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d|fferent pOSSIbifs of a patient in ord
er 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 dlsorders
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 vivo 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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10 A range of spl ensi.tizing.agents are _known, including notably the
psoral ens, the g%%%%&?%%%%ghtéitecﬁrgfi%8 EndPRET A nigsLonsuch drugs

become 1foxi c whenle¥Xposed afo HhoglmsenBakphynin aplesites ens thrsgis act

parti cul arly fayoar sl e o dat ot peptepn eREl Bor i s (R T
occurring preggigangiﬁn@h§h§y@Pﬁ§§ﬂ§cﬁﬁn1ﬁéﬁe.Suﬁhpéﬁmgﬁu&&mpﬁhene is
produced whentbxén whed+pxposednger pegated in protoporphyrin I X (PplX) by
the 20 action of t98r§ﬂ§¥g%,% %%8%@%%? ?ESrSP§L§ &%d%gectly 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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phot odynani ¢ &Pf eetfl lasleatimschani sm f or ‘
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
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being rel eased from e sanme intrace ar ~coimpa
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essenti al that foth éh hof osensi ti si ng oun mol ecul e to be
ease 1nt the cytosol were present in the same

intracellular compartments when irradiation was
performed. However, it has since been found that
15 molecules can be introduced into the cytosol of cells by
eimilar 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-ef'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
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cell. Since photodkenilealintoeat nefnlls aneéd methbidncoapriséngDougherty et al,

1998, J. Natl. : 889- a re very
specific and ﬁg@ggﬁéﬂﬁs|§ e%gg%tggtphg ggﬁ%% %Qgt gggé %é% a clear
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gene therapy. (Th4ssrarfl b3kbcAIRGCLNOEN e REESENLLLAVEALHOR viral
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.



provides an in vitro or ex vivo nethod for introducing a gﬁj ééh? nto a
cell, said nmethod conprising contacting said cell with a Itising
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

agent. These steps can be carried odut 4§ m any appropriate order providing
that the eventual result is the cellular wuptake of the viral carrier and
hence the nolecule to be introduced into the cell and internalization of
that nol eélﬁl@rnwéi@@Wecrn"nﬁlsegaéésheaﬁ@eptretif‘ﬁarsvitpathe:a‘teﬂiieeryarﬁ t he
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"Internallsatlon" as used herein, refers to the delivery of t he nol ecul es
to be i nt r dWMRCEALEAR 07 i He add| p3 Q@a'rr@tﬂ ey virgflecpedielo HEPBIin as the
"transfer nolecules"), with or wthout the viral carrier still attached,
to the cytosol. In the present case "internalisation” thus includes the
step of f release of the nolecule to be introduced, optionally in
association with all or part of its viral carrier, from27 May 2005 WO
02/ 44395 PCT/ GBBCh/ 05281 7




I ntracel | ul ar/ menbrane bound conpartnents into the cytosol d
thereafter be transferred to the nucleus. Once internaliz ﬂ’é% ecul e
“is considered to have been "introduced" into the cell in accordance 5 with

the met hodv®P2#485 i nvention. The intracel | ul ar nenbrane- r eBEFGEOHES281
conpartment nmay be any such conpartnent which is present i.n-a cell.
Preferably the conpartnment will be a nenbr.ane vesicle, especially an
endosonme or a | ysosonme. However, the 10 intracellular conpartrment may al so

i nclude the GolgiradPPRiBHmdibidiee SRy astiyta FEhd U WRAscpised herein,
"cel lul ar upt acketir' or "Gl{ranslctf}fation" refers to one of the steps of
i nt er nal i sat i or 1 i T BPR dtESHr tenth e | vansderied tS e the cel |

.nenbrane are taksteust o Qe caltemsimhi dddtthd heyl @@l d QU Oodid R REgL O t he
outer-lying celd yfgwoyane, . endocyt osi,s. or ot her appropriate

upt ake nechani s_msh, for exarrp]ﬁietgclorﬁceoc? als%to%i gfeeac%xflt h aang‘%?ﬁcgaa%%?l ul ar
. menbr ane# est MidttedFRomeiharemt thy Roexaimpie the endopl asmic reticul um

Gol gi body, lysosm,ixmmmaef%erﬁﬁtpir%)fﬂegt%si'dﬂécf%ﬁ%ﬁ&ex?@

i ntroduced intQ tz%[ cell can be any that can _be associate Vi Tal

carriers, virdlP%d8 Y G (ORI e R dre rRasHetithes 9tlrred to
herein as "tr &sffarraiilye ctee sompaStiatermIveiclll s ar eng@ierad e ej ¢ acid

nmol ecul es and RN ¢ i_Se | | engt ene to be_jntroduc into the
cell or _a functi onél%@a&%er?%i%&“&f%ﬁr%‘gg/s%em*eo‘r @aerﬁﬁ% ?%DNA
sequericé % ont dinagFaldalesmslcarardainig 8y sdagenaelofden Wen@aligi
functional fragmitaddiei@ofche AdRINAdNE! YoerSRA JHIC! € ¢ acid nol ecul es

~may encode antisense RNA nol ecul es, i bozymes, aptamers, oligonucleotides
or triplex form ng5 i Qegsiinded cegl Widanpatak s &Fscription fact or
"decoy” DNA artdrsmsdmcaldscbrefreifallsy dhemudrithea@dp®lgcul es are from 10

to 30 000 bai%iéf%éf?@%&&bn?i%ﬁw%gk&nggxgga%% g@'éﬁ%¥g}es 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".-
Such molecules are generally nucleic acid molecules and
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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"Associated with" as used herein refers to a 27 Ivay 2005 I\ﬁglﬁ é
PCT/ (B01/05281 - 8 nolecule which is incorporated into o ed in

sone way Jal carrier, viral vector or viral partlci, <

i ncor por at“;e(go%4¥ in the genone of said viral nolecule or gg’&%’?@%% sai d
genone but carried within 5 the viral particle. Cenerally -the nolecules to
be introduced into the cells will be paclaged or incorporated within

viral particles, i.e. encapsulated or incorporated within a viral coat or
capsid. - Pref edisioplisherhiwilecid e naoidmotatant portedr scand€cped yimchenti de

and is. preferghly dnsertied W lHin a. VI‘FB}b ‘%ééé]ycér I[cg%olg%r@i bDs.certain

viral derived ellenments necessary. to ena constr uc econe
packaged i nsicd& -t R&SpLPaTratad |"é’*rthIFhé31¥ﬁ)I€E%rtﬂ>TEe t@f beaidrehepbrted may for

exanpl e be cl @ﬂﬂ@duﬂ‘éooa‘ FPRG el TS d8 Pyditind/ it &2FF1 &4 SwifENONE.
Alternat|ver % " re s%ﬁarate Iecullﬁéyr ntrihuti thesefeatures may
be used as des@Fi BedMePa™ ’%& F e LRy EBePRel ect ed
such that theymrapdocednyintot the adled g oviliinflectpddieagad |srof their own

accord and, i ik oanedd thact Higeells ol dheis oun. aosord)onge they

have been |nter W thin't ey nay he" * Sel €c such™t hat
they may or n&y ABCOBROFBIrE G’%%s% vital eaifgerousareldul ar nmachi nery

in order to r@&bf@&b@l@ﬂ@hea&ﬁﬂ@axﬁen% Hel Usrfaginaasytosbe secreted from

the 25. . cell when us for en her or other in
vivo appfi cat PBE?““F@?%&'%@I H,Aegs%ﬁgrei,ﬁ %rst%‘i 13 Wbl ed
so that they censcmhett whlimlt cmeiﬂa&rtwtce&a:rmm wrieg 1 Gﬁmvmsellé&hemmw

virions and hLEELaRSH-cellne Gnd i diShld e ULADROTBELEN e 30 Such

di sabl ement can be carried out any appropriate
conveni ent |y &BR&dBythel sdirad §@r¥§-’1@fr-t h@hevlﬂwdlecgé‘rﬁmtcr egii red for viral

replication aggansported 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),




optionally inserting the therapeutic genes which are to be_transferred in
their place. However, the technol ogy 35 described in this éBHM?%§¥§on ean
al so be used with replication-conpetent or replication-restricted viruses,
such as eW§ M2HRYSONYX- 15 (Khuri E.R et al., (2000), 27 MBCR2GBE/05WD

02/ 44395 PCT/ GB01/05281 9 Nature Med. 6, 879-885) or herpes- sinplex virus
t hym di ne ki nase encodi ng repIication-rgsBrLcted adenovi ruses such as
descri bed by Wldner and coworkers (Wldnér O et al., Gene Th (1999) er.

6, 57-62; WlgnetreSmla ek ab7o-6h39%%, HRAGEE BIfp1R% ANEALS), of .0
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i ntroduced i ntQ. cell,, i.e. t i.ral, carrjier incorporating._aor

encapsulatingkﬁ %&ﬁg e@ﬂlgttgibé Rﬁ?&géuggaeii §6me Fn§§”6péf@%#§&eFo

. herein a8 theC'teandter PaPEPEleCanBGemerekl.ysphe4nockais acirdewhi.ch is to .
be 15 IntrOd%aglwéeiﬁger%%??h%@% gt ngt%FQ%ehh yp['DeS tgt\%}{.“ve“t'on IS

€.g.. a

part of a vir?l based cOnstruct, e.g viral “based plasmd FCh cont ai ns
certain viral ‘\Ge?+ VRECSBREAEAPE ABEe3bEFYact shabbe BkRd ¥esstingcfto become
packaged i nsidee therapeah satibey/ BiEr gbneapsbdbpi abr2@K¥eGH0H-10

AIternativeroggggggrz 5gﬁ1nucleic acid to be 1ntroduced nmay form part of
one nolecule, e.Q9. a p? id and a second nol ecul e may be present which

cont ai ns%t he séqd@wge%theemeéeyuiar eheidpvebopaehhtebdulkedvingb carrier
whi ch contai nshd heafi st gol egul ;.59 gggkiégn- ggr&&r&@ingcgkon of the
nucleic acid within the cell s éepen ent on _ﬂe expression of the protein
encoded t her@HPRTUIHelpd obliet PehesrlrNROt her éREvRfuchd AscEemnetimes

referred to herxein as 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




acid is conveniently flanked by appropriate regulatory qﬁﬁg g(ﬁf
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are 15 capabl as50Gi Al i NGO at | encapsul ating the
wh.? Bfoﬁb‘%’ H#di&ée]d? (iﬁm C{ 328&?% (THeRES GRAMRdral |y "t he

nol ecul es

transfelonnleélbés l&nelﬁaemagedammdrspear\mnﬁﬂ1¢uﬁdefﬂﬁggu,\ﬂggsi qan§id
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used to
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carri ®rms as used herein do

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

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

r



Exanpl es of appropriate viral systens for use in 25 the pé%ﬁﬁnt Igvention
- are. adenovi ruses and adeno- associ ated viruses, retrovirused, M 4 Vi ruses,
Her pes viruses, bacteriophages, influenza virus, Sendai virus, Vaccinia

" virus andyRsgilgyd rus, preferably adenoviruses, adeno- assuclakefosk] Uses,
retroviruses, lentiviruses, 30 and bacteri ophages. Adenovirus is a

preferred virus systemfor use in the nethods of the preséfit i nvention.
For use according to the invention.-virat ¢arriers generally form nodified
forms of the naturally occurring _viruses to add desired properties and

mi ni mi se possifiieds REHGE AN isferttifeh kiRl canranantae-fgigrecike  Thus,
viral .carrier scwepreseituyari ants of viruses routinely wused for gene

t herapy and are wel 0 in t.he art, but 27 My 2005 WO 02/44395

POT) Bb1/ 05281 - B e el e RS AT ORI <0 om ¢ he
source virus. 3% agent herigin ' bcdseresitizivey agbmiiiclef ens e an agent
whi ch i s 5pNot QgaMS] dd s ANsE WHAHha R o8 Ry APRIHC AL O Ot Ahat pacs i yat i ng

“light, is converted to a cytotoxic formor gives rise to a cytotoxic
speci es. The PHAGEERiT9H /F Ao £d- 9% Gised Bty IMEIRE - present

i n?/ent : o)n (whiTtte iﬁ;@ﬁcseféﬁmitimllgxgonag{]eeftabid bﬁ!&ééijlr %l’Hclc_IinjIrﬂ_? td angd er

mol ecul e) is veni.ent ny uch ageni. which |ocalises t

i ntracel | ul ar %%[(%os(ra%g‘r tlnr%an‘?]s,loﬁ]ar(twﬁj&ﬁhaﬁ%y c%"r?d:dg’(f%esarbcf H)S?s%s‘%%e]sif A range
of such phot oskridlategimg-caddwt $rams fenowolisvuled iar tcantmrentdgs cmgped i n
the litgpaturesy,dng ﬂ"gv]:lirb}% ‘i‘%%@lgé‘&ztc!vﬁ%r%{%eﬂﬂ]%l%% made in this

respect of di 15 and tetrasulfonated al um njum al ocyani ne (e.g.
Al PCS2a), sul FoRET R Sap RemFisodsEilye 10MERges qf |l¢/safiaRes chlfori ne e6

derivatives; w=eRe (T rdutH phathpeneamitdinid.adeeimi eper dnovhd and-yet hyl ene
bl ue which have BE SNOWMLLS:HRE4S e MRS S YARATRS
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




20 cells in culture. This location is in nost cases due to ,.endo tsic )
activity. Thus, the photosensitizing agent is preferably ﬂe@@é (ilo whi ch is
taken up into the internal conpartnments of |ysosones or endosones.
However, wdner443ghot osensitizing agents which | ocate to. ot prer/dwies2si
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Gol gi apparatus nmay also be used. It is also conceivable tHat nmechani sns
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t%é viral carriex, 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. |




15 the phot osensitizer nay alternatively be associated w t Qoﬁghed to,
or conjugated to, a carrier or other nolecule as descri bed2 I‘M? fter,
. e.g. attached to a targeting anti body or coupled to a carrier such as

pol yl ysi ngyg d¥dugysnatively, in certain circumstances, 20 thgercrotosasi

phot osensi ti zi ng agent may be attached to, associated with or conjugated
to, the viral carrier or a part thereof (e.g. the surrounding lipid
menbrane e.g. of a retrovirus), directtyt3Preferred photosensitising
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‘pharmaceutically acceptable 30 salts thereof In such esters the 5-am no
group may be substi t ut edR:Br CRAKUBEL CHuE@ORt he | atter (ddse being the ALA
esters.- sMore particularly, the ALA esters for use according to the
“invention are egters of,5-am nolevulinic.acids 35 with optionally
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may be used a 1CO ugds ¢ r CHZO H2-
(wherein Rl nésyrepggge?{? a?{kl %8 g?oﬁﬁal Iayd R i} H 5?teﬁﬂfp K$, 10%(I koxy,
acyl oxy, al ko?ﬁ‘&%@%on&#%%&?geam fAylphuyl oropbogphblruer etgmsupsndnd”,

optlonatLby i nEgERUPE edhbyn AXYO8A, Rkt gaa@norsah&%g&eﬂe p gmagéﬂﬁsagmi
and R2, nﬁg&h of Wn{_)ch may be the s me or different, resents a

hydrogen ato *3IGY oTUp LT aﬂd9§8PPs Ayt salts thezof
The substituted alkyl R' groups may be mono ox poly-

substituted. 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 heterocarowmatics,
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
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For performance of the method of the invention, the
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made of , ALA- ester ALA- ester
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steps of "contacting" the cells with'a photosensitising

agent and separately with the viral carrier may be

carried out

in any convenient or desired way. Thus, if

the contacting stép is to be carried out in vitro the

. cells may conveniently be maintained in an aqueous

20
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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

appropxriate

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

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 cell (e.g. into, or associated with, one or

more of its
irradiation,
e.g. one or

disrupted.

intracellular compartments) and activated by
one or more cell structures are disrupted
more intracellular compartments are lysed or

For example photosensitising agents used in

15 pol yhydr oxyal kyl , hydroxy poly aIkerneoxyaIkyI and

n
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Tepresent preferred photosensitizing agents for use aécorghﬂg tg(ﬁhe
invention. i 10 The nethods of the present invention may b ¢ vitro
or in vivo, either by systemc or local treatnent in situ, or by ex vivo

