"~ adenovirus carrier.

Titl e: PHOTOCHEM CAL | NTERNALI ZATI ON FOR VI RUS- MEDI ATED MOLECULE DELI VERY
| NTO THE CYOSOL Abstract. The present invention provides % ﬁ&}?&ﬂ for
introducing a nolecule into the cytosol of a cell in which PRAYAOP i s
contacted with a photosensitising agent, the cell is irradiated with |ight
of a wavelength effective to activate the photosensitising agent and,
substantially at the sane tine or after the irradiation, the cell is
contacted with the nolecule to be intrpduced, particularly for use in
cancer treatnent, gene therapy and vaccination. 27 May 2005 WO 02/44395
PCT/ GB01/ 05281 - 1 PHOTOCHEM CAL | NTERNALI-ZATI ON FOR VI RUS- MEDI ATED
MOLECULE DELI VERY I NTO THE _CYOSOL Method The present invention relates to
a method of 5 introducing Aoité&ulCds THE NYEBNTIONsi ng a phot osensiti si ng
agent and irradiation of cells with 1light of a wavel ength effective to
activate the photosensitising agent, wherein the nolecule to be

i ntroducegpi (oF L.t h I arrier and in 10 particular an
e SEehRaTEN M?ﬁgg%ﬁgéeﬁ P%héghpﬁoHEMPB%FﬁeFLF@EEFeSSEBARh%I@&e of

t hi s met hagsd T ~d.e. the genetic nodification
of the celIgﬂggﬁgﬁggﬁﬁgn?ﬁﬁﬁ“%fggyﬁggkgﬁﬁﬁg?ﬁﬁ?§%§§e?“VEMﬁgﬂp@béﬁﬁized as
havi ng a | arge therapeqﬁAgI@@F@ﬁﬁl§EP£QAT%%$§gé%$§%ﬁEvarlety of di seases,

such as- cancer, infectious diseases Inc and bacteria
i nfections, cardiovascul ar di sease, inherited disorders such as cystic
fibrosis, 'immune system di sorders and 20 nmany ot her conditions. The

clinical devel opment of ganecrOO&DARY i RRVENSLoNSti || faced with many
unsol ved chall enges, of which one of the nbst inportant is to find

met hods for efficient and specific delivery of therapeutic genes to the
‘target cells in vivo (Verma 25 Som a, 1997, Nature, Vvol. 389, 239-242 and
Ander sofield9og, tNet ingenblion392, 25-30). Gene therapy can involve nmany
ifferent possible approaches and can involve transfer of cloned hunan
hes or genEseyresrnt Uwoheish aeleteH B 0eAesS 9F i 30 HSNES- SEgMENt S,
genes from of her. genones and organi sns, ol igonucleot ides and various
artificPErtakhBsuded ihapwbhfscehéprobfsaehaas, anhinsBPSedgRESs; -1 N current
~nmethods mapy .different_ carriers or vectors have been suggested for use in
achieviWﬁsgéﬂewa§%rt?%%%?%Fednfgémeliﬁera@yirésmenaspbeehp@éycationic
conpounggo cgtionic Jipids and viral systens can be nentioned, but as yet
in vivo  GeRENY et tes MRElR@tR bItivayarndose 1 AWy D2d 44808 £CHEB01/ 05281 2
little §FQ§$§€? an"onq:iih ﬁaq% kpnown drawbacks of the " current nethods are
| ow serum ‘st abili 1y oft THERALE o Fom | faRYiRF Bpeoid irlants n gene delivery,

tow ef ficlency. i ng delivery, etc, The use of viral carriers has been 5
appr oachét:aéd Wi t%ﬂ%dr ?L%'CSE'T a@roccé?ﬁ%&lg dRF T ke iard dired i ass siingal

el ementss, A st i c cause adverse effects such as inflammti on
Whichiﬁ?%ﬁgfiégq %H@1ﬁ¥ESéH£ invention also relates to a method

‘for making the separation membrane. Moreover, the present

invention relates to a separation membrane element, a

‘separation membrane module, and a sewage treatment apparatus

20 including the separation membrane.
Description of the Related Art

Separation membranes have recently been used for

purification of sewage and wastewater. Though various types

and shapes of separation membrane are known, a flat membrane

..25 called a microfiltration membrane attracts attention. The




of fset by enhanced transfer conpared to other nethods. The majority of

nol ecul es do not readily penetrate 10 cell nenbranes. Methods for

i ntroducing nolecules into the cytosol of living cells ar@80Mand®0bn t he
art and are useful tools for manipul ati ng and studyi ng bi ol ogi cal

processes. Anong the nost commonly used nethods are mcroinjection, red

bl ood cell ghost-nedi ated fusion and 15 |iposone fusion, osnmotic |ysis of
pi nosomes, scrape |oading, electerqga;ion, cal ci um phosphate and vi rus-

medi ated transfection. These techni ques are useful for manipulating cells
in culture, although in many cases they may be inpractical, tine

consum ng, inefficient or 20 they may induce significant cell death. Thus
such tEcH fgudsr 3 Eom gtergptaml i S arengea d by biotmsyl csd vl lavesdi cdd
research, or in therapies, where they are often not sufficiently

ef fi ci RSP HEACT QM e dbI e ey aloarly ifotamil igshl i cabl e for

technical reasons. 25 It is well known that porphyrins and nmany ot her

phot 0s E1Li4 i iSHF ‘@i dth s RAFPUSHAIE IR TG U & %N & cel | s and

ti ssues. These effects are based upon the fact that upon exposure to |ight

the phStOOLEVSR iTAMC c%ﬁ@&&‘mﬁf%&eﬁ;ﬁt&i@%rp 5 & &t ¢ 30
iybsta%%_ t§%9h69%1§gggkgt oxygen, or her oxidisin speci es which are
anmegi 1g 1o cell1uar WateriR 6 5i%hst 8t § &7 FFdithy HE étbr anes of
cells I t and such | lLul_ar_qr ne .danmage. may

event ustry B tietEe. RIS el BT AR e

treat f i NoF, g L., disordars, Jinel udin pecial ly
neop|g???€9§F§§§£g§§“§$heUE?E&?E@%F%%¥*n§§§3q§ﬁ§t8%@%5%?8 tog%a%%t(PDT) and
27 Mayn2QQ5a Q.02 44%95.RGT GBAY 082813 10Kl Vesrie a0y st rati on of
phot osensi ti zing ™ (phot ochenot herapeutic) agents to the affected area of

the bodyhefo ltb%\é%d JBY sRpReskRent AcpROLoACt ifvat bRAmpight 5 hBigkder to
activate the photosensitizing agents and S convert theminto cytotoxic

ifoor m  sheeebyehbe aaff;etleadecelhs @natkinkheda0k tRerbqprekdl ebative
potential dimnished. Photosensitizing agents are known which wll :

| ocal i sehprefiagehtiighl Water sekaehbyaliyyt @htihe mdesiteediharget site e.g. to
a tunour or other lesion. 10 A range of photosensitizing agents are known,
i ncl udinhgrapvabl ¢itzke cpsoeabendingheopthphybijest thebecliiatiemsdand t he

pht hal ocyani ns. Such drugs become toxic when exposed to light. Porphyrin
phot os¥hent £her pegesitydisecnryebypedsigenedeti tn ethiiexechdghgen speci es,
and are regarded as_ _particularly favourable candidates for PDT. Porphyrins
are navafar| pesweabiila§ypr 6barsbesoparehsiggnenesssivelyhensrepfes
particul ar, heme is produced when iron (Fe3+) is incorporated in

18r ot op®F pRYFERCEXCEPEER) CRYSLRG 209a6Fraficoint KRIeREYAB PEFHEERe! at ase.

Ppl X i@%an ,extreneLé Eotent phot gsensi ti zer, whereas henme has no

phot osEh&? ¢ FBP ML EFPRREE AlGariat JeoFepBPPhyRi ATEaEeBC BFRHBYBhFri n-rel at ed

hotosensjtisers,;are known in the art described in the literature.
P h{bh refectgon, Qhe water permeabffgty inevgtabiy decreases.

Accordingly, a high rejection and high water permeability
are basically incompatible. It is difficult to achieving
20 ~balanced compatibility therebetween.
Iﬁ addition, separation membranes for sewage water
undergo heavy collision of solid materials such as sand and
- sludge in use and heavy collision of bubbles during an
aeration process which is performed to supply oxygen into

25 activated sludge and to prevent clogging. Thus, the




25 The cytotoxic effect is nediated mainly through the formation of
singl et oxygen. This reactive internediate has a very short lifetinme in
cell's (<0.04 s). Thus, the prinmary cytotoxic effect of PDICMayeRBeut ed
during 1light exposure and-very close to the sites of formation 30 of 102.
102 reacts with and oxidizes proteins (histidine, tryptophan, nethionine,
cysteine, tyrosine), DNA (guanine), unsaturated fatty acids and '
chol esterol. One of the advantages of PDT is that tissues unexposed to
light may be left unaffected ie. thdt—-a selective PDT 35 effect nmay be
obtained. There is extensive docunentation regarding use of PDT to destroy
unwanted cell popul ations, for exanple neoplastic cells. The 27 May 2005
WO 02544395+ PSH/ BRbLQB_8hus ¢ haazeesh;fkat:%ﬁft%ehsigﬁcgltk.l_@ﬁg%hnu”ber of

phot odynam ¢ conpounds, al one or conjugated with targeting agents, e.qg.

i munagtebuki ps dikrctedete DRPREAS!I Csaehl hikBCeRLEhgERt ¢5M nants, naki ng
the conplex nore. cell 5 specific. Certain photochem cal conpounds, such as
hemat ppimphyl iy nbdenéviay i vies, pbavesf subberapee ann habekasinability to

| ocalise in malignant cells. Such nethods and conpounds, are described in
t he NeempegationpatmbtaiNe, A18310rand rashNor Wwegeanwpalénbeappl i cati ons 10
Nos. 90 0731, 176 645, 176 947, 180 742, 176 786, 301 981, 30 0499 and 89
1491 s PET hedhodse aperelsissuldepeatentiuping he destratibon of cell
structures leading to cell death. WO 96/07432 or the copendi ng application
WO 15007 S480@nan e theen Hareeas eigoneeenedcaded. met hods  whi ch use the
phot odynam c effect as a nechanismfor introducing otherw se

menbr ane- i nper meabl e nol ecules into the cytosol of a cell in a nmanner

whi ch does not necessarily result in w despread cell destruction or 20
-cel | death, in these nef RY{HE FOFellVENTEOBe internalised and a
photosensitisin%ﬁ:gcptO ound are aEPILed si.mul t aneously or_in sequence to the

cell's; up&i o e PRoPEEEFE" 2TV CSHp I & Cakd AHESA ecul e are
endocytosed .or in qther S .transl|l ocated ,into 25 endosones, |ysosones or
ot hero55 I?agcclecil} dt< -rneglr?b\r,\"@}r#ecﬁ C?oreesstl}?atctee’g"gblrﬁaal ¢ The nol ecule to be
tran t a ensi tisi compoun re. applied to the cells
togefdr11233381063&3'eg1 S‘ﬂeet’n'rlll ?Laﬂlfe%(t%fre er rlIeIfL ay&glelptﬁ'ataeq(f; d’iz;loned'S §8€g¥se%%uesn?i ally) and

are ten 4y dihe tRldodL9ether 108 £hg, %Egﬂ%lﬂdﬁé f\&f‘ééé’} g gonmpartnents

(i.e. are co- translocated). The nolecule to ‘nternalised wthin the
cel | ArddhRan JislRasest he s afnddift iGfl 1S tQ Jdgfitgof, suitabl e

wavel engths to "activate the 35 photosensitising conmpound which in turn

| eadselt®ddh&ordissiipaty aRkahgt hed RdRGe WA he@Rad.ment menbranes  and
t he subsequent rel ease of the nolecule, which is 27 May 2005 WO 02/44395

PCT/ GB01/ 05281 {

According to a first aspect of the present invention,
there is provided a separation membrane comprising a porous
substrate and a porous iesin layer on at least one surface of
the porous substrate, where the porous resin layer comprising a
resin, a part of the resin perméating into the porous substrate

- to form a composite layer with the porous substrate, the
following relationship is satisfied: the porous resin layer
has an average pore size in the range of 0.01 to 0.2 pm and a
standard variation of the pore size of 0.1 um or less at the

surface.




-5 Jlocated in the sane conpartnent as the photosensitizing agent, into
the cytosol. This nmethod was ternmed "photochem cal internalisatjaon” or
PCl. Thus, in these nethods the final step of exposing t hed May1 2009 o | i ght
5 results in the nolecule in question being released from the sane
intracellular conpartnment as the photosensitizing agent and becom ng
- present inthe cytosol. It was believed that in order for this technique
to 10 be effective it was essential that both the photosensitising .
conpound and the nol ecul e to be rel®ased into the cytosol were present in
. the same intracellular conpartnments when irradiati on was perforned.
However, it has since been found that 15 nol ecul es can be introduced into
t he cytoso# f b imLar | t t r.e .t.he exposure of the
cells to th?ggggﬁgtgﬁggeggggiF&gtﬁg%fgﬁgﬁdgggb%%%&at%?n‘ﬁgghods are not

depen@%%ter%ante@ebys@gg%ﬁr JTRERGW. & and aflh%i%&ﬁeé?iv{]ﬂf&pgcﬁgeﬂ%i gei ng

| ocated in the sane intracel lular conpartnent's at the tine of ht

exXposeb8e rkddsyah anMBEREdS oirth® PhoiRsSEDSi bl 81 pgh agent ., be contacted with
the cells and activated by irradiation before the nolecule to be
i nt er pakicsednandcrbhuspdekicvar adond ik taWosH {19, oeught into contact 25
with the cells. Thus, despite the fact that the nolecule to be
internalised and the photosensitising agent are not necessarily |ocalised
in the sanea kBbbagehdpdd SOMRAY YRALS At n bR 1o, Of ddght, exposure, the
mol ecul e still enters the cell and is 30 dglivereﬂE?o~?hé%£y osol . These
resul t SCRAEAHERR MPRY 21en COBPAILEiNE Rheoteoupehdisiydtet endati ppabus
appli cabkon 14§44 esh ot 3Q.Nevenber 2001, i pt I shiig Mot wegi an
Radi um Hospi tal Research Eoungatioﬁ, en?i€{é§%%§§¥%%%hfygsgrg Py of which
i s appEhtedoreietobatdate comprpoingedn BSgdrereifteyr nefiehentrg a
Sur pri ghRglys i S be und that the use of - PCl techniques in
conbinat?on %ﬁf%hgirg?%%bc €r£§%§ﬁ1gff M) 2505 S50 612 Xeh st M = 4RY i npr ove
t he vi ausenidi ateed gdnéhdelbvénypetoecat 0ol |intS nte phebashedbealatd eat nents
are in__ckin cal use (Dougherty et a 1998, J. tl. Cancer |nst, vol
90, 88599té£% %uﬁ?%@gﬁéggl??ygfew§é?yL%?mR9?QQ§ Sgggtﬁ8§8rfgﬂﬁé?ﬂ% effects,
t he technol ogy described has a clear potential for inproving both the
efficiency t specjificity of in vivo gene therapy. Thus, a first
aspect of tﬁggﬁ?égghtaﬁﬁvention provides an in vitro or ex vivo method for
i ntroducingc/m xal.ecule into a cell, said nmethod conprising contacting
said cell with a photosensitising agent, contacting said cell with the
ol ecul e to be introduced (transfer nolecule) which is associated with a
viral wigrdirel, rapdebbhadi @ld nth Sl Gelde Whkhobight ofp & - yavelgength
effective to activate the photosensitising aggnt.

represents the thickness of the porous resin layer, and C

'represents the thickness of the composite layer, and wherein
the porous resin layer has macrovoids having short diameters of
0.05xA or more, and the rejection of micro particles having an

average particle size of 0.9 pum is at least 90%.




These steps can be carried out in any appropriate order providing that the
eventual result is the cellular wuptake of the viral carrier and hence the
‘mol ecule to be introduced into the cell and internalizati &Msy30Qat

nol ecul e. No ot her nol ecul es except the viral carrier and the

phot osensi ti zi ng agent are requiﬁéd for performance of the invention. The
.term"cell" is used herein to include all eukaryotic cells including
insect cells and fungal cells and including somatic and germ cel | s.
Representative "cells" thus include all types of manmalian and non-
manmal i an animal cells, plant cells, insect cells, fungal cells, protozoa
and protoplésﬁ@lﬁﬁdaapé¢érqiﬂ§he m&mﬁ&hmamneehtSOﬁL@%bﬁﬁﬁéBJ@Bn nmouse, rat,

cat, de@narsheeR. oat cells. 27 May 2005 6 a
"InternaPFgatlgﬁ m%éyéﬁhﬁiﬁ?ﬁﬂﬁlﬁgnge?ePgr?%Ft?ﬁ?%ﬁﬁqtﬁbry of the nol ecul es

to be iand adgcatdbuntrediie Icetdrs oseretlidms Jf eyyatido dergid as the
"transfer nolecules"), with or wthout the viral carrier still attached,

t o t he poyeusolsublatratiks mhes @otrot@s ee'simt graRaid éﬁ_ﬂsﬂ S igliydes the
step of f. release of the nolecule to be introduced, optionally in

associ &ndopewineiatdinlg dmtgapraf oift $hei pakrotar sudist fatemed7 fidayn 2005 WO
02/ 44395 PCT/ GBCh/ 05281 7 intracellul ar/ menbrane bound conpartnents into
t he c?P@@@ﬁlﬁﬁdlﬁﬁ?rtWéﬁéath@rpbeousaﬁgbsmmedenowhheelmucIeus Once
internalized the nolecule is considered to have been "introduced” into the
cell in acc®drtladhce® with the nethod of the invention. The intracellular
nenbrane-r%a}rlcted conpartnent nmay be any such conpartnent which is

present in Preferably the conpartnent will be a nenbrane vesicle,
especiaﬁ%% ndosonme or a Igsosone However, the 10 intracellul ar

conpar Y EhE e ﬁ?gﬁe?ﬁEFﬁdEh hEhkﬁkﬁ?ssaﬁEaF%?uEOEPuﬁhéubﬁééﬁtasn1c
retICUEUﬁ1 £5 g % ceIIngr uptake" or. "translocation" refers to
one of the's ep% %f RIGEPTI2tPOntRn RATCRS nbretnl aver andi€i es

exter h eII nbrane.are taken into the cell such that they
are fgﬁ%%é§ %e?%o?h th ?%r°#$#$% CEPOS Hefibt 3% - e BYCERHBCYL 0si S

or ot hgfe JRPF [ chani sps, for exanple into or associated
with an |htf§%%ﬂﬁ% né%%?ane restrl%ﬁigﬁd%%ﬁ%qgh%%tlnfB?e2%@%&%nple t he

endopl e 0 aid @l 3 Cal i . PaPn b HoGRTER, cRneopRES oL, Aopropriate

"ol ecul es” to be introduced”i nto S RSESc St %he

associgt ed Wi ih Mkr§éssC§Ertﬁéssu¥fééé vectors or virus particles and are
25 sometines referred to herein as "transfer nolecul es” Such nol ecul es

are generally nucleic acid nolecules and nmay conprise a full length gene
to be introduced into the cell or a functional fragnent thereof or may be
for
o A fourth aspect of the present invention prov1des a
-separatlon membrane element comprising a supporting plate and
the separation membrane according the first aspect on at least

one face of the supporting plate.




exanpl e a cDNA sequence containing the conpl ete coding 30 sequence of a
gene or a functional fragnent thereof. Alternatively, said nucleic acid
mol ecul es may encode antisense RNA nol ecul es, ribozynmes, 3ptNaw2005
ol i gonucl eotides or triplex form ng ol i;gonucl eotides, or conprise
transcription factor "decoy" DNA and so on. 35 Preferably the nucleic acid
nol ecul es are from 10 to 30 000 bases in length, e.g. 20-10000 bases in
“length. "Associated with" as used herein refers to a 27 May 2005 WO
- 02/ 44395 PCT/ GB01/05281 - 8 nolecule which is incorporated into or
connect ed i P Sorfdh wgpeacs afvihal pregeriterinwamtdlonveeboides wiral particle
e.g. I pelels d Wit hin.t gggp f .said viral nolecule or separate to
sai d ggﬁ%%e 6%%%02%?%£gﬂajgﬁ?n FﬁgeWFFépgpﬁrticle. General ly the
ol ecul espaxation imbminchite b s hey o8 bordhbl o0 packaged, ol
incorporated within viral particles, i.e. encapsulate or |n%orporated
Wit hi n RPWGyalreovat myeapst ht Raferahd ysdheampl §pul gt 9,08, ransport ed
.is a 10 polynucleotide and is preferably inserted wthin viral construct
whi ch Bt coerthe posiawd ey ech el ISy i H868SS M Ys 1.9 %atqge t he
construct to becone packaged inside the wviral carrier. The ecule to be
t r ansp&it ddendgpsior peraesite e igitenathd Harcdus| anhderas Sid e, the viral
- carriers, genone. Alternatively 2 or nore separate nol ecul es contributing
t hese F@QPgFé§ené9Yeﬁewd§@dt@§ tesouishetibarmei el v reSychnd ral particles
may be_sel ected such that they may or may not be able to infect the cells
of thePP™8W AEE6FdIangr bpst heyavamage pofrectsitdee izeldre efanlfeeior own
accord BTcg tge% have been internalized within the cell they may be.
sel ect 230 shenlt at™ A s torndaiyd notr et bdh eof otharpess e ©ndogenous
ceIIngr1 hi nery in orgg{ to replicate and assenble new virus packages
to be Ssecr e&ﬁﬂ%ﬁﬁ%tﬁ¥ e gpifaceHowever, general |y, when used for gene
therapy or other in vivo applications, for safety reasons viral vectors
are usual ly disabled so that they can infect host cells but cannot
replicate, assenble new virions and infect newcells, i.e. nade
replicati onAi sceotipeigidat HF %@@hpgg§§g£epﬁ$gn§¥ygbgﬁ@%qgggeg out by any
appropriate . neans, but is conveniently done del'eting sonme of the viral
genes Toqul 7 e SIETRATARE PeFRIe abPivE iichg @pti onal |y inserting the

t her apguti-g1 9e0€ ! n i n_thei | ace. However, the
techng?ogy 35 geégr?%%%r?ﬁf?%?%eggﬁ %%a%%%ﬁéggﬁ %?goabéoﬁgéﬁgmjth

repl | cebheaisompetialsopar sl seaLABLLAS Lighat vi Tlses S Such as e 9. Lhe
ONYX- 15 (Khuri E.R et al., (2000), 27 ‘ﬁ/ay % g\/&%@?ﬁ@é%ri’ia?@Ol/OS%l
9 hat uremibaho 6s1&Téh 885moF i s pes k£ 3 S Liwar dins ki nase
encodi ng replicapion-restﬁ?itedﬁ?adenovirué%s such as dé%%@?%%%ﬂﬁé W | dner
and conwgrdmerss (Whsnest al BlpordNeredin layer on at least one

surface of the porous substrate, the porous resin layer

- comprising a resin, part of the resin permeating into the
porous substrate to form a composite layer with the porous
substrate, wherein the porous resin layer has an average

~ pore size in the range of 0.01 to 0.2 um and a standard

variation of the pore size of 0.1 pm or less at the sﬁrface.




