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mani pul ati ng and studyi ng bi ol ogi cal processes. Amng the nost conmmonly
used nethods today are microinjection, red bl ood cell gh%@th‘ﬁe(ﬁ%E’ed
fusion and |iposone fusion, osnotic IyS|s
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bi onol ecuI@@,Gij - udi mgm,hﬂma I’@{Pﬁﬁateﬁf cells and cell structures, and
such cel | uisam)@F, aerhcanes, danagewing, Meventual |y kill the cells. These

ef fects haWeSBE&®NTGutilised in the treatnent of various abnormalities or

di sorders, including especially neoplastic diseases. The treatnent is
naned phot odynam c therapy (PDT) and involves the adm nistration of

phot osensiti zing (photochenotherapeutic) agents to the affected area of 26
May 2005 WD 02/44396 PCT/ GBO /05299 2 the body, foll owed by exposure to
activating light in order to activate the photosensitizing agents and
convert theminto cytotoxic form whereby the affected cells are killed or
their proliferative potential 5 dimnished. Photosensitizing agents are
known which wll localise preferentially or selectively to the desired
target site e.g. to a tunour or other |esion.




A range of photosensitizing agents are known, including notably the

psoral ens, the porphyrins, the 10 chlorins and the phthal®c¥ami 422> Such
drugs beceyeozidasmsi ¢ when exposed to |ight. Photosensitizi rr@TcBRIgRsIAY exert
their effects by a variety of nmechanisns, directly or indirectly. Thus for
exanpl e, certain photosensitisers becone directly toxic 15 when activated

by 110ht, WReF6aSuOLACT Ak i ArIGNFHA Sor. b B} GrORAELESs Swfb Tl r8bald
t

agents such as single oxygen or ot her oxygen-derive ree radicals, which
are extrenmely destructive to cellular material and bi onol ecul es such as

| i pids, proteins and nucleic acids. MedPexdhyrin photosensitisers act
indirectly by gemnerati f . LEsQXYy cLes,.. a r e as
particularly fayourag%ggggﬁdﬁ g?gglgétgggﬁiggothgﬁi%@Pégrganggéﬁgﬁly
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produced wheeingoa @E@%ﬁbe%ﬁihas&a?oageﬁatgﬁaimrﬂaa&aegbahxfiehéx (Ppl'X) by
the action og the.&Sééne fer%oche atise. pi X_is an extrenpely potent
phot osensi t FZ&r-S W 900 thas VRS LERgE Bs 8 EREFFVR tEr REELVARSVari ety of

por phyr i n- basedphotogenstiyiisingebgead. phot osensi tisers are known in the 30
ot rar s os et O UbSscTlEs bORIK, EeBHATS: pthetBte

sensitizers used in ate nalpl rou
singl et ox¢gék PMembrangson Mepbodeefet inbrpHordssnmpiliegulestdntpight .

This reacti yBel Bi,eoeRdi 3ire1093ng ¥eLYsSHPEt udashifebbis kEBycells (<0.04 s).
Thus, the prlnarélegﬁtotOX|c effect of ,PDT is executed during |ight
I
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that tissuefuaherposenotdc lysis of pinosomes, scrape loading,

electroporation, calcium phosphate and virus-mediated

transfection. These techniques are useful for

investigating cells in culture, although in many cases

they may be impractical, time consuming, inefficient or

they may induce gignificant cell death. Thus such

techniques are not optimal for use in biological or

medical research, or in therapies where it is required

that cells should remain viable and/or functional.

It is well known that porphyrins and many other
photosensitizing compounds may induce cytotoxic effects
_on cells and tissues. These effects are based upoen the

fact that upon exposure to light the photosensitizing
compound may become toxic or may release toxic
substances such as singlet oxygen or other oxidising
radicals which are damaging to cellular material or
biomolecules, including the membranes of cells and cell
structures, and such cellular or membrane damage may
eventually kill the cellg. These effects have been
utilised in the treatment of various abnormalities or
disorders, including especially neoplastic diseases.
The treatment is named photodynamic therapy (PDT) and
involves the administration of photosensitizing
{(photochemotherapeutic) agents to the affected area of



5 light may be left unaffected ie. that a selective PDT effect may be
obtai ned. There is extensive docunentation regarding use 96 DT 2@ dest r oy
unwant ed waedd4apsspul ati ons, for exanpl e neopl astic cells. pEracpnAasBot
literature describes a nunber of photodynam ¢ 10 conpounds, al one or
conjugated wth targeting agents, e.g. immunoglobulins directed to

neopl astic cell receptor deterninants,“nﬁkrng the conpl ex nore cel

specific. Certain to I cal, compounds, such_as. hepat oporphyrin
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I n W93/ 141428 LdFugraeiiiddey oFsthmirspyedefrrabivanpekerbipti ses an
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endosones anddebysedotresgeknstibe kygosboes, ttiheubood deheeebesbenanti -
neopl asti c agent aﬂdrg?@?ﬁ?%ﬁEEBEéﬁggégég%%ﬁﬁd?ﬁﬁgE%Pgrefﬁﬁ&ﬁﬁ'Can di ffuse

passi vely through the osol”, e'utility of
this method 380F4uERBg RPErbeéY EbespaPragen8cuthe po¥ploymisswhikd are able

to diffuse acenssrihe bnaosBBEpHERRIARPENiAET ergueh! @Mide Bebbhi® | ag for
te wavel ength and energy is applied

di ffusion, a |ight spurce_of ppropri

to activate %ﬂglﬁh8ﬁ89a8F99§FabE8 Eb bund. The conbined effect of 35 the
anti-cancer agent Bhdtphehsitikvayaliragageay eesttoyheihestfbdts Spgha PDT
e s
deat h. example, certain photosensitisers become directly toxic

i5 when activated by light, whereas others act to generate
toxic species, e.g. oxidising agents such as singlet
oxygen or other oxygen-derived free radicals, which are
extremely destructive to cellular material and
biomolecules such as lipids, proteins and nucleic acids.

20 Porphyrin photosensitisers act indirectly by
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’*)

25 is incorporated in protoporphyrin IX (PpIX) by the

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 photosensitisgers are known in the
30 art and described in the literature.
The cytotoxic effect of most sensitizers used in
PDT is mediated mainly through the formation of singlet
oxygen formed upon exposure of the photosensitizers to
light. This reactive intermediate has a very short
35 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 of *0,.



WO 96/ 07432 and WD 00/ 54802 on the other hand, are concerned wth nethods

whi ch use the photodynamic effect as a mechanismfor int28diY RP Lt herwi se
menbr ane Wo epassweabl e nol ecul es into the cytosol of a celplcTigBoaosyanner

whi ch does not necessarily result in w despread cell destruction or cel

death. In this nmethod, the nolecule to be internalised and a

phot osensitising conpound are applied §iﬁurtaneously or in sequence to 10

the cells, upen which the, photasensit.izing _conpound.and, .the nolecule are
endocyt osed oﬁii%eﬁfﬁgr“ﬁﬁgbanﬁf§ﬁ§1 @5?e§rP%F&n§ngg§§ ¢infysosones or

ot her i ntracéklyptaphaepbmebbivashe ctgdtednpar tyeassne TheDRAI ecul e to be
transl ocated i ls ac r S nd
photosensitisﬁﬁggn%gﬁgéuﬁggg%EESt%?iggg?g %ﬁga%g?ﬁé %@g%%ﬁ%%é%?' 6H8 |
sequential | y ghdtBrea2t¥RBRagEShYLt RBTcéP| thahethepueat enexnesednko
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I nternalised mﬁ%hig 20 tge Cﬁbl.is theg rel eased EZ exFosure of the cells
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conpound whi cornmentatieadsegarihag deerapt PDN b fbstirayraneshtedr

conpart ment a e segy r t | ec , Which is

25 | ocat ed igsgﬁg ggﬁglggggggfngﬁ? §% %epﬁ%§§§§ﬁ€%%i%glﬂggen?#ginto t he
cytosol . Thi sPREERbBdLNWaSTRERKEddesghdbeghaniuabernotrpadtedyianticor PCl .
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be effective_] ess pal_that. b t 35 phot osensiti.sing conpound
and the nnlecﬁ#éc¥%§%é ?%%%%%%dpﬁﬁF88%%%l§§%o%%ﬁpﬁ%?ésbr%%%%tagn t he sane
i ntracel | ul arheopapepenehysinhdarivatiirasi onavesi@st Maym@0g5an

15 inherent ability to localise in malignant cells. Such

—~
ot

methods and compounds, are described in the Norwegian
patent No. 173319 and in Norwegian patent applications
Nos. 90 0731, 176 645, 176 947, 180 742, 176 786, 301
981, 30 0499 and 89 1491.

20 In WO93/14142 a drug delivery system is described
which comprises an anti-cancer agent and a
photoactivatable agent (ie. a photosensitizer) attached
to copolymeric carriers. Upon administration this
complex enters the cell interior by pinocytosis or

25 phagocytosis and locates inside the endosomes and

lysosomes. In the lysosomes, the bond between the anti-
neoplastic agent and the polymer is hydrolysed and the
former can diffuse passively through the lysosome
membrane into the cytosol. The utility of this method
30 is thus limited to small molecular compounds which are
able to diffuse across the lysosome membranes. After
allowing a time lag for diffusion, a light source of
appropriate wavelength and energy is applied to activate
the photo-activatable compound. The combined effect of
35 the anti-cancer agent and photoactivatable agent destroy
the cell. Such PDT methods as described above are thus
directed. to the destruction of c¢ell structures leading



5 perforned. It has now surprisingly been found that nolecules can be
introduced into the cytosol of cells by simlar PC nethddsMaut28&ere the

exposure Wodhaswel s to light 5 is not necessarily the fipgalgeniegeand t he
met hods are not:- dependent on the nol ecul e and the photosensitizing agent
being located in the sane intracellular conpartnments at the tinme of |ight
exposure. In such methods the photosensi i sing agent may be contacted with
10 the cells nd a E by irradiation before the nolecule to be

i nternalised ﬁchﬁ éﬁ ered to the cytosol is brought into contact
with the cells. Th#e, 96despsreaniewbact/chavat ba thkeothert hahd, are

nternal i sed ANl eIt ASRABHLLS! (1 0CllkenL e agfl?gsaﬁ-@aar"%f%ﬁaﬁt

| ocalised in the sanme |n race
exposure, theaﬁnﬁeaapbagﬂsmlf@ﬁténgrpﬁé01@glDthﬁuwnsed@embaaed to the

cytosol . SThesimbé%MEhﬁlér&olé&hi@gehﬁtéUEﬁé'éyﬂgséﬂdoﬁuﬁhcaﬁihﬁﬂsad'5p|ay
significant advantage éer the nmethods where light_20,irradiation_is the

final step. APRPPErn¥aic eﬁ@?ﬁlnPﬁeP@Fﬁﬁﬁara1Y|F%FuaEpéEtwbﬁeFHEeaﬁresent
i nvention prOuemésdaatrﬂcuubnOoﬁrcéXlVdéQtHEthmﬂ thos methedHCtng a

nol ecul e |ntoﬁ5EgS§Xgo§§obgflﬁ 8955113 dn?n g%ﬁ?ﬁ £é§ égrtactlng

said cell SEnSI |S|n 2] wi t ht he
mol ecul e to b@OmﬁPﬂDduéﬁﬁ @Ppahsﬂeﬁlmnléaneewsbﬁdor|lnadeanengesaod cel

with |ight Oftﬁe“@&?hgngﬁﬁoﬁf%ﬁi&hvﬁhe ghaE&ggﬁéﬁtiEanheé gsgﬁat5§ang

agent, wherein said. i1rradiation_is ormed_prior to the l'ul ar upt ake
of 30 said noFBEulMeleREseaATEneRdeEy 9?@# EEnﬁ%r?E%ﬁ? ¥3%€aining said
phot osensi ti stpgnafesktefr heoabhiiopbnes, t DySebbuitdror uptake of said

et T e N L Il
into an 35 intracéht¢uhalecolpatonkat translodabed shnido nbhecadel lolae
internajgsed @Bﬂpapémgﬂeéoéfn§ﬁéiééfﬂsagﬁ@ttﬁéepﬂﬁ%osensitising
compound are applied to the cells together or
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
20 the cell is then released by exposure of the cells to
light of suitable wavelengths to activate the
photosensitising compound which in turn leads to the
disruption of the intracellular compartment membranes
and the subsequent release of the molecule, which is
25 located in the same .compartment as the photosentizing .

agent, into the cytosol. This method was termed
"photochemical internalisation" or PCI. Thus, in these
methods the final step of exposing the cells to light
results in the molecule in question being released from
30 the same intracellular compartment as the
photosensitizing agent and becoming present in the
cytosol. '
It was believed that in order for this method to be
effective it was essential that both the
35 photosensitising compound and the molecule to be
released into the cytosol were present in the same
intracellular compartments when irradiation was



| ocalised in the same intracellular conpartnents at the 26 May 2005 6
time of |ight exposure. In a preferred enbodi nent howeve?® iMaadi®®i on is
performed prior to cellular uptake of the nolecule to be internalised.
"Internalisation” as used herein, refers to the 5 cytosolic delivery of
nol ecul es. In the present case "internalisation" thus includes the step of
rel ease of ol ecul es fromintracel | ul ar7 merfor ane bound conpartnents into

the cytosol of ¢ s. As used herein, "cellular uptake" or 10
"transl ocati or® ?%?%?éséto one of the steps of internalisation in which

mol ecul es ext ernal 1o hive mew | surprbs gl e dmkiundtthathenaleddulsisch t hat

they are founghh berirduddie ﬂ%&rtlkﬂ ' [%nﬁﬁéél A g@y%in@iar
endocyt 0osi s or_other acP ropri ate upta e chanl sns or 1 exanp e | nto or
associ at ed wi thChi§HR ‘g‘%éﬂl’%ﬂﬂ?er%?hﬁ ArRquse ioff dde sifeka msntisghtor

ixarrplje tSile el b ia ST o d @i T Ltir‘]he Qo1 hadp éﬁ&%&@%ﬂﬁﬂi@?&:@s etc.
ccordingly, in.,a secqnd aspect .t he present inyventio rovides an in
vitro or ex viI?/('?)t n‘%‘? eorﬁﬂ?rg_? C?I}lttrlbed%ﬁegc € r%é{}}eeﬁr}mt(?ﬁ S of a
cell, said netdgshicdrpinisigratsshtiac iy ssaied iceidacdliTulamphot osensi ti si ng
agent, = irradidindoe Sl Sl eid N Ofs heriglanald effeahie 1o

activate the photosensitising agent and amet1 ne of atine
after the irrdfiHhdh the ghaiasens Saisine [@gent maphdasiaatsctad wah

introduced  ( tiiansfedl TRl Wdivd¥al aalalnrddie tGed HeFdrs dMacted with
e i B S Ll A T
place, or in etttersoiorids brouiydttodhmt eaintlactateitn tok dedlerl | Thuky
oS5 B PS5 e 0 LT et 1
and the photosensitising agent are not necessarily
15 localised in the same intracellular compartments at the
time of light exposure, the molecule still enters the
cell and is delivered to the cytosol. ‘I‘hesé results are
extremely surprising and such methods display
significant advantages over the methods where light
'20 irradiation is the final step. |
At its most general therefore, a first aspect of the
present invention provides an in vitro or ex vivo method

for introducing a molecule into the cytosol of a cell, said

method comprising contacting said cell with a

25 Dhotqsensitisingmagentpmcontactingmsaidmcellmwithmthe"m_”.m.”mm_mmwmj

molecule to be introduced (transfer molecule) and
irradiating said cell with light of a wavelength effective
‘to activate the photosensitising agent, wherein said
5irradiation is performed prior to the cellular uptake of

30 ‘said molecule into an intracellular compartment containing
said photosensitising agent, preferably prior to cellular
‘uptake of said molecule into any intracellular compartment.

Thus in one alternative, said irradiation can bé

‘performed after the cellular uptake of the molecule into an

_35 intracellular compartment, providing said molecule to be

internalised and the photosensitising agent are not

localised in the same intracellular compartments at the




35 this enbodi mrent the nolecules to be introduced into the cytosol can be
brought into contact with the cells which have been subj &gty 14905

phot ochem cal treatnment at 26 May 2005 WO 02/44396 PCT/ GB01/05299 7 _ any
time point after the treatnent has occurred providing the transfer

nol ecul es are still able to be taken up into the cells. The tinme wi ndow in
whi ch the nolecules may be brought into ¢rtact with the cells and. 5 -

still be taken_up may depend on a variety of factors_ such_as for exanple
the cell type, tfﬁ% B}érg?‘gﬁFa?Xp%FE‘Eul eI“'?‘/rFl RERESHHED  FROPBIFRS I ar

phot osensi ti si hgwewgenirvsédilat o idepaitf@tmed mfidhecd i gElldl=Lat ment .
This time win | e t,er m ne . O particular set of
condi tions. Hod‘9 v%?,g %%egﬁ(rga‘g?jy?é%ﬁgg %%Ilg%u}%%)ﬁ%iel?a?%hsferred to the
cytosol is exposed téntenpeatispbien! aas vetsd dvoredt ereftios dohdiiecal

treatments foeyeyaspie QbiiNargdohobediisd. Phal oghen faledy qaldEent and

more preferably,wthin the fi rs 10 hours _15 after photochem cal treatnent
e.g. within the'FreERaEisabipR” oFiwgr giudes 40 24P 19F stetranre 9for
exanple in vihobeoculex From iheridcelBbikir MEmgstdse HYyul® cadmindmiLd for

a certain tine; [ Lnutes 10 24 hours, preferably 1 to 2
hour s, comrenc}%géztgg% J%?%%fa%g%%?rﬁ%]dllosa't ely after or shortly after
irradiation, e.g. iAstieed@ngeodin richliier iwtadomisiaered as the start
poi nt . 1ig tF ANSL A TERACHR BYFer DX SRR Uk And Ul @ L0 24 hours,

e.g. 0to 4 hours. It_has been observed that even it the transfer 25
mol ecul e is coMERIRRALIFIR Phelr erpich dyHaBEam axterral diq d&he eddi ati on,

internalizati anenbitand tereetdkds 119id ldhapeasibltichhisat ftiey @l e, the
e g rore t hant o TR ARG The BRI S s EaRs a6 S PHhus, i n
a preferred erbothomntsisniakr cetlier ssppropriate uptake mechanisms, for
15 example into or associated with an intracellular

membrane-restricted compartments, for example the

endoplasmic reticulum, Golgi body, lysosomes, endosdmes

etc.

Accordingly, in a second aspect the present invention

20 provides an in vitro or ex viveo method for introducing a
molecule into the cytosol of a cell, said method comprising
contacting said cell with a photosensitising agent,
irradiating said cell with light of a wavelength effective

to activate the photosensitising agent and,

25 at.the. same time or-at-a time. after the irradiation,

contacting said cell with the molecule to-be introduced
{(transfer molecule).
Preferably the cells are contacted with the molecules
to be introduced or internalised (referred to hereinafter
30 .as the transfer molecules) at a time point after
‘lrradiation has taken place, or in other words,
:photochemical treatment of the cells, by contacting them
éwith a photosensitising agent and then irradiation, is
effected before the molecules are added to the cells. In
35 ‘this embodiment the molecules to be introduced into the
cytosol can be brought into contact with the cells which

~have been subjected to photochemical treatment at



contacted with said transfer nolecule O to 4 hours after irradiation for a
period of 1 to 2 or 3 hours or longer, e.g. at |least 0.5%d%& KA. The
time at wiwioctriabes 35 transfer nolecule is adm nistered w lPCTXGBW/0sdpendi ng
on whether the nethods are being carried out in vitro or in vivo. For in
vitro nethods the transfer nol ecules can 26 May 2005 8 generally be
brought into contact with all the targer Tcells sinultaneously e.g. if the
cells are grow n an.in VI t s it is relatively easy to
bring the nnlggﬁgg e, PEdRCa @F %g? 3%@?” t P8 SCSPHFrGPriate tine
point. In viv@rnwwén@g Uhaatﬂaapfet modertadtisngrehettidigableetbsbwi th t he
transier mol ceuhes ubs schenthy EQEQSCO”EEEC@&ﬁQ Mg bndgReRH eﬂFthe mode

of adm nistration an | ocation of the wher e
the transfer Wﬁﬂ@&&ﬂ@sc&ﬁyb@elérQHShﬁléﬂéPeGOGFﬁ§§tW}thothﬁecﬁéigeﬁndelIs

e.g. by Bocalstumuebblaakehha@ taB9 aé?aﬁaebnnaleayhetynbk £QRBokAt O
contact with the targ%t cel &ér g T t a Eroggrtlon of .t hem

rel atively quflkPyaSeigr eﬁa&p t F8F GFLhi hYP P RBGFicufeES
adnlnlstratlomolbtu&a time qoielsedohandhehpatbituaasf photokeasliessang

d d t t h th

adni ni stered By hgtﬁ@gﬁgogﬁd tﬂéeﬁﬁkgﬁlﬁﬁro Qha 2atntagelehdap L hese

nol ecul es may ger to coire |n con rget
cells. For exEﬁﬁﬁetFWGyWﬁ§¢°WaEén24ftBGQQSHQHYsbafd@ﬁermﬁnﬁﬁl@@raalon to

reach the targgtt@@hhar Eatsofleéhafilgﬁst'”ﬁ &vék hﬁf@féfabf¥teh@n into
account in deci ppro riate time m ni s

transfer nol Buf ?eFQt o @rﬁﬁﬂ1HPsFL§tFﬁﬁoﬁPltﬁ% CPROEBSeRSi ti zi ng
agent and thethenea@islt&&dt&ﬁém? sbbnaafabrepnatbuﬁeﬁﬂb@ﬂIﬁﬁé&tﬁéntather

e ngEe! ofBhBIH 5 B RUAIY LeLgy ROLSELGLAM e el e
subst anti al | ytaeathentaapdt npee apreferdbindvathbn. théSﬁbs$anl®ahbyrat t he
same tig8" asypeed PREELBhERSEHICSreatment e.g. within the First 5

hours or more preferably the first hour. PFor example in

vitro or ex vivo the transfer molecule may be

administered for a certain time period, e.g. 30 minutes

to 24 hours, preferably 1 to 2 hours, commencing

20 administration immediately after or shortly after

irradiation, e.g. if the end of irradiation is

considered as the start point, the transfer molecule may

“be applied at 0 minutes to 24 hours, e.g. 0 to 4 hours.

It has been observed that even if the transfer

25 molecule is contacted with the cell a considerable time ..

after irradiation, internalization into the cell is

still possible. Thus, for example, the transfer

molecule may be applied moxe than an hour after

irradiation, e.g. more than 2, 4, 8, lo-or even 12 hours
30 after irradiation.

Thus, in a preferred embodiment said cell is
contacted with said transfer molecule 0 to 4 hours after
irradiation for a period of 1 to 2 or 3 hours or longer,
e.gQ at least 0.5 to 3 hourxs. The time at which the

35 transfer molecule is administered will vary depending on
whether the methods are being carried out in vitro or in
vivo. For in vitro methods the transfer molecules can




30 exactly at the same tine i.e. simultaneously, but also includes the
addition of the nolecule to the cells shortly before irrd@i¥ay o or
exanple up to one or two hours before irradiation, providing that the
cellular uptake of the transfer nol ecule has not occurred at the 35 time
of irradiation and may still occur, albeit_after irradiation or providing
that if cellular uptake of the transfer n%lecule has occurred then the

transfer 26 the%gggll h343 g%{ gé@@g%%Qngh gﬁ&egﬂge %%gg%he

photosensrtrzrn%gﬁ ent, are not -1.0c . Sare”intrace _
conpartments af® Sﬂmﬁétéﬂepﬂgﬂﬁ:eﬁpQSuﬂg the pehlboavd gbovingt he

preci se t|nrngaﬁf1hh@u&r&d@h&t@&eOEththéa&%fQ% %Elﬁﬁﬂb@l Ndasy
photosen5|t|2| nﬁggg g ng .of |rgad|at|og 8 achiive the above
descri bed effec eedt 8 3?8 Pt ST EOBLACT HLEBUERef SBLOFsBF n@Pudi ng t he
cells to Be treape@prageetslmadpodmtecuﬂasvumouheweﬂdr;hEhenstepnaent of

Lhe cell's, 10 BaRkLeRiaG) nll trE89actrig WREHNRh D LhGKEL! BofLoliosy! vO

systemis in issue heSedgonsta i ons o-account’ i at e
tinings may reaélP}eﬁele@PeﬁnPﬁ@911A§t§dgen@raﬂlérdﬁpﬁpﬁeoapphepMOQEe

condi tions arecflhdfiehekfiraedoaughdt bak lB@atEbﬁdet tRE ééggeéheeiﬁstake
pl ace either pﬁror to the cellul ar. uptake the_transfer | ecul e

(assum ng that " Phe®PREPSEentPEESi FFe Eﬁéﬂ?g?Fs@P?eﬁﬁéeb%%ﬁ Pake up into
i ntracel LQl ar admnpasteeadsﬁmnecﬁlYetotbheceakgearceplﬁkae0§ tBﬁ 28cal
t f | d h

ot osensi ©i 71 B0 SOERt “ar CORGL HPoc SFRACE R | RRLCEaRE Tt Acent uiafo

phot osensi ti zi ng” agént ar & not | oca
conpartments a?oﬁl%ctlW%tbfthtgh@rgekpoehl@ (on ahi bedsit terpsopontion

clearly the trgnsfgém) MBLESEE G| b EQREy I NL 05 COM, agt i ¢ by the rﬁf:lu%ré %t a
time 25 point before |rr dlatlgn t ke € ace. ThIS provi des one ¥
preferred enbodf METHES oRLERE RARERAPLTAGEMR: onlf on the other hand the

15 transfer molecules are administered by intravenous
injection for a distant target then these molecules way
take a lot longer to come into contact with the target
cells. For example they may take 24 to 96 hours after
administration to reach the target cells. This "journey

20 time" will have to be taken into account in deciding the
appropriate time for which to administer the transfer
molecules relative to the administration of the
photosensitizing agent and the time of irradiation.

In an alternative embodiment
25 rather than the transfer molecule being brought into

contact with the cells after irradiation has taken place
it can be brought into contact with the cells
subgtantially at the same time as the irradiation.
"Substantially at the same time" as used herein includes
30 exactly at the same time i.e. simultaneously, but also
includes the addition of the molecule to the cells
shortly before irradiation, for example up to one or two
hours before irradiation, providing that the cellular
uptake of the transfer molecule has not occurred at the
35 time of irradiation and may still occur, albeit after
irradiation or providing that if cellular uptake of the
transfer molecule has occurred then the transfer




Previ ously di scl osed net hods of photochem cal internalisation wherein the
transfer nol ecul e and the photosensitising agent were adéeday 4He cells
prior to w&liz4aswmdi ati on depended on the nol ecul es i n quedCT@BoO52Y

| ocated in the same intracellular conpartments prior to |ight exposure so
that |lysis of these conpartnments by the Light activation of the

phot osensitising agent resulted in the rél éase of both the nol ecul e and

Showi ng thi o TRl Sndtile pALRobRATEL 038y ABeRE RER B ear Ty ( he
phot osensi t i silegald.skgy trodhe wWome? iot3ecePCTleB0tL0529Bment &0atagkat and

the transfer mmkRcyretgnke hpkeduced into the cytosol are not in the
sanme intracel lul ar cog&antnents at the time of |ight exposure since the

transfer nolecule P§ 1988Ed 2P VEne thEl PEeshsrt Fymbngepdr Bh6r after the
cell's ar& expesedttion ofhtheTkeafetbanmsleetilackhanpabtbbenpiesanhgmet hods

Is as yet un l,.ndeed the.fact..that this t hod r at all is
surpri si ng. w%%%§? %%ﬁ i Sy © olggadﬁggﬁSHbgotﬁggFﬁYetﬁggr@ S¥R for these
surprising 10deerdilhgs méfelbest haedf bsi bakef iphot achenntalhyidasaged

vesi cl es W th ea@tbys! huRAASAROEKEOLET1UCELChES LhakESy PLACRBhLAR 1S then
fol |l owed by the_release of newWy endocytc :
schematic = di BGLeFPLEPudt BEBNGRENERS] SDEABRATERE FPHuERe 7cells,

A|ternaumvelypaahgba@a@mycaﬁtﬁaﬁaﬁgrEOtbyﬁﬁéeHaf SAZYAeEi tob &8skl es
containing | ysasoma nzynes, such as Iﬁ%gapgnggsones, may reduce the rate
s

I
of intracell ufare ﬁgﬁgﬁﬁa?ﬁoﬁno%sﬁﬁg'nn BBeCPRFLIREREF 28RS Thi s
may be due toinédusedotininapprbpriatestiindéagsonspi neadiPP bygsosonmal enzynes

or transport Egtggg9ﬁ¥a[c vesicles containing |ower hydrolytic activity.
In this way these nolecules will have nore tinme to escape the endocytic

conpartmental i zat i B8 &h@anekak PHenF{BES oRBEPTARYIAAt FoRditions are
15 determined such that the irradiation step should take

place either prior to the cellular uptake of the
transfer molecule {assuming that the photosensitizing
agent itself has been take up into intracellular
compartments) or after the cellular uptake of the

20 transfer molecule provided that the transfer molecule
and the photosensitizing agent are not located in the
same intracellular compartments at the time of light
exposure. In this latter scenario, clearly the transfer
molecule will come into contact with the cells at a time

25 innt"beﬁqrﬁuixradiationmtakesuplﬁcgam“This_pxqvidgsquemmmmmmmmmmf

of the preferred embodiments of the present invention.
Previously disclosed methods of photochemical
internalisation wherein the transfer molecule and the
photosensitising agent were added to the cells prior to
30 irradiation depended on the molecules in question being
located in the same intracellular compartments prior to
light exposure so that lysis of these compartments by
the light activation of the photosengitising agent
resulted in the release of both the molecule and the
35 photosensitising agent into the cytosol. A schematic
drawing showing this is shown in Figure 7.
In the present methods clearly the photosensitising



pathway is active. A further alternative explanation 25 could be that the

phot ochemical treatment of the cells |leads to minor danage XY tHE %l asna

menbr ane @f0 eva39scel | s | eading to i ncreased penetrati on ofeOrsesoasssisecul es

t hrough the cell nenbrane. However experinments carried out (see Exanple 7)

suggest that this is probably not 30 the reason. The present invention thus

relates to nmethods for transporting of‘ﬁ#hﬁéfecting any nol ecules into the

cytosol of livyj cells.either in vitr | .e. | cul urg&For L.n_vivo,

after which t g%%§|§%3|g§Egﬁ§PPS§gr ?gggég%FaB?nganﬁgo §20f1E8ych

met hods can b&bgseytasploniry nott dansher samel évtreseloulparts or fragnents

t her eof ) 'ntchﬂﬁa%@mugiszgg5th@otg%é46§9§i§£gy%ﬁg&éggggginéel%he'nterlor
op ex

of a cell but also, in certain ¢ircunstances, resent or ress them
on the cell sGFPRSECTTHERLECULE LwPRIY: raAefoFP BRE Feléasehertayiransfer

mol ecul 5 i nt beffbeeceol] agykoseheacedligi Bget ExpbSeqELLEBOUSGRE .t he 5 present

invention, if the l1(s).ln.question. _are peci al i sed cell uch as for
exanpl e anti gen pﬁgge&F%ﬁan&§WIg, PRELRBI QEutRe r??ﬁﬁﬁeﬂ??hﬁaﬁbés
transported t@8stretsunkacwnofinthéndekt wherfact whgytbehipreethddd on the
outsi de of t okl abea1ansENeuegll s1osurfmefor UGH JELARIS DBVE.
particular utjlity in the Tield of vaccination, €re.vaccrné conponents
ie. anti gensPeRRPk¥nEGEREY  nliepEeRRPR 0HRE cbheRE oSurRELBing or

present ati on @GhnéhagsunbgcBeothhiBakusebh, of NpRGEEEheh Qo NYICEambgeal it ate

t ' . -15_Furt tails,as to,the utiJity of
bei ng abl e toveRTBIEE AL oBRIAY ShUPRE tafrcRiotidevericloectTbed i n WO

00/ 54802. TheplaaasWhichoiscthes @bltbwedrbpethatrelbasd bftwewlpe cyt osol
i b S e "nbBeyEELBA R0 RL b ES PLRRE Mg I BIERE | OTh! BEhUASIB! cou! €9

whi ch do not re ] )
diagram illustrating this is shown in Figure 7.