" treatment yiphtQeed by the administration of the treated e body.
For performance of the method of the invention, the 15 stq)g:lljlélaﬁh?0 Efﬁ
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appropriate cebk @stbh?n% 1redbuBvang /atb. . th@eﬁ@?é@@{f' ﬁéf i ”791995”

photosen3|t|s#§g or viral carfier can sinp é ed tot e nedlum
-under appr opr FATe* B CPGnES FUFD BXQRERE: af-dn p%?b%??aﬁé/%%nceﬁPFatlon
and for an 25iappn®prhamanlemgahmehtblﬁﬁe phetpbehssensitd zagenegaal 1 s

brought knto n I t ri,ate ncentration and
“for an gppro%§|%?§ﬁ|é#5%E Pngg bmﬁg ﬁscaﬂPfg OB?dYH%elékE nﬁ? Hed by a
skill ed persoﬁdﬂéﬂhgtﬁ§@@|ﬁystémhﬁﬁéﬁﬁsogoﬁahdZleindep@nbvemttﬁer

particul ar phebgsensi bbphinaaagent @ﬁegmémﬂewsnﬁﬁéist&/ﬂ The
concentrati on of the B otosensitizin ent nust be_such that once taken

up into the CBFFEPRETEELPHt 5218F %8¥0 ?a safGrept a3 en heradbested
i ntracel | ul aracoopdihagegnt.s) and, activated by 35 irradiation, one or nore

cel || stygetures, a gl pEugl 89 18cbaPlenOLeTPLE, LOL2CEl LYl @k compartrente
2005 WO 02/ mls%om#@émogzaqanﬁ(lme Ehanptestactr titnimay denused at a
concentrati ony@ty fpbme¥arBlemifutlsSPo0itbarenRbaidy d0f. Lty Use
to 48 hours or longer. The time of incubation 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




the range can be nuch broader, e.g. 0.05-500 ,ag/m. For iz:}é%i %gunan
treatnents the photosensitizing agent nay 5 be used in the e0°05- 20
ng/ kg body wei ght when adm nistered systemically or 0.1-200 in a solvent
for topi owboxppbscation. In smaller aninals the concentr rtrmemasye nmay
be different and can be adjusted accordingly. 10 The tine_of incubation of
the cells wwth the photosensitizing agent (i.e. the "contact" tine) can
vary froma few m nutes to several hours, 1 .§. even up to 48 hours or

| onger. The ti i ngubati.on shoul d be such that the, photosensitizing
agent is takerg% \ t‘:‘fc;t"je“‘b~ 1':»:lQ Propry atd ceted bR gﬁﬁﬁF?‘Bﬁ 8t fhe
celI's with théopHmpsataiiveiadereeintairmyedpts ohal Ity Bo'f oblagws by a
period of i ncuhatd 44 Ph nsj,t 421 Fedl i:he cells
are exposed to, |]j g%g \(/)%ﬂ]{thﬁ %gﬁfﬁ Zirﬁf%%&?r%‘"}&ré%e | syg%d)dte)‘gz.)ﬁirﬁeﬂ%r ansf er
mol ecul e can bEHMFFHAG dBGE 19 e @M dowhd et vbevsraseond

brought imto contasiut \M(Ishtbhaoésemi&-déﬁéﬂ?@l@afﬂ igreddles, Véidde CAfrher at

an appropri at, ent.r.ati on/ dosage. an r an propriLate 25,1 ength of
tinme. An appr oﬁlr%hg (r}%)lrﬁuégntl?raeﬁao’f?qco]@‘}/i Y %é‘?lﬁfe{f cah beed¥tErA ned
dependi ng on tHe=sifdd cipenuyi oifes (@itak ecicfe tte Lafedteionn gqBestion into the
cells in questd.on and dhe.Jd i |4 Lr achieve in -
the cells. One (%1 t he, surpr%ié%&gergg\%ﬁrﬁiaéég% g%géoﬁﬁ %‘ﬁ%gﬁ]gdéw%? %Hi n,

conj uncti on witPSE FHvEn Ehavemak b tewere dose3- s vipvisapatei cl es

can be]c used t @araliidids,t :&ﬁ@amﬁﬁef—bi ibéﬁ%éo’@f Ogr?asi_f ekritaRk1& 0 mayP }:;eprO
times fewer virus, particles. ropriate.doses of virus _carriers to be

used will of él()%erds'e 6}51 %&%ﬁ’d@% 3%‘1‘[ e WBELS Y grei G RIPLRISE LR ORor i n
vivo appli cat ilengisechdt mege lof regrdssaaty ato dmendeesd yyee ofosk sease to be
treated, whether on Mol chRLOSIVIdIHAIS A S UL UMY 290Phar

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 minutes 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.



WD 02/ 44395 PCT/ GB01/ 05281 16 below), etc. Typically for i trat%g%ral
injection of a non-replicative adenoviral vector 103 to 1
form ng units (pfus, infectious particles) would be injected per

‘ i nj ecti onwg i gzoul d usual Iy correspond 5 to about 105 tgq, é‘l?&]?ol kJys
physical particles, since in a "usual" virus preparation on ou 1% of

the virus physical particles give rise to infection. For
replication-conpetent viruses doses even 1wer than those given above may

be effective, as, low as 103 10 particles, e.g. 103 to 106, 1010 or
1015 particle?eﬁ%VEbél' LRSHALIOR t fe Jot e mame, thher 8 mysuemisc such
aavant age. whi Gl a5 peslh OBSaTvEq. o L hat g1 Sat [y | nor ved et et charror
advant age whi observe a
-transfegtlon %%ﬁ éﬁ%’ Eb&%&a%éﬁgﬁoﬁp t8 ?0@%¥0Pealﬁoéeﬁﬁ§mpﬁebhén
experi ment b@bﬁglﬂrémsﬂgnza@ceﬁangg1kmaﬂmaﬂﬁbhodé gsugb h%ﬁahés $ﬁr9 not
revi ous 0 e s i v Vi oses u
‘Breferang,ptﬁgh%Etﬁ%? ??H#qur%ﬁggkﬁlgh §%ﬁ%gna9?¥ #gc?FOﬁDBFrﬁﬁﬂe t han
50% 20 especit® Ppdgme Fﬁﬁ#?fnﬁhé vhyal7esargbesr 95% of the total cells.

Thus "transfectlonItJmﬁllob @9bk@b§&té§taﬁﬁtttﬁg tl&eraiﬂewﬁaréb carriers,
, can be a fem/n1nutes

o up Lo a 256 FEIPRBGTLOr GrraRaly FERLAFE ARk T CBF | iRl MEABFLEFONED
m nutes until thp C@lIOl@rdiifhcuis tbororxaad! €nln #igutes until up to 10
hours 0§ of or Qﬁﬁﬂﬁbgtééngr 3 owngEteéoHEécé Eppd o aYng?ng?géggaE%%rs can

be used. An jncreased transftfection ti can resal upt ake
of the carrlebylﬁpﬁﬁ@§¥ﬂéﬁe Vpﬂﬁﬁcéaﬁnﬁewasheygb@teppWheﬂ betboepedfter or
slnultaneouslyxwvﬁholr&@dwg&t@nerV?gg gg@élﬁgpééggf l%ﬁé dlatloPt vi ral
carriers may applied, .for exanple, to or o} ours after
i rradiation, an;ﬁ%g#gatlon. ' ‘

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 Radium
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



35 than 1, 2, 4, 8, 10 or even 12 hours after irradiation. q@ IIy,
after contact with the viral carrier, the cell may be traﬁg

carrier-free nmedium e.g. 27 May 2005 WD 02/44395 PCT/GBOl/05281 17
before irmnadezizen, e.g. for nore than 5 m nutes, such asptwGeEA/ ORISAUL €S
to 2 hours, e.g. for 30 mnutes. Wien applied before irradiation, this my
be, for exanple, in the 12 hours preced|Q% I rradiation, e. g 15 mnutes to
2 5 hours preceding irradiation, optional 'y with an interval in nmedium

free of the viialrGEETiRlsr! LofhhieREnADPERCLALEALNRE Lhe bR Bl oed for

transfection through contact e viral carrier w :
difficult to cbhtPebhikbe Phevesanshpbrirat renrst RBdetbe; vésalacerries may

be controlled h@vealp@é@pwaéﬁ GOMBES @HQ 1a8bhRg1sheRrYheR a%&in@h%%d ex
vivo, in vitro_pr _for sgﬂe es of lo f aﬁmnlstratlon

phot osensi ti si n]g GentShh Pt heS i FHre cQF r 1 49Pt 1 8XROSHEPat EBeﬁn ERet he

mol ecul e 30 beviwmal odameﬁenam@ethac@edtea@asatéhyngr atjaget ey be the cells

i n advance of t n r d 96/ 07432,
W000/ 54802, and t%&%ohgﬁédﬂ% éé%%l?ﬁa‘?{foﬁ&é%ﬁt Eﬁg{fgﬁggétﬂ %mnt ernati onal
patent appl i caf%‘P‘%FP@JF‘F‘P%It%rﬁ'QQtlE@ NoYenpérl2obt pHpPeferganeFortibeg

Nor wegi an Radldéﬁaﬂ)sc&ht@he@ﬁﬂﬁ{ hofFosadeé i8R, o8Ntht! 6driNgEhod”), or the

phot osensi tisin ent to,the,cells first fol | owed by the

i rradiation stcécg“%%be? ‘? h'gh fjr% ofFRB=FPRat e bPRi BF1QY 8&&cri bed

in the ddpendld@:ﬂﬁemmlwm/mm;mnﬂaabMImaozlnbbhe bat tke net hod

preferably | athahioh! SPR LA OB Seigtnla fellilerpraniokeoglt e

transfer nol edtech areciterineraiad hm%@lb}fafﬁﬁﬁéremﬁﬁdl ation, e.g. 0 to :

4 30 hours after irrdigiOnnd tefdatiNel ¥indde €8/ {hidh 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




contacted with the transfer nol ecule at substantlally theﬁﬁﬁge ‘ggs
irradiation. In other words the irradiation step can eithe ay or med
prior to the cellular uptake of the viral 35 carriers into any

\ i ntracel | Wy aegxpart nent or after such cellul ar uptake, ol t hat
the photosensitising agent has been taken up into the ZYIEQQ&%@6EQHMD

02/ 44395 PCT/ @GBO1/ 05281 - 18 - u. intracellular conpartnents in advance of
irradiation. |If both the photosensitisting agent and the viral carrier

have been tak%p ug,i%éo t he .intracellular conpartnments of the cell at the
time of |ight SXpddtre, CER&EHerRe a1y Comec Amtice Comt@cthe iskotdsensi ti si ng

agent may be tbmg&te@e&ﬂstH&rsaﬁﬁléés@lET@&@@bxt&bha@glk%k@g conpartnents
at the tine o&ehhgggeﬁgp % Further . detail .on t&e t|n1n of addition of
‘the various conponents fo-thaYeefrd i $taPsTRLLES © Fﬁ@”ﬁ@ oPYaPPute
document s W9G/AG7F32dnAR 1MBEBL54802 above or the copending application
attachedshereto, the ggngﬁgtgtggr th htﬁ%ev& th%% H%gs %reln by

C e

‘reference. In_any event, Ee time W ndow i n whi viral" carriers may
be brought i nBE™BASEELSRi PN LREraE¥PRoUgndniestion [Eoreat siiehaap and

i nternal i;sed byrtthe chkhsthage daaemer@nmayva@k@tﬁ abtf achees sdchogs for
exanple the gell L¥R ac£h lgﬁr% rrli& guestlon the, particular
photosen5|t|5|ng agent ~used Fh aag? S RE FTgRP FrEHFﬁent Thi s
ti me w ndow cBaYi Fake ﬂécé@saﬁyhbgraeaétﬁrnadmﬁunsarpadbnchbareaeh of

Condit! 008, andnsoskdqbe ¥ELLoW tihis! AIoROHRYS cOhed wRE]SRLSKELISL 1N the

art. The tine ag whi,ch the viral carri
dependi ng on WAEEReifRc2REPHBESIRafBCHELRY Ebecappréﬁréatelhlmﬁtab or in

vivo. For in which vethedsnitbervinal veaali ensreansgentnhivy bg prought

I nto contact administration of the photosensitizing 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




with all the target cells sinultaneously i.e. the tine of admnistration
coincides with the tine of contact, e.g. if the cells are%ﬂ‘ in-an in
vitro culture, 30 and thus it is relatively easy to bring the carriers in
contact wiwbotheesel | s-at an appropriate tinme point. In viegedewesss, the
step of contacting. the target cells wth the viral carriers is clearly
nore conplicated and w |l depend on the node of adm nistration, the type
of 35 viral carrier and the location of tR& target cells. For- exanple,
where the vira cg&riers can be admnistered directly to the target cells,
n

e.g. by inject8n**tHeNT97 Rug - 2665 O 08P RES 95O PR ERR / HEPEYed 18romhe
viral carriersconthccobenediatebpt petiow th iheadiarpeh, celys f6r mbrdeast a

proportion of Lyel ui gkly,~e.g. i ter of mnutes or
hours after a%ﬁ?ﬂ?%téa-?%%g’Sgrg'o%o%h%Od? é?t%%ﬁﬁg?%e§9?¥%1 afriers are
adm ni st er ed bYORRtFAVENeUsEi hPeEei én fpent- firee anedivarayed/vhenedhese

carriers smy takecaihdhig! ORgeErbAcseaPenol8E@ eontact with the target cells.
For exanpl e they take. 24 to 96 hours aftfer admnistration to reach 10

h
the target cells. THI&S»jdbrheyoki hEe SitraRieR 8 BEVO LRIRPFHt o account
i n deci di ng t heomphbi optedt ehihnenaticwbj cthé cunded Dy 5h@rcdheept réf €@eri ers
relative to t %QW | ' e, phot osensitizing ent_.and the tinme -
of irradiatiog‘sr .e_sg%g&%%%%ggegét%gﬁgfo %d%?%%’l%‘%pp?@a¥oF%%e time at
whi ch t he phot@dehsigisipiongeime fsnugdnbsi siteh dethatHdwelers unlike for the

transferyg ol eckk£aiditihs bOBOLEagh &%ﬁfoéﬂét@%ﬁ&uﬁﬁ%% defpe administered

sufficiently prior to iyradjiation such that on irradiation said agent has
been taken up PRRPSHFDH-1AHIRARIFDF RAE TR ATESA  an®h ReeB ARERAR y sai d
agent is applbedHe ttar@ethoseS1prand édcher Ad{Bl iREore Gor Aiding2, such. ;

as 4 to 48_Or frféﬁf%kfgﬁ”€h8r£§gnéger molecule (and its viral
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




5 m nut es,

irradiation. Again, as discussed above in connection wth %ﬂﬁ éo‘%
bringing the viral carriers (and hence 25. the transfer f‘%g i nto

. contact with the cells, the timng of adm nistration of the

phot osensixd @iigysagent  in relation to the tinme point of igdadbaldssy) W ! |
depend on the tinme it will take for a photosensitizing agent to reach the

target cells and be taken up by them This 30 tine may vary dependi ng on
whet her the nethods are being carried oulin vitro or in vivo and on
whether the administration is direct to the target tissue or is at a
distal site. MATHS. baderigphagesshid-antThers ErEieghevsdensi Cazi ng agent

gasdbeen :akegemria)luyh&mpm‘cgﬁ e Ci?idr&a&@iti%&ﬁtllgrsa@lhl@t ll%rTe%%%f tlﬁieace .
aid agent nm | on Wi aid ce S|mre|aeyup 0
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~irradi ati on,

02/ 44395 PCT/ @@9/ @Taz&ttt Zhe tohRdeowis i zd ngy. ag%nﬂ:ot%ollfnm:mas:elanlm&y be
renoved f5rom c%&?‘éa%%rmérmgecﬂlﬁ@la)i‘eoréhsgj ecidy %@T%tfh%'ial for more than

10 mnutes to Xor 6 hours in

agent - free m&bﬁ%&ﬁ&%@mq}ﬁm@%ﬁ%ﬁmlﬁﬁélpﬂanWr theyeda @otThus,

al t hough the gehu&huo.@r mwa \thd &Hm&(ﬁy e;@rrﬁlah@@tte@htehan invitro, the
under | yi ng cogﬁe present .invention IS st the sane, i.e. that

Bos% Sltl n§ 59 16 ii
the admi nistfation At FEEUER EREESEFors s i(Pr &di §8P6RYoccurs an
appropri ate aﬁ@&ﬂ;ts)obrt Hre-ssptm osensitizing agent has contacted and been

taken-upg by the t@ﬁge%19%h‘%aQQQe§] H%g aﬁ%% Bef gee.ah queing irradiation
ral r

the transfer nolecule (and i1 ts vi rier) has erther beén taken up by
the cells, or2@FPrizhepe widheprygorirerteds £ocPast OsomPREt SWchh t he t ar get

cells, into tbersase albl@d‘ufl%rsenﬁzalr@{altiﬁgl helaculeanpar taRRLeiasg the
photosenS|t|S|ngt gept %.tg Hgt§%% Y sB&gagh% ggg Roﬁl%iggilgﬁs"BEeC”'e and
its associated"
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 viral:
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




viral carrier is in contact with the cells for a period 2020; ti%
sufficient to allowits uptake into the cells. Optionally, t My 2005
phot osensitising agent may be attached to, associated with or conjugated
to one or WB¥#38arri er nol ecul es, targeting nol ecul es or PEFGHOIL/AZES1
vectors which can act to facilitate or increase the 25 uptake of the _
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compartments that are especially béneficial, for ohtaining photochem cal
i nt ernal i sat i S¥PHUCH HePHE ot PR SR 5L SRVRY e T334 pkes 1wkt t he
phot osensi t i ziong cagetgdte:d pec iddeeickild Tdryer itantslecittld Vhd wiBsUES.

