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cells of a patient in order to combat disease, is
15 recognized as having a large therapeutic potential for
treating a variety of diseases, such ag cancer,
infectious diseases including viral and bacterial
infections, cardiovascular disease, inherited disorders
such as cystic fibrosis, 'immune system disorders and
20 many other conditions. The clinical development of gene
therapy is, however, still faced with many unsolved
challenges, of which one of the most important is to
- £ind methods for efficient and specific delivery of
therapeutic genes to the target cells in vivo (Verma &
! 25 Somia, 1997, Nature, vol. 389, 239-242 and Anderson,
1998, Nature vol. 392, 25-30) .

Gene therapy can involve many different possible
approaches and can involve transfer of cloned human
genes or gene segments, double stranded human genes or

30 gene segments, genes from other genomes and organisms,
oligonucleotides and various artificial genes or
fragments thereof such as antisense geneg.

In current methods many different carriers or

< vectors have been suggested for use in achieving gene
35 transfer in gene therapy. As examples polycationic
compounds, cationic lipids and viral systems can be
mentioned, but as yet in ViVb'gene therapy has met with
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15 liposome fusion, osmotic lysis of pinosomes, scrape

loading, electroporation, calcium phosphate and virus-
mediated transfection. These techniques are useful for
manipulating cells in culture, although in many cases
they may be impractical, time consuming, inefficient or
20 they may induce significant cell death. Thus such
techniques are not optimal for use in biological or
medical research, or in therapies, where they are often
not sufficiently efficient, may have intolerable toxic
effects or may not be applicable for technical reasons.
25 It is well known that porphyrinsg and many other . f;)
photosensitizing compounds may induce cytotoxic effects
on cells and tissues. These effects are based upon the
fact that upon exposure to light the photosensitizing
compound may become toxic or may release toxic
30 substances such as singlet oxygen or other oxidising
species which are damaging to cellular material oxr
biomolecules, including the membranes of cells and cell
structures, and such cellular or membrane damage may
eventually kill the cells. These effects have been
35 utilised in the treatment of various abnormalities or
disorders, including especially neoplastic diseases.
- The treatment is named photodynamic therapy (PDT) and
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Porphyrin photosensitisers act indirectly by
is generation of toxic oxygen species, and are regarded as
particularly favourable candidates for PDT. Porphyrins
are naturally occurring precursors in the synthesis of
heme. - In particular, heme is produced when iron'(Fe“)
is incorporated in protoporphyrin IX (PpIX) by the
20 action of the enzyme ferrochelatase. PpIX is an
extremely potent photosensitizer, whereas heme has no
photosensitizing effect. A variety of porphyrin-based
or porphyrin-related photosensitisers are known in the
art and described in the literature.
25+ -+ - The cytotoxic effect iz mediated mainly through the
formation of singlet oxygen. This reactive intermediate
has a very short lifetime in cells (<0.04 us). Thus,
the primary cytotoxic effect of PDT is executed during
light exposure and-very close to the sites of formation
30 of '0,. 0, reacts with and oxidizes proteins (histidihe,
tryptophan, methionine, cysteine, tyrosine), DNA
(guanine) , unsaturated fatty acids and cholestercl. One
of the advantages of PDT is that tissues unexposed to
light may be left unaffected ie. that a selective PDT
35 effect may be obtained. There is extengive
documentation regarding use of PDT to destroy unwanted
‘cell populations, for example neoplastic cells. The
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to cell death.
WO 96/07432 or the copending application WO
15 00/54802 on the other hand, are concerned with methods
which use the photodynamic effect as a mechanism for
introducing otherwise membrane-impermeable molecules
into the cytosol of a cell in a manner which does not
necessarily result in widespread cell destruction or
20 cell death. TIn these methods, the molecule to be
internalised and a photosensitising compound are applied
simultaneously.or in sequence to the cells, upon which
the photosensitizing compound and the molecule are
endocytosed or in other ways translocated into
25 -endosomes, lysosomes or other intracellular membrane . b
restricted compartments. _
The molecule to be translocated and the
photosensitising compound are applied to the cells
_ together or sequentially (preferably separately and
30  sequentially) . and are taken up by the cell together into
the same intracellular compartments (i.e. are co-
translocated). The molecule to be internalised within
- the cell is then released by exposure of the cells to
light of suitable wavelengths to activate the.
35 photosensitising compound which in turn leads to the
disruption of the intracellular compartment membranes
and the subsequent release of the molecule, which is



rel eased into the cytosol were present in the sanme mtracei-,lMéﬁ
conpartnents when irradiation was perforned. However, it has S|nce been

" found that 15 nol ecul es can be introduced into the cytosol of cells by
simlar PHORHABYs but where the exposure of the cells tBCT/AGEAYOR81 not
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I ntracel | ul ar artnents
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descri bed |ntHetaahelmntﬂﬁcéQiﬁQaQIG%mbﬁ&%&@%k' @akhgppllcatlon (filed on
29 Novenber éﬁgg in_the nane he i an , Radi um Hospital Research
Foundat i on, F?gﬁnsﬁﬁﬁﬁéﬂg)ageﬁtCB CRRYES PEegppEndBdthereto and s

i ncor por at ed <85chelei n by reference. Surprisingly it has now been found
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specific and ve fsm15|de ef f ec? the technol o g escribed has a clear
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potential for ThpFovFng™bSt At ?h%YEPFPélﬂﬁE? Br&SefheiBpbBef Paey of in vivo
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performed. However, it has since been found that
15 molecules can be introduced into the cytosol of cells by
similar PCI methods but where the exposure of the cells
to light is not necessarily the final step and the
methods are not dependent on the transfer molecule and
the photosensitizing agent being located in the same
20 intracellular compartments at the time-bf'light |
exposure. In such methods the photosensitising agent
may be contacted with the cells and activated by
irradiation before the molecule to be internalised and
thus delivered to the cytosol is brought into contact
- 25 . with the cells. Thus, despite the fact that the |
molecule to be internalised and the photosensitising
agent are not necessarily localised in the same
intracellular compartments at the time of light
exposure, the molecule still enters the cell and is
30 - delivered to the cytosol. These results are described
in detail in the co-pending international application
(filed on 29 November 2001 in the name of The Norwegian
‘Radium Hospital Research Foundation, entitled "Methodn"),
a copy of which is appended hereto and is 1ncorporated
35 herein by reference. -
Surprisingly it has now been found that the use of
PCT techniques in combination with viral vectors can




provides an in vitro or ex vivo nethod for introducing a EﬁJ@g@ |nto a
cell, said nethod conprising contacting said cell with a 0 e S|t|S|ng
agent, contacting said cell with the nolecule to be introduced (transfer
nol ecul e) which is associated with a viral carrier, and irradiating said
cell wth light of a wavelength effective to activate the photosensitising
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that the eventual result is the cellular wuptake of the viral carrier and
hence the nnleﬁmeatha@1ylmhpgav@e@hbnbarhgeméakhtaadgéﬁéeaeahvaa Ion of
that nol ecul hﬂ nnleculﬁs ex Ee viral carrier
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contacting said cell with the molecule to be introduced
{(transfer molecule) which 1is associated with a wviral
carrier, and irradiating said cell with light of a
wavelength effective to activate the photosensitising
agent.

These steps can be carried out in any appropriate
order providing that the eventual result is the cellular
uptake of the wviral carrier and hence the molecule to be
introduced into the cell and internalization of that
molecule. No other molecules except the viral carrier
and the photosensitizing agent are required for
performance of the invention. '

The term "celi" is used herein to include all

~ eukaryotic cells including inséct cells and fungal cells
and including somatic and germ cells. Representative
"cells" thus include all types of mammalian and non-
mammalian animal cells, plant cells, insect cells,
fungal cells, protozoa and protoplasts and preferably
mammalian cells such as human, mouse, rat, cat, dcg,

sheep, horse, cow or goat cells.



i ntracel | ul ar/ menbrane bound conpartnents into the cytosol%f@ 5@@%
thereafter be transferred to the nucleus. Once internaliz Ae ecul e
is considered to have been "introduced" into the cell in accordance 5 with
the nethod of the invention. The intracellular nmenbrane-restricted
conpartment nmay be any such conmpartnent which is present in a cell
Preferably the conpartnment will be a rerbrane vesicle, especially an
endosonme or a |ysosonme. However, the 10 intracellular conpartrment may al so
include the Gol gi apparatus or the endoplasmc reticulum As used herein,
"cel lul ar Upttakeralppation'y amshoedticor'ing efeferst doohke ofeltiverstaps of
internalis i I t r t he cel
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out er - | yi nfetided genrrzmie, as. ghebVﬂ@ﬂéé@&t@Eﬁa§UéESblhentappropr|ate

upt ake MeCHAHAMB cnlofs SXAMLe; bA1A 191 880Gl edoWAD o ABhIL racel | ul ar
menbr ane-restricted conpart ment , 0 exanplé the ené:p l'asm ¢ reticul um
Gol gi body!tPe IRf$6SBRESI SR d@§@ﬁ@%lkﬁ%?lOAbp?QHﬂWlQFéUG¢RﬂﬁQ§uBésp 4fo be

i ntroducedyédQet Be ck8ldorcNIber@Be tRRk.SaDe BESARIALLd W th viral
carriers, viral vectors or virus particles and are 25 sonetines referred to
herei n as 2%§%Hsftéern mhléewldsor PEichindbFectited greryhetabiy nucl ei c acid
nol ecul es and nay conprise a full length gene to be introduced into the
cell or a functional fragnent thereof or may be for exanple a cDNA
sequence containing the conplete coding 30 sequence of a gene or a
functional fragnment thereof. Alternatively, said nucleic acid nol ecul es
may encode antisense RNA nol ecul es, ribozynmes, aptamers, oligonucleotides
or triplex form ng oligonucleotides, or conprise transcription factor
"decoy" DNA and so on. 35 Preferably the nucleic acid nolecules are from 10
to 30 000 bases in length, e.g. 20-10000 bases in |ength.



"Associated with" as used herein refers to a 27 May 2005 I@2/214(}%95
PCT/ (B01/05281 - 8 nolecule which is incorporated into or ®ed in
“sone way to aviral carrier, viral vector or viral particle e.g
i ncor por atAHH3AF n t he genome of said viral nolecule or B@H@Bﬁll’@omb sai d
genone but carried within 5 the viral particle. CGenerally the nolecules to
be introduced into the cells will be packaged or incorporated wthin
viral particles, i.e. encapsulated or incorporated within a.viral coat or

capsi d. - Pref enthtycd e Tk A4 BSods@NSHRSA A0S & ﬂ:ﬁc@%ﬂé‘“c' eotide
C

and is prefera ert d within a viral construct whi contains certain
viral derived gfe/ecﬁ%% st;l'feiiref%f%%’éﬂ?ee PrRrpisiedicio tiehdecone
.packaged i nsimeckdes vi r@ica:airrrﬁma]]heecﬂrwmuﬁcﬂé@l@ id ransppadedgmy for
exanpl e be cl | sife on the vir carriers enone
YEhAR bt Dﬂ{ﬂ%ﬁc 4 %I’I%ﬁl iy "’E"ﬁ%%]édﬁ‘ SFures may

Alternatively 2 or nore separa ecu es c
.be used & de%ﬁ%é@%é@%lﬁmtf&oﬂm\wnwomrtlcl es may be selected

such that they nay e eyt oie1ng 12l udibrd %tsﬁz_llf‘c{eed 'éorécPJ dﬂﬁ’once e
y

accord and, if th}?/ can 20 i.nfect the cells of their own ac
have been i nf8rhalS 788 iU FPRATNTY Ml Ghyi herasaie iy a stehl ¢ hat
they may or nm¥yrefErdid yalihe tcmrdwmﬁ heillendoge e eald Wasidmaehi nery

in order to r%gﬁoccqgaql%n% ae% me ne V|lréfl$s% O?cg’ggzﬁi‘%o be s cetet ‘ed from

the 25.. cell wever ,” generally, when us erapy other in
vivo dppPli cat ievgadedl s apnpeatomntyinay alwer tigred wiee Wstiadlgdi sabl ed

so that they eapduifiell oxhasle elldobiliinicanali il cate, asserble new

virions and infect new cells .e. made _r epl |cat|on i nconpetent. 30 Such
" di sabl ement can be- rurs"leé]dl"(%telﬁ'y AP ldpPrdprpsede meams, but is
conveni ently domeniy cdeltdicdng re@erOfcd hte U ahegentepd eguired for viral

replication a@%ternalisation in which molecules or entities external
15 to the cell membrane are taken into the cell such that
they are found interior to the outer-lying cell
membrane, e.g. by endocytosis or other appropriate
uptake mechanisms, for example into or associated with -
‘an intracellular membrane-restricted compartment, for
20 example the endoplasmic reticulum, Golgi body,
lysosomes, endosomes etc. '
Appropriate "molecules" to be introduced into the
cell can be any that can be associated with viral

carriers, viral vectors or virus particles and are

25 sometimes referred to herein as "transfer molecules".
E ' o Such molecules are generally nucleic acid molecules and
a may comprise a full length gene to be introduced into
the cell or a functional fragment thereof or may be for

example a ¢DNA sequence containing the complete coding

30 sequence of a gene or a functional fragment thereof.
Alternatively, said nucleic acid molecules may encode
antisense RNA molecules, ribozymes, aptamers,
oligonucleotides or triplex forming oligonucleotides, or
comprise tramscription factor "decoy" DNA and so on.

35 Preferably the nucleic acid molecules are from 10 to 30
000 bases in length, e.g. 20-10000 bases in length.

"Associated with" as used herein refers to a
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optionally inserting the therapeutic genes which are to rang(i%rred in
their place. However, the technol ogy 35 described in this q on can
al so be u replication-conpetent or replication-re ruses,
such as e%@‘%%{é&wx 15 (Khuri E.R et al., (2000), 27 wa?k%%’%?&g
02/°44395 PCT/ GB01/ 05281 9 Nature Med. 6, 879-885) or herpes-sinplex virus
t hym di ne ki nase encoding replication-restgi-cted adenoviruses such as
descri bed by WIldner and coworkers (Wldner O et al., Gene Th (1999) er.
6, 57-62; W thedecud eQ whdiclalis i(m@:ﬂggqrMeintResor SGonddOtdd3)n some. g.
repli cating ra;a@owortésc%ma%w @eﬁq 49@ gLgseniation
uropean

and abstract at "'the 8th Meetin OCIet erapy,

St ockhol m 7- 16 - 9oc S PRaGEE B \iHet @Qﬁﬂ’%@%rs@xmiwmtb be

i nt rodu?:ed i nm%etime_lece:lr: ,selpaQ'baﬁé”lQ:cV'édaﬁLd R bﬁ@%&’ﬁfﬁédfl FRQIQ%m

encapsul ating he o cu e.t.,o.be introdu S0 i me referred to

herei n ag t he " dndPdr BeE A% . Q%Eﬁgﬁﬁﬁﬂy ﬁH%I%E%?%H e3¢t Mhich is to

be 15 int roduaed:rlomus:eﬁharrt@l [t Hey detitelmmﬂddga@fpatdqupﬁ@mt [ nvent ion is

part of a viralbas sed ont ai ns
BB EARS il & Gafl pd Ipy\%%}'?clelné% oL & A N £ g

certain viral deriv el ement's necessa o) becone |
packaged i nsi 8& ﬂﬁ@OFPPéﬁﬁﬁﬁwW¥§hkﬂrﬁﬂvkﬁﬂ%ﬂQﬂﬂﬁrQﬂ Qo FEdt or .

Alter nal i vel y phesievabiyt henugheicuiasivh 1 h-addisaduseds iy formpart of

one nol ecul e, d a se ecule e resent whi ch :
contain Bt he P ?&gﬁ‘gﬁ&%’%ﬁg@eﬁﬁﬁ W?ﬁ%&%ﬁg&é %f Rigariczhrrier
whi ch contalnSOHBErhctsWhﬁEMQ@@m&aﬂnsanhhﬂaxﬂ1vi£hlfdéf&ve&tel&méﬁtéhe

T hs s BB et SR 01, OGS lbpllbe ool

inside the viral carrier. The molecule to be

transported may for example be cloned into a cloning

15 site on the viral carriers' genome. Alternatively 2 or
more sgeparate molecules contributing these features way
be used as described hereinbelow. Such viral particles
may be selected such that they may or may not be able to
infect the cells of their own accord and, if they can

20 infect the cellsAof their own accord, once they have
been internalized within the cell they may be selected

. such that they may or may not be able to harness the

endogenous cellular machinery in order to replicate and

assemble new virus packages to be secreted from the

;.;‘imj

25. cell. However, generally, when used for gene therapy or
other inm vivo applications, for safety reasons viral
vectors are usually disabled so that they can infect

- host cells but cannot replicate, assemble new virions
and infect new cells, i.e. made replication incompetent.

30 Such disablement can be carried out by any appropriate
means, but is conveniently done by deleting some of the
viral genes required for viral replication and
.optionally inserting the therapeutic genes which are to
be transferred in their place. However, the technology

35 . described in this application can also be used with
replication-competent or replication-restricted wviruses,
such as e.g. the ONYX-15 (Khuri F.R. et al., (2000),




acid is conveniently flanked by appropriate regulatory &%%@ %w%
pronoters) for ensuring high level 30 expression in the pa target
cell. Such regulatory elenments nay be derived fromviruses (e.g. the
CWpr onot W0 RHéiScyt omegal ovi rus) or any ot her appropri atRCH6ERaEnIssTs and
t he 'design of appropriate viral constructs to enabl e good-expression of
the 35 protein encoded by the nucleic acigd nolecule are well known to
persons skilled in the art. For exanple, “tissue specific or regulatable

pronoters canmbeuvseslelio 27 Moy 2005 o\éoh%%/%;éé?*%%ng@yﬁ%% Qo281 10

obtain tissue g di.sease specific or regula Xpression. For exanple

the tissue spt Y@F@lﬁ?oﬁﬁpéﬁe RECRESHRY §6§é#ﬁﬁ§19@r§§ﬁﬁé§éﬂﬁﬁbnnte may be

used. Regul atdbhevprasetesschuak a&sb@hbéaybynw&aaﬂh%t%%&5d&A¥H&£%§ are

wel I known. es_of _speci r ated praonoters_that can be

enpl oyed in ?ﬁgf ?ésen . F%VgitIOAag§R? QePS h SFn Bar £,/ 18R VEdERER.

. Oncol ., 519969- 2@t 354, 158P99M, | CancamdRWhel an, (Bam-4Gane oFher.apy, 1997),
Net t el beck anﬂeﬁ@iééﬁlﬁgf§89§OG§9ﬁ%§§ 34 é%ggﬁlﬁgd %§4 p181h -30dBpear

(Antlcancer f 18, 3223 & references thérern. The
“viral carrief®tabl RESPERRRERCRNPBH ?Hétrﬁ?5n§teﬁhﬁoﬁ§buN€E¢9nasgéc|ated

can be any vitld Bysbesunpsovidtfgofhabnkheh¥i-bpl,, CBELLRELS1Gf 7LRLKS system

are 15 capabl S |ng with, incorporating or encapsulating the
nol ecul es whi g 8%?%§t%8%8 ntroduced into the cells. Thus, generally the
transféﬂ3nnlecule§Th%f®h@bekmgédcuﬂah|anaiVYrab berﬁhckednbediiHSOCapsid

and “the ter mndvisal DAL CLEL. viKEEUS,C2P8E 0], A0 YLE 3 20, vect or* ar e

al so used herein to mean "viral carri s as herein do
not include APPSR NG| bhlni BleFubrRACoaPehbagloduerdaipl sometimes be

used to createfdheditalhedsihess the "transfer particle".
~ Generally the nucleic acid which is to be
15 introduced into the cell by the methods of the present
invention is part of a viral based construct, e.g. a
- viral based plasmid which contains certain viral derived
elements necessary to enable the construct to become
packaged inside the viral carrier/viral capsid/viral
20~ vector. Alternatively however, the nucleic acid to be
introduced may form part of one molecule, e.g- a plasmid
and a second wmolecule may be present which contains the
sequences necessary for the development of the viral
carrier which contains the first molecule. In addition,
25 ~if the action of the nucleic acid within the cell is
' dependerit on the expression of the protein encoded
thereby-or the production of RNA therefrom, the nucleic
acid isfconvéniently flanked by appropriate regulatory
sequences (e.g. promoters) for ensuring high level
30 - expression in the particular target cell. Such
regulatory elements may be derived from viruses {(e.q.
‘the CMV promoter from cytomegalovirus) or any other
appropriate organisms and the design of appropriate
viral constructs to enabie'good expression of the
35 - protein encoded by the nucleic acid molecule are well
known to persons skilled in the art. For‘example,l '
‘tissue specific or regulatable promoters can be used to




I ruses,

Exanpl es of appropriate viral systens for use in 25 the pr vention,
ee?ﬁ %éq%v

ar e. adenovi ruses and adeno- associ ated viruses, retrovirus

Her pes viruses, bacteriophages, influenza virus, Sendai virus, Vaccinia
vi rus andVBagad48% rus, preferably adenoviruses, adeno-assecTaBotosastuses,

retroviruses,

| entiviruses, 30 and bacteriophages. Adenovirus is a

preferred virus systemfor use in the nethods of the present invention.
For use according to the invention viral Carriers generally form nodified.

~forms of the npruria la&%%fr@lgé@éé’i&%é&fgd fleslgfl.propertl es and

m ni m se possibl e 35 pathogenicit

undesire ects. Thus,

viral carrier §¥PEGEEGR- v Q%rﬁ%afﬁﬁlﬁ/ltrhfséél*FWlmqlfklfsemhfdmt@ene :
therapy and amelweldmakgwcihid hey@sdinddd Phodbye208B, MO Q2444395
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source Vvirus.

tal n essentlal and |dent|f|able co onents fromthe

/Eguus%d—’l% MO DSEHET 3% gt Eyent MR T EFER an agent

whi ch i s5phot prensitEinge aamj wﬁﬁl:ﬁincum t hm&ap@kamle@mbfswmtézyat i ng

light, is conw@ﬁntgtm%r&w@wl@hg@r L SERLISE 19 AU

species. The

osensitizing agent to be USe sent

i nvention (\/\,hfL Hepd Qs Gaft PP B figr dnnk . dIfReré‘mmm tCPre?Ct}ra,nsfer
nol ecule) is ¢919\6enL23r1t l1ys s 610, wich g ema Wﬁh@ihrll 0GRk S€Serdd

i ntracel | ul ar ., art rticylarly S | ysosomes. A range
of such phot osens IYSI ﬁ?b'éénﬁi egﬂiﬁ?&/\ﬁnrcﬂ e%r&’éﬁ"i’di%r%e%ml bed in
the |it&PRatur@POpPnclladi ﬁgﬂﬂsmgﬁim‘s@&r Meait Dramess eeghdedas t his,
respect of di335;an trg %’&t hal ocyani ne (e.g.

Al PCS2a), sul fonat egBELgtr %f)(reé%hl nes 'ﬁ%%? hile blue, chlorine e6

derivati ves;
bl ue whi c_h

15

20

25

30

ur opo?ﬁﬁyr"vﬁrlal C[ﬁi-”yﬂeo‘ﬁé’r Mﬁwlmmmp&mrnm and net hyl eng
hevenbeer slQweule |1QC @ dcl 22REP U DML} %SRSANRS, fen

providing that the viral carriers of this system are
capable of associating with, incorporating or.
encapsulating the molecules which are to be introduced
into the cells. Thus, generally the transfer molecules
are packaged within a viral particle or wvirus capsgid and
the terms "viral parFicle“, "viyus capsid" and "viral
vector" are also used herein to mean "viral carrier"..
These terms as used herein do not include viral based
plasmids or DNA, although such a plasmid may . be used to
.create the viral carrier.

Examples of appropriate viral systems for use in
the present invention are adenoviruses and adeno- . '(?
associated viruses, retroviruses, lentiviruses, Herpes
viruses, bacteriophages, influenza virus,. Sendai virus,
Vaccinia wvirus and Baculovirus, preferably adenoviruses,
adeno-associated viruses; retrdviruses, 1éntiviruses,

" and bacteriophages. Adenovirus is a preferred virus

system for use in the methods of the present invention.

For use according to the invention viral carriers

. generally form modified forms of the naturally occurring

- 35

viruses to add desired properties and minimise possible
pathogenicity or other undesired side-effects. Thus,
viral carriers represent variants of viruses routinely

used for gene therapy and are well known in the art, but



20 cells in culture. This location is in nost cases due to ebado 0tsic
- activity. Thus, the photosensitizing agent is preferably &1 @éﬁﬁ/ whi ch is
taken up into the internal conpartnments of |ysosones or endosones.