(1999) er. 6, 57-62; Wldner 5 0. et al., (1999), Cancer Res. 59,

410-413), or e.g. replicating retroviruses as described by D. Klatzman
(oral presentation and abstract at ,the 8th Meeting of the Eﬂﬁbﬁggﬁ Soci ety
of Gene Therapy, Stockholm 7-10 Oéfober 2000). 10 The whol e nol ecul ar
entity to be introduced into the cell, i.e. the viral carrier

i ncorporating or encapsulating the nolecule to be introduced is sonetines
~referred to herein as the "transfer particle". Cenerally the nucleic acid
which is to be 15 introduced into the cell by the nmethods of the present

- invention is part of a viral based construct, e.g. a viral based plasmd

whi chaceawahts &esdai N, vigal Lyed. elepents necessary to enable the
construct to becﬁéne packageé’qi%%%%{gel?ﬁ%n Jr?%lp]%fﬁ’r]ﬂeérﬁvﬁﬁﬁﬁg@apsi d/ viral

20 velf6REMANE eipRANAtalSy coomeveingt hie NEeh £ 4r 2% theb® AB hB&ﬁﬁguced may
form paebrin I e.g. a plasmd and a second nol ecul e may be
present whi phgg'%?]?%eﬁgﬂét %gh %g ﬁ%%te‘gh‘?le%%‘%%%tf figFerpaedagdtbpnent of the
vi r al Petagr iEre pdict Hndonsainget he Hé rotedmleay @seln addition, 25 if the
action of the nucleic acid within the cell is dependent on the expression
of the protein encoded thereby or the production of RNA therefrom the
nucl ei ¢  aghdeihGonNyeident|ly ked by appropriate regulatory sequences
(e.qg. pronoters for %r?scﬁ:r itorj?gth%gﬁr Sé%/%ér/ gg‘Peé'%BlFé’sﬁrBngﬁstﬁe particul ar
- target T . tISFdRentegaParatys etenents iy kepdeht veq AR YL uses (e. g.
the GMEIRMURL AL -cgtgf&?ﬂfﬁ/i r;ﬁs) or any other appropriate organisns
and the design of appropriate W ral constructs to enable good expression
of thEBEIHE08 Meghgeded ehpmehesnaabieiac hatisd nddeswhs nahg Wald ~ known to

~ ~persons skilled in the art. For exanple, tissue specific or regulatabl e

pr onptEPE T84 CBeMgERdaNE 2T¥enayt 2006acOs0pA44895n PREhSBA4L05281 10

obt ai 21“ ssge or di sease specific or regul atable expression. For exanple

- the tisSUE"SpEEMPFESpRENDL BEParet BmonEesbeahéi conyr0singse peeBRLEr may be

- used. uggggg t abl grormt ers such as tetracylin-regulated 5 pronoters are
vel | known. “Nor 8" exanpPesudfrepbei fayevronragulesed pnompterscéhat can be

enpl oygd; present _invention can be found in Hart, I.R (Semn.

cnco|.,dtﬁ%d%?8% : i§9§ﬁﬁﬁﬁ%r|Whﬁ690%9ﬁsvm@¢em Ia¥ew GemeriShegapy, 1997),

Net t et begk and. Trends Genet., 10 2000, 16, 174-181) and Spear
(Anticancer Resﬂ.\/,%%l&rﬁ;‘,( TN PPIRe3INT b q Hehe afarmnzes therein. The

"Vir ol F A& e le with which the transfer nolecule is associated
can be any viral system C\grmg\ﬂsditﬁg ATt MSKSId W magroetsof this system

are ¥egapabhe ofassgciatl Wi th, incorporating or encapsulating the
nol ecul es V\:hiy%h are to ggﬁefg FolUE8d SRt ¢ h&ec&rnge Pfud- Odemeral |y t he
trangf.er pml‘ﬁwlgsst&g@aﬂqu%g( i t hi viral particle or virus capsid
and the terns "viral partic e%%r}r% @?ﬂ%sﬁ’%ﬁea?ﬁdze\ﬁﬁiaqi um

. or less at the surface, the separation membrane module being

immersed into sewage to be treated in use.

A nineth aspect of the present invention provideé a method for
- treating sewage, comprising filtering the sewage with the

separation membrane according to the first aspect.




20 vector" are also used herein to nean "viral carrier These terns as
used herein do not include viral based plasmds or g%RP %@ uch a
plasm d may be used to create the viygal carrier. Exanples A 55P priate
viral systens for use in 25 the present invention are.adenoviruses and
adeno- associated viruses, retroviruses, |lentiviruses, Herpes viruses,
bact eri ophages, influenza virus, Sendai virus, Vaccinia virus and

~Bacul oviru aden se e I

Bacul ov1 T BccBE 81! A Y AISTIUENSSHzpr 0ECHE. AR RRIEGE. MLINTT on,

. prefethedevmerndeﬁygtmﬁthod fse makihe amﬂdpatauﬂbntmempresent i nvention.

For u ng t.he invention, viral canriers nera ly form nodified
form;88 %é%% urQ%ISte curfrn%pp%Ylﬂ%eszi T 88 ?éBlB?oﬁertres and
nlnrnr391@08h1¢ﬂrao&@rpaéhogenycimylimenﬁrﬁmuouﬁdesasedhsrﬁejaffects Thus,
viral carrrers represent variants of viruses rqutinel used for gene
! her B0 B AT o BPE ST THER S (L B C TPy >0 08O LV B2/ 94305
PCT/ GBérip B8y poliréthyeéﬂe NgEpsentialimnd wdeghif habkageonponents from t he
source virus. used herei %ﬁ$hotosensrtrzrng agent” refers to an agent

whi cmr%ew%%gﬁh 7 %ﬁdl et 0diG pe s&'hﬁpﬁ*raﬂeat FORPOReBhot Pt i vat i ng
lighta ds1Eay@nftedat 01 8as€Yd@d Oxierf Y 190G PbyBEsrise to a cytotoxic
speci es. The photosensitizing agent to be jysed according to the present

i nversulet rate daviisgdies temeti tancb Pprieferghiny odi fifeersenito tiotheat r ansf er

mol ecul e) is conveniently any 10 such agent which localises to’

i nt r geeltivicartilgompalr teeAmpr qearaticc i Ip rvdosorst it ¢ yebblonke A range
of such photosensitising agents are known in the art and are described in
t he ISolaeatyr &nd Aemgdsaga Ahenpger0m Fabsatcod vy e made in this
respect of di, 15 and tetrasul fonated al um ni um pht hal ocyani ne (e.g.

- Al PCS2RFY laRiogn Reéh F@PFéﬂﬁéﬂﬂ ﬁor”ﬁ’r’ﬁ‘ﬁ@slvc?ﬂﬁP§9 CHAIE 2% ueiCchiorine e6
derivatives; uropaqrphyrin | phyl | oeryt hrin, mat 0 o nd met hyl ene
bl ue TRiCh 2K FE BEER EhBRROHS I‘-”&éah”e ]1ar¥eéné|’6’sc}ﬁl€s Séﬁ%fr %}% ’gn‘g}%e of 20

~cells in cult r%tr hrs | ocation is in nost cases due to endocytic
_act i POEYIETH A&“phot osensi tizing agent is preferably an agent which is
‘taken up into the internal conpartments of |ysosomes or endosones.

However, other photosensitizing agents which |ocate to other 25
intracel lul ar gonpartnents: for exanple the endoplasmc reticulumor the

CGol gi apparatus nay_al so_be used. i vabl e that mechani sns
may be at work vvhgi'{{EEFt HESE]R{[@&TQNOP'E} HE%PWCGJ treatnment are on
ot her conponents of the cell (i.e. conponents other than 30
menbrane-restricted conpartnents). Thus, for exanple one possibility may
be that the photochem cal treatnent destroys nol ecul es inportant for
intracel lular transport or vesicle fusion. Such nol ecul es may not
necessarily be located in nenbrane=restricted conpartnents. 35 Cl asses of
sui tabl e photosensrtrsrng agents which .




‘may be nentioned thus include porphyrins, psoralens, phthal ocyanines,

- purpurins, chlorins, benzoporphyrins 27 May 2005 WO 02/44%?
~PCT/ B0 /05281 12 naphthal ocyani nes, cationic dyes, tetr @@V?Rg% and

| ysonot ropi ¢ weak bases or derivatives or precursors thereof (Berg et al.,

J. Photochem stry and Phot obi ol ogy, 1997, 65, 403-409). Ocher suitable 5

phot osensi ti zi ng agents include texaphyrins, pheophorbides, porphycenes,

bacteriochlorins, ketochlorins, hqnq§qporphyrin derivative, and

derivatives thereof, endogenous photdsensitizers induced by

5-am nol evulinic acid and derivatives thereof, dinmers 10 or other

conj ugates between photosensitizers. Preferably the photosensitizer is in

free form iELg. dotiscénjsegardda ¢lawr romheramgremdl edule suEfpeei al | y

preferably the photosensitizing agent is separate from the viral carrier,

ie. is @f dt sTeRAEA N tNEMMHGRS FCar ding protBPeHRGE iz erf dye al ternati vel y

be associated wth, attached to, or conjugated to, a carrier or other

nol ecul RF e sV HEL L MHerei nafter, e.g. attached to a targeting antibody

or coupled tQ a carrier such as polylysine. Alternatively, in certain

,9-2% Lok

ci r cumst ancés e pRGEIEERSI € GORgEBRHCIREFaPE &t AcKEQSEO,

agsoct e i hor conlanl sd Lo Lie VLA SO o BBt i hereo

ool eriail B osgnS Slg agent s Trnclude TPRSs 25 TPPsea, A1PCS20 and
[rveni | on peoyiiss Bethods,l oL hotbe pRoLaSERSLAI glng sgemLe, ore
or Prameeus ol Acoenialle. 0sehts Uetopbut uchiears he

t he ALgfeQ%%r@Teswg&eigﬁghkg@hgrIy, the ALA esters for use according to the
invention are esters of 5-aminolevulinic acids 35 with optionally

ubsti t ut edrabkanols, a k€analky! cBSEEFSn RALcsYgsLiphubedsabkykesters. 27
May 2005 i WD 02/44395 PCT/ GBOLl/ 05281 13 Conveniently, ALA esters which

‘may besesedoar ef chepeepdsadfiohofmehbaahe acBENICHI0QBH2OGHRERTORE (1) 5
(wherein R1 may represent al kyl optionally substituted by hydroxy, alkoxy,

acyl oxEXANPEEX Lcafbohyl pxyeseamm hayeatybpn;oxo or fluoro groups and
optionally interrupted by oxygen, nitrogen, sulphur or phosphorus atons;
and R2, 10Figach b$f ahschnmiyg belé¢dtiersmamiorogirdpierenta sepfasents a
“hydrogen atomor a group Rl) and salts therof.
of a separation membrane according to EXAMPLE 2 of the
15 present invention;
Fig. 6 is a scanning electron micrograph of a cross-—
-. section of the separation membrane according to EXAMPLE 2 of
the present invention;
Fig. 7 is an exploded isometric view of an element
20 including a separation membrane according to an embodiment
of the present invention; |
Fig. 8 is an exploded isometric view of an element
~including a separation membrane according to another

embodiment of the present invention;

25 : Fig. 9 is a partial transverse cross—sectional view of




1Bhot osensi ti zi ngPE§EREPFIONr 8

The substituted al kyl Rl groups may be nono or poly- substituted. Thus
suitable RL groups include for exanple unsubstituted alkyb H@%ﬁg@galkyl,
hydr oxyal koxyal kyl , 15 pol yhydr oxyal kyl , hydroxy poly al ky 8 kyl and
the like. The term"acyl" as used herein includes both carboxylate and
carbonate groups, thus, acyloxy substituted alkyl groups include for
exanpl € al kyl carbonyl oxy al kyl. I n such groups any al kyl ene 20 noi eti es
pr ef erabl y -have carbon aton1contenL56dgfined for al kyl groups bel ow.
Preferred aryl groups include phenyl” and nonocyclic 5-7 nmenbered

het eroaromatics, especially phenyl and such groups may thensel ves
optionally be substituted. .25 Representative substituted al kyl groups Rl
i ncl udéheyademand miowm|ikoXEiat-hyl; and al koxypropyl groups or
acyloxyneth%%, ac%quyethyl and acyloxiprqpyl groups eg.

pi val oyl oxyfedhylll PSefefregsasrcEareps vopwusakas phengsbhetYz¥ng 30
agents ,accarding to the invention, include those wherein Rl represents an
unsubstit dt@t #’kyl group and/or each R2 represents a hydrogen atom As
used herein,.the gennll'aLkgl" i ncl udes any Iong or ;short chain,

strai ght - chBtfed dr 16r 3RchSAMEETpRaliE” 85 darafaledinrlafind (? at ed

drocarbon - group.. The unsaturated _ al kyl groups may be nono- Qqr

gzlyun %Pﬁ?&ggg °§n3HFﬁ€Pﬁﬁeuﬁ&Pﬁ gﬁﬁeﬁﬁPgéﬁglgpk?ﬁ?BraPSHp§? Sich 27 May
2005 4 / 1/.052 - 14 roups. _my contain u 0 40 carbon
atOnB.wgg%ééér%%§a$§}#E§ o&%% %éﬁFEP%Fnagﬁﬁrﬁén?0¥8ggﬂg,pﬁﬁ?gnéreferably
up to §,yapd;iespecially preferably up to 4 carbon atons are preferred. 5
Particul ar nention may be nade of ALA-nethylester, ALA-ethylester

ALA- propyl egier, 1 ALA; hgx t L £§%F er Angd, tylester and
salts thereof? m%?kﬁs %e%%gieﬁ%aféxéﬁﬁre %%%? §%n5|t|§%ﬁgﬁggents for use
accor dna@ihg WBeekNU8MhbOBhel séPaTheiBRIHOMS et BECPLESEGL LS NYEAL i ON MRy
be used in wvitro or invivo, elither by systemc or local "'treatnent in
19i tu, prebyneximi¥attibaat gaAt fol l owed by the administration of the
treated cells to the body. For performance of the nethod of the invention,
the 15 stefpigofl3 contactingiethic celdw off tdh & phedrosensiTising a agent and
separately with the viral carrier may be «carried out in any convenient or
desi r edepayat Thuspemnbrahheacoatdthgnygo shepthsr t embed trasiit esf otlie in vitro
the cells may conveniently be maintained in an aqueous 20 nedi um such as
for exphpsentppnopntave.cell culture nediumand at the appropriate tine
poi nt the photosensitising agent or viral carrier can sinply be added to
t he nedi um under appropriate conditions, for exanple at an appropriate

concentration and for an 25 appropriate length of tinme. The
%gﬁﬁ‘iHBSFEBREECEMBODIMENTS

The separationrmembrane according to the present
invention comprises a porous substrate and a porous resin

layer, which functions as a separation layer, on at least

20 ~ one surface of the porous substrate. The porous resin layer

comprises a resin and part of the resin permeates into the
porous substrate to form a composite layer with the porous
substrate. In the present invention, the porous resin layer

does not include the composite layer.

25 ' The porous substrate supports the porous resin layer




with the cells at an appropriate concentration and for an appropriate
| ength of tinme which can easily be determned by a skilled _person using
routine techniques 30 and will depend on the particul ar ph@P&@%ﬁ%“Fizing
" agent used and the cell type. The concentration of the photosensitizing
agent nust be such that once taken up into the cell (e.g. into, or
associated with, one or nore of its intracellular conpartnents) and,
activated by 35 irradiation, one or- more cell structures are disrupted
e.g. one or nore intracellular conmpartnents are |ysed or disrupted. For
exanpl e photosensitising agents used in 27 May 2005 WD 02/44395

PCT/ GB 5 t.he anpl her ein y be used at a _cqgncentration of
f or exgagr]{p e %%_]i%éﬂrg?nrﬁ% g%(e%ﬁ]fl Iiﬁqad:rarﬁ%r?r{/ir? L - t i®%ange can be .
much br . ..05- o . «For__.in .viywvo human treaf nents the

phot osensi t !lch ﬁ[bagcaegrgr?tol%rrga%q% lggjl{gsaél& G & at%ee%lraél“nsgecaﬁl% 7A] ergtg/al?g t_%‘(?dy wei ght
when  aeiid St U eBERld Y 0n O iR 14} A SIS Pl PP cal
application. I'n smaller aninal's the concentration range_nayebe di fferent
and cansibR-cadinést ed-e gq%rtmeq@hy:. 1ok #feygper%fbllen%q%tlj on of the cells
with the photosensitizi'ng agent (i.e. the "contact™ tine) can vary froma

few m RUIRS Had «3e\Weica v R Br chwoRaN fibril® 48 ROWLS @ figager. The tine
‘of incubation should be such that the photosensitizi'ng agent is taken up

by thesuth apprenvaieecelibers, Teglunewkatiranekathe ragklks With the

phot osensitizing agent may optionally be followed by a period,of

i ncubapicdiyesitelr fhbeasenpollyprogyiieae medicus, batiopeliybengekhs are exposed
to light or the transfer 20 nolecule is added. The transfer nolecule can
be anyfAbelrsi.c doi gartmkedalre asndoseunssetirabeverangriegcbablight into
contact wth the cells in association with a viral carrier at an

appr opPegegseoibencratiron/ désdgesahy fier eanyappdopheahen®bveangt h of tine.
An appropriate concentration of viral carrier can be determ ned dependi ng
16h thefapriieserey bf repdaky prodheedaritbr redugadstiehsinto the cells in
question and the final concentration it is desired to achieve in the
cell's. One Bf31HlEifPrESY nhha et ayessEosofathedeme »Pt FRIVE @ conj uncti on
with a viral .carrier is that |ower doses of virus particles can be used to
obt ai nSPhEISARBCeFEFEPERRY LBF FP%nBF%C%Plo%.@?PﬁﬁagonOmeWPﬁégefemer vi rus
parti cl

Do dop@iileRt SOATT R S5 (Y pER bk PP S BSBAPEEAACe | GRUSREVRVECPBRPRal | one.
ot ardet Tr el P anaeb BHLERL oo Rukl Por8 e SERESS i obha BBE BT GBou 05281
10, ek IV YA MIREE o SSHAPL T " €1
more preferably 70 pm to 500 um.
As described above, the porous resin layer functions as
a separation layer. Examples of materials used for the
porous resin layer include polyethylene resins,
20 polypropylene resins, polyvinyl chloride resins,
| polyvinylidene fluoride resins, polysulfone resins,
polyethersulfone resins, polyimide resins, and polyether
imide resins. These ;esins may coﬁtain other resins, as

long as these resins are primary components. Herein, the

.25 “primary components” means that at least 50% and preferably




formng units (pfus, infectious particles) would be injected per
injection. This would usually correspond 5 to about 105 to_1015 virus

physi cal particles, since in‘a "usual" virus preparation BHPVWéE@ét 1% of
the virus physical particles give rise to infection. For
‘replication-conpetent viruses doses even lLower than those given above may
be effective, e.g. as low as 103 10 particles, e.g. 103 to 106, 1010 or
1015 particles nmay be wused. On the other hand, where systenic

adm nistration is used it nay be ﬁéé%§§ary to increase the dose. A further
advant age whi ch has been observed is that greatly inproved efficacy of
transfection can be 15 achieved,. even up to 100% of all cells in the

exper i nentledrei g e ramh sftec tathvdlsi e ik niswncdret iadsd . sugtod ewiesse wer e not
previ ously possible or required prohibitively high virus doses. Thus,

pref er atdsing herargitvoeradfl e e 1 yinvent | dnl achdeve=diransf ecti on of nore than
50% 20 especially preferably nore than 75, 85 or 95% of the total cells.
Thus " tacdrisfigetiiotena fguagrideceldaiires, uyptlakailtfion®’ rdsdms,hendral carriers,
ie. the contact tine of the carriers with the cell, can be a few m nutes
or up e lysdharsplfomes refsgmnsexdmsice & inamsireds asadinty dforfrasm 10

m nutes until up to 10 or 24 hours, for exanple 15 mnutes until up to 10
hours FEForthesmfiesits oy 30 soluhids RGeS upnd thess sdmss hours can
be used. An, increased transfection time can result in increased 30 uptake

of theqﬁﬁﬁﬁ%5’Qﬁg HE§F@8&?a9iF§F-G§WWPé@§ R8P 15& S8GF1SI-ed THE SIS af ter or

carr| PEoRay BahgRETEd oo ORI LIRS Fop00e0a0d ROHS R er

i di at.iQn, e.q. .35, 1..2, 4,.8, 1 1 12 h ft

1 ad SPrSRinta PORaTE L RRRe Edferdciath thRe PY LA Vo sPPPRRS Ao cel

be t Lelx i .e.9...27 May_ 2005 02/ 44395

- POY Gao/ 0so8E EAEckReFEI St PEag SERURR MELLE Pavél e R RdRCE R it s, such
@s fOriASeRbNubasel 0e21NAH] Soo Seb Lo 230 Hou! ggeﬁ\é\k%lga&ﬁ' Led before
e, e he r

irradiation, this my I or exa , In 't 2 hours precedi ng _

i rradi 8hheB, of G- php ¥8 MEEh? 245 sNOWiF1REAEEY RE:hM HRFLAL 2o i0Pt onal l'y
wth an interval in npdlun1free of the viral carrier. It wll be

appr ectaugdst Bapokheibhmerathewsdrbak subarsheeti eashinigHghigontact of the
viral carrier wwth the cell is difficult to control inin vivo 10 .

appl i catihessonHoeventafonbacs tbmehBayokeusoBlipetkate.byIappuenr kate
contact and washing step when perforned ex vivo, in vitro or for sone

types ofskpcahe &ditnasioatpoassibe photosansebiksi Agdagrat and the viral
carrier 15 associated wth the nolecule to be introduced can be added
1separ afel yepingogerherméncé heagehbs ba adsaocedofuffighéntly after :
treatnment/irradiation as described in W96/07432, W000/54802, and the
copendiaghapgl i cAt sbonafieametly thick porous resin layer may cause

a decrease in water permeability.