10 The viral | ers | s e attiached to associ.ated with_ or
conj ugat ed to%?;ldédoge nl{glr@/e fcﬁﬂga%rﬁléruqﬁﬁ SRS ?‘gr%éet %‘Fgarﬁr)!ﬁe&ul es or

targeting vedcdesulsy tisvmtdesdneds ol Isurdadet st | Gudlonsamfet ing viral

carrier parti gl &N 2 nRAY ANARIBYS IO HS & ransfer 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 may be associated, bound or



15 in the present invention. The potential benefits arisi ro he use
of such carriers and/or surface nodifications are: (i) rr?m;g’o'\/} in the
. pharmacoki netics and biodistribution of the viral vector, usually by

I ncreasi nggdaesisrcul ation tinme; (ii) 20 canoufl agi ng the&*ﬁﬂéﬁoﬁhi’tﬁ' lity
to bind to its normal receptor to make it possible to re ect the virus

to other receptors (and thereby to tissues that are not normally infected
by the virus); (iii) providing a positivé3surface charge on the viral .
vector so that_it. 25 wi]l bind tq and infect a wi der range of cells than by

its natural i mPEStHRTSTedRatiteny i) cafitdiaty” tohdhe RISt Geemittieingmine
system Pref ercafsinr tdmbﬂtlha| aGdr rihey gasleatdraeilﬁetx@nt W3eLiaat - W th or

conj ugated to R referably a carrier conprising
" pol ycations (e%g pon | ySi ng’%gr %sﬁ“ﬁ‘ I?gctu) (Sf cationic lipids. Exanples of

carriers which can®€btusagesingi @Olﬁ@gléle@ e cpoinjeats euss desamitdedM et

al . (1999), G%@%véT&%E'a@solﬁgouéégotoAﬁﬁ%%Q% enld v%&a§|c2{ %%) Gene 35
' 1999),” J. Neurochem 72. 2105-2123) and -

Ther. 4, 32- d

cationic |ipi&&S (@q’é’ﬂzﬁsﬁnﬁltéﬁl g 2gPg9fFo BaNEeFudaRe iTfeRced 1 WaT- 446)
Exanpl es of. suofr@ee*tzﬁénlvayegﬁeﬁlamﬂ)yo%ﬁé&&&ﬁ@/fmgﬁ%ﬁo%&ent lof I
nodi fi cati ons I C a e IS, regard are pol yet hyl ene gl yco
(Croyle MA e%bﬂa to gﬁg«@p:ﬂﬁ gyég)sonla%h o Il%osf‘}"f§ 1722) and

pol y-[ N- (2- hydr oxyﬁb@pﬁﬁ?ﬂsﬁ@rhm@ﬂ?buﬂrﬁde}s thoughpokypnend ti8dyour, L. et
al. 5 (2000) &emgﬁﬁﬁ1HEQSS§H@§tloh0wYQh %ﬁé)v19al5g£rrz% Bh%%% specific

or sel ective tagg % t he iral carrier nolecules ence the
transfer nol & G/ BPet fElbRoPBSEnthE i&radadapary; €Gle@r bhagi | types or
ti ssues, t hesecenhnrédeshﬁrah belasseei ahedtwahBfd@ pareabilegatredm enspecific

targeting nnygﬁgkgéeiﬁaia¥ﬁEémpartments. 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




pronote the specific cellular uptake of the transfer nol ecz%ﬁ :rﬁpg desired
cells or tissues. Such targeting nolecules may al so direct 4 nsf er

nol ecul e and/ or the photosensitizer to intracellular conpartnments that 15
are especwad dy48enefici al for obtaining photochem cal i ntBCIVaEBISeREDN.

Many different targeting nolecules can be enployed, e.g. as described in
Curiel, D.T. (1999), Ann. New York Acad. . Sci. 886, 158-171; Bilbao, G et
al . (1998), in 20 Gene Therapy of Cancer (2 [den et al., eds., Plenum

Pre New Yor, W I e %gﬁg
Bi onchno\IN l(iiaélgg 457&% cgﬂg 1§§ﬁ 'JSI %S"'O% I(’ )%e&é 711%%% I n
addition, it i TR IFLAHELNG hb® 1?%% @PO‘:Q%EI%WW@Q@‘: attach

themto speci fug‘ed:argﬁ'eﬁﬂéirablylﬁt EN@¥Be | TeddE & tad h&d  SOBT/cn?,

phot osensi ti si nt,s ich are suitable for use in the nethods o? t he
present invent %o?\“'p/g \gﬁ Pirh & &Y PefRt 300808 P¥at fod t §99cdPPai n

ti ssue sistes. rfor é?)tart}:dl"eleceti@hm SGuphat mmélklk@WMSthélmd‘t as
hemat opor phyr ighe dSlla/atd S & CckoonD Wi £l | 9aldse B f ergntipl 1y or

sel ectively to tumpur tissues or ot exanples are
described in BAA €RP O phighy ProedcHemhPRR NG 0B 4he aorasmy 1996))

Such 35 pref epmmiritalod aea} ity on ﬁ@rg&%m Nessfcbpridie iFmidiods; the
present inventi.on. . e tar etl n ul e be associ ate und or
May 2005 WO iR N TR E s R feoed dbnjagieen ot P v
carrierl0to tltélqolmttomaﬂalﬂmgdisagmlm dibtithe aml:ﬁattae.“sfam:ﬂr di fferent
carrier or %ﬂ%é@se%&&s o IRV d e t%gscetthéﬁ:r Igacul es or
carriers as desc | above nmay a SO lreC e VIraI carrier
or . subsequent uptake and/or release of transfer particles :
into the cytosol. The efficiency of the internalisation’
of the transfer particle into the cytosollappears 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




t he photosensitising agent to particular intracellular co rt (g)?s
especially beneficial for the enploynent of PC, for exan%?% ones or
endosones. The transfer nolecule is thought to initially 10 remain in
associ at i yo #d44Bost he viral carrier in the cytosol of the gghbg,QRs§ the
irradiation step has occurred which releases the transfer particles from
the intracellular conpartnments. Once the transfer particles have been
internalised into the cytosol of the cefl 8?2 15 the events which occur will
depend on the v carrier system ch(a)sen. For exanple, in the case of

ral
adenovi r us, t}glusall 3 RSB AT TSI RRT t | S Mo s ok Rt BeRatitent ef
transfer nol eqie)carqpres toisdesnuel tus, ead tgotddehe it hgewi ral DNA (and

hence the nuclgig,agl ecul e ters the nucleus of the
‘cell. In any event, V\%e%%ﬁée%%%%e%%m d (%fr %lﬁ%erf BT &Y, e
i ncor por at ed FHRIFARNAFISY puigher lan Gy itereatment ghotaosteen cal

i nternal issati on andrHeos&d tHhYAS WS OAEe Ntn BVENE S W@Mi%&h?ﬁ}é al

“carrier, the ei.c acid nolecul e should 25 be present at orrect

i ntracel | ul ar r}llif)g(?attloor?qs"be tchea]fll qfﬁef%r%br‘fléftéler RF ddet IRheheghemiasst ng
can occur to taleladmerite i re r oducsedyt rdnsfaert inol ecfulishd 0 performits
desired functi9n: s e ' et [ | ecul encodes .a _desired
protein then E?loceggnr%%r% Ia{egta?d‘%é.'n'g i%%{é?eteﬁfe%(lpsf e%"ag!i]br#]%ﬁ%q'[ Fﬁlglprotei n
are required. Pt PRECET & é% arRholadac bes agdvemg agseculfmmacly erfcodes an

anti sens® RNAthel e@wiq daiebdy 0Gespl RArEP T ALAMUNE t Ond RE 5 | ption
of the RNA fraomthe are requi r%de, etc. 35 The |1 ght_dt?rr qilgl?%g)nHegt ep

to activate t ﬁg.sespﬁ i%%i%%ﬁt%f@% pYace igvdaitdingg a o
t echni ques andoppdcédmues weldpdazewn Howehergr ttheFale thbdRBL 2002 WO

02 1S P SEOMLOSER: vy 2, AT, ) AU O G 6 1Y of e
- proportion of the surviving cells 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




used, preferably at a dose level of 40 to 200 J/cnR, e.qg. 00 J/c
9337 t 'a%éﬂogg

and at
a wavel ength of 300-800 nm e.g. 500-700 5 nm Suitable |i s are
well known in the art. The tinme for which the cells are exposed to |ight
and the dWOOY4ePs|ight used in the nethods of the present PCr/GBMioOESH nmay
vary. In general, appropriate irradiation times and doses can be sel ected
by a person skilled in 10 the art to engb&g di sruption of the intracellular
conpartnments contai ning the photosensitiser and the subsequent uptake

and/or 1ol easeafydy NSl &1 8 | Bt AP B9 0hnodie, S 1L ciency of

the internalisation. e transfer particle into the cytos appears to
15 i ncrease wite iTRiRE R Sppsirentsian gng - £pridhal ridiese epgtbSof time

for the irradiwilibpsddpcdengndoXsyida 1phaosensidbdeincddhecmmpupilof the
phot osensitizern eIl rgJI ed in the t argg{t. ells C(?‘)PES ti ssue, and the. overlap
between the ab¥8IPta oo SpectPiHRPCFIReD lﬂﬁcﬁr&%e i TP €% ssi on
spect rumSof theeligjr bviuce.a Gyeratiyg inmhend ersgonde tioretiorctheur
irradiation stepis inthg, & . TAUYL8S, t Nalolbls . 9.
preferably up to 60 mnutes e%s"%'oﬁlo. 5 ?r %é%q%%f rrt;’nut etgpjmfog exanpl e

up to 10 or 1PFRRAKEON 2 aripbke Ginlols ane Feawiied- or from3 to 10

monut es and | pr ef egm{& h&ﬁﬂ{t?@émlta@éb&dt?éwtv@&h ePdr nﬁai%]:lﬁb(gs rﬂﬂULeS- g ‘

propriate light doses can be ecte erson . skilled. in the art an

again will depj%%r&?%t]rﬁeat%t%i;@3§ WCEWZQ moUtSHC PHotPRensi ti zer .

30 accumd at edvith therdlargretricatd s )i shegse Fomo examptiactide o ght’

doses- typi cal 'tmé‘%%e{ Y RH gx%%‘%ml% dd &R "B Qlu A CElSo W el DS
Photofrin and t sor

phot osensi ti zer e protoporphyrin precur )
5- ami nol evul i A% @S] thes nladid o fage B0 irspiparated 49 verdterabinge of |

| ess 35, than 20618 G |t Ol G merddariidan dhay light doses
are usual ly | qwer when %Tr}otggse sitizers.with h,|tqher extlhctjon
coefficients ifFidE &t ar % ﬁ?tg"f’%?rﬁ)(fsl e specific in Chat

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}; 7 R .
c) the methods are more independent 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




WO 02/ 44395 PCT/ GBO /05281 25 visible spectrun1are used wev for
“treatnment of non-cancerous tissues with | ess photosensiti Ma%ﬁ#ﬁnulated
_the total amount of |ight needed may be substantially higher than for
treat ment wefoaga@gger s 5 The nmethods of the invention w il igevibalisys9i ve

rise to some cell killing by virtue of the photochem cal treatnent i.e.
t hrough the action of the photosensitizing agent. However, this cell death
will not matter and may i ndeed be advantzageous for many of 10 the-

applications, e.g. cancer treatnent, and nay in sonme cases enhance the
t her apeut i ¢ efiregteby"siimquivinidoy”aforotakatmenhe r€bpense. itpoetant t he

nmet hods of thginkAVEPLLRB Hﬁyab@h@?QbLhégcsﬁggeEnﬂé Lhe 55§§th9 e?&

proportion of thg %urV|V|n cells_1s regulat 15 sel ect e light
-dose in rel at #Bndt f?ﬁ%ntcﬁ%é%h??ét?éﬁuﬁFlPﬁé pREt BSEASVEEsi hfSagent .
Again, such tpthheqmesdﬁfﬁlkﬁbmﬂtbneéhﬁmatb fE@QQﬁdiﬁi&uQﬁ tBeicapount of

cell death indyced the ot och cal. _tre It 1s |nportant
- t hat thegllghgﬂd§389¥glaﬁ u?ggeansugﬁgfﬁgPrgon@agen?hg gharvtdual cell's
wherein the F{mEeWi@@©W|sXhaﬁmééxtedVaneageDukvlIed by pure photocheni cal
treatment (although)they,gay éHQﬁQﬂHSQEE&Sn B@ Kht! ‘éQaﬂgfe&OmbﬂecE{@la

effect). In sone g plications it g grlate to retain a | arger
nunber of vi abPetRel FEtapPEropeyrsy %%fﬁ?ﬁtsu SFHEQéﬂ%1E ﬁﬁc§6ﬁ§1§§ne

therapy nethotietbesstinbuitiof Foableseebhalvwieghaaht ovnfoF expression of

the progein he transferred nucleic acid nolecule is
|nporta%§ Ingsuc%E %?%%f?%%s it Is appropriate 30 that a popul ation or

plurality of ceIIsThgub%thmd$a¢fythalpre$enthenvehtspnocaa begubtidchot
majority (e. gln@%oduééﬁhoéggulggr?n@éeé@iﬂgl¥sa£naﬁf§érﬁg i6Q £ %0 or 90% of
hi

the cells) are pot kil . course Is not e5|ra
especi al | y wheRIPEl ¥ (ReFPigeHt phalitrosome fusion, Y Gatcium

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




35 cytotoxic transfer nolecules and further cell killing i 7!@5’\)52 B
di sadvant ageous. Cytotoxic effects may al so however . ' GOOE?y usi ng
for exanple gene therapy in which a 27 May 2005 WD 02/44395 PCT/ GBOLl/ 05281
26 ther ape@p¥ei3¢fene is internalized into tunour cells by PCHGBOOHSH of
the invention-e.g. so that these cells wll produce inmmunologically active
substances that will induce |ocal imunobagical killing of remaining
cancer 5 cells or induce a system c i mune response to the tunmour cells.

In such casesemi®By qbies HG i:ﬁrﬁ@ﬁﬂ&ﬂim@laﬁé??o?éhég 8fevikabhe cells
are requi red. The advacﬂ c?(ges asso |ate w th PCl hods of
S

i nternal i sati SHBF 1K TURDT G B8 FheaEbeiation 10 with viral
carriers are 1) th@r ef st e rasprmmthomwlvés shzgebédt bahimiecohecto be
i ntroduced intyp, ng | egu rated into a
viral carrier and |tér@§81+r9 Zg%érp%éﬁpbcgft%gffggegg k%ﬁﬁﬁgﬁérgeg Ccel I ;

2) the m&t hodss%c'éfsllci%uépé%l@@‘é Whﬁtﬁ&PIQ%gmnyoﬁréageaﬁpégeﬁheoDHAght are

af fected; 3) talm drntygrdal 415 af d-am osréfwa@il qaﬁédvﬁréo'é ﬂ@£§oﬁf§kﬂf§& than
standard viral, thtIOI’lI erns of the ortion of ells, in which the
transfer nol eé’lﬂ &0 G4 cﬁﬂfﬁ:eﬂ"y ahd/ e é“ Bvhe B?e@xb?eggﬁlbﬂn%?l‘?%e

transfer nol esuiltd; t26: 4etlovds b SiHse aptddinit eﬁn@énuidsmls ﬁhﬁche@@nrw

because of trﬁ%egb%reaﬁ'ﬁ'&oe%éec'teﬁé:t@{é% gl‘jng &9 . @) ‘If% not

oncogeni c. The e erein ccuré (an vi ral
carrier }9% s addegk gative eatfessiqerinte ﬂllﬁghﬂéelﬂs i r g ation st ep have

the further agvameages gfedts OtARICH ke daROR: 1ol b8ulé S

nol ecul e and s viral_carrier_is dimnished; % si mpl |f|cat|on of PCl
treatment of EPRAICEd & GhPlWah STHIRICR | SMRF + 7RGy 9B r$aRRRER ©
phot ocheni cal traﬁstmmmtommxmmﬁ@rMM&tmnayrlgr@@uceXta@@Ure of

will inbhibit 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 éugmentation
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
. introduced is a gene or a portion thereof capable of
25 exptessing a functional product to cdmpensate 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
thomosomgs Qf the host cell, or remain as extra-

chromosomal genetic elements (i.e remain episomal).