15 Alternatively, photochemical damage to lysosomal enzymes
or vesicles containing lysosomal enzymes, such as late
endogomes, wmay reduce the rate of intracellular
degradation of the molecules to be internalized. This
may be due to reduced transport to vesicles containing

20 lysosomal enzymes or transport to endocytic vesicles
containing lower hydrolytic activity. In this way these
molecules will have more time to escape the endocytic
compartmentalization than when the lysosomal degradation
pathway is active. A further alternative explanation |

25 could be that the photochemical treatment of the cells =

leads to minor damage to the plasma membrane of the
cells leading to increased penetration of macromolecules
through the cell membrane. However experiments carried
out {see Example 7) suggest that this is probably not

30 the reason. '

The present invention thus relates to methods for
transporting or transfecting any molecules into the
cytosol of living cells either in vitro (i.e. in ‘
‘culture) or in vivo, after which the molecules shall be

35 available in the cytosol.

Such methods can be used not only to transfer

molecules (or parts or fragments thereof} into the




penetrate cell nenbranes. Additionally, the present invention can increase
the cytosol delivery and activity of nolecules which are2oiay g06ly abl e
t o penet rwioen2ia®mé nenbrane of the cell or the nenbranes ofecirmBoaosbé ul ar 25
vesi cl es. Transfer nol ecul es may be organi c conpounds, proteins or
fragments of proteins such as for exanple_ peptides, antibodies or antigens
or fragnents thereof. Another class of” ﬁﬂansfer nol ecul es for use
according to e n_ar otoxjc drugs.such as_protein toxins 30
or cytotoxic o%%%ﬁ?@*bg#%%uﬁ 13 %Xb.a Feonydi i-r ?FPIClEE g?ngﬁﬁss of
appropri ate tt@npresensl esulesprase theel encthei dellNaukéaceaci Ghuapy be

used in the f?bﬁl@%19§”%§an%@%&%‘%&deEIEAQEPEE Ehﬁﬁéﬂﬁﬂékc Pi8E§i83

anti sense RNA, 35 npl écul es, bozynes, g aners or orm ng
ol i gonucl eot | d85° EP?eFﬁéﬂlFEF?SPHeaﬁGQF@FBQa Pd§hﬁayetbéd€nﬁfo§b§ in the
form of Bon- epeedeng tmhegtlien,suchthe &31129951n1&uea§16ﬁra@éaﬁp|e

synt hetic DNA | sense mol ecul es taners, triplex

f or mi ng ollgon FBQ@l% § CeaiS?lgg ugﬁeFgragfagﬁgghﬁgﬁgg?Fanscr|ptlon

fact or "deco?reﬁﬁmténgche&éshcthblggﬁacuéetodeﬁragmenEpamayobeS specific
mutations in wsnaﬁblreaa t¥here %&EESQEE' kethghgew%ﬁéﬁeaitdmgg ﬁ&U' es may

be in the form of genes or nucleic aci ragnents o
i ncor por at ed PFﬁF%nﬁe@eeﬁoFhﬁopééﬁﬂéeopfeﬁbﬁt9eélglea phak dcﬁbétor or a

viral pantuclEuﬁfabactesu@hha@ehoabehhaétgartgéﬁlée hes1peyt igULRE
no be used in nethods of gene

applicability ?g ﬁe transfg Ieaﬁ
therapy. The photos8hsVBFoiRgTaGBAt ¥ Fﬁhvﬁﬁﬁlﬁg GERPCTENE R oG eni ent | y any
such agent whaohigesal oseimnonbgenacebyl e totpadtoedt tntdSapaellcul arly

endosones of L4pOsPUESntALiBNoBnOLns chy£R0Q 0PCPRLLI LY agENERagLe known

in the art an escri In t terature, |nclu ' 1N 07432.
Mention may bECn#@dues.t ERreiléspbet osf adgnenRdan immune response.

15 Further details as to the utility of being able to
express molecules on the cell gurface are described in
WO 00/54802.

The transfer molecules which can be introduced into

the cytosol of cells using the methods of the present

20 invention include molecules which do not readily
penetrate cell membranes. Additionally, the present
invention can increase the cytosol delivery and activity
of molecules which are only partly able to penetrate the
membrane of the cell or the membranes of intracellular

25 vesicles. Transfer molecules may be organic compounds, =~

proteins or fragments of proteins such ag for example
peptides, antibodies or antigens ox fragments thexreof.
Another class of transfer molecules for use according to
, the invention are cytotoxic drugs such as protein toxins
30 or cytotoxic organic compounds, e.g. bleomycin. Still
another class of appropriate transfer molecules are
nucleic acids.
Nucleic acids may be used in the form of genes
encoding for example therapeutic proteins, antisense RNA
35 molecules, ribozymes, RNA aptamers or triplex forming
oligonucleotides. Alternatively the nucleic acids may
be employed in the form of non-encoding molecules such



tetrasul fonat ed al um ni um pht hal ocyanine (e.g. A PcS2a), 20 sulfonated

t et raphenyl por phines (TPPS"), nile blue, chlorin e6 deri¢atMges2005
uroporphyrin I, phylloerythrin, henmatoporphyrin and nethyl ene bl ue which
have been shown to |locate in endosones and | ysosones of cells in culture.
This is in nost cases due to endocytic uptake 25 of the photosensitizer.
Thus, thephotosensitizing agent is pr efeddbly an agent which is taken up
into the internal conpartpents of |ysosones or endosones. However, other
phot osensi ti zi &9 %@%n?’éa\%l%hsﬁé‘é%%‘e‘—@ P21 i Ryt anfe i engamalepsiasent s

for exanple thelﬁﬁzﬁﬂéQmaﬁﬂalﬁef@Il@ﬂp[[&@rféﬂﬁl Iﬁlwﬁd&a@y al so be
ceivable th . k where the

used. It is a
ef fects of thdg%% ot BChent %}ct?%%ﬁﬁe e %ﬂﬁ%ﬁ X of the cel
(i.e. conponentdecoyhepNahan mhxm&rmmedlxgwnunIEbtiﬂgﬂﬂﬂdﬂnﬂeﬁaiiThﬂs for

35 exampl onesossib | ibatByndeid Nale [ PAGL OCKAN L2t gald

dest roys nol ecu I ntrac t ranspor or “vesi C

ort ant
fusi on. Such &eﬁ%ya%@ W%WY@O@M@@@W/@M@@% 13
necessarily b@dz:@@@t@d Mbl@i@ra?éhﬁi rsdduiditas oo 1 e Mo rdthey
phot ochem cal qﬂagg of such qu cul es may. nevertheless |l eadto
phot ocheni cal 1R &f nat T eRf i B ST ET (HHSHF S euIR'esSTELG) vaRfor 5
mechani sm wherar Ehotiochk npaet ield et sbamt@mdp]:mﬁee.culm Jlambxt (fdxe[duced
transporgg of t f#4g r i e. | ecul e)
to degra atlvgﬂﬁ;?ﬁ, es sucﬁ%?lﬁégﬁixé % %$? ecu T?ﬁ)
internal i zed ddgh texdparasd tine Wf&iﬂ thefgﬂré? tréle:gamo degraded Exanpl es

of such nol ecul es rmote REREsSahblyizi0ealfthd m«HI%m&bEnapebéeéééd ciged
conpartmnents %;ev%%verﬁi nol ecul.es of the mcrotubular transport system
like dynein and conponeft3"bfoHFh&ITH; and for exanple rabs, rab?,

N- et hyl nal ei midhisgndiddalel factar iESRcel0 1 eckpSmaaitisgchment protein

( SNAP) %@Q SOﬁQ}ticularly endosomes or lysosomes. A range of such
photosensitising agents are known in the art and are
described in the literature, including in W096/07432.
Mention way be made in this respect of di- and
tetrasulfonated aluminium phthalocyanine {e.g. AlPcS,.)),

20 sulfonated tetraphenylporphines (TPPS,), nile blue,

chlorin es derivatives, uroporphyrin I, phylloerythrin,
hematoporphyrin and methylene blue which have been shown
to locate in endosomes and lysosomes of cells in
culture. This is in most cases due to endocytic uptake

agent is preferably an agent which is taken up into the
internal compartments of lysosomes or endosomes.
However, other photosensitizing agents which locate to
other intracellular compartments for example the

30 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 membrane-restricted compartments). Thus, for

35 example one possibility may be that the photochemical
treatment destroys molecules important for intracellular
transport or vesicle fusion. Such molecules may not



Cl asses of suitabl e photosensitising agents which may be mentioned thus

i ncl ude porphyrins, phthal ocyani nes, purpurins, chlorins?ébéa2op?phyrins
napht hal os¥@od/448% cati onic dyes, tetracyclines and 20 |ysamtREmszweak
bases or derivatives thereof (Berg et al., J. Photochem stry and
Phot obi ol ogy, 1997, 65, 403- 409). O her suitable photosensitising agents
i nclude texaphyrins, pheophorbides poTp%%cenes bact eri ochl ori ns,

ket ochl ori ns, herréastso or};)hyrelsn][ @é{jl vat i \@ﬁ%{’?ﬁnd d%&::f:é%telg\é??j gggreof

endogenous phoef osens!
derivatives towgErtngnes s ot dihmerpmmaqumhem}bﬁanm offheedensiti zers.

Preferably t h%ﬂ@ﬂ@% ZI?ervérsi:rr'f]eﬁ.e £q Lof M, #:%oto%%egﬁtcratclonj ugated to

any ot her macronol ecul e wever Shotosens) Bi%ef nay alternatively be

associ at ed wi tif e%’faclé'c??é'dlqlb Ofortl”@oﬁjr@@@tf@é' olegudgsri 6r. dor byt her
mol ecul e ms dmﬂ&ﬁ%@%ﬁ@fﬂﬁfmc&eﬁlﬁtﬁ el O oA shrhysblBgudRL body

or coupled to.a rrier such. as 35 polyl . Preferred phot osensi ti si ng
agents i ncl udeteﬁﬁ af%@f}aac TRIPESSY Shd [og’len SR Ep &Pl Pe
photosensrtlzam&ermaﬂw%ednﬂﬂie 14hel nrangfetremodecelefdicsedegrhiaeevany be
provided et hads g%g t Sitiz agent s be used
-aL{:(hl & %%tsgﬁl%g s lr:@&t gr%s% (r)"fjvﬁ% ?ﬂ nﬁ%e{?ﬁl inic

are conpounds berng evu ini ¢ aci'd or “est
acid or phar nddderrediiizpd arex escabre toathe clysosofl. beforechedsgers t he

5-am no 1gr oup Wa@%cﬁlmﬁ}démﬂl%@ ol sﬁ@ﬁuﬁ%tllebﬁﬁ%g nblﬁenEéEE.Eér%ﬁ?e bei ng

the ALA estera More parti cul arl¥f ALA esters for use nmay be esters
of 5-ani nol evalP4 ﬁQ?da&th‘ T/ SEFFéﬁEFﬁyc§@B§FFFGF§H ﬁFﬁaﬁ@V@rale
al kyl esters molesulists tdﬂe.(ﬂleahlixth:oeab&ﬂ.ar E€pavepbent kyst kAl egbers which

may be used aﬁ?ne&%ﬁ%%ﬁn%%m%onen % dynactin; and for example rabs,
rab7, N-ethylmaleimde gensgitive factor (NSF), soluble
i5 NSF attachment protein (SNAP) and so on.

Classes of suitable photosensitising agents which
may be mentioned thus include porphyrins,
phthalocyanines, purpurins, chlorins, benzoporphyrins
naphthalocyanines, cationic dyes, tetracyclines and

20 lysomotropic weak bases or derivatives thereof (Berg et
al., J. Photochemistry and Photobioclogy, 1997, 65, 403-
409) . Other suitable photosensitising agents include
texaphyrins, pheophorbides, porphycenes,
bacteriochloring, ketochlorins, hematoporphyxrin

25 derivatives, and derivatives thereof, endogenous . . . .

photosensitizers induced by 5-aminolevulinic acid and
derivatives thereof, dimers or other conjugates between
photosensitizers.
Preferably the photosensitizer is in free form, ie.
30 not conjugated to any other macromolecule. However the
photosensitizer may alternatively be agsociated 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
35 polylysine. .
Preferred photosensitising agents include TPPS,,
TPPS,,, AlPcS,;, and other amphiphilic photosensitizers.



15 R N-CH2COCH2- CH2CO-OR (1) (wherein R1 may represent al kyl optionally
substituted by hydroxy, alkoxy, acyloxy, al koxycarbonyl oX§ Mamad®s> aryl,
oxo or fluoro groups and optionally interrupted by 20 oxygen, nitrogen,
sul phur or phosphorus atons; and R2, each of which may be the sane or
different, represents a hydrogen atomor a group R ) and salts thereof.
The substituted al kyl Rl groups may be moA# or poly- substituted. Thus

suitable R groyups | exanpl unsubsti t ut edal kyl , al koxyal kyl ,
hydroxyalkoxya?Ey?,bﬁﬁﬁ%ﬁ%% r%&%gﬁ%gg?%hy§$%§§rﬁﬂ1yeap%gwéHSéxyalkyI and t he
| i ke. The termmébkefs &s wisich hehei photosaest hotly apsriiox Wil ¢h atdly
carbonate gro , S C 1 ut.ec i ned ude for

exanpl e 30 al Ee?c%%%%na$%x%$r§%u?&#ﬁéisﬁh§%&%%i%ﬁ£f%%/Iae%edj i eti es
preferably hav@%%?%o‘?gaﬁﬁﬂ% eviebinie iaetd of wharnmgdeufiotaislpel ow.
Preferredsaryl ageoppsblidcdames pherybsand nonocyclic 5-7 nenbered

het er oaronmati cs, efﬁeciégl henyl and such groqﬁf may .t hensel ves 35
optional ly be substT¥uTEdF TR e P VA RD FHUR SPYA NG | Sihsdubaed

i ncl ude al koxgwrethyhbsial eeydt ythe abuk tod ik gy GBAn M ATN &fdvry. 2005
WO 02/ 44396 PCT/ @%@%%%tig:éllagf%l O%HéTEthb}"e t%%)él 95&‘615\%%\' m?}?q)e sters
oyl okynet hyl- Bre es

acyl oxypropyl groups eg. pival ) y erred ers for use
as phot osensi tiZziTgniagénvelietoralidts to the i nvention, include those

whereinq¢g RLl f | oul )
1 WRTH eSS HchAN ARSI dulled AlOHoIW OUR. | ‘1;{3{1 %ﬂsﬁ%ﬁs any

represents a dero en atom “As used herein, the term"al
long or short®% LIYEGd R LISHai §REE% - branched al i phatic saturated or

unsat ur at ed hydr ocardinrergireditly, Tra.al Gatsal Wialed ik He @isi@ry@my be nono-

or pol yunsat ur i ude _bot.h al kenyl and al kynyl groups. Such
groups may cor@?&%uﬁﬁgﬁgoﬂ%& ]Qttoms. However ,

15 REN-CH,COCH, - CH,CO-OR? (1)

(wherein R' may represent alkyl optiomally substituted by
hydroxy, alkoxy, acyloxy, alkoxycarbonyloxy, amino,
aryl, oxo or fluoro groups and optionally interrupted by
20 oxygen, nitrogen, sulphur or phosphorus atoms; and R?,
each of which may be the same or different, represents a
hydrogen atom or a group R') and salts thereof.
The gubstituted alkyl R' groups may be mono or poly-
substituted. Thus suitable R' groups include for example
.25 ....unsubstituted alkyl, alkoxyalkyl,  hydroxyalkoxyalkyl,

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

30 alkylcarbonyloxy alkyl. In such groups any alkylene
moieties preferably have carbon atom contents defined.
for alkyl groups below. Preferred aryl groups include
phenyl and monocyclic 5-7 membered hetercaromatics,
especially phenyl and such groups may themselves

35 optionally be substituted.

' Representative substituted alkyl groups R' include

alkoxymethyl, alkoxyethyl and alkoxypropyl groups or



al kyl groups containing up to 10 eg. 8, nore preferably up to 6, and
especially preferably up to 4 carbon atons 15 are prefer?ediaPadicul ar
menti on nmwo éeesmmde of ALA-net hyl ester, ALA-ethyl ester, AcikgBopyisester,
ALA- hexyl ester, ALA- heptyl ester and ALA-octylester and salts thereof,

which represent preferred photosensitizin agents for use 20 accordlng to
the invention. Necessarily, the photosen§r I'sing agent is contacted with a

cell prior to n i ke .t he ransfer ecule, this
agentpshould 88§&g%kﬁ%%§¥ér2%%§X§%V8F§H#|ﬁnSrFSY ?5YP¥?%H$D9F8HP§UEQ t hat
25 on irradi abPiyaloulexagehhyhas been taken up into an intracellular
conpar tment. Thus P%Y%E—!r@at msggeiége%r téeaQQ'¢ﬁSt&séﬂsZ€1g9H S p“ or

to irradiation, p
Agai n, as d|§88§§gda558§§1Pﬁ EBnﬁE@tFﬁﬁeﬁFﬁﬁnthéng%%%eo$h%$?n@hﬁ§eau t he

transfersnDIeRhIfepﬁéﬂbﬂtﬁnénnuﬂ%dﬁsﬂiﬁuﬁéﬂ|éikﬁﬂ“§rddﬁ“dﬁﬂ/ﬂf each R?
adn1n|strat|oge§ hgtghotﬁs n8|t|2|g agent to achieve contact with the
target cell in tion to ﬁ Irfnd §8|nt of irradiation will depend on
the tine it wll Aak@SEdrharphntoShastermlhglhgbhtimcﬂméeshamyelaﬁgtarget

cell's and be LakgRoup Qﬁalﬂe”htggiéh%'ﬁﬁaﬁﬁ¥d g@r%rgggﬁgg ﬁgégﬁ%¥9§ther t he

nmet hods are being carried I'n VIVO an he 26
May 2005 WD B2F4¥abecpeif/ epenresabed hydsocasheni ¥e@pi onThe direct to the

target 10ssueunsatsrated anjkijlaé;réupg mh{ Bé'm@ﬁéesmr|ﬁol§uﬂ1é@@uifﬁflédt hat
rrad ati on taRdst Bt oY Bar A SBRE b e SR B A  n SBFEact W th
said cells |mm&d@pﬁemgyugombalmrupdtat40nca£bgm étmmé.anéMéwaﬂZ hour s,
Dot o LRGP SSEOHE Bt A0 S o T SEIRUERLAf T,
e.g. for 10 rMPut@stti B3 asbegiakbly. Pleferably up to 4 carbon atons
15 are preferred.
Particular mention may be made of ALA-methylester,
ALA-ethylester, ALA-propylester, ALA-hexylester, ALA-
heptylester and ALA-octylester and salts thereof, which
represent preferred photosensitizing agents for use
20 according to the invention.
Necessarily, the photosensitiging agent ig
contacted with a cell prior to irradiation. However,
unlike the transfer molecule, this agent‘should be
administered sufficiently prior to irradiation such that

25 on irradiation said agent has been taken up into an

intracellular compartment. Thus conveniently said agent
is applied 1 to 72 hours prior to irradiation, e.g. 4 to
48 e.g. 4 to 24 hours prior to irradiation. Again, as
discussed above in connection with the step of bringing

30 the transfer molecule into contact with the cellg, the
timing of administration of the photosensitizing agent
to achieve contact with the target cell in relation to
the time point of irradiation will depend on the time it
will take for a photosensitizing agent to reach the

35 target cells and be taken up by them. This time may
vary depending on whether the methods are being carried
out in vitro or in vivo and on whether the



10 hour to 4 hours in agent-free nedium Optionally, one or other or both
of the photosensitising agent and the transfer nol ecul e 26 ¥y 34 oduced
into cel | swoney44bss att ached to or associated wth or conj wgareebitoszsene or
nore carrier nolecules, 15 targetting nolecules or vectors which can act to
facilitate or increase the uptake of the €Photose_nsitisi-ng agent or the
transfer nolecule or can act to target or® del i ver these entities to a

particular celd l:SSU [g5l 28l a rtnent. | es of
carrier syste%%hP%%E% akl%ﬁ'gso &g%g% %?h%g Ea gg 6ﬁ§ued8§t?3n uPphat e,
di fferent cat ddsitel B#ﬁﬁds Iml§é§0ﬁ§§esﬁeébngﬁlme@ﬁt&ﬂt pheti thes,

sterically st@hbhbeeeshtaea @e%ﬁ%hta@QQOBEEHStQﬂéﬁ'ﬁ €5 tﬂ@eésrgéﬁr'er
systems can geng # i nprqve t ar macoki netic i ncrease th
cel lul ar upt aR& é égor?r&ﬁ?ﬁ@ﬁaﬁﬁpﬁcﬁﬁgeﬁnﬂiﬁ?ethesﬁhﬁtégéﬁ§|m@1|hg agent

and naySaIsomduneaﬁneaelhraeatebtmwlehubelandéptstﬂﬁmeﬂhatéﬁ?nﬁpttélng
agent to |ntr§%e%h¥ @Eoﬁonga%tn%ntsl %haa 18 agsgﬁﬁ%agggﬁgf @h Zélgorhave

obt ai ni ng 30 photochem cal tefrnal i'sati on,
the ability t&°t&fghourke EransﬂértmoBéchberandﬁnrmayhbepnemosedsfromlng

agent to 5pecb5hﬁa§€|hﬁméﬁlﬁtel??BQQBrcﬁblf}rQ&th§§Hes gbmfaff

achi eve such EQGCI selectfive targetin e carrjer ecu es 35 the
transfer nol eEUPB anﬂ}ﬂPtFﬁe Bh8t oSeksH |%E¥uﬁ%§ be 8kQuEratedJorl
conj ugatled t ohspectdi 4 heugst ihnggemok-Eest egedhanh. W || pr onote the specific

cel lul ar uptake 26, 2 WO 02/ 443 PCT/ GBO - 17 of the

t ransf er nglecule |ﬁ? ° gg??ed°88l?§ 8Eﬁ?£s%% .Oééﬂ% ?%?gettlng nol ecul es
may al so direphotbeersinsfing apketubndt bhe ntrawetén| voleonpartods s t hat
are eSpeC'al|¥n9§8§£béaain£?eg§Pi§'ﬂé théégéﬁ@acﬁ$ oP ABLsLNAligation.

Many different targeting es ca
ith or conjugated to one or more carrler molecules,

15 targetting molecules or vectors which can act to
facilitate or increase the uptake of the
photosensitising agent oxr the transfer molecule or can
act to target or deliver these entities to a particular
cell type, tissue or intracellular compartment.

20 Examples of carrier systems include polylysine or other
polycations, dextran sulphate, different cationic
lipids, liposomes, reconstituted LDL-particles,
sterically stabilised liposomes or adenovirus particles.
These carrier systems can generally improve the

25 pharmacokinetics and increase the cellular uptake of the

transfer molecule and/or the photosensitizing agent and
may also direct the transfer molecule and/or the
photosensitizing agent to intracellular compartments
that are especially beneficial for obtaining

30 photochemical internalisation, but they do not generally
have the ability to target the transfer molecule and/or
the photosensitizing agent to specific cells (e.g.
cancer cells) or tissues. However, to achieve such
specific or selective targeting the carrier molecules,

35 the transfer molecule and/or the photosensitizer may be
agsociated or conjugated to specific targetting
molecules that will promote the specific cellular uptake




e.g. as described in Curiel, D.T. (1999), Ann. New York Acad. Sci. 886,
158-171; Bilbao, G et al. (1998), in Gene Therapy of CaAteMay\@len et
al ., eds. wobenses 10 Press, New York), Peng K. W and Russadr/®el/s498999),
Curr. Opin. Biotechnol. 10, 454-457, Wckham T.J. (2000), Gene Ther. 7,
110-114. The carrier nolecule and/or the {argetting nolecule may be
associ ated, bound or conjugated to the transfer 15 nolecule, to the

photosenSItlZt&gt@@eo&aﬁgﬂéﬁ|hor@@%1Eh§n%@”ae%Fr@HTE%iiet ofak EEEL 50T
targeting nol use I f for exanple _adenovirus particles are

cule
used as carr| ?ﬁ&é&ﬁ%&qﬁ' M ﬁﬁl@éﬁlé%sﬁaélﬁéanEB?péraﬂéﬁermnth|n
t he adenOV|rusmﬂammﬂelam.ﬂﬁmramea&pﬂarltombaraaehtan&hat gekecul e in

uestion is ag I i_Ag tein_or RNA mol ecul e, then the
%NA is incorpofa tg%lﬁﬁu gggﬁTgsfech%gaéﬂ&nng t°§ﬁ8?68ﬁ ni cal
|nternalﬁ%atléﬂtﬁﬁ@aémﬁaﬁﬁb@cule wll be present at the correct
intracellular |ocajmey %9f&@%%ut2§a§§eﬁﬁﬁ ﬂBlQEuiFEGSQggﬂg ﬁgi&g&&e can

occur. Expression of _such .golegul es ¢can be contro g fhe
vector by metRofs /€1 AeRSSMPeSndn GuEdftnt BdTi n (2R84 t Alpor Ne a¥ptls,

regul atory el amedtssciucissas flee-erarpbelbhesue., SﬁecailC§9998F9Uiﬁt?b|eb?0
pronoters canghe u (0. obtain tiss di s cifi regul at abl e
expressi on. Fo?ggxgﬁgrgp?h CPESEE gg@@ﬁ? ﬁ ﬁbtegg ﬁ%ﬁﬁg@pe0|f|c
tyrosi ndfe pP@ﬁﬁﬁerNﬁubegkmseBenReguWatahﬁeRpssableSstuchsﬁg)
tetracylin-regylat eép@ﬁonﬁﬁ.‘éf:\%cﬁaglweib ( KDouy 5 HO" i FRnSYAfY o of specific

or regul at ed I’OfTD ers that can he present |nvent|0n can .
be found in r . fene1gher. sgnmﬁloc%% b. 23, 154-158; Hall ahan, D.E. et

26 May 2005 mo 0ZTHéBQErPEEkcﬁﬁléQEZQ9and/é§ tﬁé ta QétlﬁQ b Eedile 1,
786-791; LunaT M - at gl eg af Res, t % 44 MIlLer, N and
Whel an, 39 7°° HARE g2k hepoun %ﬁhﬁﬂ?J%ga € 0@% pranster .

i5 molecule, to the photosensitizing agent or both and the

same or different carrier or targeting molecules may be
used. TIf for example adenovirug particles are used as
carriers then the transfer molecules may be incorporated
within the adenovirus particles. For example if the

20 transfer molecule in question is a DNA molecule encoding
a protein or an RNA molecule, then the DNA is
incorporated into the virus vector and after
photochemical internalisation the DNA molecule will be
present at the correct intracellular location so that

25 expreSSLOn of the encoded molecule can occur.

designing the vector by methods well known and
documented in the art. For example, regulatory elements
such as for example tissue specific or regulatable

30 promoters can be uged to cobtain tissue or disease

| gpecific or regulatable expression. For example the
tissue specific promoter melanoma specific tyrosinase
promoter may be used. Regulatable promoters such as
tetracylin-regulated promoters are well known. More

35 examples of specific or regulated promoters that can be
employed in the present invention can be found in Hart,
I.R., 1996, Semin. Oncol. 23, 154-158; Hallahan, D.E. et

ExPre591on of such molecules can be controlled by . ‘



Ther. 7, 110-114; Nettelbeck D M and Muller; J.V., 5 2000, Trends GCenet.
16, 174-181; C ackson, T., 2000, Gene Ther. 7, 120-125; BEpeiadl2@d S, et
al ., 1999wdoz44@me Med. 1, 4-12; Spear MA., 1998, Anti caUIsCBRAS29918,
3223-31, Harvey, D.M and Caskey C. T., 1998, Curr. Opin. Chem Biol. 2,
512-518; dary, B.M and Lyerly, H K, 10 &998, Surg. Oncol. din. North
Am 7, 565-574. Luna, MC et al. Cancer ReS 60, 1637-1644; and the
references therei nodis mpptiANgghAbQVe LR t.han ane, carri etlr: nd/ or
targeting nol ecul'e or Vector may be aded si mil't'aneous! y.’ 15 F8 "exanpl e
vectors may b&4S%vicEren Retartd e 63 -§64diir Mildeatols smch Waslagenovi r us
may be carrled. eq.997 Hui) pRARIEIRr DOWICRHLR] UICLA0S, Beplerted
carriers an ct or r. u in resent invention, particularly for
use in con; un?ﬁqlegﬁ SIZO%v?iiO[‘ﬁﬁt 'eh{ettgﬁ#&c oMyl 816 MEideE iadeNovi r uses,
pol ycati ens s@é90as Hundsy Garet(.e 1., pokyikil;ysilaekaon,pal.y- Bolowsi ne),

ol yet hyl enei @ NGy i S ..g koni.c dendrJ ners a
polyerny) encl Beif Andlends, 19/ 108 Irectapht SN0 1S SUEH A ¢ and

Super Fect (r)); cationic li'pids “sudh as Li pof &ct’i'n;
targeted 25 vE&R6r YeshicH -ad-d2y. SpeagsMePrirn198By| YitieamceraRgst.ca8,

adenovi rus vegbons3il,n ruRARt | BUMAT bndpeakreyee rerbadiogeni e t bein

invention the garrier, i.s adenqvirus. Such targeting nolecules or Carriers
as descri bed C%ﬁ eiﬁéy“aﬁéo & ge8d Fﬂaayre@tM%h@nﬁr&H?Féyfnﬁkgcule 30 to

parti cullfr inflP&8el |Szar. compdr.t KBdtis depehi am.y7hesebi-ei7al. f.onat e
enpl oynment of _PCL; f SO S.QL.en o] ..IThe intracel |l ul ar
<PCLy %%ﬁ@@?n%é%. %ﬁéyigge 1844 %ﬁéoggérgﬁgﬁreﬁﬁpéh i

nmenbrane-restricted conpart ment any “sdc
present in a EBFrein3s Preferably the conpartment will be a menbrane

vesicle, especial | xgamegRd0sQ0E 186vE, | ¥SPEOFRanHOWEVE : he i cel lul ar
conpart nent X al sq incl L_JLde hg Ggl gi 26 Mayar21005 V\%rg%?M%g@%é
PCT/GBOl/OSZgg rggting molecule or veéctor may be used simultaneously.

