WO 01/79456 PCT/ GB01/01261 - 1 Materials and Methods Relating to
Increasing Viral Titre Field of the Invention The present invention

rel ates twoonmt®sé al s and 5 nmethods concerned with increaBCTvgBUi/oRb1titre.
Particularly, but not exclusively, the present invention relates to novel
met hods all ow ng purification and concentration of retrovirus from
packagi ng cell supernatant. The invention -also relates to the 10
application of these nethods in the field of targeting specific tissues,
treatment of gia¥easelst ahasmardoler Relatean 6 dndrdiadnestieal Bddegr ound
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retroviral packaging cells releasing |arge nunbers of infectious
retroviral pantdid eF Al oL Bidleds for  enhancing the efficiency of
retrovirus/targéf‘tg%f——rgéeracrrchs (and preferably both). Efforts to
optim ze 20 the eflfrectdnesdntt ievehtrietr oeledlesy éct areshaheel s emded to  focus
upon three strategjes. 1) New vector, constr.ucts .have desi gned t hat
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Bjniatcti vat i og,cc_ﬁidehﬁ;][ratm&erdfriﬁettg@iviiqrﬁs lcﬂrdﬁumkacgjnw eredrits' 6 30 2)

ure conditions for optimmretraoviral, vectar article production and

efficiency ofSURSTRAIH 7 (R vErdiion fleiadtS E%JV%%ﬁgﬁﬁ i mpr oved.
Retrovig al prggiuctdan Gan e Hd easebdyy i Pivig poRgld off nidradd dhg

i nfecti ble packagi ng cells', superinfection', culture of
specific tissues, treatment of disease states and for

screening and diagnostics.

Background to the Invention

15 Retrovirally mediated gene therapy requires either,
retroviral packaging cells releasing large numbers of
infectious retroviral particles and/or methods for
enhancing the efficiency of retrovirus/target cell
interactions (and preferably both). Efforts to optimize

20 the effective titre of retroviral vectors have tended to
focus upon three strategies.

1) New vector constructs have been designed that
allow for more efficient expression and packaging of
retroviral vector RNAY2, These have been coupled with a

25 new generation of packaging cell lines producing greater
numbers of retroviral particles’®®, which may also have
wider target cell trophisms®®¢ and be more resistant to
inactivation, either by centrifugation® or human
complement®©.

30 2) Culture conditions for optimum retroviral vector
particle production and efficiency of retroviral/target
cell interactions have been improved. Retroviral
production can be increased by “ping-pong” of mutually
infectible packaging cells’, superinfection?, culture of

35 target® or packaging cells at 32°C!®, and in some cases by



35 target9 or packaging cells at 32Cl10, and in sone cases by WO 01/ 79456
PCT/ (B01/ 01261 2 the addition of the histone deacetyl ase inhibitor sodium
but yr at ewo@nrescecreted into the supernatant the probabPCTAGBIDO1261

retroviral particles infecting a target cell is increased by incubation
wi th polycations such as 5 pol ybrene and protam ne sul phatel2, 13,
conplexing retroviral particles with |ipgsones or |iposonal |ipidsl4,

fl owthrough of culture supernatantl5 and | ow speed centrifugation of

retroviral paitd &g tdd chle&Hiett@iQ@cBne cdd &9 ylasdargetb Ledt ssedumal so be
made nore receptive to 10 infection cul turi n themin ghosghate depl et ed
medi um 0, or BHE¥FREAddi PTen %‘FCWB‘F@né’éFPnt%ﬁd PPerNEtgRtat®d derivative

S16. 3) Many foidies @hay & fretodsy LA b@aﬁ@i’@lé‘@dlﬂ\fé&lrﬁr&eﬁf@é@d or

purified retrovirus. Reducing the 15 supernatant vol une il st preserving

the retrovirateld nfecii®ieassd Hag Peedepor (el PO bIFHg e PesaRe of
retrovigal sypernatat 144 quahe iR &0 ub &I pied ghxlacu(gorﬁ)g]‘_ex{ﬁéterw 17- 20,

| yophi l'i sation9 "and co-precipitation wt cal ci um phosphate2l. However
such reduct i orest reenl tyel zmnatm@anwe@hbylmwwmﬂw@wﬂ bipigs

corponent s tW%Fevg?%p rgﬁx%&f%dfécééégfﬁ Qmﬁﬁ QﬁdtPéhcsﬁge&he target

cell s21. Such ave result limtations of
centrifugati cnﬁrasrlafumttm fof reure¥icvaliparivicles acith nfkely duarget
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vari ants stiltrappeasd ndetivathieveéster at ure use
3) Many of the above methods can be combined with

concentrated or purified retrovirus. Reducing the

15 supernatant volume whilst preserving the retroviral
infectibility has been reported following the passage of
retroviral supernatant through molecular weight cut-off
filters®'’"?°, lyophilisation® and co-precipitation with
calcium phosphate?'. However such reductions can be

20 accompanied by the concentration of other components that
may be inhibitory to infection? or toxic to the target
cells?. Such developments have resulted from the
limitations of centrifugation as a method for
purification of intact infectious retrovirus. The various

25 versions of the “classical method” %nvolve
ultracentrifugation for up to 16 hours at 18000g*, and
appear to work very well. However the volume of
supernatant that can be purified is relatively small, the
efficiency of recovery of infectious retrovirus is low,

30 and the method works best with low titre retrovirus?
Other variants still appearing in the literature use
reduced speed centrifugation??¢(to as little as 3000q)
whilst maintaining the time period, or increased g force
and reduced duration!®. Centrifugation does however have

35 many attractions, it is easy to perform, and can reduce



reduced speed centrifugation 21-21 (to as little as 3000g) whil st

mai ntai ning the tine period, or increased g force and reduced durationl9.
Centri f uya® bom468©es however have 35 nmany attractions, it PET/6B8Y01261
perform and can reduce WO 01/79456 PCT/ GB01/01261 3 supernatant vol une
in the absence of copurification of inhibitors of infection. Centrifugal
concentration has so many potential advagtages that packaging cells for
pseudot yped retroviral vector production have been 5 designed with
resistance tosigagidtmatid o Rime et riddigsertdd @58 @ iMidtion of
consideration9' 6. Such VSV-G %es.l cular stomatitis virus G, pseudotype
vectors can biesidbijtcstedt tiBREtiony fGNOo HFRA SBEA T MRS PQp to

2000-fol d 1 qiie i;srd ik 20! P ddb Sl NATLIIEAPCQETY Qfr 10 _
infectious virus6.” In the absence of an optimzed retroviral concentration
protocol for ReEstdrteyrRtare tiran. nEV-GC e istpdst oo i@ e mRAn si npl y