“to prior art techniques of ‘|l iposone fusion,

the lesion followed by e.g. intrat unoral I njection or ot heigloc;%05
adm nistration of the viral carrier (and its associated tr 48y

. ol ecule); c) the methods are nore i ndependent of exact 35 tim ng of

t reat ment wo gx243ddne timng of the addition of the nol ecull?%ltlaBpﬁosrzg}(en up
by the cells relative to the tinme point of illumnation. I's nmeans t hat

there is a 27 May 2005 WD 02/44395 PCT/ GB01/ 05281 27 greéater "tine

wi ndow' for treatnent. This is inportant 28i ace uptake of a therapeutic:
nol ecul e can vary widely in different clinical situations and noreover,
the uptake i $PRREAYS teEswan fhe hriien dnd dessiansd 54 riadwde ni cal
situation, therdefhene ok a8l idid®e W ndow extrenel y advant ageous;
d) rapid transl ocat,Ij nol ecule fo the cytosol occurs

on t he transfer (
‘t hereby substanti alty’ @g‘icvﬁégsﬁgf?go ﬁ&%dﬁ%#‘ﬁ%ﬁfﬁ B EFeing

degradati on ofinthe a thriomgrsfey inoltde ehdhpemetdind b pdhetiRsaD by

i nventi og can-pe it : ules into.cells as an alternative
c oﬁ%@%ﬂéﬂ féﬁlf§g€§%ﬂn£é%iOWl%%ﬂ%éiﬁéaﬁﬁH%%ﬂﬁte As

transfecti on BFPISRY @cddis sdfFalpntairs the snpmeidarqast gembsodi etg-of  t he

invention noteew esadne igdpredisGed idl ael s JRfudde g}é'ﬂeo‘?r?agﬁ pi gene
t herapy. GCene L er.%%\é mayégt ake place via at}unber of - "stratedies, the nost
appropri ate of “Whi-Ch can e 26 % det &F5) HFaRTortsdRd (tdd s reieagh

dependi ng on ®hy ppavtideultde paissddgdaidsivs off a cirgedss: «OGae approach

i nvol veggt he gagg Ki |l eci.fic.cells. This apprqach i.s popul ar
in cancer the[aplgggggﬁd Fﬁ\%gle\%énpgﬁ!%ﬁeénbgﬁlﬁgsuﬁsr ggtmg&steg‘ptogﬁé’ttlé’@égl |'s
and then expr@s¥é8iag gelie ciirsce addl maly e p taSgely ¢dlel stiehl iceg lcan t ake

place by a di (gchifBehaR $Wpulation of undifferentiated precursor
cells which give rise to the mature differentiated 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 leading
to the activation of an oncogene. -
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.
- ‘Altermatively 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



pro-drug which confers susceptibility on the cells to kill y a
subsequent |y adm nistered 30 drug. Alternatively the cell k i ng can be

i ndi rect; we-0284399y using i mmunostinul atory genes as the i pomcgnmegsigenes
In order to provoke or enhance an inmune response against the target cell,
or by using genes which encode a protein I ch causes celT™death by

e.g:q if the genes which are introduced encode a | et hal to@mg%zﬁﬁcode a
ng
|

interaction with an 35 exogenously added | ecul e, (e.g. a gene encoding an

enzyne that act] py.O- s; HSV-tk which . activated

Appropri at e S%%%%ﬁ%@%g{&p%f%%%&%&%%% NG 4%5’58%‘&?%@105281
- 28 encodi ng ‘gendarearht ifihdesed| be orgdy er st rzars it | whicbwal hod
document ed in Aihe ter A SHANPT ARPEOSE N FWOE YL £ et £d (Lpbi bi tion of

gene expressi ﬁon A variety o({, djfferent techniques to 5 specifically block
the expressi oo gend® #9GHe B, TRNIOR GRM DI THe%R J%r e WBP | DRAGWN t O
a person Sski | [fesk staiile lasrg-ach aaypedsd @se MBYr bexaifsTe j Ncg@BEHUNCt i ON

with the neth of rese i.nv ' whi ch. can b used to i ntroduce
the appropriate rﬁ)Itel'%:ett}iﬁaf?‘.L %%o‘%%stc%lg J?S“%ﬁgecktléaerhsef-ee]ipaf’%cgs‘?}%r?ﬂ?bo?h‘é‘%cel |'s.

Thus, in prefesnes gdpecanair teplinvetith on ther nod el it bee i ntroduced

is a DNA sequence LoDl Shith HetGaRab! e dHANREN PM-PILEXPLESSI NI @
functional product, that, w. Il inhibit gene expression at_"sone |evel in the
target 15 cel ISIXHAREEd, Siprigrrpewkis ity HritdmkriBPige anti sense
nol ecul a®, ri bhewdees or intracellular antibodies. Another approach

I nvol ves gene aug i t her when a di sease state is caused by | oss
of 20 function o;ni%t g%eﬁlgflo r?dft%ggvd:f SHFSEP T ebe"'.fl’iahfeﬁ’%%/erﬁt Buci ng

extra copi es éfse He ddeiragsig i intentiypr gue sidemelimisds aapdtadeo- Thus -

in a further gggociated viruses, retroviruses, lentiviruses, 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-




preferred feature of the invention, the nolecule to be int %& is a
gehe or a portion thereof capable of 25 expressing a functl gduct to
conpensate for a deficiency in a patient. A yet further approach is that

" of target ¢¢hy )}34d on correction, where the introduction of a nucleic acid

into the approprlate cells of a patient |leads to the 30 di FYELEBE ¥t i on
of a disease-causing nutation in the patient's DNA. MethodS for doing this
are.. well known and described in the ariiy Follow ng nucl ei c aci d/ gene
transfer into cells in accordance wth the nmethods of the present
invention, 35nadieitiar emdubygends/,nbeitei=q thcid® FHe IiMROFRLE dulRihe
chronpsones of I naln as . xtra- chronposonal genetic

el ements (i. eaﬁéelglr&r? epltgepeéna %5“? °G5 X405 HBer /05281 -

-29  Appropri atidasEtadss afsh ﬂ%%%@@ﬁl@m Odesmgmdte@o demayt eareidriigr  of

these possi bi lid issstaliieBdvant a8 2f Jhs dgat ro%%%"%?ﬁ%r 'Jétcet%asl‘ : i nto

a chronpapne I,S that. the ene can_he perpetuate onpbsona

‘replication fd&d 8&%%39ﬁ9 LiveE; ddgh A§15F8§en?n@eFW§%ﬂ%%inﬁﬂQ§H$the

i nt r oduced gena&exkomgﬂmﬁemml&bahb67expke§sbaﬁ obdehe IRMOMGRG 1GENe, MBY
be obtai ned. a@;ﬁgpg@ﬂQ e %%Qet g ngé?gS%EI%E%P roac é_rraé%ﬁprowde

the possibility of a cure sOme - | ssues
conposed of adliz@s ¥p GﬁVﬁ@pﬁé 86l kb, lnhepapmahiy'Uesugneargetthhe stem

cells (a ”1HQMbEhah@RUH§bp©m Oﬁumndbékér%ﬂékatgﬁ pﬁggﬁr§%r gycel I's which
gi ve rlﬁﬁ to the matur fferentiated cel tissue Chr onosonal

i nt egr ati‘on haS<Pt*§€184d té&a%aﬁpaéégy ﬁ@mévg?thﬁP@M gii& fpalentdéy@eisbed and
i ncl ude e.g. viiecdaigendehordraeesdayetopsrAl %Qﬂes@&é@ﬂle due to an

accidental 1 nGgghathed RENhnt®alt Joph Pt "Ge2EL LR 2k 3D FACUHSL®
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 expreésiohfinﬂtafget tissues (i.e. can lead
35 to a greater mumber of cells expressing higher levels of
the transgene). ' In additien, PCI has been shown to

increase the efficiency of viral infection such that a




Ex vivo gene thefapy, wherein the target cells are 20 rengéqﬂ a
aeynéo%%‘

patient, manipulated in vitro and then reintroduced to a of fers
the opportunity for selecting cells where integration has been successful.
For exanphmotssssplifying the cells in vitro and then chegkidgiobhs:
phenot ypes for any obvi ous evidence of 25 neoplastic transformation, prior
to transferring the cells back into the Bgtlent Ex vivo therapy may thus
be preferred when chronosonal integration~i’s desired. Alternatively the

oo O o PoC A RERLOOEAN 1 {0 OENELTRLEL %580k ARLO-RY LB poduREd Y be

designed to 3071 ntroduc enes into cells where't
extrachronnsoﬁﬁﬁ*éﬁ@ﬁ%ﬁ?@o%ﬂﬁ %%ng%@ee&%ﬁ@%@@@tapnhsgﬁn Révéhs abgenhe

cells are actiselpem] Vl'ﬂhm,eff'ﬁc:a_éﬁ'éj?nglcﬁélgéﬂﬁaﬂ%%dnQ&rﬁ@giﬁgéE‘élgﬂual ly

to daughter cell.s and s :term expressi on robl em
resul t, repeatgﬂ ré?fﬁ@%%% A %fg@%€8?Féﬂ§f§ﬁ uﬁﬁyQMQIﬁéc§§§H}§ to
ef f ect afhurea&iowaqﬁﬁﬁi|trambdmmthmn ifneapessi bEl ttigsok whieli hgveut

repeatied 27 Vo200 JO02 A30RECTCHAL D020 cd0n! LoZRIRNLS, L 1T o

regard i s however, nuch i'ncrease resen d&Hof
transfer whi cHeQis Wﬁ%ﬁkﬁlﬁﬁfﬁQQéﬁ%&‘T%ﬁ@%tEérﬁiéﬁ§ﬁetoob89enes (see

bel ow). In adeftﬁe@tmﬂ}somaﬁmed hefien r@cyn@sneﬂoﬁa@dléf&eﬁléﬁabl e

| ong-term expression._ For exaqg dtﬁ?ncer Ege aw s often involve
transfer and &EXPF&ssionofe e 88? %ﬁlﬁtyﬁEﬁP?o killing
the cell0s. | wisuch amtdwdsraiohee iheimhignantyl hdSObeeaplalynwﬁahed t he

therapeutic 9?_?1% o5, Y 1 e%t%’ar&c?e b:l_erc}n? *{}geedag‘?%sen £8.0B0L! gned, glg:és is a

appropri ate V|ra systens use I Avehtion
adenovi ruses a#@ya@mﬂﬁrﬁﬁﬁﬁxﬂmnn&V&N&M@e%f'T%W&bvlnﬁgethHent|V|ruses
Her pes Vi rusegchfiendrjy virus, bacterlophages Vaccinia virus

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 the gene therapeutic_agent | N
will also contribute to lessen the side effects. The
'-spedificity whieh is obtainable is expected to make
_ gsystemic administratien 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.



15 and Bacul ovirus. Retroviruses have the advantageous property of being
able to integrate into the chronosomal DNA but only inf ect27a'@?¥3@%/
dividing cells. The integrated DNA can be stably propagated, offering the
possibility of a 20 permanent cure for a disease. Their property of only
infecting actively dividing cells, although disadvantageous for the
treatment of many di seases is, however; beneficial to gene therapy for
cancers of tissues that normally have non-dividing cells as the 25
actively dividing gancarsGrldesi canthe selegijuselsy ihphestadiand kil hed

w thout major risk to the nondividing cells of the normal tissue,.
Adeno-associagﬁﬂj§??ﬁkégm?é&§ﬁrér@8§¢ SAONGRINPATIng RELBEL Ofr BSIsuch as
adenovi rus or diSy Haemipr/eductiiyee ne3@ompfll@cicisoand tee bhh@ﬁb%ﬁ@ ﬁhﬁéht f
results in th r.Qduct i of pro viri.ons., However, in_the.absence o j
hel per viruse?ngﬁ?%%%%%%&ﬁrﬁhfggggg%gnm@#efﬁéeﬁNRug n2SsPFPIFStARe prace. |
Thus, the apprdsritat @ tlyjgdtofindderd- rapsocicatdd evidogytiectvesicarshe

sel ected dependigd N 1the no35:aRRk N a%l&p&%%%ﬂ%&- tﬁ@%g\{' [YSes.na the
other hand infect also non- dividing cells. Entry into cefls occurs by
receptor 27 MEPSGOSLIROtHt44Be5 SPUE mechens 28 shouldelipatagodNedcytosi s,

but al though the istseniled idkCle 6deasid riisghaties tke b@ﬁenUC|eUS|itldgeS not
only e

SUSt ai ned over ‘eRorEBarrads LONGERGY! Rl CUBREGPE CAnPISSBAogr odused at very
high titres, andylysiicel lpmadeaps ahdsethesi medeetilep sack- 8skb, but recent
Si 765 up 10 ABGSE 0 kb T SSCAPS Py dasrgah Celtars S CRIEREREA®( 1009).
Hum Gene Thekeligve245p- 2459y, efdiBecaliseroteshei whabel mpyet bhanf 468 many
different type¥ the cell 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.




of cell, adenoviruses have found mndespread appllcatlons &ﬁqg gﬁg@popular
vectors for use in in vivo gene therapy strategies. |ndee e i ruses
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. imunol ogical s®actions to the virus, transient gene
20 expression and bad tissue distribution leading to | ow transduction
efficiency in target tissues. Also the ability to restrict the expression
of adenovirus- delivered therapeutic genes to target cells is difficult

but nmay be very; |@p0g£g§ E&pe%¥0£d advers sa&E%éyfeuno (35 for exanpl e due
to the expreSS|on of "a toxi'¢ gene 10 t t iveait Y G Pl cancer
cells) in piommakeutatdls cpmpd;dnietibuﬁycomprgsmm avtta;rhsfmgans such as the
liver. Other viral carriers for use in gene therapy have simlar

drawbacks. 30 The use of photochem cal internalisation in conjunction with
t he net hods of the present invention can inprove several of these issues.
Firstly, the use of PCl can substantially increase the |evel and extent

of transgene expression in target tissues (i.e. can lead 35 to a greater
nunber of cells expressing higher levels of the transgene). In addition,
PCl has been shown to increase the efficiency of viral infection such that
a 27 May 2005 WD 02/44395 PCT/ GB01/05281 - 32 significantly | ower viral
dose is required to produce the sane anmobunt of gene transduction seen in
the absence of PCl. This efficiency of PCl enhanced viral infection at

|l ower multiplicity of infection values (MJs) should 5 allow viral
transduction in areas of tissue which have |ow virus penetration, thereby
al'l owi ng transduction in




regions receiving too few virus particles to be effectivelq\fmtn%r}%%guced
with conventional infection. Since it is expected that wt

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 PC
i nduced increased 15 efficiency of viral 34nfection is that a | ower virus
dose can be used while maintaining transduction efficiency thereby

reduci ng i mupplegiqal REER %@dawaﬁl al @Qrmtéaregswgha% and other virus
medi ated gene therapy. . Finally, the photochem cal treatnent can be used to

20 increase tﬁ@o§§§@Pﬁﬂéﬂﬁ9n6fagﬁﬂéctﬁénd?élﬁﬁ@ iargey reerpdindhis is

firstly becausgaanl.y obhu@haau@dtﬁéegﬁotaééngybnggﬁgda@@nECinaﬂﬂesecondly
because sone hot osensi ti zers hnhe%entlé accuna at e prefeientlaH
FPe Foft

di seased ar ea$"™PRE APt P02 £ fRECHSE YLbP 558l fidFEpe tlc gene
to a site of dicdeaséesi opl pthershoniFudgrali ghtrbart heldcstaseduaneasi s a

R T X

should nmake it possi 0 av0| unwan
expressi on oflﬁﬁélﬁh@ﬁ§9§hﬁdctgenésapCEﬁéedeth" 80 pbagesatadt hes body.

