF bi ndi ng

el ements are separated by between 10 and 12 nucl eotides. 21. A TCF response
el enent according to Caim19, wherein td4k TCF binding 20 el eneilfigdk€2004
separated by 3 or 4 nucleotides. 22. A TCF response el enent according to
any of Clainms 19-21, wherein the TCF binding el enent closest to the
promoter is béWRANdss adavhereiutiecbE dinding etemetecl JREAID e Sonidier is

pronoter. 25 : ruct,.conpri sing the TCF response

el ement of anj?%o?&!%é%efp%&ﬁémﬁ%P thﬁ%@l&?@ a reporter gene. 24.
Use of the TCF reporter construct of aim23 in a nethod of identifying
30 candi dat§ drugs faor use in the treatnent of cancers associated with the

der tegul at | 6t thetrw!m iﬁF:l[dstqub’: abamoh?ﬁﬁt@mimmimsﬁvﬁérgww TCF
cont actg ng : r nstryct, W a test conpound under
condi titsons i nE%éméthﬁéﬁﬁﬁpuﬁ%? dPsT’eﬂF'ﬁH%%%hHg@%End measuring the
transcription of the reporter gene; Em Rfang AMENDED SHEET 45 23 August
2004 wherein a test conpound which inhibits transcription of the reporter
gene is a 1%aAdi@aresphnsg dlemepboomprisingat ment . 25. A vector conprising the
nucl ei ¢ acid const fo an of I, 1 to 18, or 5 the TCF response
el enent of any of %#%ﬁ@@%%ﬁ@@"ﬁms WMsn expressi bl e gene, or
the TCF reporter cppaimoier sétu im23. 26. A host cell transfected with

p o8,

. the \rﬁﬁt or of aim?25, 10 27. The nucleic acid construct of any one of
d ai n8¥1 to 1eheintiaetChhindingielements arersepasdted fotn eActCbitiembythdt@eense i n

th . 28. l.el ' f f ' |t
18, the vect o 200 20 bTedtEs3iot 06 TOE RIAd Blestentiibackt to bemmmtetiar o of

a conposi ti orbdtween$9 add 10 nutkotides FofeHe P t of
dministering to a patézﬁﬁ%?gffﬁ%egamorﬁbﬁc t reat ment

treatnment, conprisin
an effective “‘r(}%ér&_'rbﬁh%tﬁ%F Retreise %l@mnwhgmmraw linkgd tnan ekpEsaibis  1- 18,
the vector ofggHediifee deicitd Skpre8ionr th BbEtAY linked gene.

15
20.A TCF response element according to Claim 19, wherein the TCF binding
elemenis are separated by between 10 and 12 nuclestides.
21.A TCF response element according to Claim 19, wherein the TCF binding
20 | elements are separated by 3 or 4 nucleotides.

22. A TCF response element according to any of Claims 19-21, wherein {he TCF
binding element closest to the promoter is between 30 and 15 nucleotides
from the TATA box of the promoter.

25

23.A TCF reporter construct comprising the TCF response element of any of

Claims 19~22 operably linked to a reporter gene.

24.Use of the TCF reporter construct of Claim 23 in a method of identifying
30 candidate drugs for use in the treatment of cancers associated with the
deregulation of the Wnt signalling pathway comprising the steps of :
contacting the TCF reporter construct with a test compound under
conditions in whig:h the reporter gene is transcribed; and
measuring the transcription of the reporter gene;
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20 30. A pharmaceutical conposition conprising the nucleic acid construct of
any of Cains 1-18, the vector of Caim25 or host cell of Cdaim26 in

combination wth a pharmaceutically acceg able recipient. 25 312(;;1|| ﬁugust 2004
conposi tion for delivering the nucleic acid construct of any of Calns
1-18, the TCF response elenent of any of clainms 19-22 operably linked to

an expr essi bl WNGEIR a lest cormpoOd et InhbIRARSCHBIOR bf HeteBbAdr h8nd iS5 |
EmPT an, Aégyd?ga%esdﬁug for cancer treatment. :

25.A vector comprising the nucleic acid construct of any one of claims 1 to 18, or
5 the TCF response element of any of claims 19-22 operably linked to an
expressible gene, or the TCF reporter construct of Claim 23.

26.A host cell transfected with the vector of Claim 25,

10 27.The nucleic acid construct of any one of Claims 1 to 18, the vector of Claim 25
or host cell of Claim 26 for use in therapy.

28:Use of the nucleic acid construct of any one of Claims 1 to 18, the vector of
Claim 25 or host celf of Claim 26 in the manufacture of a composition for use

15 in the treatment of cancer.

29.A method of treatment, comprising administering to a patient in need of such
treatment an effective dose of the nucleic acid construct of any one of Claims
1-18, the vector of Claim 25 or host cell of Claim 26.
20
30.A pharmaceutical compaosition comprising the nucleic acid construct of any of
Claims 1-18, the vector of Claim 25 or host celf of Claim 26 in combination
with a pharmaceutically acceptable racipient,

25  31.A composition for delivering the nucleic acid construct of any of Claims 1-18,

the TCF response element of any of claims 19-22 operably linked to an
expressible gene, or the TCF reporter construct of Claim 23 to a cell.
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