Part of the resin of the porous resin layer permeates

into at least the surface layer of the porous substrate to
_20 - form a.composite layer with the porous substrate at least at
the surface layer. The resin permeating into the porous
substrate is firmly fixed on the porous substrate by the co-
called “anchor effect” and is not detached from the porous

sgbstrate. The porous resin layer may be formed on one

- 25 surface of the porous substrate or the porous resin layers




hereto (international patent application filed on 29 20 Novenber 2001 in
t he nane of The Norwegi an Radi um Hospital Research Founda%hgp, entitled
"Met hod"), or the photosensitising agent can be added to 2y AP first,
followed by the irradiation step and then the addition of the viral
~carrier as described in the copending 25 application appended hereto. In
the latter method preferably irradiation is perfornmed prior to cellular
upt ake of the transfer nolecul e (hej%)yhe viral carrier), especially §
preferably the transfer nolecule is “contacted with the cell after ?
irradiation, e.g. 0 to 4 30 hours after irradiation. Alternatively, the
cell is contacted with the transfer nolecule at substantially the sane
time astd¥ kel dh tersuichaize s Heérealli atibrils aprars efadior be
performed prior to the cellular uptake of the viral 35 carriers into any
i nt r aceldfi%ar T dgRaFidachtoto T t¥rfagmoh e | aRRFralptk svemgroviali ng t hat
the phatgsensitising agent has been taken up into'the 27 May 2005 WO
02/ 44335 BcFrEor PermepdLlify iGRY fRe1TeAdr L ® @ drentst itheadvance of
irradiation. If both the photosensﬂ%i ing agent and the viral carrier
have b&STIHkFUS iTYSE Toh & G EBELee! E‘Lﬂsé’rn ctd%i)agr‘frrﬁé}ﬁes‘s' % he cell at the
td me of_ _|ight .exposure, then the.5 viral .carrier_and the .photosensitising
asl)gent ray q:tegitﬁooc(eiee LS 78S Aidd TG ﬁ@brﬁeﬁﬁﬁ%q lﬁnarusecdgrqﬁfart ment s
~at the_ti f. .l j ght ure. Further. detail qn the ti.m ng of addition of
The vari dand Gl HE RS ERrll Mi%in dRVEre B W B s ot 10

docurmepls nRRGAAAZ7 Rid WB00L34802 80 aue s LG LROR é%%i%%ﬁ'%%ation

attached hereto, the contents of which dre 1 ncorporated hérel

refere@%ﬁmmb%rﬁ%ﬁle%%nkheFF%rbthst@@QQE'Q WRIIGR Ge el Blor @ riers my
be brought into contact wwth the cells an 15 still be taken up and

i nt er ngklksad 1Byetrie a¢el beokaYeddeReBd LN st rakedl Y tt baehopsroueh as for

. exanple the cell type, the particular carrier in question, the particular
1ghot osessiihi 3apgrageatl; usedonanduble duratighnthel cbhgokight 1bkeat nent. This
time window can if 20 necessary be determned for a particul ar set of

condi t bensagntbewddlsdohe imabliswi t hi n t he bounds of ‘a person skilled in the
art. The time at which the viral carrier is admnistered wll vary
dependi ng obhehetherat hen me¢iilodsne aaecbedingg 26o cane i pdesemtin vitro or in
vivo. For in vitro methods the viral carriers can generally be brought
into coAvastion hasaph aneragegeoreetiismstewul tantbaskgngeeoft Relti ne of
adm nistration coincides wth the time of contact, e.g. if the cells are
gr owi n™ rFaard 5 Wt padcal shpedasd dadiehdoni pfi porel aizeeby 8ady to bring
the carriers in contact with the cells at an appropriate tinme point. In
1vi vo hidWewst lasve adt dfrosiedmcsctaihdha morarsgyatesdal 1avas+ h T vir al
carriers is clearly nore conplicated and. will depend on the node of
adnini%??%f?%ﬁ?nt% §%%eo$a isfying such ranges exhibits both a

high permeability for a long time without clogging and a

high rejection, which means that fungus and sludge do not
leak; A smaller average pore size may cause decreased water
_20 | permeability. Thus, the average pore size is preferably at
least 0.02 pm and more preférably at least 0.04 pnn.' If the
porous_resin layers are provided on two surfaces of the
porous substrate, at least one of the porous resin layers

must satisfy the above conditions.

25 - . The average pore size and the standard deviation are



35 viral carrier and the |ocation of the target cells. For exanple, where
the viral carriers can be admnistered directly to the target cells, e.g.
by injection, then 27 May 2005 WO 02/ 44395 PCT/ GBOL/ 0528130 May 2082 vi ral
carriers will come into contact with the target cells (or at |east a
proportion of them) relatively quickly, e.g. in a matter of mnutes or
hours after admnistration. 5 If on the other hand the viral carriers are
adm ni stered by intravenous injection.for a distant target then these

“carriers may take a lot longer to cong “into contact with the target cells.
For exanple they may take 24 to 96 hours after adm nistration to reach 10
the target cells. This "journey tinme" wll have to be taken into account

i n decidfitteyntimeda sy icat elitdmeteaats athiadl tol cathpaviest evhitdie Qs ale carriers
relative to the administration of the photosensitizing agent and the tine
of irr&fisanved iThe semapecofsiVer athony 0. éounsdyiBempling o the tine at
whi ch the photosensitising agent is adm nistered. However, unlike for the
t r ansf &legisiodc e rascary iafper Mmaanitfisa ttivins cfgerdto . $W8ul d be adni ni stered
sufficiently prior to irradiation such that on irradiation said agent has
been t aken %E At BOhnc282EnthdcEhPURRPVEORBABENEAt th¥hBSTEORAYERI ent |y sai d

ent j.s.applied 1.to 72 hours prior to irradiatjon, e.%. 4 to 72, such

5 4 t §BETIPUEPE 2% REGESETRRLSr POt il &4PRGS6R. aggdiod lows -di scussed
above pn connection .  with the step of bringing the viral carriers (and
hence gggntﬁ et?&ﬁgggfdngﬁgéﬁﬁé§P P%f& EoRPAEt SHZER EfESEEs! §-1the tining

f adm,ni st I : t hot i tizj t i | at}) tq the ti
poi pt Bt b RSt ot BT oh Tha s Het AUt FIStaeer eve
Phot 0sgnLblal B0:08ILL A oLeaBl LR | akgRL oSLl g apd be aken up by them

This 30 tine may vary depending on whet £he et _ ! g carried
out. 1 Nkl 9y0pelleXtYOuaRd o cHBeLbEr Ry 2dpLALILER! fafnkandirect to the
target tissue or is at a distal site. I'n Ef ases, I't rs inportant that

1ohe p@ghgﬁeb§iahziﬂgrag§@a_Ba§m@§sm1£a§eatUanxnﬁbﬁagaEES§e35 cells before
irradiation takes place. Said agent nmay be maintained in Co

~cells B@HEdb@tﬁéyeﬂppéﬁmehtégdg@ékgﬂenﬁigll Oﬁhéoﬁgh4159gzg PovEs,
preferably 4 27 May 2005 WD 02/ 44395 PCT/ GBOL/ 05281 20" to 24 hours, e.g.

12 to Péradvgnsmaveridy peereperedallpnt16g8t a6bskMBdyatepyrpsi or to-
irradiation, e.g. for nore than 5 mnutes, e.g. for 10 mnutes to 8 hours,

e.g. lduhimg ¢on¥imnods hsewsgeénpageatsinge nedi ymasdier srdyum 5
~containing the transfer nol ecule. Thus, although the situation in vivo is
more eoapléxaradtitbesiarei stolltheefnmtersyéagl godeepeasind hehe present
invention is still the sane, i.e. that the admnistration tinmes nust be
18uch t¥Rehatomecalpi irrndoht tlon veparat bon appriopanat e @reunthef t he

standard deviation of the pore sizes is within the above
range, such a disadvantagéous phenomenon seems not to occur.
Preferably, the separation membrane according to the
present invention satisfies the following inequalities:
20 B > 0.2xA, and
C/B 2 0.1
wherein A represents the thickness of the porous substrate,
B represents the thickness of the porous resin layer, and C

represents the thickness of the composite layer. If the

25 thickness of the porous resin layer is smaller than 0.2xa,

ntact with said.




phot osensi ti zi ng agent has contacted and been taken up by the target cells
~and either: (i) before or during irradiation the transfer_nolecule (and
its viral carrier) has either been taken up by the cel | s,3¢May2PP5 15 pe
taken up after sufficient contact with the target cells, into the same or
different intracellular conpartnents as the photosensitising agent or (ii)
~after irradiation the transfer nolecule and its associated viral carrier

is in contact with the cells for a period 20 of tine sufficient to allow

its uptake into the cells. Optiomally,~the photosensitising agent may be
attached to, associated with or conjugated to one or nore carrier

nol ecul es, targeting nolecules or targeting vectors which can act to

faci | i t:plee s@renB@hease ite £33 URake OfnHehe photesensiitdy@ng agent or can
act to target or deliver these entities to a particular cell type, tissue

or intkaeelatliar coanpar tsiRtle rEXarpl €S 19f thealoirefsS ¥eisams liajelude

pol ylysine (e.g. poly-L-lysine or poly-DIlysine), polyethyl eneimne:or
~dendr i mersli(le. getaChealt iferinC tthen goirmriss ssibeh raseSupenFatis) or ot her

pol ycations, dextran sul phate, different cationic lipids such as DOTAP or -

| i pof econtmaary, caffi dhiec raitpicdS/Bf dsmekated raithbrd 1'vhdlapee, | ithied" such- as

DOPE, |iposones, reconstituted LDL-particles, sterically 35 stabilised

15 posomatesr pgirfitabant tyamtiildl decderiseed Thom, thealragyst €8 such as for

exanpl e adenovirus, lentiviruses and other retroviruses, adeno associ ated

27 May92065alWp gatia895spthrGBollontasy relavipushibacleldi sphdfes etc.

These carrier systens_ can enerally inprove the pharnmacokinetics and

i ncr ead@0t ped Eéﬁfﬁréplﬁppa%ego@/ﬁhé pPot osensitizing agent and may al so

direct the photosensitizing agent to intracellular 5 conpartnents that are

especial ly é%ﬁ@ﬁ?%?%ﬂff%ﬁe RBRE AR RS PhotdEPenT a2 1Rt PAGTPERE DN, but

t hey do_not enerally have the ability to.target tge” ﬁhotosensitizing
agent c I =70. ! | s es. T ra
B3V BEcFPrC Eurl SicEsy. HRACARs BRI SFa6ForpideshesnsTRazer
arriers. al so _be attach to associated. wth_or, conjugated to one or
10ore SURACRYaPr Brefefhc BRolie BrpelFng nin baret "aha BRgkt FRE sect or .
i r a o] ' he rfac e ! )
Qlternaa ¥gely,.so ﬁuEﬂgc ggd 5ﬁg£ggn§Fo£ tQ flrgl CRpLI er particle can
e advantageous tor use 151n e present Inventron.” The potential benefits

arl sindabEQubLhe Upe QLBUENLER L 8fPa BRIAQY UM LREENFROBE! £aLT ONS are:

(i) inmprovenent in the pharmacokinetics and biodrstrrbution or the viral

vect orpoHSHEl Fos Py 18GELaRhNTet DRpELTEHY ELONLL LR, pblindaBP1 ¢apOUT | agi ng
the virus's ability to bind to its nornmal receptor to nmake it~ possible to -

rediregtetbLaWi Y HSthO® mAEPEToLESENLPE SshEPE 4DanebYrEOoki gEUBSaEhat “are not
normal ly infected by the virus); (iii) providing a positive surface charge

16n theovo$ah. vextafiabhet hetiort Zbanétdr bekdd angidnf £céame W der range of
cells than by its natural infection nmechanism (iv) "hiding" the virus
decrease in water permeability, though it increases the
strength of the porous resin layer. On the other hand, an
extraordinarily large short diameter causes decreased
strength of the porous resin‘layer. Thus, the upper limit
20 . of sizes of the macrovoids is preferably 1IxA or less!
The thickness of the porous resin layer, the thickness
of the composite layer, and the sizes of the macrovoids in
the porous resin layer'can be determined by observing a

cross—section perpendicular to the surface of the porous

25 resin layer with a scanning electron microscope.




fromthe i mune system Preferably the viral carrier is attached to,
associated with or conjugated to a carrier nolecule, 30 p@f&@ ?Bé%
carrier conprising polycations (e:g. polylysine or SuperFe 3 tionic
l'i pids. Exanples of carriers which can be used in this regard are -
pol ycations (Lanuti M et al. (1999), Gene Ther. 6, 1600-1610; Arcasoy
SSM et al. (1997), CGene 35 Ther. 4, 32-8; Dodds E. et al. (1999), J.
Neur ochem 72, 2105-2122) and cationic lipids (Clark P.R et al. (1999)
~ Cancer Gene Ther. 6, 437-446) . Exanpfes of surface 27 May 2005 WO |
02/ 44395 PCT/ GBOL/ 05281 22 nodifications which can be used in this regard .
are: polyethylene glycol (Croyle MA et al. (2000) Hum Gene Ther. 11,
1713-1722) amdtpel pokbuk2rbgdhoiugeepylake mRrikacky am del based pol yners
(Seymour, L. et al. 5 (2000) J. Gene Med. Suppl. to Vol 2(5), p. 52). To
achi eveswaperidsd,c thre Sellgetiivey tiaregpld INg: ifs tdhee phg@iraadry i er nol ecul es
(and hence the transfer nolecule) and/or the photosensitizer to particul ar
cell tspidssfdred: ssues, these entities may be associated with 10 or
conjugated to specific targeting nolecules that will pronote the specific
cel lul ar uptdkesof:the transfer nolecule into desired cells or tissues.
Such targeting nolecules my also direct the transfer nol ecule and/or the
~ phot osensi t #der<t&: i ntracel l ul ar conpartnents that 15 are especially
beneficial for obtaining photochem cal internalisation. Many different
t ar get hGrRdleclal ESPEGRSBES ehPP oPBErage. §orgs Ssddscpibelei fuchpcel , D. T.
(1999), Ann. New York Acad. Sci. 886, 158-171; Bilbao, G et al. (1998),
in 20 @5n8n?h8ﬁaﬁyeoP°€8H§eFePWEI&éﬁeéﬁfaﬁ- rgpseseptanthe PVEEEICNew
Yor k), Peng % g S@% 1999 Curr. Opin. Biotechnol. 10,
454- 45?“@1 é&ﬁﬁma he (52‘66653@ n& ‘?hé’F oF PPIGUF1&4SSHR d4d Tion, it is

25 t han haV|n tach to specific

i nportant, o note
carrief§d ¢ f%pr?%%ﬂﬁ ﬁh?h%v%f?g?hg?rgoﬁéz hﬁpogﬁﬁs??P% agent's whi ch
1y € SUI%BQ|E Lok HRe ik nthglﬁggghggio%f Lhe present . plnygnthon show an

F
|nheren pre Perential "l 6ca F6n t0 "certarn tissue sites. For exanpl e

cer tai f; 30PhOROSeRSLLE ALNGrAGRNN apoSC RS NOMRLORAERY i n  derivat i ves,

are known which 'l ocalise preferentirally or~ Selectively to tunour tissues

or ot hgerlheahonstySauerakseQt ARE Eéagﬂl?ﬁc%%%s@e§ﬁrb@§ﬁeb@1%%yle and
Dol phi n (Phot ochem Photobiol. 64: 469-485 (1996)). Such 35 preferenti al

| ocal i sakliepagan.be harnessed in the nethods of the present invention.
The targeting nol ecul e may be associ ated, bound or 27 May 2005 WO 02/44395

PCT/ GBO1/ 0528 It he ~s&fFar£Oipi gedrask 410 tAEcyddhg Cos Ities , ptOséhe

" photosensitizing _

15 invention, the rejection of micro particles having an
average particle éize of 0.9 pm is preferably at least 90%.
A rejection of less than 90% causes leakage of fungus and
sludge, clogging due to fungus and sludge, an increased
differential filtration pressure, and a significantly

20 . decreased life. Herein, the rejection is determined as
follows. Using a'stock digpersion containing purified water
through a reverse osmosis membrane and 10 ppm of polystyrene
latex microparticles having an average diameter of 0.9 pm

(nominal diameter: 0.940 um, the standard deviation: 0.0796

25 pm}, the stock dispersion is allowed to permeate through the




agent or both, and the sane or different carrier or targeting nol ecul es

may be used. Such targeting nolecules or carriers as descrigi,g1 gbove may

al so be used to direct the viral carrier or the photosens?i Wé}o gent to

particular intracellular conpartnments especially beneficial for the

enpl oynent of PCl, for exanple |ysosonmes or endosones. The transfer

nol ecul e is thought to initially 10 remain in association wth the viral

carrier in the cytosol of the cellsygnce the irradiation step has
~occurred which rel eases the transfer particles fromthe intracellular

conpartments. Once the transfer particles have been internalised into the

cytosol of the cells, 15 the events which occur will depend on the viral

carri eSePF AR HSTRT a0 tedaisiadl hei diHe Wasle mfvlddendha wtockusual |y

t he adenovirus particles (associated with the transfer nolecule) mgrate

to t he HEOCEFLClafFe S tAHtaR - t A&y iGEIC TN dritl Fehidd atssd futl ei ¢ aci d

transfer. .20 nolecul e nters the nucleys of the cell. In any event, where
the nu&-&Fevasls FE%%&&PSﬁSP@b&FéqQSﬁﬁﬁ) B SHEF P rus particle

or carrier, ter. photo mcal__integnalisation and, possibly subsequent

event s depe%eg:{en(gtl on Thgpa\e/j?sr%&ac%?? i%f,s%ﬂcégnﬁﬁ%‘?’ésﬁg?d_ml ecul e shoul d 25
(e present Alsddis, fOLISEpd IMAAGEL | M o188 PO, Lal o Lhe apprppriate

intracel lular processi ng can occur 1o ar Tow the T At oduce ransfer

mol ecul e t qyiperd,arm i oglesired function. For exanple, if the transfer

nol ecul e encodes a desired protein then processing steps |leading 30 to the

expr esghebe®h thkSaBLekBhACA’ 65 eAW 5eBek! Hilkhersibansher iRl ecule is a DNA

nol.ecul e whi ch encodes an antisense RNA nol eCul e then processing steps

| eadi ngbserbhheet baNsEEI PEirRBabbat ResBAAsbamat-BenPNALREE HEaVisied, etc.
35 The light irradiation step to activate the. photosensitising agent may
take phatceaatcdedi pgdiatibachni guesnand procedures well known in the art.
For 27 May 2005 WO 02/44395 PCT/ GB01/05281 - 24 exanple, the wavel ength
18nd i nt ensiTle ofepdeat i ghtmemyrahe setecdedgaceotitk ngrésetbe

phot osensitising agent wused, preferably at a dose level of 40 to 200
J/cnR, imvgntidoOmdyche andbabed wauvkl engtppott3@6- BO6pame a.g. 500- 700 5
nm Suitable |light sources are well known in the art. The tine for which
the cef¢Ranpelenpoemdrane| pybmennd the doses of |ight used in the nethods
of the present invention may vary. In general, appropriate irradiation

ti mes and ddses RESTYEr et SReH IsNG Pertom skpafadiom nombhenart to enabl e
disruptjon of the intracellular conpartnments containing the :
phot osehaMeR s 2 CEHBIine CQuUPERIRRNt LupeRkEcAndFBR FeP@B3ELBR- t r ansf er
1 articles into the ﬁ%éosol. The efficiency of the internalisation of the

| ransf%ﬁﬁhﬁﬁQ?c?%F?ﬁ 9 heC cYrpresppeatBVERL 1N her @EEAUPENONncr eased
exposure 1o light. A preferred length of ti for the irradiation step
depeans't o]:']ealﬁﬁte O'b%o?%ﬁ%?%‘?t? et ,S‘W&? Frb‘iﬁ?ltpggt‘? S phid¢ 0SBRRPEF zer
accun%kflit.§dselspnart'a eicgr?rrgt—:erﬁbl?grllé Sefegmetarlz’g S(-l:-Jaen a}glg é?gferably used in

sewage treatments as described below. However, it is

difficult to increase the membrane area in this
- 20 V-Configuration; hence, the separation membranes are
preferably arranged on both surfaces of the supporting plate
‘to increase water permeability.