The ability O%nBCbrtﬁo?@k%a99§%kbhglekﬂ§egs?pPéféP&Bi dgsescQf1Lhe gene
t herapeutic agent, ,  wll also contribute to | essen t%e side effects. The

specificity wm%EHOP§CoBﬂ§FH§%petﬁggﬁﬁbeat@alﬁeuﬁaﬁeors§§¥aﬁféng

adn1nustratuoWe@&oadenowptu@nammyObh@roylbath35fcahéleiﬁaieagrbi@r

Furt hernore, as d| cusg g coul d, al so ge conb g with targeted
vectors, pot &Rfi &PFyPPG PﬁSPSﬁﬁﬁFbvﬂnagaaﬁ Mg @e??sgﬁéﬁ BVt 27 may
2005 33 As dihecessedorndiili¢epervi basgPCinappbileatioensast descrbetdeved
that the transfgcti on-enhancing effect of PGl on plasm d/polylysine

conpl exes and the enhanci ng effect
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/




on the delivery of other nolecules such as proteins, is dzzghﬁo gq?
| i ght-induced rupture of endocytic vesicles, and, whil st £V ?ng to be
bound by theory, it seens reasonable that the sane nmechani 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 adend¥iadus fromendosones is believed to
be an efficient process, where nore than 40% of the cell bound virus
particles have been reported to reach the cell nucleus (G eber, UF. et

al . (1993)inWelrnat¥én “HAL4861s Leopokd, iftdrleatkial10( 1988) retiumorCene

Ther. 9, 3 7 T m scrlbed in the. erature one
woul d havegrgx O%%Leg ?ﬁaﬁo%@ mec{%pcou'l dhcPéase hlenhégjfjlém ency of
adenovi russyggnes erdesthidhi;opr@tdins meducindPGlesead Hbimettioni maticest he

nucl ear transhgLt. Qﬁdggﬁefggg cell bound virus particles. It was therefore
extrenely surprising t | -i nduced enhancenents in gene transduction of
nmore than 20 tines could be observed, and at present we have no good
explanation for this unexpectedly large effect. One possibility is that
virus particles subjected to PCIl may have a higher "inherent transduction
efficiency” than viruses in normal infection, e.g. due to a different

rel ease nmechani smfromthe endosones. It is also possible that endosonal
rel ease of adenovirus in normal infection is less efficient at the | ow
MJds (multiplicity of infection) where PCl has the best effect. It is

al so possi ble that the photochem cal treatnent may affect other processes
such as virus uptake, nuclear transport or transcription of the
transgene. 27 May 2005 33 a In a second aspect the present invention
provi des a pharnmaceutical conposition conprising a transfer
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27 May 2005 34 nolecule associated with a viral carrier and .a
phot osensiti zi ng agent, as defined in any preceding clai m27dﬂ?Y%QP<§ ly the
phot osensitizing agent in the conpositions nay 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 wth, or conjugated to, one a¥>more carrier nolecul es
(preferably polycations or cationic lipids), targeting nol ecul es or -
targeting vectors. Optionally one or both of the viral carrier and the

photosensitizingvggfnt may be associated with the same or different
targeting nol & dodEICr iveguiabdes. IRitRptdngspeetedrst fCPragent

i nvention prowides:ea fa@ﬂmqsllhlt(il&c%&ldﬁ%\lrn@ﬂtllﬁot:iﬂ@s$e@@ﬁdm]@§ﬁ§ﬁt for use
in treating ar reventln ease, disorder., or |n%§§t 2. for geae
t herapy a pref™ R?%%ﬂ CEYTTS| 8EUPE TS S 5 Ge gseor-g5viPal
carrier deri ved tdrer ef rom Cbndltlons di seases and i nfections which are

part feul arly suitabl ¢ g 0NGRCLIPY NGl A8 SANRELAUSCr  IBYE So8- 8.

basal cell carcinonas, & or ot
artherosclero§F§3CV?@u§ra@ﬁdeétW@ﬂeﬁﬁﬂ@cﬁﬁdn§ Pb@@pﬁagﬁstlééngraﬁeﬁét05|s

wound hea"ngﬂlﬁﬂﬁﬁ&ﬂkﬁmﬁ%%ﬁb&gofw%rh%dé@@mbﬂ@e%bh%glﬂgﬂsttheﬂksorderS
such as cystic fibrosjs, lin's Sén rone at axi a tel angi ectasia and

met abol i ¢ d|séFﬁ@P§eqﬁ%999ﬁ4%@gg§ﬁe h@omﬁéhﬁgeésageﬁﬂﬁﬁgf%POH%IE@EIes f or

gene therapy areg€nes o&nm@v@gt@hgdéugla@tals\éat dAgoraazysesisaebtasnlier pes
Si npl ex thynldln Kin se ne deam nase; protein toxins such as

di phteria ~to¥"¥ § 2yero Oﬁ g&é& §t8P¥nduci ng proteins such as p53 or
apopopti n; i nmune §h1ﬁuﬁaﬁKMgaE@etmrsheupheaentlmneehEmknn§rQVLdés l&-12,

Lo 18 preferrefl JuPr - HRGR0SHS1EAR1 A" sTuoBRGRRY ESH LUPPEagPeci fic
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,




such as nutated ras proteins or Mart-1; imrune/ 27 May 200527 Iﬁé 3905
i nfl ammation inhibitors such as interleukin-10, IL-1 receptor 4 agoni st
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; recont?mant i munotoxins; ri bozynes or
anti sense RNA nol ecules and so on. A fourth aspect of the present

i nvention provi.des a use of a transfer no|ecule and a photosensiti zing
agent in {He Préparat i gﬁ oYRERBYI et tuntAPAMRY a ceFFeYHtERar ed
accordi ng tefdrze teethody sy daf ipretdeabive {1 orfskeabitNghor s @i @Rt biig a

di sease, d{ﬁé)r ler o1 i({elf ection .prefgrabl y for gene therapy. In a fifth
aspect t he Bt S8EREST nVErROrSRT provitd&Sta°  use of a transfer nol ecul e

associ ated w t hcanpsisiakoncary ithe pndsentphot-esensn tii BYsagesipasedeaf i ned
above for_the preparati.on.of a_nedicanent f.or._use in treatin or

prevent i ngc%ﬂdiogreaage?o%lgg%arérO%rC?% BT BRI M B efer4pt Ef]i)rm‘g]eeﬁ'éllteherapy.
For said usessh thhe bepéotiogendiutédiingoagent aadl thhe vhier aktRass0cifattad
transfer le c ntacted with cells or tissues.of _a patient
ei t her tog%@hegftqgrg"sg%gf?g a;r%y b§°rseﬁlsé%t ﬁﬁg%lhgﬁﬁ?%'pr P%f%lcél&r?irﬂi?’sﬂ% i on
times and Smmpeel s may be irradiated as described above with |ight of a
wavel ength eff Y I e e nh sensitizing agent. Methods of
treatnment and preslérgb%(gt rarﬁ;a{rlﬁggé o%r&goggéﬂ% herapy conprising the nethods of
the invention are other enbodi nents. Thus, one enbodi nent can provide a
met hod of treating or preventing a di sease, disorder or




infection in a patient by gene therapy conprising |ntrodugbga ansf er
nol ecul e into one or nore cells in vitro, in vivo or ex vi EVR ding 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 elinmnating one or nore syfptons of the disease, disorder
or infection which is being treated, 27 Nhy 2005 35 a relative to the

synptoms prior to Li-8aLARRY de" Br event beny 55&@5&53 gel ayipg or preventing
the onset of the s nptons of the dlsease di sorder or_infection.

Conposi ti ons 6?”?ﬁﬁjﬁfﬁhénﬁr@ﬁ§§ﬁﬁlEﬁlﬁﬁyiﬁl§51€%nﬁ??s€e§n tBFrogrced

popul ati on OfJﬁﬂki$adﬁnh%ﬂﬂln@hachr&@&ﬂeﬁsﬁbbﬁauhﬁbl@hbyhahﬁétb@@“of

i nt roduced |nt sald ce%l t he nmethods of the invention, preferably for
use in therapy, éVfﬁgﬁlaﬁF§ §&h8" t herapy. Thus, a yet further embodi ment
27 May 2005 36 n&yy@koibdeharcebmbodimepopuhatpnovbﬁecehésuseoofaaning a

transier ol ecldn whickh 1has Begtbatadugede, Dt pogathocptloaphighyoel | i

obt ai nabl e by a resent |nven ion
can provide tﬁé'GS§Q@PO§lt§Q@hOé éemﬁdéﬁaﬁépﬁlﬁﬁroﬁsﬁfl@ethgrﬁbv t he

preparation @frex<GRMIYSiythantperapiedi cament for use in therapy,
pref erably gene th%@ﬁ %@ n enboglne t further nay provide a nethod of
treatnent of a pat SRPFES NG URY ﬁl@Fér?ﬁ@v%gesﬁlﬁetﬁagl%ﬁt cells or

conposi tions afreizhecpresgnt paweehmoaomBkeEeﬁgbhamﬁﬁiQt@Eihgdsoagﬁlﬂsed in
gene t herapy, |ntr UC|ngta nDIecuIe

%%lé%t Cegﬁod congrising.thg s%sﬁﬁ
into a cell af?testli bed RePdi ABRPEP&TaRESal %t%??ﬁ%n tnve
Preferably said methods are used in gene 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




said cell thus prepared to said patient. In vivo, any node Ma
g . . . po y20q5
adm nistration of the viral carriers, photosensitizing agents,” cells
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 &xternal body surfaces etc. For in
vVivo use, the invention can be wused in relation to any tissue which
contains the cells to which the photosensitising agent and the viral
carrier w kkandeakhseysd ndl vdibepbodprel deéddescabnoms usedstoel | as solid
tissues. i e : n phot nsjtjser is

t aken up ﬁ%£¥%§§§gggefﬁﬂ@§ﬁF§%I§% fﬁzef$§h%u%§ﬁggg'p?%b§§§$§%%’ivered.
Wth regatle tioreaitghet dein ber goneligachypbifrts odowsthotuguegyenkat a probl em
for extern S £ I, san] For internal surfaces
techniquesggﬁgﬁ&%gggo? 2 C%Eyng%%gI£§8 g$q%i§§g?g¥?he use of optical fibre
devices can be used to effectively illumnate many internal surfaces. In
addition, the treatnent can be done in conmbination with surgery that wll
expose surfaces which need to be treated. 27 May 2005 WD 02/44395

PCT/ (BO1/ 05281 37 Thus, the conpositions of the invention may be

formul ated in any conveni ent manner according to techniques and procedures
known in the pharmaceutical art, e.g. using one or nore pharnaceutically
acceptable 5 carrier or excipients (i.e. conpatible with other ingredients
in the conposition as well as physiologically acceptable to the
recipient). The nature of the conposition and carriers or excipient
mat eri al s, dosages etc. may be selected in routine




10 manner according to choice and the desired route of S%PMQtEQ&ion
pur pose of treatnent etc. The conpositions of the inventi
. contain other appropriate agents. For exanple, for sone therapeutlc

applicati gggoandesone routes of admnistration it may be %ﬁ&g@ltﬁtﬁhal to
use for exanple agents that can increase tissue penetration e vir

carrier, e.g. proteases (Kuriyanma, N. et al., 2000, Hum G&ne. Ther. 11.
2219- 2230). Conpositions may be adm ni-st¥red topically (e.g. by 20
intestinal, buccal, sublingual, gingival, palatal, nasal, pulnonary,
vagi nal, rectal or 68 arthfeldoreopiticssably the paventdoa may Bepi cal

conposi ti ons @h&mdﬂéﬂéﬁEﬁﬂenﬂn@th%hﬁgﬁtgﬁhineQr%@%%mdﬂh%%%%ntS Sprays,
wder s bl ets essari es,

| otions, salv%§ st.i cks cg

-aerosol s, dropS ﬁﬁﬁQHq%Mﬂ? |ﬂf9§ uEPStKEOWBtH@rtéﬁhﬁgﬁﬁﬂﬁﬁgptlcal
pharnaceutlcaartorﬁsglntuhematms orCmbkéepharmgeb&ta@élqye&@&eﬁ&hbl@or
exanpl e, ghe f%%&%ﬁ%&eQﬁMﬂ %ﬁﬁﬁﬂ%eQEs 20 ol ét&% & Wi %a t@graddltlon of

“suitabl e thickenin I'ng agents. f ormul at ed
with an aqueo&§96@ ﬁnifbd§bth&n§0WPPBlt#ﬁngéﬁewaﬂl alsso contaln one or

nore emul si fyphgsidileRAlcH11S; a%'éé@@ﬁgﬂ.agtot Eh@k%b&lgl% ycol @yLi ng agents.
Powders may be Eorned §h% the aid % suitab powder base. Drops and
sol utions nmay”B&“35 For af@ﬂwﬂﬁﬁﬁlaﬂ a9 e83§r6?rﬁoﬁra&ﬁ€éeéeﬁﬁse al so

conpri si ng onwaterrieade dﬂSﬁagEBngtcSOthlbesBﬁgeﬁtedSﬂ&andtﬂﬂeagentS
perosol 1501 YRt RN AN ¥20y . 2005 (I B2L 84380 T o 052 38

del i vered fron1pressur|s e us
Al ternativel y2 Ph@léﬁﬁﬁéépphoﬁ§rﬁa§eb@fptneaﬁ@dntneta f ofteeadapt ed for ora

or parenteral ca@pbBigtibaki 8F the invention may also contain other
appropriate agents. For example, for some therapeutic
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 disperging, solubilising or

suspending agents. Aerosol sprays are conveniently



~acid, water, water/ethanol, water/glycer

5 Alternative pharmaceutical forns thus include plain or Q%at ed @aé)l ets,
capsul es, suspensions and solutions containing the active owﬁb% '
optionally together with one or nore inert conventional carriers and/or

di luents, weoy3esth corn starch, |actose, sucrose, 10 m croergsiiakisyne

cel l ul ose, magnesium stearate, polyvinylpyrrolidone, citric acid, tartaric

’

S gl , water/sorbitol,” water/
pol yet hyl ene gl ycol, propyl ene glycol, st gryl al cohol , _
carboxymet hyl e 14 Onga Ofr bl e SURSL A0G S5 SHEN APLAALHL TgoLale oL suitable
| hal: T ude

m xtures thereof. The conpositions nay a I 0 y i nc abricating
agents; wetti ifidgents PErReklast ng agents, suspendi ng agents, preserving

agents, sweeteni ngEﬂﬁﬁé&ﬁati\féwpbﬁﬂélgc@'&ﬁ%ﬁti@ﬂ§%ﬁ§'i]ﬁ@ A f&é&rﬁine-g-
e. like. he

surface 20 penetsating,agents_as nentioned bel ow, an .

conposi ti ons &f THe" i%?é}ﬂf%f%fﬁ rRﬁ’é‘F%‘&e’ﬁ%f dmini gEERE Helqui ck,
sust ai ned or ddltepetrisregdemwoiaddie i@t | Fermnsgleds ehichliderpbaimhnost rati on
of the. patie I hg es ln.th rt. 25

Sol ubi li zi ng a@ﬁcﬁﬁé st ak)l 1%1' n(%{‘[:agen% s %ﬁ%%%fﬁéguéﬁ%,sﬁ% ns

cycl odext ri ns ECISRIRIRB, the @AfHAY Tl ephiondbkadesgeidyet i kewhse be
determi ned i n oredidnGnor@ RS tAbAFhIeReNr 4pep; dhe D3 use §14b8: <, ’
nol ecul e, purpase _af .treatment, e of patient, node-of 30 adm nistration
etc. In. conn&cth ol it £ Sr{ﬁﬁﬂ%gsér‘?scf‘f‘?%ﬂg‘s‘é%’é?ﬁethe potency/ ability
to disrdft meviieramey oralilrivedicatlilon ocseshabghed hom herdaderej nto  account.