I ncrease the pUEher. of, 5 LIV I rid ¢ BRI esh 1R, the dar cells by
usi ng 15 nore superencgltwaln%. . |ls ?Asncgéaegtol 1jt%ice@lbgé%i alnce h%Iet ween afgﬁj;aet roviral
vector half-|$tfresf & B hoater atoByClarat idre * .protsdbMSVF dfveisticadmmg i nt o
contact with . t i [ ' icle
travel ing by rovx‘%qlléaira]g no rl%%%;)l neé@tﬁ% k‘g%/tcﬁt&rosr ﬁ%rg\gé rargourdé)aé{(?]ﬂaér:]d 20
600pZm i n onethdld,-00Ge 2ir Ihusinutest' St aesolcihguie vp tal 2088-hotd as
90% of the retrovirus may be unavailable for ., infecti ince target cell
availability 5% %Cftrﬁcfrésj Jéc/)nne"'o ca eno%ltahsemoaresu%}}a}ncig%"t Ir§ Oa‘%glg’:nouénber of
cells 1 ordeinfdarigffd ciientd® interact with all the avail abl e 25

retrovirus. Summary of the Invention The present inventors have appreciated
that there is a roedtor RETHoUL WEH 'Wlﬁer(%vrie oA

€ an’increase in
concentration protocol for vectors other than VSV-G

pseudotypes, one cannot simply increase the number of
retroviral particles applied to the target cells by using

15 more supernatant. This is due to the balance between a
retroviral vector half-life of 5-7 hours at 37°C and the
probability of it coming into contact with a cell target
during that period. A retroviral particle traveling by
Brownian motion alone is unlikely to travel more than

20 600um in one half-life?®. Thus, in a static culture of 1ml
as much as 90% of the retrovirus may be unavailable for
infection. Since target cell availability is finite, one
cannot use a sufficiently large number of cells in order
to efficiently interact with all the available

25 retrovirus.

Y

Summary of the Invention

The present inventors have appreciated that there is
a need for methods which will provide an increase in
30 viral titre, thereby increasing the amount of virus
available for infection. Thus in the example for
retroviruses given above, to fully utilize the 90% of the
retrovirus unlikely to contact the cells, the present
inventors have designed methods which utilise binding

35 members capable of binding to the retrovirus to form a



30 viral titre, thereby increasing the anmount of virus available for
infection. Thus in the exanple for retroviruses given above, to fully
utilize wWeoP®eof the retrovirus unlikely to contact theCTeBbs9126he
present inventors have desi gned net hods which utilise binding 35 nenbers
capable of binding to the retrovirus to forma WO 01/ 79456 PCT/ GB01/ 01261

- 4 conplex. This conplex can then be hagvested efficiently fromthe
packagi ng cell supernatant. The inventors have surprisingly found that the

harvesting camiaeadchi evad RbmSial tcdreriRd oW s peaty &erdd | d fifiad i e whi ch
results in at 5| east 1000-2000 fold increase in titre after only 200- fold
reduction i n Brelurde FRHeIomy el (BRI tiaHer al The R PE<I Pd¥Renti on

provides a methedifQmdIRCrRAM DL NAY &lnd Itd Svedtr G acHampd ea&pirwé@iwgﬁ
viral particles, said ™ nmethod 10 conprisjing contacting said sanple with a
bi ndi ng menbé&horEapasite low BRREhF S FHAGA TN partce 651§ ofin &t

conpl ex COﬂ(i%%tsftatﬂdm)im&%M&&n&&as@yirpe@itﬁé ugi g dAe, seopl e; and,
if necessary determning the viral titre. 15 The increase in viral titre
does not resdlald wegmctimgy daserdiinehe anount of virus in the sanple. In

fact, the exact agppunte of, viyus dh the 15 Ol pecessarily known

and, with regard to the présent ~invention, the ﬁncrease Inviral titre
nust be takennventi@rberovidest iomafhdbtior henaraasinandl fake 1itkes i hood of

the virus infeell N0 AdAO B s dNG NG EASE, [fasdifdimdatre 10
sai d concentration rmay ‘be determ ned by ~ 1 nfeectivity of target cells. For
converlitence, ddwprfidirgnigunttaxting |smsid adagwlderi2s 3 nviendion rerbespect s
ther cof by refersing {0, 1,81/, 0y (USSR SRNEYPardicbl | cherappagent to the
complex; concentrating the complex, e.g. by centrifuging
the sample; and, if necessary determining the viral
titre.
15 The increase in viral titre does not result in an
increase in the amount of virus in the sample. In fact,
the exact amount of virus in the sample is not
necessarily known and, with regard to the present
invention, the increase in viral titre must be taken to
20 be a function of both the amount and the likelihood of
the virus infecting a target cell. Thus, the increase in
virus titre in said concentration may be determined by
infectivity of target cells.
For convenience, the following text illustrates the
25 invention and aspects thereof by refgrring to
retroviruses. However, it will be apparent to the skilled
person that the invention can be applied to all viruses
including retroviral pseudotype packaging cell lines,
e.g. MoMulv vectors with vsvg pseudotype envelopes. For
30 example, the inventors are particularly interested in the
retroviridae family which includes ssRNA, positive sense,
non-segmented genome, enveloped and DNA step in
replication viruses. Subfamilies of Retroviridae include
oncovirinac (i.e. Molony Murine Leukaemia virus)

35 Lentivirinac (i.e. HIV and other lentiviral vectors) and



person that the invention can be applied to all viruses including
retroviral pseudotype packaging cell lines, e.g. MoMilv vectors with vsvg
pseudot ypeOoenvabopes. For 30 exanple, the inventors are pereTiGBal/enby
interested in the retroviridae famly which includes ssRNA, positive
sense, non-segnmented genone, envel oped and DNA step in replication
viruses. Subfamlies of Retroviridae inelfide oncovirinac (i.e. Ml ony
Murine Leukaemia virus) 35 Lentivirinac (i.e. HV and other lentiviral
vectors) and SiOnGlia94te PCT/ GB01/ 01261 5 spunavirinae The invention
may however, be applied to other virus famlies s (gglkaBFSV|r|dae

(dsDNA and envel o TR L OTh ek I YR i I—aleprp e THIER A s
Epstei n 5 Barffamiilriéss é@dmrma{énpdmrl\é&re celdmizZosterensgisped O her

famlies include Adenoviridae a on- envel ped viruse exanpl es
i ncl ude adendViTT rarfd RO \/]I(I}C;]1 ‘{}ec}{] psessLFclH“ e)i ho]'s’?auEbfaz‘)éjd‘S St ad. 5:

Papova ri dagdxds vant )01t eivhed yes, M dis efr il 1 5 76 e d Orivacalol at i ng
virus 40 and pol yoma virus; Pl cor navi r({?(sjae (ssR +se&f§§, 8n envel oped,

non segnmented vir GeW9r £ailigh A oV iT9Hae (sSRNA,
-Ve sense, @H%é%%ﬁ@ﬂ“ﬁ%kuéﬁgbe Q%\dﬁéﬁﬁﬁé fghowesld aHar
stomatitis viruses; Poxviridae non-envel oped 15 viruses) e.qg.

poxvi rus (varddanovidid WRicH S, s@}hé’ks haae (RS S RIp*3 @ whi ch t he

i nvention mayhe, ARpl R e | 06 Udes ths faldominas Arienavdd) dagy. Biimea ri dae,
Bunyavi ri dae, l'iciviridae, Coronaviridae, Filoviridae, Flaviyvirdae,

HepadridVi ri daracualiafovia itaeis 24P @haRANVIF | He!S Pat srAseA i iae
Paroviridae, (Ragu ri qu?rﬁliéd%péﬁ“ Shdd sged{rﬁbrr@d I Atanlad to, pe

exhaustive. As nentione above the followng text for convenience refers
to retrov|rusﬁgtqnqﬁunﬂanpollov1rus, Rhabdoviridae (ssRNA, -ve sense,

non-segmented, and enveloped viruses) e.g. vesticular
stomatitis viruses; Poxviridae (dsDNA, non-enveloped

15 viruses) e.g. poxvirus (variola) and vaccinia. Other
families groups to which the invention may be applied
include the following Arenaviridae, Birnaviridae,
Bunyaviridae, Caliciviridae, Coronaviridae, Filoviridae,
Flavivirdae, Hepadnaviridae, Iridoviridae,

20 Orthomyxoviridae, Paramyxoviridae, Paroviridae,
Reoviridae, Togaviridae. This list in not intended to be
exhaustive. As mentioned above, the following text for
convenience refers to retroviruses including
lentiviruses.

25 Following the method defined above, it may be
desirable to separate the retrovirus from the binding
member. However, the present inventors have identified a
number of binding members which may be used in the above
method and which do not necessarily require separation

30 from the retrovirus in order for the retrovirus to
maintain efficient infectivity. These are discussed
below as separate aspects of the present invention.

For example, in a first aspect of the invention, the
inventors have designed a method that uses a cheap

35 readily available, particulate and dense substrate. When



| entiviruses. 25 Follow ng the nethod defined above, it may be desirable
to separate the retrovirus fromthe binding nenber. However, the present

i nvent or woave4sedentified a nunber of binding nenbers whPCchvGBayotzel used in
t he above nethod and which do not necessarily require separation 30 from
the retrovirus in order for the retrovirus to maintain efficient
infectivity. These are discussed below as separate aspects of the present
invention. For exanple, in a first aspect of the invention, the inventors

have desi gnedea riRtihet tihatpdsesimehean Ingeatidantavid abte] wiath i cul at e
and dense substrate. \Wen V\D 01/ 79456 PCT/ GBOl/ 1; retrow rus in
packagi ng celSEEFTerhsifaties IR K& Ha t4et ré%(‘@é%agl s?]é%‘?i}%ﬁ e | ORI GrES

retroviral / subsir ave A EEDudhato A tdansthEnougha o petd | £ dvder
gravity in static culture within the half-life of the virus. Such

conpl exes 5 &aH a0 W subjtda i ko ISHar 12k drhif |G e et FATR ¥G724% i on

in ordef to ¢ipata dNed elfipMdd@ly CPNGRIMT-Ald A 1dw ngsassary. Using this
particul ate and dense substrate the inventors have found that the virus

surprisingly qe@r?é'ufslqaﬁlém iiguLT e NS i the SRief Ao treat nent to

facilitate I3 &l %Sqecad}g & N dOX) C s el £ SAN {QMRITE idhgul ture
| ong enough to aI Ino ) opt i nmal rea(tjerg}ow rus/ g et cell interactionl4, 29.

Ther ef ore, t W@l’{ﬂee%ﬁﬂsﬁl‘rﬂ}t@tﬁftm Iprenitdes faia nd d?hﬁt?lct?lt%ls‘fwﬁ’e he
retroviral r a nse
Ui 3! L%b A cap;ﬂ% C:Bﬁgdf‘éld?% Qeidg 4 @ L

and partlculate ormng a conple xvmt said
retrouilrus; ¢e:rﬂarcmfalg1 My sl sidrpiie g aslen sorveht e aosdiekconpl ex;

ond. 5 o 1 AR NSRS ALLAN O ARt d ORI AGS LB et by
substrate i soptimal retrovirus/target cell interaction*?°.
Therefore, the present invention provides a method
for increasing the retroviral titre in a sample,

15 comprising adding to said sample a dense and particulate
substrate capable of forming a complex with said
retrovirus; centrifuging said sample so as to concentrate
said complex; and determining the concentration of said
retrovirus as determined by infectivity of target cells.

20 Preferably, the dense and particulate substrate is
Pansorbin, a heat killed, formaldehyde fixed
staphylococcus aureus, although other substrates such as
Sansorbin may be used. It may be the case that other
bacteria possess the same ability as Pansorbin and

25 Sansorbin. This may be on the basis of fibronectin
binding proteins (fnb) proteins resident on the surface
of the bacteria and fnb type proteins may be expressed in
different bacteria. Thus, it is within the capabilities
of the skilled person to determine other suitable dense

30 and particulate substrates given the teaching presented
herein.

As described in detail below in the “Detailed
Description”, the present inventors have demonstrated
that retroviral particles shed from the murine fibroblast

35 derived PG1l3 packaging cells (Gibbon Apc Leukaemia Virus



Pansorbin, a heat killed, formal dehyde fixed staphyl ococcus aureus,

al t hough ot her substrates such as Sansorbin may be used. It nmay be the
case thatwovhemse bacteri a possess the sanme ability as PanBoT/ciBoi/en26l 25
Sansorbin. This may be on the basis of fibronectin binding proteins (fnb)
proteins resident on the surface of the bacteria and fnb type proteins may
be expressed in different bacteria. Thusy; it is within the capabilities

of the skilled person to determ ne other suitable dense 30 and particul ate
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PCT/ GB01/ 01261 [ GaLv] envel ope pr ot ei n pseudotyped) can be efficiently
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spont a%eous' Y( B QLBQJ t h fhgals derdﬁl%ckesf @éfﬁ'ﬂ@%@ﬁﬂﬂﬂﬁﬁl&tﬁphw ococcus
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aur eus (Panso ese conpl exes can be centrifugally cancentrated
and the associlcétceﬁ!ltr@ttr@cﬁ/larr& tﬁ@rt&%ﬁloéfslatﬁéﬂc di%I%QVéil?a FFEBIUSYSP to i nfect