" However, oideuphotosensitizing agents which locate to ot f\ef/cRR1/05281
I ntracel lular conpartnents for exanple the endoplasmc reticulumor the

CGol gi apparatus may al so be used. It is also conceivable ffiat nechani sns
may be at work where the effects of the photochenmical treatnent are on
ot her conponents of the ce]l (i.e. conponents other than 30

menbr ane- r est ATtER IRt IRENERE ARt L iabla SaRonaiHe joegi dikety may
be that the phatosteniicalsireatment destroys nol ecul es inportant for
intracellular tran vesicle ' uch ol ecul gs

r r L.fusion. . ) not
.necessarily be | o%%)e&dg?ér)l BeAEran €A T A3 Hh £95Hnt sr%r%l YRses of
sui t abl e phot gseradanisivhyclydm phaticengieyive aehtwhoingd, tdusthancl ude

por phyri s, pPSQRAl &S oPNFhRRYARNNES B PUdinS, chl Qg
“benzopor phyr i NS 27 Nay. 3005 i 02/ 44395 PP o o o reed o a

napht hal ocyaniF&LERT i Rrediviest FdEf I ihes BPLIRicHRRTIBRLT weak
bases or deri viaid (ot s LRSS adehty @ HYPBeikRladtlordihg Rwtaghenm stry
and Phot obi ol 1997, 65..-.403-409). O hey. suitable .5 togensiti zi ng
agents incl ud%g_%/eesxean%hylrr}‘ﬁe&tloﬁhe@&?ﬁ%ilfeél %&Iﬁ%%ﬁﬁ%@%chl orins,
ket ochl ori ns, deifepur phy rihe deramnsdsiy eoladilderis atdnvesn itdrerlgofany
endogenqys PhehRapnrjdd: Sisididuead s i TAMAG UL aci d and
derivatives thereof,” dimers 10 or other conjugates between

phot osensi t i z &SP b RRAHE VI RGHYs Siasomgs i ilysasedasormAie. not

conj ugat ed t o raitiedtdTers AL HRbeew=a t IESRRE Iajdits Rhef erakhy itthahe
8?22?:?25;;{ ﬂa?]/:% %\;\%gt%::,es ée%%%ri%te% firmo t et %Lt\_élrra%lur%%r r:ﬂn%rl’udi%g Iisn a
W096/07432. Mention may be made in this respect of di-
is5 and tetrasulfonated aluminium phthalocyanine (e.g.
Al1PeS,.), sulfonated tetraphenylporphines (TPPS,), nile
blue, chlorine e® derivatives, uroporphyrin I,
phylloerythrin, hematoporphyrin and methylene blue which
have been shown to locate in endosomes and lysosomes of -
20 cells in culture. This location is in most cases due to
- endocytic activity.  Thus, the photosensitizing agent is
preferably an agent which is taken up into the internal
compartments of lysosomes or endosomes. Howevexr, other
photosensitizing agents which locate to other
25 intracellular compartments for example the endoplasmic
' reticulum or the Golgi apparatus may also be used. It
is also conceivable that mechanisms may be at work where
the effects of the photochemical treatment are on other
components of the cell (i.e. components other than
30 membrane-restricted compartments). Thus, for example
i “one possibility may be that the photochemical treatment
destroys molecules important for intracellular transport
or vesicle fusion. Such molecules may not necessarily
be located. in membrane-restricted compartments.
35 - Classes of suitable photosensitising agents which
may be mentioned thus include porphyrins, psoralens,

- phthalocyanines, purpurins, chlorins, benzoporphyrins




15 the photosensitizer may al ternatively be associated w LE[} é(ﬁ)%hed to,
or conjugated to, a carrier or other nolecule as describe HY? fter .
e.g. attached to a targeting anti body or coupled to a carrier such as
pol yl ysi n&wo #d/t8smnatively, in certain circunstances, 20 thect/GBoies2si
photosensitizing agent may be attached to, associated with or conjugated
to, the viral carrier or a part thereof e g. the surroundihg |ipid
menbrane e.g. of a retrovirus), directly: 2pref erred phot osensi ti si ng

agents incl udeg, LPPS2a,  ALPCS2a nd ot her. anphj philic
phot osensi t i zer?ﬁﬁglog}%‘r ererT eaC%t%]p%%J(c ¥&° pr eSERCY HLRES 0RDPr ovi des
met hods in V\hlmqﬂﬁé‘-mm th@&@ @:geCﬂESlVatEV%rmDLmSChESﬁQS

5-am nol evul i m}pex@caﬂ ter s, pf s or
phar maceuti cal | % ccepétyaelﬁ 30 salts’ ?ﬁ%r eoc?H ﬂ&g‘gt ers the 5-am no

group may be & 189Y ot Aot i 148 0% he I%’@h@? gateabkéng the ALA

esters. Shbrepmﬁitb%ﬂsﬁrﬂl)zlﬂgh%.g@;ﬁ§siﬁ§ucﬁ@rt %) BEEohgli ng to the

i nvention are am noI vul i ni ¢ aci ds th, optional ly
substi t ut ed aF% g\hor% TS a%%‘?‘f FABF kyl esters. 27

May 2005 i V\@%@M&@Q‘&Mﬁ@@tf@ﬁﬁ&ihyﬂ& danireat Brd | yand\lLA esters which

may be used aeriGemYalt il dar Mg m@&fﬁ@%ﬁ% md‘f‘c%l‘flkoxy,

(wherein R1 represent kyI optlon % su ydroxy,
~acyl oxy, al kg%’cér ~BEHICd £y L tdd o a kY | and dr kvt kg @F@a@sfan@lmers
opt i Onalby | nber bitpleed d@mU@m,béﬁwé&g%ho@%&mgtﬁem%phor us atoms;

and Rz, - each %f gh g he sane or, different, represents_ a

hydr ogen aton1or §EOTH }Y'ﬁ&fféh959ﬁ?ﬂﬁ izer is in free form, ie.
not conjugated to any other macromolecule. Especially
preferably the photosensitizing agent is separate from
the viral carrier, ie. is a discrete entity. However

- 15 the photosensitizer may altermatively be associated
with, attached to, or conjugated to, a carrier or other
molecule as described hereinafter, e.g. attached to a
targeting antibody or coupled to a carrier such as
polylysine. Alternatively, in certain circumstances,
20 the photosensitizing agent may be attached to,

associated with or conjugated to, the viral carrier or a
part thereof (e.g; the surrounding lipid membrane e.q.
of a retrovirus), directly.

‘Preférred photosensitising agents include TPPS,,

25  TPPS;,, AlPcS,, and other amphiphilic photosensitizers.

In ‘a preferred aspect, the present invention
provides methods in which the photosensitizing agents
are compounds being 5-aminolevulinic . acid or .esters of

- 5-aminolevulinic acids or pharmaceutically acceptable
30 salts thereof.
In such esters the 5-amino group may be substituted
or unsubstituted, the latter case being the ALA esters.
~More particularly, the ALA esters for use according
to the invention are esters of 5-aminolevulinic acids
35 with optionally substituted alkanols, ie. alkyl esters
or substituted alkyl esters. | '




The substituted aIkyI R1 groups may be nono or pon SUbSt'S%g hus
suitabl e RL groups include for exanple unsubstituted alky@ 7 al kyl ,
. hydroxyal koxyal kyl , 15 pol yhydroxyal kyl, hydroxy poly aIkerneoxyaIkyI and

t he Iike“mﬁ@@“ygrn1"acyl" as used herein includes both ?ﬁyﬂg%ﬁ and
carbonate groups, thus, acyloxy substituted alkyl groups inc J’ or
exanpl e al kyl carbonyl oxy al kyl. In such groups any al kyl eng€” 20 noi eti es

preferably have carbon atom contents defihed- for al kyl groups bel ow.
Preferred aryl groggs |ncludi phenyl and nonqgcyclic 5-7 menbered

het er oar omat i cs SEFAPPY PheMH® STEeIFciy FeYn®P RaHs Sitfes
optionally becgmeUndsted fo2muRepriesent ati ve substituted al kyl groups R1
i nclude al koxynet hyl, al koxyethyl and al koxypropyl groups or

racyl oxynet hyl, acyloxyethgl and acyloxypropyl groups eg.

pi val oyl oxymet hyl . Pref eREBuCIMGREE-EHsCOPR'Use as photidgensitizing 30
agents agcording to the invention, include those wherein Rl represents an
”unsubstltuted @ k¥ ﬂ{ﬁ p and/ or each R2. represents_a hydrogen atom As
used herein, & 13 | TeprRfarbsa why | grglonil dnoFubekbtuted by

st rai ght - cha|hgdroxybramkbgg,ahcpﬂakyc a3&o&§bdkbbﬂ§1@kyun&@hﬁb@ted

ol yuneat ur at agYang 0 4P ELUBEbT ExBUBK HHEOHBE: FBXI TS TRRSEOten by way
2005 WO 02/ 42398ePCTREB0eEeB28sulphys Ogrprgphayusontamﬁ,upnﬂoRﬁp car bon

at ons. tbmeveéachabKYWhﬂ&HUﬂﬁyCBEt@h@'ngépokodigfggenﬁ ggegéﬁggrgbly 5

up to 6, and ﬁ geC|aIIg g&eferabl¥ up to 4 carbon atons preterred

Particul ar YT ORI ARy hE  nEHe® 0P RER- fek dsiztts t30‘&9-“\:‘%:fhyl ester,

ALA- propyl-ester, AtkehswysestetedAnlkyhept Wasims mid 8 Anosd Yéﬁsﬂﬂya”d

salts thereOfsuﬂgﬁf@uted Thus suitable R!' groups include for example
unsubstituted alkyl, alkoxyalkyl, hydroxyalkoxyalkyl,

15 polyhydroxyalkyl, hydroxy poly alkyleneoxyalkyl and the
like. The term "acyl" as used herein includes both
carboxylate and carbonate groups, thus, acyloxy
substituted alkyl groups include for example
alkylcarbonyloxy alkyl. - In such groups any alkylene

20 moieties preferably have carbon atom contents defined
for alkyl groupsg below. Preferred aryl groups include
phenyl and monocyclic 5-7 membered hetercaromatics,
especially phenyl and such groups may themselvés

" optionally be substituted. .
.25 Representative substituted alkyl groups Rlinciude
' alkoxymethyl, alkoxyethyl and alkoxypropyl groups or
acyloxymethyl, acyloxyethyl and acyloxypropyl groups eg.
pivaloyloxymethyl.
Preferred ALA esters for use as photosensitizing

30 agents according to the invention, include those wherein
R represents an unsubstituted alkyl group and/or each R?
represents a hydrogen atom. '

As used herein, the term "alkyl" includes any long
~or short chain, straight-chained or branched aliphatic

35 ° -'saturated or unsaturated hydrocarbon group. . The
unsaturated alkyl groups may be mono- or polyunsaturated
and include both alkenyl and alkynyl groups. Such




represent preferred prhot osensitizing agents for use accorﬂi}g 8
2y« VI tro

I nvention. i 10 The nmethods of the present invention may b

or in vivo, either by systemc or local treatnent in situ, or by ex vivo
treat ment WOLX#ia8® by the administration of the treated C @CTGRIVOS 150 body.
For performance of the method of the invention, the 15 steps of
"contacting” the cells with a photosensiti;ging agent and séparately with
the viral carrier may be carried out in any convenient or desired way.

Thus, if the qoniEethay SéePais 4P B8 £6r EheBoAUbtbRsVi t HByLHEr, cel I's may
conveniently bejT I ntained in El qﬁeous 20 di um'such as for _exanpl e
appropriate celt-%ulFUrE" ngdt b 2nadatPt he APpP8pr Fat BOEENBTBEERRLLKe

phot osensi ti siuly tagent and vespéctallyeprefarabhpl ypbeo addadbdn sbempedi um

under appropri&a];@rlﬁggpé é)@ .for exanple at an appropriate concentration
and for an 25 appropriate length of time. The photosensitizing agent is

brought i"to conta ar%ﬂ@#ﬂ%%em@%t}@namaﬁhb%pﬁaésrQﬁtéLbomeéhY1a$ten and
for “an appropuizterHyengdteof Aiaep iegaéreamyheﬁylggasfmﬁﬁﬂ by a

skill ed perso routine technl ues 30 and will_depend on_th
particul ar phg}e sé’ﬁ’%%‘?eﬁ RPdgee oqgié %‘F\%irtﬁ’édcﬁ?‘?‘t?yﬁﬁrerqﬂﬁ which
concentrat i on wEpuarenphntatensed | ghogoagest t imshgbagsueh £batuesce taken

up into the t ted with, one or nore of its
celdo z(d%r%e dd t?ne din@é&t?fé

i ntracel |l ul ar conpartrents) actrvated by 35 irradiation, one or nore
cell sti@ctures ar &hs W%@B of cherresendr énvent hosl hay abe conpar fent s

are lysed or wigdiphedin RefvexaaDt e POy 0@@&&.@89 ﬁseaistyééanéﬂtﬂ May
2005 WD 02/ 44395 PCT/ GB01/ 05281 .15 the les_herein may be used at a

concentrat i on & %3 & éaﬁov%¥PE%F%ﬁ?wen?%%@1%?W?df%Y thevitro use

administration of the treated cells to the body.
For performance of the method of the invention, the
15 steps of "contacting” the cells with'a photosensitising
agent and separately with the viral carrier may be
carried out in any convenient oxr desired'way. Thus, if
the contacting stép is to be carried out in vitro the
.. cells may conveniently be maintained in an aqueous
20  medium such as for example appropriate cell culture
medium and at the appropriate time point the
- photosensitising agent or viral carrier can simply be
added to the medium under appropriate conditions, for
example at an appropriate concentration and for an
25  appropriate length of time.

The photosen51tlzlng agent is brought into contact
with the cells at an appropriate concentration and for
an appropriate length of time whlch can easily be

- determined by a skilled person u51ng routine technlques
30 and will depend on the partlcular photosensitizing agent
used and the cell type. The concentration of the
photosensitizing agent must be such that once taken up
into the éell,(e.g. into, or associated with, one or
more of its intracellular_compartments) and activated by
35 'irradiatibn,,one or more cell structures are disrupted
e.g. one or more intracellular éompartments are lyged or

disrupted. For example photosensgitising agents used in



the range can be nuch broader, e.g. 0.05-500 ,ag/m. For uﬂaﬁ Qggumam
treatments the photosensitizing agent nay 5 be used in the 05- 20

_ ng/ kg body meight when admnistered systemically or 0.1-200 in a sol vent
for topiga %ylcation. In smaller animals the concentPQHJ e may
be dlfferent and can be adjusted accordingly. 10 The tine o( ncu ation of
the cells with the photosensitizing agent (i.e. the "contact" tine) can
vary froma few mnutes to several hours,l%e.-g. even up to 48 hours or

| onger. The tine of incubation should be such that the photosensitizing
agent is takehhBpErgmples hergppr opyi heeusell st & Thecémtubbioonodf the

cells with th@orpaﬁbaga@subl%bn@oagg?hlnayeeﬁékgﬁﬁblfoPe Holhpysd, QY a
period of |ncugat|on W th t ose I zi.ng free nedi um %e fore the cells

.are exposed tb ?lﬁﬁ?ggrcﬁﬁe r $HE ePr°2§eﬁnI€cﬁre i 85 23R drIfmE- t r BAST er
mol ecul e can lie amyonhumemctaeadmeﬁnbechéeph6t695ﬁ955£ﬂ1ﬁ@0a§eﬁﬂdmh?

brought gnto n I LS. .kLN sso o) w th viral carrier at
-an approprlagg %%%gen ra %aégageogn fo? Bop¥op?+%? whe ?ength of
tinme. An appr6@W%§@§t@§ﬁ@eﬁVﬁﬁ?méﬁaéﬂvaraD 1c&9%|em z apebecnet Eom ned

dependi ng on €B§1@§i|ﬁbﬁﬂﬁﬁagionUptﬁﬁesﬁéliQE SALHAEE ERequestion into the
cells in question and t final concentration it is_desired to  achieve in

the cells. oféO*a‘FEPHEagerPBr FSPAG BaVahfageStepeof #hE % Be FEjusked

conj uncti on watbomd¥ngatr.carrier is that | ower doses of virus particles

can be ysed to obgaLn me_ef enc transfection e.g. up to 20
tines f%@er Vi rus %%rtF% gsg%Aﬁﬁgo%EEé?n égs%% €of® i?d§'€%a€#$ers to be
used wi ||l of Pbercecpeitépéndengenh fhee35thypbcohtagt istimed, camd, for in
vivo applicatyps, £i-Bg aMedg fainaéggntétgé&é%l ﬁ@@rgyp@ ng é@éﬁﬁ to be

treated, mhether gr not targeting ligands are used (see
hours or longer. “The time of 1ncubat10n should be

such that the photosensitizing agent is taken up by the
- 15 appropriate celis.

The incubation of the cells with the
photosgensitizing agent may optionally be followed by a
period of incubation with photosensitizing free medium
‘before the cells are exposed to llght or the transfer

20 molecule iz added.

The transfer molecule can be any nucleic acid
‘molecule as discussed above and is brought into contact
with the cells in association with a viral carrier at an
appropriate concentration/dosage and for an appfopriate

25 length of time. An appropriate concentration of wviral
carrier can be determined depending on the efficiency of
uptake of the carrier in question into the cells in
question and the final concentration it is desired to

achieve in the cells. One of the surprising advantages

30 ~ of the use of PCI in conjunction with a viral carrier is
that lower doses of virus particles can be used to '
obtain the same efficiency of transfection e.g. up to 20
times fewer virus particles. Appropriate doses of virus
carriers to be used will of course be dependent on the

35 type of virus used, and, for in vivo applications, the
mode of administration, the type of disease to be

' . treated, ‘whethér or not targeting ligands are used (see




WO 02/ 44395 PCT/ GB01/ 05281 16 below), etc. Typically for i trat ral
i njection of a non-replicative adenoviral vector 103 to 1 %@3
formng units (pfus, infectious particles) would be inj ected per
i nj ecti on.wl@hi/s43eoul d usual |y correspond 5 to about 105 topt@icBnios2ss
physical particles, since in a "usual" virus preparation only about 1% of
the virus physical particles give rise to infection. For
replication-conpetent viruses doses even L8wer than those gi ven above may
be effective, s l.ow as. 103 ticles to 106, 1010 or
1015 parti cl esk?rr%g/w)ﬁe étucé'(svedsr@rl‘f%ﬁgt Gl ﬂ?ﬁatlﬁrﬁ%lréfs%?%ﬁjf%b ot’a
adnmi ni strat i oo sterkidrdtivmyadmnoneosss argotor i 1CT ¢asa ' Aeptages A furt her
advant age whi i Resnd gl QbsgsmMeas, '&fé’l‘%lo@é S%A/J.%Jféf?%pv‘g{j}lgafbgacy of

0

transfection can, be 15 achi eved, even up to S inthe

experi nent be’r‘ﬁbecitr e tia e iRy k MRl susuykhy | @9Brgspoede not
previ ously posm b.zlhbmi Jrcéqubr a0 Prahidy PiMel Maihigh-tidUuss dosAsee TIW S,
preferably, Q.}Jﬁ?&t ..of the inventi on chi.eve t oans% }tel on,of nore than
50% 20 especia or eFaribIRF FRT tdh o5 S%:b‘?}’rt % © ViY¢eal cells.
Thus "transf e@h}tﬁiqa]rr@‘amdﬂw |l e mq:ﬂmktea timedctfom. t hBowviral carriers,
e. the cont aGledi ol NomfAldd 3L Mddl (g &Pl dvei Aohe-achgu M nutes

or up to a 25 few hours, exarrpeatran ction tine of from 10,
mnutes until P FHTB @P‘fﬁ)w lr%reféce@éirﬁﬂ‘@d? Fri s ebowind$ 1 10 to 10
Bours grloonr @Gﬂjmlcﬂe]‘éﬁ @f. 98]9 101 got e8° unto® 4p i.@“ZPa?rtﬂleIS %g@'éolﬁe's CaE
e use n increas rans ct| n_tjne.can re t Jn i ncrease upt ake
of the carri er'lslertrjequggj RO SERVET %Laa\"r(i'l ReLR %‘“b’é?’%trjéat%ﬁ’”ﬂer or
si mul t aneousl )la/\nttshad rirtadizat iten newrsmsaa:gpltrcecﬁ_miﬁﬁse |tr1ncadcii<a$eon vi ral o
carriers may be appl i LNAMGe Hi%ed s Bddh 2bOM S A Ofnar

irradi ation, e.J. nore
greatly improved efficacy of transfection can be

15 achieved, even up to 100% of all cells in the experiment
being transfected. Using known methods, such levels
were not previously possible or required prohibitively
high virus doses. Thus, preferably, the methods of the
invention achieve transfection of more than 50%,

20 especially preferably more than 75, 85 or 95%, of the
total cells. : ‘

Thus "transfection time” or "cellular uptake time"
for the viral carriers, ie. the contact time of the
carriers with the cell, can be a few mihutes or up to a

25 . few hours, for example a transfection time of from 10
minutes until up to 10 or 24 hours, for example 15
minutes until up to 10 hours or for example 15 or 30

- minutes until up to 2, 3, 4 or 6 hours can be used. An
increased transfection time can result in increased

30 uptake of the carrier in question.

Viral carriers may be applied before, after or
simultanecusly with irradiation. When applied after
‘irradiation, wviral carriers way be applied, for example,

_ 0 to 4 or O to 24 hours after irradiation, e.g. more

35 ‘than 1, 2, 4, 8, 10 or even 12 hours after irradiation.
Optionally, after contact with the viral carrier, the

cell may be transferred to .carrier-free medium, e.g.



35 than 1, 2, 4, 8, 10 or even 12 hours after irradiation. 9@ IIy,
after contact with the viral carrier, the cell may be trarfd
. carrier-free nedium e.g. 27 My 2005 WD 02/ 44395 PCT/GBOl/05281 17
bef ore irgasialhen, e.g. for nore than 5 minutes, such as é; é ﬂ%nutes
to 2 hours, e.g. for 30 mnutes. When applied before irra on, this my
be, for exanple, in the 12 hours preceding irradiation, e.§. 15 mnutes to
2 5 hours preceding irradiation, optionmaldd -with an interval in medium
free of the viral carrier. It Wil l be appreciated that the tine all owed for
transfection g*ﬁ%ﬁﬁ?1%ﬁﬁﬁQ%ﬁtkﬁm:tﬁeQV|ﬁar warei thawi thninbtsesel kuich
difficult to eentfoel ﬂH1Mﬂhdﬁé§3tBO2a&Bhk%atbo §- FERWEYeh i nERALACt whie May
be controlled__Dh i_at e _cont.act, and i ng step when pe forne ex
-vivo, in wtrop(gjxL %ﬁ%&EifﬁE§ tiggal t éﬁnWﬁVsPPatﬁBﬁ e¥ﬁﬁpler in
phot osensi ti sithg é@eﬁtnandguh@eﬂungl1®aaduatloﬁ5 asgocist pdnwkkB theo

nol ecul est o b%ohggr?g%g%g se Lely or t ether _to_ the cells
“in advance of |gh treat%%ﬂt????ggqggﬁbnggég escr 8 n*0dBF 67433,
W000/ 54802, aid PREHMEhERGen§Lappri vaAtRréncarraehed hereto (i nternational

pat ent applucatlonItJmgqlo%eZ&p%QeHQ&eaEethaéoéhént&ﬂ@ Q@ﬂBweﬁ gB
Nor wegi an RadE% S@gﬁ%ltalt seaéch Foundation, entitled "Mt g, or the
phot osensi ti sing By O&n e 4d8eoRbatheCeb e YiFal carsieswsdthy t he

i rradi ation stbp ard 1t hen dtilféiaddkt toncontrobeini ral veapri er as described

0 the sopendugg, 28a800kical kaoaRuensdclet ol gue ! ot ME| ALt et e ijod

preferably irradiation 1s ornme
transfer nDIeEMIéPPH@P§1ﬁﬁ@ VPﬂﬁﬁthanﬁl@%?thSpebealWheprpéefangdthe

transfer ol ceul eiis, gontactedow kbrtbensetipalist jspagiation, e.g. 0 to
4 30 hours afggmlhgg %h%gggn..Alternatively, he cell Is
The photosensitising agent and the viral carrier

15 = associated with the molecule to be introduced can be

added separately or together to the cells in advance of
light treatment/irradiation as described in W096/07432,
WO00/54802, and the copending application attached
hereto (international patent application filed on 29

20 November 2001 in the name of The Norwegian Radiuh
Hospital Research Foundation, entitled "Method"), or the
photosensitising agent can be added to the cells first,
followed by the irradiation step and then the addition

of the viral carrier as described in the copending
- 25  application appended hereto. In the latter method -~
preferably irradiation is performed prior to cellular
uptake of the transfer molecule (here the viral
carrier), especially preferably the transfer molecule is
contacted with the cell after irradiation, e.g. 0 to 4
30 hours after irradiation. Alternatively, the cell is
contacted with the transfer wolecule at substantially
the same time as irradiation. : -
In other words the irradiation step can either be
performed prior to the cellular uptake of the viral
-35 + carriers into any intracellular compartment or after
such cellular uptake, providing that the
‘photosensitising agent has been taken up into the



contacted with the transfer nolecule at substantially the 3@@9 ' as
irradiation. In other words the irradiation step can ei t her? ay%@#ﬁorned
prior to the cellular uptake of the viral 35 carriers into any

i ntracel | Wwame2/egspart ment or after such cellul ar uptake, pcwdsbiegsthat
the photosensitising agent has been taken up into the 27 May 2005 WO

02/ 44395 PCT/GBOL/ 05281 - 18 - u. intracgllular conpartments in advance of
irradiation. |f both the photosensitising agent and the viral carrier

have been takegngpaégigu%%gné§%§§£@$éﬂ£ riﬁogagghggngﬁhég%ﬁg.gtggh! at the

time of |ight . exposure, e 5 viral carrrer and 1ot osensi‘ti sing
agent may be FHchPeld Fhetplosapensitirirgregentnehrdcthpuivaralceapaienent s

at the time ofhhirghbeexpPoskés. uFU4H8 chdeiatkaoB1ligatl BbRgatmadeist i on of
the various cgQ nentshio thg%%ells IS diSCﬂssed in the E ror art 10
docunents W967 7%%% St Voot a2 865 anat el SFREnEXPREPERd beﬁpﬁpﬁcation

att ached Her etvirahecaonientsndfthatplobtasenthtbspagabgenhemaiynbby
reference. In n ' N | [ | carriers may
be brought inf%&%gﬁ%gc%nvfﬁf'%%ﬁgdﬁ%lggﬁﬁ ?%g g?F%gSE%thégn up and

i nternalised HyPHPRTERENES iy e pelite opf al Yahteeyposuract oFyrshelr as for

exanpl e the cedtaiypsn the OARidSWAraGMFi8h bR SHESLhPRoukhe particular -
ht treatnment. This

phot osensi ti sing agent, used, and the duration of the ljg
tine mﬁndOM/cdﬁ%W@g%ﬁnH%c%%sgﬁﬁ % t &7 h%ﬂuﬁﬁ?dalﬁaF#?cBFéPrs@Ftof
condi ti cis andowwhehie Wedd /oi43d nidewbonyigs808 aboper sencikilled in the

art. qre time Aol bl (M SAl GRTILELchSa 0L OE S SERE CBhiLo¥B Xe

ependi ng on er the odS. ‘are berng 2b°carrie ouf IR Vitr8~or in

vivo. For in W@ rmtshcbrcoxprratiod hewein dpy tafiegeneeal |y be brought

I nto contact In any event, the time window in which the viral
carriers may be brought into contact with the cells and

15 still be taken up and internalised by the cells may.

| depend on a variety of factors such as for example the
cell type, the particular carrier in question, the
particular photosensitising agent used, and the duration
of the light treatment. This time window can if

20 necessary be determined for a particular set -of
conditions and would be well within the bounds of a
person skilled in the art.