The configuration of the separation membrane element is

not limited. Preferable configurations of the separation

25 membrane element will now be described with reference to the




overl ap between the absorption spectrumof the 20 photosensitizer and the
em ssion spectrumof the light source. Generally, the length of time for
the irradiation step is in the order of .mnutes to severa 0 May 708 e.g.
preferably .up to 60 minutes e.g. fromO0.5 or 1 to 30 mnutes, for exanple
up to 10 or 15 mnutes, 25 e.g. fromO0.5 to 3 mnutes or from3 to 10
m nutes and preferably approximately 7 mnutes, e.g. 6 to 8 m nutes.
Appropriate |ight doses can be selected by a person skilled in the art and
again will depend on the photosensit4zer and the anount of photosensitizer
30 accurul ated in the target cells or tissues. For exanple, the |ight
doses typically used for photodynamc treatnent of cancers wth the
phot oselisiwiinger., Photofrin and the protoporphyrin precursor
5-aminolevulinic acid is in the range 50-150 J/cnR at a fluence range of
|l ess 35, thpefao0inyV colrigsordetot 00avehd ByprehBerAkaa Fhgiqgl i ght doses
are usual ly | ower when photosensitizers with higher extinction
coef f | cuppcstiingt péatedlar eadothbh@ed 7 mvBpe2803 WA Q44335 oRCT/ GBA / 05281
25 visible spectrumare used. However, for treatnment of non-cancerous
ti ssuesenmbiranees$ phohogedsihi beth accdavkat ed the tsopdloradegnt of |ight
needed may be substantially higher than for treatnent of cancers 5 The
et hod®letet heinntbati ondeicl| Thevistabbytgngepleitse 1t dasone cel | killing by
virtue of the photochemical treatnment i.e. through the action of the
phot osBRSIEFEiiRgSadentd FeGesees Bhi sTbel kodsamhnantls inotheatter and may
i ndeed_be advant ageous for many of 10 the- applications, e.g. cancer
treat mbAEYIENAT Ay STAVESnRY th8esepARahient Bembhanapaut | Ehef f ect by
Stlnula | ocal i ne response. However, the nethods of the
inventF ﬁﬁ? BERRES f ﬂrguEﬁoth?dtﬁé FP@EtW@HeBrPeﬁméﬁéiﬂgon of the

the light dose in relation to

surviv s regul at ed 15 sel ectin

t he %ﬁg% aﬁ?%ns%? f%%l%%dT%@%ﬁ§P?|§ ﬁﬁfgﬁEhYelﬁgglﬁws EgeArtechni ques
k h I f_t f [].d d db

Bhe porkSonipblReiidmTEiec: meie® ritFerfies aﬁt rERabLfRetirgne dose s

20 di d | wh t he PCl effect

AT S R R T TR S A

t hey n@ya§gb§eg59§§éyth§ %ﬁéff@&due to the PCl effect). In sone
applications it may be approprlate to 25 retain a |larger nunber of viable

cel I's af t erad3Clsudg RN 1 Y 1©6APIR: 15308, 9808 4 %eg met hods the
t

anount of viable cells which allow for expre55|on of prot ei n encoded

- by theihveamnsien rad i) eis A 00w eepl §F §o:?é@l9:[5@:§‘tanéi Ny SUEHse s
applications it is appropriate 30 that a popul ation or plurallty of cells,

15ubst ante ghtowiddd Mfth therfeelds,oPra pEi@l f icddte FRHDOy) tihde. g. at | east
500, nore preferably at |least 60, 70, 80 or 90% of the cells) are not

- ki || edeeddd senfcamutrisaties angil afaitsy dfesjrabtas espetigdd yimhen PCl i s used
to introduce
: parallel at a constant pitch so that the distance to the
outlet for the filtered water and the channel resistance
become uniform. In Such a configuration, the filtered water
.20 ~ uniformly flows on the membrane. The width of the recesses
| is preferably in the range of 1 mm to 20 mm and more
preferably 1.5_mm to 5 mm to maintain high water
permeability and to'prevent sinking of the channel membefs 2

and the separation membranes 3 under severe aeration

25 conditions. The depth of the recesses 5 is determined




35 cytotoxic transfer nolecules and further cell killing is not
.di sadvant ageous. Cytotoxic effects may al so however be. achieved by using
‘for exanpl e gene therapy in which a 27 May 2005 WO 02/ 44398 Mey-RPe®B01/ 05281
26 therapeutic gene is internalized into tunour cells by the nethod of
the-invention e.g. so that these cells w/lIl produce inmunol ogically active
substances that wll induce |ocal immnological killing of remaining
cancer 5 cells or induce a system ¢ ignyne response to the tunour cells.
In such cases, clearly after PCl treatnent a proportion of viable cells
- are required. The advant ages associated with PC nethods of
internaljsation of transfer nolecules in association 10 wth viral
carri ersidtien hhe Herwe ©hd Mty k4 g de thwepsiess dthe Heimingad e to be
introduced into a cell as long as the nol ecul e can be incorporated into a
viral artherclEnent and g sefuiechands dakedthfp Hhltared target cel | ;

2) the thods are site specific in that 15 only areas exposed to light are

af f ect SFTEH- { HUTGHATATS i 4448 oipigt racdiiogadarmed iy ddi% efficient than
standard viral i tion in terns aof the proporti of, cells in which the
Cr anst PRI (1 FURRRIGSIS K Soh@ TEREar DY bttt FGHES t he

tg ansfer LCUl €:.2Q0 4) | ower doses and titres of virus are.required
béecaUSZ)f gj;%l"t ﬁcleé i%r?(?r ggsé(&egfvﬁhﬁ esflc(ﬁ/engft%i r?tftertﬁlgl PSEE G ;l.ngS)p]iat%l S not

OnoooeRlty (B SyBIRALLTRILS SRR Tt BaLenBY BhelRhAtled ke 1S el

carrier) 1s a o the céells after t irradrati-on step have

he f i _ .
the furthe rvo@.@’%@'é@@@%flt habnd) tﬁ)ﬁilég GhGE! %%gggéﬁgggglft eroitl?% teranster

nolecule and its viral carrier imnis np i'cation of PC

treat mppt 1o irBbekBak tbesi 9B d FreerlbAabiron WhhhojUreeiunSunes
phot ochém cal 30 treatnment may be perforned after surgical "exposure of -the
. lesionghekliowadphyeq. £ obkAt uppr al voreethenigh o8t heksl eeah

adm nistration of the viral carrier (and its associated transfer
Tl ecullék;, ehet feowerbedstaneemiketbbdapgndent egFeexaet135cbitmeng of
treatnment, i.e..the timng of the addition of the nolecule to be taken up
by thettel [fSltelratii veten.t hat ti neipoifrtcofohl bxoksdtihgnasthi sheeans t hat
there is a 27 May 2005 WO 02/44395 PCT/ GB01/05281 27 greater "tine
wi ndowstirengtheatnthe. sThperktsnonpdrtansigsiAteauplakdeokeasther apeutic
nmol ecul e can vary wdely in different clinical situations and noreover,
the uptakeThe WPForting tplakei hate Poeferabhly duepdeedont & in a clinica
situation, therefore nmaking a greater tinme w ndow extrenely advantageous;
d) rapFd9ifafiatetaei ohavingha trapsiershoeegtiheoftabent &§tY¥Bal occurs
t hereb subgtantiall decreasing the possibilities_for |ysosonal
Tdegr adAFFBRABRI L Fie ASBY( Fansles Hobeed| 8638, Examples of

preferable materials. are metals such as stainless steel;
resins such as acrylonitrile-butadiene-styrene copolymers
(ABS resins), polyethylene, polypropylene, and vinyl
'éhloride; and composite materials such as fiber*reiﬁforced
- 20 plasﬁics (RFP) .

The channel member 2 preferably has a thiékness in the
range of 0.1 mm to 5 mm to decrease the thickness of the
eélement while maintaiﬁing the flow channels. It is
-preferable that a material having a high porosity such as a

- 25 plastic net be used to reduce pressure drop. The porosity




The met hods of the present invention can be used to introduce nolecul es
into cells as an alternative to prior art techniques of I| osone fusion,
cal cium phosphate transfection etc. as discussed above. May g0 %?eferred
enbodi nent of the invention nolecules are introduced into cells for the
pur poses of gene therapy. Gene therapy may take place via a nunber of -
strategies, the nost appropriate of which can be 20 selected by a person
skilled in the art depending on the particular pathogenesis of a disease.
One approach involves the targeted-kiiPling of specific cells. This
approach is popular in cancer therapies and involves genes being directed
- to target 25 cells and then expressed so as to cause cell killing. Such
“cel | Kidkifige Catakiake mliaes: bys % FEL TEChAN S rarydiof fagde. genes which
are introduced encode a lethal "toxin or ‘encode a pro-drug which confers
‘susceptodslity on the cells to killing by a subsequently adm nistered 30

drug. Alternatively the cell killing can be indirect; e-.g. by using
i mrunost i nulwEttor yegenescas tbh@ignt Bodueed segarasioh qkd®rahe provoke or
enhance an i nmune response against the target cell, or by using genes

whi ch enbedent aaquatdting W cthe ausesmelinweatiorby d Mwyfotdlon, with an 35
exogenousl y added nol ecule, (e.g. a gene encoding an enzyne that activates
ad pr o- drary siash wig HH8V-fidamghitclat ddtd \petrdgbh@RY) .o fAbreo pipgtcertsiioci de genes,
. pro- dru%l27 May 2005 WD 02/44395 PCT/ GB01/ 05281 - 28 encodi ng genes and
i munostiatif at-or rgdhed gesenelthe loeparadidndocmmated 3 mayvhdeart. A
further approach involves targeted inhibition of gene expression. A

vari et FJO?P%Q“# erediecnedhs gueporsing platief ilcarpdy thieodcamse fepr essi on of
a gene at DNA, RNA or protein |evel are well known to a erson skilled
in the &, Ehﬁﬁ“§ﬁ&°8¢°tﬁ@§e°ﬁ§?rbéuﬁ§§§elﬁfcéﬁﬁuﬁéﬁm6n ¢ he met hods
of the esent i nvention, which can be wused to introduce the appropriate
mol eculT@rF G PF S PoMBY0ER GeREPE4PFeBEPERSPNPS 1PHe 2c8BE4 N/ TRUS, in

he nmo uIe to be. introduced is a DNA

f t 1
B uenc B R BEDeE55, SFaphh: 6oBR ot P aReBEIBEAG 0n 8 RdEes Py 227 unct | ona

pr oduct eﬂgy bdﬁdlh p@bgggsgen%hexgre53|%n ahlggne Igvel |ngthe target 15
cells, "e. g, “éxpressing or t r 4nsEri Bn €nse nol ecul es,

ri bozyme@tloat mcie&ha' Bt o38LhB9dhesna pNBLNER 2 Bdoaglht;ngvm ves gene

augnent ati on” t herapy, “when a dirséasé staté’is sed oss of

functi gr abna rgene, tﬁ@dsﬁﬁﬁogtiﬁasgia{?@ylbewhEE{megsb?fokmaEiog cing extra

copies of the normal gene 1nto ropriafe cel a patient. Thus in a
furt heecopbafienn edxteatupg, of ot Qﬁpb?éé@gt £oBrithei oAl esyts torhg i ntroduced

IS a gene or a portion t her eof capabl e of 25 expressing a functional
1% oductramec@npensatebi9orhas deliishepey thodsPatEeNbn so that the
supporting plate 1 can be readily engaged.

In the separation membrane element having such a
configuration, the water permeating through the separation
membrane 3 flows in the channel member 2 and the recesses 5

20 of thé supporting plate 1 toward the exterior of the element
| through a filtered water outlet 7.

The separation membrane according to the present

invention can be preferably used in sewage treatment

apparatuses. The method for using the separation membrane

,725 is not limited. A preferable method for use will be




A yet further approach is that of targeted nutation correction, where the
introduction of a nucleic acid into the appropriate cells of a patient
leads to the 30 direct correction of a disease-causing mut 39 M3¥ 2085t he
patient's DNA. Methods for doing this are.. well known and described in
the art. Follow ng nucleic acid/gene transfer into cells in accordance
with the nethods of the present invention, 35 the inserted genes/nucleic
acids may integrate into the chromobsppes of the host cell, or remain as
extra- chronosomal genetic elenents (i.e remain episomal) 27 May 2005 WO
02/ 44395 PCT/ GBOLl/ 05281 - 29 Appropriate vectors can be chosen and
designed to induce . either of these possibilities. The advantage of the
introddgﬁﬁnaéﬁ§yﬁﬁ?%ﬂYating into a chronpsone is that the gene can be

erpetuated_b 5.chronosonal .replication.foll qw cell division. As
brogeny. cel REESIEdMEontarndt nd 1 nfr BAUEEA 1GeneE, oG LPER ks Dabre

expr essj | nt e be,.ohtained. As a.result, gene
thgr ap?%nﬁ[{gocﬁheesd g{%{)&%ﬁq%&&%p%%hdgﬁ%eer plonsgthﬁ Iqotuflgfg asocd—’lrsg for sone
-10 di j i.SS _ f ivels di vidin
ceIIs,ﬁ?ﬁgﬁgﬁh%ig %§§ﬁ§§éﬁﬁﬁgsﬁ¥%éHgﬁzﬁg%gﬁﬁiqj%%Eﬁ#%%%?f%“bopulatign of

undi T gfpldalad Precy.son , Q8 losddi &) How réh%ﬁ JeQalle s Tat ure

differentiated cells "of the tissue). Chronpsonmal integration has its 15
di sadvarhidgene MM 1owhi ahiar gepRira tdesc hhedaardnokinakude e the
danger of cancer developnment for exanple due to an accidental integration
event Isea@irngn tragt.ha 2gctiisvalsiean bgf iameeRGagenatobExaticrorgene t herapy,
wherein the target cells are 20 renoved froma patient, nmanipulated in
~vitro ameattken sucki kisr odgaed ct @agtpahicent stofrker Snt he repperbumi ty .f or
selecting cells where integration has been successful. For exanple, by
anpl i f Redigrtrhagcelol §'iign 12t r thandephent iohe akmbgahbempliahet ypenaftsor any
obvi ous evi dence of 25 neoplastic transformation, prior to transferring the
Idel | s bBapkuiratldtvhe fpghieent emErtei Yowhhehapyenmyrthgsllpeaprehgeded when
chronosomal integration is desired. Alternatively the vector system
i ncor péngt pRg afilie digdnspruéPeiferasiartyibe ipatr 6doved hhgwhes désitgned to
30 introduce genes into cells where they remain as extrachronosonal
el enentieafyréanese Oéx fhesseragathpghnembyanss FhetrpéneefNd BAE &ctively
dividing, th i pt.roduced gene _r not segregate equally to daughter cells
and sopgﬁﬁgigerﬁgéQ r§§§'8nlﬁa§ggéeéeﬁrﬂggéﬁ7 gevwastrep@sft theepeat ed
treatments involving gene transfer. may be necessary to effect a cure for a
genetiéepafggFagrme$ﬁgaB8s§P§Fi?tgoof carrying out repeated 27 May 2005 WO

2/ 44395 P QA /05281 30 treatnents in this regard i.s however nuch
li%ncr eased vc\?- Ié rﬁﬁl? h%e%ar%‘ase%]femelbtasae%) %‘?ntn% sh%‘fl k' a%%cf}bra whi ch al | ow

configuration, water to be treated, such as wastewater, is
separated into water permeating through the separation
'_ membranés 3 by the ouction force of the pump 14 and
.suspended solids such as microorganism particles and
. 20 inorganic particles which do not permeate. The water
| permeating through the separation membranes 3 flows through
o a flow pathway formed of the channel member 2, the recesses
5 of a supporting plate 1, a collecting conduit 8 formed in
the frame 6, and the filtered water outlet 7 toward the

25 - exterior of the reservoir 11. During the filtratioh, the




* sel ect 8FTH

hi gher efficiency targeted transfer of genes (see below). In addition, in
sone cases there may be no need 5 for stable |ong-term expression. For
exanpl e, cancer gene therapies often involve transfer and3&¥ayei¥Pon of
genes into cancer cells with a viewto killing the cells. In such nethods,
once the malignancy has been elimnated, the therapeutic gene is unlikely
to be 10 needed. As nentioned above appropriate viral systens for wuse in.
t he present invention are adenoviruses and adeno- associ ated viruses,
retroviruses, lentiviruses, Herpes™ VPruses, Sendai virus, bact eri ophages,
Vaccinia virus 15 and Bacul ovirus. Retroviruses have the advant ageous
property of being able to integrate into the chronosomal DNA but only
I nf ect aict idieffuskwi i ngereetdtss b degrai Bsh Rihecae ba simhlng
propagated, offering the possibility of a 20 permanent cure for a di sease.
Thei r prloperparaflehlto tihd estriffegeactd v elhye diatisiaigecelfl $heal t hough
di sadvant ageous for the treatnent of nmany di seases is, however, benefici al
t o genelamardyy 3 vy cre erig lofft t6ffSads. t e ngoweadd \f law ecemarnvedi vi di ng
cells as the 25 actively dividing cancer cells can be selectively infected:
and ki 190 Tkt iom)ess idusk depastid-echomdithaisvy fesless off thee nor mal
ti ssue. Adeno-associated viruses require co-infection with a hel per virus
ch a&<FREARATus or HSV for productive 30 infection, i.e. infection
whi ch resul%s IB t he producti on of progeny virions. However, in the absence
of hel per vi*PG% ?rcﬁF8ﬁ8§6 F ?ﬁ?éﬁiaﬁpénogftbﬁesﬁﬁﬂﬁéﬁhonstlII t ake pl ace.
Thus, the gpproprlate t ype of. .adeno- SSOCIated vi rus vector can be

SETAITHGER G BE CO38188p Pc &ito R 65504 ABTSNAdER0oPRFUSes on t he
th t - d | | Ent t |1 b
oher gy so derd A sl B e el oot o
but | t t th | t d t
ut a U&O‘ﬁ% {p'%%se’ﬂsce Qn@%he Ceofiflds e%[éigf 880588 9§§ﬁe(‘jﬁﬁ§; be. no

appear to egrate an SO expreSS| on 0]

St ai padouer i8N0k PBRBAImeAIENRYA S, VB! AL g%eéw@ghproduced ot very

high titres, and typic y accept insert sizes 8 kb, but recent
develoeggg&gnb@ t@d@@@qugs vector technology allows the use of insert
sizes up to about 30 Kb in specially designed vectors (Kochanek (1999),
Hum Gene ThesepdPat 248 Indd5fne 101 Bpeatises ointhighds abiddy to infect many
different types of cell, adenoviruses have found w despread applications,
and areepapatabnvmemkanésr1a$eea6hlBoMt&inﬁgns fBshap ?aééfagggles

| ndeed, adenoviruses are the preferred viral carriers use in the
nethodfhesethepatatpoasmembraueﬂt1anaréb$pyeallglﬁb@ﬂg@dagﬂaﬁﬁﬁrases are
anong the nost efficient vectors for in vivo gene delivery, their use is

1é&onpl i canedabypipeei bl tsgethbes piohl ensnnel gnembers 17. A brine

seal 20 is provided at one end of the windiﬁg.structure. In
each element 15, supply water having a given pressure from
the brine seal 20 flows through the mesh spacer 19 and

permeates through the separation membrane 18. The filtered

-_20' .water is collected through the central pipe 16.