target cells u sfor Iy JERasur. f t At
rel ease. Kaynrw\’aégﬁttagql tthélhﬁe &%%% lgl'trSgl ogy. Mar. &Sa%:gtpé%SOC%ClllSéosv)ﬁt%gﬁm r

descri bes, ardregsteast hferr tﬁnlﬁgs metaRaLIgSe tof ﬁaeﬂisldrttﬁtr? ttdre ide plediaa seor
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concerned with |ncr asi ng retrowral titre. ver, inc rast to the
preserito i nvemsccm;,betsne aandriyorts qisk@rar\:lamgSJodah%gmenSIf dnrasintdpe ts

brevi ously | IBSHGH |10 e S 0P5 Ao i LACR0P) A ke i
woul d bind torirus, although they are not concerned with increasing
retroviral titre. However, in contrast to the present
invention, the authors use an antibody against an epitope
15 previously inserted into the env gene of the virus
(SC258) and mixed this with the virus and Pansorbin on
the basis that the Fc of the antibody would bind to
protein A on the Pansorbin. The authors state that
positive enrichment requires recovery of infectious virus
20 from the bound state, and that standard conditions used
to disrupt the antibody-antigen complexes are lethal to
the retrovirus. In contrast, the present inventors have
surprisingly determined that the complex of the
retrovirus and Pansorbin does not need to be disrupted in
25 order for the retrovirus to maintain.infectivity. Thus,
Pansorbin or other like particulate and dense substrates,
e.g. Sansorbin, may be used to aid the increése in
retroviral titre and no loss in concentration or even
infectivity is lost as the subsequent disruption of the
30 complex formed with the retrovirus can be avoided.

The present inventors believe that this observed
binding, coupled with the preservation of the ability to
infect, could be explained by the recently cloned
fibronectin binding proteins (fnbA% and fnbB¥»®) resident

35 on the surface of the Staphylococcus aureus Cowan 1



protein A on the Pansorbin. The authors state that positive enrichnent
requires recovery of infectious virus 20 fromthe bound state, and that
st andar d wondiuse®ns used to disrupt the anti body-anti genPCDGBbEXES1 ar e
lethal to the retrovirus. In contrast, the present inventors have
surprisingly determ ned that the conplex of the retrovirus and Pansorbin
does not need to be disrupted in 25 ordeg for the retrovirus to maintain
infectivity. Thus, Pansorbin or other like particulate and dense
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subsequent difdilptthen M inge Tiy PGEHidk FhrRdEhith e YL rovd rat &ain be
avoi ded. The s i dvRNtPLS: heldieNe ddats this bsed Ve pRinkliigh goupl ed
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35 on the SUrfAqef ANG o3Laniyacaseus Aunanss Coman,du WD M4 56 at
PCT/ GB(?l/OlZéile%- K Lie'?craoi nused 1n Pansorbin. These pLFot eéi)f#s may Mt eract
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associ ated vi £ nectd . J.ng.er medi Thi s fi ectin interaction is
known to pr o%tgoﬂl%{aﬁoaﬁfﬁcﬁlﬁilgti vﬂ‘?‘;eyrrakh% Jt%%ﬁrgll@nhﬁelipn%d may 10
expl ail® why teh lraditr oy usher ereti sy i mfse atamest ivheim £ eoinpyexeaen o Pansor bi n.
Al t hough this e k(laodeﬁjescrohi hlsyo %f.f ective with PGL3, PA317 and GP+envAM 2
derived retrVIETS e SWere | ess encouraging with other retrovirus
such as the NI H3T3lthough this method is highly effective with PG13,

PA317 and GP+envAM12 derived retrovirus the results were
less encouraging with other retrovirus such as the NIH3T3

15 based GP+E-86 and the human HT1080 based FLYRD18 and Al3
packaging cells.

Therefore, the present inventors have designed a
further method as a second aspect of the present
invention, based on the premise that retrovirus can be

20 captured from the supernatant by using antibodies
directed against fibronectin. Thus, in accordance with
the second aspect of the present invention, the binding
member is an antibody or antibody binding domain directed
against a protein associated with the virus. The

25 antibody may be directed against a p;otein actually
resident on the surface of the virus, or it may be
directed against a protein associated with the virus,
i.e. a protein that has a natural binding affinity for
the retrovirus.

30 As the antibody binding member is not a dense
substrate, it would not be possible to concentrate the
complex formed using gravity in the static culture or
short—-term low speed centrifugation. Therefore, the
second aspect of the present invention also provides the

35 use of a capture agent for capturing the complex such



15 based GP+E-86 and the human HT1080 based FLYRD18 and Al3 packagi ng
cells. Therefore, the present inventors have designed a further nethod as
a second v@peTis©f the present invention, based on the prPemGBel/ohat
retrovirus can be 20 captured fromthe supernatant by using anti bodies
directed agai nst fibronectin. Thus, in accordance with the second aspect
of the present invention, the binding unegber is an antibody or anti body
bi ndi ng domain directed against a protein associated with the virus. The
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on the basis of their association with murine
fibronectin. The inventors have shown that the antibodies
may be bound to protein A via their Fc domain. Protein A
15 may be bound to the PMP by biotin in order to complete
the complex. Alternatively, a biotinylated polyclonal
antibody may be used.
Thus, this second aspect of the present invention
requires the use of a first coupling partner associated
20 with the capture agent, e.g. streptavidin; and a second
coupling partner associated with the antibody binding
domain, e.g. biotin. The skilled person will be able to
devise other coupling partners which may be used in
association with the invention.
25 However, the method in accordanqe with the second
aspect of the present invention is only applicable to
murine packaging cells secreting fibronectin and
producing virus e.g. retrovirus with fibronectin binding
activity. Therefore, in order to provide a more universal
30 strategy the inventors have adapted this procedure to use
a lectin based affinity capture methodology which extends
the useful range of this affinity capture strategies to
other viral packaging cells e.g. retroviral packaging

cells such as human HT1080 derived packaging cells. This

35 is based on the observation that retroviral envelope



on the basis of their association with nmurine fibronectin. The inventors
have shown that the anti bodies may be bound to protein A via their Fc
domai n. MvOvET9ISA 15 may be bound to the PMP by biotin inpordgsot/onéconpl ete
the conplex. Alternatively, a biotinylated polyclonal antibody may be
used. Thus, this second aspect of the present invention requires the use
of a first coupling partner associated- 20 with the capture agent, e.g.
streptavidin, and a second coupling partner associated with the antibody
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secreting fibronectin and producing virus e.g. retrovirus with fibronectin
bi nding acti vit yIHfer éfoRECAR G Fer ittS fr JHidE 25RGE T al 30

strategy the grawentorsveave rdaphed ifids iy eeabdre it Usectad etlfabikased
affinity capture nmethodol ogy which extends the useful range of thi