The time at which the viral carrier is administered
~will vary depending on whether the methods. are being

25 carried out in vitro or in vivo. For in vitro methods
the viral carriers can generally be brought into contact
with all the target cells simultaneously i.e. the time
of administration coincides with the time of contact,
e.g. if the cells are growing in an in vitro culture,

30 and thus it is relatively easy -to bring the carrierswin
contact with the cells at an appropriate time point. . In
vivo however, the step of contacting the target cells
with the viral carriers is clearly more complicated and
.will depend on the mode of administration, the type of

35 - wviral carrier and the location of the target cells. For
example, where the viral carriers can be administered
directly to the target cells, e.g. by injection, then




with all the target cells sinmultaneously i.e. the tinme of qgin% %ration
coincides with the tinme of contact, e.g. if the cells anaé; i %)in'an I n
vitro culture, 30 and thus it is relatively easy to bring the carriers in

\contact\M@dmﬁﬂgﬁcells at an appropriate time point. In vivo-haweyer, the
step of contacting. the target cells wth the viral carriers 1s Clearly

nore conplicated and will depend on the node of adm nistration, the type
of 35 viral carrier and the | ocation of-thHe target cells. For exanple,

where the vir%l canr%grs can be adnministered directly to the target cells,
e.g. by injecti®sn’itRen CEFINRYSoHES ] ROMG2 AAXTOSOPCRCGREIADS28E 19 t he

viral carriersawmgelt cef@si Moe aenlagltWat briderttidmoelr ¢e (or at least a
proportion of : LV qui ckl e.g. .in a matter of mnutes or
‘hours after 5%2?%%3??2{%%%9%g¥rfeoﬁ'tﬁg 8tﬁ@Ftﬁ§h&g?WénVFP§IOEaPPPéﬁs are
adm ni st ered Bytent rArdnsgsTahjiont.i on for a distant target then these

carrierssmy take afl oh kBRIBELER GAMR thiAt §;GaAt | g target cells.
"For exanpl e thséin%%¥§ta e 24 to 96 hours a??%%ﬂa%%%ﬁ%%%%a%ggn to reach 10
: |

the target ceP refoRYndptravencws| fFnhgrsics Ber eakdstanto account
inldepidhng thargppr@hehathebénEa?kiﬁw@iﬁhytQa&@ﬁbﬂﬁ%&eﬂohgérvtagboﬁérri?rS
relative to tk a r n e photosensitizing agént and the tine
of irradiatio%gt?hggégﬁékc%%gﬁdgggt%8ﬁgggfc@iEﬁSe %gragﬁP&PES EReYtine at
whi ch t he phofa¥ehakei 8fngcagénhoirs afireni stleiedstkHenéwer tounkhkr for the
transfeto ol el earbbri 8ol MBOT {8AL st A3L,EREY B9RRG houl dabe cadgLni stered
sufficiently Erkor-to I rradiation such_tﬁat on irradiation Said agent has
been taken up“PREY ARt202FRPHRAEeLRURGFidbRPatffeAPPTPRUSAEONENEeAL| Yy sai d

agent is appWhédhlcboadRiNQEtsr PELES vieall Eadkabk8NreBalivd £Q &, such
as 4 to 48 Oraémigigérgggég 8£|€£et8hotosensitizing agent and the

time of irradiation. The same considerations of course

15 apply to the time at which the photosensitiging agent is
administered. However, unlike for the transfer
molecule, it is important that this agent should be
administered sufficiently prior to irradiation such that

" on irradiation said agent has been taken up into an

20 intracellular comparément. Thus conveniently said agent
is applied 1 to 72 hours prior to irradiation, e.g. 4 to
72, such as 4 to 48 or 4 to 24 hours prior tb :
irradiation. 'Again, as discussed above in connection
with the step of bringing the viral carriers (and hence

.25. the transfér molecules) into contact with the cells, the
timing of administration of the photosensitizing agent
in relation to the time point of irradiation will depend
on the time it will take for a'photosensitiZing agent to
reach the target cells and be taken up by them. This

30 time may vary depending on whether the methods are being
carried out im vitro or inm vivo and on whether the
administration is direct to the target tissue or isg at a
distal site. In all cases, it is important'thaﬁ the
photosensitizing agent has been taken up by the target

35 -cells before drradiation takes place. Said agent may be
maintained in contact with said cells immediately up to

irradiation, e.g. for 1 or 4 to 72 hours, preferably 4




i rradi ation. Again, as discussed above in connection mnth the ste
bringing the viral carriers (and hence 25. the transfer |nto
contact with the cells, the timng of adm nistration of the

phot osensiwpaeagengent - in relation to the tinme point of ipcadimioseswll
depend on the tinme it will take for a photosensitizing agent to reach the
target cells and be taken up by them This 30 time may vary depending on
whet her the nethods are being carried ou% m vitro or in vivo and on

whet her the adn1 istration is direct to the target tissue or is_at a
distal site. aft BAUES: PrIr s1PnpBr LAnROERRt PRANRPBHBE oEBRRYES A Feagent
has been takencupt@qttﬁmmédigﬁél?SPEQbkstbeiﬁradiatﬁdmatéO@ t ekesmprace.
Sai d agent may d 'n co c ] d se medi ately up to
i rradiation, ?ﬂgh gm%%ﬁ Q% to ﬁ%grgow%re %%%b é é?“w%y %G%SZYMD

02/ 44395 PCT/ cmwo'stzsﬁ opQ6é h@tuza h@uagen@-greqznee@nz@ #odisr wedimy be

removed fgom @@ﬂ&@ﬁﬁmméa&ﬁéﬁs?éf%oi@cﬁiéad' ation, e.g. for nmore than
5 mnutes, e.g. for_,J10 mnyutes to hours, e, hour to 4 or 6 hours in

agent - free medi um ardtor B?ﬂﬂ$h5tB%nF E ?hﬁntV%ﬁgf%ﬁ R¥fecul e. Thus,
al t hough t he s¢¢mp&1cmte@ vhan ia witeo, cﬂmwrmmaéfiyiﬁgub¢ﬁbépﬁr@ﬁ e

under | yi ng co 5% iﬁ@én@i?ﬁefé vg?téﬁn S stlll th e. that
|on suc

t he adn1n|str hat before 10°irF %?é%lon occurs an
appropri ate an%ﬂmnbﬁtltat\@mlphbl-mén@uﬂzb@gswyﬂhéﬁasbe-:fmt@ct ed and been )
taken upo by therdargetosebbeusitati thstoptidcbdREEOIofUEAOg i1 adi ati on

the transfer |l ecule (and [ts viral _carrier) has either been taken up by
the cells, r%@??oﬁﬁpﬁkF%%k%ﬂ FPRF 1 BRS STAPT RGP At RN VFFER P t ar get
cells, into tﬂs,ystﬂlim rght feeehé andreatehdn] a(i) Gewperd nentdubdsbng he -
photosensi {i sing A0ant: G {hd) e AlhSEer! hoAGhEL Ofuld® L Anpfer Mol ecul e and

its associ ate
carrier) has either been taken up by the cells, or will

15 be taken up after sufficient contact with the target
cells, into the same or different intracellular
compartments as the photosensitising agent or {(ii) after
irradiation the transfer molecule and its associated
viral carrier is in contact with the célls'for a period

20 of time sufficient to allow its uptake into the cells.

_ Optionally, the photosengitising agent may be
attached to, associated with or conjugated to one or
more carrier molecules, targeting molecules or targeting

_ -wvectors which can act to facilitate or increase the -

25 - - uptake of the photosensitising agent or can act to
target or deliver these entities to a'particular cell
type, tissue or intracellular compartment. Examples of
carrier systemsrinclude polylysine f{e.g. poly-L-lysine
or poly-D-lysine), polyethyleneimine: or dendrimers (e.g.

30 cationic  dendrimers such as SuperFect®) or other
polycationsg, dextran sulphate, different cationic lipids
such as DOTAP or lipofection or cationic lipids
formulated with a "helper lipid" such as DOPE, -
liposomes, reconstituted LDL-particles, sterically -

35 stabilised liposomes or different particles. derived from
.viral systems such as for example adenovirus,

- lentiviruses and other retroviruses,; adeno associated




-"hel per |ipid

viral carrier is in contact with the cells for a period 2020; ti%’bS
sufficient to allowits uptake into the cells. Optional ly, t May

_ photosensitising agent may be attached to, associated with or conjugated

to one orwg®ifQsgarrier nmolecules, targeting nolecul es or }tci,g,(gg(;lmg%
vectors which can act to facilitate or increase the 25 uptake of the

phot osensitising agent or can act to target or deliver theSe entities to a
particular cell type, tissue or intracel2lular conpartnent. Exanples of
carrier systenms include polylysine (e.g. poly-L-lysine or poly-D-lysine),
pol yet hyl enei Mfiti&=or %?é?ﬁ’ﬂ@féaﬁ(%‘? Ft30 é“éﬁsﬁwlcéréélﬁr iSsttemsuchras

Super Fect) or g@hl@&fall@plﬂt@ﬂidx@&:héi@ﬂdxﬂﬁcﬁﬁﬂlmtl%s Ginkdf erRRbacal k@Rl C

i pids such APor of t|on catlonlcllplds formyl ated with a
Pl Gt U&'ﬁég eﬁc [0 RIS L OSERS LA e 49EB &es,

sterically 35 aslt?@bldllm%d: Iul]:ﬂ)ﬁmamnailtmza:r@mag;wtt itol dntderkladibrom

viral -systems -gpph e qg@ﬁ.gpl s and ot her
“retroviruses, c %r]o g‘ssﬁs‘. ate Za(;feﬁ/%?g) %6§ﬂ§%b8§%%&§b§ﬂ FGBOL/ 05281 21

virus, bacter Pgﬁﬁéﬁé§9etlﬁmt'ﬁ?éwl@§r]f ietespeddpatdan. Gutetdryy donpatve the
phar macoki net géﬁe&&dl%@f%&ﬂ&%bﬂ@t'yu't@r taRbeke @k the photosensitizing

agent and may ct_.the photosensitizing a t tointracellular 5
conmpart ment s Pﬁatzogﬁgsel;%pe i B Ben C?Pé?lcllf&g %@E&l ﬁ?n& pRBtEEReni cal

i nternal i sati 6AllBut orhéjisdmeasot generally have the ability to target the
phot osensi t12i Ng aGRAL 93P eLIIierGChby 68:0- EAUEELNEA! L) OF tissues.

10 The viral carriers may a e attac , assoclatéed Wth or
conj ugat ed t 0*BRECAALRGY ¥idlclor caminertrel EeuPrBs, oramgeei A§chol ecul es or

targeting veehﬁrierAhb&bﬁﬁﬂb%Q|ka&@@%1§§rﬁ@§%cGQ@bfanEEQQEtQﬂg the vira
carrier partlclgtggg beﬁi%%%%g % Lgkeusurface modifications of
the viral carrier particle can be advantageous for use
i5 in the present invention. The potential benefits
arising from the use of such carriers and/or sﬁrface
modifications are: (i) imprbvement in the
pharmacokinetics and biodistribution of the wviral:
vector, usually by increasing the circulation time; ({ii)
20 camouflaging the virus's ability to bind to its normal
receptor to make it possible to redirect the virus to
other receptors (and thereby to tissues that are not
normally infected by the ﬁirus); (1ii) providing a
positive surface charge on the viral vector so that it
25  will bind to and infect a wider range of cells than by
its natural infection mechanism; (iv) "hiding" the virus
from the immune system.
Preferably the viral carrier is attached to,
associated with or conjugated to a carrier molécule,
30 preferably a carrier comprising polycations (e:.g.
polylysine or SuperFect®) or cationic lipids.
Examples of carriers which can be used in this
regard are polycations (Lanuti M. et al. (1999), Gene
Ther. 6, 1600-1610; Ayxcasoy S.M. et al. (1997), Gene
35 Ther. 4, 32-8; Dodds E. et al. (1999), J. Neurochem. 72,
2105-2122) and cationic lipids (Clark P.R. et al. (1999)
Cancer Gene Thex. 6, 437-446). Examples of surface




15 in the present invention. The potential benefits arisi fro g:i e use .
of such carriers and/or surface nodifications are: (i) r&#% in the
phar macoki neti cs and bi odi stribution of the viral vector usual ly by

i ncreasi ngv@AE4BPI cul ation time; (ii) 20 canouflagi ng the RETGBOL0IMWI ity
to bind to its normal receptor to nmake it possible to redirect the virus
to other receptors (and thereby to tlssuga that are not normally infected
by the virus); (iii) providing a positivé&“surface charge on the viral

vector <o thaindd; Zhii{dy bl b A ALY SELo 2 Bl T AR0E o gl IS than by

its natural |rwect|on rrec anli sm hev om T he i mmune
system Prefer%iﬁﬁi%%él@n@aglmlrl(ﬁr%sl%ltfﬁa%he@tt@l é@k@ﬂ:) dlwul. Wiehe or

coan ugat ed t(()'ﬂlé:ﬁr riger Mﬁcﬁzeas) a?rQ}:Fﬁ@i wI pbl Yo 2 e@ | %gm’ :zil ngl f
pol ycations (e S] r er Fect)” or CatIOHIC i pi ampl es o
carriers whicH® %ﬁfwapcb’@y]t%@dﬁ% %E E‘é) Ar SHOPEEL ionSk Bhuti M et
al . (1999), Getmoodher. G‘Endﬁmﬁ muppw cmcwoB :MS)GI _@J 54)1997), Gene 35
Ther. 4, 32-8; Dod 2105-2 and
cationic lipids (Odjzjr K @F‘let St i %?21099%5 4\%ncer gﬁtlrngGO 4377 446)
Exanpl es of s#iEde Crrmsr ZMBECHA@S)Z('M@%EW/@W@MH 22

rmdlflcatlonsmmé‘&m n&mw%u&ﬁﬁa&&&z@{ ety ene gl y col
(Croyle MA t 20003 Hum 11, 1713 1722) and
pol y-[ N-( 2- hy r‘%ﬁa 2S5t h earﬁ%ﬂ“tf‘a%é&ﬁ!ﬁdﬁ’%r%?ﬁ?%l@é&ﬁ%mlw et

al . 5 (2000) &r @mgw@tecsmlspemﬂm t2(fget ihg S)ledifi & hitese wiEri fi C

Crant or ol EESTE) oo, Hi e et 2ot (o e (ypes or

ti ssues, t hes@lcémqltleeslnm des igssb cicdtled ou ttma@mﬁ chrjlugstexktting peci f i ¢

targeting mol edileRs ittt |diso direct the transfer molecule and/or
the photosensitizer to intracellular comparxrtments that
15 are especially beneficial for obtaining photochemical
internalisation. _
Many different targeting molecules can be employed,
e.g. as described in Curiel, D.T. (19299), Ann. New York
Acad. Sci. 886, 158-171; Bilbao, G. et al. (1998), in
20 Gene Therapy of Cancer (Walden et al., eds., Plenum -

' - Press, New York), Peng K.W. and Russell S.J. (1999),
Curr. Opin. Biotechnol. 10, 454-457, Wickham T.J.
(2000) , Gene Ther. 7, 110-114.

In addition, it is iwmportant to mote that rather

25 - than having to attach them to specific carriers, it is f;}

known in the art that some photosensitising agents which
are suitable for use in the methods of the present
invention show an inherent preferential localisation to
certain tissue sites. For example certain
30 photosensitizing agents, such as hewmatoporphyrin
derivatives, are known which localise preferentially or
- selectively to tumour tissues or other lesions. Several
other examples are described in Boyle and Dolphin
(Photochem. Photobiol. 64: 469-485 (1996)). Such
35 preferential localisation can be harnessed in the
methods of the present invention.
The targeting molecule wmay be associated, bound or



pronote the specific cellular uptake of the transfer nol eci’)lﬁ j£¢0§ desired
cells or tissues. Such targeting nolecules may al so direct“t Hg nsfer
nol ecul e and/ or the photosensitizer to intracellular conpartnments that 15

are especywy daygdeneficial for obtaining photochem cal i ntﬁrﬂé&ﬁﬁ&%on.

Many different targeting nolecul es can be enployed, e.g. as described in
Curiel, D.T. (1999), Ann. New York Acad. Sci. 886, 158-1717"Bilbao, G et
al. (1998), in 20 Gene Therapy of Cancer 4¥atden et al., eds., Plenum

Press, BEM/YOr%)“ Peng K. W %%g Russell. S.J. (1999), Curr. Qpin.

Bi ot echnol . 16 43%4SF BFy LRFa TaL. CHIG60), teideTRiOt openBEgiping | n°

addition, it isgeipaent doth,oand! &hdhatameatdiedi 22 dshan awing tg- att ach

themto speci fi G- Garh 7 akdsq] own in the art that sone

'photosensitisiﬁg a éﬁﬁgaﬁﬁﬁgh%égrglghgghgﬁg ‘or use in the methods of the
pr esent invention%§W@wtaﬁ9ﬁﬁhégemplﬁﬁ@ﬂeﬁeNﬂi&Ertdema:aﬂida$dnibaiﬁtain

tissue sistes. abRkreeXBRPLE seebbauiBedl tBheli 98NS ichie? 19305 UG as
‘henatoporphyr|%F %@&lvatlvesh are known which | ocalise preferentially or -
sel ectivel y t SPFuRBRFOPRESEELSdRdofHErt &8 BREticRlaraintareed lalanpl es are

described i-n Boyperamenbsl pbprcfBlayodkersitiatofice! +he4enfid AR 1396) ) .

Such 35 prefgrgnti | Fsat | n_be harnessed in the nethods of the
pr esent inventioﬁ.fngﬁ§%ﬁ§?§e§%%§S%D gcﬁféen’?sﬁge§SSociated, bound or 27
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carrierzoto themahat 98enskbbihRonateRh Pheb@iha1and Lhe sage ), different.
carrier or targetl g gnlgculei may be used. Such targeting nolecul es or
carriers as d&¥EPPREdOTsEEB0GRLNEYCRFSothE d¥EadiatdPRestoPhEaF ral carrier

or occurred which releases the transfer particles from the
- ‘intracellular compartments. Once the transfer particles
- have been internalised into the cytosol of the cells,

15 the events which occur will depend on the viral carrier
system chosen. For example, in the case of adenovirug,
usually the adenovirus particles (associated with the
transfer molecule) migrate to the nucleus, after which
the viral DNA (and hence the nucleic acid transfer

20 molecule) enters the nucleus of the cell. In any event,
where the nucleic acid transfer molecule is incorporated
into a virus particle or carrier, after photochemical
internalisation and possibly subsequent events depending
on the viral carrier, the nucleic acid molecule should

25 be present at the correct intraceliular location so that .
the appropriate intracellular processing can occur to
-allow the introduced transfer molecule to perform its
desired function. For example, if the transfer molecule
encodes a desired protein then processing steps leading

30 to the expression of this protein are required. IFf the
transfer molecule is a DNA molecule which encodes an
antisense RNA molecule then processing steps leading to
the transcription of the RNA from the DNA are required,
ete. - ' '

35 ~ .. The light irradiation step to activate the

. photosensitising -agent may take place according to

techniques and procedures well known in the art. For




t he photosensitising agent to particular intracellular (8)23

especi ally beneficial for the enploynent of PCl, for exarrg)@"I 382 omes-or
endosones. The transfer nolecule is thought to initially 10 remain in
associ ati WO /44393 he viral carrier in the cytosol of the periGBopewesl t he
irradiation step has occurred which releases the transfer particles from
the intracellular conpartnents. Once thezaransf er particles have been
internalised into the cytosol of the cell§ 15 the events which occur wll

depend on the é&a@léarm@rwaééfé&gtﬁhgﬁgg}%fg&éafgm » e%é @%%@;ﬁ of

adenovi r us, ual'ly the adenoviru arti
transfer mole e‘%elrﬁcfﬁ%i ELPTRENGUEP ctie RiYerseRsEhising agentt DNA (and

hence the nuclx@eﬁi a@&ﬂéﬂﬁiﬁraﬁoa”@&%d@&eﬁ%ﬁhﬁo e e | £rsnf ol Be
cell. In any e_L wher e .t he nucl ei am&ljrtransfer nol ecul e is

i ncor por at ed cHR‘/l Pﬁg par & 8‘15'«3’ Per 309r£8P° Pt GcFenP@Ar 700
i nt ernal iSsat i aman(&pdsm]m y1. byiiv's esjoente € veerd Swelspandhvng Dwnthdeant r al

carrier, the mud eliAddl: naleou! éhgé'ifsérég FERED L A G GBld et

i ntracel | ular I.ocation so propria e n race processi ng
can occur to T8 spgare Cfﬁ'nt]r%méé'éls@@amf@re fetihade ob e frrendnts

desired funct llmenmrore&edgolﬁryf tﬁ@ I?éﬁpr ﬁt@%a@cﬂﬁ?' red
protein then pr.ocessin s | eadi Xpressi on of S, protein
are required. Q]Jf“eﬁ? r‘%f%‘?o 3l %u? gt %ii gN’AEde:I‘ee"’c%ﬂ“é %@HW%H&des an
anti send@ RNAt ecud ed mm@o@smrmg:m:ensﬁ | e i ing- tace I ELdr anscri ption
of the RNA fr@&t&g%t% tlfeg ?PBhO O‘I;}X lﬂé@ér 'Jﬂé’ﬂ:ﬁt lon step

to activate the, - phot osensfgl sin I'Ace actor dihg to
t echni ques an&UhESEREITe RN k&rﬂvﬁpx rret]kﬁea% t0f thamszfem;pamoszle\m

02/ 44395 PCT/ GBRY 0528 Lyco . exﬂ&@'@ﬁfiéﬁ%ﬂ@%@%@ anck bensidingf the

light ma be cted accordin hot Qsensi ti si_ng agent
9 y %et e transéér P tlc to the cytosol g%pé%ars to
15 increase with increased exposure to light. A preferred

length of time for the irradiation step depends on the
photosensitizer, the amount of the photosensitizer
accumulated in the target cells or tissue and the
overlap between the absorption spectrum of the
20 photosensitizer and the emission spectrum of the light
_source. Generally, the length of time for the.
irradiation step is in the order of minutes to several
hours, e.g. preferably up to 60 minutes e.g. from 0.5 or
-1 to 30 minutes, for example up to 10 or 15 minutes,
25 "e.g. from 0.5 to 3 minutes or from 3 to 10 mimites and
'preferably approximately 7 minutes, e.g. 6 to 8 minutes.
Appropriate light doses can be selected by a person '
skilled in the art and again will depend on the
photosensitizer and the amount of photosehsitizer
30 - accumulated in the target cells or tissues. For
‘ example, the light doses typically used for photodynamlc
treatment of cancers with the photosensitizer Photofrin
and the. protoporphyrin precursor S-aminolevulinic acid
is in the range 50-150 J/cm® at a fluence range of less
35 than 200 mW/cm® in order to avoid hyperthermia. The
light doses)areruéually-1ower~when photosensitizers with
higher extinction coefficients in the red area of the




used, pr'eferabl y at a dose level of 40 to 200 J/cn2, e.g. g,:}]‘?0“(2? Jéfﬁ%ﬂ
a wavel ength of 300-800 nm e.g. 500-700 5 nm Suitable |igHt"¥otfCes are
., well known in the art. The tine for which the cells are exposed to |ight

and the ¢@apeseds |1 ght used in the nethods of the pr esentpcfleg@%'bﬁn may
vary. In general, appropriate irradiation tinmes and doses can be Ssel ected

by a person skilled in 10 the art to enable disruption of tHe intracellular
conmpartments containing the photosensitiséP and the subsequent uptake

and/ or rel easgr.o&;figlreansfer Particl es nto_the cytosol. The efficiency of
the internalisation  ofPTHe" TP aHes e‘f‘s‘?érrt iV o tPe EyRTEnmmfars to
15 increase wWidnigsrenseds exposuse wich i ds phitedetis i zdength of tine

for the irradigatdgnss nds; hot osensitizer, .the gnount of the
* phot osensi ti zer accurr,tﬁelg%l(:j%g@j n t%e] %’gcs‘bnet{) che?‘flsl r1331% Tt“?%é%de ’%ﬁ;}’da}?%e overl ap
bet ween the ab¥iFErdniabecthisher than 20opHotetowsit i cBrcamttshe eni ssi on

spectrumsof the |igiie netlic®s Fenaidlingedditod epgih ﬂiexﬁﬂﬂ%ﬂyo[gi%e
g

irradiation s is in the order of mnytes to severa hqours,” €.¢.
preferably up&tﬁ%%éomsr?u eesceeﬂg.kjﬁr]o]rﬁ%. ortrtiig PRFRE mitechesiaadanyl e
up to 10 or 13neiatmeed, 25 e.tthrdugimihed st idmicitigse or from 3 to 10

m nut es and - anpr OXi y l nut.es,, .e. g. to, 8 m nutes.
Appropriate | %ﬁ’:ﬁ%@%‘%&% e a{s%%ngéc't eéidt%/eq%rﬂerts}%lng cseglll Ideed_’\ﬁmn"fjhgl art and
again will dep&td 6t anshatass dislasd & atvartiegemuntfaf memot edensi ti zer
30 accumal at edthien aidhe. ilRItGRInLeld %5 Olcdd EUeS e Fe¥enteX UIY gﬂa\ﬁt q% I%]Og({ét
doses typi cal Ic)c(l usedg%%%?ph%d%m c treatnent of cancers W th the

phot osensi ti z&r  Piof OFATT e e FRSUGEST SREGE pedlirigwlating a

5-ami nol evul i Abgadcildmune inesdumseangeick@vir) Hentheadhais loferee range of

| ess 35, thanj ' rders. vQl d,.h rtherma. The |I|ight doses
are usually | é\%grgn\i\%%nﬁﬁx g%e%gjidtlltf%éaﬁs %vl‘#thh)@%tg ﬁ:g're é‘%aic étolnof?rg

coef ficients PROPRELASR Qfedhst seiyinghyeldes is regulated by

15 selecting the light dose in relation to the
concentration of the photosensitising agent. Again,
.8uch techniques are known in the art. Regardless of the

- amount of cell death induced by the pure photochemical
treatment, it is important that the light dose is’

20 regulated such that some of the individual cells wherein
the PCI effect is manifested are not killed by pure
‘photochemical treatment (although they may subsequently

- be killed due to the PCI effect).
In some applications it may be appropriate to
25 'retain a larger number of viable cells after PCI -
treatment. For example in some gene therapy methods the
amount of wviable cells which allow for expression of the
protein encoded by the transferred nucleic acid molecule
is important. In such applications it is appropriate

30 that a population or plurality of cells, substantially
all of the cells, or a significant majority (e.g. at
least 50%, more preferably at least 60, 70, 80 or 90% of
the: cells) are not killed. This of couxrse is not always
desirable especially when PCI is used to introduce

'35 cytotoxic transfer molecules and further cell killing is
not disadvantageous. Cytotoxic effects may also however

~be achieved by using for example gene therapy in which a

and at




WO 02/ 44395 PCT/ GBO /05281 25 visible spectrum are used. ggolwe for
saf@?

treatnent of non-cancerous tissues with | ess photosensiti mul at ed
the total armount of |ight needed may be substantially higher than for

treat ment Vo0 0g/a#8é®2rs 5 The net hods of the invention will i REVIGRIIOFSY ve
rise to some cell killing by virtue of the photochenical treatment i.e.
through the action of the phot osenS|t|Z|§g agent . However, this cell death
will not matter and may indeed be advantageous for many of 10 the-
appl i cati ons, @ndlafARCRE JAAENne A ITCd A wfdsEsEhanse the

t herapeutic effect by stinulating a | mune response. wevetr, the

met hods of thel$ ﬁ%ﬁeﬁm%rf)%at;h%emfﬁﬂm% sEh FPathathecheseteohlar

proportion of wilkl shirodivdd gimRinslddi 04 al@dihy dosedasdd Nehdhewiight
dose in relation,to the concentrati.on of .t EK%QS%ESEHSIIISIHQ agent .