This element has a larger membrane area and thus has
high water permeability compared with the above-described
elements including the supporting plate.  Since this

element, however, exhibit relatively low supply effectively

25 due to retention of contaminants at the supply side; this is




i nrunol ogi cal reactions to the virus, transient gene 20 expression and bad
tissue distribution leading to Il ow transduction efficiency in target
tissues. Also the ability to restrict the expression of aé@ﬁ@Vﬁ%@g-
delivered therapeutic genes to target cells is difficult but nmay be very
inportant to avoi d adverse side effects, 25 for exanple due to the
expression of a toxic gene product (e.g. neant to kill cancer cells) in
normal cells in the body, e.g. in vital organs such as the Iliver. Oher
viral carriers for use in gene theFab? “have simlar drawbacks. 30 The use
of photochemi cal internalisation in conjunction with the nmethods of the
present invention can inprove several of these issues. Firstly, the use

of PCl sartahilkstian itaddarnartt eaS esdhendevelbng exrentri vefr tiaadrsgene
expression in target tissues (i.e. can lead 35 to a greater nunber of cells
expr essimgdseglvdr dsevelrs tofeatinentit riahsgene)je, lpregadiatilegn, tBel has been
shown to increase the efficiency of viral infection such that a 27 My
2005 \WOtGXa443b% IPONeGREITINEDE] is B2 ] igiigrirfilyartreptieowdy viral dose is
required to produce the sane anount of gene transduction seen in the
absencd losicup@t i omhiande e igridya tdforpClsagsh friddd ariical, miteeti on at | ower
mul tiplicity of infection values (MJs) should 5 allow viral transduction
ith ar edd ISEatiioguacphireémenave Widgayifidd rpsderr aembraneher 8b¢ al | owi ng
transductiQn.in regions receiving too few virus particles to be

ef f ect PYELYELPEAYd §8tﬂepﬁ506ﬁ0é%@i@WQPOWﬁﬂeé#PBR.OrSFﬁce it is expected
that with LOC%L adm nistration 10 virus concentration in tissues wll drop
rapi dl YORPER2 5 R8reased di stance fromthe application point this is a very

[ tant i iral i ti t echnol A furt dvant
of the PG TRAOTSEERhe  EaS chehat Rt Frh) Byt SR Rr ar ekt o st hat a0

| owner ék%ggngpiﬁveﬁ@@ogemgﬁeangkéngghnggi@hggFégﬁnsductioghgaficiency

Oow m -
t her eb uci ng I nmunol ogrc ens assocl a wth? Bdsn6virus and

10t her virusynediaied 8ene herameq ShNalLyrclde PROLOCAEILEal LT eal rent

can be used to 20 inhcrease the specificity of infection to the target

cel I's. ¢RBI &pbgelhestlypBacAUsELANLYPLLEURLNAI €] & 83vete subi ected to P
and secondly because sone photosensitizers inherently accumul ate

prefereshtalihyngnthdi spaseddareasbedhecabhl i hypbpedEbeRinghggastivity of a
25 therapeutic gene to a site of disease sinply by shining ?lght on the
di seasafddanesgocl seatyeaydf aheupabbesaspBstraté iheippesgRicéAvenEhoN, which

to a high degree should meke it possible to avoid unwanted side effects
due tothéhsokxpnessi Dhenf the pbecapestbstgene 8f imeersedntit30apl aces in
the body. The ability of PCl to nmake possible the use of |ower doses of
1bhe gepeaghbrbpenthbethgenbtainingl aahso-sohtenbute toadessea tihe side
effects. The specificity which is obtainable is expected to nmake systemic
admi ni x¢$bei and ofo atierdva rperenms vehen Vayatrs on the surfaces of
the porous substrate. Preferably, the solvent contains a
non-solvent. The temperature of the solvent is preferably
selected from the range of 15°C to 120°C in view of film
20 formability.
The density of the porous substrate is preferably 0.7
3 .
g/cm” or less and more preferably 0.6 g/cm3 or less. When
- the density of the porous substrate is within the range, the

porous substrate can hold the resin forming the porous resin

25 layer,_so that an adequate composite layer or composite




35 carriers feasible. Furthernore, as discussed above PCl could al so be
conbined with targeted vectors, potentially further inprovin ene
delivery specificity. 27 May 2005 33 As discussed in the3%F%W%@9§ PCl
applications it is believed that the transfection-enhancing effect of PC
on plasm d/ pol yl ysi ne conpl exes and the enhancing effect on the delivery
of ot her nol ecules such as proteins, is due to a light-induced rupture of
~endocytic vesicles, and, whilst not_w shing to be bound by theory, it
seens reasonable that the sane né&H%&Iénlshould be involved in the
stinmul ati on of adenovirus-nedi ated gene transduction. However, in contrast
to plasmd/ polylysine conpl exes and ot her nol ecul es such as proteins,
t he esdaperd dddahey i s embendetemasid $hebelasdved st Fdimean ef fi ci ent
process, where nore than 40% of the cell bound virus particles have been
report édnae a edgnitheardlly dusl eensiGyebenseld. B defcralased 993), Cell 75,
477-486; Leopold, P.L. et al. (1998), Hum Gene Ther. 9, 367-378). Thus,
f r om wiedtrangtde 9dt ithed siepatiad 1 dn memdtrane ; otbewolend iltavd sexpect ed that PCl
at nost could _increase the efficigncy of adenovirus gene transduction 2.5
ti mes Preferahdy abl deesti fddc@/me - nllerean.t thasgensisy all the cel
bound virus particles. It was therefore extrenely surprising that
PUl - i nd§OEGS B FaRteABRAS SN 8RS LEvanyBichi 6ANoPenBrEcERARed0tEPRES coul d
be observed, and_at esent we have no good  explanpation for this

i §Becthat P

unexpel&dFY SFar negge apds&fhi FELYhFsOotnhkhevPPEsBarti cl es

subjecteg Lo PCl may have a higher "inherent transduction efficiency"” than
. SUDSCrarte . . . ?

viruses Tn nSFﬁHI infection, e.g. due to a different release nechani sm

f th ' I i ble that d I I f

adenovi rue | RE v aartorhfd: MarP o BV ORI n ot v o
ul ti pLight LRf ' h t f1. St I

possi bRy Ehal ot K8 anBr ceRoRr ol = Freat noal ey i 5F BFREP=pr ocesees such

1S Vi I YapsHpPhake; sNugheRkelr 2RSPALT cQhoh{ 2P8SH T BLLRAN pﬁréggraﬂ%gPSgene' 27

r
May 2005 33 a In a second aspect the present invention provides a
phar maeRut peak - 0PRSSt A9BnEORRE] 818 Solnpnsiey 2{ My 2005 34 nmolecul e
associated with a viral carrier and"a photosensitizing agent, as defined
in anycpagaikdtgn Bhehn LRbhphak| ¥t ke Phot&SLOShing 8§eREENLrEN the

conpositions may al so be associated with viral .carrier mlecules. or . other
non- vi iabrgani ¢ esa hok esutksasuchl asumt Hober Des candeda pbowe. Preferably the
viral carrier is itself attached to, associated with, or conjugated to,
‘one orcavpenzberi ekl beteetl esly prefierabto- potyioad | dnenos meatheoni c | pids),
targeting nolecules or targeting vectors. Optionally one or both of the
Iviral patydsyalkylenes, e.g., polyethylene glycol and

polypropylene glycol; and water-soluble polymers, e.g.,

polyvinyl alcohol, polyvinyl butyral, and polyacrylic acids;

and glycerin. The pore~forming agent may be appropriately

selected according to the resin. For example, for a resin
© 20 primarily containing polyvinylidene fluoride, a polymer
primarily containing polyethylene glycol is preferable.
More preferably, a polymer primarily containing polyethylene
glycol having a weight average molecular weight of at least

10,000 is used in view of balance among the surface pore

25 size, pore size distribution, and permeability.




and the photosensitizing agent may be associated with the sane or
different targeting nol ecul es as descri bed above. A third ggﬁﬁgﬁ gf t he
present invention provides a conposition as defined in t hd Y 4R aspect
for use in treating or preventing disease, disorder or infection. For
gene therapy a preferred viral carrier nolecule is adenovirus or a viral
carrier derived therefrom Conditions, diseases and infections which are
particularly suitable for gene therapy +nclude cancerous tunours e.g.
basal cell carcinonmas, dysplasia or other growhs, rheumatoid arthritis,
artherosclerosis, virus and other infections, psoriasis, solar keratosis,
wound heal ipg, fF re s, I ing., r d ipherited netic _disorders
such as cysF?% F%%?%ggsglggﬁﬂh%%st@%h%%&%&[ gggxfgﬁﬁgﬁgnéfggtggia'and

et aboldife disonfley dHLLRIRtaanes, Lagq&et Usefl A% ansfgfe mol ecul es for

gene therapy are genes e Ing pro activating enzymes such as Herpes
Si Pl e J e il @ K ithaS @ dlou L RSN ARAN NBLM P! &I dAXdht Such as
di phteria toxin or gel onin, apoptosis inducing proteins such as p53 or
apopoptiin] ude iR et hiyThatidld dod ondesuc iy, as-dindiel) 1edtsidd - 2, | L- 12,
I L-18 preferred), tunmor necrosis factor a, chenokines; tunmor specific .
ait i gendMARYGh Ng 81 -l et @6y 1 rasniiaiRl NoMIn , Milibhebh1MBiN&Goxd deMay 2005 34 a
i nfl anmati on i nhibitors such as interleukin-10, IL-1 receptor antagoni st
or sol UBMSOTNFacetepeer anangieaderiesith vilnielioher.s Asdely ahegrdost atin;
proteins inducing vessel formation such as vascular endothelial i 27 My
2005 B®Fefgrewilly haetiorrecUMFyl ®MRon DNE, i ahidn@®MIOOt @hishskah as ti ssue
factor; intracellular antibodies; reconbi nant i nmmunotoxins; ribozynes or
ant i sehd@hRMAdisEeéukeshandesdo.on. A fourth aspect of the present
invention provides a use of a transfer nolecule and a photosensiti zing
agent in tHReeprepayatVomt ofloas nedl careneleontiae ntagin. ceThe perpar ed
ccording to the nethod as defined above for treating or preventing a
seas@°1gFEbr genrteplentbet Feagulptéper aBEg Pér thenaeshar apyl. thesa fifth
aspect bhe géese t anention provides a use_of a transfer mplecule
associ AP&dSWFENCL VPFalLCEQPPEEF aRH WapheVB4dsdsi t EXPRgl8§eRt ABedefi ned

above Ao BLEPRLELA 9081 A TEILERIEN! O] SeeLbuLresting. O
For SPABUIEE, REonlPLSSEISILLELIG BORDLARNG D L PaR0E B0,
e heroLa0ciciegy, 3o e, DleRE SEk Dop A RALGRTEL ST ON
1¢avel ongl ot SSEHANE hoy a541 ¥3hextREe PPRLLSERSI i 2i ng agent.
The solvent preferably contains 5 to 30 weight percent
of resin, 0.1 to 15 weight percent of pore-forming agent, 40
to 94.9 weight percent of solvent, and 0 to 20 weight
percent of non-solvent. A significantly low resin content
20 may cause a decrease in strength of the porous resin layer,
whereas a significantly high resin content may cause a
décrease in water permeability. A significantly low pore-
forming agent content may cause a decrease in water

permeability, whereas a significantly high pore-forming

25 _agent'content may cause a decrease in strength of the porous




Met hods of treatnment and preferably nethods of gene therapy conprising the
met hods of the invention are other enbodi nents. Thus, one &g@&%@ggnt can
provide a nethod of treating or preventing a disease, di s8
infection in a patient by gene therapy conprising introducing a transfer
nol ecule into one or nore cells in vitro, in vivo or ex vivo according to
the nmethod as described herei nbefore and where necessary (ie. when
transfection is conducted in vitro or_ex vivo) admnistering said cells to
said patient. As defined. herein "tTedfnent" refers to r educi ng, :
alleviating or elimnating one or nore synptons of the disease, disorder
or infection which is being treated, 27 May 2005 35 a relative to the
synpt onsegimi drater t r ddterenthe "Risyvefddmity d@fref Scdrcsted ayd ng or preventing
“the onset of the synptonms of the disease, disorder or infection.
Conposieritgrenadfy thiestpr ddentpanereftimimgregalits aaenprd sim ahegldrais a
popul ation of cells containing a transfer nolecule which has been
i nt r odFEEET Atay Saiah T @dy I8l sded weetitodsseof tdmltiimeentri on, preferably for
use in therapy, particularly gene therapy. Thus, a yet further enbodi nment
27 May 39Rvatgonmef pradddave lddly aod & Ipspuladtiioon off wedldrs . containing a
g£ansfer nmol ecul.e which has been introduced into said cell, which cell is
t ai n&’tﬁré‘eﬁg’%%'hoghﬁf Pose fpr@dast agendntdoatent yier ther tiedivedrtbodi nent
can prqvide _the use of .a .such a cell or_population of cells for the
prepar ati 8= ofPrs @5@%&§iPpoﬁhﬁrrénﬁﬁdpéaﬁbétthﬁOu§@lﬂﬁttW@ﬁ§ﬁWF-

préferﬁglg gene.thera%{. An gbodinent furtHer may provi de a nethod of

treat nEnt “of 9 pAtCEA gbﬁﬂﬁﬁ i NG1HEH Rifs COLVRY tr o t8&i FOl¥&Nterd® cel I's or
LiLons. t | tion. Pref I id t hod d i

gene.« Feranyy petaf el CRRSk es T BF! Ry obiie Ceepd Yot ST SaaLhRg o4 mol ecul 6

into aseebbngs dasctibedshergenbatore.and adauni stering said cell thus

prepared to sa patient.” I'n vivo, y ‘node "0 tion of the vira

101 1| Sh8crBIgLoSengb! 521 ana0eBhEen el hS LAANLBIOLAY LT gBster mol ecules,
conpositions etc., conmon or _stanaar in the art may be used, e.g.

i ntranpgedbabblySUh- EHEAREAYS, oENEHAREr bhoReahnt! pLratHporal or .
i ntravenous injection, infuSion, inhalation orf topical adm nistration,

both to i nterawedr Ay exties Ned1ROMY ML AEESa Bh6n-FOT vdi: bYO WiSE, the
invention can be wused in relation to any tissue -which contains the cells

t o whithet bezphof oskashitsbpgragedh 8né therybeabr €RErph8Eowi! | |ocalise,
i ncluding body fluid locations, as well as solid tissues. Al tissues can
be treatednabayéongeasnébeuphbdbosensilésprthe sakencopthy t he target
-cells, and the light can be properly delivered. Wth regard to |ight
- -1@el i vangcreyebds yis hisadbby oottpokdedt A significantly large
non-solvent content, however, causes ready gelatidn of the
solvent. Preferably, the solvent content in the solvent is
in the range of 40 to 94.8 weight percent while the non-
solvent content is in the range of 0.1 to 20 weight percent.
20 More preferably, the solvent content is in the range of 40
to 94.4 weight percent while the non-solvent content is in
‘the range of 0.5 to 15 weight percent.
The coagulation bath may contain a non-solvent or a

mixture of a non-solvent and a solvent. In case of using a

25 - solvent containing a non-solvent, the non-solvent content in




a problemfor external surfaces of the human or animal body. For internal
surfaces techni ques such as for 27 May 2005 36 a exanple 6“@ 850

optical fibre devices can be used to effectively iIIunina? nﬁg@ ?nterna
surfaces. In addition, the treatnment can be done in conbination wth
surgery that w |l expose surfaces which need to be treated. 27 May 2005
WO 02/ 44395 PCT/ GBOL/ 05281 37 Thus, the conpositions of the invention may
be fornulated in any convenient ngnggr_according to techniques and
procedures known in the pharmaceutic art, e.g. using one or nore
pharmaceutically acceptable 5 carrier or excipients (i.e. conpatible with
other ingredients in the conposition as well as physiologically

accept dBie arIhkeatiewt phait )is Treefomahite af ldmsttohposiiglon and carriers
or excipient materials, dosages etc. may be selected in routine 10 manner
accor dlﬁﬁ}q@ﬁl%hoﬁbeswiﬂfé‘ilﬁdy rgeh Flounen-ofoleriti miatentti oraugrs pose of
treatnent. etc. The conp03|t|ons of the invention may al so contain other
appr opriedty &fefiR@IFGRtIOmAS Ehe giesiome Xermtkpag iq appinezrdwhs and
some rqutes of administration it nmay be 15 beneficial to use for exanple
agent s ‘Thit: THP LR rElase and %bdé%ﬁgr dthonfymatienidfalthaarrier, e.g.

ot eases. u N et 2000,, Hum Gene. Ther. 11: 2219- 2230).
mpos{ i Gi7s r‘?ﬁ{gbe dm rﬂrsetf%rré"a’ltydplté%ﬁ Iriprt SYVHE Stiitests id , buccal ,

bl I I, I I I I I
PR S ol R R R L M
and 'nalggeng%l Q%FQ%U%hF.b%%n%%%%* %prQ¥1 cﬁp%% e?tS%{V n zé%ﬁrfons

soaps, pomders &s<ar &s " her

and anypgf cbg@uram L SaRKent geaffe‘i*@%r TRzt ek il %&e'f’lettﬁl an aqueous

-G ntments, gels an creans ma or ex

or oi | ¥ohasaWebAtkhas %ﬁ@lhbﬁﬂseﬁvéﬂktabb%a%h'%ke%hagnéﬁd/%&v%%'"”9
agents. 30 Lotions may be fornulated with an aqueous or oily base and

W |1, EBngener ak, pakserapniabh 0B850 co0LR igM! plhvend. dhspargiend,
suspendlng, t hi ckening or “colouring agents.” Powders may be forned with the

ai d of noanyosuehabkenpendeschaye. cBrgps adndnselfuthenseray,be 35 fornul at ed
mnth an aqueous or non-aqueous base al so conpr|5|ng one OF nore

~di sper seagltinbulbinl thendoematsuspendichg pgebus. rAsiasaobyspr aysiage
~conveniently 27 May 2005 WO 02/44395 PCT/ GB01/05281 38 delivered from
pressuai@@dsgaeksfawﬁthndheOHSQiDing istietrabllemprepeblidnt . hAlvteerat i vel y,
t he conpositions may be provided in a formadapted for-oral or parenteral
_ adn1n|gtl@;g@nnon solvent content may form fine cracks on the
15 surface of the porous resin layer. The non-solvent content
is more preferably in the range of 60 to 99 weight percent.
The solvent content in the coagulation bath is adjusted to
control the pore size on the surface of the porous resin
layer and the size of the macrovoids. A significantly high
20 - bath temperature excessively promotes coagulation whereas a
significantly low bath temperature excessively delays
coégulation. Thus, the bath temperature is preferably in
the range of 15°C to 80°C and more preferably 20°C to 60°C.