affinity captdr @iﬂdriék%@ﬁ%ghwosgftlﬁ&e%prr&tedm&@ g aUs 3y Of &Hoovi ral
packagi ng celili$sSUchy asynrn #HEL08G IRt tRAGK GV Gfldebiabliis 35 is
based on the observation that retroviral envel ope WO 01/ 79456
PCT/ GBO1/ 0126 theo Ligistt dilime &b tgPpebsyirared o0 o dalaioRy lediion
Chose col |5 TSTIAere Thre TRbt Thua oy B dinde Wit n & L Hre aspect. of
t he 518r esentoriorednti of, thite teitndivig unesbaay $ea Utddtiisekdgabliie s of bi ndi ng
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ppreci ate or the first tinme that post-trans i onal
gl ycosyl ati omember in order to maintain infectivity. 1In the examples
described below concerning this aspect of the present
invention, the lectins used are Isolectin B, (BS-IB,)
15 isolated from Bandeiraea Simplicifolia (binding the a-
Galactosyl groups absent in humans) or Succinyl-
Concanavalin A which primarily binds the a-mannose
modifications. Other lectins known to the skilled person
that bind glycosylation sites may be used, e.g. PHA.
20 As with the second aspect of the present invention,
a capture agent may be required so as to capture the
lectin/retrovirus complex so that is may be concentrated
either by gravity in the static culture or by short-term
low speed centrifugation. Again, the capture agent is
25 preferably paramagnetic particles.
With regard to both the second énd third aspects of
the present invention , the capture agents require a
mechanism by which they can capture the complex (e.g.
coupling partners such as antibody/retrovirus or
30 lectin/retrovirus). This mechanism may be produced by
coupling partners such as biotin/biocytin-
avidin/streptavidin, receptor-ligand, antibody-antigen,
etc. Thus, the complex may be designed such that it

further comprises one member of a coupling partner, e.g.

35 biotin, and the capture agent may be designed so as to



nodi fications to the surface proteins, e.g. envelope 10 protein, of the
retroviruses may be utilised in this nethod without the need for rel ease
fromthevwbdnodiaage nmenber in order to maintain infectivityPCT/eBohe2exanpl es
descri bed bel ow concerning this aspect of the present invention, the

| ectins used are Isolectin B4 (BS-1B4) 15 isolated from Bandeiraea
Sinplicifolia (binding the a- Gal actosyl 1groups absent in humans) or

Succi nyl - Concanavalin A which primarily binds the a-nannose
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gl ycosyl ation sites may be used, e.g. PHA, 20 As with the second aspect of
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gravity in the'static culture or by short-term |ow speed centrifugation.
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capture agents require a nechanism by whi'ch they can capture the conpl ex
(e.g. coupling p&theer xamed ess exitsStbodylaletaxawindes dhegpresent
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t he conpl ex anrgtidre capintr e eagentPMP coated with streptavidin), and

brought into contact with the antibody/retrovirus. The

Fc region of the antibody and protein A act as coupling

15 partners and serve to bring the antibody/retrovirus
complex and the capture agent (PMP) into contact. The
skilled person will appreciate that protein G and protein
L may equally be used instead of protein A.

With the use of coupling partners, e.g. a ligand, it

20 is preferable to attach these to the capture agent, e.g.
PMP, prior to their introduction into the vial
supernatant. In this way, the ratio of capture
agent/coupling partner to retrovirus complex in the
supernatant can be optimised.

25 Finally the inventors have invegtigated a fourth
strategy that may be applicable to all viral, preferably
retroviral packaging cell types presently available (and
those yet to be developed). In addition to responding to
those packaging cell specific postranslational

30 modifications of retrovirus, the inventors have
investigated a more proactive approach involving
introducing modifications to the retroviral surface. This
approach utilizes the protein specific covalent coupling
activity of succinimide esters, for example, biotin

35 succinimide ester. Biotin modification of the surface



O her exanpl es exist. For exanple, the present inventors utilise protein A
which binds with the Fc region of an antibody. Thus, an anti body nay be
used thavobi/mdssto the retrovirus by being specific for RCI/GBpr/oRei n
resident on the surface of the retrovirus. Protein A may be biotinyl ated
such that it is held on the capture agent (e.g. PMP coated with
streptavidin), and brought into contact 1wi th the anti body/retrovirus. The
Fc region of the antibody and protein A act as coupling 15 partners and

serve to bri pgdrle n@ntifb@AwWi-elineVidels s el and drhe rempitiaagent (PVP)
into contact. The skilled person wl|l aplpreci ate that protein G and
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coupl i ng par tRefSi a&8-iGird gMpgand, it 20 is preferable to attach these to
the capture agent, e.g. PMP, prior to their introduction into the vial
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inventors have investigated a fourth strategy that may be applicable to
all viral, premdeas pntoettheyisugifgsscledgithe T awigass pr édelrit |38 avai | abl e
(and  those ¥elodd0aha devalaRad) o) hAd |d ahda figspanddibio  those
packagi ng cel'l specific postranslational™ 30 nodifications of retrovirus,
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| ntroduci ng oAl LIGALLANS A QHIS S BLIAVIdRl AL AGR; M approach utilizes
the protein spegl I ¢ coval ent coupling act] Vi tfalo succini m de. esters,
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results in af I Hfectious  Tetrovirue that s efficien aptured by, for
exanpl e, agent.

Thus, in a fifth aspect of the present invention

there is provided a method of modifying a viral particle
15 so as to ease its capture from a sample comprising said

modified viral particles so as to increase their titre,

said method comprising the steps of incorporating a

coupling partner on to the surface of a viral packaging

cell so that viral particles derived from the packaging
20 cell display said coupling partner on their surface.

The methods according to the present intention not
only allow virus to be concentrated from a packaging cell
supernatant to an increased titre, but also provide other
advantages arising from the use of the binding partners

25 described herein. .

For example, the inventors have found that the
retrovirus does not need to be separated from the binding
surface in order to be infective. Further, the inventors
have found that the capture agent/binding member/virus

30 complex can be frozen. Although the thawing process will
lose up to 50% activity of the retrovirus, this is
considerably better than other known methods. 1In
addition, because of the starting concentration of
retrovirus following the methods of the present invention

35 is high but in small volume, very small amounts of



streptavidin PMPs. Thus, the inventors have surprisingly found that 5
coupling partners may be used to incorporate binding nenbers onto the
surface oWovhm4setrovirus. This is preferably achi eved bpCosBagoret

succi nim de ester derivative that is capable of co-valently coupling biotin
to proteins on the surface of packaging cells. 10 Retrovirus derived from
these biotinylated cells affinity coupl g to, for exanple, streptavidin on
a capturing agent. Thus, in a fifth aspect of the present invention there

is provided gymiNegy ofoimdidy) ng. @ M, RaFd e dd Spdsed az®ase its
capture froma sanple conprising said nodified viral particles so as to
i ncrease t heiynaqngentraimd wethbd cOmeT il iy ep@ Biak ke orpor ating a

coupli ng par th&fa8hd Gditesl facsmPfc @ Mid dlopackagidg pesd! so that viral
particles derived fromthe packaging 20 cell display said coupling partner
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increased titre, but also provide other advantages arising e use of
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complexes formed in accordance with the methods described
above, in the preparation of medicaments for targeting
virus, e.g. retrovirus to tissues in vivo. Further, the
15 invention provides a method of targeting a retrovirus
complex to a tissue within a human or animal (mammal)
body, said complex comprising a retrovirus and a magnetic
particle, said method comprising administering said
complex to the human or animal body, and drawing the
20 complex to the tissue using a magnetic field.