phot oeendi ???@%E?Vi?‘i.lﬂéﬁi% 50 et FEA T e Hdn Y3t O v
t r eat nent s- t h¥35EaY iz iR exyeityanse e wakel [ sonthidok ampt @ 05- 20
my/ kg: ; body webgRierwiarneadlivticit,eribA dy 20A%1 VRHQAAM Y cohol
PCT/ GBOL/ 05281

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




39 systemcally or 0.1-20%in a solvent for topical appli % I,.on Odgn
smal l er animals the concentration range nay be different M 3&% e
adj usted accordingly. The nolecule to be.introduced in association with 5

" the vi r al wed - may be present at a concentration of 1397 % such
as 3x10-6 to ?6%3 e.g. 0.003 to 30% e g 0.2 to 10% (wWw) 6(?80&/&2%9

particles in the final conposition for use in vivo in whi ch Wwwrefers to
the weight of the viral carrier in addi t3rm to the molecule 10 to

be-introduced Y Q the . of the fina osition. If used in
oot SRE-ChYELER, PhColT B8k Shaty o4 vABLEET HORHGREmat el y 105 o
1015 physi catppliabtpant i clessmAdd einanimadsusbebebneent fat 1ad Obange al
particles, e. ﬂay1Bé0§l%fé9éntn§%dbgﬁﬁogg a ﬁugg d'Q¥SB£H£§%%%[eSnOMIbe

-described in nore detail W ng Imtin with
reference to the TBfIBAMAGU4rakPnES Pﬁtmﬁéﬁ‘EdFFﬁuﬁés‘E’L%ﬁ‘émﬂ)@Tgﬁh

st ai ni ngs of pn:moehfmcaaifyletraaijdb@egr&\é@htcgtl S cfﬂ‘i@eﬁ@ﬂi@l&‘ﬁr@ft reated

“wWith 20 Al Pc b, . Nfect ed th AdH acZ (Ad 5.and  subjected
to |ight treagérre%iént 58 %ﬁdl g&f"gdaﬁn3 SMV 'ﬁ’é"’ ON%](% %gdbation to.
all ow for expzessi®n2otothes t(Wéwi;daéedlsugapartbsldasengehe fiuea]:el s were

stained withedngsliand,anatyaed by %%Oigomskgﬁ fdescribed J@gtﬁglce"s

were treated as, foll A. t r eat ment enovi rus on PCS2a +
8 nin light. "E?%Q_IF"CS?% ﬁheA‘déﬁéJn Fasries Wnaﬂﬁigﬁ%onpt@uﬁzléezn@mlm ow

cytonet1y anatyshes-Dhtrohetesheai gakis. eahan@edei@ﬁasgﬂcw@nfix@aﬁCT 116
(panel 30 A _ and. W | s.were treated th

an el.ls, The.
Al PcS2a( ), m%%?sejdt%ﬁ"gp g#«db%/e atB( AdP i %nw%lo’aﬂd RNy
descri bed. . d@wr@i@ycsndatt@ratdieseebfsappeoxlinaaelbyl wht oo lu0d? escei n

di - (3-D- gal aghiopyf @Rpsi e apd-apai¥sed PY.f LAV SYLMELL e EhGLE & 2A Shous

a dot
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,, (8), 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. Figure 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




35 plot of the flow cytonmetry anal ysis of HCT 116 cells. V%e E@ on the
right side of the vertical |line were considered as positi EY enovi rus
transduction since 27 May 2005 WD 02/44395 PCT/ GB01/05281 40 there were
virtually wooealdess in this area either for nontreated cel lpgT{tgRes2spanel ),
or for cells receiving only AlPcSZa and |ight (I|ower panel) The different
treatnments are indicated in each panel. Fi gure 2B shows 5
transduction-efficiency as a functlon of PPght dose for WDr cells. %

3-gal act d described und 2A ((O
5 T () socabS el VERRGTY BRGEREr R GhLeceREe. FAEBRE £9¥ (o) Sv
d+) was scor@@lﬂtﬂ'ﬁ@tb@rselbpré’egpe:r:spame[a)d er rborotelhe t8carain§SEM) of
2 to 5 di ffere@ﬁlfxmﬁbgensﬁd E'é HEe(ﬁ?ﬁ \é\%?ﬁ 5e“h%ﬂ(éeﬁlzf%%%dgc“on of

WDr cells at_different”virus doses. TI s wereinfec
AJHCW- | acZ at “ER¥BFRRE REFPsiBAECaLe ek cepeld Pmet ochBhtreue 2Beshowat as

popul aton. et meDt sower éﬁfé‘@?@?f%m% A nShaden. bar 5. by ALRessar

di agonal cross- ﬁﬁﬂ%”ﬁ@i% fa'ﬁ}i?s%d 2AForeoohthye ‘E‘ﬂ(;g% ‘ﬂ%ﬁz‘ﬁ%‘@ as
MO =20; bl ack: dwtﬂﬁ)edﬁmwrbﬁxgumeﬂisa‘mbfss ekper i rrent s+, FAqur e (8B
shows fold i ncggas§d¢p 203 (R 92! pELOSL éc{ﬂ%%ij&% ?Pﬁgt gtal ,ce

popul ation. Synbols are the sane as in Figure rs are Ltandard
error of 3 or WPRxFRTHENt sTHhE bR¥Fe YeRIRRANG tatdard efrehoebctlesi cal

treat merto on anenoVv{Img) teBNSdUStS Odhﬁeﬂé‘ﬂﬁ: CBhhsrimeer &1 gure 5 shows the
ef fect of phot ochem, cal at.nent essi al act osi dase in. THX
cells infected wi ﬁ%%\ﬂ% Fhigws rﬂ?“‘f?‘g ‘%"éé‘g%‘gmlo%t? ht R

Al PcSZa- pr et r ezttleds cut | @i fBsenincubtateddsrs. atidareld ward HeSxa-4édee :
medi um bef or e | gita SRR SoPhd O Ardiidhe FRIZOWAY L Hoipasiop the cell's:

wer e
photochemical treatment as described. Figure 32 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



I nfected with AJHCW- 1 acZ (at MOl 1) for 30 mn. at 37C. Then 2
medi um was added and the cells were incubated for two days2 H\ﬂ?b?%o%nal ysi s

of 3-gal actosi dase expression. For the "light after” 35 strat egy
" Al PcS2a-t {1 Il's were incubated in Al PcSZa-free nediumfor bef ore
a 30 nininieciiron with AJHCOW-1acZ. After addition of 2 rﬁT/%]FM@aﬁlure 27

May 2005 WO 02/44395 PCT/ GB01/05281 41 nmediumthe cells We&re incubated
for another 30 min before illumnnation-fét 3 mn, and two days |ater were

{ analysed for (g al osi dase expression. Figure 6 shows the increase in
1- gal act osi dad¥ Lg'?d%l?ctcr"%ﬂwl%sw%rq' ddifubagredpdormagiaihed 3%amdaduct i on wi th

an adenovi r us lenftod ngl Ivie ed B0 AHASE niird,h HraC R8RS Idis 114taSH i, @0 ti nes.
The treatment (+ ar, wit hout) and | i ght doses (length of
-irradiation) faf)r 3{%é§fc§% eé]%#ascllﬁ’pﬁléifsfr ETHGHEHMR on the figure. Adv:
10 Adenovirus AJHCNWiduasZ.6 Sshawse tileotiosersists Zer fAIGRAS2aosibiager e 7 shows
the effedt of REa it tdanaduction,1Qf of Wd%’—m ?llla%e% t(‘j':]/@fnf %{ygtlon w&

-multiplicities of jnfection. o - wthout irra

irradiation. Brg@EIOEHNS HedEne & 9l aptrsidagsemivly docregsing
transducti on dfrrAtStteld sime t meat rRhtidnt I(le—Ca.&ﬂd&%a\MlhB Q4w t hout)

and |ight dos tes f.or .t d| ff sanpl.es e i.ndi cated on

the figure. %ﬁf XJ e%nz)g\# oLwy vl ‘ite Bhﬁ&é"ﬁ?%ﬂﬁféPn)AfPESZa .
20 Figure 9 skéws dtltféem@lntefsfmlem ameauﬂducalted oh tHel &iandeFmaxdii:l cel l
| i nes. @mshadﬁ@e%%&%rusn@xukﬁhﬂﬁlg?'g?t e l'gPBQEEenS%Q %%%OREEcS

i rradiation. Figure 10 shows the transauc 2 "W Dr
cel I's with adenovi FdgU&Esdcishosg Fiben eéfﬁ‘ﬁltyoﬁ PgE ppsicansductérn Ad:

Adenovi rus AJWERM- k@dds Bl difdlefent 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®




L- Lysine. SPLL/Ad neans that the conpl ex on.average contai ns PLL _
nol ecul es per virus particle. 0 - Ad MO 5, ~ - 5 PLL/Ad, %@%LL/Ad U
- 250 PLL/Ad, A - 50 PLL/Ad. 30 Figure 11 shows the ef f ect of PCl on
adenovi rusooremeducti on of a human skin fibroblast cell |poeGsenpd28yi Ng
poly-L-lysine as a carrier for the virus with variable irradiation tines.
a - MJ 5: Unconpl exed adenovirus AJHCW-;LacZ. E - MO 5/PCL: AJHCW- LacZ
35 conpl exed to 250 nol ecul es of PLL per virus particle. Figure 12 shows

the effect of an:I G AdeNQFUS, A¢ apsaugt
dendri mer Super ea::t( May. 2005, WO 02/%%%1%&%%%%@952%5%&§
virus carri er %an“&‘cé"%c’é‘?ﬁa}%’t@w Rk dtrrhar L seeeis

irradiation, siotiafiirson. 90 seconds irradiation. Fi gure 13 shows the

ef fect of dlfferent 4 hedul,es | l,um pa dm ni stration of

adenovirus. Tine p0|l 53“5,;11 te}b %Cﬁ?z ?3?& fé; OLe %7 rus added

before irxadi @tqflﬁﬁi‘lkﬁﬂr@%d&i{mﬂl@tlm amcymdmmsismnlcaddmﬂ i on of virus

after irradiatihoviius 1 MeHe Gdidadial 1Ok 1a50%d faipdiatdon, 10 Figure
0

14 shows PCI enhancenent of the ene t her apeutlc ef f ect an adenovi rus
vect or encodi fFPHSEIPYs QinH S89rd Rehaff irrdiatisde drivg nRmitwisto
i rradiation tidhes.riGHd ﬁ@ﬁﬁdmwﬁﬁm esk b@’lrtﬂﬁ%@ﬁﬂéﬁ\ﬁfra&ﬂaﬁflcﬁg

i nduced gene tyransd n W|th 15 ad novi r us vee encodi ng HSV-tk. Al:
Al PcS2a; AdV-TK: 1 g‘étﬁlg\(’}u rds S‘E@ VIt KO é&a %&PEH ovir. - Al

only; al0 Al + AdVFHguug -14Alshm@(:\P(bl drpglaemdmA) , of 23pg/gene B) or

3‘-_88[39; m Eg t%eraﬂeu"tl'%d\éf-@éc"'c & A adeg?ﬂll@us( ’@ect%S_cha/rmod(l@g or
P9 erpeslgimplex Virus thymidine kinase after various

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-




In initial experinments human W Dr adenocarcinoma cells were treated with

t he photosensitizer AlPcS2a (al unm num pht hal ocyanine with 27 May 2%3at e

groups on 25 adjacent rings), infected with the AJHCW-1acZ adenovirus

cont ai ni ng;p,B PRl act osi dase reporter gene and subjected 4 W%{ﬂmts

treatnment as described in Experinental protocol. The cell’s P31 ned

for 8- gal actosidase activity, and m croscopy showed that 'a 30 substanti al

fraction of the light-treated cells expr&3sed the transgene (Fig.1D)

while only a few, positive cells were detected anong nonil | um nat ed

adenovirus-inﬁ%@%garﬁglﬁ§aﬂﬁ%§3ﬂ@ arb nedsifiove agelnsloggecass den i n

untreat ed sanphtsactbsgdile @enen sanpl es 35 receiving Al PCS2a and |ight,

but no adenovirus (Fig.1C), thus the observed |light-induced increase in B-

- gal act osi dase expression originated fromthe adenovirus 27 May 2005 WO

02/ 44395 PCT/Epampds281 43 delivered transgene and not from an endogenous
B- gal actosi dase gpge. qgéﬁggggtgv% q@t%lg %%% |s flow cytonetry

was enployed, using the substrate sceln ?5 éFopyran03|de

that rakes B-G&P 8¥%§rd3§én§x§P€s§Pﬁ§tr@éﬁl§1ﬂpﬁ§ﬁ@§@@nﬁl~ﬁsDcan be seen

fromFig. 2A ¢abacphoyeshesieal thaeahaRek gueﬁiaaﬁb§£hxséﬂ€£{5§éﬁglwe B 10

gal act osi dase, %fiévfi O|n adenOV| us-infected HCT 116 . cell
percent age of B gal act 05Fa558 "posPri v&T B8 F§ePnEre%sEddr r 6 5RS0. 1%

(standard devphketophenigal tmenbmﬁatlyubﬂtaotedlaylhsctéd$e8-tﬁbnﬁn | i ght)
to 681796 (N=Haif€sk!dabeCabthieLoPthMBLchbTLIEN ntR LA S Gy N Ly

light). Likewse f t he sanme sanp uorescenc
i ncreased frdﬁﬁ%%ﬁi@b?%u%) the B%QCﬁeg%Q€nﬁ§)ﬁréﬂé@b@@sﬁﬁaeeesoemtevan|ts

(RFU).  The phelbehideeiséaeaismnt. 8k801%! i(9BhhyatACHE$88:1LHE n=3)
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,
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cells. 25 In WDr colon carcinonma cells even higher |ight- dependent
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the chemi | uni fex@@le(3 Gal reporter gene assay kit (Roche, Cat. No. 1 758
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- showi ng -fold.increase in_B-gal act osi dase actj vi as a resu

of the photoch¥ %%ﬁ’h‘?‘?‘%ﬁ?fcrieﬁte‘(‘lﬁ%?cgﬂo%?r.lsg‘ﬁsh‘ﬁ?eeé%ﬁc’v@x‘ﬁ%xt &% ubfed
the effect of agmwaxemtisfdoserna.t Bethpholiocbehematsy endatreedt t r ansducti on
efficiency. o r i g. C 1 t ment

i ncreased trgﬁggﬁ%?%%%&aﬁgg %&ggﬁgégd%gé%ffe€¥ggg Qﬁ%%%i%?%{$§é ef fect was
nore pronouncetP¥VeRe Foderffeot vvassneps coronoNRCEdLRE | Phe clayenf

infecti am) 1 andeB) abses (MELsasmsLifpI®ai:f ! ypr esespeeRf Peiygen 15- and

35-fold was obsh(Larved, as conpared to apout 10- and 5- d i ncreases at
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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
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W Dr hurman col on carci noma cells were obtai ned from Aneri can Type

.Culture Col | eS{PoRTPRPEES Ros. CCL- 247 and CCL-218, respectively). Cells

were cultured in RPM ra4dnimiintdnNaaenbat kg AidYietale 2 dldeocd My 12005

WO 02/ 44395 PCT/ GBO1/ 052 45 serum .10 m__penicillin, 100 ng/ m
-streptony%gi n %d Cf%ln%sagc%t%%ﬁ%ec rpléegcg/YBI’fi]B? %éﬁ“‘ér“ey, UK) at 37Cin 50

02 at nospher €Y tTmegadconiyiurarrctdesy wass ohtECMkd byZ hemcddgogst he 5 E.
coil lacZ gen@:e%%tﬂiqlelt%r%éﬁ% YRR MGt %gﬁg%ggm'é%%%@%er as

obt ai ned by honol ogous reconbi nati on usi n%_ systemin 293 cells
(Addi son et al'2ddger ef @dn.\il997. 78CGersHirel). 7RecdfBiEm&dd -vectors were

pl aque purifi egcogidnaio vidbri werkeb1haud93ueekisdand e thetiby CsC
bandi nglgHi tt

sol uti on was 5%:&1.2!&1’5 nv}g%g%e tg‘io SRg‘/?fléfégaﬁcgééBQ%&élﬁgg%%t%Séfz to

the MO s enpl @led iLP9Ghe Miitfhicgise ol .  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 1% min. The fixative solution was