15 For example vectors may be provided in a carrier, e.g.
viral vectors such as adenovirus may be carried, eg. in
a liposome or polyecation structure.

Preferred carriers and vectors for use in the

present invention, particularly for use in conjunction

20 with the transfer molecule, include adenoviruses,
polycations such as polylysine (e.g. poly-L-lysine or
poly-D-lysine), polyethyleneimine or dendrimers (e.g.
cationic dendrimers such as SuperFect®); cationic lipids
such ag DOTAP or Lipofectin; peptides and targeted

25 vectors such as e.g. transferrin polylysine or targeted

adenovirus vectors. In a particularly preferred
embodiment of the invention the carrier is adenovirus.
Such targeting molecules or carriers as described
above may also be used to direct the transfer molecule
30 to particular intracellular compartments especially
beneficial for the employment of PCI, for example
lysosomes or endosomes.
The intracellular membrane-restricted compartment
may be any such compartment which is present in a cell.
35 Preferably the compartment will be a membrane vesicle,
especially an endosome ox a lysosome. However, the
intracellular compartment may also include the CGolgi



apparatus or the endoplasmic reticulum The light irradiation step to
activate the photosensitising agent may take place accordf My 2005

t echni quewendidpasocedures well known in the art. For 5 exa®amlGBoiibm9

wavel ength. and intensity of the light nmay be selected according to the
photosensitising agent used. Suitable |i gt_sources are well known in the
art. The tinme for which the cells are exgosed to light in the nethods of

the present i@ﬂagféyhén&%“ﬁ*ﬁgégﬁbfgﬁﬁ¥éifaéi Sf the internalisation of

the transfer nolecule into t, t'osol "appears to Increase with increased
exposure to |ight. TR day o3t stiere tof @ottivatier tadi ation step

depends on t hehtIRERNIYIldiZRS ageite P ikOhihe Rhelesgns thzer

accunul at ed in %§§H35 ta&gl cells or tl%ﬁﬂg and the overl ap between the
absor ption speCtTumMTTEs %E)Wdftoﬁéir‘@:ﬁs’l &1 L kP WMRe 106 fiDEs PER - s pEBET um of
the |ights soursemplenertdld wavelendténgtid dihtdmsd thoobft ke Ldgttatagn step
isin the ord fr 4 I ULS, .. eferably up to 60 20
m nutes e.qg. Fb%%%%?é%g%§¥%9§§§%fﬁ%{§g%=Eﬁfﬁ%g%ﬁﬁg}gﬁngbaéeﬁgnutes or
from1l to 5 nifces &uifiadrhel lighto sowvegsesre yelflr knownt dn7thenares, and

preferably amproOXiifl oy FHICAIEES R10e 213 ERpdsBdTtBULGSH: AQPEARTiate
| i ght doses can %@dgel ctg%hbﬁ‘a erson 25 skilled in the art and again
wi [l depend offStR&9S ARGt FOEnSFEELDE IRT A4 ORnBEH: VBEYphotBSensi ti zer
accunul ated i efffieiracyebfcehks iaterinadieat ibor ofexaapkeanther! i ght doses
typically use r ot nami.c treat f _cancers with the

ﬁoﬁ%cuﬁg EBQ% %g%aﬁ&tg%oqeggp%ax% gﬁrﬁﬁcﬁﬁééﬁrngh

phot osensitizer Photoffin e protoporph
5-am nol evul | ARgrgesed egposurietraddahto- 180pdefatrad Aehptkno€ timge of

| ess than ZOQoﬁmkﬁgziEBaaﬁgﬁﬁohosﬁ&ﬁ!QﬁB&ﬁﬁ%LBﬁrELé:ﬁﬂgﬁoséﬁgfﬁ%ggégs are

usual ly | owner en _photosensitizers Wt I gher extihction coeffrcrents in
St RECS %

the red area § Bty Psi bhe Bpeterearsitdzateacchpntated inrtheeat nent of
non- cantBr ousthirgeuesedilsholresisphet ananshki seerlapcbavkvatadechie t ot al

amount - of lngEsB%Sgggnngﬁeg%rum of the 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

20 minutes e.g. from 0.5 or 1 to 30 minutes, e.g. from 0.5
to 3 minutes or from 1 to 5 minutes or from 1 to 10
minutes e.g. from 3 to 7 minutes, and preferably
approximately 3 minutes, e.g. 2.5 to 3.5 minutes.
Appropriate light doses can be selected by a person

25  skilled in the art and again will depend on the

photosensitizer and the amount of photosensitizer
accumulated in the target cells or tissues. For
example, the light doses typically used for photodynamic
treatment of cancers with the photosensitizer Photofrin

30 and the protoporphyrin precursor 5-aminolevulinic acid
is in the range 50-150 J/cm® at a fluence range of less
than 200 mW/cm? in order to avoid hyperthermia. The
light doses are usually lower when photosensitizers with
higher extinction coefficients in the red area of the

35 visible spectrum are used. However, for treatment of
non-cancerous tissues with less photogensitizer
accumulated the total amount of light needed may be



26 May 2005 WD 02/44396 PCT/ GBOl/ 05299 - 20 substantially higher than
for treatment of cancers. Determining the appropriate dodesMady 4¥get

nol ecul eswioor/4438 i n the nmethods of the present inventi orcwmBodiokes routine
practice for a person skilled 5 in the art. Were the transfer nolecule is
a protein or peptide, for in vitro appligations the transfer nolecules
woul d generally be used at doses of less than 5 ng/m (e.g 0.1-5 ng/n)

and for in vivabagphitdalilgnsighbe thansker eekacukbas weukdngepgral ly be
used at doses 10 ob %ess .t han % ng/kg %e.g. 0.%—5 ng/%g%. VWere the
transfer nol ecul e PSS RIE LY ThE GPPFOPLLATE EPEeSaBhl FE%EEBNs an

exenpl ary dos@cdecviest famsiee Aol ébel esthodsl dEbehapprexenat el y 0. 1- 509
nucl ei c acid g c a \ n 0 y 15
Too6 - 17g nuatueRbton Reulaie LBhe e bAcEREL! £0F 8"DeRBBLHLET S

mol ecul e i s a%?o@ﬁ&té&tmntWhﬁﬁeaﬁEﬁoﬁrﬁ9§fe€am@l@¢U1¢olS|ﬁ protein or
appllcatlons @ﬁpeidép|ﬁb¥ dﬁs@1tﬂ©uhﬁpmﬁcaﬁiﬁﬁgntﬁe1E§9§SP@¥S'Ca' virus
particles, %ﬁ e #O 1x%3§ Eart c#g g g vo 20
appl i cations FRESHBIEEUFE EPhErodu 8du?ﬁd %Es E?%?l% ?ﬁ Ehan
adenovi ral caPbr mgrmimyebg pressnmg/ml)aandnfeﬁtﬁatvmﬂooépﬁXi6a81@ﬂ550@6such

as 3x10-6 to §ﬁ4}Fr§n eQ Qg§eE81§Q %oﬁl@ ggnéréfIQQKgg@/§% w#éﬁgefers

particles in t |na ositron for N VIVO
to the Wi ght &f 1efe Fhﬁal cﬁg/kﬁr(?ng a@d1t5om9(bglhe %@¢@@u¢beto be

i ntroduced retﬂthEeEOmORE@uE€|ﬂgtaoﬁuéﬂélé'QéidCOﬂQQSiﬁ'9@tr$f used in 1
m |nJect|onsP ;h s.woul d correspond tg a dose of apprOX|nater 105 to 10"

physical vira FEREFBRS 3B THRETHLRRBSCRE PhetRAVERDSHERI 1P1¢Felas abl v
give rise toweuhé bel hpkrbkimgt &Yy v [ 1 ue0nd ﬁﬁﬁié&ﬁﬂﬁwh@qp@@Jlo*reatnEnt

e e

death w || and ma y of
i5 - 1lg nuclelc acid per injection in humans. Where

the transfer molecule is associated with an adenovirus
carrier, for in vitro applications an exemplary dose
would be between 1-1x10° physical virus particles, e.g.
1x10%-1x10° particles per cell and for in vivo

20 applications the molecule to be introduced in
association with the adenoviral carrier may be present
at a concentration of 1x10™° to 50% such as 3x10°° to 50%,
e.g. 0.003 to 30%, e.g. 0.2 to 10% (w/w) of virus

particles in the final composition for use in vivo in

25 which w/w refers to the welght of the v1ral carrier 1n |

addition to the molecule to be introduced relative to
the weight of the final composition. If used in 1 ml
injections, this would correspond to a dose of
approximately 10° to 10" physical viral particles.
30 The methods of the invention will inevitably give
. rise to some cell killing by virtue of the photochemical
treatment i.e. through the action of the
photosensitizing agent. However, this cell death will
- not matter and may indeed be advantageous for many of
35 the applications {(e.g. cancer treatment) and the methods
of the invention may be modified such that the fraction
or proportion of the surviving cells is regulated by




35 the applications (e.g. cancer treatnent) and the nethods of the

i nvention may be nodified such that the fraction or propdftilan 4i0x he
survi vi ngwiedd/azges regul ated by 26 May 2005 WO 02/ 44396 RCT/IGERAN5H5299 21
selecting the light dose in relation to the concentration of the
photosensitivity agent. Again, such techiiques are known in the art.

Regardl ess of the anmount of cell death induced by the pure photochem cal 5
treatment, 'tsbiebEEﬂF;t 2Rk GBghet aeslal gﬁtrggaﬁlbﬁ ehegyLated such that some
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15 In such applications it is appropriate 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 920% of the cells) are
not killed. This of course is not always desirable

20 egpecially when PCI is used to introduce 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
therapeutic gene is internalized into tumour cells by

25 the method of the 1nvent10n e.g. so that these cells

will produce 1mmunologlcally actlve substances that w111w
induce local immunological killing of remaining cancer
cells or induce a systemic immune response to the tumour
cellg. In such cases, clearly after PCI treatment a

30 . proportion of viable cells are required.

The advantages of the present methods and the
sequence of treatment steps, especially the embodiments
wherein the transfer molecule is added to the cells
after the light irradiation step, as compared to the

35 previously described methods are

a) photochemical damage to the transfer molecule

ig diminished;
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in a clinical situation, therefore making a greater

i5 time window extremely advantageous;

d) rapid translocation of the transfer molecule
to the cytosol occurs thereby substantially decreasing
the possibilities for lysosomal degradation of the
transfer molecule.

20 These advantages are in addition to the advantages
associated with PCI methods of internalisation of
molecules per se, i.e. 1) there is no restriction on the
size of the molecule to be internalised and delivered to
the cytosol as long as the molecule can be endocytosed

25 by the target cell; 2) the methods are not dependent on . .

cell proliferation; 3) the methods are site specific in
that only areas exposed to light are affected; 4) it is
not oncogenic.
The steps of "contacting" the cells with a

30 photosensitising agent and with the transfer molecule
may be carried out in any convenient or desired way.
Thus, if the contacting step is to be carried out in
vitro the cells may conveniently be maintained in an
aqueous medium such as for example appropriate cell

35 culture medium and at the appropriate time point the
photosensitising agent or transfer molecule can simply
be added to the medium under appropriate conditions, for



The steps of "contacting" the cells with a 30 photosensitising agent and
with the transfer nolecule nmy be carried out in any con¥enant2@iS desired
way. Thuwo 0Z44Bd8e contacting step is to be carried out ipcTxiBoiesiohe cells
may conveniently be maintained in an aqueous nedium such as for exanple
appropriate cell 35 culture nedium and at the appropriate tinme point the
phot osensi tising agent or transfer mol ecd® Tan sinply be added to the
medi um under i at.e_co for 005 2/ 44396
PCT/GBOl/OSZQ%QE&gg% QE a% ng?BEEHESpFSBFegﬁé eﬁ¥$)g?5na3nd for an
appropri ate Iéﬁ@?ﬁpeﬂaﬁﬁnéenmhb pRotémensi ti zi ng agent is brought into

contact with the qalal hetto@eneme&e@hgageeﬁeneentgfetlgﬁa gﬂgofeén 2 £
appropriate Iengbh 8 ﬂﬁ ch can easily be determ ne E fTed
person usi ng Pobf h8et €& PqGESanaﬁBPﬁPPFlaEﬁeﬁﬂnﬁﬁnFﬁ%tb@?t@%@IE@r
photosen§itizangaggeoprlasedlengthhefcehhetwﬁ§chTB§nC@@§£DyrEéIOn of the
phot osensitiz t _be,such.that once tak 0 the ceI
bE0=HEAEATMY] prETnio, D8Pl Frl iy PoiPidR o foat S

e.g. into, or associa h) -one-or
conpartnents @né HeilvdﬁpénﬁyonlthadpartmnulanepbmtuseESEEiilngragmmmes are

di srupted e.{gcQN8nAr +ARr gt L5688l 1 U ed or
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vivo human t ts he hot o Ltizin e use the range
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|ncubat|on of e ce ot osensi agen
"contact" ti sggm ed For example photosen81tlslng agents used in
15 the Examples herein may be used at a concentration of

for example 10 to 50 uag/ml. For in vitro use the range
can be much broader, e.g. 0.05-500 ug/ml. ¥or in vivo
human treatments the photosensitizing agent may be used
in the range 0.05-20 mg/kg body weight when administered
20 systemically or 0.1-20% in a solvent for topical

application. In smaller animals the concentration range
may be different and can be adjusted accordingly.

The time of incubation of the cells with the
photosensitizing agent (i.e. the "contact" time) can

25  vary from a few minutes to several hours, e.g. even up

to 48 hours or longer. The time of incubation should be
such that the photosensitizing agent is taken up by the
appropriate cells.
The incubation of the cells with the
30 photosensitizing agent may optionally be followed by a
period of incubation with photosensitiser free medium
before the cells are-exposed to light or the transfer
molecule ig added.
The transfer molecule can be any molecule as
35 discussed above and is brought into contact with the
cells at an appropriate concentration and for an
appropriate length of time. Surprisingly it has been
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in questlon However, the ghorter incubation times, for

i5 example 30 minutes to 1 hour, seem to result in an
improved specificity of the uptake of the molecule.
Thus, in selecting a transfection time for any method,
an appropriate balance must be struck between obtaining
a gufficient uptake of the molecule while maintaining

20 sufficient specificity of uptake.

In vivo an appropriate method and time of

incubation by which the transfer molecules and
photosensitizing agents are brought into contact with

the target cells will be dependent on the mode of

25 adminiﬁtratiQnmandmthemtypemqﬁ_txansfﬁrmmolecula_andmmm"m."mmm"“mmf

photosensitizing agents. For example, if the transfer
molecule is injected into a tumour which is to be
treated, the cells near the injection point will come
into contact with and hence tend to take up the transfer
30 molecule more rapidly than the cells located at a

greater distance from the injection point, which are
likely to come into contact with the transfer molecule
at a later timepoint and lower concentration. In
addition, a transfer molecule given by'intravenous

35 injection may take some time to arrive at the target
cells and it may thus take longer post-administration
e.g. several days, in order for a sufficient or optimal



In vivo an appropriate nethod and tine of incubation by which the transfer
mol ecul es and photosensitizing agents are brought into coftidey ZH&h the

t arget ceM@®oisbds be dependent on the node of 25 admi ni st re@tiiGev1ABH9t he
type of transfer nolecule and photosensitizing agents. For exanple, if the
transfer nolecule is injected into a tunmpur which is to be treated, the
cells near the injection point wll cone 231to contact with and hence tend

to take up th sf Q |lecwl e tore rapidly than the cells | ocated at
a greater di (;atr&é.;l%e% %:)riﬁ%}%e 55 Jsgjgtri SRLSSi ,g\?hfigﬁuﬁl?" ALS RE ¢ to cone
into contact Watgetheeldawsf drissgicsculThe same baheideratponst ofnd | over
concentr ati on.cditseddhiyolbo Ank MHELLTARIHLBLIRY EBADY i AKCRRYS 35

i njection may take sone fine to arrive at the farget ce FEY3Ra may t hus
take | onger p -&@W@g%éfﬁéFﬁﬁhPh@?&?e§€ﬁ§#éﬂﬂﬂa?§?nFn16?Qeﬁeiéﬁ-a

s]thffih ci et o][ Tihyet it:ia]le la@ mﬁm&%rla\ﬁ@o&_z&éé;&&%&@b@@%ﬁ@%&&%ar cé@l%ﬁrmunt
of the transfer cule.to aceg ate in a .target cell or tissue. e
same considerg |§ﬁg%b#s Eéﬁ?sglgggpy o VEfhi& FﬁﬁﬁgangdﬁFnF P&t PBA required
for the uptaké&helr pazapldessensitizing agent into cells. 5 The tinme of

adm ni stration reqg f aledi Ui e k | I g .t likely to
vary dependi ng on #ﬁggg?gﬁées%fhépgggp %b%é%s?iﬁﬁég¥§ﬂe?€sg#%gl#Eough t he
situation in PP¥E FemPhdretednphprBatied vikar. i hhei vréerinéngndentebhg
concept 1010 obft kheppesedhti AneahtEBnI $sSkthil1t FReSAgRe, | i6e. BBt i NE at

whi ch the nol ecul es, co Ln contact . with the, target cells_nust_ be such
thgt before i %ﬁﬁigFiHﬁggbcggg mgheﬁﬁﬁg%pPPﬁ?elﬁﬁﬁug?nB?cFh@lth the

phot osensi ti zErygageaelhasmubbehet akeh vhabybébersaigeadtatisonasdcetsher ;
(L)oo  15af bR Eodhabonol k! A ALl eguL o DaseR gt boen
cells, into dPeegreaken up by the target cells and either: (i) before
15 or during irradiation the transfer molecule has either
been taken up, or will be taken up after sufficient
contact with the target cells, into different
intracellular compartments or (ii) after irradiation the
transfer molecule is in contact with the cells for a
20 period of time sufficient to allow its uptake into the
cells. Provided the transfer molecule is taken up into
different intracellular compartments to the
photosensitizing agent, the transfer molecule can be

taken up before or after irradiation.

25 __The term "cell" is used herein to include all

eukaryotic cells (including insect cells and fungal
cells). Representative "cells” thus include all types
of mammalian and non-mammalian animal cells, plant
cells, insect cells, fungal cells and protozoa.

30 The methods of the present invention may be used in
vitro or in vivo, either by in situ treatment (for
example by utilising targetting moieties} or by ex viwvo
treatment followed by the administration of the treated
cells to the body.

35 The methods of the present invention may be used
for example in the treatment of cancer. Several
photosensitisers accumulate preferentially in neoplastic
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molecule to be internalised to a particular cell {e.g.

15 antibodies, transferrin, photosensitisers, apoB on
reconstituted LDL-particles) can be used. The advantage
of such a combination treatment would be 1) enhanced
cytotoxic effect in deeper layers of the tumor tissues
since low and subtoxic doses of light are sufficient for

20 disruption of lysosomes and endosomes; 2) enhanced
specificity of the treatment since PCI is only given to
the tumour area.

Methods of the invention may also be used for

treating various other disorders, as dictated by the

25  selection of the molecule to be introduced into the

cell, such as rheumatoid arthritis, artherosclerosis and
other cardiovascular diseases, virus and other
infections, psoriasis, solar keratosis, wound healing,
fracture healing, warts and inherited genetic disorders
30 such as cystic fibrosis, Gorlin's syndrom and ataxia
telangiectasia.
The methods of the invention may also be used in
gene therapy, i.e. the therapeutic transfer of genes to
a patient's cells. Gene therapy is promisging as a
35 method for treating many diseases such as cancer,
cardiovascular diseases, viral infections, monogenic
disorders such as cystic fibrosis and wany other
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t hose describ abov nlflcant probl emin gene therapy today is
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limted specifjgcity in gene de |very ow efficrency rn gene delivery
etc. The PCI|ﬁ£§ﬁﬁi§QﬁYt4ﬂ§rﬁQ% ifiedtvopt many of the gene

15 delivery methods presently employed in gene therapy, by
improving the step of endosomal release which can be
efficiency-limiting both for many synthetic'gene
delivery vectors and for several viral systems. The
light treatment inherent in the PCI method also makes it

20 possible to precisely define where in the body the
enhanced gene transfer shall occur, since the increase
in gene transfer efficiency will only occur in
illuminated areas. Transfection may be performed, in
vitro, in vivo, or ex vivo (with cells or tissues being

25 administered to the patient as appropriate). Preferably

suitable carriers and vectors for transfection include
adenoviruses, polycations such as polylysine (e.g. poly-
D-lysine or poly-L-lysine), SuperFect®,
polyethyleneimine or dendrimers; cationic lipids such as
30 DOTAP or Lipofectin or cationic lipids formulated with a
"helper 1lipid" such as DOPE; peptides and targeted
vectorg such as e.g. transferrin polylysine or targeted
adenovirus vectors. In a preferred embodiment of the
invention the carrier used for the therapeutic gene is
35 adenovirus.
Another preferred embodiment is to use non-viral carrier

systems such as for example
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net hac?@l at ;Bc% #‘gne?’%xgjd%%’dﬁ ssanpopﬁé {jﬁg SRRTHEE 13 Eléﬂﬁer pol yners
known in théiléf}etthﬁ’ apanabethy] imetdvagyydekeyehystomspe gimmitkywipel, ymer s usef ul
in gene del ipspyi.- Eswigﬁine)c,ora%m & @HHH@CC%%QE:&@ Lha Bh Se“tl

I nvention |dgelgg‘pol ol rni ne, y gl utam c aci 0
pol yvi nyl pyridi ne, 1¥bs égﬁgpéﬁéﬁ??ume&SPV%?t polymers described
herein may be
15 combined with other polymers or combined with other gene
delivery systems. Non-viral gene delivery system useful
according to the present invention are, for example,
described in R.I. Mahato et al in Advances in Genetics
(Eds J.C. Hall et al) (1999) 41 95-156. Catiomic
20 polymers are further described in M.C. Garnett in
Critical Reviews in Therapeutic Drug Carrier Systems
(1999), 16, 147-207, K.A. Howard et al in Biochimica et
Biophysica Acta {2000), 1475, 245-255, H.K. Nguyen et al
in Gene Therapy (2000), 7. 126-138, A, Bragonzi et al in

et al in Pharmaceutical Reseach (2000), li; 113-126 and
R.I. Mahoto in J. Drug Targeting (1999), 7. 249-268.
Another embodiment may involve
the use of liposomes or other lipid based comstructs as
30 non-viral carrier systems. The liposomes may be pH-
sensitive liposomes or non-pH sensitive liposomes. pH-
sensitive liposomes consist of at least one pH-sensitive
component in the liposome membrane. Typical compounds
include fatty acids such as oleic acid,
35 palmitoylhomocysteine, cholesterol, hemisuccinate
morpholine salt and dieloylsuccinylglyecerol.: In
addition to the pH-sensitive components, the liposomes



di met hyI am no) et hyl nethacrylate, histones, protamne, poly(L-ornithine),
avi den, spermne, spermdine and any derivative thereof.26nMaypt@ferred
enbodi ment pol ymers descri bed herein may be 15 conbined with ot her pol yners
or conbined with other gene delivery systens. Non-viral gene delivery
system useful according to the present _igyention are, for exanple,
described in R1. Mahato at al in Advances in Genetics (Eds J.C Hall at

al) (1999) 41 f&y 156 :Catleﬁla 80891 b
Garnett in Crl t | nﬁng ews l eﬁ?a%%ﬁ%?%ﬂﬁ%waﬁﬁ% ﬁé% eﬁ%og,@w%)
16. 147-207, ]ae‘ét Séﬁnl}?\rﬁ?%‘&ﬁ’%?%’a@éils Bi ophysi ca Acta (2000)

1475, 245- 255, H K. Thiguytpoatmas of noese THetidiyad2PAB1ivVerd 2%7

Bragonzi et al J 200 ey 2 C DeSrredt

at al in Phar n%%fehﬁ%?% ﬁ:r%%%%%# %?ﬁ%ggﬁflgﬁl? Jz%ma%cliP Mahoto in J.

Drug Targeting (1998%e ?LPQ@@b@%d dabivery esthricimendy ey preminte the use

of liposomes ovapibes tiped %S@@u&&[@tféﬁ J[a?\ﬁoéo AL MUl e AL T B

systens. The |I£ %OJJEJE g%/ %%%lsenmtlve | posones of non- pH sensitive

| i posones. ENsteT v ??)og ot tinithy Lidanatdie pH sensi ti ve

conmponent |n tMthﬁﬂ@@é@uegymEﬂamwfwfpos&fésld gatty acids
steine, chol esterol succi nat e

such as oleic I honogc m
nor phol i ne sal?ggéndt di el oyzl[)%ucm%’ylngafrijloe(%"}]tﬁlor’f% ft?dlﬁ&%’%ﬁ%‘%q& Fhe
pHsensi1fve drplrrRAiEosemRs /| iposmEmRe D6 AVEHNRGEHMRD cma:;h@msst of
di ol eoyl phosphgt EIF'.]QD f

ﬁ]&yé@émoéﬁnﬂ ot }EI i pI ase‘%gﬁ%{l very syst % contain

phosphol i pi ds. e | pasones or

preferably at FHaQuighel iRidmt 9eu8 dransiier HinsledsaFed ddlamer sist em
may be presental nin \E&fdcﬂusvataape&défd 20 UTSOor(lgAt)i 0B V%':L%Ua‘imtlef s are

used for thess, for mudid ot 47 &% AR WU AT 4, IO,

15 266. L.G. Barron et al in Gene Therapy (1999), & 1179-
1183, S. Kawakami et al in Pharmaceutical Research
(2000), 17, 306-313. N.S. Templeton et al in Molecular
Biotechnology (1999}, 11, 175-180, Y. Zou et al in
Cancer Gene Therapy (2000), 7. 683-696, D.D. Stuart et

20 al in Biochemistry et Biophysica Acta (2000}, 1463, 219-
229, R.I. Mahato et al in Drug Deliv (1997) 4 151 and
R.J. Lee et al in Crit Rev Drug Carrier Syst (1997), 14,

173.
Lipids useful according to one embodiment can be for

25 example descrlbed in US 6 120 751 US

6, 056 938 US 6 093 816 US 6 039 936 US 6 034 137

Us 6, 034,135, US 6,020,526, US 5,980,935, US 5,958,935,

Us 5,935,936, US 5,877,220, US 5,830,430, US 5,777,153,

Us 5,705,693, US 5,459,127, US 5,334,761, US 5,264,618
30 and references therein.

Typical examples of cationic lipids include N [i1-
(2,3-dioleyloxy) propyl-N,N,N-trimethyl-ammonium chloride
(DOTMA) , 1,2-dimyristyl-oxypropyl-3-
dimethylhydroxyethylammonium bromide (DMRIE), 1,2-

35 bis(oleoyloxy)-3- (trimethylammino) propane (DOTAPR),
38(N',N'-dimethylaminoethane) -carbamoyl-cholesterol (DC-
Chol), 2,3-dioleyl-oxy-N [2-sperminecarboxyyl-




sensitive |iposones, nanoenul sions, nanoparticles, 10 proteoliposones,

virosones, chinerasones, cochelates, |ipofectin(r) and |£pdfex2005

Ref erences to the use of <cationic lipids in gene transfer include P.L.

Fel gner et al in Proc. Natl. Acad. Sci. USA (1987), 84, 7413-7417, D.D.