Agai n, such tEHHiGUES AT WA GH GoHe KL RIS FAIGR B unt  of
cel | deatth indigleldk by tihedyee e et oahieniicaiund r:e@@mme tds t}selmqmmmﬁnt

that the |ight se 1 s205(80 Ahat cells
wherein the F?CI effect is ma;lgla?stste f’;létr?ﬂel a@gﬁa Iby pure p%d#ochem cal
treat nent (al tRRRFFEHREY Moy iee dirdntd ;ﬂrq)efﬂ‘@‘lﬂre%ﬂdue to the PC

effect). In sone appld calvaiiadds MRS Y GRTiRtECt GedBdetad n a | arger

her apy et hodd i HBHHOb o bt 1 ATl | T B A 2t on of
the prdtei n endﬂdedﬂ;yl tdrerttircans fagre 6d e ciaca mptecidteion son
TR o S RS o P dd e e
mjority (e. glong asedde mecmiﬁe garefsr dgprmonaiend 8go @, vig;br 90% of :
the cells) aredatidd ldRd. i cHieiQf1 Q;%Hﬁ%x‘ TAHPpR ¥ HESHY abhe ‘
especial ly Wh%pgggtlé%lsed t%ﬂé“ﬂé% ods are site specific in that
15 only areas exposed to light are affected; 3) the
internalisation of viral carriers is more efficient than
standard viral infection in terms of the proportion of
cells in which the transfer molecule is introduced
and/or the level of expression of the tramsfer molecule;
20 4) lower doses and titres of virus are required because
of the increased efficiency of internalisatidn; 5) it is
not oncogenic. _
The embodiments wherein the transfer molecule (and
its. viral carrier) is added to the cells after the light
25 irradiation step have the further advantages that
a) photochemical damage to the transfer molecule
and its viral carxrxier is diminished;
b) simplification of PCI treatment of internal
lesions in combination with surgery since photochemical
30 = treatment may be performed after surgical exposure of
the lesion followed by-e.g. intratumoral. injection or
other local administration of the viral carrier (and its
associated transfer molecule}; .
c) the methods are more 1ndependent of exact
35 timing of treatment, i.e.. the timing of the addition of
the molecule to be taken up by the cells relative to the
time point of illumination. This means that there is a




35 cytotoxic transfer molecul es and further ceII k||||ng S @
- di sadvant ageous. Cytotoxic effects nmay al so however adf] (gy usi ng
. for exanple gene therapy in which a 27 May 2005 WO 02/44395 PCT/ GBOL/ 05281

26 ther aReiilgsddene is internalized into tunour cells by (f &ﬁ% d of
the invention e.g. so that these cells w /Il produce i munologically active

substances that will induce Iocal imunological killing of™femaining
cancer 5 cells or induce a system c i mrumxs response to the tunmour cells.
In such cases, clearly after PCl treatnent a proportion of viable cells
are required. gThetadvihingewindswti foedtwehnPar . neThods ief important

internalisatigh e I S n 0,
nb LbRaREebr MR LRULE5CLRIBSRATLARN ANoad Ot Ntlkdl,

carriers are 1% é gre is no_restriction on the size o
-introduced int EFrent clénpycas Fh%uﬁﬁPééﬁlénéaﬁoﬁéoVﬁéerEb?ated into a

viral carrienpaaleiis &ifﬁicﬁﬁtrtéreéammbeetﬁKinﬂﬂlbithQ 1kargek cel
as _exposed.to |ight are

2) the t hods_are te specific.in only ar
‘affectegg 3) ?ﬂ 3 C§#%%%% |sa%?%%l8? vita FEESF?|eW§E%E9n8r3r8FF F&i ent than
standard viratripafesnfon entrenedyofdvhrtpgepustion of cells in which the
transfer mol ecul e a& 'n£é?ﬁ&¢€ﬁan§ﬂ@é££1&Heoke¥ﬁé PLaf¥PLESRLOB A ! NE

transfer nol ecul e; ower doses and titres of virus are required
because of th® Fh%r%%E%ﬁoéf??E?Eﬁc9h%¥ePHtéFH%FP%E%F%%Y dsyrepsigy not

oncogeni c. Thehenpodstiehl stiberedbn 1Psotonasl aegraligeubs bandheits. viral
carrier% s a d %grthe celgs after the light 25 irradiation step have
the fur % van?ages ?%%f photochen1ca| damage to the transfer

nmol ecul e and i t's Vhe ahetheds eof i shei prasshedinbensiopl cahchei uredf tBC

treatment of interaale $5§éém§eénlﬁ95b¢@figoasmaﬁhafyégﬁéx $LnES
phot ochemical 30 treatnent nm ormed after surgical exposure of
prior art technlques of liposome fusion, calc1um

phosphate transfection etc. as discussed above.

15 In a preferred embodiment of the invention
molecules are introduced into cells for the purposes of.
gene therapy.

Gene therapy may take place via a number of
strategies, the most appropriate of which can be

20 selected by a person skilled in the art depending on the
particular pathogenesis of a disease. -

One approach involves the targeted killing of
specific cells. This approach is popular in cancer
therapies and involves genes being directed to target

25 cells and then expressed so as to cause cell killing.
Such cell killing can take place by a direct mechanism,
e.g. if the genes which are introduced encode a lethal
toxin or encode a pro-drug which confers susceptibility
on the cells to killing by a subsequently administered

30 drug. Alternatively the cell killing can be indirect;
e.g. by using immunostimulatory genes as the introduced
genes in order to proveke or emnhance an immune response
against thé target Cell or by using genes which encode
a protein whlch causes cell death by interaction with an

35 exogenously added’ molecule, {e.g. a gene encoding an
~  enzyme that activates a pro-drug such as HSV-tk which
activated GCV). Appropriate suicide genes, pro-drug




the lesion followed by e.g. intratunoral injection or oth
adm nistration of the viral carrier (and its associated tfég’nﬂsngffdos

nol ecul e); c¢) the nethods are nore independent of exact 35 tim ng of

treat ment WQ0443¢he tining of the addition of the nol ecul ECF&RI&0T28ken up
by the cells relative to the tinme point of illumination. This means that
there is a 27 May 2005 WO 02/44395 PCT/.GBQ@1/05281 27 greater "tine

wi ndow' for treatnent. This is inportant since uptake of a therapeutic

nol ecul e can \aigbdiirite! yends £hdfanphostinitatosit yahbongrang.preover,
t he uptake | |ff| f}{éit to est] te for individual "lesions 51in a cI|n| cal

situati on, kci.*?lc@l"&er@? teF YEfng" W ndow extrenel y advant ageous;
d) rapid t ransl ocatA cnuofheheappanster inobEcabetargetbd LyhdbOtiOACHES

degr adat 1on of o 5 T, b TRELPEP 4P ALEFRRSHE L HRRIANEG e
i nventi o can %q}sfé@%]ellﬁwt@@ﬂdé@ nekpres Eonned aetiéneasgtabhal P¥Anpati ve

to prior art mNecly w&fnllmr@r&ﬁépﬂ kRSkAl €3 5 @fgaﬁteklne
transfection etc. .as discuss cfd abov 5 In a prefe{rs;%g enbodi ment _of the

i nvention nol*¥c (s e Y bk Hgse MY beru b peedengtiogene
t herapy. Gene wtitiédy &me nmaytltca:l@ o aﬂ@e\/pﬁe@eﬂwﬂbﬁﬁeﬂilonstﬁrﬁi@ﬂi €sn bée nost

appropri ate o] | r K e the art
dependin tuh% par t’i cuﬁbcsa pat n@r@ofatggdagje%é%ié go?af%r%%ch

i nvol ved the aogkt erpnig Iet?img?SﬁIOISme|td1€ee¢¢7slsil'h|‘§h1a@pruach i s popul ar
in cancer thgnepeeseaNtdguyese mslﬁ%ﬁtgl%reﬁé%iecﬁﬁé%é Be cells

and then expres dﬁ@%ﬁ%ﬁ fo cause cell kill lg Such cell kil Ilng can take
place by a di O |¥ﬁna DNA sequence co prising or capable O :
transcribing or expressing a functional product that
will inhibit gene expression at some level in the target
15 cells, e.g. by comprising, expressing or transcfibing
antigense molecules, ribozymes or intracellular
antibodies. 7
Another approach involves gene augmentation
therapy, when a disease state is'caused_by loss of
20 function of a gene, and the diseasés may be cured by .
_introducing extra coPias of the normal gene into
appropriate cells of a patient. Thﬁs_in a further
preferred feature of the invention,.the molecule to be
_ intxodpced is a gene or a portion thereof capable of
25 expressing a functional product to compensate for a
- def1c1ency in a patient. | |
A yet furthex approach is that of targeted mutation
correction, where the introduction of a nucleic acid
_1nto the appropriate cells of a patient leads to the
30 direct correction of a disease- cau81ng mutation in the
patient's DNA. Methods for doing this are well known
and described in the art. | N
Following nucleic acid/gene transfer into cells in
. accordance with the methods of the present invention,
35 the inserted genes/nuclelc acids may integrate into the
thomosomes Qf the host cell, or remain as extra-

chromosomal genetic elements (i.e remain episomal).




‘gene expression. A VAT |

‘with the methods of the p

e.g: if the genes which are introduced encode a | et hal ><2i;72¥80r§ code a
I |

pro-drug which confers susceptibility on the cells to k||

. subsequent|ly adm nistered 30 drug. Alternatively the cell killing can be

i ndirect; weozdsoPy Using i munostinulatory genes as the ipt ﬁ edhgeds, genes
In order to provoke or enhance an inmune response against the target cell,
or by using genes which encode a protein which causes cel"death by
interaction with an 35 exogenously added 88l ecule, (e.g. a gene encodi ng an
enzynme that activates a pro-drug such as HSV-tk which activated GCV).
Appropri ate sHPEFEPHYESs Vs PR Pavieshepes antD @27 4t89%b tRCH/IGROA 05281

- 28 encodi ngegenes: Mﬂmmqﬁsﬁﬁlaﬂﬁ%egenes are wel | known and
docunented in the g[rh agfurt her oach i nvol ves targeted inhibition of
YRAHEGS 19 e UCHITHRES 991 S REREHEIE |y bl ock
the expressi oAngp a géneuatsduite IENAhRNAIE Qi eah IRy Qerdicusrlda kiown to
a personegski l t hese be,.used in conjunction
> chfomobdild q:re ljt%?:nl\?dg%tf%olnl MR e&l %&Vlsdsoéh t or}*Sht roduce
the appropri aPé’Oﬁ‘ﬁF’é’Ctﬂeé{lst Gdise aentais ddie gé'rtéfcehmeeisge@ms,nﬂ@ng?e cel | s.

Thus, in preteﬁ:me@t&m@,cfeﬁqﬁfedél%ﬂ BEEHH O e FRIEE Yol Qna?a bd Ntroduced
Is a DNA sequeg ﬁp %ﬁn%l pabl e of  _transcrihi ng or pressing a
functional produ an{e at it 9&Te GTPEsiVRIRg BYife ApevEagh t he
target 15 cel ngy proviby cﬁ:xhq)rposmgqlle)tgr efSiangudie tHoansQiehi Nng anti sense
nol ecul ri rointr l.ar nt,i.bodi es. Anoth pr

I nvol vegggeneagﬁé%ea%fgtloﬁ%r?%graa 1, l% t:"s&us‘aesascéz’méjogteﬁr ?) ﬁslé’c?lﬁil | oss
of 20 funct|@hvéfilagg§ﬁ’é15an(§lhteh@1m Mé@ ey thergedutde lBremicedduci ng

extra copies o& DRORIEFRLCPRNG £ 0 o FARRIAR ARG a8k Yhreidident. Thus
in a further ells which give rise to the mature dlfferentlated cells
of the tissue). Chromosomal integration has its
15 disadvantages, however, which are well described and
include e.g. the danger of cancer development for
example due to an accidental integration event 1ead1ng
to the activation of an oncogene . T
Ex vivo gene therapy, wherein the target cells are
20 removed from a patient, manipulated in vitro and then
reintroduced to a patient, offers the opportunity for
selecting cells where integration has been successful.
' For example, by amplifying the cells in vitro and then
checking the phenotypes for any obvious evidence of
"25 neoplastic transformation, prior to transferring the
cells back into the patient. Ex vivo thexrapy méy thus
be preferred when chromosomal integration is desired.
- Alternatively the vector system incorporating the
gene/nucleic acid to be introduced may be designed to
30 introduce genés into cells where they remain as
' extrachromosomal elements and can be expressed at high
levels. If the cells are actively dividing, the
introduced gene may not segregate equally to daughter
cells and so long—termlexpression may bé a problem. Asg
35 a result, repeated treatments involving gene transfer
may be necessary to effect a cure for a genetic
-disoxrder. The possibility of carrying out repeated



preferred feature of the invention, the nolecule to be intjod 58 a
gene or a portion thereof capable of 25 expressing a functi‘onal’ product to
conpensate for a deficiency in a patient. A yet further approach is that
of target adomptigoson correction, where the introduction ofpcasemnlgrsa aci d
into the appropriate cells of a patient |eads to the 30 direct correction

of a disease-causing nutation in the patient's DNA. MethodS"for doing this

are.. well known and described in the arty Follow ng nucl ei c aci d/ gene

transfer into ' C 1 1 he net hods of the present .
i nventi on, 35&%1%&%\%& ?‘L %%@%Sﬁ%&?@i% g%:?w 2V Py PR eb?%f%a?‘ﬁ{iowfﬁ}é‘
chronpsones ofthherranie HCI hasedmetheds exf rtrandfonveioieh gkhewi c

el enents (i.e KN SPFSOEdy 2/a e 2800V 02/ §4 300, FCTY GBOL/ 05281 -

29 Appropriate vectors_can_be chosen and designed to 1 nduce either of
these possi bi I934¥E. - Th aﬁﬂfgrﬁ e oFtFENG (3R SRR MRRY nPegrat A8 i nto
a chronosone ot ettalilwe Jgene- e bexpasgpeicnl edrdy ebambl O0SaHBE
replication f Wi | di vis] n ells also contain the

i ntroduced ge e%sr% Iéo}_%gl-ca%le%%%jt%éﬁg& %é%lr‘gésgi%gangso <% h??n‘?%%ﬁ%%%ﬂoﬁe‘ﬁg may
be obtai ned. 9RNeF rigHip tcangeie ehbkapyiUsiangridw Sapprlbhithg oy provi de

the possibilitieiofsa ot &f ROEoad0 SHEOMARL Sna TN EXAPL L hloh | SSUES
conposed of act.iyvel dj vi % cells, the aimnmay be to target the stem
cells (am ncﬁji’f‘ﬁ}%(ﬁﬁi*'atq SIARFYE T Fanatst Predimsortodes| s which

give rigde® to tleedwt.ure differentiated cells of the tissue). Chronosonal
I ntegration has it%sl%eq{ sadvea(iﬂar es, however. V\/niv(;.h re descri bed and
e

10 i L] S.TO
include e.g. the danger of canc dav SRR L 30t RS 1 5°%N
acci dent al i ntUeg dtri dlieevamsdrdadinention Reacdamivionisds andadgroe.

associated viruses, retroviruses, lentivifﬁses, Herpes
viruses, Sendai virus, bacteriophages, Vaccinia virus
15 © and Baculovirus.

Retroviruses have the advantageous property of
being able to integrate into the chromosomal DNA but
only infect actively dividing cells. The integrated DNA

‘ can be stably propagated, offering the possibility of a
20 prermanent cure for a disease. Their property of only
'infecting actively dividing cells, although
disadvaﬁtageous for the treatment of many diseases is,
however, beneficial to gene therapy for cancers of
tissues that nocrmally have non-dividing cells as the
25 abtively dividing'éancer cells can be selectively
infected and killed without major risk to the
nondividing cells of the normal tissue.
- Adeno-associated viruses require co-infection with
a helper virus such as adenovirué or HSV for productive
30 infection, i,e. infection which results in the
production of progeny viriocns. However, in the absence
of helper viruses chrdmosomal integration of the DNA can
__still take place. Thus, the appropriate type of adeno-
' asgociated virus vector can bé selected depending on the
35 application'concerned. _ B . _
- - Adenoviruses on the other hand infect also non-

di#iding cells._ Entry into cells occuxrs by receptor-




Ex vivo gene therapy, wherein the target cells are 20 re ‘?ﬂ%éd?) a
patient, manipulated in vitro and then reintroduced to ang’é of fers

the opport uni ty for selecting cells where integration has been successful.

" For exarrpl\,@? 9a{rrpllfyl ng the cells in vitro and then checkin
s tor

e
phenot ype "Ry obvious evidence of 25 neopl astic translf%yﬁﬁ?y‘l?ﬁ’fl pri or
to transferring the cells back into the patient. Ex vivo ThHerapy may thus
be preferred when chronosomal integratiomis.desired. Alternatively the
vector systemincorporating the gene/nucleic acid to be introduced may be
desi gned to 3@distrat voslganessiicnt buteldlshoghe t&i&e)irfs%rﬁ'éﬁ fucleic

t h I t hi | I If th
el 1o are act inaly B o nae MhTRRCaR Qo AR AEE S ayat e oqual  y

-to daughter clémegrm F919 Givy - cxpmessione ofi ensme@e @rms)bjaemorﬂsy 35 a

result, repeatid dusRliTRY SV Qb0 2818 d', anae GRS Y,
ef f ect aiurefor a nefi ¢ disorder. The possi |I|ty of carrying-ou
-repeat ed (?ﬁﬂl % ¥E5Y5 hpety EACFPS528RRGYRicedliemOsaDnt t hi s

regard is homeumem@izamcrdfasn@dtw tthg ke pheseri-«BEl déa,%qq, prRireds of
t f wh I ff t t d f 9
ransf er 'C%c%n QW - 1Y g;%%rtoef %lne%g%() ar 3?182’ ] gzlﬁe% 1 enes (see

below). In addition, in some cases
| ong-term exprsé§§|soh1P E6r adeapPe, kban@eﬁpegenélyhdeaplge@d)wte@tdrrwol ve

transfer and cxpcsssiedn (2ogogenasnl. NEEnEaRKEE CeblS Wkl agghew to Killing
the cell such net gﬁ} once_t he mal i gnancy een él'im nated, the

t her apedt iC g r?&auéseuﬁlfl Iy gPpe ity ﬁ@e&@gecﬁsmﬁlﬁm Hafderepsy Eypes

appropriate voﬁabeiystem&nbﬁﬁruu&e havbheOﬁﬁaSﬁﬂBelsﬁ!té@&il on are
adenovi ruses gg g ggon ssoci.ated vi.ru rovi rLuses, |entiviruses,

Herpes viruse Virr 689 BACt QPPB%ﬁﬁggg?Ei?ﬁ@cFﬁFau\?ler&? in vivo

gene therapy strategies. Indeed, adenoviruses are the
preferred viral carriers for use in the methods of the
15 bresent invention.
- However, although adenoviruses are among the most
efficient vectors for in vivo gene delivery, thelr use
is complicated by several serious problems, e.g.
' immunological reactions to the virus, transient gene
20 expression and bad tissue distribution leading to low
transduction efficiency in target tissﬁes. Also the
ability to restrict the expression of adenovirus-
delivered_therapeutic génes to target cells is difficult
) but may be very important to avoid adverse side effects,
25 for example due to the expre351on of a toxic gene
product (e.g. meant to klll cancer cells) 1n normal
cells in the body, é.g. 1n vital organs such as the
liver. Other viral carriers for use in gene therapy
have similar drawbacks .
30 " The use of photochemlcal 1nterna11sat10n in
- conjunctlon with the methods of the present invention
can 1mprove several of these 1ssues Firstly, the use
of PCI can substantially increase the level and extent
of transgene expreesiohfinﬂtéfget tissues (i.e. can lead
35 to a greater mumber of cells expressing higher levels of
the transgene). ' In additién, PCI has been shown to

increase the efficiency of viral infection such that a
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15 and Bacul ovirus. Retroviruses have the advant ageous propgr A@% @%P belng
y

able to integrate into the chronosomal DNA but only infect

dividing cells. The integrated DNA can be stably propagated, offering the
possi bi | i iy 0f4439520 per manent cure for a di sease. Their preperdpoieizsen! y
infecting actively dividing cells, although disadvantageous for the
treatnent of many di seases is, however, ggnef|C|aI to gene T herapy for
cancers of tissues that nornally have nofn- d|V|d|ng cells as the 25
actively divi CANCEh I e t |l ed

W t hout maj ordérllr&?klto th%ffn%ﬁ‘éﬁlnvdff af (h ? %ﬁgh%%r%%a? f} gggﬁc

Adeno- associ attétf \AFIR oWk pE ﬁ%ﬁ@rﬁ%%m$@%cﬁﬂﬁﬁ Saeﬁeﬂpethelﬁhsesaeh as
adenovi rus or diS\wdmor FEE@@CéfﬁﬁbléﬁbyFEECPCPnenhaﬁceﬁ”%@%hioﬁnfgbﬁQon
results in thetproductl of f eny |r| i Q t he absence of
hel per vi r used T Sfiss iR %ﬁf ?%Elfﬂwyé Hess{MPLS) agBoBlEce.
Thus, theé: appEdﬁmwanejﬁypetnénsdhmm&amssmcaaeed WEr uisxeet @hieAnhhee

sel ect ed dependj C on_t he
ot her hand |npg%?g%. tF%né§FV|d+¢|E%ﬁ E%?ig&QH?AQ gﬁgggé?s
receptor 27 Nﬁﬁgﬂﬂﬁ? Kﬂ?%EYMmBg&mmﬁ$WIK¥¥@%ZBirt3@1ﬁ§dt§tba endocyt05|s
but al though tJ¥rddtsiardiBe #iteh Sdkce@GithHN &bt i8nkheiRvebeysnit does not

appear to ate and so ex si.on of,inserte nes.can only | be
sust ai ned ove% ter FFPe %ﬁ%‘io’?ﬁ?fhs‘”*/‘é}&t ?Eagagg

hi gh ti tiles, andu@ymanﬁéqmrnxxﬁn in nserduess 2e51 Of Auppt api8lkbwibnt recent

o ses Up L Esah%ﬁf%%?%'dﬂﬁ%%%% S Y e Fafibe PRidEreRie £9500).
Hum Gene Theﬁeryo1mpequngxémpnqvem@ﬁusefdvlr@bulnﬁbctaoy to infect many
different typeschnology.

A further advantage of the PCI induced_increased

15 efficiency of viral infection is that a lower virus dose
can be used while maintaining transduction efficiency
thereby reducing immunclogical probleme associated with
adenovirus and other virus mediated'gene therapy.
Finally, the photochemical treatment can be used to

20 increase the specificity of infection to the target

~cells. This is firstly because only illuminated areas
‘are eubjected to PCi and secondly because some
photosensitizers inherently_accumulate preferentially . in
diseased areas. The ability to direct'the activity of a

25 . therapeutlc gene to a site of disease simply by shining
light on the dlseased area is a very favourable aspect
of the present 1nvent10n, which to a high degree should
make it p0831b1e to avoid unwanted side effects due to

_ the expression of the therapeutlc gene at the "wrong"

30 places in the body. The ability of PCI to make possible
the use of 1ower'doses of ﬁhe gene therapeutic_agent | N
will also contribute to lessen the side effects. The

. specificity whieh is obtainable is expected to make

_ systemicladministratien ef adend?irus ehd other viral

35 . carriers feasible. Furthermore, as discussed above PCI
~could also be_cembined with targeted vectors,
:potentialiy further improving gene delivery.specificity.

mznpgtrrbioled at very



of cell, adenoviruses have found w despread applications, and ar opul ar
vectors for use in in vivo gene therapy strategies. Indeedﬁ'%ﬁ%ﬁgvfruses
are the preferred viral carriers for use in the nethods of the 15 present
i nvention. However, although adenoviruses are anong the nost efficient
vectors for in vivo gene delivery, their use is conplicated by severa
serious problens, e.g. inmmnological reactiions to the virus, transient gene
20 expression and bad tissue distribution leading to | ow transduction
efficiency in targels diseesediso0 thie praliilbuky P Lepthlkbat ibhe ¢xpressi on
of adenovirus- delive §ﬁ¥§herapeut|c genes to target cells is difficult

but may be verRy i G &hgy biraradbetdonseadaacing €195 8 ESdnpl e due

to the expressioplefsrd d/gxilylgeiae poagleixelse agd FBantnhankihl egfeer |
cells) in nornal el in _the body, e.q. in.,vital organs_such_as the g
“Tver, Other vit e sesigRe oF obberrdass ot aby? ARvB-SiRerdy 1o *
dr awbacks. 30 dAse tese dfighfiotiocheridc alipitntrer wdl iesavicyt icnvesonjlesction with
the net hods OEthew%ﬁﬁ§&nhdtn%§@h&ﬂﬁ o2 e'%BE%HEb§e¥ﬁ%€F of sEheggnpissues.
Firstly, the use of PCl can substantial I ncrease the gyeﬁ and ext ent

of transgene &EHSEESIF Wﬁaﬁaﬁﬁétsﬁm§sW€§¥@P}§m chputdale3snvelyegr éat er
number of cel ltheeXprigssiatd i get dbavelisuetntil@tibiagsgene). I n addition,
PCl has been %homm to,.increase the efficiency %f Vi r i nfection such that

I
a 27 May 2005 ““GiO°69 44585 PEPMEEGTr 0588 FORtT3S §Pgﬁiﬁ?@éﬂ ly lower viral
dose is requi pedytlyspneduvoeplehessane ambent moflcgenest sapadaeti on seen in

t he absence f ... .This efficien f | .enhanced viral infection at
ower il 1 pl B B e SR En e G hEr T Senaarh BnaPraREs: f |
transduction Peldcags b biessnechiiichehdverocewsvi whsrpemereathen, 40ker eby |

al I owi ng trangdu¢hicORell bound virus particles have been reported to
reach the cell nucleus (Greber, U.FP. et al. {(1993), Cell
75, 477-486; Leopold, P.L. et al. (1998), Hum. Gene
Ther. 9, 367-378). Thus, from what is described in the
literature one would have expected that PCI at most
could increase the efficiency of adenovirus gene
transduction 2.5 times if PCI was able to induce the
nuclear transport of all the cell bound virus particles.
It was therefore extremely surprising that PCI-induced
enhancements in gene transduction of more than 20 times
could be observed, and at present we have no good

explanation for this unexpectedly large effect. One

‘possibility is that virus particles subjected to PCI may
have a higher "inherent transduction efficiency” than
viruses in normal infection, e.g. due to a different
release mechanism from the endosomes. It is also
possible that endosomal release of adenovirus in normal
infection is less efficient at the low MOIs
(multiplicity of infection) where PCI has the best
effect. It is also possible that the photochemical
treatment may affect other processes such as virus
uptake, nuclear transport or transcription of the

transgene.




regions receiving too few virus particles to be effectivekﬁwﬁrggﬁ uced
with conventional infection. Since it is expected that w B

adm nistration 10 virus concentration in tissues will drop rapidly with

i ncreased distance fromthe application point this is a very inportant

i nprovenent of viral infection technology. A further advantage of the PCl

i nduced increased 15 efficiency of visgalai-nfection is that a |lower virus
dose can be used while maintaining transduction efficiency thereby
reduci ng i mmunol ogi cal probl ens associated with adenovirus and other virus
medi at ed gene therapy. Finally, the photochem cal treatnent can be used to
20 i ncrease thgn§pe%ggig§%% %Eti fgcg&ggngoiﬁyquﬁ%rge£ £ II%. This is
firstly because oﬁly FTTUM hat 6d ar eas - are sd%jecPeH o) | "and secondly
because sarermphetuserisicoimnpgesstiavhepreptiyimceununbatB=mpreferentially in

di seased areas. The ability to direct the activity of a 25 therapeutic gene
to a site of disease sinply by shining light on the diseased area is a
very favourabl e aspect of the present invention, which to a high degree
should make it possible to avoid unwanted side effects due to the
expression of the therapeutic gene at the "wong" 30 places in the body.
The ability of PCI to nmake possible the use of |ower doses of the gene
therapeutic agent , wll also contribute to | essen the side effects. The
specificity which is obtainable is expected to nake systenmc

adm ni stration of adenovirus and other viral 35 carriers feasible.