A coating film from the solvent on the porous substrate

25 may be formed by applying the solvent onto the porous




5 Alternative pharmaceutical forns thus include plain or coated tablets,
capsul es, suspensions and solutions containing the active % t
optionally together with one or nore inert conventional CQ§R¥@%@ gnd/or
diluents, e.g. with corn starch, |actose, sucrose, 10 m crocrystalline
cel l ul ose, magnesium stearate, polyvinylpyrrolidone, citric acid, tartaric
acid, water, water/ethanol, water/glycerol, water/sorbitol, water/

pol yet hyl ene gl ycol, propyl ene glyeops stearyl al cohol,

car boxynet hyl cel | ul ose or fatty substances such as hard 15 fat or suitable
m xtures thereof. The conpositions may additionally include [lubricating

agent o Tkl R0 e TS I R R S PR O T nhancer . v g
surfacéca_qmg1 et gl n ent tioned beioma,and t like. . The
conposi ti onsetg'f t% {Bg’vlg’%%&oﬁ“aﬁéyﬂ%e% E)irlr(reu e S8 f’s}lrtr}gacﬁer il &ewoqui ck,

sust al ued Qlcdlelpyathd QAR%E Lurie o act i vad naradiont Afher aduy stration

of the. patient by enploying proceéhres nown-in 't he a

Sol ubi IshBistea2R04Qr pitealidadan® a0epis My alsa by 428devel- O

cyclodextrins (CD) a, (3, Y andHP-(3.cycl odextrin. sages may | i kew se be

det er madieduialt of QupirRyn BN b ARG STRY rdeReRGHIREA tihg ket Wig of the
nol ecul e, purpose of treatnent, age of patient, node-of 30 adm nistration
etc. |Bsoleennecthomgh thet b@ef@h@b@l@eﬂl%htsii&iyn@e?@ﬂﬂts bhe tpet ency/ ability
to disrupt nmenbranes on irradiation,- should also be taken into account.
Gener akbyphewtien, offotthien sviltveatuse a concentration . range. for the
phot osensitizerof e.g. 35, 0.05-500 g/m is suitable. For human in vivo
treat ments-the photosensitizing agent may be used in the range 0.05-20
ng/ kg: ; body wei ght when, adm nistered 27 May 2005 WD 02/44395
PCT/ GBEXAYBRES 39 systemically or 0.1-20%in a solvent for topical
application. In smaller aninmals the concentration range may be different
18nd cahXPY¥PhH| &sted accordingly. The nolecule to be introduced in
association with 5 the viral carrier may be present at a concentration of
1x10- 9 to SDBILEH el Bdare efeesbds EEPFD. po3in @30 reeing 0.2 to 10%
les_in_the final conposition for use in vivo in which

/ f_vi ti
' &f&y?e$%}§é£g§%ggé éé?ﬁﬁ% SFEEhenGT LAY galPLerul AT adai ehbnofoaPREENDI ecul e
10 t - d d | at i to th ight qQf th i nal ition. If
used i 207 4001 88 o CReFSRES KRG ot Hor VedbBREY b o HBREOT appr oxi mat el y
105 t i i | ticl .. F i it bet | 1x105
viral CPHHE) BDE SEI LTS aRE b SEee 6 2k Ca R aHE e REHER B wi 11 now

152, doschd ok Lot ok e hec Lol ond o NGREL D9 Fprp s v T

reference to OW ng dr Whi ¢ igure S X- ga

st ai ni fAg Bhw PROt OGHETE fal by,

PVDFE': 13.0 weight percent

PEG: 5;5 weight percent

DMAC: 78.0 weight percent
20 ' Pure water: 3.5 weight percent -

After the solvent was cooled to 25°C, this was applied
onto a polyester nonwoven fabric having a density of 0.48
g/cm’ and a thickness (A) of 220 pm and immediately immersed
in pure water at 25°C for 5 minutes. The nonwoven fabric

25 ‘was immersed in hot water at 80°C three times to remove DMAcC




transduced WDr cells. The cells were treated with 20 Al PcS2a(S), infected
with AJHOW-1|acZ (Ad) at MJ 5 and subj ected to |ight treatrrent as
indicated in the figure. After 2 days incubation to. all owP 2@9§re33| on
of the transduced 3-gal actosi dase gene the cells were stained wth X-gal
and anal yzed by m croscopy as described. The 25 cells were treated as
follows: A No treatnent. B. Adenovirus only. C. AIPCS2a + 8 min light. D
A1PCS2a + Adenovirus + 8 min light. Figure 2 shows flow cytometry analysis
of  phot ocheni cal | y. enhanced transdu€®ion in HCT 116 (panel 30 A) and. W Dr
(panel B) cells. The cells were treated with Al PcS2a(S), infected with
AdHCW- 1 acZ(Ad) at MJO5 and -llum ated-as described. . Tw days |later the
cel |'s amey edmaded swighlraftliver ase@irard 3P dal astpyrangsl de wand anal ysed
by flow cytometry. Figure 2A shows a dot 35 plot of the flow cytonetry :
anal ysitheafebhiCphrepareel.l s Thel @ erld Te@in heydrghingitde: dorgisiver ti cal

line were considered as positive for adenovirus transduction since 27 May
2005 \MBy@2/ 443e5oBCErGBdli052t stdpeherfe oner quvibyuably pm ¢t ls in this
area either for nontreated cells (upper panel), or for cells receiving
~only AISI@@SZa'cn&nelIEicgtmn( mawerospapel pt Bheadinfiffdoanti ort refat<igntd Oar e

i ndi cated in each panel. Figure 2B shows 5 transduction-efficiency as a
funct i dheoRVELrgHE déseires of Bl 1c ebiser vi(13- galcacpogiedas@spdsitGive cel | s
defined as described under Figure 2A ((O S, Ad+;, () 5+ Ad-; (S) S+,
Ad+) aH® ﬁ@énthPuéFé@:@éﬁ@‘e@ﬁﬂéﬁéPﬂytb@éP0S+WaAd@)03 gmscofee. The bars
represent standard error of the 10 nean (SEM of 2 to 5 different

exper | FERESSEFEHPR Begﬁﬁﬁglpéﬂaénﬁanééé fRaAR3EGc Lo D6 SAPBratden s at
~different. virus doses. The c B yere infected wth ADHCW-1acZ at

i 11 or BAELKEDE wRa. ShbrELEdamEb BRoC BEHERY EA) o PEAE R 65 AESEE bed.
Figure,3A sh V\§ 1§amean f'“, § §nce gf th gtal é@ uI ation.

Tr eat nEREEOVRT Wbrllgoﬁ/ss hEnddelehaFsCtoRPY VAl é?a 2 Bflﬁgonal

r 0ss- ha r zont aI cross-hatc =20; bl ack:
1@0 50B Erglr?%ry%réf’)éﬁ)e ‘X%E?\/I d%ggr%(p%r‘? At &he =R ?%SSEE%I& ¥BFd i ncrease

~in 20 gﬁdgehécagaggéfe apLiity Betgﬁlagﬁg%angbk BEPYLE! baRpusSyTbol s are

e sane as I n ure ror ars ar e d érror

exper | uBSls. LE@HTRad shove 106 RhTSEL hoPbologhenical) Leehgent on

- adenovirus transduction of THX cel Figure 5 shows t fect of

phot ochembsat té r @?ﬂh@nalsef@feﬁéoomofwﬁcﬂa&é&tQébQ%ﬁt!LQiIt'X cells
i nfected with AdH | acZ. For the " |ght before” strategy

‘Al PcSZeqpa Bt teaties €16l dBnawes eof NEWbabedohior sussethee . 4 bnhig, AbPgS4a-free
medi um before |ight exposure 30 for 3 mn. Following illum nation the cells

1fere ¢aqierted abdit AAHOM/- lwicc atadMIaddef orhd® ol Pxaptadd G/ Then 2 m
of medi um was added and the cells were incubated for two days before
-~ anal yswas ofqualt gad adiosi dis ewlekql esss oharder then"0ight after”
A Using the separation membrane, the rejection for fine
particles having an average diameter of 0.9 um was measured.
The rejection was 98%. The volume of permeating water was
20 . measured with a reverse osmosis membrane at a head height of
1 m using purified water at 25°C. The volume of the
permeating water was 3'F><10_9 m3/m2-s-Pa.
" As shown in Figs. 8 to 10, the resulting separation

membranes 3 were bonded onto plastic nets which were

25 provided on both surfaces of a frame having a filtered water




35 strategy Al PcS2a-treated cells were incubated in Al PcSZa-free nedi um
for 3 h before a 30 mn infection wth AJHCW-I acZ. Aftersaq&b;ﬂo%g of 2 m
of culture 27 May 2005 WO 02/44395 PCT/ GB01/ 05281 41 nediumthe cells
“were incubated for another 30 min before illunination for 3 min, and two
days later were { analysed for 0-gal actosi dase expression. Figure 6 shows
the increase in 1-gal actosidase 5 production-as a result of PCl-nediated
transduction with an adenovirus encegdi ng | S-gal act osi dase wi th increasing
irradiation tines. The treatnent (+,- indicating with or wthout) and

| i ght doses (length of irradiation) for the different sanples are

i-ndi caﬁr&o tJle figure. Adv: 10 Adenovirus AJHCW-LacZ. S: the

phot os 'Jﬁnier 3% %@atpp Rl e VA h sl A e e le 32 Qfmpc 2 gl dlansduct i on

of W Oér”?qjls at_djfferent wrC!a%i licities of infection. o - wthout

i rradi ati oif,” A ?dlds&gv?dbqﬁff iitrﬁmbr?l.o AU &8 KWt he EF¥uEL of PC

on adenqQui 15 . transdugct.i on of A549 cells.. The treatnent (+, _.indicating

with o&%v\é\i% héoﬁuetn}enécrfd q i o s rFI}ﬁEC 'ezj)1 oot {%Ucﬁal‘tfeé:g'entﬂéeanpl es

are indjcated igure. A___Adenovi ruys AJHCW-LacZ. S: th

phot osgdr?ﬁl%ze“%% ﬂ%é%ﬁgti.ne% aFiréeusregfvé)lsﬁw%lﬁsv’t% PO fneothZ]oen%t% ansduct i on
Hel.a |} I s : gﬂin_qd - n j.ryadiati solid

f)gars - %SZO%Z%C%)S‘COH raagil e{ltai‘)olr?%sﬁ gure 18)%5%?&2 HPHe%er%‘led(’: o%aj‘l F;gb on

transdugti ehd of NWPhtCeld F00 Wih adengwiiu i gted W y-L- 25
l'ysine carrier. Ad:llakdenovi rus AdHCW/- Lagzingﬁ%ch]zfi L\%_%/%V%é:% PLL/ Ad

- neans shatgeh@asampl ex concaverags onC @t @i,@%@ngl{hi@re%lse§1%%re&/i rus

particle. 0 - Ad MO 5, ~ - 5 PLL/Ad, - 500 L/Ad, U - 250 PLL/Ad, A -

50 PLELhAdhe3@ebeguberlinghaws thAe elbedticaf PO @Rhead8ROVII e at
transduction of a human skin fibroblast cell line enploying poly-L-1lysine

- as a carraee bdr 20heiverusiw,t khivar babheaicibadicakitowalsi RS-foadmedVd 5:

Unconpl exed adenovirus AJHCW-LacZ. E - MO 5/PLL: AdHCW-LacZ 35

1fonpl exédat din68rnpkenebhtsonf rRLE pér Ovidr mgdpgrt i @l eiffkirguteal? shows the
effect of PCl on adenovirus transduction using the polycationic dendriner
Super Féét trpt2onhvayego0be, Wh02h44¥385cPETEE88d/ 66281 °C42waas saalill, us
carrier at various concentrations. Unshaded bars - w thout irradiation,
sol i d bafss-09b kBeoatisani ipatiali shagri gude018 kRawstt he08Pf bouref

di fferfnt time_ 5 schedules of illumnation and adm nistration of

adenovi#HET - Ti e Jerree b dpbarbpengf of hehy- aRrsusr sprésehayeirr us added
before irradiation, jLiime ngﬂﬁﬁs to the right represent addition of virus
after ¥#7aQPaff¥npd artery tBO¥FPFadi ation; - no irradiation.
15
COMPARATIVE EXAMPLE 1
A separation membrane shown in Figs. 3 and 4 was
prepared as in EXAMPLE 1, but the solvent ﬁsed had the
following composition.
- 20 PVDF: 13.0 weight percent
PEG: : 5.5 weight percent
DMAcC: 81.5 weight percent

The porous resin layer and the composite layer of the

resulting separation membrane were observed in the scope of

25 9.2 pm by 10.4 um by scanning electron microscopy at a




10 Figure 14 shows PCl enhancenment of the gene therapeutic effect of an
adenovi rus vector encoding Herpes Sinplex Virus thym di ne kinase after
various irradiation tinmes. Cell killing was effected by @%Pﬂﬁyc?]og'éi r after
PCl induced gene transduction with an 15 adenovirus vector encodi ng HSV-tk.
Al : Al PcS2a; AdV-TK: Adenovirus encodi ng HSV-tk; GCV: ganciclovir. - A
only, a - Al + AdV-TK; A - AL + GV at 1 OQpg/m (A, 25pg/m (B) or
100pg/ M (CQ; ~ - AL + AdV-TK + GCV atv -l Qpg/ M (A), 25pg/m (B) or
100pg/ M (C). 20 Exanple 1 In initial experinments human W Dr adenocar ci noma
cells were treated wth the photosensitizer AlPcS2a (al um num

pht hal i 1 2 I grQups._on_25 adjpacent ripgs infected with
the Ad -*gg#ia%én%\f}#%@’n@%ﬁt ailﬁ}egga‘ée%?%%l(& t%Js?%%s%Pr%% rter gene and

subj ect 56 L btn | LESLIPRY 28, dpses| SRChAR LFXPSLLIRIIAIoBrplopel. The

cells were stal ne gal act osi activity, M CrosScopy owed

that a substaliiel1dacti an dfodheld dhlekgaledgells) expsggsed the

transgene (Fig.1D), whil'e only a few positive cells were detect'ed anong

noni | | usedatesh Rdenows rpbaddy ectift cold Ss(FL e 1) - p N AR L vercells were
seen in untreated sanples (Fig.1A) or in sanples 35prece| ving Al PCS2a and

| 5ght , the noueRRROVG £ Ushd FidbabGltdort Mkt Rn O10505 Vsisks 4 g v nehicgsk | ncr ease
in B- gal act osi dase expression originated fromthe adenovirus 27 May 2005
WO 02/ 43060 iR(GT/GR(AN 05 8di ¢ 3 cdgld v enetk tdadis@e e viang A@hdFom an

- endogenous B- gal actosi dase gene. Exanple 2 5 For quantitative analysis
fl ow cydicmettrer wes abenpl Glgay (abiong tOhd 4sabst MatSA)uekaescei n di - (3- D-
gal act opyranosi de that makes B-gal act osi dase-expressing cells fluorescent.
As can tyddmtfachmrFitde Danoms relsdtnodlRemdcaind ridet nemposuiist anti al |y
increased the B 10 gal actosi dase activity in adenovirus-infected HCT 116

- cel |'s. PRS- tﬁ'@epég”é@rh%é df)Bodaltact esindesd teodliaviere waseldkeutncr eased
f(i\om 6..30. 1% (standard deviation, n=3) in _normally-infected cells
¥hd+, 228 W' MhgRt) wes sebriapaEs) Lvn ecaials toeddieyithg chmessalof r eat ment 15
(Ad+,S+,8 min light). Likew se for the sane sanples the nmean fluorescence
i nt ensity PREPESsS MT5211% (n=3) to 632 163% (n=3) relative
fl uorescencgg_ units &RF . .The.(ghoti(:)chem' cal treatnment also slightly
i ncreased t ha® BEARUFPHoF8iCehte| At nbhei Afearalierl PS™PERRE SAT upper 20
and |l o p fro .to 12 RFU. However, beca f the very | ow
| evel SW(’B)LELef ?ggl}:gé%eeﬁcgagfﬁggpggi frvEaes %amfﬁ.ef%q'ﬁ%t‘%e”ﬂdwf‘%,% *mi n

~sanpl e hi i )t : LfEficulties in_inter i he results for

wvir us-kll’l%f gé%g@gcggl Eg§§l§5?%ﬁ%%§fa%%l }5{% gélrrgfingrsral?eﬁ@‘fg\g%ntlhiw@ﬁer l'i ght -
1dependepk1 hNerghses. 4 pgene transduction was observed

A permeation test was performed as in EXAMPLE 1. A
differential filtration pressure, which was converted to
25°C, was 0.5 kPa at an initial stage and was increased to 6
kPa at 1,000 hours later. No detachment of the porous resin

20 ~layer was observed after 1,000 hours.

COMPARATIVE EXAMPLE 2
‘A separation membrane shown in Figs. 5 and 6 was
prepared as in EXAMPLE 1, but a polyester nonwoven fabric

25 - having a density of O.90_g/cm3 and a thickness (A) of 101 um




(Fig. 2B). Thus, maximally a 22-fold increase in the percentage of

B- gal act osi dase positive cells and a 44- fold increase in %EﬁFnEan
fluorescence intensity were 30 found when illum nated vir NeE®R ed cell's
were conpared to nonillum nated cells. Photochem cal treatnment alone (Fig.
2B, Ad-, S+, A) did not significantly change the percentage of positive
cells, neither did illumnation alone (Fig. 2B, Ad+ S-,0). 35 The fl ow
cytonetry results were confirmed by u5|ng the chenil uni nescent (3-Gal
reporter gene assay kit (Roche, Cat48No. 1 758 241) on extracts from WDr
cells, 27 May 2005 WD 02/44395 PCT/ GBO1/05281 - 44 showing a 30-fold

i ncrease in B-gal actosi dase activity as a result of the photochem cal

treat mads (Uxald stOwhe pdocaplsibstraMs next studied the effect of the virus
dose on the photochem cally enhanced transduction efficiency. As is
apparent fr @heFpgrodst resphollaghenaaal theeabfipbbitacnagsedolr ahgducti on at
all virus doses tested. However, the effect was nore pronounced at the

| ower tﬂﬁuﬁhﬂng(ﬁﬁg&;dﬂmamsmgmmnaqdiwﬂﬁqlqﬁbdrwhdbﬁhombelsam@m5kﬁmhere

i ncreases in nean fluorescence of between 15- and 35-fold was observed, as
conpar éd 4 ¢imabbyt 1404 jamd by- sfosinth linge red@&sergrcat milore s2@panit5@, respectivel y
(Fig 3B). It can also be seen (Fig. 3A) that the nmean 15 fl uorescence
6bta|n€@9@ﬂfﬂﬁ@téﬁﬂlﬁélxﬂpgﬁpodos€h€7aWﬁﬁPg@aprEnZQSlQfabé&t twice the

| evel observed vvlthout light treatnent at MJ 50. Likew se the |evel

achi evé’ﬁ’s\ﬁrtvﬁ le gicrepeseseiasal -0O7 1m angdoshbe ehendawd as for MI 20

W t hout ht, tr %tnent. Thus, wi_ith optimal 20 photochem cal treatnent a 20
times ﬁgﬁ% &Ppug 85§8f was éupﬁﬁcF@nt FBegFV@5§h§e§5H@nlevel of gene

-transducti Qn gﬁctl on_wt ho$t Bhot ochem cal treatnent. The
per cenpgég ijlﬁuéﬁfagf’o §aSHTHBSF PletBEI FEP25BEAPRHBPIRPE BBSin this

0 3 d to 13%t 3)..f illum nat ed
g)élofa;l oge ér %w%l{hgﬁﬁeg‘ﬁ%%ﬁf‘% ?ggggi%:%nﬂlgcﬁgfs?ggnre)sgﬁt?rednoglbovgn?t R?se

dgndi cahes bat ol L, 30800XLCUS. F’C&hga@h@gs aduce h% tpLabogell o

popul ation per i ment al" " prot oco dencvrr

. WDr hygeg, | °f T
Gl tur £ Gl et on e ATea BEoSb! Bay'ohgt 13, %ﬁbgﬁg AR R

were epkbuved. i nTREM éﬁéom@iﬁgkaﬂéc\@gsa%ma@gd19 oéﬁ&agusélcia%; May 2005
WO 02/ 44395 PCT/ GB01/ 05281 45 serum 10 enicilli O my/m

strept peyeraingly? rrvhgl sbaatne. { akh, Gihten BR:, 1@@5 S&l@é(n @Kix}'slt 37C in 50
C02 at nosphere. The reconbi nant adenovi rus AJHCW-T acZ encodi ng the 5'E.

coi |l land Q¢éRewaonty okheeh bysthesbupBan 0.1.

15 ~ The measured rejection of this separation membrane for
fine particles having an average diameter of 0.9 um was 98%.
The volume of permeating‘water measured as in EXAMPLE 1 was
10x10 > m>/m’+s-Pa.
A permeation test was performed as in EXAMPLE 1. A
”20.._ differential filtration pressure, which was converted to

25°C, was 0.8 kPa at an initial stage. After 96 hours, the

porous resin layer was detached from the porous substrate.