- discarded and the cells were washed three times in PBS




experinments. 15 Photochem cal treatnment. 50 000 cells per well were seeded
in 6-well plates (Costar,) and incubated overnight at 37C.27 M3 20984 um
containing 20 ng/mM AlPcS2a (Phorphyrin Products, Logan, 20 UT) was added,
the cel |l swepssispcubated for 18 h at 37C, washed three ti wes/guotdsasedi um
and incubated for another 3 h at 37C. The nedi um was renoved and 200 pl -
of AJHCOW-1 acZ was added. After incubation for 30 min at-37C, 2 m nedium
was added and the cells were 7 25 incubaté® for 30 nmin before exposure to
red light (Phi Iigs T% 20 VVOQt filtered through amg neq%id_BS filter,
with a Iight ifteh8PPy FPEREAFRYTENESEEPRE GENSE3WESWERE) 108y e TR Sy si s
of (3-gal act osaddsthactli vihyest hereepksfvened natibaleq.at 13%C Kekatlwo days.
30 X-gal stainj el ks _fo - 5z by -4- 0-.3- ] | - Z- D

gal act opyr anos%g%ei?gi r(lli:’ng t%:*'eﬁérrg%‘:”uéh \?\/a{snﬂggéé%&%!ég{’ I—L “H[]q%}féﬁf?’l’x&ti ve

sol ution (0, 058g 4Lt Brapbbhyae addedspndsthgsceddedvane tiheubsltiest fere

i ncubat edsat room vbesperatghe £er335chid EﬁgeEyéatbgemﬁg&%%b%g8W@§oo
di scarded and the cel%s were washed three tines_ in Pg 27 May 2005 WO

02/ 44395 PCT/ GBO1768281°345CRt POORYt BRpEFAPUPET(SELBNBIFTASEORES for 10
mn, first andZ¢hssid winsesnwaCeOpespotnedmgucKlygliss)l.m X-gal solution
(5 MM K3Fe(CN) 6, 5 nM K4Fe(CN)6, 1 mM MgC12, 1 ng/m X-gal) was added and
the cells were incubated for 5 4 h to overnight at 37C and observed by

m croscopy (100low awbereteatammlysdsSng an Axi overt S100 ni croscope

(Zeiss) woth an MCIPRe SpoOl1 SapBFa {£bSShisELOVCENELTRBLEYganal ysis 10 The

cells were trypsinised entrjfuged,
yfgsuspendeg {5 55 éﬁ 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




resuspended in 25 m medium and incubated for 5 min at 37C. 25 m- of 2 mM

]
fl'uorescein di-(3-D gal act opyranosi de (Ml ecul ar Probes, @@d@ﬁ@gméR) was
. added, and the cells were incubated for 1 min at 37C 15 before being =
diluted b I 450 M ice cold growh nedium The saml re kept on
ice for 3@‘@% rhgb% filtered through a 50 mm nmesh nyl on Fﬁ@?ﬂﬁﬁ%m&nal yzed
in a FACS-Calibur flow cytometer (Becton Dickinson). For ‘edach sanple 10
000 events were collected. 20 Fluoresceirmtluorescence was neasured through
a 510- 530nmfilter after excitation with an argon | aser (15m/A 488nn).
Dead cel|s weHeO M0 ekkanel sebutiétngl e viable cells by gating on
forward scattering versus side scattering. The data were analyzed with the
CELLQuest 25 ﬁftmareB%Becton Di ckinson). Exanple 4 Effect of PCl on
. adenovi rus tranSdaEEPBRIBAMFHYXICES $9C8 Nk Wars Heriside £k n
di - (3- D- gal acpupprgrtsidén( EBE) hmamnpuediaddeae Proan M2 eculmar Probes

(F-1179) ¢ A 2 _ S i .35 r red .by di_ssol ving t.he wder
-in a 1: 15m' xt grrg%gkgﬁ%go%%%gﬁgﬁl% ‘Fh\ég%r%e’x%%ﬁ% \(‘j“\/étsrgéggng&ﬁ%aﬁ?e%d&@d@ an
appropri ate v8rikempdéugopurpdementednalisha 1931 FLS27 Uy @05 WD 02/ 44395
PCT/ GBOI / 0528en4£111180/ BAMBE-eERNO! osal Wiy /a1- eI Rk L. US
AdCAl71acZ Wagg_ﬁgrﬁeg gné Egoea %’?edoi n ttﬁlﬁﬁu%n%%ll Ii#eq%g??,\élo;n Ad Ei
5 transforned r §8fi ¢ RIMGHEVERBEPS i ne maintained in MEM F-11 medium

suppl emented with 10% FCS, 100 Um penicillin (G bco-BRL), 0.1 ng/m

streptopycin £§ - d .2 I m ne. 10 Construction of
reconbi nant Vi rugE ggﬁlﬁl QP recildube wigu dCAl7l1lacZ encoding the E

The recombinant adenovirus AJCA17lacZ encoding the E.

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




coli lacZ gene under control of the human CW pronoter was 38t2%@gd by
honol ogous reconbi nati on using the pJML7 systemin 293 celd’ PxtdPson et
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three di shes panl. rean_cek ug LBt h [ | ate -
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Usual Iy the cehdgedesefi ghacbed al @nr@kOshispeABibhpl(bei bEsOfi 2 days2005

WO 02/ 44395 PCIT. 0528 ectign) of 1 and 1Q. Before virus was
added the cel I@G%%i% e%ﬂig d“”%‘ %&ﬁ gt t?’ﬁnﬂaisﬁé ? f@W@?Sf PPter ed
t hrough a G nemeat88 whthi viensW whsaatidgtit tbneenki Aysheachfngrt he cell s

B T L G

200 | virus suspension I'n the
cases of cont regdiyptwasradded anehtherus)laayesnadedliowedath grew. faft er

48 hours.

~galactogidase assa

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




10 incubation for 30 mnutes at 37C, 5 m ordinary gromﬁh s added
and the cells were allowed to grow for 48 hours. 6-gal act ssay 15
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i nfection of !HX cillg 27 May 2005 WD 02/44395 PCT/ (B01/05281 49 occurs
when the cell f bated with virus alone or virus and
phot osensi tising agent but that photochemical treatnment, i.e. the addition

of lightsto t@poeae}lgﬁlg%af STt a8an, SN A RALELER! Sale O
t ransducti on . g . .

Exanpl e 5 10 bransensgilesl stinul ati on of adenovirus-nedi ated gene

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



transduction 5 x 104 THX cells per well were seeded out |ntggg wza
pl ates. The next day 20 g/ml AlPcS2a was added, and the 2 PRer e

i ncubated for 18 h at 37C. Al the procedures after Al PcS2a addition were
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were washed from Al PcS2a and incubated in Al PcS2a-free nediumfor 4 h.

Then the cells were exposed 20 to |ight f 3 mn before the treatment with
the adenoviral vector AJHCW-1acZ (al so ré*erred toin- - Exanple 4 as
AdCAl71acZ?) ateﬁpgghkbplb%kgil% ik 0 %or(gghgtwkcklgﬁroéot@e vikl$
vect or contai ns ﬁ gal act osi dase reporter gene whosé expression can be
25 anal ysed by (¥ 6ﬁhcﬁﬁoF§€P§r6§e§°béﬂéﬂﬁr PérAﬂﬁgMVrlgﬁ? &ﬁter" strat egy

- AlPcS2a-t r eat eddend 7daszed t@@htmewar@ffthétcb&@atedlmhhﬂnaﬂa6&Vth§ at the

sane concentratl n_and f.or | as i ndi cat ed abave, shed,
and afer addi EPBRVBES PESR BRI AL e B oaRanr Bk BOELa™ OYEI gheeribed

Non-i | | un®nat edndel| Exmmpeéet teated in a simlar way except for
illumnation. The treated cells were washed once with culture nedium 35
and after addition of fresh mediumincubated at 37C before further

anal ysis. )3- gal8cteshdase (Ekpr 83 sEbavndbatahlirypbateghemémadyt onetry two

days after Ilghfeaim&hﬁ 3808y Mﬁbo3h&é§%5bBEEkQBC§&858§&réo(sﬁéﬂ%S%?e
Det ai | ed net ho § constggctlon g gﬁr gh is.referred

ei ther as AdH 8Z°oP eat¥ghEz P2 gégﬁeﬁﬁ fIvhE éél?&crﬁﬁﬁﬁﬁlnatlon_
and anal§sis bheEpgabantagedaﬁeﬁegpﬂassDemdase dE§resbédg5cemderaEbample
fii L The resubLeof 5l aedbyShow Lhal §Be.pIghaeneLeal oLpeRtERLySI Ng the

"1ight before" procedure “bars on S|de of
Fi gure 5) |ncr@%%@ét1998th@tp@a@eﬁﬂﬁgeb@fsegngahaétbbedaﬁées%pWé§§|ﬁ@ecells

about "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




6-fold; from2.5 %to 15 % under these experinental condl 3\? %9!9 can
al so be seen that the effect with the "light before" proc&] ‘?—)V al nost
equal to what was obtained with the "light after” nethod (shown by the 15
bars on t os1and side of Figure 5). Exanple 6 Incre

9- gal act og\ﬁ?ﬂgsjetjpr oduction as a result of 20 PCl-nedi at e?(?”gﬁgléﬁfé%ll on
wi t h an adenovirus encoding 13- gal actosi dase The cells weré& grown,

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

illum nated as. r." ri_nment al ocol . in le 3.
To measure the di)ro ugﬁj%g:r?t%%el?ig:alla{?"glgﬁ asg %r 8'Itoe tcsfl‘r’ie q%?lr’lr'gscent
O Gal report eléfgf@r}’e iaswdpp tdion (ﬂhﬁ:mcroca-ﬂierl\l@lateﬁﬁﬁéﬂ)am iused

accordi ng to tihgni neMAHACt HFQl - PRRHAGR! 14Bhi ﬁiﬁhh&alfafi'a%lc%dﬁt‘@)e Apshed
30 three ti mes w@pr ecooled PBS .and 1 nml of cell lysis reagent was added
TGRS Bh

to each well. FPULIEN Hes éPJPGBﬁ%@t emrematice e cel |
extract Was t Refitsfrerr eigklatyo ca 1e@peﬁt(d:@:r fllt_:;hbepr@dlﬁbltllfddlge_% & AGdor 2 mn

-at  maxi num sa«;&gﬁx%@géo ]I'h%f il ngo:f 86&%}:1:05621? er nat ant) was

transferred t crotiter §t &%%agent was
added, the Wlﬁéﬁdplfm VS teaderdd chy veoflroan daimpd etsatosh tati rd igvay

2005 WO 02/ 44399mPEh-EBeY 6328l galaetoshiagakt enperature for 15 mn to 1 h
with gentle rocking. After |ncubat| on the mcrotiter plate was placed in a
| um nonmeter (Victor2 Wallac 1420 Multil abel Counter) and 50 Al initiation
sol uti onowas iResedited automatically 5 After a delay of 1 s, the light

production in gL ted. The anmpunt _of al act j dase was
cal cul at ed frg%gg \sgfgn ar g’%cuf%velfllggﬁ]ag nﬁpegrggﬁf:%rg‘ﬁ”f]nﬁ’ lown anount s of

i 3- ga|actos|dg§éact051dase protein that can be obtained after PCI-

Y

induced adenovirus transduction of WiDr human colon
carcinoma cells.
is5 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




10 Results Figure 6 shows the increase in production of B- %%a}\gac%ﬁgl dase
protein that can be obtained after PCl- induced adenovirus tion of
W Dr human colon carcinoma cells. 15 Thus, fromFigure 6 it can be seen
that at tmwmoOadBIfal |ight dose an approxi mately 25 tines PAEGBAYE5ZBh t he
production of Z-gal actosi dase protein can be observed in the transduced
cells, corresponding well with what was 2 2obt ai ned by flow cytonetry

anal ysis (e.g. Exanpl es 2 and 3). Exanple®7 25 Effect of PCl on

transducti on A of | [ rent 4 I Cl4t W Dr
cells were culqh vat e %—f’%{( ]%?gfggrredlrruhrﬁmuslufpp eéréelﬁ{te W%Q Ige% ‘l%i%’
(fetal calf sépﬁini'-h%(ﬂ}elié{ﬁ GEEE! ma&heebtmlw@hdﬂdwm an? rel medisubdued -

Light, the nmediamawaied ey athand Mediype anfaiidnd lrodd dlniPRR2a was
added. The cells (ﬁrotected fromlll%gh)&) wer.e, |nc b ted t. 37C for 18 h.

The cell's wer@d ’wasHBYCLEREES tirmBs nedlstﬂ’ﬂeal? "5 <anot her 3
h. 35 Th& nedexpoised he &ovel lofplHEhes Mamtr eniiied E@amllmfené. :

eubat ed 1 or -50CHRYS el Wy M O oo a0 e Rt e 8552'1' 52
(protected franchbghep f’ﬁreanda)@ suitliloprnesgtamhvian bighthewist s were
washed once wkbhafiRdiut % (wr@datl BT A ARG PG ef] &, Wer e '

i ncubated for 30 mn at ected fro"m | 'i ght Sorre of th clel s were
5 exposed to SYLSTGETH| G |q thq ug@%rght&mﬁ AL RERERGR)E hél el | s
of 11 micn?. EXheptel BS were incubated for 2 days (still protected from

light) prior to analysis for (3-gal actosidase activity by flow

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
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cytonetry as descri bed under "Experinmental protocols" in e 3.
¢ AR

Results Figure 7 shows that with the. enpl oynent of PCl ible to
achi eve 100 o transduced cells even in cases 15 where this is not possible

W th conwga%&a4 % i nfection using nmanageabl e virus dosesPC¥ng%Fm§%%ure 7

shows that " Wth " WDr cells and a virus dose of 100 MJ wth

transduction is achieved, while less that 30 O transduction is obtai ned

wi th conventional infection. 20 Likewise&s® MJ 50, >90% transducti on was
achieved after _PCl, while without PCl <200 transduction can be obtained.
Exanpl e 8 253FffeéProfepbedofiradehdyhtus t ThasydauwsosodntAsnowael |s The

A549 cel | s werenewkdl,vahadthe BEM s1640npdiswag SRl eRat edawikh 1@ 1 FCS
(fetal calf seﬁung . 30 Penicihlin/StreBtonyﬁhgﬁand L-.gl utam ne._. I n_subdued
light, the meBtufHAE™ ¥Ry edishd2redEam €6 Wetg 2cupgiat APpc3a was

added. The cemlis gprdFéct édrbrentedli ghtph WMbghti)nculbamedodt tBFCcEDLs18 h.