Lasic et al in Adv. Drug Del Rev (1996), 20, 221 15 266. L.G Barron et a

in Gene Therapy (1999), 6 1179- 1183, S. Kawakam et al in Pharnaceuti cal

Research (2000), 17. 306-313. N. S. Tenpleton et al in Ml ecular

Bi ot echnol og 999), 11, 175-180, Y. Zou et al in Cancer Cene Therapy
i ekt

(2000), 7~ 6 oM. &-dmethylob-propanBiadnent s Ejueradonty si ca Act a
(2000), 1463(DRIFAR2%R-R. (N'~dpdahinetcaalbandyDy UghdBddtehch99h). 4 151 and

R J. Lee et 4] 131 Rav ri t 997), 14, 173. Lipids

usef ul accor@?nS%Fgﬁ%ﬁéggqgg%$%kéii%aﬂfﬁggigfgiZ%n xanpl e described in US
6, 120, 751, Qi anidoglyd3sperming @AF -936, US 6, 034, 137, US 6,
034, 1355 US 6, 02035 2sddS Hed98080935, ih/Sike U8 +835prekiSrbe®35, 936, US

5, 877, 220, ugtn@mg%%ng%gth%o%%ﬁég%é%gscéltilggig, 705,693, US 5, 459, 127, US

5,334,761, US 5, 0 erences therein. Typical exanples of
cationic |iFﬂ%ggqﬁm3HGd@aﬁ perlier been reported that photochemical

(1 2,23;jqi ol ey |t XY |ha:§, unNé'hhmﬁt liwc_l; Ejmit il Ebéﬂéfgstibc(m (';/A) ' OVRI E
T2 35 bi o QEHSR, P crr i Riere PRIAH OIS OpalE (DOTASE atter - (0
3f 3(N 1Y - ditvhe Fyleastesemhinelile af beamyickeickesteadl (DWO)Ghat.),
2, 3-di ol eyl -ange MeldZ- $pel pRESE POX WidwedRrVBY £ 2092 ndP very
anldo]ethyhg& f% net& I-I-ﬁrqﬁanaqhylun%%rlfLuorapetaIe g&%g%gs), 3-9
( Nd- sper i né& CAFbETOY ¥-8ﬁ8 eShQy that: whep\dight 8 Feen 1)
- chol est er olthendiragisfert mdbegiihari B qdn dpeenhnet (EH)ind oAFedescri bed
above, in ong @frahleeBt bR bFhaNRY T8R! PEEELIgI1d $)Cationic
15 Thus, a further embodiment may provide
- compositions comprisging a transfer molecule and a
photosensitizing agent for use in therapy. Optionally
the transfer molecule and/or the photosensitizing agent
in the compositions may be associated with carrier
20 molecules such as those described above. Preferably the
compositions are used for cancer therapy or gene
therapy. For gene therapy a preferred carrier molecule
is adenovirus. Other preferred carriers are cationic

_ lipids.
25
In a third aspect therefore the present invention provides
a use of a reporter molecule and a photosensitising agent in the
breparation of a medicament containing a cell prepared according
.to the method as defined above in the preparation of a medicament
30 for use in treating or preventing a disease, disorder or

infection, * for gene therapy, stimulating an immune

‘response or to treat or prevent cancer.

35



lipids. It has earlier been reported that photochem cal treatnent has an
inhibiting effect on transfection nediated by cationic |E2piHaywhedd | i ght
is given after 10 the transfer nolecul,e (Prasm ckaite et al. (2000), J.
Gene Med. 6, in press). However, it h§§ @now very surprisingly been shown
that when light is given before the transfer nolecule PCI can have a
Thus: & further EmBoAPRbGL SEh brow BoP asenbs  FT R S Ar VAT B tr ansf or
mol ecul e aﬁ@eaOfphotbé@ﬁ§¢¢|mﬂhﬁ}uégeﬁndf©r @s@h@tﬂﬂdﬂﬂﬁﬂ@;1n€p@g©malIy t he
transfer moleeube,anghohetlim PIOLASCRSLELAING AORH d chBe conposi ti ons
may be aSSOC|atedrmnth Gerler i Pecu esﬁguch as those descri bed above.
PreferablyFFWQar€BHEBS?f|%Nﬂ@Q%Q§m@§édfPéru%%n%%rt%Qﬁﬁ%ﬁﬁyOér gene therapy.

For gene th'_iﬁ'fe&éﬁtianr@f@Ié@ﬂsé?aHﬂs%ﬁ:d@w8§Ui&fed1§lcﬁfjerf%\f| Gefe O her
preferred ids. 25 In a third aspect therefore the

gk%lers are cationic

present in PBK pF ov thgli§el UGS BpOPETC (1 Quitécahdoa

phot osensi pirevagtagentet n WH&reumreaadaph@mbsénétﬂﬂﬂﬂngaﬁg@htc&ﬂﬂaining a
cell prepar din to the nmeth define Que ln t he, preparation
of a nedlca%g ?ggg%yfogl%Eﬁfﬁqf SFed ?ﬁﬁ g? ?éﬂ%ﬁ%%%%JQaw& ge%%%fsdisorder
or infecti om, tissueSg@ﬁeauhHﬂ&py,asﬂlaui@l¢$@ﬂsnanannnmad1aée@oms@hor to
treat or PhEYRR!ofaNChlye AnAth Watog009: S0%cIfvAd Quelh aspect, the

pr esent |nvent|on provides a use of a tran er no ecu e and/or a

phot osensi PrerAgeRgERt 2ing aiesdr Bbeddinerdiation aify Rerdosnedgeeia m for the

preparati orcotha BB eBIENILT e USeshiat LA NG Mo1RUGYeRLERTR di sease,
di sorder or,. infection, for gene therapy, stinulating an iInmune response or

to treat oﬂnt6?%9%%?1%%ﬁﬁgﬁﬁﬁﬁm§ﬁélﬁ0§ P It GEeh SNOtPPRES AR AN
separ at el yagahd, transf er nolgGuire tbsceont Bet b Mideh cGelsh$d transfer

molecule into any intracellular compartment. Methods of

treatment




or tissues of a patient and said cells are irradiated with 1light of a
wavel ength effective to activate the photosensitizing agéhtMand2005
irradiation is performed prior to the cellular uptake of said transfer

nol ecule into an intracellular conpartnent containing said

phot osensitizing agent, prior to cell uLaé upt ake of said transfer

nol ecul e into any intracellular conpartne ¢. "Methods of treatnent 1 26 May
2005 31 co | S .SUC t r ternative enbodi ments. Thus, an
embodi nent m@%ﬁé&gpgggﬁdﬁgg&?#e hﬂ(f)B ofﬁt{ggggﬁ‘ﬁa %ﬁb%ﬁ%eer%ﬁsi ng a

di sease, disorder dihismf @st eshoflbnens pay i amthegnpresidyg & meddutiong a
transfer nol ecitemtiimigo one or nore cells in vitro, in vivo or ex vivo

according to 5he nel hod. as dg%gri bed h% ei{r;i)efore and where , necessary
(ie. when trandf 1T OR TS AdIIRFET n TP PR RN M Mithiast er i ng
said cel IS to Baiiepat¢empridindsi defodectdrereivrangiat ilidculef eng-d o
reduci ng, allgydati 141, nat i e ans_of the _disease,
di sorder or i nﬁ%fx%ﬁﬂo\,ﬁ% cﬁéjl'jgé b%lE nﬁ%ﬁg’at%ﬂ,%ogloa [ga}l;e kol ﬁ’lec%%ﬁﬁftn(ﬁm
prior to treatfrerthe meichehtdo teseried thenindsfinyeomnst edwns ng the onset
15 of the symic@@s&iry heidi s@ase tsordarid iNfRaldRted A EtiHNed
previously, such nethopds can also have appljcation in nethods of

vacci nation. A¥corli Wgrs), & m’f%‘%%‘%%ﬁérr&ﬁllﬁaﬁ:oprsﬁﬁddém&%%od of

expressiify or presein idwfaredidgem O yrdamen "( el toansforicimgy,ecul e)

or a part thereof..n.the surface .of a_cell ref er abl n

antigen-presen%ﬁrﬁ;‘&(r:ge'{:rq?? erezjilﬁlllqﬁaé:lldl%qrhdo rcg}?r(?orﬁgﬁpg:é’%é’fstt@ﬁs as

defined herei nbiefanse, Aissetbhereiimfesiies siigh ds beiesenreaged,ef er s

to the presengeiqftithe ﬂ@'iﬁ@'ﬁm@i’to@?ﬂd@i‘ﬂ}i&xﬂ%ﬁ%Ee%@ Lhe 25 surface of
P 0 a

said cell such that at |east a rtiaon t nol ecul'e i's exposed and

accessi bl e to thRevention" refersg to delaying or preventing the onset

15 of the symptoms of the disease, disorder or infection.
As mentioned previously, such methods can also have
application in methods of vaccination. Accordingly, a
further embodiment may provide a method of
expressing or presenting an antigenic molecule (the
20 transfer molecule) or a part thereof on the surface of a
cell, preferably an antigen-presenting cell, wherein
said method can comprise the steps as defined hereinbefore.
Ag used herein "expressing" or "presenting" refers
to the presence of the molecule or a part thereof on the
25  surface of said cell such that at least a portion of

that molecule is exposed and accessible to the
environment surrounding that cell. Expreséion on the
"surface® may be achieved in which the molecule to be
expressed is in contact with the cell membrane and/or

30 components which may be present or caused to he present
in that membrane.

This method may be performed in vitro or in vivo.
Preferably however, such antigenic presentation may
advantageously result in the stimulation of an immune

35 response, preferably an immune response which confers
protection against subsequent challenge by an entity
compriging or containing said antigen molecule or part



envi ronment surrounding that cell. Expression on the "surface" may be
achi eved in which the nolecule to be expressed is in cont@diaxniddPt he cell
menbrane and/ or 30 conmponents which may be present or caused to be present
in that nmenbrane. This nethod may be performed in vitro or in vivo.
Preferably however, such antigenic presentation nmay advantageously result
in the stinmulation of an i mune 35 respon$&, -preferably an i nmune response
whi ch confers Brote tion agalnst subsequent  chal | enge by an entity
conprising or EORE&EPAI ngReafarsRergehinoraeuiavent Hen  £28d weparbbsulap
thereof, and consgdugntbyat hethodeoti oactingdsipaltisrbperapiylity as a

nmet hod of VaCCI ati Preferably therefore, an_enbodi nent
met hod of vacci Sf?gﬁreto?fbr‘? Q%H'Fﬁé ey notowede rd H@&W@ré’%ﬁ%@gﬁ?%atjr%

t hi s aspect of Cbinprilﬂillegnttim,metﬂhﬁadt vassfebed N eciie fasedef i ned herein is
referred o as an "antigenic nolecule". The antigenic nolecule may be any

nol ecul e wherein that nolecule or a art thereof is 10 capabl e of
stinmul ating an i muh® FBiPoRERECHNER tb?e%’éﬁ%’é’éﬂ‘?%r tiHee | Framefeystem i n an

gpproprlate namﬁbeculédaanﬁagﬁﬂéalMeréh@rféc&éfifﬁédﬂﬁé9@@'&n?ﬂ|eCU|e\M||
e a vaccine oI vagccin nent. such, as e

cont ai ni ng ent?%ﬁtgggnﬁﬁﬁv %%ﬂf%ntlg P Prigerie %ﬁ%éﬁ%?d&ﬂé FHENt s
are known in tm1%¢ﬂ1an@1emim|dEhatlmmmeleocbrtm(paartt dthevsoiial antigens
or indeeglpant i gepsnPé @pt q]ﬁ@l speci es

I ncl udi ng protozoa or é %?%gﬁgpgg IPst trpacgt?éf 1?/ the antigenic
20 conponents EFGW%EE¢ﬂe§°h%Q% %@m%¥$s%¥ﬁvmbh§lGﬂgéﬁmﬁﬁpr%ﬂwﬂﬂmﬁnnﬁrve

dead or attenwad@a)tag@ousymj eckeréfora ahd &t i Jbraddid RIS Wil T be
vacci nes, 1s. vaccCl nes

articular antigenic onents of
organisns e.d ‘bﬁ%fjé?%sarg?lsf%‘bt?’ge‘éa %’rnee\ﬁé?{"m cﬁ“’a‘gﬁs Fave 25 been
widely i nvest |ty ek yeuekeprici dip ardiretch A mi ridnesnti ter at ur e.

15 Many such antigens or antigenic vaccine components
are known in the art and include all wmanner of bacterial
or viral antigens or indeed antigens or antigenic
components of any pathogenic species including protozoa
or higher organisms. Whilst traditionally the antigenic

20 components of vaccines have comprised whole organisms
{(whether live, dead or attenuated) i.e. whole cell
vaccines, in addition sub-unit vaccines, ie. vaccines
baged on particular antigenic components of organisms
e.g. proteins or peptides, or even carbochydrates, have

25 ...b.een...widely... investigated and reported in . the literature. ... ...

Any such "sub-unit"-based vaccine component may be used
as the antigenic molecule of the present invention.
However, the invention finds particular utility in the
field of peptide vaccines. Thus, a preferred antigenic
30 ‘molecule is a peptide {(which
is defined herein to include peptides of both shorter
and longer lengths i.e. peptides, oligopeptides or
polypeptides, and also protein wmoclecules or fragments
thereof e.g. peptides of 5-500 e.g. 10 to 250 such as 15
35 to 75, or 8 to 25 amino acids). Parts of antigenic
molecules which are presented or expressed preferably
comprise parts which are generated by antigen-processing




Any such "sub-unit"-based vacci ne conponent nmay be used as the antigenic
mol ecul e of the present invention. However, the inventiod6fMawls2Qrti cul ar
utility | wadémmsdsi el d of peptide vaccines. Thus, a preferped/gairiogen c 30
nol ecule is a peptide (which is defined herein to include peptides of both
| onger lengths i.e. peptid9§¥%qjigopeptides or pol ypepti des,

shorter and

and al so protein nolecules or fragnents

e.g. 10 to 25qm%mgae§§-%at%int%hé5ce&& & ba:-£8 AmLNRARLAY) porarts of

antigenic nolecules Wwhich are presenied or expreée pre PSny conpri se
parts whi ch aP&R§eRses: &y Hgth&ﬁrt m@éﬁswhéébsmﬁg 126 waplg@-@a tWep0gh44396

PCT/ GB01/ 05298pp2dpriaehi a@ﬂ:)ig‘édnt aealt_:;he(éebl ﬁaééﬁsﬂwv@%ﬁﬁé bg:-

gener at ed by
design (e.g.

Conveni elt |y pachsbapar b snffatisntf edzentosgaretratgeanr ainguag | Mune

c¢chi eved t hrou

ereof e g peptides of 5-500

rlate antl

PhishCae ésrbgﬁgé)P%PCE?ﬁﬁaagﬂeaPﬁer taiveRiBenty: Aycheans

esponse, e OzebBokbe, 336 OhnPeRL 28.008abEhc LHAD. Sreafed: cALEALET | hAD

10 or 20 am no aci

sin A vast

va CI %a tii dat es

have been prSpﬁsearﬁﬁtﬁﬁethﬁﬂeﬁﬁtQre20f®ml@Qaﬁgi@S|hntaEZQO treat nent of

viral diseases andAl pheet hﬁﬁ\&eiruéh BEpPLES/ vablbMabNESREL QB 0L hAEL uenza,
cani ne par VOV_JDI' bovi ne l, euﬁﬁen#a VI rus, hepatiti S, etc. see e. g.
A

Phanuphak et

§FD PRRPRfSBadh FEREHTUF SmuboT . eXeople 15pifhe s g

Nar use, 1Bbkkatﬂeatgahu ZﬁsvhralQéﬂseﬁséé)an&linﬂ@btibﬁﬁlsﬂéhe&saAIDSﬂ

Virol ., 1995
1998, 95(4),

9588- 92: Kab%?ak@@maa vma@mh@pag%lsa@u@ (d9d 8= 29; Phatuplik att,
Natl. Acad. Sgi. . UBdi ad 9B8¢ . 83( 2§11@%3nf 8Imr@@m§.l mi%ﬁ)’ Pg?i)ﬁ“ﬁ é’ept'des

or gani snms

may be used,
or species.
15

20

25

ﬁsrﬁggFEd ﬂﬁgldge gaku ZaséQEQE9SErIg§(4)roglftzo Casal
et al., J. Virol., 1995, 69(11), 7274-7; Belyakov et
al., Proc. Natl. Acad. Sci. USA, 1998, 95(4), 1709-14;
Naruse et al., Proc. Natl. Sci. USA, 1994 91(20), 9588-
92; Kabeya et al., Vaccine 1996, 14(12), 1118-22; Ttoh
et al., Proc. Natl., Acad. Sci. USA, 1986, 83(23) 9174-8.
Similarly bacterial peptides may be used, as indeed may
peptide antigens derived from other organisms or
species.

In addition to antigens derived from pathogenic
organisms, peptideé have also been proposed for use as
vaccines against cancer or other diseases such as

30

35

multiple sclerosis. For example, mutant oncogene
peptides hold great promise as cancer vaccines acting an
antigens in the simulation of cytotoxic T-lymphocytes.
(Schirrmacher, Journal of Cancer Research and Clinical
Oncology 1995, 121, 443-451; Curtis Cancer Chemotherapy
and Biclogical Response Modifiers,. 1997, 17, 316-327).
A gynthetic peptide vaccine has also been evaluated for
the treatment of metastatic melanoma (Rosenberg et al.,
Nat. Med. 1998, 4(3}, 321-7). A T-cell receptor peptide
vaccine for the treatment of multiple sclerosis is
described in Wilson et al., J. Neuroimmunol. 1997, 76 (1~
2), 15-28. BAny such peptide vaccine component may be

ghectfEd b BRELIKRND cafine B GovIf S8Pa1lo0)

USA,

Pr oc.




In addition to antigens derived from pat hogenic organisns, peptides have

al so been proposed for use as 25 vacci nes agai nst cancer 26rMay RF0i seases
such as nultiple sclerosis. For exanple, nutant oncogene peptides hold
great prom se as cancer vaccines acting an antigens in the sinulation of
cytotoxic T-lynphocytes. (Schirrmacher, Journal of Cancer Research and
Clinical 30 Oncol ogy 1995, 121, 443-451; Curtis Cancer Chenotherapy and

Bi ol ogi cal Response Mdifiers,. 1997_ 34,.316-327). A synthetic peptide
vacci ne has al so been evaluated for the treatnment of netastatic nel anoma
(Rosenber g ebsed .as tRat anhbgbnitoggled(13),, a821-7). A T-cell receptor peptide
35 vacci ne foy | I LS | cribed in WIlson
et al., J. Neué%)ﬁ%Ha ﬁ%%@%&?ehsg%%&%& %—S%gﬁﬁﬁybgugﬁgppo etbcf&g vacci ne
conponent meSCHIE %6 VIRGF 1A665 1n3khe jhHEraturge afbpgeepeidmimeoul e, as i ndeed
may any of tHmspdpt isgeshdeder bbeflsolafpddRes et haswibe piéSBamasi-pes i n the
literatyre. Jhe,Repligde may thus be synthetic or isolated or otherw se
derived from 5 an organism The cell which is subjected to the nethods,

uses etc. of thidCebddi MEACENES PEbiaaredetr hechetkodupalsies of

expressi ng, erc.prdséhtsngninniinteat Say frkcang siECUl @ wWhich is adm ni stered
or transportggd i | t Sihnce the prinmary utility of this
enbodi ment may cr}ég'isd%ta%iara?agn%g%%-ibér?esslélﬁt'e}ﬂroﬁrg?eg%c%g R i'EF the cell is
conveni ent | FHFACBnBodprEde ovhice|is administeredi ow otnaadbortete | mmune

response. lSndowever cyebbei.cells may al so present antigen to the immune
system and thesegal,so fial |, uithi : cope_of this enbodiment. The cells
S pr%gp%q%ﬁ}gtf’ §P S eS{'?SWm%WE iFenfprEent i ng

according to this enbodi nent ar advantage
cel | s. The aft PetEPrESERLPRFELY IoTmay be involved in 20 any aspect or

Jtarnt of t heracEaURLibRFPOAS Ceel NGl doRYenient 1y an immune effector
cell i.e. a cell involved in the immune response.
15 However, other cells may also present antigen to the

immune system and these also fall within the scope of
this embodiment. The cells according to this embodiment are thus

advantageously antigen-presenting

cells. The antigen-presenting cell may be involved in
20 any aspect or "arm" of the immune response, including

both humoral and cell-mediated immunity, for example the

stimulation of antibody production, or the stimulation

of cytotoxic or killer cells, which may recognise and

destroy (or otherwise eliminate) cells expressing

25 "foreign" antigens. on their surface... The. term

"stimulating an immune response' thus includes all types
of immune responses and mechanisms for stimulating them.
The stimulation of cytotoxic cells or antibody-
producing cells, requires antigens to be presented to
30 the cell to be stimulated in a particular maunner by the
antigen-presenting cells, for example MHC Class I
presentation (e.g. activation of CD8* cytotoxic T-cells
requires MHC-1 antigen presentation)
Antigen-presenting cells are known in the art and
35 described in the literature and include for example,
lymphocytes (both T and B cells), dendritic cells,
macrophages etc. Others include for example cancer




bot h hunoral and cell-nediated i munity, for exanple the stinulation of
anti body production, or the stimulation of cytotoxic or kblMay £#)] s,

whi ch may recognise and destroy (or otherwi se elimnate) cells expressing
25 "foreign" antigens on their surface. Theterm "stinulating an imune
response” thus includes all types of imune responses and nmechani sns for
stinmulating them The stinulation of cyfo?éxrc cells or antibody- producing

cells, requiregeg@giggggy&gﬁgﬁog%eéggied to 30 the cell to be stimulated

in a particul ar manner [he anti ge sp‘?esenti ng cells, for exanple MHC
Class | presentatiBAY(angigestpvattonabliotDey aytavigen Tposddstingequi res

MHC-1 antigen pegsepbahi 84)of\BkigeR- PLEP Chd I i e art
and 35 described.in_the ?i?erature and iE%T%ge orégggﬁ%ﬁg?WQTV%%%%%ytes

(both T and B B&FfE) EOLBRERF Fiee cariescl of rem Rpsigan-Presrntsingicl ude for

exanpl e cancerceblMige28in, 38eTE) | 59%4 9. 76E| 2eppoce) | SehdGireiftdgen
-cell_(CTL) the
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cel | (Germain,ageigenigomolgeulesimia®qhe Ttqeadsent invention provides an

efficient means of @gbiveLy. i ' &, i the cytosol.
et T A S, S o

Once released in the cell cy;osoliﬁy_ ) I'nternal i sation

process, the aRtPhRFRemiqdl nhrirxnaligat n prreasfd e @rtigenic

ant i gen-10 ocessohgouhe g rye Grddes £l |bpnthdranayad modduier) | surface
ma
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degradation of a protein or polypeptide antigen into
15 peptides, which peptides are then complexed with
molecules of the MHC for presentation. Thus, the
antigenic molecule expressed or presented on the surface
of the cell may be a _
part or fragment of the antigenic molecule which is
20 taken up in the cell.

Antigens may be taken up by antigen-presenting
cells by endocytosis and degraded in the endocytic
vesicles to peptides. These peptides may bind to MEC
clasgs II molecules in the endosomes and be transported

25 to the cell surface where the peptide-MHC class XTI

complex may be recognised by CD4+ T helper cells and
induce an immune response. Alternatively, proteins in
the cytosol may be degraded into parts thereof, e.g. by
proteasomes and transported into endoplasmic reticulum
30 by means of TAP (transporter associated with antigen
presentation) where the peptides may bind to MHC class I
molecules and be transported to the cell surface as
illustrated in the figure 1 (Yewdell and Bennink, 1992,
Adv. Immunol. 52: 1-123). If the peptide is of foreign
35 ‘antigen origin, the peptide-MHC class I complex will be
recognised by CD8+ cytotoxic T-cells (CTLs). The CTLs
will bind to the peptide-MHC (HLA) class I complex and




part or fragnent of the antigenic nolecule which is 20 taken up in the
cell. Antigens may be taken up by antigen-presenting celk& gy etitfidcyt osis
and degraded in the endocytic vesicles to peptides. These peptides may
bind to MHC class Il nolecules in the endosones and be transported 25 to
the cell surface where the peptide-MHC class Il conplex may be recogni sed
by CD4+ T hel per cells and induce an i m3fe-response. Alternatively,
proteins in the cytosol may be degraded into parts thereof, e.g. by

prot easonmes and®$TeNE 1% (3 RS Fints i orediiferakes sy fmang of TAP
(transporter askatd aifedmidh ard gefrgdy @eaN! AORLheera e RRAbides nay

bind to MHC cl [, nol ecul es .an ransported tqQ the cell surface as
i |l ustrated iH%ﬁﬁét?de?%@%ﬂqeﬁﬁﬁé%{ﬁﬁéuf inico - omadle ceddol . 52
1-123). if thepdmdaendys ef Kidrleid) b8 TlentdTyerlonieqi N Irvieipgpt i de- VHC
class | apnpl e g ' + ot oxi el Ls). The
CTLs will bind to étf_:hg;%p?epftai%ei% %E)gjgf\aéé g’tﬁ te%r"’r‘%ﬁgf%%‘#difggway 2005
36 thereby b Gigndd amquny afb It gge cand bitoimtaroducede inkoCTLs.

The target celdhaarfiedddelr (vanaRil1Calds patinifkt, he 9931 spephi;dR-MdC cl ass |
conpl ex on thﬁ;ﬁﬁJ'% sur f.ace c%gpe killed b he L ¢l.one, Imunity 5
agai nst the foreign SRS Ha Yodt’dbPdndd 7+ aTheff fFctERt Pasdent of

t he anti gen cdvibeevefllopthendd aintimtdhaldy asnkelYoudeliheand Besniofik, 1992,
supr a; K, 9 nq| : a ; 1-.137).. :This .i.s, the basis for
develop?gﬁt oﬁégkgﬁk aIiagggg%ggggagg%%%g%%cﬁé é% iagfﬁgqurgest practi cal
probl ens is t&ULAtcdgnte amouittiscicdhiandigenss (ot partgent tbe pattgeod the

antigen) intankbethut 090bsolhi S TIRY ReySBLYEd19680L8LBY4lAt BE tREESENt
i nvention by PCl. CDHROSItIQnS according to one enbodi nent %ay al so 15
conprise a cePFEEERtarRVAFLAR BWsFET .ol ecul e which has been internalised

into the cytosol ofcagicdieebhsbyc@rding to one embodiment may also

15 comprise a cell containing a transfer molecule which has
been internalised into the cytosol of said cell by a
method of the invention, for use in therapy,
particularly cancer therapy, gene therapy and
vaccination.

20 Thus, a yet further embodiment can
provide : a cell or a population of cells containing a
transfer molecule which has been internalised into the
cytosol of said cell, which cell is obtainable by a

method of the present invention.
25 _..A yet further embodiment may provide the

use of a such a cell or population of cells for the
Preparation of a composition or a medicament for use in
therapy, preferably cancer therapy, gene therapy or
vaccination.

30 Another embodiment can further provide a method of
treatment of a patient comprising administering to said
patient cells or compositions of the present invention,
ie. a method comprising the steps of introducing a
molecule into a cell as described hereinbefore and

35 adwministering said cell thus prepared to said patient.
Preferably said methods are used to treat cancer, in

gene therapy or for vaccination.



met hod of the invention, for use in therapy, particularly cancer therapy,
gene therapy and vaccination. 20 Thus, a yet further enb®€iMeEnt2®En
provide a .cell or a population of cells containing a transfer nolecule
whi ch has been internalised into the cytosol of said cell, which cell is
obtai nable by a nethod of the present invention. 25 A yet further

enbodi ment may provide the use of a such a7cell or popul ation of cells for

the preparation of_a conposition or a nedicanent for use in therapy, -
preferably cancer tHRr&pYOr gohe TPRR By AL RAFHAGD FOMPTARS her

enbodi nent canstadded i):liOtVlhéiea:lﬂ: i ask afsed ) %atgmrﬂnjﬁctidiﬁt I ent

brosent | nvent R SORERL pabi et e HIp R ARG o
mol ecul e i nt o exieinaiadbaliy sutabdreratinbefRore and B3 a.dm nnﬂteerl ng said

cel | thuss preD@tﬁkﬁﬁiitn%r&ab@np%te' a8ba i Rr&I Bfally kg ”‘EEQQQ% @l;fg&;sed to
treat cancer, gene therapy or for vaccination. g

vivo, any nodeC‘%ﬁt%?d}ﬁ et ¥attohisidiheomh Oﬁ%ﬁﬁmﬂd:ws@r{m@g@ﬁt gl be
used, e.g. injiaes mmansﬂéﬁ mmuﬁamwllﬁml&eﬁraﬂnﬂ%@@ bdag i nt er nal

and external body. su ces etc. For..in viv the 5 di ment can be
used in rel at‘i%h Sja Y& e AhivHL &h %ﬁ?&éﬁ%‘% tygsue

phot osensi t i siqvgl éIﬁMIﬁtcbd tawe ltmsa‘aarthmlpémﬂoe;earsadlm lizedakiemc| udi ng

??ggt ed as Ioﬁfpﬁ?‘e ot oserﬁ%ﬁt ?Sglalraq}éslt g{@ ca%%%uﬁ’%op%%ggtj cells,

and the Iight operly del i ver ed. Thus t he conpositions nay be
formul ated in any cnﬂmgnnﬁnicﬁﬁ@&@ﬁtagggrﬂépgx;o t echni ques and procedures

1n any convenient manner according to

known in the arm %utd
technlques and procedures known in the pharmaceutical

15 art, e.g. using one or more pharmaceutically acceptable
carrier or excipients. "Pharmaceutically acceptable" as
referred to herein refers to ingredients that are
compatible with other ingredients of the compositions as
well as physiologically acceptable to the recipient. The

20 nature of the composition and carriers or excipient
materials, dosages etc. may be selected in routine
manner according to choice and the desired route of
administration, purpose of treatment etc. Dosages may
likewise be determined in routine manner and may depend

25 upon..the. nature. of-the.-molecule,- purpose. of-treatment , .

age of patient, mode of administration ete. In
connection with the photogensitizing agent the potency/
ability to disrupt membranes on irradiation, should also
be taken inteo account.

30 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 light-induced transfection of THX
cells with a pEGFP-N1 polylysine complex, wherein the

35 cells are contacted with the pEGFP-N1 polylysine cowmplex
before or after the cells are exposed to light as
indicated in the Figure.