COMPARATIVE EXAMPLE 3

':25 : ' Arsepération membrane was prepared as in EXAMPLE 1, but




cyt onegal ovi rus pronoter was obtai ned by honol ogous reconbination using
the pJML7 systemin 293 cells (Addison et al., 1997, J.Cen, Viraol. 78:
1653-61). Reconbi nant vectors were plaque purified, grom3@5ﬂaﬁi289510 titer
in 293 cells and purified by CsO banding (Hitt et al., 1995 Methods Ml.
- CGenet. 7:13-30). The virus- solution was diluted in PBS containing 0.68 nmV
CaCl2 and 0.5 MM MyCl2 to the MJs enployed in the different experinents.
15 Phot ochemi cal treatnent. 50  000-cgbls per well were seeded in 6-well
plates (Costar,) and incubated overnight at 37C. 1 m nedium containing
20 ng/ M AlPcS2a (Phorphyrin Products, Logan, 20 UT) was added, the cells
were in ubatefj r 37C,, washed three times w di um and

for 18 h at i th
| neubat B (AT LY SRGThAICTIGY oIl PRSI Crin Sk ARG drH P LERPD0G DI of
AdHCWV- dded._ After_incubatiqn for 30 mn. at 37C..2 m nedi umwas
added ain %ﬂge@(?:earf St e o5 eilf\—é"rueblag(hgcd’ f%%@oﬂuﬁ:lﬁ’é} & e5xposure to red
| i ght illips & fi r t hrou J I 5 fidter, with a
| i ght |I§1]f@%1é%%y r%gecﬁéﬂlnégélat =4 ca{e‘“{altyg %%m %‘%%‘%’éﬁ% rylglregf%%:g:eac‘sczfrfaIngési s of
(3-gal ShHases acdd W ty iy _ Y days. 30
X- gal @?ﬁ% ng of 6y'(c:%teél l?ﬂs lé&éﬁﬁgﬁﬁét{eg-ftﬁ%l}% %%?%gfa?llogld gf{/“ﬁi?llg
g8l act gpys angsd deda SAHNG A mRdium 184 191;55;@!@3.% by Mchinidgative
solution (0, 05% gl utaral dehyde in PBS) 35 was added and the cells were
i ncubatggte @ rdroamc iR atw & hRgniT idatiothe f botat i0we  sokuld on was
“di scarded and the cells were washed three tines in PBS 27 May 2005 WO
* 02/ 443%r RGHSEEL /05281 of4G 1at obgemvia®nRe mlito®otreec s 0i.Asegmvasd or 10
mn, first and third rinses were performed quickly). 1 m X-gal solution
(5 MV K3fee(ENtlars ridvKefEdcBNLbGe rofVivb3CD21 fm.ng/ M X-gal ) was added and
the cells were incubated for 5 4 h to overnight at 37C and observed by
m croscopy (heOmexspmgdi fegattboy ofi bgiansdpanzeion Sié@bbnmaueosonpe
(Zeiss) with an MC100 Spot canera (Zeiss). Flow cytonetry analysis 10 The
el | s vieme beypdicdiesedaviant pif agedager déaspéndedfi A .25 um wasdiB8/. and
incubated for 5 mn at 37C. 25 m of 2 nmMfluorescein di-(3-D
gal act P\ &ivdsige oEVBPEERGRAANPr WBESE FagenesedORF wasEXAHEEH, lawést he cel | s
wer e i ncubated 1’>,?r21 mn at 37C 15 before being diluted by adding 450 m
ice colf®Glowt® /Hedi Uit- The sanpl es were kept on ice for 30-60 min,
filtered through a 50 nm nmesh nylon filter and analyzed in a FACS-Cali bur
flow cytoneter (Becton Dickinson). For each sanple 10 000 events were
col | ectﬂggpg%% EI uor escei n-fl uorescence was neasured through a 510- 530nm
filter ‘excitation with an argon | aser (15mW/ 488nm . Dead cells were

JQ§$Cr'n]natfﬂefggf%gﬁ@qéﬁépared in EXAMPLE 1 was cooled to 25°C

and was applied onto two surfaces of the polyester nonwoven
fabric as in EXAMPLE 1. Immediately after, the polyestér
nonwoven fabric wasrimmersed in pure water at 25°C for 5
minutes, and was immersed-in hot water at 80°C three times
-.20 to remove DMAcC and PEG. A separation membrane was prepared
| in such a manner,

The cross-section perpendicular to the surface of the
separation membrane was observed with a scanning electron
microscope. The thickness (A} of the porous substrate was

25 220 pm, and the distances from the center of the porous




viable cells by gating on forward scattering versus side scattering. The
data were analyzed with the CELLQuest 25 Software (Becton ?g%*q nz%gg)
Exanpl e 4 Effect of PCl on adenovirus transduction of THX ceM&

Material Fluorescein di-(3-D gal actopyranosi de (FDG was purchased from
Mol ecul ar Probes (F-1179). A 20 mM stock solution 35 was prepared by
-dissolving the powder in a 1.1 mxture of DWVSQO ethanol. The m xture was

- gradual |l y added to an appropriate v%ume ice-cold water to nake a 8:1:1 27
47

May 2005 WO 02/44395 PCT/ GBOI / 05281 1120/ DMSQ et hanol sol ution. The
reconbi nant virus AdCAl7lacZ was fornmed and propagated in the human cell
line 293, an Ad Ei 5 transfornmed enbryonic kidney cell line maintained in
MEM F-substadi iem tsupgpienpm edimiadesl 096 FES pkdbud Mesipeniagiddd n
(G bco-BRL), 0.1 ng/m streptonycin (G bco- BRL) and 2 nM gl utam ne. 10
Const r &4 ¥ Hre@ddbilfdhtin r Js THéere eronisisnartheaddriakienupohdGal7lacZ
encoding the E. coli lacZ gene under control of the human CW pronoter
was obtHed U5y Foksich go U ircdewatsi et i46n Lrsiangl tthe fhNbhersystremsi n 293
cells (Addisqon et al., 1997, J. Gen. 15 Virol., 78, 1653-1661). Reconbi nant
vect or %ﬁéﬁb%ayﬁuéla%@ritfh%n%ﬁom £8 Migh reisplé ing 293 acgllteland

rifi %gl[lﬁ%él cesi um c Ggqi de bandi ng as previously described (Htt et al.,
1995, Ne Stn (fg1 © etfcs. The Ceppsgyterdagersihpdzpngharkaepps The THX

cells x 10 el | - wer e seeded out in cm dishes and allowed to grow
over ni g(;f?\&t) Okt g%%ﬁ%%%r?af’@l’ngéﬁ&) ¥8nf PAEA etPhEgSr B\r/bﬁﬁkﬁ@é?uﬁifv\é}é‘eexc%anged

ith 2 i | dwith 20 g/ PCS2a, and the 25
i shesPuars oo Hban R eR | MHB% nE PhEuakbbr Por7the 187 rbuce, TaRger

sensi t kagH- §ORLAI Ni s en sucked . off, and the cells were
i ncubated ig gr fn%?% g?gmﬁﬁgm%§8§gn?a ’Iggé?h4lﬁoﬁ?§g%5f§P3nlbg%t

treat ment afgk VA§diSaqd NEEEL T @04 Nf ectisan . of cel l.s Tr I.n- EDTA was used
to detach cells fro%gtﬁeeéd(?s %e;@e%ngfcﬁhel%né%ne cc(eeﬁqtseﬁ:ur%ﬁgfchlen t he di shes

1gas catedkatedcbyon- oB{ £ghe ogsagb%s;ﬁ@ay@g-wé\geg%i LHSafll! ghlons were 35

prepared in PBS with 0.68 CaCl2 and 0.5 mM MgCl according to the

- nunber sebndekdisdévianiesnt thbsyak! yathe. 1cghl s T"ﬁéeair@;gﬁée[g%f‘é an mo.i.

(multiplicity of 27 May 2005 WO 02/44395 PCT/ GBOL/ 0528 i nfection) of
1 and dfamBeéor edyi riss vims suldertd henes) | Sromerchexposad tasdad | ight
(Philips TL 20WO09, filtered through a G nenoid 35 5 filter with a |ight
i nt enslayer eachi tige tihercet | sulbstA4aB5 was 0.07 pm and the standard
deviation thereof was 0.03 pm, whereas the aveﬁage pore
15 diameter (dg) in the surface, near the porous resin layer,
of the porous substrate was 0.07 um and the standard
"deviation thereof was 0.03 pm. Herein, the average pore

diameter and the standard deviation thereof were determined

based on all micropores which can be observed within a scope

- 20 - of 9:2'pm by 10.4 um by scanning electron microscopy at a

magnification of x10,000. Thus, 2d, = 0.14, which is
smaller than d;, and 2dg = 0.14, which is smaller than d..
The measured rejection of this separation membrane for

fine particles having an average diameter of 0.9 pm was 99%.

25 The volume of permeating water measured as in EXAMPLE 1 was




mMVcnR) f or 3 mnutes. Subsequently the nmedi um was sucked of f and 200
virus suspension (or PBS with 0.68 mm CaCl2 and 0.5 nNINQﬁ%%%#@@bge cases
of controls not treated with virus) was added to each dish: t 10
i ncubation for 30 mnutes at 37C,. 5 ml ordinary growmh nediumwas added
and the cells were allowed to grow for 48 hours. 6-gal actosi dase assay 15
The cells were detached by Trypsi n- EDTA and resuspended in 5 nm growth
medi a. After centrifugation for 5 naﬁutes at 1000 rpm the nmedi um was
sucked off; the cell " pellets resuspénded in 50 Al growth nmedi um and the
tubes placed in a 37C water bath for 5 mnutes. 20 Subsequently, 50 Al of
-2 nM FDG sol ytign preheated to 37C was added and the tubes placed back
into tBOxId erm Pat hsfba.l mnute. Finally, 900 | growth nediumwas added
and the tubes were incubated on ice for 30-60 m nutes before the sanples
wer e anal ysé@dpbynehRtwonsteptomesr peagodmsdr abednaBB¥RHPLEHX. ceRl s were
treated with ALPCS2a (denoted as PS on Figure 4) and adenovirus (denoted
as "vi i Tegiertiigdr £1 14 adridre ppesadinee  Yhachd waisngoageatteld diot as
described 30 in Material and Methods and nmeasured for &3- al act osi dase
(R-gal Flaéti viasy Oy MEswady eendivifiathstegealandvgal 1-AckPai 8¢ was
ggantifi%% b¥ﬁjntegrating the (3-gal positive cells and their P-gal
tivitly QU8R W e b Giber Nof detaghmepdsiofi FEec BOreuUSndSeR8 ABARL(3- gal 35
activi%% wa% increas%g gylkﬁ PCI treatment. The results show that m nimal
i nfect '8 GPSPEXSCePLLes7 @02 BESWO 02/ 44395 PCT/ GB01/ 05281 49 occurs
when the cells are incubated with virus alone or virus and
phot osensi ti si ng agent but that photochemical treatnent, i.e. the addition
~of lig h 1si t,i sing agent significantly potentiates the 5
'transdggp?gﬁhg?vge kgﬁ?gg %homn by the increase in Rgal activity).
Exanple 5 1 h 1 L aul at i Vi I LS~ i at
transducti oﬁhg %%‘%ﬁ#ﬂl—g(%%ﬁ%&r;éeg %\Igwﬂm%fﬁgﬁgge%‘ge% %%?P%‘%t%ggg\e I
1@1atesan@h%a@eégp@§¥d29n96”%wélgﬁ§%§c@@509dgﬁgz and %?%gé%@efells wer e

i ncubated for 18 h at 37C. Al the procedures after S2a addition were

carri eflofifokBn gHbduedaki ght pxkaprEhe, " | igREaPeERI¢" a8tEal effe the cells
were washed from Al PcS2a and i ncubated in Al PcS2a-free medium for 4 h.

Then tpelgektarwabawexpasedb2ct Raki ghthetoed3iA1 Anbefaesuthgotreat ment with
the adenoviral vector AJHCW-|acZ (also referred to.in Exanple 4 as
- AdCAl7datghtat DHAOUsbiLptiont ytop5F of €6ti BmikdEky, ohnd ke 30 min. This
vector contains a f.-galactosidase reporter gene whose expressi on can be
25 anaiymedsbg fhomotywahetrryt(8@&Chehoed. thoesthe témghe Bifherindtrategy
~ AlPcS2a-treated and washed cells were first treated with adenovirus at the
1Same PEG. A separation membrane was prepared in such a manner.
The cross—section perpendicular to the surface of the
separation membrane was observed with a scanning electron
microscope. The thickness (A) of the porous substrate was
220 pm, and the distances from the center of the porous
20 ~ substrate to the two surfaces of the porous resin layers
were 150 pm and 130 pm. In other words, the thicker porous
resin layer had a thickness of 40 pm and the thinner porous
resin layer had a thickness of 20 pm, resulting in a total

thickness (B) of 60 pm. The composite layer had a thickness

- 25 (C) of about 220'pm, which was equal to the thickness of the




concentration and for the sane tine as indicated above, 30 washed, and
after addition of fresh culture nedium exposed to |ight. gﬁﬂﬁikgﬁginated
cells were tréated in a simlar way except for illumnati 3 reat ed
cells were washed once with culture nmedium 35 and after addition of fresh
medi um i ncubated at 37C before further analysis. )3-gal actosi dase
expression was analysed by flow cytonetry two days after |ight 27 May 2005
WO 02/ 44395 PCT/ GBOL/ 05281 50 expespge- Detail ed methods for construction
of the virus (which is referred to either as AHCW-IlacZ or AdCAl7lacZ),
treatment of the cells, illumnation and analysis of E-gal actosi dase

expr ess| e i,bed der, Examl.e 4. The results (Fi_g.5) show
that t ﬁie%l(% gsc esrsnézﬂcrzaa =1 rgraq%?rs\e’ntB J5 hg T HE (%l%%ﬁl}”béﬁl&F 15 &@%&ﬁ%’:e (shown
by th th i i i €e.b). J NCr. e 0t he
per cen?cagkgg{ a"ozl&SA-'g%I{adc%}s% ase-azgfgl&egs'iffgq%{ejﬁhs F g%tr%%-%f %P&;}' Pr‘gr'n 2.5 %to

1> bunder TRESavRrRet! FRLAlIAeRA! | AN h! cAANCEL 80, PO SEED Lhat he

effect wwth the "light before” procedure was al nost equaf to what was

obt ai negraMd-hsddia ol ighteraf tRIrourethad { SnRy Riad he ¢l pmbar gnen the |eft

hand side of Figure 5). Exanple 6 Increase in 9-gal actosi dase production

B a resddagef pad@ RGlaniREiAlRY)t HANSHUC LT aWet Nadhyadepavirys encodi ng
13- gal actosi dase The cells were grown, incubated with Al PcS2a, infected
with tlperousus eAdHOMMyIeas Z cana hiel loemonat ecilas réesciiaked . 42pmynder
"Experimental protocols” in Exanple 3. To nmeasure the production of :
13- gal ategsiadasbeprreeiagea potieediilbmeiteesdeln) OhGaher eppraes, geserassay kit
(Roche, Cat. No. 1 758 241) was used according to the manufacturer's

pr ot octhe Briretisy reshe delyles, werfe thas bedod@ ishibedracresawni Ohpr pnool ed PBS
and 1 m of cell lysis reagent was added to each well. After incubation
for 30HegeAnat theomvesapger argee di hmetelr| west determasetr hasédroed to an
eppendorf tube, centrifuged at 4C for 2 min at nmaxi num speed, and 50 1 of
e cePlleRifFgeposss(yhpehnseanby ahservadstdihéd posgorecedtPtér plate
wel | . 100 Al _substrate reagent was added, the mcrotiter plate was covered
by foi MaRY ilﬁcéb&{“eeyafscz?nrvﬁg obeStrop BRCL2393PPCTE GBOL/ 05281 - 51

{he i GPOTIEer=Ehabeohad pr 488a i Anle. |'afh ronke &F (O iior 2 VneRE 1420
aut omat 18 797 SR8 2 Gy & RS dHSDesauct fon in 5 s was
curve 1rom TEmI e uid e fset AR AR A S Pt R =
15 fine particles having an average diameter of 0.9 pm was 80%.
The volume of permeating water measured as in EXAMPLE 1 was

o 3, 2
m /m-s-Pa.

4010~
As described above, the separation membrane according
20 to the present invention has a high rejection and high
Ppermeability and does not clog. Furthermore, the separation
membrane can be readily produced by a method for making a

separation membrane according to the present invention.




10 Results Figure 6 shows the increase i-n production of B- gal actosi dase

protein that can be obtained after PCl- induced adenovirus_transduction of
W Dr hurman colon carcinoma cells. 15 Thus, from Figure 6 P¢ May#UB2 seen
that at the maximal |ight dose an approximately 25 tines increase in the

production of Z-gal actosi dase protein can be observed in the transduced
cells, corresponding well with what was 20 obtained by flow cytonetry
analysis (e.g. Exanples 2 and 3). fxaople 7 25 Effect of PCl on
transduction of WDr cells at different nultiplicities of infection WDr
cells were cultivated in RPM 1640 nedi um supplenented with 10 o FCS '
(fetal f_seru 3Q Penicillin/Streptonycin and L-glutam ne. In subdued
IightWﬁﬁﬁgjﬁééﬁﬁﬁ%ﬁgélﬁénoved and nmedium containing 1 ug/m TPPS2a was
added. The celkagéﬁrotgcted frgn1|ight were, incubated at 37C for 18 h.
The cells Were 84° "t AP eBeTPREE W PP di Ofh 2nBOFREGLEPRE B Canot her 3

h. 35 ium.in the §g-well | ates was renoved,. 200 f the
AdHCNﬁBpgég%%’éﬁﬁbf?ﬁénsgﬁﬁFfbﬁ%Mégig&ﬁ?& e L FAGS P&é % he cells were
i ncub bgg-for % in_at 2 2005 .02144395 PCT/ GBQ1l/ 05281 52

(pr ot Z)ct ed f rsélmgltlr%ﬁte)’. w%geving?b&ﬂou 5 cl):\r(%\g\/}/étlsﬁfal movETT P ATd hé cel I's were

washegdeange w ygﬂ@@ifU%eZr%ggfgg%meagqﬁgg%ﬁﬁggﬁpg bg%o%%' l's were

i ncubated for mn at  37C tecte one of the cells were

5 expegedtta+20+$ Qbrglgecbﬁgggi@gtﬁa§egigqghi@hgng%&gusreaching the cells
of 11 mNWcnR. The cells were incubatéd for 2 days (still protected from

1P ght xuBEL@Etetl OrARAKYSN 6w Ay 31adliaslesipdase aatiiswilay by flow cytonmetry
as described under "Experinmental protocols” in 10 Exanple 3. Results
Figure 7 shows that with the enploynent of PCl it is possible to achieve
100 o transducede cePFeuavERsih ®5 &S \HRraveRee i ROhdt SpBSsible with
conventional infectiogn using manageabl e vir %Ngfses. Thus, Hggre 7 shows
t hat - tiPt Ry el E1ahd §-¢i Mk ¥t it VAG ARG Abothe
transduction is achieved, while less that 30.0 transduction is obtained
with EBﬁ?eﬁﬁ?SnS? Bn b G 5oL idevie BTN 50, >90% transduct i on was
achieved after PCl, while without PCl <200 transduction can be obtai ned.
Exanple 8 25 Effect of PClI on adenovirus transduction of A549 cells The
A549 cel | g werg £ Wddaledd hRMand40-dmdiyy SHRplamented with 10 1 FCS
(fetal calf serun), 30 Penicillin/Streptonycin and L-glutam ne. |In subdued
| i ghtwyhdéRheimedi um was renoved and nedi um cont ai ni ng 20

B z 0.2xA, and
C/B =2 0.1
wherein B represents the thickness of the porous resin laver

and C represents the thickness of the composite layer.

3. The separation membrane according to claim 1,




pg/ M Al PcS2a was added. The cells (protected from 1light) were incubated
at 37C for 18 h. The cells were washed three tines wth nedium and
i ncubated for another 35 3 h. The nedi um was renoved, 200 0 ¥ay200p he
- AdHCW- | acZ adenovirus solution (giving an - MJ of 5) was added to each
~well and the cells were incubated for 30 mn at 27 May 2005 WO 02/44395
PCT/ BA /05281 53 37C (protected fromlight) The virus sol ution was
renmoved, and the cells were washed once with medium 2 m medi um was added
and the cells were incubated for 30 “fifA at 37C (protected fromlight) Sone
of the cells 5 were exposed to red |light as described under "Experinental
protocol s". The cells were incubated for 2 days (still protected from
|ight) viréwein ctlangiosivs dubistleand aciosi dases Aoy ioff tey. Dy fdowaayt onetry as
descri bed under "Experinental protocols” in Exanple 3. 10 Results Figure
8 showstadmt PCl can enhance adenovirus-nedi ated gene transduction of A549
human | ung cancer cells substantially. Thus, as conpared to "nornal
infection" 15 (the A+ S- sanple with O min light) PCl with a 6 mn |
illumnation tine increased the nunber of transduced cells by about 11
times, fromiabodhe3sgrasakpbent meBbrpssi eicgerdangsto2olmimmple 9 PCl ef f ect
on transduction of HeLa and FnexlIl cell lines 25 HeLa cells were obtained
from ATEYSTSE TS RaRousr Ubedinad@® iHPEmes e nsan ire I fdfera Frex! | |
cells were established at the Norwegi an Radi um Hospital. The cells were
grown, incubated with the photosensitizer TPPS2a (1 yg/m ), infected with

AdHCW- | acZ_adepnpvirus 30, NO 5 illum nated,and anal ysed.as described in
Exanmpl e 7. &ésu?ﬁg SePgtr b ensh mgrﬁﬁﬁtaﬁ@PrgﬁegeEQegig}ﬁn%duction also in

35 th d L1 [ 1,1 27 Nay .2005 WO 02/ 44395. PCT/ GB01/ 05281
on | DB A b oukC s sl &R o Lo 582" 5 FRnRG Sty TARE Res oot at od

with a pOL -L-Ilysine carrier 5 WDr cells were grown and incubated with
the photosensitizer TPPS2a (1 pg/m ), as described in Exanple 7.

Poly-L-Lysige (Phi, sV 20709) M@ab£59g1§%98Fdiﬁggtoceggfﬂtiation of virus

particles in the virus 10 preparation was deferni néed by nmeaSuring A260

accor diyRgrk@n Mhit ee8dar c8hpak sebd poYhihy13980 el 1 4498445Q2) tnkhe
fol |l owi ng Adenovi rus/ PLL-conpl exes were made: 15 5PLL/Ad: 5 nol ecul es PLL

per Vi g opacbhpb8entS00PLL/ Ad: 500 nol ecul es PLL per virus particle.