3. e mod (o vae FoRouens 560 1iaT orot R RIS TP Clonovi rus

sol ution (givi BgParinentat syokascddlied The egdhsweleireaddcrhated Eorwer e

i ncubat ed for23Qafsn(8ti2] MRyrbPea YELA2444397 ReiEBEL/ 882815133 37C
(protected f&ﬁﬁ]lhghti.T e vi.rus sol ytion gas renoved, and the cells were
washed once wrPh HedRUAFCISIAPSHedFbmWaY B¥d&do¥h §YERBSELY| &5ner e

i ncubat ed ford88cribadatindz€ (PExpeetnedtéi oprbitghi)l sSora Ekaipeecel.ls 5
were expgsed to red |ight as described under "Experinental protocols". The

cells were incubated for 2 days (still protected fromlight) prior to
anal ys| S 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
Figure'Q shows that PCI increases transduction also in
35 the Hela and FmexIII cell lines. '




for 0O-gal actosidase activity by flow cytonetry as descri b%g.@nd&os' )
"Experinental protocols" in Exanple 3. 10 Results Figure Ri t hat PCl

can enhance adenovirus-nedi ated gene transduction of A549 human | ung
cancer ceM@oysustantially. Thus, as conpared to "normal pofeHo/0s1 15
(the A+ S- sanple with O mn light) PC with a 6 mn [ illumnation tine

i ncreased the nunber of transduced cells_ y_about 11 tinmesT from about 3 o
to about 33 positive cells. 20 Exanple 9° ef fect on transduction of
HeLa and melgigﬁﬂé 1pines 25 Hela cells vvere obtai ned from Aneri can Type
Culture Collection, and the human nel anoma Frexl |1 cells were established
at the Norwegi an Radi um Hospital. The cells were grown, incubated wth the
phot osensi ti zeeFddPS2a KA1 Yo M Yanbdheei 6 MEI'&T Mii—%%%&?&é&s 30
NO 5), illumwﬁt}ed andl 23 %sed as _descri be anpl e esu

Figure 9 sho tlon aI soin 35 theHeLa and
Fexl Il &ell lines 27 May 2005 WO 02/44395 PCT/ GB01/ 05281 54 Exanple 10

Effect of PCl yopt %q}é@ ﬁé%%@ox/ﬁéﬁg @g&%}bﬁﬁ Tgh with a pOL

-L-11ysine carrler Wer e gr own- and- T ncu %ith the
phot osensi t i z&hotmEensitisey AHPSas (éleég/ﬁﬂbéd #a Exarpleed7inPBkynpleysine

(PLL, MW 20706). V\@Sj]flf-q,m@sgl% {61, QBRCL 6 @f | W4k Of rh I &SRl tighes in

the virus 10 RI_epar t|on was determ ned b asuring A260 according to
cen ration of virus particles in the virus

10 preparation was determined by measuring 2,, according to
Mittereder et al. (J. Virol. 1996 11:7498-7509).
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 dllutlon was added to a viral partlcle dllutlon
Samples were mixed carefully by inversion or gentle
pipette tip aspiration, and incubated for 30 min in room
25 temperature. ' ' -ﬁ

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-




Mttereder et al. (J. Virol. 1996 11: 7498-7509) . The fol |l ow 200
Adenovi rus/ PLL- conpl exes were made: 15 5PLL/Ad: 5 nol ecul X 0pésr Vi rus
particle. 500PLL/Ad: 500 nol ecules PLL per virus particle. 250PLL/Ad: 250

" ol ecul es%ﬁﬁg%_ﬁ virus particle. 20 50PLL/Ad: 50 nol eCUlPLe}fﬁfglﬁ&lf'%gﬁg} virus

particle. l ution was added to a viral particle dil npl es
were m xed carefully by inversion or gentle pipette tip aspiration, and
i ncubated for 30 min in room 25 tenperatgge- The nmediumin the 6-well

pl ates was renmoved and 200 M of the adenovirus solution or PLL/Ad

sol uti on was atRlertosidessh avwivaty dry MlowfoBomdterycaeld lamesei heag ubat ed

30 for 30 mn @{dgaﬁ%&ﬁgﬂjr gg,&%g" %%a%:&%fﬂioet ginfected with
. e 2 . C

Adenovirus were added Z00 M PBS only ~'solution was renoved,
-and cells were washed once with medium 2 m nedium was added and the
cells were i madawd for 30 mn at 37C (protected from 35 light), before

bei ng exposed t.0_hlu I ght as., described. in _exanple 7. The cells were
-i ncubat ed f or Etzl%lal}eseld( sﬁqﬁ“fﬁﬁ%ﬁqﬁ% WS 13 PR Gt BRIy ke for 3
27 May 2005 \AOeOR/Zia3g5 HRET/HEB@ /(35281 atehl galtdc el daseiaat ipoly-by fl ow
cytonetry as Qgsoqr' € ndery o r'é’reﬂ%t Yo ( l.e. 3.
Results 5 Figure ﬂleg %r%oL\L/;vs t ﬁast IEﬁl—’%%ﬁ vaor_ se%a.lﬁ‘s?croo(?rlI %&%L%aes&rbm@éﬁg%%%on
adenovi rus ha¥f&eRitadddci dt-ett itteh & el drighdy dewlep)| gavie Meshhd.qWPLL) . As
can be seen framoEdugtect) (4ectich WittheHd Rekndure piithed gm n |i ght

doses) ve ve l.ow. transduction (<50 ot,h .wi th and wi thout PLL _as a 10
carrier.%u igr%ﬁﬁaerrent_lt%ha%s ,ia‘lﬁﬂi’rﬁ%%h‘t i%’r’f\ RGO ofq s e ilight

dose dependentinidwsesase liightr sltsguctdpemdent increase 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 B ' 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.




both with and without the PLL, due to the PCl-effects. #gx‘t)ago gl ghest )
transduction efficiency obtai ned wi thout PLL (O on Figure SE) 37 0, 87
o positive 15 cells could be achieved with the conbination of PCl and PLL

(), represanédifagosa > 20-fold increase in the percentage obctinsdsged
cells as conpared to what was achieved under the sanme conditions w thout
PCl, and a 100-fold increase as conpared_to nornmal infection (0O mn 20
light without PLL). Thus, PCl can substan’f‘?al’l y increase the efficiency of
transduction w (F?SL coated adenovirus, and by using this conbination a
nmuch higher fransduction efficiency can be achieved than for the

conbi nat i on ofiEGrenilith ahweattde afdimat rfs . u2EdERED| i doiectiat PCl on

adenovirus r aasue! o, ok, o ALOM 35t £ Qhlmdd NG P! OYi NG
ponLIysmeé\?ﬁ?a 30 carrier for the virus The HF-16 human |nf|broblast

cells were grdwrrekdasty &sldd Minen e Yot os%’r%’qct}? tT‘-WiS'E% %2 descri bed
in Exanpgl e 7knAwaomtpl enezg'f r@é;a&iﬁ@/lﬂdj%d&ﬁﬁu@i@&iﬂa&ﬁs&io@ﬁxﬂén@er

Uhf oot od ot ag VR Pe Bt HERRL gl 17 IR Sap e A et e anm o
10. 27 May 200461, \M)S)ZIJ@SQEWFQW@OEJLDBZ@& tBése Regllsi $sFirguyeld® shows
the of fect of ysi g BohainceOFe) Rakiyon, i 4113 £ 1663 ON ARGt on

of a human skin fi1broblast cell Iine ast ceI |'s are known
to very resi st&nf™PdONEEn G lau§atrr&r%?j MWU%%@%WYrom

Fi Ig:Jre_ id thewinabuel 1ighenseeaimmt (].Qxcx%a'iséé g&h.tlg}é’lttll'}ﬂuni)ﬂ—ls)é C&a\l/r\}] heSELL
cells is very Low _an anced.t.0 on egree en
i s enpl oyed a?e Bl %&asct% & &&&l@ﬁyeefgfurﬁ%%@wa& edhan o

. transduction, with a light-induced increase from 7.5 %
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
concéntrations of. SuperFect® were made by adding

30. . different amounts of SuperFect® to the adenévirus
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




10 wi thout |ight treatnent i ncreases slightly, but it can SeﬁﬂJ
inthis case substantially enhances transduction, with a |1 7Y uced
~increase from7.5 to 44.5 %transduced cells being observed under opti mal
condi tion WSy COnMbining the use of a carrier with 15 the PCl technol ogy
can give @’ﬂé%@ﬁt transduction of cells that are otherw's /95?]{/03?Sési st ant
to transduction. Exanple 12 20 Effect of PClI on adenovirusS™transduction
using the polycationic dendrimer SuperFetf(T) as a virus carrier WDr
cells were gr .and i ncuhated.with the of osensi tizer, TPPS2a (I Ag/m ), as
described in %%h%l%é 5‘“3. RS é‘f‘t@’@?(?)d%éi R SR rDMelSAGEN (3
mg/ m ). The &@@;gﬁﬁﬁdsfageémesnAdHCBWPCadﬁroﬂéen@ﬁ FusmSapehkect (r)
conpl exes at @sfrlgrenk RGeRLLAt i-ang1Qf rF e.. .by adding 30
.di fferent amounts of S&S%?F%%t%r t% t%géagg'o&i%%%(%%(ﬁ?g%%Fdﬁ% i ncubati ng
for 30 mn at B8R Cerfper atgr ellvhwemedilmeubatere me [davsat et 14ds

removed and 2@@otkctefl @HeROVLEUS) SpRebEEEH( 'é}laq_?'gllc§)ﬁ:&‘ s added at an 35
i or mn at 37C

-Adenovi rus do f . .S, The, cel.ls re.i ncubat éd 3

(protected fr %%%F&%??ga?ﬁeafﬁévéFy g%l%ﬁ?&hcﬁ§§mﬁgﬁ30@§,@%ﬁ?ﬁ%&eﬂs wer e
washed once winrHeZ7 "Kupe2dosntWD 2644363 sPCT/ GB01/ 05281 57 medium 2 m
medi um was added and the cells were incubated for 30 min at 37C (protected
fromlight), befgre bei ng exposed to blue Iight as described in Exanple
7. The cells ®EFELiAcubated for 2 days (still 5 protected fromlight) prior
to anal ¥8i s fon E3ampdbachowbdasfonstidiby thycl bew QW ¥Ry 138 desgri bed
under "Experigigha%igﬁotocols". Reéﬁlts 10 In Exaﬁghg 12 we_denonstrate
that PCl is effective dl SB* wtR OFPEE ERPPi 8FL- ot ABMSthaS PBEYOTRBS, as

‘'shown in Figure 12 when the dendrimeric polycation SuperFect® ig

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". |

hat PCl




Figure 12 when the dendrimneric polycation SuperFect(r) IS 5555
carrier, PCl can substantially increase adenovirus- nedlate&HBQ

transduction when the carrier 15 is used in concentrations bel ow 50
jtg/m. Mwbdomkdsys with SuperFect(r), PCl was able to i ncrexasBolossi
percentage of transduced cells to nearly 50 tines the value obtained with
"normal " infection (i.e. without PCl and without SuperFect(r)), while PCl
W t hout SuperFect(r) gave a 20 maxi mal inct®ase of 12 times and

Super Fect (r) one_an increase of 10 tines. Exanple 13 25 Different tine
schedul es for ??ﬁﬁ?ﬁation and adninistration of adenovirus HCT 116 cells
wer e grown andFigmadaeniB\AArshbwtshehepI&&tfmnslﬂ itzer tIRRH2a oFs tthes ariighgd i n
Exanple 7. Th S fect he Ad--H LacZ aden i rus
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can be 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
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
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different doses of GCV in cells receiving the ALPS,,
photosensitizer, AJV-TK and GCV. In comparison no such
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.
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Clains: 1. An Lﬁ viéro Qr_ 4 X v%y% met hod .for intro ucinﬂta tr.mlecul.g into
a cel |, said FECRodCAmpritei fg POSRPRENTAG ™ Sa8Pd A8F L WPk Tgcting sal

phot osensi ti siced lagenth, tdentradeicngesaiodbeceéhit rvidukretihd tmahecalkke t o be

i ntroduced (t fer I I ol S pated.with iral rier,
and irradiatﬁﬁgﬁgaggiggkﬁgﬁigﬁ %?S%Elg e§%§$§|§ng%%%lefgé§?%gé %gﬁ
activate the pEéeeséending sidg ggént wikh Aigbthed aswevgilgedtihn claim 1
wherein said egllechsvemdMmBlidtaRard. +A"BhBedsass¢kaihBe LBepkai m1 or 2
wherein said transfer nolecule is a nucleic acid nolecCul é& which conprises

a full length gene or cDNA or other DNA encoding the same, or a functional
fragment thereof. A mAtheidhaed asachadned chagéhailmiBewheneisaigacdimnugkeic
mammaiian.
3. A method as c¢laimed 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.




nol ecul e encodes a prodrug activating enzyne, a protein taoxin, an
apoptosis inducing protein, an inmune stinulating factor, %4 MangAoP
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 i mmunotoxin. 5. A
method as clainmed in claiml or 2 whereirblsaid transfer nolecule is a

nucl eic acid nol ecul e which encodes an anti sense RNA nol ecule, a ribozyne,

an aptamer. an ol hogUelaoLLde gt sadl nhPLey LALTLRg.1glhgonuebegt i de. 6. A

met hod as claimed in any one o al ns wherein sard nucleic acid
nol ecule is thﬁgeﬂ@06®9b5§é§5fﬁﬁ m@ﬁ@FH162¥SNEyPQéGBUCé§0t¥deA§ﬁ€théd as

claimed in anyreretels ¢lianis b 4er61 wheserdcthenticansbgatampkesukglis a
pol ynucl eotide and is .inserted within a viral onsgruct whi ch _cont ai ns

viral derived e ¥ich L SRECESs BRF B 5 2EabPe SRR ok EEr GERSEEYChetBe
packaged i nsi ¢eddre wacdlagear ineide8+hA metrhddcasrdkaimed in any one of
clainms 1 to 7 wherein said viral carrier is an adenovirus, an adeno-
associated virus, a retrovirus, a lentivirus, Herpes virus, a

bact eri ophage 8.an ifnfretiéioda a¢i chgim8dndai anyi ros, oYaceimita i kas7or

Bacul ovi rus. 9 cAdTel Bad (s ichal Bedh.Chal Mh8aWaREekBusal davhtgho-carri er
is an adenovirus. 10. A nethog as cfalneé I n any one o? claims 1 to 9
wherei n sai d FIFGOGIERSIY V3 THG  ageAELILOVALSes 2t entﬁ?#éééblﬁ?épes

conpartnents, vﬂ&m%lcﬁ|@bb%eeﬁ69§963$ ah ihysosemBSvitds,AseBbhed as cl ai med
in any one of c¢lains vl hotosenS|t|Z|ng agent is

separ at e fron1ﬁﬁ@S'V|P&FlgéFrVéFusaﬁa EFEP PEBEYSsai d photosen5|t|2|ng

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




agent and viral carrier are contacted wth said ceII sequget auk%S 12. A
method as claimed in any one of claims 1 to 11 wherein th

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-orgzesters of 5-am nolevulinic acids
or pharnaceutically acceptable salts thereof. 14. A nethod as clainmed in
any one of cl ains 62 wher

d
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cl ai med i n anyognéSofmichékesstd Gohddrswherein said photosen5|t|2|ng agent
is contacted with said cells for 4 to 24 hours prior to irradiation. 16.
A nethod as clained in any one of clainse 1 to 15 wherein the irradiation
step is 1 to 10-ni Aulmeshod7asackaingd as enyi Aed PA ahyivpelotoclainms 1 to

16 wherein S%m%r%hha%aﬁarbh%&obén@@@@glhgfQ enor iaf tentakteadiyathon. 18. A
nmet hod as cl ai ned y onhe o wherei n _one,or both of the

n
photosenS|t|zFﬁdda§@ﬁﬁ Sakgr ﬁh@ovgﬁagge5?rpéﬁoFst8t%5Eﬁ€aanonaSSOC|ated

with, or conjugated to, one or nore carrier nolecules, targeting

i ecul es or yect ogs, 49, A pleLhodean chaledoht shal L 18 whep gi fcsai d
viral carrierd's atfSe asdBerated® it A of conjugated "to a carrier
mol ecul e. 20. whemstihodhas ickadietiion ekabmisg8loto190whéneiassai d carrier
nol ecul e conprises a polycation or cationic Ilipid. 21. A nethod as clai ned

in claim20 mhereln said polycation is poly-L-lysine, poly- D-IyS|ne or
17 A method as claimed in any one of claims 1 to

wherein said wviral 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,




SuperFect(r). 22. A nethod as clainmed in claim20 wherein i %ﬂgionic
lipidis DOTAP. 23. A nethod as clained in clains 19 or 20 Yl 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 photosensiti zi agent .as defined_ip an receding,.claim 26. A
Composi L1 on ab AR KOG 8 Por 1GREL fhet PRALPRACOFLB Bvent i ng
di sease, disorder or infection. 27. A conposition as clained in claim 26

for use in gene therapy, 28 Bﬁ%i&%da'krQﬁngBe”BE?EELEménﬁ 85 23
photosensitizing agent in the preparaglon f “a medi canent contalining a
cel | preparedvacesrdi a§ tleashe B8t kddseftdangléaeinto whathssaido 24 for

treating or prRVeRhiRgid dneedsBceddhslr HBE QK1hBReCtion, preferably for
gene therapy. 29. The use of a transfer nolecule associated with a viral

carrier and a photosensitizing agent as defined in any one of clains 1 to
24 for preparas.onpobharmiedueanant cbapodseibn t6RPELBINGr aptexesténg a

di sease, disorﬂsr r i_nfect.ion, ngerabL¥ ;or ?ene t her,apy. 30. A use as
claimed in cl dIm™28-6r 25§62, e@o%ﬁ i fii A %ast 5?ﬁ£daPH | ai m 27 where
sai d gene t herpdyoissensachizéwgd abgntargetiediketl inganf speceflicgcel | s,
targeted inhiQition of gene expression, augnmentation therapy, or nutation

correction by the i'ntroduction of a gene or a portion thereof capable of
expressing a functional product to conpensate for a deficiency in a

patient, 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,
wherein preferably 10° to 10® virus particles are

administered in vivo.




wherein preferably 103 to 1015 virus particles are admnistered in vivo.
27 May 2005 64 31. A use as clainmed in any one of clains ZMV2BE 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. - 64 -

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.