15 art, e.g. using one or nore pharnaceutically acceptable carrier or

exci pients. "Pharmaceutically acceptable" as referred to2heMay2GEfers to
i ngredi entvgD dduaBocar e conpati ble with ot her ingredi ents ofpdinesnmePositions
as well as physiologically acceptable to the recipient. The 20 nature of
the conposition and carriers or excipient,_materials, dosages etc. may be
selected in routine manner according to ¥oice and the desired route of

adni ni stration, purgQse of, tékgc%;d{rq@ }g;t (}md@%%gg%%a%% o l keW| 30#@%

determned in rout| ne manner upont
nol ecul e, pur pde GFLLe spkthri PE%N:# Rsﬁﬁfléfﬁtlnerr@@mpdfexadmhnmunat i on

etc. In connetd aelid ihﬁ&&:dﬂﬁﬁ&%&f\&dﬂtwltm paeRh-kAe %%ydn ability
to di srupt nenbra es %ﬁﬁgradlat n, should_.also be ta to account. 30
The inventi on SAES 4 theocelds: are eFR°Fﬁ§ ﬁ@lﬂéﬂhﬁg

non-1im ta ng Ewamﬂdﬁ;amad1mmﬁﬂﬁemu@unm t he follomnng drawi ngs in which:

Fi 1 sh | i f f h

pol'yl ysi ne Sﬁﬁm 9@*‘5{#}@ A Dol RrsfBat b o Be. h

pol yl ysi ne cofitéx geergme amd 4w a wedaetlionaia pprsen chthghtlsas

i ndi cated in Whﬁx@ﬁwt%e 1Ny A02onM0-024 4308 BRL/ 299 - 38
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Figure 2 shows Ligh ed trans ectl n of HCT- 116 I's with a pEG-P- N1

pol yl ysi ne coffff 1@% Hﬁhé%%%ﬁt’fﬁé thee cedhPadtBdSWPPRSENECpEREPENL

pol yl ysilife cespliadibeftede ior talkt mgme cell's are exposed to light 5 as

I ndicated in the Fi G Qg ho ht ycedtreat ment of THX
%Qé% t %%0 S he W%f of nogg g§ﬁ?ﬁ8§|¥ mhereln t he

cells wth gelonin hus 0ct Fon o h
cells are conﬂ&@b&d1Wﬂmweﬁh§I@@E@@lemnleéuTHXbeébla of abhbacthegcel |s are

exposed to |ight c£018S Wikt edeePdrorptite Fbyigsihiblbfipfeghows the effect
on the efflmencédlately after light exposure and at later timepoints
15 after light exposure.
Figure 5 shows the effect on the efficiency of
light-induced transfection of THX cells when the cells
are contacted with the pEGFP~N1 polylysine complex at
varying timepoints before and after light exposure.
20 Figure 6 ghows the effect on light-induced
transfection of THX cells when the cells are contacted
with the pEGFP-N1 polylysine complex for various lengths -
of time after light exposure.
Figure 7 shows a schematic representation of a
25  potential model by which the current invention may work,

A. I. The photosensitizer S is endocytosed (I) and
ends up in intracellular vesicles (II). These vesicles
rupture upon exposure to light (III).

B. After the photochemical treatment as described

30 in A the cells are treated with a molecule M which is
endocytosed and ends up in intracellular vesicles.
These vesicles will fuse with photochemically damaged
vesicles and the molecule M will be released into the
cytosol.

35 Figure 8 shows the effect on transfection of
treatment of the cells at 0°C with the pEGFP-N1
polylysine complex.



l'i ght-induced transfection of THX cells of contacting the cells with the
PpEG-P- N1 pol yl ysine conplex imediately after |ight expogtiréagne0&t | ater
ti mepoi nt wo df43dst er | i ght exposure. Figure 5 shows the efpicantBransidoe
efficiency of |light-induced transfection of THX cells when the cells are

contacted with the pEGFP-N1 pol yl ysine canpl ex at varying tinmepoints
before and after |ight exposure 20 Flgur 6 shows the effect on

|'i ght-induced t r ansf en the cells. are ca nt d wth
t he pEGFP- N1 ponIysFﬁ%conﬁﬁI arl %P e GERGSTeGEL ?Pn@ ?é%%rlght
exposur e. Flg@ﬁepplﬁiﬁﬁ;nﬁ:ﬂﬂmmﬁﬁml@hﬁepBeEéﬁEatwthhfla ﬁalpbYenbtal nmode
by which the QWdaRJINENHHIDITRLM ke FléleE IQeuBQBtﬁésgs't'zer Sis

endocytosed (1) and ends up in'intracellul'ar vesicles ( These vesicl es
rupture upon S 43g%k 2@RITY. B. After the photochemical treat ment
as descrished 30 i miduirke 10elshowar €hber e@FedtWoFhaacehbessteoM whi ch is
endocyt osed a |ntr cel, Iar vesi c .. The vesicles wll
fuse with pho% g%%@aﬁtl ana §d§l9és.€F8§r§ﬁhmFﬂg Rﬁlgﬁﬁle Mw Il be

rel eased intotﬂﬁ@Sf@FﬁGQM OfBEEE&@uwatB showenthelépfidst on transfection of

treatment of the cellygat 19C N lex. 26 Ma
2005 WO 02/ 44396 gl /GBOl%Ofgggg %ggFgggggt be gﬁb¥#xﬁ%m§cg o Y

t-|n uced
transfection SFSFEEEPE RE FOOPPYIFHE E§ﬁ§ﬁ§%cﬁh@ﬁ QfTﬁgﬁ cghieh is mainly
not |oaalised in 9ﬁdﬁﬁﬁtQ&I@hbﬁ%lﬁhéseffécﬁséﬂ 9§o@ocﬁ@ﬁi@§£nSItIZIng
agent. 5 Flgu shows the, e

g ef, h a,co |gat|on &% P sensitizer
and |ight pretrggt Si &t 5 FF; E?@Et}Bﬁ +SRELPR QFth %gf ShFEER} pi ds.
Fi gure 11 shoW#ZXt kreldff wetreofinphbabellewiithl 20 ug/ml AlPcS,, for 18 h
followed by 4 h incubation in AlPeS,,-free medium. Then
the cells were either exposed to light for 4 min (B,D)
15 or kept in the darkness {(A,C) before a 3 h incubation
with 5 mg/ml FITC-dextran. Fluorescence (A,B) and phase
contrast (C,D) micrographs.
Figure 13 shows the effect of photochemical
treatment on gelonin toxicity in THX and HCT 116 cells.
20 For the "light before" strategy, the cells were first
incubated with 20 pug/ml AlPcS,. for 18 h, then for
another 4 h in AlPcS,,-free medium before exposure to
light as indicated in the figure. After illumination 1
pg/ml gelonin was added, and the cells were incubated
25  for 18 h. For the "light after" strategy the cells were

co-incubated with 20 ug/ml AlPcS,, and 1 ug/ml gelonin
for 18 h before exposure to light as indicated in the
figure. The control cells were treated only with 1 pg/ml
gelonin for 18 h and exposed to light; or only with 20
30 pg/ml AlpPcS,, for 18 h, chased 4 h in AlPcS,,~-free medium
and exposed to light. [’H]-leucine incorporation into
proteins was measured the next day after light treatment
and expressed as relative protein synthesis. Data points
represent mean i+ standard errxor (S.E.) of triplicates.
35 Figure 14 shows the effect of photochemical
treatment on expression of f-galactosidase in THX cells
infected with AJHCMV-lacZ. For the "light before®



treatment on adenovirus transduction of THX cells. 10 Figure 12 shows the
ef fect of photochem cal treatnent on intracellul ar |ocali2&atMan 2705

FI TC- dext mane2/4439dX cells were incubated with 20 g/ m Al Pc@aydsuiihoh
followed by 4 h incubation in A PcS2a-free nedium Then the cells were
either exposed to light for 4 mn (B, D) 15 or kept in the darkness (A O
before a 3 h incubation with 5 ng/m FT %Y dext ran. Fl uor escence (A, B) and

phase contra ' raphs.. Fiqure shows t.he effect of

phot ocheni cal gﬁrr(ae%aea?%gl%%@" ro%%eei%’sf{ ccfei]]éﬁ r‘f’eﬁ%(%fﬁ%ﬁélf@%el ls. 20
For the "lightrssfeme &t da &gpcShefmel Indiene Hefiate ivigthateagbosiire 20
g/m Al PcS2a EQ&‘%Bnﬂthhﬁﬁjiﬂﬁlmﬁqgﬂ%ﬁ?ﬁ%t&ohnxﬁ%§§§§?ﬁf%%%eWEd'un]before

exposure to l,ight as indicated I'n_the élt%ure umnation 1 .g/n
gelonin was a Ctey Witd: AOHIMpdres ebbMOdd 125 Epsr 308MAn Fsr 37RE." | i ght

after” stz ateghenhe @l loFf WeiE unC WrasnedBaticdnd the2Be0/ 8l wARCS2a and 1
g/m gelonin osure Ight as indicated in the

. fore exp to |i
figure. The c&%’t%ﬁltlﬂ]a%gg %?%yg ﬁaé’ft §ESREyY 51598 gelonin for 18 h
and exposed t &-kiadkictosridasiey exptries20080 ghm tAEPES2ghtoaft8rh, chased 4 h
[ | gugine sincorporation

in Al PcS2a-f r%%r@%@%?m %&%%%%t& éliwkﬂer@'iﬂéﬁ

Into proteins_was sure 21_he nex ay after 1ight treatnment and
expressed as PdF5Eerdisomadiuwy fides & befoxepsi As mineindesttiomean

st andar doer r owith BaNcefr-teicpl.i agtes. ad8ibioures14 showe thecglbect of
phot ochem cal . t.reat o nt or]1_ expr essi.on ﬁf %g gal actosjdase 1n, THX cells

i nfected wit h"RIHERVIPECSSLES: YeRE LPFYRACEE! HPE" 2BEREY 26081nWD 02/ 44396
PCT/ GB01/ 0529%efste sillamégprtAbRcEda- praineatnd tebl dayer Bataeukated for

anot her 4 h iQnéhggéaafgﬁggEgﬁgég%ggg‘i%g g%ggés%igﬁ.sure for 3 mn.

Followi ng illumnation t were 1 nfé AdHCW- 1 acZ (at MO 1)
for 30 min at 37C Fzogpenl? ghows hbdi aRfeat afidebe ahdctbhatieh| simer e

15 on the efficiency of light-induced transfection with
PEGFP/polylysine in THX and HCT 116 cells. |
AlPcS,,~-pretreated cells were washed and incubated in
AlPcS,,-free medium for 4 h before light exposure for 3
min (THX cells) or 7 min (HCT) cells. Following

20 illumination the pEGFP-N1/polylysine complex (5 ug/ml
plasmid) was added, and the cells were incubated for
different time periods indicated in the figure. After
removing the complex fresh complex-free medium was added
and the cells were incubated for two days before

25 analysis of BGFP expression.

Figure 16 shows the effect of the light first PCI

strategy on transfection of THX cells mediated by poly-
L-lysine using TPPS,, as the photosensitiser compared to
the light after strategy, using various irradiation

30 times. PLL-L: Irradiation after the pEGFP-N1/PLL
complex. L-PLL: Irradiation before the pEGFP-N1/PLL
complex. Unshaded bars - no light, shaded bars - 70
seconds irradiation, solid bars - 100 seconds
irradiation.

35 _ Figure 17 shows the effect of the light first PCI
strategy on transfection of THX cells mediated by poly-
I-lysine using TPPS, ag the photosgensitiser compared to



i ncubated for two days before analysis of (3-gal actosidase expression. For
the "light after" strategy Al PcS2a-treated cells were inZébdeddds

Al PcS2a- f maeomgisum for 3 h before a 30 mn infection 10 wciceyddsdw- | acZ.
After addition of 2 m of culture nediumthe cells were incubated for

another 30 mn before illumnation for 41{;1 and two days later were
anal ysed for fi-gal actosi dase expression.*Figure 15 shows the effect of the

i ncubation ti t of . J.i ght -induced_transfection with
pEGFP/ pol yl ys[Er?je ?ln%% Jﬁcﬁq{-{éf;(\rlﬁq%cgé’él Iussllng]vﬁgéf rlgfr gélta&} el l's were
washed and |ndﬁﬁﬁﬁbd|H¥L7Q#%%%R%&Mﬂ?;qnaﬂﬁ@@ﬂf@he4PEGE@FHﬂdPLLght exposure
for 3 min (Tkhngfald:s) ar-phid nz&lﬂ%@la%aldzﬁbe%%owhagg%@m' !NE pation the
pEGFP—NI/ponkyS| conple§H%; ' asmi was _adde and t ceIIs wer e
i ncubat ed for p211‘3é‘rent Uns eﬁgha&'ﬁs T R &&Sé‘t?rfl ROFREOREGHLY. Shﬁ@@fi

renovi ng & he &ems ex sfor wa:cﬂmmllmrafdlaelmdl mms:aadgeahaaad bhescel |I's

wer e i ncubat ed;f r.e 25 2 LS P ex ssion. Figure
16 shows the gﬁf%%¥&b the Jﬁiﬁi s rateg S it Fggﬁgfectlon of THX

cel | s nedi at ed Bpdiaition.- IyS| ne using TPPSZa as the photosensitiser

conpared to the |igg gﬁlx@f 1§y smv%t%)é elf%leea Bar tﬂ@smghedfi&genpéQ tines.
PLL-L: Irradiation after the pEG-P-NL/PLL co rradi ation

before the pEéﬁﬁaﬁﬁﬂﬁLEn'EGWEFé?CtBH§h8§eHCBaF 6 ckdlpi gRELakRAdEY bars -
70 secanmds Imma@kabﬁgﬂ;nﬁqlmﬁlh@fTPPSLQ%SSQ@@ﬂ@&dﬂﬁ@@@@d&h@@r 35 Figure

17 shows the ef; ght . f PCl t t fecti f THX
cel T modi at g By 5BRy T Gk Tt PR SFoB S hESY haLRBP KBRS PP sor |

conmpared to 26rwaﬂla@@©n %@m@@/443®® BCTIGBEHAa52068 aftér the bEGAP-after
strategy, usijd/¥af 8Baphe%@di &Lb9R . Irradiation before the pEGFP-
N1/PLL complex. Unshaded bars - no light, shaded bars -
i5 70 seconds irradiation, solid bars - 100 seconds
irradiation.

Figure 19 shows the effect of the light first PCI
strategy on transfection of HCT 116 cells mediated by
poly-L-~lysine, using TPPS, as the photosensitiser. PLL-

.20 L: Irradiation after the pEGFP-N1/PLL complex. L-PLL:
Irradiation before the pEGFP-N1/PLL complex. Unshaded
bars - no light, horizontally shaded bars - 1.5 minutes
irradiation, vertically shaded bars - 2 minutes
irradiation, solid bars - 3 minutes irradiation.

25 ~ Figure 20 shows the effect of the light first PCI

gtrategy on transfection wmediated by DOTAP using TPPS, as
the photosensitiser compared to the light after
strategy, using various irradiation times. DOTAP-I:
Irradiation after the pEGFP-N1/DOTAP complex. L-DOTAP:

30 Irradiation before the pEGFP-NL1/DOTAP complex.
Unshaded bars - no light, shaded bars - 70 seconds
irradiation, solid bars - 100 seconds irradiation.

Figure 21 shows the effect of the light first PCI

strategy on transfection mediated by SuperFect® using

35 TPPS,, as the photosensitiser, where various illumination
and transfection times are used and the amount of DNA
for transfection varied. ® - transfection for 1 hour



times. PLL-L: Irradiation after the pEGFP-N1/PLL conplex. L-PLL:

I rradi ati on before the pEGFP-Ni / PLL conpl ex. Unshaded baZ§ ManoZQ4ght,

hori zont aMozdaasled 5 bars - 50 seconds irradiation, vertiraldpoipgpded bars
- 70 seconds irradiation, solid bars - 100 seconds irradiation. Figure 18
shows the effect of the light first PC_ sfrategy on transfection of HCT
116 cells nmediated by 10 poly-L-lysine, using TPPSZa as the

phot osensi ti SWit@P@p@rse%gt onahe A | ght- A 4L cfr?tfc%é ‘iﬁ%‘(ﬁr HOYS 75

irradiation tinmes,. PLL Irradiation after t L "conpl’ex.
L-PLL: |rradi &6 GFPefore tensEeesion £ PELchﬁHFeﬁlt@néhédéﬂ B¥As - no
li ght, shaded barSFlg‘ilrEO:zae@mdS u:hreadmtabanofsahedlbghﬁ £1490 segonds

i rradiation. 9 the effec g PCl trategy on
transfection 0%9%%%9%1 gtﬁagﬁﬁteéogﬁnf F§§Fﬁ§uc5§?ﬂg°§ﬁ@§3 as

t he phot§sensﬂﬂﬁs@ﬁllELuSZQQLAIPcSadE@ttb& @hpepsehelpEQEE-NihPhhlehnplex
L-PLL:  Irradigkl Qﬂr@x%f Q%Gaﬁaédpgg:eayléﬁ)y—tﬁﬁggl eXThésJ Q@Qgﬁlta$| SF

l'i ght, horlzontal g gars - 1.5 mnutes _irrad |a ver
shaded bars - §aﬁ?ﬁHF§ ced 8|gPPBnV1§BF|HaBaP§d6d33ﬁ1@hf§§r¢3¢a@ﬁm@|on 25

Fi gure 20 shopsihbe efafseaha@i;séaebyl gIwaf EyebnEtly 8bTaésEYiRey t{gnsfection

nmedi at ed by AP ysi PPS4 a t osensi Lser co red to the |ight
after stratggg, usrig g?arliﬁg g??ﬁd?ﬁ??% ? ﬁpah?rY%ﬁH%Ilon
after the pEGFPmNi£BE$AEreompﬂe&atEchﬁAEhe361gurad|aTima pelmre tde

PEGFP- NI/ DOTARHGORREEX o LSNeUEH: Dok SpreBlnt | ltns ShASES ot 70 seconds

i rradiation, solid, bars - seconds rra Iat1on. Figure ws the
effect of thelFrgfiatips, Pone R@%%F%gyooﬁh@r%ﬁﬁh%c¥¢mﬁﬁ$ﬁ%ﬁeﬁdﬂﬁﬂg@n

Super Fect O usofgv8budPRE¢arasriHgiRLObRsENdi 1 i SafinWer8 M1 4% ; o
illumnation and tranatectlon times are used and the anount of DNA for

transfection varPet™ #%2H+QRsfection for 1 hour 26 May 2005
15 Figure 23 shows the effect of the light first PCI

strategy on transfection of HCT 116 cells mediated by
Poly-D-lysine using AlPcS,, as the photosensitiser, with
variable irradiation times.

Figure 24 shows the effect of the light first PCT

20 strategy on cell killing by the cytostatic agent

bleomycin using TPPS,, as the photosensitiser, with
variable amounts of bleomycin, irradiation times and
transfection times. ¢ - 5 TPPS-, 1 h = 5 uM bleomycin,
without TPPS,,, 1 h incubation; 4 - & TPPS+, 1 h = &5 uM

25 bleomyc1n, w1th TPPSz,, 1 h lncubatlon, A - 25 TPPS-, 1 h %

= 25 uM bleomy01n, w1thout TPPS%, 1h lncubatlon, A -
25 TPPS+, 1 h = 25 uM bleomycin, with TPPS,,, 1 h
incubation; o - 100 TPPS—,‘l h =100 M bleomycin,
without TPPS,,, 1 h incubation; ™ ~ 100 TPPS+, 1 h = 100
30 U4M bleomycin, with TPPS,,, 1 h incubation; o - 100
' TPPS~, 4 h = 100 uM bleomycin, without TPPS,,, 4 h
incubation; ® - 100 TPPS+, 4 h = 100 uM bleomycin, with
TPPS;,, 4 h incubation.
Figure 25 shows the effect of PCI with gelonin for
35 treatment of tumours in a mouse in vivo model. The
treatment groups were as follows: (a) gelonin only; (m)
~a placebo treatment of phosphate buffered saline (PBS)




WD 02/ 44396 PCT/ GB01/05299 - 42 with 0.75 g DNA; A - transfection for 4
hours with 0.75 gg DNA;, 0 - transfection for 1 hour wth2d.May 04

Fi gure 22wahepmasdshe effect of the light first PCl strategypcarcGRd®esdyi r us
medi at ed gene transduction of HCT 5 116 cells using Al PCS2a as the
photosensitiser, in which the virus is_ag ed at various tines. The
percentage of transduced cells when virus"was added at different tine

poi nts was analyged: %fé%ﬁy&@w&y% SRR | @) i gl e The

time points of addition of the virus | exes are |n he
figure. Tinme JRRChHNiGHk Yragatnsmy pe . amqsepr%slmhtvl + litadued bef ore

irradiation, tgelRorpiaint e} oFille ddXiin eRreserdadsidid | Gne Ofa1dddls af ter
irradiation. ° 1].£n nute |r5ad|at|on "+ - noirradiation. 15 Flgure 23
shows the ef f &1 B He 1 |%hﬁ fTirst PCI strategy on transfection of HCT
116 cell S nediated by Poly-D-Iysine using AlPcS2a as the photosensiti ses,
with variabl eegavmdigpti on tinmes. Figure 24 shows the effect of the |ight
first PCI 20 strategy on cell killing by the cytostatic-agent bleonycin
usi ng TPPS2a as the photosensitiser, with wvariable anmounts of bl eonycin,
irradiation tiMEasAR s @ MWeBBdayn tines. 0 - 5 TPPS-, 1 h =5 W

bl eonycin, w thout TPPS2a, 1 h incubation; 4- 5 TPPS+, 1 h =5 pM 25

bl eomycin, with TPPS2a, 1 h incubation; A - 25 TPPS-, 1 h = 25 uM

bl eonycil® wi tdeddt TfPREPa, 1 h incubation; A - 25 TPPS+, 1 h = 25 /zM

bl eomycin, with TPPS2a, 1 h incubation; o - 100 TPPS-, 1 h = 100 pM

bl eomycin, w thout TPPS2a, 1 h |ncubat|on A - 100 TPPS+ 1 h =100 30 , uM
bl eomyci n, wi tHReTPngEn melgnomeussliloding THEowasTRBSablished foom/ i M

bl eonyci n, m”&ﬂﬁ%thERS%%e 6b@a1h@@”@%khpﬁ patidde Egg§fed4fgr‘ 100 pM
bl eonyci n, mnth TPP i ncubat i %yre 25 shows ;the_effect of PCl

with gel onin f&F §9Fe§P%&ﬁPaBF @ﬁ EatheuYerragIRPoRABEEM. The
15 Hospltal (Aamdal et =al., 1986., Int. J. Cancer, 37,

579), and grown in RMPI 1640 (Gibco-BRL) supplemented
with 10% FCS (Gibco-BRL) and 2 mM glutamine (Gibco-BRL).
The human coleon carcinoma cell line HCT 116 was obtained
from American Type Culture Collection (ATCC no. CCL-247)

20 and grown in RPMI 1640 medium supplemented with 10%
foetal calf serum, 100 U/ml penicillin, 100 wmg/ml
streptomycin and 2 mM glutamine {all Gibco BRIL,
Paisley,UK) .

25 Irradiation

Two different light sources were used for treatment of
the cells, both consisting of a bank of 4 fluorescent
tubes. Cells treated with TPPS,, TPPS,,, and 3-THPP

30 (Porphyrin Products, Logan,UT) were exposed to blue
light {(model 3026; Appl. Photophysics, London, UK) with
a light intensity reaching the cells of 1.5 mW/cm® while
cells treated with AlPeS,, (Porphyrin Products, Logan,
UT) were exposed to red light (Philips TL -20W/09)

35 filtered through a Cinemoid 35 filter with a light
intensity reaching the cells of 1.35 mW/cm’.




treatment groups were as follows: (A) gelonin only; (U a placebo
treatment of phosphate buffered saline (PBS) 26 May 2005 29018/ 4ABD6

PCT/ GBO1/ da2®H443463 i njection conbined with illum nation; pc@)cBuilgsbhe
phot ochem cal treatment (i.e. A1PCS2a + light), but no gelonin; (0) full
gelonin PCl treatnent (i.e. AlPcS2a + gelonin + light). g 5 EXAMPLES
Materials and Methods 10 Cell Lines The #unman mel anoma cell |ine THX was

established fr Mol IR tissue obtained froma patient treated for
net astatic mlﬁ%mﬁ—%é—ﬁn%—ﬁ% Nor wegi an Radi um 15 Hospital (Aandal
et al., 1986., Int. J. Cancer, 37, 579), and grown in RWVPI 1640

(G bco- BRL) S‘ﬂj?fél %@irltse%ef@ tanla:h. Hed- na/( Q]%%eg&hﬁ%rﬂi%gg\%ac%bg{) £ ne

(G bco-BRL). The hunman colon ca i ned
from Ameri can SRR IERG dite Be3d e & |ror¢t(ﬂ'#GC Baockem. 2BiIpphysandcgacwn in

RPM 164G medizsmosupnleseat ed osigt.h 1% ah@%@hscalff F38b¥EE L0 -U m
| ut gall G.bco BRL,

penicillin, 1 stre
Pai sl ey, UK) gﬁbirra g}.gﬁgﬁﬁ%y§$¥#ap§ﬁpsppg twéﬁu?88§ REFe WiE8daf or
treat nent of 450e4@d ey ebuotilraddosi $tiiltgref aashankmof8idéhi-bier Beeant tubes.

Cel | s treatedgptih ERPShg TPRS225,.3n4, 3 (BaE LN cts,
Logan, UT) merg*tiposed tg £|%§% 54%h9mk#§§8 p%g§6;8%§%¥$hP§g?§% ysi cs,
London, UK) with a light intensity reaching the cells of 1.5 mWcn2 while

cel I s tneat ed pebhrAtRes2a( PaLRMY G-BIREOEEEHS exb8I8AG Ty&t;»r%he g¥posed to
red light (Philips TL 20W09) 35 filtered through a nenoi iTter with

a light inteﬁ?@i?-reaching the cells of 1.35 mWcnR2. 26 May 2005

Plasmid-pliys complexes (charge ratio, 1.7 as described
in Berg et al. (1999) Cancer Res. 59: 1180-83) were

15 prepared by gently mixing 5 pg plasmid (pEGFP-N1;
Clontech Laboratories, Inc., Palo Alto, CA) im 75 pl of
HBS with 5.3 ug pLys (MW 20700; Sigma, St. Louis, MO) in
75 pl of HBS. The solutions were incubated for 30 min
at room temperature, diluted with culture medium and

20 added to the cells.

THX cells were incubated with 20 pg/ml AlPcS,, for 18

hours at 37°C, washed and incubated in sensitizer-free

medium for 3 hours before incubation with plasmid-pLys
25 complexes for 1 hour followed by exposure to light.

Alternatively, after the AlPcS,, incubation the cells
were washed and incubated in sensitizer free medium for
4 hours before exposure to light followed by a 1 hour
incubation with the plasmid-pLys complexes. The cells

30 were incubated at 37°C for 2 days, before analysis of
GFP expression was carried out by flow cytometry,

HCT-116 cells were incubated with 20 pg/ml AlPcS,, for 18
hours, washed incubated for 4 hours in the absence of

35 AlPcS,, before light exposure. The cells were treated
with pEGFP-~N1 peolylysine complex for 4 hours immediately
before or after exposure to light. After 2 days



WO 02/ 44396 PCT/ GB01/ 05299 44 Fl uorescence mcroscopes The cells were
anal ysed by fluorescence mcroscopy as described in Berg26Kiay 20 .,

Bi ochem Ricophwss Acta., 5 1370: 317-324, 1998. For anal ye&ra:B¥i 05299
fluorescein | abell ed nol ecul es the m croscope was equi pped with a 450-490
nm excitation filter, a 510 nmdichroic_ Qﬁgn1 splitter and a 510-540 nm
band pass em ssion fllter 10 Preparationof Plasm d pLys Conpl exes and

Treat ment of ieRhlmR descri bed
in Berg et aIl 1995;E%§E%gsﬁgggtﬁ%ﬁ@b%xgiggéég&gﬁe%%% %F%%%%%gé%y gently

. mxing 5 g pl Wl S SRS Cl ontech Laboratories, Inc., Palo Alto, CA)
in 75 Al of HBS with 5.3 g pLys (MNV20700; Sigma, St. Louis, M) in 75 A

of HBS. The SCUTTUTSLﬂé%#gﬁ#QEEQ%%E%HfOr 30 min at roomtenperature,

diluted with AR “fdded to the cells. THX cells were

incubated with 20 jtg/m A1PCS2a for 18 hours at 37C, washed and incubated

in senS|t|zer¢%be% 1quw@y douLsabet [ sm d-pLys
e IY% gﬁﬁrifﬁggﬂ Qgip%égnﬁ & ﬂ%y,

25 conpl exes f 1_hour exposure rnatrve
after the AlPé@ﬁaﬂineébgpﬂ§ﬂrﬁh@e@éwwsanﬂefélﬁasﬁ@dthﬁ@ughcabé@eMmun

sensitizer frmesnedymahf@ﬁltéxhoummehe&géec@xmgswéeetanéngaédf | gwed by a

1h b Th l1s 3

Mncubated o B2ESr SR 5By, Aok RRe BB FoGRLT EESVC et aREF 8L oRTias car i ed
out by ﬂﬁbM/c?aGhesampleHGTODDGewehts were totlbated.w FhudfegéainAl PcS2a
for 18 hoursflﬁ@?@@@eh&%“Q%B de%%& eehgyéén'§1ﬁ9§ﬁ39§§£P§R§{e§$ Al PcS2a

before |ight exgosure he ce eated yl ysi ne
conpl ex for 4 (FBES Wﬁﬁeﬂﬁaﬁér?d Eéﬁ@ﬁﬁhoﬁ 51@e53@x@®sﬁ1bt@b af@#w After 2

days 26 May 28R6itd©i87/ 442306aRCEHL-EBA11088089 (2840 mW) tuned on 488 nm.

AlPcS,, was measured through a 670 nm longpass filter

15 after excitation with a diode laser (50 wW) tuned on 635
nm. Cell doublets and dead cells were discriminated
from single viable cells by gating. The data were
analysed with CELLQuest Software (Becton Dickinson).

20




i ncubation at 37C the GFP expression was studied by flow cytonetry. Flow
cytonetry analysis The cells were trypsinized, centrifuged$ Masud¥ended in
400 Al of wayéd4ases nmedi um and filtered through a 50 pm neseTRydensisl ter.
Then the cells were analyzed by a FACS-Calibur (Becton Di ckinson) flow
cytoneter. For 10 each sanple 10000 events were collected. Fluorescein-

fl uorescence (for exanple green Fluorescent protein (GFP)) was neasured
through a 510553Qgyn f{i I ter after excitation with an argon laser (200 nmg
tuned on 488 nm !%iPéSZa was neasured through a 670 nm | ongpass filter 15
after excitation with a diode laser (50 MmNy tuned on 635 nm Cell doublets

and dead cel | g.iwene didaidditianedectiom skngl euniabbs cgl higﬂﬂ 8%&”9 The
data were analysed wth CELLQuest Software ecton ckinson May
2005 WD 02/44396 PCT/ GB01/ 05299 46 Exanple 1 Light-induced transfection
as a funétionTK kciedhts deye tehbiXdcelith Ber ggymdahddcsit Foz20189/ M ALPCS2a

ol L oved by 1PRaRE" dedbnd SEd ThatohBeaTta LeRBhE e R, BR e FRARE L bet or o
| i ght exposur &oFoR hourp fglépwﬁdnbMulebouﬁl@e¢uhatvehywlaht§rnghe A1PCS2a
10 i ncubationg E@@pcwll/wé?g@s&@éh@em x| BEEB%G%QHE éxPBQHfé f&r

sensitizer- frse nediumb reatrent for nufes
fol | owed by 1%hodr “fi £hTIEEEPS - Nl%ﬁB??F?EFﬁ%lzonﬁfEQraE ?n@%%%?@d on Figure
1. GFP 1éxpr esscubawa@namabysedlbywétemwasheﬂean& df3ctipatedaféere 15 |ight

exposure. The ge.ratio. E Nl/ ol y i he e 1.7. The
results are sﬁ%&%gigangh%%E a’%dSF g%m %%ﬁor?hg%gﬁgeé¥$gﬁ§?%Etlon of
GFP is equal | §ouslef RecBi oy 42m1mm9ﬁ8tﬁelbbwsd1hprybounnwiEh PEGEP-
PEGFP- N1/ pLysyi1y$olylysiné complex as indicated on Figure 1. GFP

' expregsion was analysed by flow cytometry 48 hours after

i5 light exposure. The charge ratio for pEGFP-
Ni/polylysine complex was 1.7.