A further method of targeting tissues may also be
provided which utilizes any spare binding capacity on the
binding member or capture agent. For example, if the
surface of the retrovirus has been modified in accordance

25 with the fourth aspect of the present invention to carry
biotin, it may be captured by streptavidin PMPs. However,
the inventors have found that not all of the streptavidin
will be bound. Thus, a biotinylated antibody directed to
a particular tisse antigen may also be attached to the

30 PMP via the streptavidin-biotin coupling partners. In
this way, the antibody will bind to the specific tissue
antigen thereby bringing the bound retrovirus into
contact with the tissue. Alternatively, protein A may be
used to bind the Fc domain of the antibody. The tissue

35 antigen may be any known antigen specific for the tissue



- 13 freezing solution, e.g. DMSO, are used as opposed to wunconcentrated
virus. This is extrenely valuable in treating patients owng to the
toxicityvedoDMBS The inventors have further appreciated PORGBDh@261

conpl exes fornmed in accordance with the present invention nmay be used in
the treatnent of diseases. For exanple, the PMP/retrovirus conplex may be
used for in vivo targeting. Use of apprepriate PVP would allow themto be
isolated to a specific region by use of NMRto focus the 10 required
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retrovirus conplex to a tissue within a human or aninmal (manmal) body,
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drawi ng t he co ex to the tissue using a magnetic fireld. A further
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biological samples such as blood, serum, urine, semen
etc. HIV virus may be efficiently pulled out of blood
15 samples . This may provide an HIV test of increased
sensitivity (about 100 fold increase). Further, such a
method may be used in association with other techniques
used to treat biological samples. For example, capture
agents and/or coupling partners may be used to remove
20 virus from serum during dialysis.
Thus, in a further aspect, the invention provides a
method of isolating or removing a virus from a sample
(e.g. blood), said method comprising the steps of
(a) contacting said sample with a binding member
25 capable of specifically binding to the virus so that the
virus and binding member form a complex;
(b) contacting the complex with a capture agent
capable of capturing said complex; and
(c) isolating or removing said complex and capture
30 agent from the sample.
As described above, the capture agent may capture
the complex via coupling partners such as biotin and
streptavidin. If the capture agent is a PMP, it may be
removed from the same along with its captured complex

35 using a magnetic field. The capture agent may also be a



used to bind the Fc domain of the antibody. The tissue 35 antigen nmay be
any known antigen specific for the tissue WO 01/79456 PCT/ GB01/01261 - 14
type sel ax0ed79466 targeting. In one enbodi ment the tissuePCHGBIgeneay be a
tumour antigen which would allow the retrovirus to be brought into contact
with a particular tumour. The retrovirus may be further nodified to carry
5 foreign nucleic acid for use in gene-thérapy. This nethod has advant ages
in that the retrovirus does not need to be nodified according to the
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may be used tg- rs@mme 20 virus fromserumduring dialysis. Thus, in a
further aspect, the i nvent| on provi desdf %é’d of (iol at'ﬂcgr r.enoyvi ng a

virus froma sanplReSqeiREd gIgspn 3Lf RMPreSHneg t sefaé‘ﬁé (a)

contacting saift sHplE MIH Sndi el $uh treibedn 250 apabl se@f tspestdi cal 1y
binding to the virus so that the  virus and bi ndin menber form a conpl ex;
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from the sanpl e.

is provided a kit or use of a kit for carrying out a
method of increasing retroviral titre from packaging cell
supernatant in accordance with the methods described

15 above; said kit comprising a binding member capable of
binding to virus and optionally a capture agent and/or a
coupling partner as defined above. The kit would also
usefully comprise instructions for carrying out the
method of the invention. Examples of components for a

20 kit according to the present invention are paramagnetic
beads, magnet, protein A-biotin complex, anti-murine
fibronectin antibody anti-human fibronectin antibody,
concanavalin A-biotin complex,
BSI-B, ~ biotin complex, biotin succinimide ester, and

25 wash buffer. .

Aspects and embodiments of the present invention
will now be illustrated, by way of example, with
reference to the accompanying figures. Further aspects
and embodiments will be apparent to those skilled in the

30 art. All documents mentioned in this text are

incorporated herein by reference.

Brief Description of the Drawings

35 Figure 1 Preincubation of retroviral supernatant



As descri bed above, the capture agent may capture the conplex via coupling
partners such as biotin and streptavidin. If the capture agent is a PWP,
it my bavopemased fromthe same along with its captured POVGIBEK01261 usi ng a
magnetic field. The capture agent may al so be a WO 01/ 79456 PCT/ GB01/ 01261
- 15 solid support coated with a coupling partner such as streptavidin,
over which the sanple is passed. If the 1@ nding nenber is an anti body or
l ectin which is associated with a coupling partner such as biotin, it 5
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Figure 2 The duration of Pansorbin/retrovirus
preincubation provokes a proportionate increase in
effective titre. Aliquots of 5mls of PG1l3 derived

15 retroviral (IL-2/B7) supernatant were incubated in the
absence of Pansorbin, or with 25ul Pansorbin and serial
dilutions of the mix were used to infect K562 cells at
the times indicated. Each value represents the mean and
standard deviation of triplicate colony counts.