Furt hernore, as discussed above PCl could also be conbined with targeted
vectors, potentially further inproving gene delivery specificity. 27 My
2005 33 As discussed in the previous PCl applications it is believed
that the transfection-enhancing effect of PCl on plasm d/polylysine

conpl exes and the enhanci ng effect




on the delivery of other nolecules such as proteins, is d%gl\%o @Q
| i ght-induced rupture of endocytic vesicles, and, whil st £V Png to be
bound by theory, it seens reasonable that the sanme mechani sm shoul d be
involved in the stinulation of adenovirus-nedi ated gene transduction.
However, in contrast to plasm d/ polylysine conplexes and ot her nol ecul es
such as proteins, the escape of adenow r3ds -from endosones is believed to
be an efficient process, where nore than 40% of the cell bound virus

particles hav%wﬁ%%ﬁl%eﬁg b%qa%ed &%@ﬁh tO?rSE'EaPHEEEU§n§GSEber U F. et
al . (1993), Cell 75, 486; Leopol d 99 Hum Gene

Ther. 9, 367- @#@ﬁos?ﬁﬁétlﬁﬂﬁﬁlﬂﬁ&?tvsaéegéfiﬁéﬁ in @ﬁé PF?P@@&Bﬁre one

woul d have expaetied tb@hB@bmy rast ph@eubdnsmﬁw@ﬁg hfenef Lhctpacy of
adenovirus gene _transduction | e.to_induce the

nucl ear transﬁﬁwpogﬂtéppstW@ycéﬂﬁobbﬁnas§PFb§tﬁﬁrWFE e¥lral CaEE ¢heref ore

extrenely surpmﬂswmgesham B@hemndunedlramhaacementmoleegbee suansasicti on of

rore than 20 thiies eQu.dye gaeLYeds 800 ah T pRETE e, NAYEL N0, 0pOC

expl anation for this unexpecte I"ar 0SSi ISt hat
virus partlclé§8§&6]@@ﬁé§ ed PC) ﬁ§§OChQV@daWht§he©r"Cﬂheugatedraﬂsduct|on

efficiency” thar oW KLUses b@rl@&”ﬁblb@ﬁ?@g'@ﬂrefegabgye Loyasdibfier ent
rel ease nmechani smfromthe endosones. It 1s also 055|% | et hat endosonal

rel ease of adSRGWPPHS iLAPASENal taraeEéppoROLecrEss @?fF%F%ﬁFl% the | ow

Ma's (nultiplieeitbysof bDpteehhon) wher erPebthasrt hrebestalethieeter!t is
al so possible tg %gthe treatment may affect other processes

hot oche

Such 85 vi rus “UpthRer RUEPBaF HH-AnBorPoDr TPEnBE] P REPBR bOL Rt

t ransgene. 27th&ysﬂﬁ@50r331£fekana secgatingpeciethéepresedescnvleadi on

provides a pharpaceutical conposition conprising a transfer

A third aspect of the present invention provides a
composition as defined in the second aspect for use in
treating or preventing disease, disorder or infection.
For gene therapy a preferred viral carrier molecule is
adenovirus or a viral carrier derived therefrom.
Conditions, diseases and infections which are
particularly suitable for gene therapy include cancerous
tumours e.g. basal cell carcinomas, dysplasia or other
growths, rheumatoid arthritis, artherosclerosis, virus
and other infections, psoriasis, solar keratosis, wound
healing, fracture healing, warts and inherited genetic
disorders such as cystic fibroéis, Gorlin's syﬁdrome,
ataxia telangiectasia and metabolic disorders.
Preferred genes to be used as transfer molecules

for gene therapy are genes encoding prodrug activating
enzymes such as Herpes Simplex thymidine kinase or
cytosine deaminase; protein toxins such as diphteria
toxin or gelonin, apoptosis inducing proteins such as
P53 or apopeptin; immune stimulating factors such as
interleukins (IL-2, IL-12, IL-18 preferred), tumor
necrosis factor a, chemokines; tumor specific antigens

such as mutated ras proteins or Mart-1; immune/




27 May 2005 34 nol ecule associated with a viral carrier a

phot osensiti zi ng agent, as defined in any preceding claim ?W%ﬂ?glly t he
phot osensitizing agent in the conpositions nmay al so be associated with
viral carrier nolecules or other non-viral carrier nolecules such as

t hose descri bed above. Preferably the viral carrier is itself attached to,
associated with, or conjugated to, - ohe¢ ©r- nore carrier nol ecul es
(preferably polycations or cationic lipids), targeting nol ecul es or
targeting vectors. Optionally one or both of the viral carrier and the
phot osensi tiZiamgaafent intdypiberassodi asethwvétleuktiihel anme.-dr rdeédterent
targeting ma@%ghgé &7 sdoel%%ﬁleb%mr%%%ég?rﬁédl%i'i%%{eﬁégfsﬁin%gb‘i@é?rs‘” esent

i nvention provides a conmpoSition as define n € second aspect for use
in treatiseriorspeevesitatig:dpseasials dndorder veissehf Eotnadrion Forh gene
therapy a pref:s %Eegng'{ﬁgligégrier nol ecule is adenovirus or a viral
carrier derived therefrom ndi ti ons, diseases and infections which are
particularly suitable for gene therapy include cancerous tunours e.g.
basal cell carcinonmas, dysplasia or other growhs, rheumatoid arthritis,
artherosclerosis, virus and other infections, psoriasis, solar keratosis,
wound healing, fracture healing, warts and inherited genetic disorders
such as cystic fibrosis, Gorlin's syndrone, ataxia telangiectasia and

nmet abol i ¢ disorders. Preferred genes to be used as transfer nolecules for
gene therapy are genes encoding prodrug activating enzynes such as Herpes
Si npl ex thym di ne ki nase or cytosine deam nase; protein toxins such as

di phteria toxin or gelonin, apoptosis inducing proteins such as p53 or
apopoptin; inmmune stinulating factors such as interleukins (IL-2, IL-12,

| L-18 preferred), tunor necrosis factor a, chenokines; tunor specific
anti gens




}

such as nmutated ras proteins or Mart-1; immune/ 27 Nhy 2005 _ 34

i nfl ammation inhibitors such as interleukin-10, IL-1 recepﬁ%ﬁM éﬁngonlst
or soluble TNF-receptor; angiogenesis inhibitors such as endostatin;
proteins inducing vessel formation such as vascular endothelial i 27 May
2005 35 growh factor; coagulation initiating proteins such as tissue
factor; intracellular antibodies; recombidtant i mrunotoxins; ribozynmes or
anti sense RNA nol ecules and so on. A fourth aspect of the present
invention provides a use of a transfer nolecule and a photosensiti zing

agent in the preparation of a medicanent containing a cell prepared
accordi ng to tHEWR HEF T /dsrieded 24860 1nsit 1atiagt PRgLeENpr 8VeRt #fig a

di sease, di sordessuy faifteat;i amtrapeefianabl yntabogeae; tB@é@ﬁMlnbﬂta fifth
aspect the present i,nvention @JOVIdES a gie of a | ecul
phi

e Pee ! atog o ERFHRATAEIN o REYESS 8 RS Bhed RUANBOELAIPLECtNE | hed

above for thexpmﬂparatlon of a nedicanent for use in treating or

preventing a di sease.cdll30r dapon LM egtl QNeochrelRrahl ¥oh of casna Lher apy.

For said uses, the osensiti Zing the vira
transfer nnlé@ﬁiéﬁb@htﬂ@ﬂééﬁﬁa@péécwﬂﬁha@élBspbptpﬁ§§aé§léin9 apabtent

ei ther togethem aheSeRaRLAIN BY o¥eheqkingan@PRr @Rhat g1 adMiNEtfation
times and said cells nay be irradiated as_described above with |ight of a

wavel engt h eﬁ?%%&%?ﬁ?tﬂ?%%ﬁQ%%Et§otﬁ@epW8F8§én§ﬁtﬁ??h@egg%ﬁPvehéPﬁods of
treat ment and tpreeftemaplor mRiheds ol geneschberapy seefpEi skngntbetmshods of

the invention_ar odinen% Thus, one enbodi ment can provide a
net hod of treéFi%& 5&Hﬁrégghﬁeﬁﬁ &"888%se, disorder or

In a fifth aspect the present invention provides a
use of a transfer molecule associated with a viral
carrier and a photeosensitizing agent as defined above
for the preparation of a medicament for use in treating
or preventing a disease, disorder or infection,
preferably for gene therapy. For said uses, the
photosensitizing agent and the viral associated transfer
molecule can be contacted with cells or tissues of a
patient either together or separately by selecting
appropriate administration times and said cells may be
‘irradiated as described above with light of a wavelength
effective to activate the photosensitizing agent.

Methods of treatment and preferably methods of gene
therapy comprising the methods of the invention are
other embodiments. Thus, one embodiment can provide a
method of treating or preventing a disease, disorder or
infection in a patient by gene therapy comprising
introducing a transfer molecule into one or more cells
in vitro, in vivo or ex viveo according to the method as
described hereinbefore and where necessary (ie. when
transfection is conducted in vitro or ex vivo)
administering said cells to said patient.

As defined .herein "treatment" refers to reducing,
alleviating or eliminating cone or more symptoms of the

disease, disorder or infection which is being treated,




infection in a patient by gene therapy conprising introdugbqgagz&ﬁ@psfer
nol ecule into one or nore cells in vitro, in vivo or ex vi'vo actcording to
the nethod as described herei nbefore and where necessary (ie. when
transfection is conducted in vitro or ex vivo) admnistering said cells to
said patient. As defined.herein "treatnment” refers to reducing,

alleviating or elimnating one or ﬁbré5§?ﬁbtons of the disease, disorder
or infection which is being treated, 27 May 2005 35 a relative to the
synpt ons prifr.to treatpent. "Prevention" refers to delaying or preventing
the onset bi AME syt SHE JSFYPLRBS diede, TUi JGPAEFNr- | nPERYGHon

Conposi ti onstefs tthe dpregand dmnpeRteoni MRytial SMhseONPEI SRe asyRldmsOkbra
populationuggcﬁggls co taiging a.trangfer nol ecul e which has been

i nt roduced T ht6 Sa7 Y CEITOTBYT t e WEERGUR  of the invention, preferably for
use in therapy,Copadsicubas |of gaeepréharapyvelbuss mayyat s usdderi senmbodi nent
27 May 200 36 may _provide a cell. or a popul.ation of cells containing a
transfer rr%?lelcucfre Whi ¢h agjs‘o%egﬁ Fﬁ%f%dﬁ%‘gt(fanilﬁ?oas&iran?:%fﬁ i Ccel | i s
obt ai nabl ewloycha haet heeh afntrbbecedt elsent skhtdenti Dby Ahgenetiwddhert embodi ment
can provid .use ch cell or_population of cells. for the

prepar at i oﬁnéé&%lgﬁto%gg‘? ‘%&H of:lora e (l:%rr%ﬁterf%% U8 HT Y REF L pyPere

pr ef er abl ytlgareyt her apy. An enbodi nment further may provide a net hod of

treatnment of a 4 ent i.$i.ng m Ni ring to said patient cells or
conposi tions of the %rﬁggﬁﬁ&%ﬁsgnt%%ﬁxﬂ %é?erably said nethods are used in

gene therapy, ie. a nethod conprising the steps of introducing a nolecule
into a cell as described hereinbefore and adnministering




said cell thus prepared to said patient. In vivo, any nDdeé%F

adm nistration of the viral carriers, photosensitizing ag t@?y%gﬁls
containing transfer nol ecules, conpositions etc., commobn or standard in
the art may be used, e.g. intranuscular, sub-cutaneous, intraperitoneal,
intratunoral or intravenous injection, infusion, inhalation or topical
adm nistration, both to internal and extetmal body surfaces etc. For in
vVivo use, the invention can be wused in relation to any tissue which

contains the cells yna0paaivgRet he cRhOt es%eas;bbFﬁngi@ﬂeak aggithe viral -
carrier will localise, |nclud|ng body fluid lTocations, as well as solid
tissues. All t9¥EFEIIEEN Apé IEPEAPEITRS SCPoRgWEEChhRaphBeBBehBE FPdeFed s

taken up by thewtcarsgald ceelll, swhaet thell ighbbeannhelpropes! Medrbiiver ed.
Wth regard Hglli Q} d ILverﬁ .clearly this does not present a problem
for external sUFTACeSSHr tRERIASR-or animal body. For internal surfaces
t echni ques such as A get2ZTuvhihe2006mbd@imenexanpl prohedasehef usptofak fibre

devices can b e ef.fectivelLy. i.ll um LAaLe es. In
Sadi 11 on SIS eidCboEppiTat bl UF BBLESTROX LALTBDBLARUEIBETY W
expose surfac&f whicoHPpeddios be gr Bgégangrt VAL 2088 1WNED2FARRB05

PCT/ GBOL/ 0528% re¥érEitus, gbhe e@apagitions of the invention nay be

formul ated in any conveni ent manner "according to, techni gues and procedures
known in the pharné@eﬁ@gegﬁmeQFtguéﬁg?rugﬁﬁgpéﬁﬁlg? AoFetBRdr fhceutical |y

acceptabl e 5 aafeaitéienar o€xei peeibst( cofpréeipat hthenWstbrohfeto sagaedi ents
Foci prent) . THE CRAturSIor PR BB ErBN and Rarr eren br ExR bR
mat eri al s, dos&dgedeepdliymaypibemsthedsedrenusedt inegene therapy, ie. a
: method comprising the steps of introducing a molecule
into a cell as described hereinbefore and administering
said cell thus prepared to said patient.

In vivo, any mode of administration of the viral
carriers, photosensitizing agents, cells containing
transfer molecules, compositions etc., common or
standard in the art may be used, e.g. intramuscular,
sub-cutaneous, intraperitoneal, intratumoral or
intravenous injection, infusion, inhalation or topical
administration, both to internal and external body
surfaces etc., For in vivo use, the invention can be
used in relation to any tissue which contains the cells

" to which the photosensitising égent and the viral
carrier will localise, including body fluid locations,
as well as solid tissues. All tissues can be treated as
long as the photosensitiser is taken up by the target
cells, and the light can be properly delivered. With
regard to light delivery, clearly this does not present
a problem for external surfaces of the human or animal

body. For internal surfaces techniques such as for




10 manner according to choice and the desired route of ad n%@(ﬁklon
purpose of treatnent etc. The conpositions of the |nvent|on

contain other appropriate agents. For exanple, for sone therapeutic
applications and sone routes of admnistration it may be 15 beneficial to
use for exanple agents that can increase tissue penetration of the viral
carrier, e.g. proteases (Kuriyama,- N36et -al., 2000, Hum Gene. Ther. 11:
2219- 2230). Conpositions may be administered topically (e.g. by 20

i ntestinal, buccal, sublingual, gingival, palatal, nasal, pulnonary,

vagi nal , resamglleochecwsaroidebtverly)fibrorddticesr cparentised by, Topi cal
conposi t1 OQ féazftQVeE? {(fﬂﬁ%até'}gaﬂ 'n‘r!Q&E?P S ’rngg.? 10l g@ﬂ?ﬁén sprays,

| otions, ves soaps ers abl ét's ilns pessari es,
aerosols ﬂh@uﬁ;ea§m9mtubﬁst@ndoamyunﬁomhgnauﬁpheW1Cbnvemwwanamat

phar maceut j,¢ad dOLUE L8 sAhsch ngeatfemesuggkédand creans nay, for
exanpl e, be fornmul ated wth an aqueous or oil ase with the addition of
sui tabl e thickening and/or gelling agents. 30 Lotions may be fornmul ated

wi th an aqueous or oily base and will, in general, al so contain one or
nore emul si fying, dispersing, suspending, thickening or colouring agents.
Powders may be forned with the aid of any suitable powder base. Drops and
solutions may be 35 fornulated with an aqueous or non-aqueous base al so
conprising one or nore dispersing, solubilising or suspending agents.
Aerosol sprays are conveniently 27 May 2005 WO 02/44395 PCT/ GB01/ 05281 38
delivered from pressurised packs, with the use of a suitable propellant.
Al ternatively, the conpositions nay be provided in a formadapted for oral
or parenteral adm nistration.




5 Alternative pharnmaceutical forns thus include plain or cgated Q[%bl ets,
capsul es, suspensions and solutions containing the active §?Wﬁ A
.optionally together with one or nore inert conventional carriers and/or

di luents, w@ogys§ th corn starch, |actose, sucrose, 10 mcl;col%&sldﬂakél ne
ceIIquse magnesi um st ear at e, ponV|nyIpyrroI|done citric acl artaric

acid, water, water/ethanol, water/glycerol, water/sorbitol,,  water/
polyethylene gl ycol, propylene glycol, -stEhryI al cohol ,
carboxynethylcellulose or fatty substances such as hard 15 fat or suitable
m xtures thereof. TH&TohgEsiapRs irdpnaddift itdealinycntdondeayl ber i cating

agent's, vet ! | M:agahitad QT YoRG-AIEALS nandsP BRAINAAGERLS, Preserving
agents, smeet%p|?§?1 ent s flavo%!l'131 g ngnts adsor pti on“enhancers, e.g.
-surface 20 penet cﬁ"gesafé’rﬁ PTEES oFE&"Beigwthen dhop@acersicathe
conposi tions eftthe - Envemﬁngncmayobembﬁénpha&adcsut1&&1&9-&h@ép@&bﬂ%‘Ck
sust ai ned or @%Eéﬁ%ﬂ'cﬁ{%§§§6>%nkge a(étlv%fnpEL |entt$h8% adm ni stration

-of the. patient enpl oyl ng _procedures we 25
Sol ubi | i zi ng ARGFEAISTES i ithe §Q@EP§lﬁ&9naB§oWbélU§§d e.g.

cycl odextri nSph@ho&og(l%al\iya&@ﬁ@péﬁbﬁﬁckedEl‘&ter bBeipRReges ARy |ikew se be

determ ned in LLeutine nner g depend upon the nature of the
mol ecul e, puPp&5&SoPh ﬁ@ﬁ?osaaé BfaﬁétF@ﬁFleﬁﬁdéerX@GPaﬁﬁFnlstratlon
etc. In. connm@tﬁmnaMsLhdbhagephetosemaytbélBglageaa tihe rpoteney/ ability

to disrygt ngpahpape diati shoul Q_be _taken int account.
General 'y however, EC%?ﬁH&|§ 58, ROicec%ﬁée% ?egﬁr d, ZgEe ?gr t he
photosen5|t|zé@@#nésﬁr3350n0 Dgrsgeeg¢ﬁ1trsaSmenabEec FoEhkuman in vivo

treat ments- th@oﬁb@b@&&&%bt bzi eﬁeagﬁvénmnbﬁagssﬂsb“cb'ﬂe 1538939,9 05-20

mgy/ kg: ; body melgro rla%e gdghglstered ?

PCT/GBCH/OSZSEP s g s For example, for some therapeutlc
applications and some routes of administration it may be

15 beneficial to use for example agents that can increase
tissue penetration of the viral carrier, e.g. proteases
(KRuriyama, N. et al., 2000, Hum. Gene. Ther. 11: 2219-
2230) . | '

Compositions may be administered topically (e.g. by

20 intestinal, buccal, sublingual, gingival, palatal,

' ‘nasal, pulmonary, vaginal, rectal or ocular delivery),
orally or parenterally. Topical compositions are
preferred, and include gels, creams, ointments, sprays,
lotiong, salves, sticks, soaps, powders, tablets, films,

25 . pessaries, aerosols, drops, solutions and ény of the
other conventional pharmaceutical forms in the art.

4Ointments,-gels and creams may, for example, be
formulated with an aqueous or oily base with the
addition of suitable thickening and/or gelling agents.

30 Lotions may be formulated with an aqueous or oily base
and will, in general, also contain one or more

~emulsifying, dispersing, suspending, thickening-or
colouring agents. Powders may be formed with the aid of
-any suitable powder base. Drops and solutions may be
35  formulated with an aquecus or non-aqueous base also
- comprising one or more dispersing, solubilising or

suspending agents. Aerosol sprays are conveniently



39 systemcally or 0.1-20%in a solvent for top| cal appl i cation,

snmal l er animals the concentration range may be different ardiy OQ?e

adj usted accordingly. The nolecule to be introduced in association with 5
t he viral weaneises may be present at a concentration of 1xP@TR:B0a/058% such
as 3x10-6 to 50% e.g. 0.003 to 30% e. g 0.2 to 10% (ww of virus

“particles in the final conposition for u§§ in vivoin which wwrefers to
n

the weight of the viral carrier in additi’6nto the nol ecul e 10 to

be-1 ntroduced del 2t g Sl NELNL ola thEcLLIAL: cROTROSLLLOe LY used i1

.1 mM injections, this wo correspon tose of “a pI‘OXI mately 105 to
1015 physi calSWhtakl SHFREFPRFESENFor in vitro use between | 1x105 viral

particles, e.g. 1xZ0G:-dxdf5iveny bﬂ'lé’%péélﬂ_f@nbW@f’tb@rb%w!rid@@’\ﬁﬁ
described in mor det% d#hefol %nonll tlgrg les wit
reference to 1HETOIF th%é] ERRC BT gtr ML hBea bd gt

st ai ni ng Sof phAdtteotrer et Ighaatmaarmrhmcmﬂ Vidrmeethss Thelwdd | slaeneotr eat ed
with 20 Al PcS2a(s®eq idt ﬁﬁ%gw and subjected
to light treat rrentEdas ﬁ% cat edEI e f Lll%‘gnéﬁ%%?ear}mg/olcm%yst'-f‘ﬁ%ﬁbat|on to.
all ow for exprcé%’éﬁadﬁﬂd?g tHe agtEngl retedieal aepobirbly derestier ceits wer e
stained wit hoi&eg&ir M@%%%ﬁwéﬂﬁ&wp&aﬁléﬁé%ﬂc@% ditudrcel | s

were treated as foI ?Cor g??ﬁﬁcﬁht B. Adenc())gll rus only. C. AlPCS2a +
8 min light. AH -F"‘Cﬁ:‘?ﬁ%'lﬁlb‘l?f Figure 2 shows flow _
cyt onet &y anaMmWs@iﬂtm@mlﬂaﬂq&anhWim@Wam in HCT 116
W Pesza(S). | B ettt i s e it SR M dider
described. . Yaseddpdhanadr mMedeaidlycanale |mw9mbmcmorvmh
di - (3-D-gal achepyeangsiar AANAINRE R | P EYE ORIy Fi USSP Shows
a dot carboxymethylcellulose or fatty substances such as hard
15 fat or suitable mixtures thereof.
The compositions may additionally include

lubricating agents, wetting agents, emulsifying agents,

~suspending agents, preserving agents, sweetening agents,

flavouring agents, adsorption enhancers, e.g. surface

20 penetrating agents as mentioned below, and the like.

The compositions of the invention may be Formulated S0
as to provide quick, sustained or delaved release of the
active ingredient after administration of the patient by

| -employing procedures well known in the art.

25" Solubilizing and/or stabiiizing agents may also be uged,
e.g. cyclodextrins (CD) «, £, v and HP-B. cyclodextrin.

Deosages may likewise be determined in routine
manner and may depend upon the nature of the molecule,
purpose of treatment, age of patient, mode - of -

30 administration etc. In connection with the
photosensitizing agent the potency/ ability to disrupt
membranes on irradiation, should also be taken into
account. . Generally however, for in vitro use a
concentration range. for the photosensitizer of e.g.

35  0.05-500 pg/ml is suitable. For human in vivo. .
treatments the photosensitizing agent may be used in the
range 0.05-20 mg/kg-body weight when administered




35 plot of the flow cytoretry anal ysis of HCT 116 cells. mc%@ on the
ri'ght side of the vertical line were considered as positi BY enovi rus
transduction since 27 May 2005 WD 02/44395 PCT/ GB01/05281 40 there were

" virtuall va@,quﬁgiglss inthis area either for nontreated celpl(?/é#ﬁ}agflpanel ),
). eé

or for cell's receiving only Al PcSZa and |ight (Ilower pané I fferent
treatnents are indicated in each panel. Fiqgure 2B shows 5
transduction-efficiency as a function of 3 ght dose for WDr cells. %

(3-gal actosid itiye cells_dgfined as escri bed under Figure 2A ((O
S-, Ad+ () 5%%55%8%%%;(}’ 53 bAgPF OZnd nEaf® I"ﬁBLegE?ﬁnE‘BPiLH? nsity ((o) S+,
Ad+) was scoredliThbibanrs fepemséderstandaild theorontetteatfomessmmdSEN) of

2 to 5 differg pgs | L.gure..3;sh e nsducti on of
Wr el | i T oron U s asce™ The eaPR e pore T cr RIS wih

AJHOW- | acZ at di f FegeWPlRErseaha beofetredursd pRopeEREHREAPRIYERRNENt as
desclr i besl. Fighes evBAas h@s&@riérnﬁ?yl lf)leugli”éééﬁﬁCgtgﬁbbbﬁcéﬁ’t]@ét_ﬁl@h| of
* population. T sment s were as fo : ,Unshaded bars; Al P¢SZa;

di agonal cr osjé{cﬁgitc ° %&::iuc &y 3%\@65;’:‘?1 *Zofm'&- %Cr@?s}éﬁata@ﬁed:

MO =20; bl acke-$/0&58. t&riot wrw)apé vEENcobaBtixpesi mentke Figate 3B
shous 10l d 1 nes@asss toR 062~ 88LATHOTI0BS EndChitth ! /@' rLiELL % S! i€ |
popul ati on. Sypbols are the sane as 1 n Figure 3A Error bars aré standard
error of 3 or"HIpert e sVirryurarriskods pAdikiprcEo ofhphmebedieke cal
t;fatnen¥ OE'@ﬂa?@viﬂU?oaﬁ@QQdﬂélh@mv@ftEHKhéehéi htgéfF?Eérﬁiﬁaﬁhomﬁ t?ﬁx
effect of photochemical treatnent .on _expression o -gal act osi dase in.
cell's inf ectée%mlaﬁ"?%t%?lﬁawf# a0 a2 F:fléﬁ?tf)%é‘%r e&l§t‘?’%‘fﬂ‘gy
Al PcSZa- pr et reitetspend st aea edone ubat e;l_pf:oximanelj_aelos_df to im)lN PcSZa-free
medi um bef or gy otk PXPOSIH €p3Pef Qied. M BorFok! 9ipg hilugloatien the cells

wer e

1x10° viral particles, e.g. 1x10°-1x10°, may be used.