The results are shown in Figure 1 and it can be seen
that the transfection of GFP is equally asg effective

20 when the plasmid-plys complex (i.e. pEGFP-N1/pLys) is
added to the cells after rather than before light
exposure. It can also be seen that with both treatments
the percentage of transfected cells depends on the
length of time the cells are exposed to light with the

25  percentage reaching a maximum level at around 2 minutes

and then levelling off.

Example 2

30 Expregsion of GFP in HCT-116 cells

HCT-116 cells were incubated with 20 pug/ml AlPcS,, for 18
hours followed by 4 hours in the absence of AlPcS,,
before exposure to light. The cells were treated with
35 PEGFP-N1/polylysine complex for 4 hours immediately
' before or after exposure to light as indicated on Pigure
2. The expression of GFP was measured by flow cytometry




added to the cells after rather than before |light exposure. It can also be
seen that with both treatnents the percentage of transfegtedage2d& depends

on the | egbimaeds tine the cells are exposed to |ight w thdigsrdms2e

per cent age reaching a maxi mum |l evel at around 2 mnutes and then levelling
of f. Exanple 2 30 Expression of GFP in HCJ-116 cells HCT-116 cells were

i ncubated with 20 g/m Al1PCS2a for 18 hotif s~ f ol | owed by 4 hours in the

absence of AR tQ light. The cells were treated with
35 pEGFP- N1/ pol y S %g{tgoxsrpﬁ%gﬁgh% RETE S medi at el y before or after
exposure to light as indicated on Figure 2. The expression of G-P was

reasur ed by f i QUL x2D MENr?095 £ V002144396 {ECLLGRAL 03290 47 2

days after the_light, exposure. The resul{s are gur € and it can

be seen that F43Fald § ISOMMEF We ke thendreastisatépnt pE THR THXcel s in
Erarrp! 3 Bi_ the:eﬂrlfar\sm-e_cmdampl@‘ G%SFIESES tﬁ@uljalﬂeygta?élegﬁfegypvgswglqpaqli

pl asm d- pLys i £ = pLys), i S_added to the cells after
rather than béfore c%b‘%agggﬁbﬁpg.R&&gﬁ%g'PﬁgsngEBh?ﬁgzloF'tP&ﬁgpécted
cells varies ddg@idisg ish added éngtheofcelilive afiterc ehkbberl@hanebefpased t 0
i ght. Exanpl g lSideC € S addi nj after 15
phot ochem cal ?%h§¥%§%%@%gkgni%5?§bé %%gn%gF%%P%gaﬁi%g.g$%?%?8%?gd I nhibits
protei n synt hESi'SSwWifaFiee dePsPEdBat ofn thige leposbopotimgeths. cliXscel | s
wer e i ndpbat edrel blpded o ALBEB2a 20 for 18 hours followed by 4 hours in
sensitizer-free nedium before exposure to light. The cells were either
co-treated with Al PcS2a and 1 g/m gelonin, or gelonin (1 g/m) was added
to the nedi unExampdigaBely after |ight exposure for 18 hours after which it
was renoved

Synergistic effects of adding gelonin before and after
15 photochemical treatment

Gelonin is a plant toxin which efficiently inhibits
protein synthesis when it is present in the cytosol of
cells. THX cells were incubated with 20 pg/ml AlPcS,,
20 for 18 hours followed by 4 hours in sensitizer-free
medium before exposure to light. The cells were either
co-treated with AlPcS,, and 1 pug/ml gelonin, or gelonin
(1 ug/ml) was added to the medium immediately after
light exposure for 18 hours after which it was removed
25 from the medium as indicated on Figure 3. Protein

synthesis was measured 24 hours after light exposure.

The results are shown in Figure 3 and it can be seen
that although the photochemical treatment itself in the

30  absence of gelonin leads to some reduction in protein
synthesis, the presence of gelonin either before or
after photochemical treatment induces a significantly
greater inhibition of protein synthesis. This data
shows that gelonin is internalised into the cells

35 whether the gelonin ig contacted with the cells before
or after photochemical treatment.




25 fromthe nediumas indicated on Figure 3. Protein synthesis was
nmeasured 24 hours after |ight exposure. The results are 86adwayi20@E gure 3
and it cawdeysmeen that although the photochen cal treat peAtgedimelsh i n the
30 absence of gelonin |leads to sone reduction in protein synthesis, the
presence of gelonin either before or Egt%ﬁ phot ochem cal treatnent induces
a significantly greater inhibition of protein synthesis. This data shows

t hat geloninig§%%amgfqalised into the cells 35 whether the gelonin is
contacted with the cells before or after photochem cal treatnent. 26 My

2005 WD 02/44396 PCT/ GBO /05299 - 48 Exanple 4 Effect of chase tine on

| i ght - i nduced Bfifansf et cbAaseStIMX 68l hsoWerenbneated  whthe20:g4n ALPCS2a
for 18 hours, washed and incubated in sensitizer-free nedium for 4 hours
before 3 mnutes of light treatnment. The «cells were incubated in growth
medi um f @r t h@HX eed lsi méireatedabrdFinguhe2d hgfalealreaj.neEnt weth pEGFP 10
N1/ pol yl ysi ne | e r ral.| . Qr F....CEP_expression was
anal ysed by fpg%gﬁitgﬁgﬁga %gdhgﬁkg?ﬁg%éeﬁﬂl?%ﬂ$9§§ﬁ%ggf£§eTﬁ%S}%@ults are
shown in Fi guf@ra4ahaure éaﬁ0§@ dempnuisgst pft light t heedbwentesuThs t he

nol ecul e to beelﬂatﬁé@é|iﬁ@db&ﬂ@&'angréﬁﬁﬁsﬁgdi@mtB@rcé%éstiﬁéét!Vely
soon after the @hot C en1c§L treatnﬁn%, since the transtection with
PEGFP- N1 decl FRESSHER 8RnafFu¥Fi & BFLORBobTeathehF sWwhkRePEFFRNt exposure.

20 ExanpPe 5 Bifbolphypiné tomptércichargs matimcilivpn tdrail kewpsfection
pul se rel ati vgghoel ' i ell ssyere treated w 20 g/ m
AlPcS2a for 18 hgﬁfg%gaggﬁegggn%é?ngg%gt%% F%gge%%??mi%$yr%%2h%%6$un1

after light exposure.

The results are shown in Figure 4 and it can be seen
15 that for the best results the molecule to be
internalised should be exposed to the cells relatively
soon after the photochemical treatment, since the
transfection with pEGFP-N1 declines with a half life of
about 5 hours after light exposure.
20

Example 5

Efficiency of transfection as a function of a
transfection pulse relative to illumination

25

THX cells were treated with 20 pug/ml AlPcS,, for 18
. hours, washed and incubated in sensitizer-free medium.

Cells were given a pulse (0.5 or 1 hour, the width of
the bar on Figure 5 reflects the beginning and end of

30 treatment) of treatment with the pEGFP-N1/polylysine
complex either before (negative bascissa wvalues) or
after (positive abscissa values) 3 minutes of light
exposure. GFP expression was analysed by flow cytometry

.48 hours after light exposure. Data from several

35 experiments have been normalized taking the efficiency
of transfection when transfection is performed just
before or just after light exposure as 100%.



Cells were given a pulse (0.5 or 1 hour, the width of the bar on Figure 5
refl ects the beginning and end of 30 treatnent) of treatn2ftMaytdPGShe
pEGFP- N1/ wob yiruseene conpl ex either before (negative bascim3gGrAlksss®) or
after (positive abscissa values) 3 minutes of light exposure. G-P

expressi on was anal ysed by flow cytonetry §18 hours after |ight exposure.
Data from several 35 experinents have been normal i zed taking the efficiency

of transfecti ofpahediy [#5TeTe W) f or, st after
| i ght exposure as 1000. %g%ayé %@%1%%98%/ glag’rl%(?sfgbﬂ 49 The

results are sHOWT iTPEitdiR éoegetaﬁaqusmw sddi ciemgy fthe ed Lisest
transfection eﬂid;u:ucerne/ dhesal | howdd Reiwesethd eﬂt%%nmh%eu' es to be

internalised hortI bef ore or ter exposure to._l,i 5 Exanpl e 6
Li ght - i nduced efrang ect otnlyy tﬁ‘%f[poé'??d L REROFTE T itE |
PEFGP- N1/%ol yl ysi ne conpl ex 10 THX cel I s were treated with 20 [Cg/m

Al PcS2a for 18 IS, Washed and incubated in sensitizer-free nedium for
4 hours before exposure to light, followed by incubation with

pEGFP- Nl / pol yl ysi ne conpl ex (charge 15 ratio 1.7) for up to 6 hours as

il lustrated i milghtieidiedd @%@gﬁﬁ%ﬁn mgeegemeenbxnbheﬁlt%hom ry 48
hours after light exposure, . _- umber qQf G-P- expressing cellTs after such
treatnents are pre e g ERERsFEci ficify of the different
20 treat¥fents presented in Fi gure 6C. The results are shovvn |n Figure 6 and

| can be seend bat1y Liguok e pigheh oh LEIRAT RbRd Cells pnor eases

Wi th increasing Incubation tine w %g conpl ex
(Fig. 6B), th@oﬁﬁﬁheyﬁsbﬁ@bﬁmﬁbQ@FubﬁﬁeﬁransEQEERmeeECﬁrseameélumhe

shortest incul@li @nhours before exposure to light, followed by
incubation with pEGFP-N1/polylysine complex {(charge
i5 ratio 1.7) for up to 6 hours as illustrated in Figure

6A. GFP expression was analysed by flow cytometry 48
hours after light exposure. The number of GFP-
expressing cells after such treatments are presented in
Pigure 6B and the specificify of the different

20 treatments presented in Figure 6C.

The results are shown in Figure 6 and it can be seen
that although the number of transfected cells increases
with increasing incubation time with the pEGFP-

25 Nl/polyly51ne complex (Fig. 6B), the highest specificity

of transfection occurs after the shortest incubation
times (Fig. 6C).

Example 7
30

Treatment with pEGFP-N1/pol sine complex at o0°C

This experiment was designed to test whether the
photochemical treatment led to minor damage to the cell

35 membranes, thereby meaning that the plasmid brought into
contact with the cells after light treatment could leak
through the plasma membrane.




times (Fig. 6C). Exanple 7 30 Treatnent w th pEG-P- N1/ pol yysi ne conpl ex at
OC This experinment was designed to test whether the phoZodfen 2315

t r eat ment woeek/44896m nor damage to the cell 35 nenbranes, thprergiBo1asBni ng
that the plasm d brought into contact with the cells after |ight treatnent
could leak through the plasm nmenbrane. May 2005 WD 02/ 44396

PCT/ (B01105299 50 THX cells were treated with 20 14g/mM A PCS2. for 18

hours, vashed rafd deiaubaicath i@ WiEE! o dipy B of O urs before
li ght exposure foll O‘A'edq?gim i at.el y éL fterwa g/ﬂig Mghﬁf%ut estilgncubatlon at

0C wi th pEGFP ™ USpdiRn t@éhépgéeﬂﬁﬂ gzer7freghgedétims  were
then)eltherfAﬁctrﬁp&bﬂt&edm&mdeseegﬁﬂ eupoba&@reolmawaa im@@&i&féfg to g7C
or B) transfer C Wl l,on. S mere expose to
light as indi ca%r&f#‘)"o:é ibé’u ) BFE‘ég%&ﬁn\/\ég gngl'ﬂ’/ B 11 ow
cytonet ry 48 Madpelafysine g#mpéyep'oéaharggf retipha. thub’ﬁheooeblst he cells
for 45 m nut egeat QEenWbEQh%EGﬁ? N%gﬁg ggéangnaogg%ﬁédt f% Wi |
celTs

stick to the_cell surface but. not ocyt osed i wer e
then either i REGBT EFPREFEER Go ?gecma‘éﬂf brangterreq. ’CQS@'? o

trypsini sed (kighoBs) tkgpsdmmyatiba. pmaénbelnéowakaee§%6§é§ﬁt@nglgﬁedfd
a asmd

out in new dishe t, Th exp s indicate

pol yl ysi ne co%%l§§g 88?6%59n gﬁﬁufﬁrgugh ?% CEPEERE B OVAE BT Fter
phot ochd®i cal b¥r drwenytomesnyl 688hGunbi afiteonlogh8- &pPsand. | i ght with
treatment with 25 pEGFP-N1 ol ylysine conplex THX cells were treated with
0.25 cg/m 3THPP for_ 18 hours, washed and incubated in sensitizer-free
medi um for 4PREEFstBef dREUPRERPLeRBoERFeCel bF| BREILF bRt 0°C

with pEGFP-N1/polylysine complex the complex will stick
to the cell surface but not be endocytosed. The THX

15 cells were then either incubated in plasmid-free medium

- at 37°C (Fig. 8B) or trypsinised (Fig. 8A) to remove the

plasmid from the surface and seeded out in new dishes at
37°C. These experiments indicate that the plasmid/
polylysine complex does not leak through the plasma

20 membrane after photochemical treatment.

Example 8

Combination of 3-THPP and light with treatment with
25 REGFP-N1/polylysine complex

THX cells were treated with 0.25 pg/ml 3THPP for 18
hours, washed and incubated in sensitizer-free medium
for 4 hours before light exposure, followed immediately
30 afterwards by 1 hour incubation with PEGFP-NL1/polylysine
complex (charge ratio 1.7). The cells were exposed to
light as indicated on Figure 9 and analysed for GFP-
. expression flow cytometrically 48 hours after light
exposure.
35
3-THPP is a photosensitizer the main location of which
is not in endosomes or lysosomes. The results shown in



30 afterwards by 1 hour incubation w th pEG-P- N1/ pol yl ysi ne conpl ex

(charge ratio 1.7). The cells were exposed to light as ihdildayetd®n Fi gure

9 and anaWwsedspmr G-P- expression flow cytonetrically 48 pgausgoiakioer |i ght
exposure. 35 3-THPP is a photosensitizer the main |ocation of which is not
i n endosones or |ysosones. The results_§QﬁWQ_in 26 May 2005 WD 02/44396
PCT/BA /05299 51 Figure 9 indicate that treatnent df cells with 3-THPP

before_irradi&t' elBdﬁﬁg§CQEEYtﬁaE‘EQEa%ﬁEﬁ%aéf bg 1€ﬁp§e§§b9“ in
conpari son to result QwWn I.n_ previ ous exa ere

photosensitizPﬁ 58eﬁFr§§A§F€S§a1P§UG§§dOniﬁl§ WhEPEa%E@r@ﬁﬁ§ hn GFP

phot osensi t i zergreagdoh tihatompakoeahi gedche esdareseshend iysosones may
be advantageog§ hoto ensitizer and l.ight

Cpb .
pret r eat nent FV%§§QP%§%§P gloneg%ngékﬁghggPﬁﬁnﬁé 1ohie R¥PRbs HCT 116
cel I s wePe seldBaSputisatusgddenghtiy dhdisafee tbhatekl phuebkehaiaiz2nwel |

plate one dayageﬁerehaeelsexeeﬁ;ﬂsga lﬁhs asgba o Omeg§g§§5§g5w%;h the

phot osensi ti zer A%PcSZa ours *¥hase in
phot osensi t i z8F- Eénﬁéaﬁaﬁﬁ and exposed to red light for 7 min. Then the
cells were 20 incubated wth a DOTAP-conpl ex (DOTAP was purchased from

Boehringer) w, | asm d pEGFP-N1 (5:1 DOTAP/ plasmd, 1 ug/n
pEGFP- N1) for—%gﬁéigaghed with the growth nmedium and incubated at 37C for

21 h bel®re the expression of EGFP was neasured by flow cytonetry as 25

described undesyVehetiahSopndnlELLOAS sy £OOLT Gha CELLS: YELE DL, expOsed to
l'ight, otherwse the treatnent was_ I1dentlcal. wn in
Fig. 10 and i#&lteusperansheckhion of cells using cationic lipids

HCT 116 cells were seeded out at a density of 75 000

15 cells/well in a 12-well plate one day before the
experiment. The cells were incubated with the
photosensitizer AlPcS,, {20ug/ml) for 18 hours followed
by a 7 h-chase in photosensitizer-free medium, and
exposed to red light for 7 min. Then the cells werxe

20 incubated with a DOTAP-complex (DOTAP was purchased from
Boehringer) with the plasmid pEGFP-N1 (5:1 DOTAP/
plasmid, 1 ug/ml pEGFP-N1) for 3 h, washed with the
growth medium and incubated at 37°C for 21 h before the
expression of EGFP was measured by flow cytometry as

25 descrlbed under Materlals and Methods. Control cells

:

were not exposed to llght otherw1se the treatment was.
identical.

The results are shown in Fig. 10 and it can be seen that
30 the PCI-treatment increases the trangfection efficiency
with the DOTAP/plasmid complex about 4 times.



30 the PCl-treatment increases the transfection efficiency wth the
DOTAP/ pl asm d conpl ex about 4 times. 26 May 2005 WO 02/ 428%Bay 2005

PCT/ GBOL/ a2 ®f4396 52 Exanple 10 Effect of PCl on adenovi rpggidB@amssuct i on
of X cells 5 Material Fluorescein di-(3-D gal actopyranosi de (FDG was
purchased from Ml ecul ar Probes (F-1179) 2A 20 mM stock solution was
prepared by dissolving the powder in a 1: i m xture 10 of DMSQ et hanol. The

m xture was g@%%%g%%%iﬁgded to an appropriate volune ice-cold water to
make a 8:1:1 t hanol solution. The reconbi nant virus AdCAl7lacZ

was formed and 15 propagated in the human cell line 293, an Ad El-
transformed erdfiai GKimtew:s dldedd N S 10, MW 11: @ um
suppl emented with in FCS, 100 peni Ci n

streptomycin (G bco- BRL) and 2 nM gl utam ne. 20 Oonstructlon of

reconbi néht viMaiesfied r econbi nant adenovi rus AdCAl7lacZ encoding the E

coli lacZ gene under control of the human CW pronoter was obtai ned by
honol ogous reconbi nation using the pJML7 25 systemin 293 cells (Addison et
al ., 1997, J. Hdderesgeis di-feD-mpEactepyranReddedi(FRM) west puschesedpl aque

purified, growirdmd My1@Hilidy @xadg,e@B(Fqull-@)andApgrol &Megto% ggght&g_})ﬁhl oride
bandi ng as preV|ousI¥)descr|bed (H_tt, et al , thods in

Genetics., 7, R Isdiys i %ﬁQﬁy¥§B'E@PI§°Vﬁ€rTHR Gefl:d pdxkures cells)
were sedded owtf mms@/enhamghesmnabdtmmdwta@ giradualeynagded Ab an

approxi mately , qu th r xchanged_ wth 2 m 35
grow h nedlun1§%) %ﬁ%hteggﬁsﬁﬁ 36% W&% Wﬁggfa aWﬁEF ggﬁsﬁes wer e
pl aced back |ﬁh@/@%@ofﬁbhﬁa@brS@buti@n18

The recombinant virus AdCAl17lacZ was formed and

15 propagated in the human cell line 293, an Ad El-
transformed embryonic kidney cell line maintained in MEM
F-11 medium supplemented with 10% FCS, 100 U/ml
penicillin (Gibeco-BRL), 0.1 mg/ml streptomycin {(Gibco-
BRL) and 2 mM glutamine.

20
Construction of recombinant wvirus
The recombinant adenovirus AdCA17lacZ encoding the E.
coli lacZ gene under control of the human CMV promoter
was obtained by homologous recombination using the pdMi7

25 system in 293 cells (Addison et al., 1997, J. Gen.

Virol., 78, 1653-1661). Recombinant vectors were plague
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).
30 )
Sensitizing of cells
The THX cells (4 x 10° cells) were seeded out in 6 cm
dishes and allowed to grow overnight. At approximately
60% confluence the growth medium was exchanged with 2 ml
35 growth medium supplemented with 20 ug/ml AlPcS,., and the
.dishes were placed back into the incubator for 16-18
hours. The sensitizer-containing medium was then sucked



hours.” The sensitizer-containing medi umwas then sucked 26 May 2005 WO
02/ 44396 PCT/ GB01/05299 53 off, and the cells were incubatiéaly i20Wr di nary
growt h maa epmqasde | east 4 hours before light treatnment angctidnid/s2e9
infection. 5 Infection of cells Trypsin-EDTA was used to detach cells from
three dishes and the nean cell nunber in_the dishes was cal cul ated by

Bi zr cher chanber counting. Adenovirus di PGt ions were prepared in PBS with

0.68 mM Cad 2 d 1 t he ny nber of cells to
i nfect. Usualp%% gnd %%%ggﬁéﬁg %h @nguggt%ﬁ ﬁ?oof ALYt FPPY Rty of
i nfection) ofmf &H@ ?@ Igesstr & hpmag kafonddéiighhetrebtmenkr andxphsed t o
red 15 |ight (REekepsnll 20WO09, filtered through a G nenoid 35 filter

with a light intensity reaching the cells of 1.35 mNcnR) for 3 m nutes.

Subsequently the medium was sucked off and 200 Al virus suspension (or PBS

with 0.68 nMLGaELPiandof. edVisMyCl2 in the cases of contrdls not 20
treated with d to each Af t ncubat n or. 30

m nutes at 37 %E%{]V\%ﬁggnggg ursg\%tﬁ %% ﬁ%d’%f% TR were
all owed to gréﬁﬂféhe nsanogaél @Embegaiacthsldasheaswag dhbcnkdﬁadﬂeye
det ached by TBMPéhErEQEémBEQ EBﬁHE@ﬁngdAdéﬁ'cﬁ i Phs 95 PV SRS fter

centrifugation for m nut es at € medi um Was  suckec of f, the

cel peIIetsPF%Eﬁ§ﬁ@nﬂ€dPPﬁ wath gF%wW% G umngh @ -Bhatt Mesd230 pl aced in
a 37C water batbotding tonthesnumbebsefuestly,tS%HMNedf . 2 Iﬁ@(kzﬂ?@r Schait i on

preheated to e d t he tubes placed bac JnIo the water bath
for 1 mnute. %i wggrg gﬁgﬁf goﬁfh %E%I%h*magn ﬁ & t t ubes were
i ncubat ed on inée¢b103b 1213) BSandnmﬂes before the sanples wer e anal ysed by
flow cytonetry as described above.

Before virus was added the cells were exposed to red

15 light (Philips TL 20W/09, filtered through a Cinemoid 35
filter with a light intensity reaching the cells of 1.35
mW/em?) for 3 minutes. Subseguently the medium was
sucked off and 200 ul virus suspension (or PBS with 0.68
mM CaCl, and 0.5 mM MgCl, in the cases of controls not

20 treated with virus) was added to each dish. Aftex
incubation for 30 minutes at 37°C, 5 ml ordinary growth
medium was added and the cells were allowed to grow for
48 hours.

25 ﬁ-galactogldagg _assay

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
30 ° placed in a 37°C water bath for 5 minutes.
Subsequently, 50 pl of 2 mM FD@-solution preheated to
37°C was added and the tubes placed back into the watex
bath for 1 minute. Finally, 900 ul growth medium was
added and the tubes were incubated on ice for 30-60
35 minutes before the gsamples were analysed by flow
cytometry as described above.

The cells were detached by Tryp51n EDTA and resuspended



26 May 2005 WD 02/44396 PCT/ GB01/05299 54 THX cells were treated with

AlPCS2a (denoted as PS on Figure 11) and adenovirus (den®éedkas2008 rus" on

Figure 1o endssxposed to 3 or 4 minutes of |ight as deseidtagshiosive

mat eri al and Met hods and neasured for R-gal actosidase 5 ((3-gal) activity
by flow cytonetry. The total (3-gal activity was quantified by integrating
the (3-gal positive cells and their (3~ activity. Both the nunber of

R-gal positiv n e, nea 3- tivit |ncre ed by the PC

treatnent. 10 The ré& %'&Qh ﬁ%g wgﬁhnﬁﬁ% ﬁﬁééﬁl SP X %ePPs occurs

when t he ceII?Mﬁwyelﬁddbam@da@enhvvruas(dbnneedraszVmsuandon Figure

phot osensi tishAg g exPdzcdnab @hBEOEhﬁEhﬁEEs %Eeiigﬁgtastd8§c£?ﬁ gddition
otentra

of light to the 15 tht sen5|t|5|ng agent sig I can €St he
transducti on of y@lﬁ§1€§sa§ﬁoWﬁtH9 FhénﬁnBPé§§§e@nf?3 éagala@t@sidyye 20

Exanpl e 1 Ef f{@eadh ah@u@@hgnbyaElbweay&ambtgg thehént6ﬂ§3|¢Ué§1

| ocal i sation gf 38 %ndoc t05|stn§rk8r ﬁ Eﬁ cell s, were seeded
out into Fal con 300TY edUE2 5 % BX &8 FgrﬁEanl ¢ Brg*the next day
treated with ROsitigeniceAlPc8rd tbeit8Phgahashtilvitym AB®ES2ehand i ncubat ed
in Al PcS2a-fr | Q t RO olight for 4
mn before a %ﬁmﬁ?%cgggplgﬁin?ﬁIQEGe QS}%F gﬁdmﬁégeﬁg g g %arker

FI TG dext r an. acHéHlFVIWﬁﬁné?@ﬁeééﬁﬁsbﬁggﬁetP@ét%ﬁe@hm@n§rn1Iar way except

for illuxination. The intracellular localisation of FITCdextran in
unfi xed ceIIs s observed,wth a Zeiss L | an, quoresc=nce m croscope
( ver kochen, Gﬁ?ﬁﬁﬁ%? G8PHg %ﬂto%}%%??fxl BREBI Ohalf (FetFon, a

450- 490 nn1bandcpasswhanlthE|oelisIaee indulaabda- ﬁﬁfm.ﬁﬁﬁmbrnﬁﬁn@nmﬁsion
filter. F'UOV@EESQCSnHiﬁﬁ896989§1M§£§n56a&@Xt289@ that photochemical
treatment, i.e. the addition of light to the
15 photosensitising agent significantly potentiates the
transduction of cells {as shown by the increase in f-gal

activity) .

20 Example 11

Effect of photochemical treatment on the intracellular
- localisation of an endocytogis warker molecule. ' -

25 THX cells were seeded out into Falcon 3001 dighes (2.5 %

:

10* cells per dish) and the next day treated with 20
pg/ml AlPcS,, for 18 h, washed from AlPcS,, and incubated
in AlPcS,,-free medium for 4 h. Then the cells were
exposed to light for 4 min before a 3 h incubation with

30 5 mg/ml of the endocytic marker FITC-dextran.
Non-illuminated cells were treated in a similar way
except for illumination. The intracellular localisation
of FITC-dextran in unfixed cells was observed with a
Zeiss Axioplan fluorescence microscope (Oberkochen,

35 Germany) using an objective with 63 x magnification, a
450-490 nm band pass excitation filter and a 510-540
band pass emission filter. Fluorescence micrographs were



WO 02/ 44396 PCT/ GB01/05299 - 55 recorded by neans of a cool ed
charge-coupl ed device (CCD) canera (Photonetrics Inc., Taésway 205 The
resul ts skyywifses 12) that PCl with |ight given 5 before gdingidiweisescent
endocytic marker FITC-dextran shifts the |ocalisation of this marker from
endocytic vesicles (the spots seen in pqﬂeL_A for non-illumnated cells)
to the cytosol (the diffuse fluorescence Seen in panel B for illum nated

cOlLS)-, rhus ahaivddien holieallh 'S0t R o BlvgR-belghed beTRer o) ecy €
to be |ntern éﬁiﬁd t he nacr;gflecu els veryr transl ocated to the

cytosol, subst al9aprsFscr &: Qﬂ$EQﬂ%§Sp5§§lb|WPFﬁ€§ f &) 1-ysosomnal
degr adati on of the macr onol ecul e. 15 Exanple 12 Effects of phot ochem cal

treatnments on ISl 20 Gelonin is a
pl ant toxin tﬁ%t %gﬁgéﬁgﬁF%OMyA#ﬁ% 5%8& EﬁESVﬁ?Hei 8RVPR is present
in the cél| &pfexs th@uﬁlWWE@ﬁCEmtn@nd@bye1Uomae&eh FEECC¢Easebnon its

own, and ther ehgre |%hguub C o0 a t r eat ment
Wit h gel onin 25 xci ?agg%akgéhlo§ngQ%e§é %é Fﬁ 5 g& gg?F pl at es
(Nunc, DenmaRF1CTRE d&ke #RPLSOSesy AR REpes2d ﬁﬁ§ aeaeallumanathé cells

ver e i ncubat ed:eﬂ.(lle)lﬂoht&ta 3PEostl (the dﬂﬁﬂﬁgéufﬁﬁoﬁéé@énéépﬁggﬁ addi tion
he "lig bef strategy, the

were carried subdued.l i ght
cells were wa ﬁkgifro CAl pes gedngﬁggﬁid FH“SAV 8§2§8Freégﬂﬁdluntfor 4
h. Thenlfhe cékkstwens éepgdwdn befbirghth¢amacndimoheedlentbhbefi gures)

before the {4 agLgRAY s e CheOhikBREOULN Lot o 18c, Eggn ;hhg "T1ght 35

after” strategy th I's were co-1ncu ate PcS2a and 1
g/ m gel oni n FéRREdoRatgddtRathedcyberste éﬂbégﬁnblﬁe Yi gaeressindi cated in

the figure. the possibilities for lysosomal degradation of the
macromolecule.
15

Exanmple 12

Effects of photochemical treatments on gelonin toxjcity
in THX- and HCT 116 cells

20
Gelonin is a plant toxin that efficiently inhibits
protein synthesis when it is present in the cell
cytosol, but which is not able to reach the cytosol on
ite own, and therefore is quite non-toxic to intact

25 cells. For the treatment with gelonin 25 x 103 cells per w”mmm”mmm;

well were seeded out 1nto 24- well plates (NUnc,
Denmark) . The next day 20 ug/ml AlPcS,, was added, and
the cells were incubated for 18 h at 37°C. All the
procedures after AlPcS,, addition were carried out in
30 subdued light. For the "light before" strategy, the
cellis were washed from AlPcS,. and incubated in
AlPcS,,-free medium for 4 h. Then the cells were exposed
to light (as indicated in the figures) before the
treatment with 1 pug/ml gelonin for 18 h. For the "light
35 after" strategy the cells were co-incubated with 20
pg/ml AlPcS,, and 1 ug/ml gelonin for 18 h, and washed
before exposure to light as indicated in the figure.