20 Figure 3 Centrifugal concentration of PG1l3 derived
retroviral vector (IL-2/B7) supernatant/Pansorbin
complexes. Retroviral supernatant was harvested, a sample
taken, and serially diluted for immediate infection of
K562 cells (T=0). The bulk of the supernatant was then

25 divided into 50ml aliquots and incubated for 3 hours at
4°C with either no further addition (T=3), 250ul Pansorbin
alone (P) or 250ul of Sansorbin (S). Serial dilutions of
samples from T=3, P and S were then used to infect K562
cells. In addition 5ml aliquotes of T=3 and P were

30 subjected to further 0.45pM filtration and used for
infection (2nd Filter and P Filter). All samples were
then centrifugally concentrated and the aspirated
supernatant from T=3 and P used for titration (Cont Dep
and Pdep). The residual supernatant in T=3 was mixed

35 thoroughly (as if to resuspend a pellet) and the used for



reference to the acconpanying figures. Further aspects and enbodi nents
w Il be apparent to those skilled in the 30 art. Al docunents nentioned in
this textwaone794bhicor porated herein by reference. Brief DeBCT/GBbi/enzedf the
Drawi ngs 35 Figure 1 Preincubation of retroviral supernatant WO 01/ 79456
PCT/ GB01/ 01261 - 16 wth increasing doses of Pansorbin increases
effective titre. The cfu/m, of PGL3 derived retroviral (IL-2/B7)

supernat ant was determ nes after incubation-with formalin fixed
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Al'iquots of 5ms of PGL3 derived 15 retroviral 7) supernatant were
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di | uti ons of | r infect K562 cells at the tines
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i ndi cated. Eac al ue repr mean and standard devi ation of
triplicate col ony Bogume. 4 20PFigorieiB Gehtat¢dgatt conceat ration of PGL3

derived retrouiral vector (lL-2/B7) supernatant/ P r i conpl exes.
Retroviral su vf}ar%?%rﬁ?n%ajss h%??/eos!% ,ePaPes%%§§ &{] ag‘g?\? cg%glss'eri ally diluted
for irmed at Réthfecttan oipekdbZacel dsr{desd) frdheP®LB KIDF2{Bié wagper nat ant

was then 25 divided i nto,.50 | j quot d incubated for.3 hours.,at, 4C
with either %Yﬁ%?ﬁﬁrdﬁHY% o %gg%)§mggo%ilg%%§%§b?%8 incupatéd at
4°C with either no further addition (T=3), 250ul of

Pansorbin (P). After 3 hours samples from all conditions
were used to infect NB4, U937 and HeLa cells (T=3) The

15 remaining volume of each Pansorbin/retrovirus sample was
centrifugally concentrated as described and once again
used to infect NB4, U937 and Hela cells (Pconc). Each
value represents the mean and standard deviation of
triplicate colony counts.

20 Figure 5 Pansorbin complexes with retrovirus
independently of vector insert. Retroviral supernatant
derived from PG1l3 RaRT was harvested and immediately used
to infect K562, NB4, U937 and Hela cells (T=0). The
remaining 50ml supernatant was incubated for 3 hours at

25 4°C in the presence of Pansobin (P). After incubation, the
samples were subjected to centrifugal concentration and
used for infection (Pconc). Each value represents the
mean and standard deviation of triplicate colony counts.

Figure 6. The efficiency of Pansorbin mediated

30 concentration varies with packaging cell type.
Retroviral supernatant derived from GP+envAM12IL-2/B7,
PA317IL-2/B7, FLYRD18pBabe.puro, FLYAl3pBabe.puro and
GP+E-86pBabe.puro was harvested and immediately titred
(Control) on either human K562 or murine 32Dp210 myeloid

35 cells. The remaining samples were divided into either



alone (P) or 250pl of Sansorbin (S). Serial dilutions of sanples from T=3,
P and S were then used to infect K562 <cells. In addition 5m aliquotes of
T=3 and Wower/®430 subjected to further 0.45pMfiltrati on pOaUGBSEM26Dr
infection (2nd Filter and P Filter). Al sanples were then centrifugally
concentrated and the aspirated supernatant from T=3 and P used for
titration (Cont Dep and Pdep). The resiggal supernatant in T=3 was m xed
35 thoroughly (as if to resuspend a pellet) and the used for WO 01/ 79456

PCT/ GBO1/ 012&gn1 (%, vriitd i 16CoRE @tos-sk)e Jremiini ngRansamion and
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centrifuged itk M, aldsii@sdédd dneubatadrat Vofuldtsr e#elartm (180
fold reducti onn ardd g BN yi®). and ddkemdls i9atdOReReone and
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(P). After 3. hours s | es fr |, conditions were used to infect NB4,
U937 and I—|ein:rcl lllsca(aél’g;ﬁ&'ﬂ]nf%%rnécnsﬁi ning vol une of each
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incubation with Paramagnetic Particles (PMPs). Aliquots
of 5mls of retroviral supernatant were either immediately
titred (Control), or incubated for 2 hours at 4°C with

15 2.5x10° Streptavidin magnespheres (pre-conjugated with
either Protein A-biotin alone or Protein A-biotin and
Polyclonal Ig Rabbit anti mouse fibronectin). After
magnetic concentration and washing as described, serial
dilutions of the mix were used to infect K562 cells. Each

20 value represents the mean and standard deviation of
triplicate coliony counts.

Figure 8. Lectin/PMP mediated PGl3 retroviral
particle capture and concentration. The cfu/ml of PG13
derived retroviral (pBabe.puro) supernatant was

25 determined before and after incubatign with Paramagnetic
Particles (PMPs). Aliquots of 5mls of retroviral
supernatant were either immediately titred (Control), or
incubated for 2 hours at 4°C with 2.5x10° Streptavidin
magnespheres (pre-conjugated with either the biotinylated

30 lectin Isolectin B, (BSI-B,), the biotinylated lectin
Concanavalin A (ConA). After magnetic concentration and
washing as described, serial dilutions of the mix were
used to infect K562 cells. Each value represents the mean
and standard deviation of triplicate colony counts.

35 Figure 9. Lectin/PMP mediated FLYRD18 and Al3



remai ni ng 50m supernatant was incubated for 3 hours at 25 4C in the
presence of Pansobin (P). After incubation, the sanples were subjected to
centrifugyadovomasentrati on and used for infection (Pconc)PCHEaBh/vE2bue
represents the nean and standard deviation of triplicate colony counts.
Figure 6. The efficiency of Pansorbin nediated 30 concentration varies

w th packaging cell type. Retroviral supenatant derived from

GP+envAML2I L- 2/ B7, PA317I1L-2/B7, FLYRD18pBabe. puro, FLYAl3pBabe. puro and

GP+E- 86pBabe. juir iy wiasa NgFaest etk adbt e didd eddnddi € gk i doNtHol g omei t her
human K562 or nmurine 32Dp210 eloid 35 cells. The renaini ng sanpl es were

di vi ded i nt o & tHSIRBAG Feresoie D sparovinggl Gehabs AWRD18, FLYAL3
and GP+E-86) gy é&{gta(ﬁ’wg/%@@en@me&&?éﬁar@lamosﬁ@e@nﬂwwm@d at 4C

wi th either 2 Opl or 50pl Pansorbin. After 3 hours sanples wer
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standard devi at| on o iplicate col ony counts. Flgure 7.- Parama entic
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retrovirus. é}ﬁbgémdﬁ{ rgﬁlrgrsda{éyee ;?Eéﬁ’ éx‘iﬂh é@éﬁ%wr@ﬁtﬁ@p%@t ant