7. A separation membrane comprising a poﬁous substrate
and a porous resin layer on at least one surface of the
porous substrate, the porous substrate comprising an organic

fiber and having a density of 0.7 g/cm3 or less, the poroué
resin layer comprising a resin, pért of the resin permeating
into the porous substrate to form a composite layer with the
porous substrate, wherein |

B = 0.2xa, and

C/B 2 0.1
wherein A represents the thickness of the porous substrate,
B represents the thickness of the porous resin layer, and C

represeﬁts the thickness of the composite layer, and wherein




250PLL/ Ad: 250 nol ecul es PLL per virus particle. 20 50PLL/Ad: 50 nol ecul es
PLL per virus particle. A PLL dilution was added to a viral rtjcle
dilution. Sanples were mxed carefully by inversion or geﬁ?R%':%ﬁéette tip
aspiration, and incubated for 30 min in room 25 tenperature. The mediumin
the 6-well plates was renoved and 200 M of the adenovirus solution or
PLL/ Ad solution was added to each well at an MJ of 5. The cells were

- incubated 30 for 30 mn at 37C (protggted fromlight). Plates not infected
wi th Adenovirus were added 200 M PBS only. The 200 /.cl solution was
removed, and cells were washed once with medium 2 m nedi um was added and

the ceII wer e |ncubatg%%for 30 mn at 37C (protected from 35 |ight),
beforeqﬂﬁrP ogetP b XﬁfIq%ﬁﬂmﬁﬁ¥°WR%ﬁﬁw4ﬂﬁfnqr?QSQﬁnﬂ¥?mﬁtqﬁ% cells
were i for t|II cted f on1I|ght rior to analysis

f or fS%%%é) *500% %%Zf_ﬂ-‘ RAkYa R thsyec?ase activity
by flo %ngE under nental ot oco Ln Exanpl e
3. Res é@ﬁn |éﬁ%§h %ﬁ% 5%Qk§jéF§ol?ngé i§§§£ 8Fe the
adenOV|rus has been associ at ed mnth the carrier poly-L- ii Lysine (PLL). As

can be seen fromFigure 10 infection wthout PCl (i.e. the O mn |ight

doses) gaVGSVGrX E9ﬁhr5£§8ﬁdMQﬁF99né<58%ﬁ99%ﬁnﬁ25h8?Pgu§4 QBEErgké as a 10 .

carrier. i s apparent that umnatio uces a |ight

dose daaan@epbrbﬂ%r@@%qnlaa@@%n%ﬂug%'qaasQOBBéméd}f%@%\Mﬁ'%mg the PLL, due
- to the PCl-effects Whi | e the highest transduction efficiency obt ai ned

mnthoupoEbbs(@uﬁ@tEb@@reth@)pW&%u§7rQ81%7lQE@QSb ¥@1k3ngelal $e6qul d be
achieved with the conmbination of PCl and PLL , representing a > 20-fold

i ncr easedi perheatpegcentageaet bransdupedooel b&b@%r@@@p@be(iotrﬁl what was
achi eved under the same conditions without PCl, and a 100-fold increase as
conpar edmposnbemabyenf @d¢thonhéOppirnud0subght-awiet hahkerBik) . Thus, PClI can
substantially increase the efficiency of transduction with PLL coated
adenovi rus,Band xAusiangd t hi s conbi nation a nmuch hi gher transduction
efficiency can be achieved than for the conbination of PCI wth uncoated
adenovi rus.C25 Exanbl e 11 Effect of PCl on adenovirus transduction of a
human skin _fibroblast cell |ine enploying poly-L-lysine as a 30 carrier
for thehgFeiR %héePF6§enﬁ§nﬁheskhhggnﬁsébpasth@eppgouéréu@séwﬁtand treat ed
wi th the photosensitjzer TPPS2a as described in le 7. A conplex of
PLL anf % Pﬁ§3?§§§ FB?eEUF@EnﬁFS3§fP%EepEPr9P?u§e§aﬁgﬁéyé¥ 489 frade as

described in nﬁ éo and th cells were infected at an MJ of 5,
i |1 um haY Ba° &GS ahafys {ekacanset; the FARRSHpFeldper, and wherein

the porous resin layer has an average pore size in the range
of 0.01 to 0.2 wm and a standard variation of the pore size

of 0.1 pm or less at the surface.

9.. The separation membrane according to claim 1,
wherein the porous substrate has the porous resin layers on
two surfaces, and

2d, < dp -

2dgy £ dg
wherein d represehts the average pore size at the surface

of one of the porous resin layers, dg represents the average




" treatnent increases slightly, but it

27 May 2005 WD 02/44395 PCT/ GB01/05251 56 Resul is Figure 11 shows the
effect of using PCl in conbination wth a PLL carrier on transduction of a
human skin fibroblast cell lline (HF-16). Fibroblast cell s 3qMay20d8own t o

very resistant to adenovirus transduction and as can be seen from Figure

11 the "normal" transduction (0, O s light without PLL) of these cells is
very low and is enhanced to only a small degree by PCl. \WWen PLL is
enpl oyed as a carrier the transduct|9§ efficiency 10 without Iight

an be seen that PCl in this case
substantially enhances transduction, wth a |light-induced increase from
7.5 to 44.5 %transduced cells being observed under optimal conditions.
Thus, coms Mirg t@die Use irfmoaraf ethanidthad pdweoRCl rdeohnicl gy, can gi ve
efficient transduction of <cells that are otherw se very resistant to

transd@d ch. repxaspné s12hz0 aperege porRCisige dderidw memtimadnsduct i on using

the polycationic dendrimer SuperFect(r) as a virus carrier WDr cells
wer e growe Saf@Gticibaled- 1 1IPRATE titot Bratiiane ek TRRSXDidkag/sd ), as’
descri bed |n Exanple 25 7. SuperFect(r) was purchased from Q AGEN (3
mg/ m ) SESEiQ%enovi rus used was AJHOW- I acZ. Adenovi r us/ Super Fect (r)

conpl exes-.at different concentrations of SuperFect were nmade by adding 30
di fferent amounts of SuperFect(r) to the adenovirus solution and incubating

f 30 m t t the 6-well plat
rg;mvedmagdiléOr Imsegfl ﬁégﬂﬁgﬁ?ﬂgféﬁﬁe?gég‘?ﬁ)ﬂC%‘Hﬁllé\ﬁc\gg ﬁ/asaagzle\éva;t an 35

d | d f
(prot g BEOFFIRST PAAcy. 2ke D058 B e R iraaa el teel 1 < ver e
washed .Qugg g az M@xss%ogﬁl S%QCQZW%%%b;’tﬁgE%%%&%g%% 57 medium 2 i

medi um was added and the ce were incu mnat 37C (protected
fromlight), before being exposed to blue light as described in Exanple
7. The cells were incubated for 2 days (still 5 protected fromlight) prior
to analysisifor {8 98bastesbdansnBpihyi Lyeh¥nt! chwamgtw aga ggscri bed
under "Experinmental protocols". Results 10 In Exanple we denonstrate

t hat PCh useafiﬁcgewggélg@paw@tmomlrus carriers other than PLL. Thus, as
shown in Figure 12 when the dendrineric polycation SuperFect(r) is used

- as a carrier, PCl can substantially increase adenovirus-nedi ated gene

transduction when the carrier 15 is used in concentrations bel ow 50
jtg/m . Maxizml |4, sepitét Supenddot{ng , e REhentiscapei §ng ner ease t he
percentage of transduced cells to nearly 50 tinmes the value obtained with..
" nor nafepandecen onebranewcohpui s PO andorwizsheubsSupéeFenti(a)), while PC
W t hout SuperFect(r) gave a

porous resin layer on at least one surface of the porous

subétrate, the porous resin layer comprising a resin, part

of the resin permeating into the porous substrate to form a

composite layer with the porous substrate, wherein the

poxous resin layer has an average pore size in the range of

0.01 to 0.2 wm and a standard variation of the pore size of

0.1pun or less at the surface.

13. The separation membrane element according to claim

12 used in sewage separation.




20 maxi mal increase of 12 times and SuperFect(r) alone an increase of 10
tinmes. Exanple 13 25 Different tinme schedules for illumnatjion and

adm ni strati on of adenovirus HCT 116 cells were grown and PP MWV th the
phot osensi ti zer TPPS2a as described in Exanple 7. The 30 cells were
infected with the Ad-HCW- LacZ adenovirus (MJ5) for 30 mn at different

tinme points before or after illumnation (which was always 4 h after the
renoval of the photosensitizer). The_cells were incubated further for 2
days (still protected from 35 Iighf)3BrTor to anal ysis for 0-gal act osi dase

activity by flow cytonmetry as described under "Experinental protocols".
27 May 2005 WD 02/44395 PCT/ (B01/05281 58 Results Figure 13 shows the
effect of thd.ti A sgpafrathenl inghbraheeaba®nte cekptivengoat he delivery of
the virus on the PC effect on adenovirus nedi ated gene transduction. It 5
can bepdegr l(iRiygwie t13) sdpstratherPGlentddamd rdtdmemtiss acefdmtitigvecd or a | ong
time interval both when the virus is delivered before and when it is

del i vercd@ iaf tléy and laumiavatiingn cofties nitrigertend ssepatriate oni memb refneat | east 17

h (fromyvirus given 4 h before illumnation to virus 10 given 13 h after
i |1 um FAEMERESwhébeE $epRe aiiogs neadpsae sdramsindtse bed ngndirdangsichat i on can
be perfornmed and where the positive:PCl effect on transduction wll still

be maPRPELtABEIatYs Pegaddmy) itepsacinethegmse @si kioc dlormpeipicest vi ew

becauig i, t allgg§ tgg clinician great 15 flexibility in designing the
treat nBACYERE EG6r GPHACERG SPPAEGtdORe e ENt s t he patient m ght
receive, e.g. to surgical procedures. Exanple 14 20 PCl enhancenent of
t he gene therapeutic effect of an adenovirus vector encodi ng Herpes

. Sinplex Vir thym di ne_ ki nase .25 HCT 116. adenocarcinonma cells were
i nf ect ed mﬁ#%'aﬁﬂ %% Fovr 0% BN T RerABT LY IPPEhE b9 ng the HSV-tk gene

Gesor | bod Quaet PEcpermranal MEABERRS) & SRRE: ot nchousThBL: Tt oot on,

descri erinmen protocol s af'fer infection,

differ@@ﬁtQQnQHQCEHErQEF%?ﬁt@EngﬁQ@E%EﬂgiElgﬁgg%gwag?ggg doaaadibhe  cells

were incubated further 3 days ore ana survival by the

MIT meh&geradbi 818RENEdcbaprPasad QnséBQHﬁE%?g @émﬁr&ﬁ&eEbﬁgEEghgg 35 ‘

tetrazoliumsalt (MIT) to a purple, insolul ormazan product
-m tochangstehs delivdt egesasns Br gs§e8hsi PekiMi NyerNBhale! icaktyopetive

cells. One mM nediumcontaining 0.25 g MIT is”  added to the cells, followed
by 4 hs@rfaby 2006heVifbDP3144395s Pt EPOLLO5B820u8%esin layer

comprising a resin, part of the resin permeating into the

.pofous substrate to form a composite layer with the porous

substrate, wherein the porous resin layer has an average

ﬁore sizé in the range of 0.01 to 0.2 pim and a standard

variation of the pore size of 0.1 um or less at the surface.

16. A sewage treatment apparatus comprising the
separation membrane module aécording‘to claim 14, the
. separation membrane module being immersed into sewage to be

- treated in use.

17. A sewage treatment apparatus comprising a




i ncubation (37C, 50 v/v C02). The resulting formazan crystals are

di ssol ved by addi ng 200 Al isopropanol (Sigm, M) USA) pgh I#QB The
solution is transferred to a 96 wells plate which is read 9%§' Pti skan
EX 5 mcroplate reader (Labsystens, Finland) with a 570 nm bandpass
filter. Results As can be seen fromFigure 14 a |ight dependent increase
10 in thetoxic effect of GCV could be observed for 3 different doses of GCV
in cells receiving the AJPS2a photgsensitizer, AdV-TK and GCV. In '
conmparison no such effect was seen 1n control cells receiving only

phot osensitizer treatnment, in cells receiving 15 photosensitizer + GCV or
in cells receiving photosensitizer + AdV-TK, but no GCV. This shows that

t he | FGRETANGGPe BeMRERBES BOPH leCromidilsgtiow celdlugaliityg of s due to the

i ncreased TK gene delivery_induced by the PCl treatnent, |leading to an

i ncr e §SPA LA PRaEBRIGNCt RéePENEEY 3phdy BPUSHRY HSMEK ngéYee/{ SV conbi nat i on
is wdely wused in Iinica& cancer gene therapy protocols and thus this

~ exanpPEPERENE OPh BEMPERNEARIBBCNSEd T SRILEHRE T§ENTEEF cel | kil | i ng
'effect? of - a gene being used in_.cancer gene theragy..kbnce, this exanpl e
shows “t RAF Th&ZBTJERBY 8 F@B?Qja&’rﬁ&n&eﬁg’r&f‘l@e&?m@ BP9 & At M ted to
repor , t_th i | so._C be used.far nes encadi ng proteins
ot SaReBrars: ahY' ¢y aBholl FESTpraAYES, WRCRte 88 Phe S5 005 6o

Cl ai ng; LN Vi X VY{XO d.far iR ucl : cule into
2 cel e Ehe PRrblle bhbRcn ety Yhyt P relin TeyRE G g = )

phot openshti shpg 89ePhe FOBIACHEPRCSRiHy G8kb Whbhpbbe,aol ecule to be

i ntroduced (transfer nolecule) which IS associated with a viral carrier,
and  kfipadiratbngosabemce! bombbBit ot vol awwayelanghb pefbective to
activate the photosensitising agent. Z. A nmethod as clainmed in claim1

wher er8ssai Uagekl haS afmBav@L488. pdreAsiBENGE @ReClahfgRdoitnocloal ol or 2
wherein said transfer nolecule Is a nucleic acid nolecule which conprises
a ful0.2epgt argene strarcladMl ofa rdidteiroDNAE  teie qeb g ddhwee safre) . Drsa f unct i onal
~fragment thereof. 4. A method as claimed in claim3 wherein said nucleic
nol ecakeleasodesthe psodfage actheabepgrenipneneabprotemnpdutlexibe,ingn
apoptosi s inducing protein, an inmune stimnulating factor, a tumnour

speci Hhpenaedgento apevwagenipe/ b¢ ntFaahati an bakibitor, an angi ogenesi s
inhibitor, a protein inducing vessel formation, a coagulation initiating
protein, an intracellular antibody or a reconbi nant i nmunotoxin. 5. A
nmethod as clainmed in claiml or 2 wherein said transfer nolecule is a

nucl ei ¢ aci®tt ndt RRRCIHEh Er&ERdddes RVagR i seqfaer RN $rof BEERBING ri bozyne,

an aptaner, an oJigonucleotide or a triplex formn ol i gonugl eot i de.
- {he sewage witg Ehe separation membgane accordgng togclagm

1.

.19. A method for making a separation membrane
comprising the steps of:

applying a solvent containing a resin which comprises
polyvinylidene fluoride as the major component, a pore-forming
.agent which comprises a polymer comprising polyethylene glycol
having a weight average moiecular weight of at least 10,000 as the
‘major component, and a solvent onto at least one surface of a
porous substrate having a density of 0.7 g/CﬂP or less to form a
coating film and to impregnate the porous substrate with the
.solvent; énd immersing the porous substrate into a coagulation

. bath containing a non-solvent to coagulate the resin and to form




6. A nethod as clainmed in any one of clains 3 to 5 wherein said nucleic
acid nolecule is 20 to 10000 bases in length. 27 May 2005 é A net hod
as clainmed in any one of clains 1 to 6 wherein the transf e e is a
pol ynucl eotide and is inserted within a viral construct which contains
viral derived el enents necessary to enable the construct to becone
packaged inside the viral carrier. 8. A nethod as clained in any one of
claims 1 to 7 wherein said viraL_qﬁgnjer i's an adenovirus, an adeno-
associated virus, a retrovirus, a lentivirus, Herpes virus, a
bact eri ophage, an influenza virus, Sendai virus, Vaccinia virus or

Bacul ovirus. 9. A nethod as clainmed in claim8 wherein said viral carrier .
is an adenovirus. 10. A nmethod as clained in any one of clains 1 to 9
wherein said photosensitizing agent |ocalises to intracellular

conpaft RBEPYS BaPtNchPYFFy BndbSofBEfare PfssienBerors. SRPRETRGE -as cl ai ned
in any one of clains 1 to 10 wherein the photosensitizing agent is
separate fromthe wviral carrier, and preferably sai d photosensitizing

t d | tacted with |1 tiall 12. A
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phot osen ng_agent i s,sel cted fromth rou consi sti-ng o TPPSZa
Al PcS g g%ga%éhg? ggp Fp |9I'|cE ﬁo oégﬁsﬁ ?gggs “r3p Asnetﬁo aé clainmed in

any . 0@85§£Ee¢@£8§%% L %ﬁevu EES'”Osﬁ'gopﬁgt Qﬁ bék@gnﬂgﬁ@t% are

conmpoun am no ini € acid or és am nol evu |n|c aci ds

or hﬁéﬂéﬁ%'hhﬁ%'é(géﬁeepéﬁal Bosebt a4t hepeo htl erBefRt Bedeas clained in

any one of clainms 1°to 13 27 May 2005 erein sald viral carrier is
cont agb egle Nt | Nagal @ihée&bag&%tiénrrbg%eéoheaﬁngogﬁsleéét éonet hod as

"~ clained in any one of clains 14 wherein said photosensitizing agent

is CO@éﬁ@ﬁqu@tééhtS@fdt§@|h@nigbléeﬁ@ 24 hours prior to irradiation. 16.
A nmethod as clainmed in any one of clains 1 to 15 wherein the irradiation

stepis 1 to 10 mnutes. 17. A nethod as clainmed in any one of clains 1 to
16 wherein said viral carrier is added before or after irradiation. 18. A
met hod as 4ll.ai e imetdmyd oiver ofalcira) nshel dapdiat rermeembiognes or bot h of the
phot osensitizing agent and the viral carrier is attached to, associated

Wi t h, aerordony ugatetrim, 19nevberebn etar sdbvendbl ecntasnst ar geti-ng

nol ecul es or vectors. 19. A nmethod as clained in-claim18 wherein said
viralsokeettter is attached to, associated with, or conjugated to a carrier
nol ecul e. 20. A nethod as clained in claim18 or 19 wherein said

22. The method for making the separation membrane
'accordiqg to claim 21, wherein the solvent comprises 5 to 30
weight percent of the resin, 0.1 to 15 weight percent of the
pore~-forming agent, 40 to 94.8 weight percent of the
solvent, and 0.1 to 20 weight percent of the non-solvent,
‘and the coagulation bath contains at least 80 weight percent

of the non-solvent.

~23. The method for making the separation membrane
according to claim 19, wherein the coating films of the

solvent are formed on two surfaces of the porous substrate.




carrier nol ecul e conprises a polycation or cationic Ilipid. 21. A nmethod as
claimed in claim?20 wherein said polycation is poly-L-lysine

poly-D-lysine or SuperFect(r): 22. A nethod as cl ai ned i n3¢May 2099 wher ei n
said cationic lipidis DOTAP. 23. A nethod as clainmed in clainms 19 or 20
wherein said carrier nolecule is a liposone or |ipid based construct, 27
May 2005 - 63 preferably containing at | east one cationic lipid. 24. A
met hod as claimed in any one of clajgs_1 to 23 wherein at |east 50% of
said cells into which said molecule is introduced are not killed. 25. A
pharmaceutical conposition conprising a transfer nolecule associated with
a viral carrier and a photosensitizing agent as defined in any preceding
claim 26. A conposition as clained in claim25 for use in treating or ,
preventing_di sease, disorder or infection. 27. A conposition as clained in
claim 26 fo6f-usthfnmehBAd £REr BpYingsthesacBrratiPANBEBPIABPecul e and a

phot osensi ti.zi n agent i.n the preparation of a nedicanment containing a
bl | BreREFaTatColdrnl (L t RESTEtRod 6 TARP3AETOF O & 1 to 24 for

treati_ng_or  preventi a _di sease, . .di sorder..ar infectiogn referably for
gene. cRAFABY S0 TRE GelioRr OF feafistlr 1a Coart Aol PRI ANTR & viral
carri g aud %oggﬁﬁgﬁﬁgﬁl%E%gDQSaQ%nEP%Srg%f%D%% hReany gheof claims 1 to
24 for preparatron of a “nedi cament for asein tréeating or preventing a
di sease, disorder or infection, preferably for gene therapy. 30. A use as
claimed in claim28 or 29 or a conposition as clainmed in claim27 where

sai d gene $4er apye | et A6HI BYL by 137 068 elofi L4 09r OfespeEAEI C Cells,
targeted inhibition of gene expression, augnmentation therapy, or rmnutation

COFFeQEE@BdQM?tBQ EnbiRdyoti QReekia 8RBEpBEods RAbtkeAtkhereof capable of
expressing a functional product to conpensate for a deficiency in a
- pat i eabmpribeseannphebeeablypi®3.to 1015 virus particles are adm nistered
in vivo. 27 May 2005 64 31. A use as clainmed in any one of clainms 28 to
30 or a conposition as clainmed in claim?26 or 27 wherein said disease,
di sorder or infection is cancer, rheumatoid arthritis, artherosclerosis, a
viral or olter Thefrezthohsfopsumkiasy sthe odgraker ddwshapbaamound, a
fracture, a wart or an inherited genetic disorder.

according to claim 192, wherein the resin comprises

polyvinylidene fluoride as the major comp0nént.