26 May 2005 WD 02/44396 PCT/ GB01/05299 - 56 Non-illum nated cells were

treated in a simlar way except for illum nation. The treateaycslds were
washed owaeoMssds cul ture nedium and after addition of fregh/gErdsMm

i ncubated at 37C before further analysis. 5 Inhibition of protein synthesis
was assayed by [3H]-Ieucine incorporatior# into protein 24 h after |ight
exposure. IIIunination was perfornmed fro % bench with four | i ght tubes
(Philips TL 2QW{ I ut,.off _at 550-600 nm
The 1ight |nten3|t %@ﬂn%t %eag%ZWéE%IE% a%%?Blg'%Vﬁﬁmliﬁg gﬁ%nple shows
that in both FHZED FigrlaAﬂu@n@aH@pn 1The( FirgatsB) cedlbswene whishhd before”

strategy workgncketdieh bﬂﬂ%u&@emebhﬂﬁtaﬁﬁtﬁE %Ehhe§t1$HUéf EPLchS
inhi bi tion of protein synthesis

THX-cel I s at the.hi ghest dose th

was about 3- fB‘fagl é‘fnﬁBP@ﬁ% 37PG gﬁ'f:-ob'@f 3P€thﬁﬁaﬁnﬁ}¥ﬁ13h ght after".
It can aBso bénhsbénlbhabfuprbabﬁnceyhtheaes gakoabBayedi bgel f had no
toxic effect P ow ng .t he ot enc nd
specificity in tﬂe [ ndﬂ?%%lrllc%ﬁ% %r;“:hr& effetis IN?%% q'tf}#% glclfﬂh&/ed by
t he phot ochenP&aPsureeal ddHminekampl wa$39e250meﬁoﬁhemn gabesthmai@lhi on of
adenovi r us- rre@ba&»eﬂl Eﬁetubéénsiﬂﬂgﬂh 2] @LX;zéﬁ?oEg‘Xaﬁ? #Sﬁ%@éé wer e

seeded out |n%o | at es. e next was added,
and the  cel | EMEPE. WﬁEHbat i SFfléth5§f’ §9. 2m; | Th fel Jolt elmbers Hy er

Al PcS2al@ddi t reacimtng ther cefllenwhBe 1subdygs®)ight. For the "light before”
strategy, the cells were washed from Al PcS2a and i ncubated in 35

Al PcS2a-free nediumfor 4 h. Then the cells were exposed to light for 3
m n before thEheresemphe showst hbatadenbethalHX¥ec{Big AUHEWaRAGKT al so

referred to ifi6 (Fig.13B) cells the "light before" strategy works
better than the "light after" method. Thus, for
15 THX-cells at the highest light dose the inhibition of
protein synthesis was about 3-fold more potent with
"light before" than with "light after". It can also be
seen that in both cell lines gelonin in itself had no

toxic effect without the PCI treatment, showing the

20 potency and specificity in the induction of the toxin
effects that can be achieved by the photochemical
treatment.

Example 13

25

- Lransduction

5 x 10 THX cells per well were seeded out into 6-well

30 plates. The next day 20 upg/ml AlPcS,, was added, and the
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" strategy, the
cells were washed from AlPcS,, and incubated in

35 AlPcS,,-free medium for 4 h. Then the cells were exposed
to light for 3 min before the treatment with the
adenoviral vector AJHCMV-lacZ (also referred to in

Photochemical stimulation of adenovirus-mediated gene




26 May 2005 WO 02/44396 PCT/ GBOLl/ 05299 - 57 Exanple 10 as AdCAl7lacZ) at
a multiplicity of infection (MJ) of 1 for 30 mn. This 2ecfay UM ains a

E- gal act owglegsasseporter gene whose expressi on can be anglcts@shifagdel ow
cytonetry (see below). 5 For the "light after” strategy ALPCS2a-treated and

washed cells were first treated with adeé'n?owrus at the sane concentration
and for the sane tinme as indicated above,”’ washed, and after addition of

fresh cul ture giggl alagh l, ated cell

treated in a sim pig% a&é?%%ﬁlﬁ ch’lgl %Emgggl%l?kérllgﬂfﬁé r ggt %ﬁ%mﬁ@n\/\ere
washed once wi ®™MPRulafurle ﬂ%ﬁﬁ’mm@nd'félﬂﬁeﬁeésééh centafinsr ash medi um
lncubateﬁ atd%l@amidﬁﬁaﬁééééﬂfé%§&té§abﬁﬁbsrh&%egék?ﬁégéhgﬁséaﬁxgéfsS:03
was anal yse ry two days afte exposur €. aile

met hods fgr c@ﬁ‘étlly ﬁ%f %iec‘twhéy\ffﬂ“ﬁg (\Xﬁ?@thiog’éferreg to either as
AdHCW- 1 @&cZ or AdCAl71acZ), treatnent of the cells, illum nati on and 20
anal ysis of Ergal 30shdask eRLessLOn BLe, IRFELLDS %re“”dgf aRsBerl e

results (Fig.14) showt t he phot 6C
bef ore" proce&@dld S §&ENn fwstzsrﬁﬁéeﬂawstbnadﬁeowghs h?antihsl gamef FI gur e

14) Increasesth@eaQ&%%&bﬁganeffgrgéhéCéaﬁédE§ﬁeeé§rfﬁ&iEQt&&'éﬁo?QOUt
6-fold; from2 @6toa€%f@6un er these experinmenta condi tions t" can

al so be seen Wﬁgpeéhe e&towi pAdEReOn" P gﬁFeEEfGFEtuﬁﬁo@%@H¥% was al nost
equal t do0what em@osad mbtaughd.mmbh ibtumihgbédatebls wetdogrdsheanihy the

bars on the |eft. S] f Fl ke 14 26 2005 WO 02/ 44396
PCT/GBC]/OSZQ% Eé@gﬂg%aﬁgﬁégfﬁeﬁ eeF %il?ﬂén%%¥ﬁﬁation time on the
ef ficiency of

The treated cells were washed once with culture medium

and after addition of fresh medium incubated at 37°C

15 before further analysis. B-galactosgidase expression was
analysed by flow cytometry two days after light
exposure. Detailed methods for construction of the virus
(which is referred to either as AJHCMV-lacZ or
AdCAl7lacZ), treatment of the cells, illumination and

20 analysis of RB-galactosidase expression are described
undexr Example 10.

The results (Fig.14) show that the photochemical
treatment using the "light before® procedure {shown by
25 the bars on the right hand side of Figure 14) increases

the percentage of B-galactosidase-expressing cells about
6-fold; from 2.5 % to 15 % under these experimental
conditions. It can also be seen that the effect with the
"light before" procedure was almost equal to what was

30 obtained with the "light after" method (shown by the
bars on the left hand ‘side of Figure 14).



i ght-induced transf c ion 55 x 10 THX cells or 7.5 x 104 HCT 116 cells

per well were seeded out into 6-well and 12-well pl ates, 26rdspegtiyvel y.
The next awyoRfisgd Ml Al PcS2a was added, and the cells wergmasshagied for
18 h at 37C. Al the 10 procedures after ALPCS2a addition were carried on
In subdued light. The cells were washed om Al PcS2a and incubated in

Al PCS2a-free mediumfor 4 h. Then the cel “were exposed to light (3 nmin
for THX ceIIsQQE%lrgrlfor HCT 116 cells) before treatnment with

pEGFP- N1/ pol yl'ysi 5 g/m pEG-P-N1) conplex for the times indicated on
Fig.15. Non-illumnated cells were treated in a simlar way except for

i1 umi nation. ERFedy eat ethe ARG WESRedOn \é«fmc&ehb 8 medi um and
after addition.of fresh ggl um |€101£ ated at ays ore 20

anal ysi s of Egéﬁ%r&l@ nmetry (see I\/at erials and Met hods) .
[l1'lum nath on was performed from a bench with four Iight tubes (Philips TL

20W09) and ag | ap | r h C 00 nm T | i ght
intensity reag)hlxﬁg'%t h%ﬁ%e{:%isigva% 1% aﬁ%‘é Q%IST SHL‘:LéB: Fpg“] | y$ie conpl ex
(charge rati oWPrP) Sgesledhoafalagoby -yeddl wndi ti2ryeplaphiatieand pol yl ysi ne

sol utions prepaispdceaRaiat.ehhe ResPEEHP zwlp%l/ﬁiﬁhﬁpees wild Ukd n 75 A
wat er and 5.3 pbj}lym e diluted in “75 4 r.Tesoutlonsfvvere
m xed and i ncﬁg’éjt % §eldF Y6 hi PrnEPbra&?ﬁil terpdlabiurE, 387 Fut 84lwrhe culture

medi um 10o 1 ph:oa:aduaré@kedftert hepresl] suddihd ore sielres chlrirdedShnshew t hat both

35 be strongl § L adGeeq 0 o nEe| [ Sb ek F e AP St B3fment . 1t
can be seen tﬁapubﬁeeﬁtﬁﬁuﬂé?ﬂ&&-éﬁaﬂ%m&ﬂﬂum|ﬂmr i4s hef Thehi thealcedddy after
Eﬂi”at26| (l\a/gxsft %%g&n e!é@o@%ﬁ%é%lgﬂl EBOLAA5232 THxSe11BCHpabi @Ry ELgES Wi th
HCT 116 cells) before treatment with pEGFP-N1/polylysine
15 (5 pg/ml pEGFP-N1) complex for the times indicated on
Fig.1l5. Non-illuminated cells were treated in a similar
way except for illumination. The treated cells were
washed once with culture wedium and after addition of
fresh medium incubated at 37°C for 2 days before
20 analysis of EGFP expression by flow cytometry (see
Materials and Methods). Illumination was performed from
a bench with four light tubes (Philips TL 20W/09) and a
long pass filter with a cut off at 550-600 nm. The light

intensity reaching the cells was 13.5 W/m’.

25 pEGFP-N1/polylysine complex (charge ratio 1.7) was

prepared by gently mixing plasmid and polyly51ne
solutions prepared separately: 5 pg pEGFP-N1 plasmid was
diluted in 75 pl water and 5.3 ug polylysine diluted in
75 ul water. The solutions were mixed and incubated for

30 30 min at room temperature, diluted with culture medium
to 1 ml and added to the cells.

The results (Fig.15) show that both in THX and in HCT
116 cells transfection by DNA/polylysine complexes can
35 be strongly induced by the "light before" photochemical
treatment. It can be seen that the stimulation of
transfection is effective already after short




i ncubation tinme. The |ight-induced transfection increases with the
I ncubation tinme, however, seemingly levelling off after abouiy22d05

i ncubat i ogyowAdasdeNA. 5 Exanple 15 Effect of the light firsicorRégorkioat egy on
transfection of THX cells nediated by poly-L-lysine using TPPSa as 10 the
phot osensi ti ser Tetraphenyl por phi ne di sylggnﬂat e (TPPS2a), |ot #04197, was

produced by Porphyrin Products (UT, USA).”"TPPS2a was dissolved in DVBO 15

The plasm d pEGRN:ivas: RUMRASATEH b C.a@n ratornies.L.nc. (CA
USA; cat. no. ,608 %)1 The batch t}gggm('l_g?#ﬁééﬁ- h%%ogg}_%&/a@lgr oduced by
ELI M Bi ophar ﬁé’&é‘gﬁ ¢9Ps Lipge. Thea 1ighky indycad) tvapsfegtian2o
concenérationﬂwbﬁéamgknhitw.f?%ﬂﬂﬂ%mﬂabibn Aiﬁb?cﬁowégkﬁﬁi%%ﬁﬂé% % ”Dém
was nade up i i, TE-buffer H 7. 1.mM Tris-HCL, an

kept at -20C. ﬂe?ﬁi“%h% ﬁ%%gﬁfﬁ%&raﬁg’r?&%céﬁ’slﬁﬁl’%a*&aP{li VéFédDNﬂ-RPM 25 1640
medi um s@ppl emented with 10 o FCS (fetal calf serum,

Penicillin/Stggﬁhﬁiégig and L-glutam ne. In subdued |ight, the nedi um was
renoved and nmedi um containing 2 ug/m TPPS2a was added. The cells

m nediunlconE%iQ'qg :
conpl ex cont @ med M- PECEP=RE—antrhad &t ot Fat EOL8pER2—2E- | ysi ne
(PLL) t&ODNA &helplko igigewf further 35 incubation at 37 Cin the dark
t he nedi um was renoved, and the cells were washed once with nedium 1 m
medi um was added and the cells were exposed to blue |ight as 26 May 2005
WO 02/ 44396 PESFERBhepBIporphigg diiguléanatei (TRPYul e l6takd4deZcriwbsd

under Materiapgodifed by Porphyrin Products (UT, USA). TPPS,, was
dissolved in DMSO.

15
The plasmid pEGFP-N1 was purchased from Clontech
Laboratories Inc. (CA, USA; cat. no. 6085-1). The batch
used (lot# EGFP-N1-1002) was produced by ELIM
Biopharmaceuticals, Inc. (CA, USA) and delivered at a

20 concentration of 5 mg/ml in sterile water. A stock

solution of 0.5 mg/ml was made up in sterile TE-buffer
PH 7.4 (1 mM Tris-HCl, 1 mM EDTA) and kept at -20°C.

The THX human melanoma cells were cultivated in RPMT

25 1640 medium supplemented with 10 % FCS (fetal calf

subdued light, the medium was removed and medium
containing 2 ug/ml TPPS,, was added. The cells
(protected from light)} were incubated at 37°C for 18 h.

30 The cells were washed three times with medium and for
the PLL-L {"light after") samples 1 ml medium containing
a pEGFP-N1/Poly-L-Lysine complex was added. The complex
contained 5 ug pEGFP-N1 and had a charge ratio of poly-
L-lysine (PLL) to DNA of 1.7. After 4 h of further

35 incubation at 37 °C in the dark the medium was removed,
and the cells were washed once with medium. 1 ml medium
was added and the cells were exposed to blue light as



Met hods. For the L-PLL ("light before") sanples the first 4 h incubation
was in nedium w t hout pEGFP-N1/PLL conpl ex, the conpl ex beimgy axnbsd

i medi at elwip @fid48d 5 111 um nation and renoved after a furthgideinse
i ncubation. The cells were incubated for 2 days (still protect eé' ?rom

light) prior to analysis for EGFP expression by flow cytonetry. For this
analysis the cells were trypsinized (‘I’Fy?)%i’n- EDTA, Sigma, MO, USA),

resuspended 10;.i £ . RPM nedi an il tered through 5Q mesh

nylon filter be d(}r(g‘ﬁgencgl%/l?i 5T a A@&ﬁl‘iﬁrlﬁ%}mun&%%%%rl Ec Ao

Di cki nson, CAMaigmds EGHDmeishe eddily el ltilghtu die fors10- Séthprimd itheer af ter
excitation at et i, AARGNEdPUIE ol it VAR HRE) adondlispt] m nat e

dead cells fromviable cells, and pulse- processi ng was

di scrimnate TTPIRK0IEIR CPMRIAR befing @sides immegdatedanedtear e col | ect ed
for eacls sanplidundinchtiin daid M- alfread awirii-+Gekl QUesSti ncgehiwane

Bect Di cki , . USA) . 20 Resul b in Figure 16 for
(Bect on, O chi sl cdShe \PAle SRR o' SBDELTaRT HicEeRlES, I

addi tion of tiwew dasdfter pwlerdie sapiyedeh foor ESTRS empiresadohhby25 " i ght
atter ' approagh dheldihididy ne A s ANAN0RINSkHL Gy 1 EXaIRLe 10 30

Ef fect of the Iight “first PCl strategy on transfecti _ cells

nedi at ed by pdiyREiniges WZLWP Tés ERremaph¥Ces@H3i ti sesuFpEndetl s
vere grawn andn zeat @d pmies@diRed awadenritdbeBX2ARbAGASa S¥CARt mbhAt the
TPPS4 phot osens

W0 02/ 44996  POYREED F&%gbbu&%f) a&'éiyiéﬁgdi'ra?%ﬁ?%ﬁ?ﬁ??%%lp?amr gg? °
that for pol ycytiopeitee (Becton Dickinson, CA, USA). EGFP was

measured through a 510-540 nm filter after excitation at

488 nm. Propidum iodide (1 pg/ml) was used to

15 discriminate dead cells from viable cells, and pulse-

processing was performed to discriminate cell doublets

from single cells. 10 000 events were collected for

each sample, and the data were analysed with CELLQuest

Scftware (Becton Dickinson, CA, USZ).

20
Results
Ag can be seen in Figure 16 for poly-L-lysine mediated
transfection of THX cells the "light before" addition of
the transfer molecule approach works as well as the

25 "light after" approach when using the TPPS,,
rhotosensitiser.
Example 16

30 Effect of the light first PCT strategy on transfection
of THX cells mediated by poly-Li-lysine using TPPS, as the
photogengitiser

THX cells were grown and treated as described undexr
35 Example 15, except that the TPPS, photosensitizer (75
ug/ml) was used instead of TPPS,,.




medi ated transfection of THX-cells the "light before" approach works
slightly better than the "light after” 5 approach when uskagMépe2dPPS4

phot osensii e244390dout both nethods still achieved transfegichatgoifpéaepl e 17
10 Effect of the light first PCl strategy on transfection of HCT 116 cells
medi ated by poly-L-1ysine using TPPS8 agt t he photosensitiser HCT 116 cells
were grown and treated as described under ™~ 15 Exanple 15. Results From
Figure 18 it @ap g seen that for poly-L-lysine nediated transfection of
HCT 116 cells_the "light 20 hefore" approach works as well as the "light
after" approlCRPWHAUES g theiTPPRRPArBRbt bhehsferseply-Exbvpine18 25

Ef fect of themledghttef:'il tsaneEecstbat 66y TAR- &éamgf eBbi enight HEAoEdb cells

diated b th 30 THX cel |
Wor & gr oun’ anGPPFERFE"AE kAo SARPBEYY B TCE LR A Eﬁée“féatéﬁéfmt the
TPPS4 phét oseAspricaeh (When pging) thasTBBagd phtﬁ:tc&mhs:ift:’.ﬁ%as_zamﬂ?eﬁﬂﬂ s 35
Figure 19 showsrhBak G045 1R0LYRkal YS! EfaHEfégéf‘?ﬂet ransfection of THX cells

the "light before" approach works as "l'ight after" approach
when using 26 May 2005 WO 02/44396 PCT/ GB01/05299 - 62 the TPP4
phot osensi ti segampEwanpl e 19 5 Effect of the light first PCl strategy on
transfection nediated by DOTAP using TPPS, as the photosensitises HCT 116
cells were cultlvated in RPM 1640 nedlun1 supplenented with 10 % FCS

j : Ls

(fetal
light, the ”EQEUﬁb%ailkeHBYfg ﬁgglgPQa%@%CSQiéjﬂ'f@sfée using TPPS,.

as the photosensitiser

HCT 116 cells were grown and treated as described under
15 Example 15.

Results
From Figure 18 it can be seen that for poly-I-lysine
mediated transfection of HCT 116 cells the "light

20 before" approach works as well as the "light after"
approach when using the TPPS,, photosengitiser.

Example 18

25 Effegt of the llght first PCI stra;egxnon transfection

of HCT 116 cells mediated by poly-L-lyeine, using TPPS,
ag_the photosensitiser

30 THX cells were grown and treated as described under
Example 15, except that the TPPS, photosensitizer (75
ig/ml) was used instead of TPPS,..

Results

35 Figure 192 shows that for poly-L-lysine mediated
transfection of THX cells the "light before" approach
works as well as the "light after" approach when using



pig/m TPPS4 was added. The cells (protected fromlight) were incubated at
37C for 18 h. The cells were washed three tines with nEdEanMameGaH t he
DOTAP- L (w0 ediazek> after”) sanples 1 nml nmedi um cont ai ni ng pgrissialos90f 1 99
PEG-P-N1 and 5 My DOTAP was added. After 4'h of further incubation at 37 C
in the dark the nediumwas renoved, enmié?e cells were washed once with
medium 1 m nediun1 was added and the celfTs were exposed to blue |ight as

20 i ndi cated d under "Materials and Methods". For
t he L- DOTAP ( ght gﬁf% €§g£ﬁ§§ iéggthe first 4 h incubation was in

medi um wi t hout pEGFP- N1/ DOTAP conpl ex, the conpl ex bei ng added i medi ately
after illum ngikdsepiandorenoved after a further 4 h 25 incubation. The cells
were incubated for 1 day (still protected fromlight) prior to analysis
for EGFP expression by flow cytonmetry as described under Exanple 15. 30

Results Brom thecafighe ghge vedxtbakaté t ansteekEenrigh HCT 116
cel I's nedi ateg _Ry.th t han hg d % ad t_before' approach

wor ks substanr§a¥F?‘§%§gér““#%an—ghg—Egg usi ng the
TPPS4 35 photosensitiser. The '"light before" approach seens to be

especi al | y adpamt ageodalfor n a i pids. 26
May 2005 WD 02/ 44396 P%T?égéfé éﬁ@EHbQEeHEQh k?ﬁlb%sigfééﬁﬂuﬁ the |ight

first PC strﬁP@B}eBﬁnF?§n§¥EEt?Bn° gcﬁeéﬁﬁ?éa 891 Supre¥waLt (r) using TPPSZa
as the iphot osenscuma/swoep.?@ayém #ag pugmba&mﬂnéronfng &g 10

Preparation o% ghgs /Su i%ﬁﬁ% )rggg? gxes sn1d/S erFeCtgﬁgRPM

conpl exes wer repare
1640 nmedi um (MglmbuTPPSEMﬁﬁ Fuldztcbi nsTreen coealits bG}_:miqu:):ed( ififonSapeEsct (r)

(2 vyl were incubated at 37°C for 18 h. The cells were washed
three times with medium and for the DOTAP-L ("light
i5 after™) samples 1 ml medium containing a complex of 1 ug
PEGFP-N1 and 5 ug DOTAP was added. After 4 h of Ffurther
incubation at 37 °C in the dark the medium was removed,

and the cells were washed once with medium. 1 ml medium
was added and the cells were exposed to blue light as

20 indicated in Figure 20 and described under "Materials
and Methods". For the L-DOTAP ("light before") samples
the first 4 h incubation was in medium without pEGFP-
N1/DOTAP complex, the complex being added immediately
after illumination and removed after a further 4 h

25 = incubation. The cells were incubated for 1 day (still

protected from light) prior to analysis for EGFP
expression by flow cytometry as described under Example
15.

30 Results
From Figure 20 it can be observed that for transfection
of HCT 116 cells mediated by the cationic lipid DOTAP
the "light before" approach works substantially better
than the "light after" approach when using the TPPS,

35 photosensitiser. The ®light before" approach seemg to
be especially advantageous for transfection mediated by
cationic lipids. '




per /.cg DNA) was added to the plasm d solution and the 15 contents were
m xed by vortexing for 10 s. (iii) The solution was i ncubéatialy f2r0510- 20
mn at roqyp hopee ature to allow conplex formation. (ivVv) pdQWUzhdilesb cell
growh nmedium (with serumand antibiotics) was added to the tubes
containing the transfection conpl exes and_the 20 contents were m xed by

pi petting up and down two times, and the®iotal volume was i mediately
transferred to the cells. Treatnent of the cells 25 HCT 116 cells (75000
cells/well, 1 mM/well) were seeded into 12-well plates (Costar Corning,
NY, USA) and Extampied2i0o attach for six hours. 1 mM mediumwith 0.7 pg/n
TPPSZa was added, and the cells were incubated for 18 h (5 %v/v CO, 37
C). The cells were washed three 30 tinmes with nediumand incubated for 4 h
(37 C, 5 %v/ et Sheud sty PEe epw_onl kransfectibhuni nat ed

by exposw e t gedibael of (Rive fFHieee seanly prbg§£%§§ﬂ%§1l8VV67) with the
hi ghest fl uenc round ,420 nm The plasm d/ Super Fect (r) conpl exes were
added 35 inneé&%&@ﬁ?ggﬁiéﬁﬁ¥%e | i ght exposure, and the cells were

i ncubated with the conplexes for 1 or 4 h. The cells were then washed 4
times in RPM ' an f y 5 02/ 44396 PCT/ GBOl/ 05299 -
64 addition ggi%&#gh§edgﬁ%|%ﬁ%§%%gg§ F%g&bgggghﬁué her for two days. Then
t he expression of EG-P was anal ysed by flow cytonmetry as descri bed under

Exanpl €185. S5 HRepubbeibh 62N 16 88 silped¥tet®lhompakxBEl substantial Iy

i mproves Superfect .transfection under all conditions tested. E g. for 0.75
ig DNA and 1 RIPSHASY SEPFHeCE e CORPISKEE(WEREr BYERBREIWAE §@LHOWEHAI | e for
0.75 /ig DNA dind 1Pprdrp-Nrawabediilafeti WRth ROME Ol d4enhaasame vivBsut
observed. Exaggkgmgl

proteins and antibiotics). (ii) SuperFect® (2 ul
per ug DNA) was added to the plasmid solution and the

i5 contents were mixed by vortexing for 10 s. (iii) The
solution was incubated for 10-20 min at room temperature
to allow complex formation. (iv) 400 uxl of cell growth
medium (with serum and antibiotics) was added to the
tubes containing the transfection complexes and the

20 contents were mixed by pipetting up and down two times,
and the total volume was immediately transferred to the
cells.

Treatment of the cells

25 HCT 116 cells (75000 cells/well, 1 ml/well) were seeded ..

into 12-well plates (Costar Corning, NY, USA) and
allowed to attach for six hours. 1 ml medium with 0.7
ug/ml TPPS,, was added, and the cells were incubated for
18 h (5 % v/v CO;, 37 °C). The cells were washed three

30 times with medium and incubated for 4 h (37 °C, 5 % v/v
C0O;) in serum-containing medium. The cells were
illuminated by exposure to a bank of four fluorescent
tubes (Osram 18W/67) with the highest fluence around 420
nm. The plasmid/SuperFect® complexes were added

35 immediately after the light exposure, and the cells were
incubated with the complexes for 1 or 4 h. The cells
were then washed 4 times in RPMI medium, and after



15 Effect of the light first PCl strategy on adenovirus nedi ated gene
transduction of HCT 116 cells using TPPSZa as the photoseasi&y sEF0HCT 116

cell's wergusatidsboeat ed in RPM 1640 nedi um 20 suppl ement egctidgyidsee FCS

(fetal calf serunm), Penicillin/Streptonycin and L-glutam ne. in subdued
light, the nediumwas renoved and nedium containing 1 yg/m TPPS2a was
added to each well. The cells (protecre§4fr0nlllght) were incubated at 37C

for 18 h. 25 T ells re shed three tines with nedium The cells were
then infected® &ﬁ%ﬁ Phe® JHéﬂﬁmeﬁézm EgﬁﬁoVFFﬁslﬁFuH???@rEH?t?¢ﬁef%6lnts
before or aftéwo deyen naheonthehegpreasiahwaysEdFh aisesntbpse@npyal of
t he phot osensicti,ze elLls | AGguU r r for 2 days (stil
prot ect ed froE?Fﬁg%%foﬁgﬁg& %% d§%§?§%§§ ﬁ%&S?SQgﬁﬁgg?oggdase activity by
flow cytonetry as described under Exanple 10 (Materials and Met hods).
Results 85 Fi gukgi22 shows the effect of the timng of the Iight treatnent
relative to t?g deli%@ of the virus on the PCl effect on adenovirus

r t

medi at ed gene”Fr GA8dRE FERT |(Fl§8rﬁ/a§1boé%atvi%zﬁ‘ah%%mp@l@oy 05299 65
can be seen thaprboest Bapé ktht@befansfeaﬁﬁbﬁaﬁﬂdéfh@llr¢@ﬁﬂ1§ﬂéﬁBOf t he

Y-axis) the P um pati opi.s least 13 h, so that the
virus can be Eéﬁ%%%lstgr EO%to a% #ﬁ %8% gf? $r7??%ﬁﬁ?éﬁ?(ﬁﬁ % stil
mai nt ai ni ng tﬁe9p5§1ﬂ|W@PPQVEEEﬂécWQSoﬁeenrawhdbetf@m O THs sug SHNFerand

| mportanb froma ekhAkgabribAl Bngl 2 ViEVEOPaAUIRah A R4 N Clini cian
great flexibi]Jity in designing the treatnment and coordinating it to other

treatments t hePPefVedt night receive, e.g. 10 to surgical procedures.
Exanple 22 Effect of the light first PCl strategy on transfection 15 of

HCT 116 cell di at ed. by Poly-D-1ysine using AlPcS2a
SEQEmpfe i

15 Effect of the light first PCTI strategy on adenovirus
mediated gene transduction of HCT 116 cells using TPPS,,
as the photosensitiser '

HCT 116 cells were cultivated in RPMI 1640 wmedium
20 supplemented with 10 % FCS (fetal calf serum),
Penicillin/Streptomycin and L-glutamine. In subdued
light, the medium was removed and medium containing 1
ug/ml TPPS,, was added to each well. The cells
(protected from light) were incubated at 37°C for 18 h.
25 The cells were washed three times with medium.  The .

cells were then infected with the Ad-HCMV-LacZ
adenovirus at different time points before or after
illumination (which was always 4 h after the removal of
the photosensitizer). The cells were incubated further
30 for 2 days (still protected from light) prior to
| analysis for P-galactosidase activity by flow cytometry
as described under Example 10 (Materials and Methods).