15 The invention will now be described in more detail
in the following non-limiting Examples with reference to
the following drawings in which:

Figure 1 shows X-gal staining of photochemically
- transduced WiDr cells. The cells were treated with

20 AlPcS,,(8), infected with AJHCMV-lacZ (Ad) at MOI 5 and
subjected to light treatment as indicated in the figure.
After 2 days incubation to allow for expression of the
transduced P-galactosidase gene the cells were stained
with X-gal and analyzed by microscopy as described. The

25 cells were treated as follows: A. No treatment. B.
Adenovirus only. - C. AlPcS,, + 8 min light.. D AlPcS,, +
Adenovirus + 8 min light.

- Figure 2 shows flow cytometry analysis. of
photochemically.enhancéd transduction in HCT 116 (panel

30 A) and WiDr (panel B) cells. The cells were treated.

' - with AlPcS,,(S), infected with AJHCMV-lacZ(Ad) at MOIS
and illumiated as described. . Two days later the cells
were loaded with fluorescein di-f-D-galactopyranoside

- and analysed by flow cytometry. PFigure 2A shows a dot

35 plot of the flow cytometry analysis of HCT 116 cells.

The cells on the right side of the vertical line were

. considered as positive for adenovirus transduction since




i nfected with AJHCW-1acZ (at MO 1) for 30 min. at 37C. ;gﬁg QB
medi um was added and the cells were incubated for two day YA anal ysi s
of 3-gal actosi dase expression. For the "light after” 35 strategy

Al PcS2a- t rweatoed4mel | s were i ncubated in Al PcSzZa-free nmedi porf@go1dsizibefore
a 30 mn infection wth AJHCW-|acZ. After addition of 2 m of culture 27
May 2005 WO 02/ 44395 PCT/ GB01/05281 41 nediumthe cells wWere incubated
for another 30 min before |Ilun1nat|on“f6P 3 mn, and two days |later were

{ analysed fo Sl d XPr essi Fig 6 shows . the increase in
1- gal act osi das% r%?‘g%uct}% Yrﬁ%u??fﬁ? g%%ll%’f@ﬂ BiEReHUEPTFON with
an adenovi rus @Q@bﬁeﬁQEﬁchhlacKogpdaspammlh i oerfasi agllsr radeating tines.
The treatment b1y ANPLSA! LG wlght RLGWLEDBURL 00 thl b d9sgarl enalf of

irradiation) for ~the different l'es ‘are 1 ndicate ure. Adv:
10 Adenovirus PORRMREREE AT 1@‘%‘% @ ok reaelh Zeanal pc Phaure %Erehdwshows

the effect of EiinﬁmmétﬁﬁﬁdQEEi@ﬂeﬂé adVdr r@dt SoRt ﬂ'ii@ﬁ@n&ose for
irradi ati pn, ~ --90_seconds

nultlpI|C|t|e in tion, out

i rradiation. gure %fg%bws t‘geg%ﬂfl%% S%qaﬁlp%?ﬁ%ﬂ‘é%o%}% dgfined as
transducti on ofessutbed| gdefhBldveat 2®nt (0¥, S-i nddeat i(ny Bk} hagr ; Wi shout )
and |ight dos (i S ndi d on
the figure. §?+A52%gbﬁ%ﬁ§%id?ém£}ﬁ %égégé%ruarég%g% é?%?z%r ggngZa .
20 Figure 9 shB® THErPE cFradbabn FeRFRRRRE | Yrniardetnrendofnexe || cel |

| i nes. Umshadeaskdr ssEMNOcf i 2 rgsli @tdpflﬁe]:s&{ﬁ bR SimedPs seconds

I rradiation. Figure,l1l0 sho the e of PC on tr nsduction of WDr
cell's with adenovi ?Flfsg—léré%o i SHeEE vv%‘ft‘ﬁ SphsRsRq -t GECR 2% | BEDT Ad:

Adenovi r us AdH@NMéL&UZJiIiierémﬂyV1rus doses. The cells were infected
with AdHCMV-lacZ at different MOIs and subjected to
photochemical treatment as described. Figuré 3A shows

15 mean fluorescence of the total cell population.
Treatments were as follows: Unshaded bars: only Al1PcS,.;
diagonal cross-hatch: MOI=1; grey: MOI:S;.horizontal
cross-hatched: MOI=20; black: MOI=50. Error bars are
SEM of 3 experiments. Figure 3B shows fold increase in

20 P-galactosidase activity of the total cell population.
Symbols are the same as in Figure 3A. Exror bars are
standard error of 3 or 4 experiments.

Figure 4 shows the effect of photochemical
-ftreatment on adenovirus trangsduction of THX cells.

25 Figure 5 shows the effect of photochemical
treatment on expression of B-galactosidase in THX cells
infected with AJHCMV-lacZ. For the "light before"
strategy AlPcS,,-pretreated cells were incubated for
another 4 h in AlPcS,,-free medium before light exposure

30 for 3 min. Following illumination the cells were
infected with AJQHCMV-lacZ (at MOI 1} for 30 min at 37°C.
Then 2 ml of medium was added and the cells were
incubated for two days before analysis.df
B-galactosidase expression. For the "light after™

35: . strategy AlPcS,,-treated cells were incubated in
AlPcS,,~free medium for 3 h before a 30 min infection
with AJHCMV-lacZ. After addition of 2 ml of . culture



L-Lysine. SPLL/Ad neans that the conplex on.average contai ns PLL
nol ecul es per virus particle. 0 - Ad MO 5, ~ - 5 PLL/Ad, %%O%LL/Ad U

- 250 PLL/Ad, A - 50 PLL/Ad. 30 Figure 11 shows the effect of PCl on

" adenoviru uction of a human skin fibroblast cell |ine
pol y- L- | ygllonae{g'g}g carrier for the virus with variable i Wgéqléqli%pﬁs‘tl nes.

a - M) 5. Unconpl exed adenovirus AJHCW-LacZ. E - MJ 5/PCL: AJHCW- LacZ
35 conpl exed to 250 nol ecul es of PLL per 41lrus particle. Figure 12 shows

the effect of denow rus transduction using the polycationic
dendri nmer Supérfege]& LS IR ANSWRtABIOIPERIEBY O528in 42 as a -

virus carrier Yatfomss |n11131mmﬁ&1{ attdxor’as midshadedwd s MhoWere
Figure 13 shows the

irradi ation, . radlatlon
.effect of di ffer‘_ie]”qm'@etad or gé)s%aﬁe Oegsl S BEHSTALEB and adninistration of
adenovirus. Tine pdiigturea ¢ tHewefttheofindreateading B reinesent ddiskus added
before i1 adi ghicdodidfe MINLRhA e phidlle diSRIes el addlckion, gl rus

-after irradiation. - 1 minute irr iTra gur e
14 shows PCl @ﬁhé’r‘?@é‘r%ﬂtrucﬁ e Hare Sordrapesideses mdch Gﬁlca”ﬁaad@gow rus
vect or encodi ng:rddaratas;:ﬁltrmﬁ@& Vimhes tidayti@dinge (ki, ﬂai%dafc%&rlnéawl(ﬁ'ﬁ

Ao FEE S stBhle i N iR e ectod, B JnGLCLa A Sk
Al PcS2a; AdV- Fike dA(fém\ﬁnm:ﬁwwd@@ agreHSYdtikat66Vongahei €Lovire.. AdvAI
Toopg/ () "SRy e ot S O PoPartPpnedilael arBhel
100pg/ M (C). 20 Ef&ﬁﬂn? 77 shows the effect of PCI on transductlon of
WiDr cells at different multiplicities of infection. o -
without irradiation, ® - 90 seconds irradiation.
Figure 8 shows the effect of PCI on adenovirus
15 transduction of AS549 cells. The treatment (+,-
indicating with or without) and light doses (in minutes)
for the different samples are indicated on the figure.
A: Adenovirus AJHCMV-LacZ. S: the photosensitizexr
AlPcS,,.
20 : Figure 9 shows the PCI effect on transduction of
HelLa and FmexIII cell lines. Unshaded bars - no
irradiation, solid bars - 90 seconds irradiation.
Figure 10 shows the effect of PCI on transduction
of WiDr cells with adenovirus associated with a poly-I-
25 lysine carrier. &Ad: Adenovirus AJHCMV-LacZ. PLL: Poly-
L-Lysine. SPLL/Ad means that the complex on average
contains 5 PLL molecules per virus particle. O - Ad MOI
5, W - 5 PLL/Ad, ® - 500 PLL/Ad, © - 250 PLL/Ad, 4 — 50
PLL/Ad. -
30 Figure 11 shows the éeffect of PCI on adenovirus
transduction of a human skin fibroblast cell line
- employing poly-I-lysine as a carrier for the virus with
variable irradiation times. o - MOI 5: Uncomplexed
adenovirus AJHCMV-LacZ. B - MOI 5/PLL: AJHCMV-LacZ
35 ° complexed to 250 molecules of PLIL per virus particle.
Figure 12 showg the effect of PCI on adenovirus

transduction using the polycationic dendrimer SuperFect®




In initial experinments human W Dr adenocarcinoma cells were treat ed with
t he photosensitizer AlPcS2a (al um num pht hal ocyani ne with %7 May $@Rat e
groups on 25 adjacent rings), infected with the AJHCW-1acZ adenovirus
cont ai ni ngv@oB4ged act osi dase reporter gene and subjected poriGeghts2s:
treatnment as described in Experinmental protocol. The cells were stained
for 8- gal actosidase activity, and m Crosggpy showed that a 30 substanti al
fraction of the light-treated cells expréessed the transgene (Fig.1D),

while only a fawa peSHid V@alc&éls wrﬁ%@t%%@%ﬁ%él urg, Nt 86l 4

adenovirus-infected ce]ls (Fig.1B positive ce were seen I n
untreated samidES (Fig o rigTR W PRy APesendrl | ght,

but no adenovi rinsrgddEiaridy)., thus the observed Ii ght - nduced increase in B-
gal act osi dase expr nat e ro aden 7 2005 WO
02/ 44395 PCT/ GIBOII%Z(%%[L?I'B.J gge}fl ve&e Ea%%cgte lg 2tfrto]rﬂy‘é’an endogenous
B- gal act®si desthagides %mﬂllel@@ﬂfan @Iailtadraim&i:mmlqaslcsf fl ow cytonetry
was - empl oyed adiSii -, SWISId Padlaaiesan ke G Rndal apigpyr anosi de

t hat makes B-gal act osi dase- expreSS| ng uorescent. As can be seen

fromFig. 2A TS0 chdtis & dc@r%dfteﬁfé?ﬁe s%@aechlrﬁq@nfy i aaxiata Heo B 10
gal act osi dase et indight iveradenaw ragdiviacter W}ﬂﬁls'l-:laﬁftéiehﬁaé-{r%oﬁ.he
per cent age of _B-gal i dase asi.t.ive cells incr d from 6. 30. 1%
(standard deviati gnﬁﬁtn%% aﬁd‘?ﬁé‘lqr’y i nf'e@f’e&rfgﬁ g-¢R%+, S-, 0 nin light)
to 8817%U n=3) in &élglgf& é@elshqvgs cirﬂi reathatrrasmerentofl S heAdseret, 8 min -
light). Likewse H=die SHR (2 ap% nsity

i ncreased from 52f1 %(n 3) to 632 163% (n= 3; re%ative fl uoresgieqice units
(RFU). The pH&tdeRemitRley Jdmventthymdsliag drinapsy rditeds amtigais

irradiation times. Cell killing was effected by
ganciclovir after PCI induced gene transduction with an
15 . adenovirus vector encoding HSV-tk. Al: AlPeS,,; AdV-TK:
Adenovirus encoding HSV-tk; GCV: ganciclovir. ¢ — Al
only; o - Al + AdV-TK; a - AL + GCV at 10ug/ml (A7),
_ZSug/ml (B} or 100ug/ml (C); = ~ AL + AdV-TK + GCV at
10pg/ml (A), 25pg/ml (B) or 100pg/ml (C).
20 7
| Example 1 o
| In initial expériments_humén WiDr adenocarcinoma
cells were treated with the photosensitizer AlPcS2a
(aluminum phthalocyanine with 2 sulfonate groups on
25 adjacent rings), infected with the AdHCMV-lacZ
adenov1rus containing a B—galact051dase reporter gene
and subjected to light treatment as described in
Experimental protocol. The cells were stained for B-
galactosidase activity, and microscopj shdwed_that a
- 30 substantial fraction of the lighi-treated cells
expressed the transgene (Fig.lD), while only a few
positive cells were detected among nonilluminated
adenovirus-infected_cells (Fig.1B). No positive cells
were seen in untreated samples (Fig.1lA) or in samples
35 ‘ receiving.AchS%tand light, but no adenovirus (Fig.1lC},
thus the observed light-induced increase in B-
galactosidase expression originated from the. adenovirus-




mean fluorescence in non-infected cells (Fig. 2A, upper 20 and | ower
panels) from6 to 12 RFU. However, because of the very | 0wt/ M3eP05of
. fluorescence and positive cells (0.4%in the Ad-,S+,8 nmn sanple) this did

not genergigyyQidificulties in interpreting the results for -<hyfected
cells. 25 In WDr colon carcinonma cells even higher |ight _chf(%%{}?]lg)é%s?

i ncreases in gene transduction was observed (Fig. 2B). ThuS, maxinmally a
22-fold increase in the percentage of B-#alactosidase positive cells and a
44- fold incrgaie in the nean fluorescence intensity were 30 found when
i || uni nat ed vPFPUSYERPECLE@ SSIaNS el e dinein o sowiddemeusated cel | s.
Phot ochem cal galheabBratsal geee(Fig. 2B, Ad-,S+, A) did not significantly
change the percentage of positive cells, neither did illum nation alone
-(Fig. 2B, Ad+,S-;0). 35 The flow cytonetry results were confirmed by using
the chemi | uni Bsamphe B3-Gal reporter gene assay kit (Roche, Cat. No. 1 758
241) on extracts f ' zel 2 2Q0 144395 PCT/ GBOLl/ 05281
- 44 showing a 0??%}ﬁﬁgﬁgﬁggggvﬁhégggﬁﬁégt%&P§§§3%3g$§§w{yasas a result
of the phot ochBHC4Fdt r BEEREnthEnSubsHGRTE flERERpLeid Bivd-Pext st udi ed
the effect ofgahacwopyusadesedenthhe mARekOghgaLSaLbY i 8ABANERMHEEARSGuUCT i ON

efficiency. { rent fromEig. 3 the photaochem cal treatnent
i ncreased trgﬁg%%%t?gﬁgﬁ?sgﬁptvir§§ 85§t ESCBA T OMofeder 25 hBSef f ect was

mor e pronounceigobechemicahetredOmentusuttesestibDly (nukthpkicthy oF

i nf ectipp) 1.%§mgga i L : . e n f t n 15- and
35-fold was o seivé%%bgéggo%ﬁ%ﬁgg%?o&gbgggﬂfggggﬁdﬁgﬁeggﬁg ?ggrggges at
MJ's 20 and S5¢Fliespethingel fherpgreenbpoel pfcAngalaotbeidsen pPEgLi8A) t hat

the nean 15 fdebreshenceaobliarpesl 8l 3tbe1@pibeBhahi@hbied98e: 64, o))
in normally-infected cells (Ad+,S-,0 min light) to

_ 88+17% (n=3) in cells receiving optimal treatment

15 (Ad+,S+,8 min light). Likewise for the same samples the
mean fluorescence intensity increased from 52+£11% (n=3)
to 632 *163% (n=3) relative fluorescence units (RFU) .
The photochemical treatment also slightly increased the
mean fluorescence in non-infected cells (Fig. 2A, upper

20 and lower panels) from 6 to 12 RFU. However, becéuse of
the very low levels of fluorescence and positive cells
(0.4% in the Ad-,S+,8 min sample) this did not generate
difficulties in interpreting the results for virus-
infected cells.

25 ©  In WiDr colon carcinoma cells even higher light-
dependent increases in gene transduction was observed
(Fig. 2B). Thus, maximally a 22-fold increase in the
percentage of B-galactosidase positive cells and a 44~
fold increase in the mean fluorescence intensity were

30 found when illuminated virus-infected cells were
comparéd to nonilluminated cells. Photochemical
treatment alone (Fig. 2B, Ad-,S+,A) did not
significantly change the percentage of positive cells,
neither did illumination alone (Fig. 2B, Ad+,S-,0).

35 o The flow cytometry results were confirmed by using
the chemiluminescent B-Gal reporter géne'assay'kit
(Roche, Cat. No. 1 758 241) on extracts from WiDr cells,




at MJ 5 is about twce the | evel observed without Iight treatnent at MJ
50. Likewi se the |level achieved with [light treatnent at m37 May 2008hout t he
same as for MO 20 wthout light treatnment. Thus, with optinmal 20

phot ochemw@b2/44emat nent a 20 tines |ower virus dose. is seff/igcaigesst o give
the same |evel of gene transduction as for infection w thout photochen cal
treatment. The percentage of B-gal actosidase positive cells™ obtained at

MO 50 in this experlnent was 903% (n=3)y 44 25 conpared to 13% (n=3) for
noni | | um nat ed ells ?SME hd With the results for HCT 116 cel|s esented
above this |ndscat%%gtﬁa PhadBhbyArGstPCP a2 Ctratdatie etV cel
popul ation. 30aExpereémsehtabfptbeéopbbsoch&eitsl andeatieanyi (nst $ﬁﬁwﬂ16 and
W Dr human col on carcinoma cells were 35 obtained from Anerican Type
Culture Collection ATCC nos. CCL-247 and CCL-218, respectively). Cells
were culture 31640 medi um containing 10%fetal calf 27 Nhy 2005

V\? 02{ 44395 PCT/ GB%Oﬁaﬁﬁ s@édﬁ@ﬁu}?]iae]-@%fél‘:@RoLPeghé'NHJ:LE‘S é&@et 370 -
streptonycin and a co ai s a |n
05t moapher Bt PR EREE RN PTBHAHE0: L AOREKIAT <5t Lk Sy (e 15 £
coil lacz gen&mmmmemmlédomyFige Butha plkytookgal oyl ruseptoant er was

(Acdi son o ar-ggsed EEAAIh oG oA Tt g R e e S e ecrors were

pl aque purifi ePWRFNMN EBeheEheab vaserora poaneenced aafel e ifoeel by CsO

bandi ng g tt ﬁiruéﬂdeséggﬁwoﬁgthﬂ9§t§§d1c£§ﬁeéf fhﬁéﬁégan)Tﬁeéﬁ&ryﬁ
solution was diluted.in PBS copntaining_0.68 nM CaCl2 and 0.5 nNINgClZ to

g
the MO s enphﬂﬂﬁf?rﬁ?ﬁﬁeﬂ???e+%ﬂTean fluorescence of between 15— and
35-fold was observed, as compared to about 10- and 5-

fold increases at MOIs 20 and 50, respectively (Fig.
3B). It can also be seen (Fig. 32) that the mean

15 fluorescence obtained at the optimal light dose (7 min}.
at MOI 5 is about twice the level observed without light
treatment at MOI 50. ILikewise the level achieved with
light treatment at MOI 1 is about the same as for MOI 20
without light treatment. Thus, with optimal

20 photochemical treatment a 20 times lower virus dose is
sufficient to give the same level of gene transduction
as for infection without photochemical treatment.

- The percentage of f-galactosidase positive cells
obtained at MOI 50 in this experiment was 90+3% (n=3) as
25 compared to 13%+4 (n=3) .for nonilluminated cells.

' Together with the results for HCT 116 cells presented
above this indicates that with adenovirus PCI can
transduce the total cell population.

30
Experimental protocols.

Cells and adenovirus. _
HCT 116 and WiDr human colon carcinoma cells were

'357- obtained from American Type Culture Collection (ATCC
nos. CCL-247 and CCL-218; respectively). Cells were
cultured in RPMI 1640 medium containing 10% fetal calf

Fompart




experinments. 15 Photochem cal treatnment. 50 000 cells per well were seeded

in 6-well plates (Costar,) and incubated overnight at 37C.2711MaY 2089%4i um
containing 20 ng/m AlPcS2a (Phorphyrin Products, Logan, 20 UT) was added,

" the cell s“y@gzg*4%§;$ubat ed for 18 h at 37C, washed three ti with medi um

and i ncubate another 3 h at 37C. The nediumwas re Bd>3o pl

of AAHCW-1acZ was added. After incubation for 30 min at 37C, 2 ml nedium
was added and the cells were 7 25 incubatgsl for 30 m n before exposure to
red light (Phillips TL 20 W09, filtered through a Cnemoid 35 filter,
with a light isfmasi t300 50n mgertie 1ddhnl, s 10f0 @I Wbt oBgfodne aaudalzysi s

N i T R e

30 X-gal staining of cel or X-gal r ono-

. gal act opyr anoSiBeRLEPEPRERE -t he nmedi um was discarded, 1 nl of fixative

sol ution (0, 05% gl uttay aletediidiondrit BBShovS @S ragdenr-and A ke erlilg Welke
The f! ative solution was

i ncubated at r.pom _ .tenmper.ature for 15.nin.
- di scarde% and E?’hec‘jce Ir%)a r%e%ﬁ?él&rﬂjrwggl EYmEde fFUBB8 27 May 2005 WO

02/ 44395 PCT/ GB-DEEREDV 48 satprcgwrbetre wper abitad nesie byn thomclogonas for 10
T Kot oS Bt paea i el Louod Byt el iy oboricongel solutior
the cells wer d83dA% &F Rdr- 5 199 .t J -6¢Br NigRL -at 787CL&53 -6Ber ved by
i croscopy (1l@@cofbiaghit veaidddd) wesknglanulXpbovert 8109 rdhe @SCaRgH
(201 59) g 1 S0E100 S0l ot o f7Shiske o B RULRLAIA ke 10 e
al., 1995, Methods Mol. Genet. 7:13-30). 'The virus-
solution was diluted in PBS containing 0.68 mM CaCl:z and
0.5 mM MgClz to the MOIs employed in the different
experiments. '
15
Photochemical treatment.
50 000 cells per well were seeded in 6-well plates
(Costar,)} and incubated overnight at 37°C. 1 ml medium
containing 20 mg/ml_ﬁchSn.(Phorphyrin Products, Logan,
20 UT) -was added, the cells were incubated for 18 h at
37°C, washed three times with medium and incubated for
another 3 h at 37°C. The medium was removed and 200 nl
of AdHCMV-lac? was added. After incubation for 30 min
at 37°C, 2 ml medium was added and the cells were
25 incubated for 30 min before exposure ﬁo red light
(Phillips TL 20 W/09, filtered through a Cinemoid 35
filter, with a light intensity reaching the cells of
13.5 W/m2). Before analysis of B-galactosidase activity
the cells were incubated at 37°C for two days. ‘

30
X-gal staining of cells
For X-gal (5-bromo-4-chloro-3~indolyl—f-D-
galactopyranoside) staining the medium was discarded, 1
ml of fixative solution (0,05% glutaraldehyde in PBS)
35 “was added and the cells were incubated at room

- temperature for 15 min. The fixative solution was
- discarded and the cells were washed three times in PBS




resuspended in 25 m nedium and incubated for 5 mn at 37C_25 nm of 2 mM

fluorescein di-(3-D gal actopyranosi de (Ml ecul ar Probes, ,Ooé?) was
added, and the cells were incubated for 1 mn at 37C 15 before being

di | ut ed byw@dsisg 450 nl ice cold growh nedium The sanples/gueiesdksept on
ice for 30-60 min, filtered through a 50 mm mesh nylon filter and anal yzed
in a FACS-Calibur flow cytonmeter (Becton Di ckinson). For. each sanple 10
000 events were col |l ected. 20 Fluorescein-4f uorescence was neasured through
a 510- 530nmf| ter after exc tation Wltg an_argon | ser 15m\V  488nm) .
Dead cel|s wer% dF Seti ’ﬁ%‘?ﬁﬁ FFBm' SPAGR r&flﬁﬁl E’aée PE B& §atirng &8t
forward scatteandgthérdusissds wseat peritngmedheudakayper e lamdl Kzedlwi th t he

CELLQuest 25 (Becton. DI cki nk. .. Eff PCI
adenovi rus triﬁé%ﬁgﬁgn@gf&@ﬁéﬁﬁaﬁ %Fgl%?%)t&% ‘uor g@(i:eh? ¢l
di - (3- D- gal actBByRAndsoad) (m)avlﬁgdpan@lh‘ab@dceﬂﬂ@nwmeeamwbapuedwgr

(F- 1179) 5A 204nMﬁbogke.sﬂigratoat3§7m@saﬁaeegg@§vl§u stmb\ﬁo@,&ob@e (R@vder
ina 1:1 mxt radya added to an

re was
appr oprl ate V#Jﬁ%g?ﬁg\/s‘%ﬁo%t‘é?l’?% ﬁﬁk@xéogeftlsﬁol\/ﬁ'ﬁ*c?%@o?ﬁo 02/ 44395
PCT/ (BBA / 05281 {Z2d¥ss 1 10t bMsQ) mchanobpsal uaimera Theisegonbi nant virus
AdCAl71acZ was fornmed and propagated in the human cell |ine 293, an Ad Ei
5 transforned enbryonic kidney cell |ine maintained in MEM F-11 nedium
suppl enent ed Wrew 1ewbmestry oraly$ispenicillin (G bco-BRL), 0.1 ng/m

streptonygin (G bcorn8Ra1 BOAs2r &M gL HERRE B84, 19e§99§k{15‘é8' on of

reconbi nant virus The re&onblfgnt adenovi rus AdCA 71acz entodi ng the E.
resuspende ml medium and incubated for 5 min at

37°C. 25 ml of 2 mM fluorescein di-B-D-
galactopyranoside (Molecular Probes, Eugene, OR) was
added, and the cells were incubated for 1 min at 37°C

15 before being diluted by adding 450 ml ice cold growth
medium. The samples were kept on ice for 30-60 min,
filtered through a 50 mm mesh nylon filter and analyzed
in a FACS-Calibur flow cytometér (Becton Dickinson).

For each sample 10 000 events were collected.