Regults

35 Figure 22 shows the effect of the timing of the light
treatment relative to the delivery of the virus on the
PCI effect on adenovirus mediated gene transduction. It



as the photosensitiser HCT 116 cells were grown, treated and anal ysed as
descri bed under Exanple 15 except that poly-Dlysine was 22Magezdfst ead
of poly-Lwygi/f89¢ N Making the conplex with pEGP-NL. Residfépothsad Fi gure
23 it can be observed that PCT with the 25 "light before” protocol works
wel | al so when the:-polycation poly-D-lysine is used as the transfection
agent. Exanple 23 30 Effect of the |ight®®iTst PCT strategy on cell

killing by the cytostatic.agent bl eonmycin using TPPS2aas the

phot osensi ti se‘?a%é:’ere??%{b@% tﬁq}f’e g‘ilsﬂhtf &%@?WW&FFH ditthen4197,
was produced dighHRorsite iof Rred ottasi()T,tHeSACT TRASAE nsad ordiissol ved in
VB0, 20 MY ZiecelQ D0 FHCHGL oS c1lE e Gligse it er Tung
fibroblast cel 1ne V- was Used i thHi S study. (1

[ 4, 5- Di net hyl t3fwizbistesad up ¢ ali gieasd & teaditamiBlomige) imas from

Sigma (M3 USAitilgatmaitftaiMidl?®he P ived ddy BB dRAqgoncentration of
5nmy/m, sterile filJtered and stored at 4C. Bl eonmycin (ASTA_Medica) 15 000

| E/ KY was obt &I IThON0 e SHHa Hedy H s/l degiar RddPdeadospit al .

1 1E correspordsitt @fl wigew fbedlaaeny citn .alllessb ltbenediimipdwte gresas di ssol ved

in sterile O. -1 ' . final ntratian of 2.mM .15 Cell
cul tivation T%elje\%ggl&% I slitdvve%rl'esllgﬂeitnér e%%el ﬁ%%%%ﬁ'ef&&nﬁeg Pl?fﬁ%&ﬁal’f&gfg
suppl ement ed it kol @thdettaeadalentse tihg padd eytnimigbgnireckelive, £0@.9/

streptonyci N adl sh MGt HERRIuda | G bco BRL, Paisley, Scotland) at 37C
and 51 CO2 in

Example 22

Effect of the light first PCI strate on transfecti
15 of HCT 116 cells mediated by Poly-D-lysine uging AlPcS,,

as_the photogensitiser

HCT 116 cells were grown, treated and analysed as
described under Example 15 except that poly-D-lysine was

20 uzed instead of poly-L-lysine in making the complex with
pEGFP-N1.
Results
From Figure 23 it can be observed that PCI with the

.25 "light before" protocol works well also when the . . ...
polycation poly-D-lysine is used ag the transfection
agent. '
Example 23

30
Effect of the licght first PCI strategy on cell killing
by the cytogtatic agent bleomycin using TPPS,, as the
photogengitiger

35 Tetraphenylporphine disulfonate (TPPS,,), lot #04197, was

produced by Porphyrin Products (UT, USA). TPPS,, was
dissolved in DMSO.



20 a hum d environnent. Treatnent of the cells The cells (75 000
cells/well, 1 m/well) were seeded into 12-well plates (€6stay ZWINi ng,

NY, USA) snslextdaszel | owed to attach for 6 h. To some of the pggldsgorhsith

mediumwith 0.7 ug/ml TPPS2a was added (see Table 1), and the cells were
i ncubated for 18 h (5 1 v/iv CO2, 37 C). The cells were washed three tines
with medium The cells were then incubat®d <in serum containing nmedi um for

30 4 h. The, di .was renoved ew _nmedj u s, add nd the cells were
i || uni nat ed bgﬁsxéﬁéaﬁset af“FSﬁ?—’ ?LPB%nglbﬁgl?T%ﬁﬁtﬁ?ﬁgnglﬁebgﬁw’)d”aﬁour
fluorescent tubed {Gsthis &8WAG7) with the highest fluence around 420 nm
35 Different doses of bleonycin were imedi ately added. After 1 or 4 h

i ncubation with bIeonécin the cells were washed once with RPM -nedium 1
m of medi um WS Added426-Najebbydthimrodr248b5-PCT+ GBOI /05299 67 and

after 3 days alphefiyhabtenz6ehilinSBi¥nyak) \Wgas FBSRUSLGnRY (ibe OBA; assay.
This nmethod i s_pased o g cti,on of a_water-soluble tetrazoliumsalt
(MIT) to a pﬁ?gre?orn@oggg g’fé?ﬁﬁ? Hefr HBURRS b n? t SeRoRREFaFign of

dehydr ogenaseS pgément stariiegi fijlteeedbahdcatbyedcat veccells. One nml nedi um
containing 0.25 g MIT is added to the cells, followed by 4 h incubation
(37C, 55 v/iv C2). The resulting formazan crystals are dissolved by adding
200 Al i sopr oPERSRY SR gBSTMOedSAg) pep ORP | IEAKSE wa@s sobptmined i from

transferged tena ﬁﬁamd;b? Bt 8t Be Wb Pk San I RAGH Y %%‘iééﬁkanl Eyzm croplate
reader (Labsystens Finla with_a 570 nm bandpass Jilter, Cell _survival

nl and ;
i's calculatedc%griép%%%? be ioﬂ?rﬁf REPPRYGHR - 1 VPIRPY ¢ HhtPOWERE nent .
15 Results Frgar@li2dobhedsihhatePllewiidh $ eadligitubedores a appigach can

ZL;?Oiggreasehéﬁgéﬁgfggggﬁqéfeﬁfgﬁg of a low nolecular weight, clinically
v

15 Cell cultivation
The V-79 cells were cultured in RPMI 1640 medium (Gibco)
supplemented with 10 % fetal calf serum, 100 U/ml
penicillin, 100 pg/ml streptomycin and 2 mM glutamine
(all Gibco BRL, Paisley, Scotland) at 37°C and 5 % CO, in
20 a humid environment.

Treatment of the cells
The cells (75 000 cells/well, 1 ml/well) were seeded
into 12-well plates ({(Costar Coxning, NY, USA) and

25  allowed to attach for 6 h. To some of the wells 1 ml

medium with 0.7 pg/ml TPPS,, was added (see Table 1), and
the cells were incubated for 18 h (5 % v/v CO,, 37 °Q).
The cells were washed three times with medium. The
cells were then incubated in serum-containing medium for

30 4 h. The medium was removed, new medium was added and
the cells were illuminated by exposure to light from a
box containing a bank of four fluorescent tubeg (Osram
18W/67) with the highest fluence around 420 nm.

35 Different doses of bleomycin were immediately added.
After 1 or 4 h incubation with bleomycin the cells were
washed once with RPMI-medium, 1 ml of medium was added




20 chenot her apeuti c agent (bl eonycin). Thus, it can be seen that for the
100 M bl eonycin dose a substantial |ight-induced increasgéiayg 005

cyt ot oxi Ciyig/o2@fasdgl eonycin  can be observed (” and in Fi ggeg/gihiosdde | ack
of effect at the | owest dose of bleonycin ( in Figure 24) 25 shows that
this increased cytotoxicity is not a result of the photochem cal treatnent
per se, since thIS sanple series receivé’ the same photochenical treatnent
ht -i nduced effects

as the 100 p ; rles tho t observi le |i
on cell survival rné%y%bP e 18 G FYEVEVBAt W8Rt of tunours
in a nouse i nmeausmeabw 3 MIiTelssayBal thd s( methopl dwdeakedaaba mce were

bred at the Ag 0 9 0 art ment
of the Instltute ftﬁﬁ%g?%%%,&é§§%¥%%ﬁbﬁgé %%E%% %ggé g%?%uéggF}DE cffic
pat hogen- f r ee PEFRdiEri dmsolupdee foamezipopgreducyi bynmatorhbndusnlAl |

procedur &s '@b%&ﬂﬁ&@éﬂdaéémﬁa%S%%&rhﬁd19%En?2eﬁgEgsggaEﬁgggga%gﬁvéad|um

pr ot ocol s appr.oy d by the care conm,t

Hospital, und&F g@ntrgpebyl H%R&WHGHQFalﬁﬁﬁgcﬁlzéoﬂﬁlyggei§ gafaedl Faes on
ani nmal melfareheTbellmlcéommUWednh@veragenaﬁbaﬁlgn(538“@@635 of€)cap) the
start of the %? h&ng&E§ ﬁa@gfmgzg egrgégéfgngg g&g 8% Heégexggrlnent

group. The W uman a ocar cli nona
propagat ed byZ288r pal 1sparpgnedt dSiigmai nMO, tHéABanrcwehm/nuihﬁ1ce The

t umour s 1ger e @bmaeqoholaoma@%weeyta acatp@gmgdngte%heﬁhtbg sol ution
I nj ected subcutagegusly on the ri each” nouse e tunour size

was neasured FGEB9PY Ehiwdtipkas grm&EERP£9tﬁE5§ﬁﬁFﬁg(Pﬂbsﬁﬁ¥%@ﬂdicular
di amet ers. Tumdnlawd)usithas cabcumabefldpgsssdfibeer. Cell survival

is calculated as percent of control cells not receiving
light treatment.

15
Results
Figure 24 shows that PCI with the "light before"®
approach can also increase the biological effect of a
low molecular weight, c¢linically approved

20 chemotherapeutic agent (bleomycin). Thus, it can be
seen that for the 100 uM bleomycin dose a substantial
light-~induced increase in the cytotoxicity of bleomycin
can be observed (W and ® in Figure 24). The lack of
effect at the lowest dose of bleomycin (¢ in Figure 24)

25 shows that this increased cytotoxicity is not a result .

of the photochemical treatment per ge, since this sample
series received the same photochemical treatment as the
100 uM kleomycin series without observable light-induced
effects on cell survival.

30

Example 24

PCI with gelonin for treatment of tumours in a mouge in
vivo model ‘
35
Animalsg
Balb/c¢ (nu/nu) nude female mice were bred at the Animal



following formula: 20 V= (W2 x L) /2 where Wis the wwdth and L the I ength
di aneters of the tunours nmeasured. 25 Treatnent The mni cezgemey raowomm y

al | ocat edyi@odfig0¢di fferent groups shown in Table 1 and Figg4i@prns299 St ock
solution of AIPCS2a was diluted to 1.25 ng/m in PBS and injected

intraperitoneally to a final concentration of 10 ng/ kg 30 when the tunours

had reached a vol unme of approximately -0 mB. 48 h after the injection of
Al PCS2a the tunmours were exposed for 16 min to red |light (see bel ow).

| medi atel y afPe@Rqamgnt &fpdder dngéisuts £o0 Crycest Beseaxsbnt Thea 2 ng/ ni
solution, i.enide Alravsedtireeedsdach it tapuiBbakhy frélecphaetWehg kept in

t he dark for week ter the injectio f..A1PCS2a 6 Ma 005 WO
02/ 44396 PCT/ éﬁf/ro £l [%egh f’Fé‘ataﬁeﬁtlb‘F%@mr un%&ispmr%sa}l?f?ﬁm nat ed
with a 150 W hHaivodenincnmd.ce Xemep ket rieiG4640)inf bhtrepmdnti witth 588 nm | ong
pass andg a 7%90%@&;1% fap%%%eh]' Lgeehgﬁah%ha@ éége%m@ttzaeaé mgﬂéma' S

m f oi t a the

were covered W th alum nrdn xce ove tunour area wnere_a hole
in the foil wiCAweddisahdeerium HepPlbrder unfgn FRatrofoby Bhanlesionad been

made. The tumBwigaleRniResed st guldaldhesPleh bkhihhil THIBHEeVO!l BABRS were
measured two or, three tlne%aper megkngg 12 d scrlged igfve. ce were
killed when t F&FulETSs O 8YEN2EedE meref SP-HpBrEEFnRLEl yabot The
fraction of eguesmir off the experifietdaps ahtlewei Lbudi aat Leashas mseear ed

(Tabl e , an h | u LN h a s recorded
(Fi our e 95) ek pe i B T e wEBE b RS RRb AR [ CCD 0T
and the occubpeficénotheypsgssntiastrdror vad Boopagsatadtby serial

transplantation into the Balb/c (nu/nu) mice. The
tumours were minced to homogeneity by a scalpel and 20
pl of the solution injected subcutaneocusly on the xight

i5 hip of each mouse. The tumour size was measured two or
three times per week by measuring two perpendicular
diameters. Tumour volume was calculated using the
following formula:

20 V= (W x L)/2

where W is the width and L. the length diameters of the

tumours measured.

25 A T 1111

The mice were randomly allocated to the different groups
shown in Table 1 and Figure 25. A stock solution of
AlPcS,;, was diluted to 1.25 mg/ml in PBS and injected
intraperitoneally to a final concentration of 10 mg/kg

30 when the tumours had reached a volume of approximately
100 mm®., 48 h after the injection of AlPcS,, the tumours
were exposed for 16 min to red light (see below)}.
Immediately after light exposure gelonin (50 pg total
amount in a 2 mg/nl solution, i.e. 25 pl) was injected

35 intratumorally. The mice were kept in the dark for 1
week after the injection of AlPcS,,.



20 il lum nation. GROUP TREATMENT FRACTI ON o TUMOUR- FREE No. TUMOUR- FREE
M CE 30 DAYS M CE 30 DAYS AFTER AFTER | LLUM NATI ON | LLURG Ny GO A5

Unt r eat edwlg 8244306 2 PBS + light 0/7 0 25 3 Celonin 0/8 0 p1aehasiet
"light 0/5 0 before" 5 ALPCS2a 0/10 O 6 Al PcS2a+ gelonin 0/7 0 7

ALPCS2a+ light 2/11 18 30 8 Al PCS2a+ gel on| n 45 80 + "light before" 26
May 2005 WO 02/44396 PCT/ GBOLl/ 05299 70 6%rom Table 1 it can be seen that

PCl with gelo Si N t he "I i ght before" approach (group 8) cured 80 % (4
of 5) mce fr}']'lrﬁ ellgeattmr%zur In contrast gelonin alone showed no

effect, neit héi?hamttlimqtg:a)wnﬁ Adrumirtate v&t(hgraomSOSW acdicgenndlamy ght
treat rrent (Wt@gﬁopﬁg%(%@ |t I nin g

Al PcS2a wit hout | i"ght treat rrent ?‘gl?q:le% gﬁﬁ%w any rae ?‘reTJgt [El%l b%ow cfﬁ'r%1
rate was seend r?%t%@cl'@}”tarﬂw J@%@“@)ttﬁlnﬁbéﬁloymwd@m t 0 Bhe

spont aneaus| y siisRARe ey dovEed hﬂtll’p\é(l@ﬂ‘{l%lllgl Fakie e tala%v*ae

observed for S recel vi ng.,A1PCS2 and i ght treatne due
to a phot odyng:r]ﬁ rr% Srasy <GP %‘Berﬁ faeg'to fﬁ&gpgr’r&g’ma af“ﬁ@‘a
presence of ge&l om liarlgteaneténa,n tties tlaﬁbmf fdaalma@:la& tadepewas matigni f mhant

| ower than what, 5 (80%
group 8). Si nce gel on| n on%otssjé?vw?%ha no e ect \%ﬁgfttsoever the high cure
rate in the PEPLYRSEH veafndeassredtaioned Free timgst Pes wkelcesof PDT and

gel oni niobut Meslohi®edUabo¥ed Mice were killed when the tumours
reach a diameter of approximately 20 mm. The fraction
of tumour- free mice 30 days after illumination was
scored (Table 1}, and the mean tumour volume in each
Ereatment group was recorded (Figure 25).

15

Results

Table 1. The mice were treated as described above and

the occurrence of tumours was recorded 30 days after
20 illumination.

GROUP TREATMENT FRACTION % TUMOUR-FREE

No. TUMOUR-FREE MICE 30 DAYS
MICE 30 DAYS AFTER
AFTER ILLUMINATION
| rnroMIvaTION |

1 Untreated 1/8 13

2 PBS + light 0/7 0
25 3 Gelonin 0/8 0

4 Gelonin + "light 0/5 0

before"

5 A1PcS,, 0/10 0

6 AlPcS,, + gelonin 0/7 0

7 AlPcS,, + light 2/11 18
30 8 AlPcS,, + gelonin 4/5 80

+ "light beforen"




synergistic effect where the PCl treatnment realizes the 20 toxic potenti al
of gelonin. Figure 25 shows the effect of the PCl treatnedt May t3HO5 nean

t unour Vvoigg®/daibgsonme of the treatment groups. It can bepggRiBofagdoei N t he
group receiving only gelonin (0) 25 the tunmours grew as fast as in aninmals

given a placebo treatnent of phosphate buffered saline (PBS) injection
conbined with illum nation (U) in ani mal S¥receiving only the

hot ochemi cal a but, I onin r wt.h was del ayed,
Eut t he tumur%gg}&g%gg %0 é-‘r (‘):\ﬁn % fer?( %ﬁ# ?Crﬁaf”é“ ?% 83y 4FtBP

i 11 um nation. then "ddghtadbefore” tipprasicl (grospeBVi rgrede sukl (gebﬁnl n PCl
treatment (0) )0 diRer ¢33 %@eﬁ@t’ﬁ%&?m;{h LBLUIB S COUEARE GPSEEved even

33 days after illumnatiaon ro or ex
vivo nethod f &ROWREr 8QuEtR§SE - ﬁ’ﬁlléé‘@remﬁtho (gﬁeu@y#a)sapromah@@m sai d

met hod eonprugmﬂgmcentaaaum;dﬁaudyagﬂt\Mﬁbﬁt&eﬁhouaaen&utlgap@s%agent

tact | t t
(r:rglnegﬁl Ie?gaflglmldr r a(?r Hlﬁlgg? O&q%eﬁ%u c\%“h?r éﬁpngﬁgguézgg(ﬁé%g’tq%fh@flfzect ive
to activate tHéghphétrestnenti Sigmgpupgent ,sh@iweaaynefﬁedtu r adilawi onrés
performed pri Qfatteo whide seghl Yl haEn‘EEIe%lﬁ%dognﬁ.ﬁth? é‘?:BH EEBbQBiLy

I ntracel |l ul ar conpartnent containin nsi
preferably pr idb‘P te éeFPQFl&laneQHﬁélYe déﬁa§§ieérh=ﬁ9e'éum@urnt oAai’as?W cure

i ntraceliloul ar ragempautge atho2 beABbsRrvied goer aﬁimaworeetamegﬂéggmcs
0 conpri si ng

l:(r)];'[ gg?flngg ar_ﬁ&goé H&n Fﬁ B‘tﬁgfeéog\é%g’%%: f Suéglﬁgzita P*‘Pﬁggﬁ?ﬂbcsal d cell
with Iight of thewapgl dBrDTh edfkett thatt waacﬁ.ndepenﬁbﬂtpbnt ahen5| tising
coent e o prkigrpareel bRl AckelBoal LA bon BEOALEL 100,
nol ecul e) . cure was significant lower than what was found for the
15 PCI treatment with gelonin (80 %, group 8). Since
gelonin on its own had no effect whatsoever the high
cure rate in the PCI group cannot be explained by an
additive effect of PDT and gelonin, but must be due to a
synergistic effect where the PCI treatment realizes the

20 toxic potential of gelonin.

Figure 25 shows the effect of the PCI treatment on the

mean tumour volume in some of the treatment groups. It

can be seen that in the group receiving only gelonin {a)
25 the tumours grew as fast as in animals given a placebo

treatment of phosphate buffered saline (PBS) injection
combined with illumination (®). 1In animals receiving
only the photochemical treatment, but no gelonin (¢) the
tumour growth wag delayed, but the tumours started

30 growing again approximately 15 days after illumination.
In contrast, for the animals receiving the full gelonin
PCI treatment (®) no increase in the mean tumour volume

could be observed even 33 days after illumination.




3. Anethod as clained in claiml or 2 wherein irradiation is perforned
prior to cellular uptake of the transfer nolecule. 4. A petiwgd 20x! ai ned

in any one of clains 1 to 3 wherein the cell is contacted with the
transfer nolecule at a tine point aftét-irradiation has taken place. 5. A |
met hod as cl aigredmksh cl aim 4 wherein the cell is contacted with said

transfer nolecule 0 to 4 hours after irradiation has taken place. 6. A
met hod as clainmed in any one of clainms 1 to 3 26 May 2005 -72 wherein the
cell is contaqgted wnt ot bettransfer ymieadk8odsebst anticlddindt at he sane
time as the irradiation. 7. A nethod_as clained in any one of clainms 1 to 6
wherein the t P@A§FELempRER Ut i/ TOSRLaeted GRth stif m&dhedf or 30 minutes
to 6 hours. 8.ofphethRd asn€d@iRd shRqah¥1ongi af £l 3HI®sknk@cIsiMbgerein
said transfer nDPecuIe is a protein, peptide, antibody or antigen or
fragment ther @9Pnt9. canhethiow &aid gedbdwibh ablye grelasfule donkel to 7
wherein sal d 4 208HEEC A0l L0 SOl eBAL) Ohnd! AUMRN: ICLER. oL
presented or expresse% on the cell surtface. 10. A nefﬁo as clarned in
clai m9 wheremwdtbaildgbel ¢£ a sraarelamoithenfpeesieve i g acalilvateélth@A nmet hod as
clainmed in an I 7 I n I, d; sfer lecule is a
cyt ot oxic druéhgggigLiggg%ﬁ%ﬁ%ggggraﬁﬁ%gé?% %%%ﬁgﬁé&b agﬁgpggsl to 7
wherein sai d peafsteednpt teculte itheacrlithéac aotake nol ecildemel8cule net hod as
clainmed in clgkn112 wher ei n sai.d nucleig@ac'd nqlecule i s.i.ncorporated
into a vector 8l 8But BE T Hretatas yORRT ARV U "9 SRethod as cl ai med
in any one of phbabsenditosildy adeercei préber by oseinst tdeSicegl1agent 1 s
selected fromthe grgug %fnsistiqg of TPPS4, TPPS2a, Al PcS2a and ot her
Stt7% v

anphi phi | i ¢ pHBFBgﬁn énolec into any intracellular
compartment.
2. An in vitro or ex vive method for introducing a

molecule into the cytosol of a cell, said method
comprising contacting said cell with a photosensitising
agent, irradiating said cell with light of a wavelength
effective to activate the photosensitising agent and, at
the same time or at a time after the irradiation,
contacting said cell with the molecule to be introduced

{(transfer molecule),

3 SRS S S TE TR T S Ta T T~ 5 F  WEa e TR
irradiation is performed prior to cellular uptake of the

transfer molecule.

4. A method as claimed in any one of claims 1 to 3
wherein the cell is contacted with the transfer molecule

at a time point after irradiation has taken place.
5. A method as claimed in claim 4 wherein the cell is
_contacted with said transfer molecule ¢ to 4 hours after

irradiation has taken place.

6. A method as claimed in any one of claims 1 to 3



15. A method as clained in any one of clains 1 to 13 wherein said

phot osensi ti zi ng agents are conpounds being 26 May 2005 2&3May 2005
5-aminol evulinic acid or esters of 5-aminolevulinic acid or

pharmaceutical ly acceptable salts thergof. 16. A nethod as clainmed in any
one of clainms 1 to 15 wherein said photosensitizing agent is contacted
with said ¢dielreifokhg @©1124i5h(§19>1n§apft:ieerwtehifrheadilaatriSdﬁr mpiefetably for
that period Jguedhat ghyy PLd Qnd Qank! & ga%g%ea £3;1eLhgd as claimed in
any one of clains t ereln sai ot 63ensitl Zi ng agent is renoved
after contact with said cell for 1 to 4 hours prlor to irradiation. 18. A
nmet hod as cl-ai mecA 'm'etﬁn one %11‘1 celdal msa%1 tg 17 Elr{arrlln one r both of the
phot osen5|t| si ng agen and andt 8MYnBRc ot e 18t tladiy

associ at ed \mhteln,elnotheoﬂiaxgﬁadmbaecume ﬁ)s oot e oErd m&lthrrehedul es

targeting rml ﬁu es % vectors - % h met hod as clainmed in cIa|m18 wherein
the carrier’ aFaét ngrR)Lfteecsul & VEEFor to which or with which, the
transfer molecule is attached, associated, or conjugated, 1is an

adenovi rus, @ pol.ycatjion, a cationjc li d or a tide or targeted
vector. 20. 8A mefhB§tasdchai ket &lna@ﬁmgn%%%&ﬁp d tPadsfer nolecul e
i s attachedwhereassesi@tehididt, melceQntUgat £t eit,VRehbeidepr ef erably an
adenovirus, and said vector is attached to, associated with, or conjugated
to, a carri éPtlF?Bfiéc?ﬁeam'tlﬁeé‘etanérPrﬁF‘%EEIeh%?e%ct or. 21. A nethod as
claimed in claim19 or 20 wherein said polycation is poly-L-Iysine,
poly-D-1ysine or 26 May 2005 -74 SuperFect(r). 22. A nethod as claimed in
claim 19 or 220 whelefhodagdl cledmisghile BRpi engsoDmRms 1 to 7

wherein said transfer molecule, or a part or fragment |

thereof, is presented or expressed on the cell surface.

10. A method as claimed in claim 9 wherein said cell

is an antigen-presenting cell.

11. A method as claimed in any one of claims 1 to 7

wherein said transfer molecule is a cytotoxic drug.

12. A method as claimed in any one of claims 1 to 7
wherein said transfer molecule is a nucleic acid

molecule.

13. A method as claimed in claim 12 wherein said
nucleic acid molecule is incorporated into a vector

molecule, preferably an adenovirus.

14. A method as claimed in any one of claims 1 to 13
wherein the photosensitising agent is selected from the
group consisting of TPPS4, TPPS;,, AlPcS;, and other

amphiphilic photosensitizers.

15. A method as claimed in any one of claims 1 to 13

wherein said photosensitizing agents are compounds being




23. A nethod as clained in any one of clains 18 to 20 wherein said carrier

nol ecule is a liposone or lipid based construct, preferabbymgpnt@mi ng at

| east one <cationic lipid. 24. A nethod as clainmed in any one of clains 1
to 10 or 12 to 23 wherein at |east 508 of said cells into which said

nmol ecul e is introduced are not killed. 25. A nmethod as clainmed in any one
of clains 13temipclepelEiir tdwid oradsaeroncstepninolevolioini aotés. 26. Use
of a reporte, ERLequle.and & PhologeasiLi siig, aaenkd.n the preparation of
a nmedi canent containing a cell prepared according to the nethod of any one
of claimse 1 to 24 in the preparation of a nedicanent for use in treating
or preventi a qgi di sorder or. infection preferably, for gene
t her apy, stﬂ%ﬁla |%gggﬁdi%%ﬁ%%ﬂﬁgép&ﬁsgngro?% ofnélﬁlWﬁ'lngvgﬁt cancer. 27.
Use of a tramstelnnedibtydtetandneritaziphosgsensid icimgcaganvias described in
any preceding. .claimfor the preparation of a nmedicament for use in
treating orS%ﬁgvgﬁir%gggfd?éﬁggg,%8P§8r85+°%rtqrﬁ%? 6 °%pref erably for
gene ther appreseirabl atfd @By PRASd LRSEINSE=16f dradh €at or prevent

cancer, wherein said photosensitizing agent and separately said transfer
mol ecul e i s 'COATABEE With cells or tissues of a patient and said cells
are irradiated with light of a wavelength effective to activate the
photosensitizing_agent and irradiation is perfornmed prior to the cellular
upt ake of 267May?2085hod 7855 GHiaingcadsf 8RYndhecef i dn tontfacel | ul ar

conpart ment ,heeat Al Hi N9 FRIDRRAQLRSENRL i NI gt REeEeEaply prior  to
cel lular uptake of said'transfer nolecule into any intracellular

conpart ment copgach wkdh #nid gieddd frn &l B¢ nd IRungherdion §&i d net hod of

cel lular uptakeqis.pgiforned as described in any one of clains 2 to 7, 16,
17, 24 or 25. 29. Use as clained in any one of clains 26 to 28 for

18. A method as claimed in any one of claims 1 to 17
wherein one or both of the photosensitising agent and
the transfer molecule is 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 the carrier,
targeting molecule or vector to which or with which, the
transfer molecule is attached, associated, or conjugated,

is an adenovirus, a polycation, a cationic lipid or a

peptide or targeted vector.

20. A method as claimed in claim 19 wherein said transfer
molecule is attached to, associated with, or conjugated to
a vector, preferably an adenovirus, and said vector is
attached to, associated with, or conijugated to, a carrier

molecule, targeting molecule or vector.

21. A method as claimed in claim 19 or 20 wherein said

polycation is poly-L-lysine, poly-D-lysine or



vacci nation, wherein said transfer nolecule is an antigenic nolecule and
said transfer nolecule, or a part or fragnent thereof, i86pregerdd or

expressed on the cell surface. ”

SuperFect®.

22. A method as claimed in claim 19 or 20 wherein said

cationic 1lipid is DOTAP.

23. A method as claimed in any cne of claims 18 to 20
wherein said carrier molecule is a liposome or lipid
based construct, preferably containing at least one

cationic lipid.

24. A method as claimed in any one of claims 1 to 10 or

12 to 23 wherein at least 50% of said cells into which

sald molecule is introduced are not killed.

25. A method as claimed in any one of claims 1 to 24

wherein the irradiation step is 1 to 10 minutes.

26. Use of a reporter molecule and a photosensitising ?
agent in the preparation of a medicament containing a cell |
prepared according to the method of any one of claims 1 to
24 in the preparation of a medicament for use in treating
or preventing a disease, disorder or infection preferably
for gene therapy, stimulating an immune response or to

treat or prevent cancer.

27, Use of a transfer molecule and/or a
photosensitizing agent as described in any preceding
claim for the preparation of a medicament for use in
treating or preventing a disease, disorder or infection,
preferably for gene therapy, stimulating an immune
response or to treat or prevent cancer, wherein said
photosensitizing agent and separately said transfer
molecule is contacted with cells or tissues of a patient
and said cells are irradiated with light of a wavelength
effective to activate the photosensitizing agent and

irradiation is performed prior to the cellular uptake of
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-75-
said transfer molecule into an intracellular compartment
containing said photosensitizing agent, preferably prior
to cellular uptake of said transfer molecule into any

intracellular compartment.

28. A use as claimed in claim 27, wherein said method of
cellular uptake is performed as described in any one of

claims 2 to 7, 16, 17, 24 or 25.

29. Use as claimed in any one of claims 26 to 28 for
vaccination, wherein said transfer molecule is an
antigenic molecule and said transfer molecule, or a part
or fragment thereof, is presented or expressed on the

cell surface.