20 Fluorescein-fluorescence was measured through a 510-
530nm filter after excitation with an argon laser (15mW,
488nm). Dead cells were discriminated from single
viable cells by gating on forward scattering versus side
scattering. The data were analyzed with the CELLQuest

25. Software (Becton Dickinson) . , - b

Example 4

Effect of PCI on adenovirusg transduction of THX cells
Material

Fluorescein di-p-D-galactopyranogide (FDG) was purchased
from Molecular Probes (F-117%2). A 20 mM stock solution

. 35 was prepared by dissolving the powder in a 1:1 mixture
of DMSO/ethanol. The mixture was gradually added to an

appropriate volume ice-cold water to make a 8:1:1




coli lacZ gene un‘der' control of the human CW pronoter was gk?t al n-gd by
honol ogous reconbi nati on using the pJML7 systemin 293 celd’ iyﬁ@(ﬁ’ son et
al ., 1997, J. Gen. 15 Virol., 78, 1653-1661). Reconbi nant vectors were "~

" plaque pyd fi.ed. grown to high titre in 293 cells and purjfi by cesium
chl ori de g@n@fﬁ%"as previously described (Htt et al., 19‘515?"8%{(1%%}5 in
Mol . Genetics., 7, 15-30). 20 Sensitizing of cells The THX Cells (4 x 105
cells) were seeded out in 6 cm dishes amf7at| owed to grow overni ght. At
approximately 60% confl uence the grow h nmedi um was exchanged with 2 m
growt h medi untsQPpMEdEskeaned t soRotgpnt AL1PCS2a, and the 25 dishes were

pl aced back into the incubator for 16-18 hours. The sensitizer-containing
medi um was thﬁ?}ssucked off, and the cells were incubated in ordinary

.growth nedi utt'§t TEERCPLRAREL VI THSE SOEALTIRCE Mgt hORmesh @0 r us

i nfection. 30pknbeghted dh chkl hiuvhappsiel1EDIAsNVaDsSesh tad gatach cells from
three di ghes . a ry.in t di.shes was . cal cul ate -
- B{r cher cham{é?ggggﬁﬁﬁg. Qﬂggjﬁ%\‘/‘i&%{r}%ﬁ&‘f At tasg TRINEATRRE) T Wi th
0. 68 mM CaCl2Fahd ®Bedinm pyeplemgatedd Wight 4 0Bh&dsuni®0 &/mdel |s to infect.

Usual Iy the pehlisinesg i(eagebe@;&? 20 g /m1( Bl Rl h QhigeMBy 2005
ectll or

WO 02/ 44395 P%L%Oléo 281 4118 in on) "'of 1 and 10. "Be e Virus was
added the cel pBAegpBYedltGamade-| i ght (Philips TL 20W09, filtered
through a G nenoid 35 5 filter with a light intensity reaching the cells

of 1.35;4nMWc 1 put es, ent.ly the nedi umwas sucked off and
200 | V%I’US sus%%%gl (E)F];é {8 2o 9 Eiiadishal Cl2 and 0.5 MMM 2 in the

cases of contFBfsrasembirant eédﬂnpwiﬁlﬁué)i%é§ladﬂe¢m@déagh thesE. After
' coli lacZ gene under control of the human CMV promcter

was obtained by homologous recombination using the pJIM17
system in 293 cells (Addison et al., 1997, J. Gen.

15 Virol., 78, 1653-1661}. Recombinant vectors were plaque
purified, grown to high titre in 293 cells and purified
by cesium chloride banding as previously described (Hitt
et al., 1995, Methods in Mol. Genetics., 7, 15-30).

20 Sensitizing of cells
The THX cells (4 x 10> cells) were sgeeded out in 6 cm
dishes and allowed to grow overnight. At approximately
60% confluence the growth medium was exchanged with 2 ml
- growth medium supplemented with 20 pg/ml AlPcS,., and the
25 dishes were placed back into the incubator for 16-18
hours. The sensitizer-containing medium was then sucked
off, and the cells were incubated in ordinary growth
medium at least 4.hours before light treatment and virus
infection. '
30 -
Infection of cells
Trypsin-EDTA was used to detach cells from three dishes
and the mean cell number in the dishes was calculated by
Blircher chamber counting. Adenovirus dilutions were
35 . prepared in PBS with 0.68 mM CaCl, and 0.5 mM MgCl,
according to the number of cells to infect. Usually the

cells were infected at an m.o.i. (multiplicity of




10 incubation for 30 mnutes at 37C, 5.m ordinary growh 6@3@§égb s added
and the cells were allowed to grow for 48 hours. 6-gal act ssay 15

The cells were detached by Trypsin-EDTA and resuspended in 5 m growh
medi a. Afwepopemdyifugation for 5 mnutes at 1000 rpm t heCTve@HLIOS2BAS
sucked off; the cell pellets resuspended in 50 Al growth medium and the
tubes placed in a 37C water bath for 5 minutes. 20 Subsequéently, 50 Al of
2.mM FDG sol ution preheated to 37C was -added and the tubes placed back
into the water, bath for 1 mnute. Finally, 900 | growth mediumwas added
and the tubes WRFECTheRbaPEdLoAPAcdOfor 30-60 minutes before the sanpl es
were anal ysed by flow 25 cytometry as described above THX cells were

t ted with AlP (denot ed d ad ' denot ed
ns Viruss on BTEGre VAFUS.Hag.B00cd Fhesctrl HERA! EE0GPoRI bR Ted
descri bed 30 i hidsht e Phiilapd WBtEOW#oandfméasweédthmougﬁ-gabanemeldass

(R-gal) %t'v'fyléérf%Q%%t %?5& fhgstp a!re&éh?fxé gt l:ﬁ'liéé

quantified by integrating t ive ce eir gar
activity. Bot ant%%m Indser3 dmllzlgt@% p%éb%wre@ht%dn@ci@rw@a@(s gal 35

activity was Iél@di)@@@eéfb)’ahﬁezﬁ’ﬁl plreakiBnEuspbasigaul(bs ﬁﬁgv\wwﬁtorﬂ;@l nal

prestion of T 652 o e S0 00 0L BT el ] g o

phot osensi ti sitmgeagedt whuh tvhatisphetechddedako tacht dérh,. | Aftetrhe addition .

[ ansauck' on ofePT (b ehonn By AHRE; Al ades |5 B par ALhaft (ot

Exanple 5 10 Pﬁﬁfﬂb@rhewaaaadéeﬂnﬁndt tha @*FlééleW@VfﬁrBélﬁﬁﬁﬁat:@dg?g@‘ﬁefor
48 hours.

B-galactosidase assay

15 The cells were detached by Trypsin~-EDTA and resuspended
in 5 ml growth media. After centrifugation for 5
minutes at 1000 rpm, the medium was sucked off, the cell
pellets resuspended in 50 pl growth medium and the tubes
placed in a 37°C water bath for 5 minutes.

20 Subsequently, 50 pl of 2 mM FDG-solution preheated to
37°C was added and the tubes placed back into the water
bath for 1 minute. Finally, 300 pl growth medium was
added and the tubes were incubated on ice for 30-60
minutes before the samples were analysed by flow

25  cytometry as described above.

THX cells were treated with AlPcS;, (denoted as PS on
Pigure 4) and adenovirus . (denoted as "virus" on Figure
4) and expoged to 3 or 4 minutes of light as described

30 in Material and Methods and measured for B-galactosidase
(B-gal) activity by flow cytometry. The total B-gal
activity was quantified by integrating the B-gal
positive cells and their f-gal activity. . Both the
number of B-gal positive cells and the mean B-gal

35 ‘activity was increased by the PCI treatment.

The results show that minimal infection of THX cells




transduction 5 x 104 THX cells per well were seeded out |nt é@ mg&&k
plates. The next day 20 g/m AlPcS2a was added, and the ?y re

i ncubated for 18 h at 37C. Al the procedures after ALPCSZa addition were
carried [ ybdued light. For the "light before"” stra e _cells
wer e was(r)\‘gg‘]?“é% "Al PcS2a and incubated in Al PcS2a-free rré%%%@@ P24 .

Then the cells were exposed 20 to light for 3 min before th€ treatnent with
the adenoviral vector AJHCW-I|acZ (al so 4@ferred to in Exanpl e 4 as
AdCAl7lacZz) at a nultiplicity of infection for 30 mn. This
vector contai REATS Whgdl ddrosieddse ari@pdrrt@b Wmséfléxwr @dsinen cgan be

25 anal ysed byrifrh@wagidt @RIHosdnEae iRelRVagdi®t dite cHdbhRenitidat egy
AlPcS2a- treatsg and washed cells e flrst tre ed wi th adenovirus at the
éﬁg t

same concent FACPONATd Porf t AdSs ve, 30 washed,
and after addp@pﬁwaﬁhﬂmﬂﬂﬂlngﬂdgmniIﬂmynﬂﬁ1dﬁﬁﬁbﬁ¢xﬁ@ﬂﬂﬁ@ﬂﬂs the

Non-i || ugl nat %@acﬁ%ldhﬁzt%r EE'I’ eahed 1Mo ashl-%(ymor?g;e s 1§%Gent. for, Bgal 5s

-illum nation. The treate I's were was A culture e
and after addREtéNi&#)f-resh medi umincubated at 37C before further
anal ysis. )3-gal act osi dase expression was analysed by flow cytonetry two
days after Iight Zi wgy 2005 WD 02/44395 PCT/ GBOL1/ 05281 50 exposure.
Detail ed neth nstruction of the virus (which is referred to
ei ther as AJHOW-1acZ or AdCAl7lacZ), treatnment of the cells, illum nation
an} anabysi spab E-aalAcLAsI1a50) SXRLES 900 AR ASALIhA] 2e under, gxanp e

. ) .. POT O a a ng e
"I'i ght befor etrppegglfen shown by t he bars on the right hand side of
Figure 5) increases 10 the percentage of i5-gal actosidase-expressing cells
about

5 x 10" THX cells per well were seeded out into 6-well
plates. The next day 20 pg/ml AlPcS,, was added, and the
15 - cells were incubated for 18 h at 37°C. All the
procedures after AlPcS,, addition were carried on in
subdued light. For the "light before" strateqgy, the
cells were washed from AlPcS,, and incubated in
AlPcS, ~free medium for 4 h. Then the cells were exposed
20 to light for 3 min before the treatment with the
adenoviral vector AdHCMV-lacZ (also referred to in
Example 4 as AdCAl7lacZ) at a multiplicity of infection
(MOI) of 1 for 30 min. This vector contains a
B-galactosidase reporter gene whose expression can be

25 analysed by flow cytometry (see below).

- For the "light after" strategy AlPcS,,-treated and washed
cells were first treated with adenovirus at the same
- concentration and for the same time as indicated above,
30 washed; and after addition of fresh culture medium
exposéd to light. Non-illuminated cells were treated in

a similar way except for illumination.

The treated cells were washed once with culture medium
35 - and after addition of fresh medium incubated at 37°C
before further analysis. p-galactosidase expression was

analysed by flow cytometry two days after light



6-fold; from2.5 %to 15 % under these experinental condlgﬁ, S. agg can )
al so be seen that the effect with the "light before" proc al nost

equal to what was obtained with the "light after” nethod (shown by the 15
bars on theoleefitzshand side of Figure 5). Exanple 6 |ncrea®e€TicB01/05281

9- gal act osi dase production as a result of 20 PCl-nediated transduction

wi th an adenovirus encodi ng 13- galact05|qﬂ§e The cells werée grown,

i ncubated with Al PcS2a, infected wth the virus AJHCW-LacZ and

[ um nat od as 48tk Bedntn gt RORE! I8N LoheRLALRTELS ol RuRAIRLE, S

To measure the pfoduction of S oS daze prot mi nescent
O Gal reporter 8@&5 a§§a§e@?FrFﬂo§HEElt@§F aRo! dﬁcﬁﬁslgzﬁ)omas used

~according to thecgmamu&aqLUt@éaem@hQI@EOhheBbe@&by 1lmam§9bt§oweb%dwashed

30 th t d | | dded
to eagﬁeme:résiﬁ%gy ﬁ%gﬁga?’ 8? §6ﬁaﬁ9 eﬁpgg88ﬁ9¥2%%8r§%%% ieﬁl ©

extract was trandeesr Ezsdmplile an eppendorf tube, centrifuged at 4C for 2 min
at  maxi num speed, and 50 1 of the cell extract 35 (supernatant) was
transferred to a mcrotiter plate well. 100 Al substrate reagent was
added, the ni &P8tFPERLEFatEigas) coReredhBy £bFI PhAEOorhembardd at 27 May

2005 WD 02/44895aEﬁEhEBﬁ&&ﬁ§28ﬁe «15§htrg@ﬂbkenpgfaaéaaréowsﬁéwm Byt 0 1 h

with gentle r3£§ Afte%hlncub 8n t.he g g gla e .was placed in a

| umi nonet er ( ﬁrﬁaPFa T4569N1 Fpgbgﬁ Bht EIYUERA> ) sADEFSPRPE ation

sol uti orlfas |hhecpedcautagatofaﬁkgalacgbsedaaedek@yeeélﬁgsceume laibepiit:

production in 5 g,y8$ 5&8 egrated, ,The anp aérOEh§ Qaéﬁéé9§hgﬁ§§1“ﬁs

cal cul ated from a stan curve from sanp es con nown amount s of

i 3- gaIaCtOSIdag%ndltlons It can also be seen that the effect with the )
"light before" procedure was almost equal to what was
obtained with the "light after" method {shown by the

15 bars on the left hand side of Figure 5).

Example 6

Increase in B-galactosidase proguction as a regult of
20 PCI-mediated transduction with an adenovirus encoding £-
galactogidase

The cells were grown, incubated with AlPcS,,, infected
with the virus AJHCMV-LacZ and illuminated as described -
25 under "Experimental protocols“ in Example 3. To measure
the production of f-galactosgidase prdtein a
chemiluminescent B-Gal reporter gene assay kit (Roche,
Cat. No. 1 758 241)-Wé$'used according to the
manufacturer's protocol. Briefly, the cells were washed
30 three times with precooled PBS and 1 ml of cell lysis
reagent was added to each well. After incubation for 30
min at room temperature the cell extract was transferred
to an eppendorf tube, centrifuged at 4°C for 2 min at
- maximum speed, and 50 ul of the cell extract |
35 = (supernatant) was transferred to a microtiter plate
well. 100 pl substrate reagent was added, the
microtiter plate was covered by foil and incubated at




10 Results Figure 6 shows the increase in production of B— %ﬁgl dase

protein that can be obtained after PCl-. induced adenovi rus tion of
. WDr hunman col on carci nonma cells. 15 Thus, fromFigure 6 |t can be seen

that at thg, 2] light dose an approximately 25 tines j n the

production o@? gal act osi dase protein can be observed in ﬂ_(ﬂlgbﬁglzﬁs%fuced

cells, corresponding well with what was obt ai ned by flowCytonetry

anal ysi s (e.qg. Exanpl es 2 and 3). Exarﬁ)l 7 25 Effect of PCl on

t ransducti on qf %%]'J"%ﬁ’% cﬁ? quSe 1n toItll I|C|rL5][ r\?ﬁfltlnfe Ji.on WDr

cells were cult vate ditim supp

(fetal calf sé&fifgy, iggubsiiisid |Hhy Stlmpttgrl‘rﬁaﬂ plafte wegl gsmdete.id m subdued
light, the m@dﬁ@ﬂ&%tre%rmﬁﬁ%@l@ ARdigm qqabamwg.ﬂab ggldﬁuéig;?ﬁ%nv‘igs

-added. The cells (protectedfrom ight) were, iIncubate

The cells wer e Wdehdditimtaon Srddittiorh vasdigieshed ruieaedd ®dlyanot her 3
hd 35 Tlhé me diaufibein at mmwml fl 1plsgt eslevvaagherrpmducz%nphrgﬁs ﬁihfaas”

- AdHCW- | acZ a o] and the cells were
i ncubat ed forqgl%%#lﬂal&%ds37%%0%%9%86§f§2§§?a§&f@§01/ 05281 52
(protected fré&mlicidRted Fromnyia @§a§@lamd| enrves fremvatdipleandontteiiacdinos wer e

washed once Widibwiedindiint Br Bd4crwagaadded and the cells were
i ncubated for 30 mn at 37C (protected fromlight). Sone of the cells were

5 exposed to 90 s of blue light with a light intensity reaching the cells
of 11 micn?. FEsmleal | s were incubated for 2 days (still protected from

light) prior pliganaky sk ioty3192h 35505k dage ARLEYLLY oy 4. oW
galactosidase protein that can be obtained after pCI-
induced adenovirus transduction of WiDr human colon

carcinoma cells.
15 o
Thus, from Figure 6 it can be seen that at the maximal

light dose an approximately 25 times increase in the
production of R-galactosidase protein can be obsgserved in
... the transduced cells, corresponding well with what was
.20 obtained by flow cytometry analysis (e.g. Examples 2 and
3).

Example.7

SR ;s 25 Effect of PCI on transduction of WiDr cellg at different
multiplicities of infection

WiDr cells were. cultivated in RPMI 1640 medium
supplemented with 10 % FCS (fetal calf serum),
30 Penicillin/Streptomycin and L-glutamine. In subdued
light, the medium was removed and medium containing 1
- 1g/ml TPPS,, was added. The cells (protected from light)
were incubated at 37°C for 18 h. The cells were wasghed
three times with medium and incubated for another 3 h.
35 . The medium in the 6-well plates-wés removed, 200 ul of
" the AJHCMV-l1lacZ adenovirus solution was added to each
- well and the cells were incubated for 30 min at 37°C



cytonetry as described under "Experinental protocols" in 1(%Shli|:_><a | e 3. )
Results Figure 7 shows that wth the enpl oynent of PCl it 3 ayp%éi ble to

achi eve 100 o transduced cells even in cases 15 where this is not possible

Wi th conveH3ds i nfecti on using nanageabl e virus doses. PUHGEB1/P528Ure 7

shows that with WDr cells and a virus dose of 100 MJ with PCl 100
transduction is achieved, while less that_30 O transduction is obtained

with conventional infection. 20 Likew se af MO 50, >90% transducti on was

achi eved after | i | i t PCl 0Q..t 10 i ned.
Exanple 8 25 (Etljfg géeic t\c%a I-ff%lcyeﬁonlr}L EHovi rTége %rla%‘%;%iﬁ%nl%&? %3?%%?(}%@, The
A549 cel | s wepadc e valdd iwerRPMasiBrd qnt ofaths apssliarrent el i thedioid FCS -
(fetal calf seaumhadd@ RBem @iHd idd1Std RGN d -t fEips, 49 subdued

l'ight, the nmediym was renpved and di um cont ai ni ng .20 /Al PcS2a was
ndded. The coPVeC( NPOPECEERT M MG verEten b ited Tl &7 e 18 h.
The cel | $ wer expuwaededd ree tdfmesi e tih gadivimtard iirfubatecedorzyanot her 35

3 h. The nedi re e 0 e Ad - | novi r us
solution (gi v%%wgl%nﬁu%o ]‘21\%61sojfaélll'clileSIR‘{}O':Iarl éac?g\%glcfﬁgéd“%%e cells were
i ncubat ed f or i3gubirtegt £27 a@PadG05( s 10 4398 RCTHIGRO Y DHR81 pBsidr 37C

(protected frgm bhﬁ'iﬁr)sigh%o\!:i r%ﬁ?ﬁdﬂds%’&a% aét%m\t%}j,b}an@lévpe cells were
washed once with nmedium 2 ded

n di um was added and the cells re
i ncubat ed for c@’éomﬁitﬁyata%ﬁés(cﬁg&e&t F o R SFHEScHe E‘i‘FO"'tCPF\é\’F]&*'I 131 5 _
wer e exposed Egameldel Bght as descri bed under "Experinental protocols”. The
cells were incubated for 2 days (still protected fromlight) prior to
anal ysi s
Results

Figure 7 shows that with the employment of PCI it is
possible to achieve 100 % transduced cells even in cases.

is5 where this is not possible with conventional infection
using manageable virus doses. Thus, Figure 7 shows that
with WiDr cells and a virus dose of 100 MOI with PCI 100
% transduction is achieved, while less that 30 % '
transduction is obtained with conventional infection.

20 Likewise at MOI 50, =>90% transduction was achieved after
PCI, while without PCI <20% transductiocn can be

obtained.

Example 8

o

25 | |
‘ Bffect of PCI on adenovirus transduction of AG49 cells

The AS549 cells were cultivated in RPMI 1640 medium
supplemented with 10 % FCS (fetal calf serum) , -

30 Penicillin/Streptomycin and L~glutamine. In subdued -
1ight, the medium was removed and medium containing 20
pug/ml AlPcS,, was added. The cells (protected from
light) were incubated at 37°C for 18 h. The cells were
washed three times with medium and incubated for another

35 3 h. The medium was removed, 200 ul of the AdHCMV-lacZ
adenovirus solution (giving an MOI of 5) was added to
each well and the cells were incubated for 30_minrat



for 0-galactosidése activity by flow cytonetry as describ%gr@
"Experinental protocols" in Exanple 3. 10 Results Figure that PCl
can enhance adenovirus-nedi ated gene transduction of A549 hunan | ung

" cancer ¢ bstantlally Thus, as conpared to "nornal i.on, 15
(the A+ ékb%nu? with O mn Ilght) PCl with a 6 mn Fﬂﬁgﬁg |%H time

i ncreased the nunber of transduced cells by about 11 tlnes fromabout 3 o
to about 33 positive cells. 20 Exanple ®3FC effect on transduction of

HeLa and Frexl 1| cell lines 25 HelLa cells were obtained from Anerican Type
Culture Col | édtFofPraracird RumunliahhhonaTheexirusceplvtienewasst abl i shed

at the “br“egkémoﬂédlU&hﬁoﬁﬂbtébllgh%e%§|h%éﬁ%ﬁ?d%&@mwlthn%ﬁaihﬁp wit h the
photosen3|t|zea TRPS2a %gé hnf cted ﬁfth AdHCNVug acZ adenOV|rus 30
N 8), 111 unfhaPEE ERd"aRAPYSEH 2RIaEBEr FRAS ¥oTB AT SIRESH B8

Fi gure 9 showsitthat PEFCi fpreasesedir Ainsdutighn)al ssoma o85théetelasand

Frext 11 gel | Lbogs 20oMen 20054V 021 44305 PCTGRRII Q001 54 Exarmi e 10

-Effect of PCl on treé ction ENOVi rus associ at with
-L-11ysine caPEFEﬁrSmVPDP1c§FP§Oﬂél§"groWheaﬁﬁlﬂﬁcM@ﬁﬁeénﬂpbhtﬁﬁefor

photosensntlzgrdE?BSZQtﬁilpg&atéctéa ﬁegﬁraagﬂtnnpéﬁ%ﬁpk% aha1faliy-L-Lysine
(PLL, MW 2070 % mg i nL gga The Cogce tration of virus gartlcles in
the virus 10 pPEpar8eiBHtRESIGaeePRFAZY By PHeddoM FYERIEE Ecer ding to
' descrlbed under "Experimental protocols" in Example 3.
iQ
Results
Pigure 8 shows that PCI can enhance adenovirus-mediated
gene transduction of AS549 human lung cancer cells
substantially. Thus, as compared to "normal infection®
15 (the A+ S- sample with 0 min light) PCI with a 6 min
illumination time increased the number of transduced
cells by about 11 times, from about 3 % to about 33 %

positive cells.

20 - Example 9

PQI effect on transduction of Hel.a and FmexIITI cell

lines

25 HelLa cells were obtained from American Type Culture
Collection, and the human melanoma FmexIII cells were
established at the Norwegian Radium Hospital.

The cells were grown, incubated with the photosensitizer
TPPS;, (1 ug/ml), infected with AJHCMV-lacZ adenovirus

30 (MOI 5), illuminated and analysed as described in

Example 7. R

Results
Flgure ‘9 shows that PCI increases transduction also in
35 the Hela and FmexIII cell lines.




Mttereder et al. (J. Virol. 1996 11:7498-7509). The foll og'gr}%t 5 )
Adenovi rus/ PLL- conpl exes were made: 15 5PLL/Ad: 5 nol ecul W_O&gr Vi rus
particle. 500PLL/Ad: 500 nol ecules PLL per virus particle. 250PLL/Ad: 250
nol ecul eswRkb2/p895 virus particle. 20 50PLL/ Ad: 50 nol ecul per/féiso1/ps281 Vi r us
particle. A PLL dilution was added to a viral particle dilution. Sanples
were m xed carefully by inversion or gentl pipette tip aspiration, and

i ncubated for 30 min in room 25 tenperat Sge.' The mediumin the 6-well

pl ates was re@y%ﬁgdlgoo M of the adenovirus solution or PLL/Ad

sol ution was adde 0 each well at an MJ of 5. The cells were incubated
30 for 30 mn at 37C (protected fromlight). Plates not infected with

Adenovi rus wergrssee b 208 M oPBS-00k Ju ot THe @%/a&éné@ifﬁé%s%éié€%ﬁved’
and cells vere A shed nce th medium 2 medi um was added an e
cells were inv\gfgﬁr%cﬁg%%‘e&ﬁ-' - H Rt S8 S hrotected from35'1ight), before

bei ng exPposed to blue Iight as. described in exanple 7. The cells were

i ncubat ed for y&day, t. t f i ) jor, to analysis for f3
27 May 2005 \3‘\%%%‘%4]3‘(9_% "E%ﬁ REESE {‘g‘gﬁﬂéa%‘%t%%ﬂaa{s%eacti vity by flow
cytometry as ®RRGIIRAFLLIRY TEBSer  heng 4l by ovscéeserihe@xanpEsadple
Results 5 Fi gure ddlshows,diad L\l S2 87 §F) | haf ©ASE y\flfrﬁ@.t )
adenovirus has been associ ate V\aﬁfiﬁ t he car ielr:%{l)ol y-L-, i1 Lysine %LL). As
can be seen frrSMTTYHE LG iHf EYTHH PAT Y s e g7i¥HB 0 nin |ight
doses) @dave vemedemmtitaransdiuclétonriiikd] bptheaddhi mnda tdedrdldg asoa 10

carrier It | 5 apparenly (a1 || B ngiLon ofgd e, £8f L5, 4agbpes a |1 ot

dose dependent "increase in transduction

The following Adenovirus/PLL-complexes were made:
15 5PLL/Ad: 5 molecules PLL per virus particlé.
500PLL/Ad: 500 molecules PLL per virus particle.

 250PLL/Ad: 250 molecules PLL per virus particle.

20
50PLL/Ad: 50 molecules PLL per virus particle.'
A PLL dilution was added to a viral particle dilution.
Samples were mixed carefully by inversion or géntle
pipette tip aspiration, and incubated for 30 min in room
25 temperature. ' '

The medium in the 6-well plates was removed and 200 ul
of the adenovirus solution on PLL/Ad solution was added
to each well at an MOI of 5. The cells wére_incubated
30 for 30 min at 37°C (protected from light) . Plates not
infected with Adenovirus were added 200 pl PBS only.
~ The 200 uyl solution was removed, and cells were washed
once with medium. 2 ml medium was added and the cells
. were incubated for 30 min at 37°C (protected from
35 light), before being exposed to blue 1ight_as.described
| in example 7. The cells were'incubated,fot 2 days
(still protected from light) prior to analysis for B-




both with and without the 'PLL, due to the PCl-effects. W“él ;hgodgi ghest
transduction efficiency obtained wthout PLL (O on Figure YE‘N \vas 37 0, 87
o positive 15 cells could be achieved with the conbination of PCl and PLL

O, reprewa,‘jlﬂgg’_a > 20-fold increase in the percentage (r)'j duced
- LRI ot

cell s as conpar &d to what was achieved under the sane co

PCi, and a 100-fold increase as conpared to normal infection (0 mn 20
light without PLL). Thus, PCl can substangtgally increase the efficiency of
transduction with PLL coated adenovirus, and by using this conbination a
much hi gher tFarciesidasefddrivnty mant e aghticensadyt kan deyctilesd

conbi nati on ofyRad Wz %%& géj:e(i\?é/éé v g Egéﬁ{fﬁle 1 Effect of PCl on
adenovirus transducti O}E‘b of a human skin 1?E'lsbrltz)rgl as _ceei I31'I i ne enpl oyi ng

-poly-L-lysine as a 30 carrier for the virus The HF- 16 human skin fi brobl ast
cells were gr RexudeE treated with the photosensitizer TPPS2a as descri bed

in Exa e 7....A.coml ex.of P n irus (25Q nol ecul es of 35 PLL per
“Virus pg%]ti cl eESl %en%aogfké%wsdétéb% gjeeéI i'fP rf&sé’ 1D 2 57F S Nt | diSwer e
infected at amdwbowirss had |hevmatsxbaind ahatitdedhas desdrdbebliy-Exanpl e
10. 27 May ZOQE/S.i\PQ 0(%{]ﬂ44?195 23 aq?’%lé Q'ai.?e%l‘ f:ra%@rblﬁ%%@e 1 F:l.l rcr ai%‘oi‘rhzgg)},\gn

the effect of using PCl in conmbination wth carrier on
of a human skiHtHqud JSiTaski -sel Iths e wimE light Hdasesyl ssvecatdry draww 5 known

to very resistagndduadeiovi<sss Hots due haRd cruCanbaseen from
cell's 1 S¥very TRV IS (1 cnATREFTY GIRF 3 i adsRo St ietce Wi PLL
i s enpl oyed asndlucas izerlitdhe tomms dlegtdrdieraf fimcireasy in transduction
both with and without the PLL, due to the PCI-effects.
While the highest transduction efficiency cobtained
without PLL (O on Figure 10) was 37 %, 87 % positive
15 cells could be achieved with the combination of PCI and
PLL (@), representing a > 20-fold increase in the
percentage of transduced cells as compared to what was
achieved under the same conditions without PCI, and a
100-fold increase as compared to normal infeCtion (0 min
20 light without PLL). Thus, PCI can substantially
increase the efficiency of transduction with PLL coated
adenovirus, and by using this combination a much higher
transduction efficiency can be achieved than for the
combination of PCI with uncoated adenovirus.
25 '

Example 11

Effect of PCI_on adenovirus transduction of a human skin
" fibroblast cell Yine employing poly-L-lysine as a
30 ‘carrier for the virus o ' o

The HF-16 human skin fibroblast cells were grown and
treated with the photosensitizer TPPS,, asrdescribéd in
Examplé 7. A complex of PLL and virus (250 molecules of
35  PLL per virus particle) was made as describéd in Example
10, and the cells were infected at an MOI of 5,
illuminated and analysed as deéscribed in Example 10.




10 without light treatnent increases slightly, but it can e,se t hat PCl

in this case substantially enhances transduction, wth a If ?Mﬁbguced
increase from7.5 to 44.5 %transduced cells being observed under opti nal
condi t i onyo 04895 conbi ning the use of a carrier with 15 t perl@orheshnol ogy
can give efficient transduction of cells that are otherw se very resistant
to transduction. Exanple 12 20 Effect of PCl on adenovirus transduction
using the polycationic dendrimer Super_Fe%?(F) as a virus carrier WDr
cells were gr %’(&Lﬁ]@% i ncubated with the photosensitizer TPPS2a (|1 Ag/m ), as
described in Exanple 25 7. SuperFect(r) was purchased from Q AGEN (3

mg/ m). The &denaw dis abswts Whe AHEWE |t s iade ROA rirs/ Sugeiecidn)

conpl exes at diskheten, CARGA! il tuplantiPREFeH JaiedRdg fy adding 30
di fferent arm%nr]i?s gf Super Fect(r) to the adenovirus solution and incubating

for 30 mn at Sildr & itern@hmedilum iF-Rrblaskl rebl atase was
renoved and 2@@ouh tef vadenadsius/amitpard-erididvicam|exassaast asideghat an 35

Adenovirus do _.The cel |l s were .incybated for , 30 mn at 37C

(pr ot ect ed fro%% I%%élh’v?)e.%‘ﬁﬁél %@mglﬁ%ué:leutliloﬁcq}/%s%o%d,tﬁ?ﬁs%"é‘ftf%or\}\ere

washed once witth 27 avehigho05vithenoe/ PUBD 5o POTHEBE 1465281is57enpdiam 2 ni

medi um was added ardhh@nceld VA |Eg tleq%]égq?eg’g)gmlfb t 3%t %(ﬁl_lect ed -
to blue lig SCri

fromlight), _ before being expose t” as | ed in anpl e
7. The cells W&r E™PACYKSt 8¢ Porarrdays tha iYyamsdciicn ffiemneyht ) prior .
to anal y&i s fafithdutgaliadtosirdasamedt! iividneadned |OwW AntBEtsu ax dager i bed

that PO |5 ePPoBErUs hrto YOl i Vs CAaFT B ST A A e e hys, a5
shown in . transduction, with a light-induced increase from 7.5 % TG
to 44.5 % transduced cells being observed under optimal
conditions. Thus, combining the use of a carrier with
15 the PCI technology can give efficient transduction of
cells that are otherwise very resistant to transduction.

Example 12

. 20 Effect of PCI on adenovirus transduction using the
polycationic dendrimer SuperFect® as a virus carrier

WiDr cells were grown and incubated with the
photosensitizer TPPS,, (lug/ml), as described in Example

25 7. SuperFect® was purchased from QIAGEN (3 wmg/ml). The »
adenovirus used was AJHCMV-lacZ.

Adenov:_i.rus/SuperFect® complexes at different
concentrations of SuperFect® were made by adding
30 . different amounts of SuperFect® to the adenovirus

golution and incubating for 30 min at room temperature.

The medium in the 6-well plates was removed and 200 ul
of adenovirus/SuperFect® complexes was added at an

35 = Adenovirus dose of MOI 5. The cells were incubated for
30 min at 37°C (protected from light). The 200 wl
solution was removed, and cells were washed once with




d

carrier, PCl can substantially increase adenovirus-mediatecfﬂa\z?i’(aé‘&)f’a
~transduction when the carrier 15 is used.in concentrations bel ow 50
jta/m. Mgg gmldes  With SuperFect(r), PCl was able to increase the

per cent age Jc??u%éréansduced cells to nearly 50 tines the vallﬁ:g”éﬁ 2Hed with
"normal " infection (i.e. without PCl and _wi thout SuperFect(T)), while PC
wi t hout SuperFect(r) gave a 20 maxi nal Tnefease of 12 tines and

Super Fect (r) an ngrease of 10 tines le 13 25 Different tine
schedul es forea_'!el%lqglrlrn]'nat% 3R BRATuywRs efred @r%égf &IFOAT 0€H9CT 116 cel |'s
were grown andrcugsted woth 3hainpadt 658asi(pirperctRESTacas 1deseni, bed in

Exampl e 7. Thger3@-eC @k ik osnfeet.ed1\Wat A ; -@g%y-L cZ adenovi r us
.(MI5) for 30.mn at different ti nebpofl\r{:‘ﬂtésll%' (;%ré%or eﬁrtlee}%e% ""uni nat i on

(whi ch was al REFEP4Sh 7af t dhet KelleeHsFal isrubas sphdiaas énslaiszeigtilThe cel | s

were ineubat parotecthear fiom 2igayy pstibkl tlr aheated f rp 3o light) prior to
-anal ysis for gé_ngIc%%th iad%se gct i.¥it b% flow cytonmetry as described under
"Experi ment al - protocorare I7REyE08E TheWosKE werrceseresbsd 58
Resul ts Fi guiade? SKomsrihmenthieptrobbeblie t.i ming of the light treatnent
relative to the delivery of the virus on the PCl effect on adenovirus

nmedi at ed gene_transduction. It 5 can be seen (Figure 13) that the PC

i llumination ?‘?Sugit\sective for along time interval both when the virus is

del i vered bef onezaatpdbenzi wei eflehsvened ahker poiyl liwmMaalipRveTBYS,, there

is atine V\ﬁnﬁg%o%i% Igast. 17 h gfro virus_given 4 h before
i |l umination to virus T0°grv&RTT3°h"aFt EPP P natli e FEPHDL BB vi rus
‘can be Figure 12 when the dendrimeric polycation SuperFect® is

used as a carxvier, PCI can substantially increase
- adenovirus-mediated gene transduction when the carrier

15 is used in concentrations below 50 ug/ml. Maximally,

with SuperFect®, PCI was able to increase the percentage

of transduced cells to nearly 50 times the value

obtained with "normal" infection (i.e. without PCI and

without SuperFect®), while PCT without. SuperFect® gave a
20 maximal increase of 12 times and SuperFect® alone an

increase of 10 times.

Example 13
25 Different time schedules for illumination and

administration of adenovirus

HCT 116 cells were grown and treated with the.
photosensitizer TPPS,, as described in Example 7. The

30 cells were infected with the Ad-HCMV-TLacZ-adenovirus
(MOI 5) for 30 min at different time points before or
after illumination (which was always 4-h after the
removal of the photosensitizer). The. cells were
incubated further for 2 days (still protected from

35 light) prior to analysis for B-galactosidase activity by‘
flow cytometry as described under "Experimental
protocols". |




adm nistered and illum nation can be perforned and where &g, go I ve: PCl
effect on transduction will still be mintained. This is qv %%%rtant
froma clinical point of view because it allows the clinician great 15

fl exibiliwoonigdesi gning the treatnment and coordinating i tPCraERiosrs:
treatnents the patient mght receive, e.g. to surgical procedures. Exanple
14 20 PCI enhancenent of the gene therapeutic effect of an adenovirus
vect or encoding Herpes Sinplex Virus thyfi®ine kinase 25 HCT 116

adenocar ci no eli% were infected with an adenovirus gene therapy vector
encodi ng t he gene (AdV-TK) and subjected to PCl-treatnent.

Condi tions forFigufeclBoshvesethse d€feciched  thdekimExpe Hifmeheall ightot ocol s”
(MJ=S). 2 day. n iffere 0 _concentratiqns of ciclovir
(GCV) was addé%ré;ﬁﬁé?ﬁ Lgigkggemgrekﬁhcg gvﬁryu hé%‘fo%x§sd§& @‘ ore
anal ysis of RET gfifervabnbgdenevirisreeddatefhosnaetiregsidsictiased

reduct i ons of accmt;gé §813Hb|(91 E:Eaégh' tamaﬁalche OMET) 16 Qmd N RIS 1 ¢l NSOl ubl e
formazan produc toc ndri al, dehydrogenases_present _in |iving,

met abol i cal | 'y '\‘%‘é E%l ST BndoRe HdBPUAPESKVAILNPRER When Fhervirdsadded
to the cells, i@ld@hbdeb¢d4bbf8%ewamd2&ﬁén Yo Q%/4é395eE€E!GEG&h05281 59

I ncubati on (37 2) resultin fornazan ar.e

di ssol ved by aggpﬁgl%%% %? |sg§g%paﬁgﬁre ég thB ngéf ﬁ§|ﬂeafﬁe
solution is tﬁﬁh§1eif§@m vhrusogivenl ¢ plb&éowhlahlumlneadomyt@ Milraisskan
EX 5 m aroopl atgs y&edes hLapsyst @M% unihatand) Whte?‘ei‘n5z m‘@ug andpass,e

filter. Results., As, can be seen_fromFigure 14 a_ |ight epen ent |ncrease
administered and illumination can be performed and where

the positive PCI effect on transduction will still be
maintained. This is very important from a clinical
point of view because it allows the c¢linician great

i5 flexibility in designing the treatment and coordinating
it to other treatments the patient might receive, e.g.

to surgical procedures.

Example 14

20 -
PCY enhancement of the gene therapeutic effect of an
adenovirug vector encoding Herpes Simplex Virus

thvmidine kinase

25 HCT 116 adenocarcinoma cells were infected with an
adenovirus gene therapy vector encoding the HSV-tk gene
(AdV-TK} and subjected to PCI-treatment. Conditions for
infection were as described under "Experimental
protocols® (MOI=5). 2 days after infection, different

30 concentrations of ganciclovir (GCV) was added, and the
cells were incubated further for 3 days before analysis
of cell survival by the MTT method. This method is
based on reduction of a water-soluble tetrazolium salt

 (MTT) to a purple, insoluble formazan product by
35 mitochondrial dehydrogenases §}esent in living,
metabolically active cells.  One ml medium containing
0.25 ug MIT is added to the cells, followed by 4 h




-Cainms: 1. An

10 in thetoxic effect of GCV could be observed for 3 diffegéﬂkaQ£ﬁgs of GCV
in cells receiving the A]PS2a photosensitizer, AdV-TK and Y
conparison no such effect was seen in control cells receiving only a

phot osensiyd #8345 €at nent, in cells receiving 15 photosen%kﬁ%églﬁgﬁ§3d(ﬂ

in cells recetving photosensitizer + AdV-TK, but no GCV. Shows t hat
the light-induced increase in GCV-nediated cell killing iS5 due to the
i ncreased TK gene delivery induced by thes9 RCl treatnment, |leading to an
increased activation of the 20 GCV prodrug. The HSV-tk gene/ GCV conbi nation
is widely ‘usédacuhaglipn dal7’€antérvgen€oiher e prestuddulrgy diedntdnss this
exanpl & shovs ckijatalll 268N diecuseda! 8y1 BEKEASERb 1 dESLEEARGRLE K| |1 NG

In ar ﬁ 5y. ce;

effects of a gene being used canc gene 't hera I's exanpl e

. shows that théS2898en¥Odelidr Penkghdi ngTher eetubiopcisi srapefprneded to

rﬁporter genesp hubet el list pakse famcheisseaa&05ygan?alt§aﬁaﬂiEﬁ proteins
t hat can.execyt r.a ti C ct .ln _capcer_c S.. 27 2005 60
ims: ° H&?ﬁSE?E?S %%%gfrV§%8%ﬁ§?ﬁgﬁsfo l?%??ggug?ﬁé 3NgﬁBI8@ule into
a cell, said henfpaseompliceirng contacting said cell with a

phot osensi ti sing agent, contacting said cell with the nolecule to be

i ntroduced (transfer nolecule) which is associated with a viral carrier,
and irradiat FR§YLEPd cell with Iight of a wavel ength effective to

activate the pbotesebsi teehngrageriguze ANt hoghesqepahaBati tnelahgel
wher ei n, sai d i '

wherein said Eﬁlg%éfg?gggrggﬁggtigfaéggg%gﬁgdgﬁ?géﬁ%gggﬁégfé%?%ﬂ]1cggpgises
a full |engthdgéherentcNaesr oft @BEV DhAcekhs odersivieg sahe, AbPSa functi ona
fragment t herﬁﬁétoéené‘iﬂﬁﬁggg agverpi R &Bvcl apmn éo?&ﬁ'g{‘f.égnsﬁé)dsﬁwﬁl eic
effect was seen in control cells receiving only
photosensitizer treatment, in cells receiving -
15  photosensitizer + GCV or in cells receiving
photosensitizer + AQV-TK, but no GCV. This shows that
the light-induced increase in GCV-mediated cell killing
is due to the increased TK gene delivery induced by the
PCI treatment, leading to an increased activation of the
20 GCV prodrug. The HSV-tk gene/GCV combination is widely
used in clinical cancer gene therapy protocols and thus
this example shows that PCI can be used to increase the
~desired cell killing effects of a gene being used in
_ " cancer dgene therapy. Hence, this example shows that the
25 'generdelivery enhancing effect of PCI is not limited to
reporter genesg, but that it also can be used for genes
“encoding proteins that can execute a therapeutic effect
in cancer cells.’ ‘ | |




nol ecul e encodes a prodrug activating enzyne, a protein tqgh@aw%&
apoptosis inducing protein, an inmmune stinulating factor, P

specific antigen, an inmune/ inflammation inhibitor, an angi ogenesis
inhibitor, a protein inducing vessel formation, a coagulation initiating
protein, an intracellular antibody or a reconbinant immunotoxin. 5. A
method as clainmed in claiml or 2 whereimEaid transfer nolecule is a

nucl eic acid nol ecul e which encodes an anti sense RNA nol ecule, a ribozyne,
an aptaner, an oligonucleotide or a triplex formng oligonucleotide. 6. A
method as clainmed in any one of clains 3 to 5 wherein said nucleic acid
mol ecul e i s 2@1@A™MBOO00 bases in length. 27 May 2005 61 7. A nethod as
claimed in any one of claims 1 to 6 wherein the transfer nolecule is a

pol ynucl eotide and_is  inserted within a viral construct which contains
viral derived-el ef8ntd edessarty o VéiabMePRE EoRstirteLtsingedone
packaged insi dell@ie rnaltccar I’deeJl &ala ﬂié'ﬁclﬁ@@ @&m@lra_lsrmq banamtteﬂg of
clains 1 to 7 erelgtsalcijlr tcar L is_an_ad enOV|ru§ an den 04
associ ated vi FGe® &§5% ﬁsp 8 P@ﬁpﬁilﬁﬁ§ngH89§8§ vPPus: éng sal

bact eri ophagecedd wnfthuehza meilegs,leSendae iwvitresiuc¥ac ditmeasierus or

Bacul ovir us. o 18BLNOdxAChal med L0 glal G pnhersin, sabd, yiral ogarri er
i s an adenovi rus d-as “clained in any oné o to 9
wherei n sai d pgigeedeHding Siadg &@éﬁt visballiggs ©d aj ww&é@m@har

conpart ments, epaklitGweakly LR49SQRESHA phbY$asaRES i s1hg AgBBENOd as claimed
in any one of clains 1 to 10 wherein tﬁe phot osensiti Zi ng agent is
separate fromthe wviral carrier, and preferably said photosensitizing

2. A methcd as claimed in c¢laim 1 wherein said cell is
mammailian.
3. A method as claimed in claim 1 or 2 wherein said

transfer molecule is a nucleic acid molecule which
comprises a full length gene or cDNA or other DNA

encoding the same, or a functicnal fragment thereof.

4. A method as claimed in c¢laim 3 wherein said nucleic
molecule encodes a prodrug activating enzyme, a protein
toxin, an apoptosis inducing protein, an immune
stimulating factor, a tumour specific antigen, an
immune/ inflammation inhibitor, an angiogenesis
inhibitor, a protein inducing vessel formation, a
coagulation initiating protein, an intracellular

antibody or a recombinant immunotoxin.

5. A method as claimed in claim 1 or 2 wherein said
transfer molecule is a nucleic acid molecule which
encodes an antisense RNA molecule, a ribozyme, an
aptamer, an oligonucleotide or a triplex forming

oligonucleotide.

6. A method as claimed in any one of claims 3 to 5
wherein said nucleic acid molecule is 20 to 10000 bases

in length.
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agent and viral carrier are contacted with said cell sequentlaHdé 12. A
nmethod as clainmed in any one of clains 1 to 11 wherein the

phot osensitizing agent is selected fromthe group consisting of TPPS2a,

Al PcS2a and ot her anphiphilic photosensitizers. 13. A nethod as clainmed in
any one of clainms 1 to 11 wherein said photosensitizing agents are
conpounds being 5-am nolevulinic acid-orelesters of 5-am nolevulinic acids
or pharmaceutically acceptable salts thereof. 14. A method as clained in

any one of clgins 4 h%t%%d?%swﬁiagﬁgﬁ 162 e%ﬁb”o§ah§aYh§ah ggrgler IS

cont act ed mnth 'sai d cel for I5 mnutes to thod as
claimed in anwhﬁﬁ@l@ftéﬁa¢#§n§fﬁé neleghéreils gaP@lipRbedsehifei 2nAgliagent

is contacted Winlderte %l%%hhsafQ&rélt@o%étgg@&swa&hﬁrcbﬁtbﬁﬁgdyakbmn- 16.
A nmethod as cl ained jn_any one of clalmst8 SPﬁéE erein the irradi ati on
| i

step is 1 to H5THY @%emf?tSAnﬁﬁFﬁSBrﬁs Sn§CBRAETBFt el ins 1 to
16 wherein s&ietowier @ackagkeded nss dadded befralecatrrakter irradiation. 18. A
method as clained in any one of clainms 1 to 17 wherein one or both of the
phot osensitizing agent and the viral carrier is attached to, associ ated
with, or conjSugat édmeghoghesoclmonedcarr kay wokecdl edairar getng

mol ecul es or Vieh Qi 9y s%%d %1@%&“89r§§e9' %”Eﬁ bﬁeﬁb§h¥h§8 ﬁﬁeéébﬂosa'd

vi ral carrier is attached tO assocl ate , conjugae to a carrier
nmol ecul e. 20. aﬁSﬁ@ﬂﬁé&da§léP§vnédrﬁﬁf@W&F#ﬁlsao#emglwhéwérnﬂgapas carrier

mol ecul e conpriises,aapehyeatiepnage¢abnoing1ukhphdyi2ls, AsBBRERed as cl ai nmed
in claim20 wherein %aid. polxcation i% pol%-L-Igsine, pol y-D-1ysi ne or
v aculovirus.

irus, accinza lrus or

9. A method as claimed in claim 8 wherein said viral

carrier is an adenovirus.

10. A method as claimed in any cone of claims 1 to 9
wherein said photosensitizing agent localises to
intracellular compartments, particularly endosomes or

lysosomes.

11. A methoed as claimed in any one of claims 1 to 10
wherein the photosensitizing agent is separate from the
viral carrier, and preferably said photosensitizing
agent and viral carrier are contacted with said cell

sequentially.

12. A method as claimed in any one of claims 1 to 11
wherein the photosensitizing agent is selected from the
group consisting of TPPS;,, AlPcS;., and other amphiphilic

photosensitizers.

13. A methed as claimed in any one of claims 1 to 11
wherein said photosensitizing agents are compounds being
5-aminclevulinic acid or esters of 5-aminolevulinic

acids or pharmaceutically adceptable salts thereof.

14. A method as claimed in any cone of claims 1 to 13




Super Fect(r). 22. A nethod as clalned in cIa|n120 mhereln éﬁﬁklonic
lipidis DOTAP. 23. A nethod as clained in clains 19 or sai d
carrier nolecule is a liposonme or |ipid based construct, 27 May 2005 - 63
preferably containing at |east one cationic lipid. 24. A nethod as cl ai ned
in any one of clains 1 to 23 wherein at |east 50% of said cells into which
said nolecule is introduced are not kidlgd.- 25. A pharnaceuti cal
conposition conprising a transfer nolecule associated with a viral carrier

and a photosenS|t|2|n g s defined.in _an edi 6. A
Composi L1 on ol RErifd A SRAR I SEFOrESE PRACEPERR NOLor Bt BvERT Eng

di sease, di sorfder 16r minhéesi bn. 6 BFurA.conposition as clained in claim26
for use in gene therapy. 28. Use of a transfer nolecule and a

phot osensitizing agent in the Eﬁeparatlon of a nedi cament containing a
cel | preparedlaccoPdivgghed eRechained &n any ene of Cépiinpsliteol24 for

treating or pm%%&%hhngaéddbﬁ%@é@ens@ti@&ﬁ@ra@éntni§0&b§ﬂac9é§fﬁi@9|y for
gene therapy. 29, Tgﬁ use of nﬁ nol ecul e a$SOC|ate with a viral
carrier and asﬁﬁﬁt6§ §|?Pilﬁgtﬁg@ﬁt agraeprhea FR 15R996AE 6 clains 1 to
24 for preparation of a nedicanent for use in treating or preventing a

di sease, disqrde ctlo referabl fo gene _t herapy.,30,-A use as
claimed in clgﬁﬁ12§’ortg§8 a coﬁposmllonX as cIa?ne% %%scﬁaFg %? wher e
sai d gene themagyeiisn taehuevedlbylpargeeedlklﬂltaglafmépgteﬁic cel ls,
targeted inhibition of gene expression, augnentation therapy, or nutation
correction by the introduction of a gene or a portion thereof capable of
expressi ng a fiunct PoRgthogr 8guetaiBeeoipPendst Entopaclainei énky ﬂg

patient, wherein said viral carrier is added before or after

irradiaticn.

18. A method as claimed in any one of claims 1 to 17
wherein one or both of the photosensitizing agent and
the viral carrier 1s attached to, associated with, or
conjugated to, one or more carrier molecules, targeting

molecules or vectors.

19. A method as claimed in claim 18 wherein said viral
carrier is attached to, associated with, or conjugated

to a carrier molecule.

20. A method as claimed in claim 18 or 19 wherein said
carrier molecule comprises a polycation or cationic

lipid.

21. A method as claimed in claim 20 wherein said
polycaticon is poly-L-lysine, poly-D-lysine or
SuperFect®.

22. A method as claimed in claim 20 wherein said

cationic lipid is DOTAP.

23. A method as claimed in claims 19 or 20 wherein said

carrier molecule is a liposome or lipid based construct,




wherein preferably 103 to 1015 virus particles are adm ni sz%gvr'egz ig Vi vo.
27 May 2005 64 31. A use as clained in any one of clains PL%9 or a
conposition as clainmed in claim?26 or 27 wherein said disease, disorder or
infection is cancer, rheumatoid arthritis, artherosclerosis, a viral or
other infections, psoriasis, solar keratosis, a wound, a fracture, a wart
or an inherited genetic disorder. - 63 -

preferably containing at least one caticnic lipid.

24. A method as claimed in any one of claims 1 to 23
wherein at least 50% of said cells into which said

molecule is introduced are not killed.

25. A pharmaceutical composition comprising a transfer
molecule asscociated with a viral carrier and a
photosensitizing agent as defined in any preceding

claim.

26. A composition as claimed in claim 25 for use in

treating or preventing disease, disorder or infection.

27. A composition as claimed in claim 26 for use in

gene therapy.

28. Use of a transfer molecule and a photosensitizing
agent in the preparation of a medicament containing a
cell prepared accerding to the method cof any one of
claims 1 to 24 for treating or preventing a disease,

disorder or infection, preferably for gene therapy.

~29. The ﬁse of a transfer molecule associated with a
viral carrier and a photosensitizing agent as defined in
any cone of claims 1 to 24 for preparation of a
medicament for use in treating or preventing a disease,

disorder or infection, preferably for gene therapy.

30. A use as claimed in claim 28 or 29 or a composition
as claimed in claim 27 where said gene therapy is
achieved by targeted killing of specific cells, targeted
inhibition of gene expression, augmentation therapy, or
mutation correction by the introduction of a gene or a
portion thereof capable of expressing a functional
product to compensate for a deficiency in a patient,

015

wherein preferably 10° to 1 virus particles are

administered in vivo.
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31. A use as claimed in any one of claims 28 to 30 or
a composition as claimed in claim 26 or 27 wherein said
disease, disorder or infection is cancer, rheumatoid
arthritis, artherosclerosis, a viral or other
infections, psoriasis, solar keratosis, a wound, a

fracture, a wart or an inherited genetic disorder.