was determ ne ore and i ncu |on W t arama netic Particles
(PWPs). Aliquutetimpfldmd bfctit rml%éttrsrlup%;r r{@tSaImBANer’eh@l ther imediately
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represents thepreseand Stansad devi sitdohaod dev1atlon of triplicate
colony counts.
Figure 10a. Biotin succinimide ester/ PMP mediated
15 PG13 retroviral particle capture and concentration. The
cfu/ml of PGl3 derived retroviral (pBabe.puro)
supernatant was determined before and after incubation
with Paramagnetic Particles (PMPs). Aliquots of 5mls of
retroviral supernatant from untreated, DMSO incubated, or
20 Biotin succinimide ester labeled packaging cells were
either immediately titred (Control, DMSO, BiotinSE), or
the supernatants from DMSO incubated or Biotin labeled
packaging cells were incubated for 2 hours at 4°C with
2.5x10° Streptavidin magneSpheres. After magnetic
25 concentration and washing as described, serial dilutions
of the mix (DMSOconc, BiotinSEconc) were used to infect
K562 cells. EBEach value represents the mean and standard
deviation of triplicate colony counts
Figure 10b. Flow cytometric analysis of Biotin
30 labeled packaging cells. PG13 cells were biotinylated as
described and incubated overnight at 37°C. After
harvesting supernatant for retroviral processing the
cells were removed from the substratum as described and
1x10° cells were labeled with Avidin FITC. The two

35 profiles represent those cells incubated with carrier



triplicate colony counts. Figure 8. Lectin/PMP nmediated PGL3 retroviral
particle capture and concentration. The cfu/m of PGL3 derived retroviral
(pBabe. pwo)1/sdper nat ant was 25 determ ned before and aft PeT/GBOUBE6I on Wit h
Par amagnetic Particles (PMPs). Aliquots of 5ms of retroviral supernatant
were either imediately titred (Control), or incubated for 2 hours at 4C
wi th 2.5x109 Streptavidin magnespheres (jJiy e-conjugated with either the
biotinylated 30 lectin Isolectin B4 (BSI-B4), the biotinylated lectin

Concanaval i n A {{onfusd\f t&51 IRANBLL L SONEERE & a1 O ATk + $@S B Gt BSSE,
described, serial dilutions of the mx were wused to Infect K562 ceIIs
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counts. 35 Figuy ﬁluéie&ééé}{&v%matWEﬂY@%@%féﬁem&%ﬂ@ﬁﬁs
PCT/ GBOl/01261 - 19 retroviral particle capture and concentration. The

cfu/ml  of FL&FRDE AN Yl I hrerbiceipetatrd reglipBabe? PP o)  super nat ant
was detgr m ned beféﬁi%.}f%‘ fft {oﬁm%z{:ﬂ{‘lml\%é h DaL regaet & %f’é‘fééid es
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i medi at el y tFTYRRQIL8 (CohtADd )retorovincabatadt fore dpmse aandC with 2. 5x109

St1ept avt o1 1 Jnnespler o5, (o ooRL ioat o6 M bt U1Sx ey 1 gl) ylatod

(ConA) . Afterremgnelial 1(oRANEM T @Y | mlrpmmbt/mWW@s ﬁemmxmmcbeﬁere al

LUl ons - o ELE et S N SELLIG0R el Lo el el une)

Fi gurerdOa. Bibntdubissicef ninil sleo £st €t ¥ o PM: Ireshiad ook t Aot PEAGmr et rovi ral
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labeled packaging cells were either immediately titred
(Control, DMSO, BiotinSE), or the supernatants from DMSO
incubated or BiotinSE labeled packaging cells were

i5 incubated for 2 hours at 4°C with 2.5x10° Streptavidin
magneSpheres. After magnetic concentration and washing as
described, serial dilutions of the mix (DMSOconc,
BiotinSEconc) were used to infect K562 cells. Each value
represents the mean and standard deviation of triplicate

20 colony counts.

Figure 12 shows freezing and thawing preparations.
Control unconcentrated retrovirus was frozen in 2-5ml
aliquots by placing at -20°C. Concentrated PMP captured
retrovirus was frozen by the addition of three volumes of

25 standard freezing mixture (10% DMSO, ,20% FCS, final DMSO
concentration: 7.5%) and placing at -20°C. Retroviral
preparations were thawed as rapidly as possible, and an
aliquot removed for testing and the remains returned to

-20°C.

30 Figure 13. Magnetic field mediated localization of
retroviral infection of Hela cells. Plate a) shows the
toxic effect of puromycin selection of an uninfected
culture, Plate b) demonstrates the even spread of
infection in the absence of magnetic targeting whilst

35 Plate c¢) shows efficient directed infection of target



wi th Paramagnetic Particles (PMPs). Aliquots of 5ms of retroviral
supernatant fromuntreated, DVSO i ncubated, or 20 Biotin succinimde ester

| abel ed peckugi4ng cells were either imrediately titred (BonGBol/)1200VE0,
BiotinSE), or the supernatants from DVSO i ncubated or Biotin |abeled
packagi ng cells were incubated for 2 hours at 4Cwith 2.5x109 Streptavidin
magneSpheres. After magnetic 25 concenty ati on and washi ng as descri bed,
serial dilutions of the m x (DMSCconc, BiotinSEconc) were used to infect

K562 cells. EachyaldlesgepiesentsSgides neancipddosianeards sevdaidon wf
triplicate colony counts Figure 10b. Flow cytonetric analgm s of Biotin 30
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those cells i REh L SATES 61 M OL) 70456 DJLEO L PASEdion 20 al one
(DMSO, solid l'ine) or those biotinylated (Biotin dashed line) 24 hours
prior to Avi diih-iRIITC Yibethane qfnethwsv;mmlrefs@wk%t@ndex (MFI) of the
carrier control is 6.5 and that of the biotinylated cells is 2000. 5
Figure 11. Biotin succinimde ester/ PMP nediated FLYRD18 and Al13

retroviral padtalleddpisdeiption cRatetinat tonthd Heicdt/Mdpatt HFYREMS and
FLYA13 derived retroviral (pBabe.puro) supernatant was determ ned before
and after i nGERASHRIRYIRERRnagnetic Particles (PVWPs). 10 Aliquots of

5Sm's ofgretroviral supernatant from untreated, DMSO incubated, or Biotin

succinim de ester |abel ed packaging cells were either i mredi at el y titred
(Control, DvEmcwatiosHf BF13 heureperbanbrivsth réermabr fieedat ed or
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For gene therapeutic purposes we have been using the

murine fibroblast derived PG1l3 packaging cells

15 pseudotyped with the Galv (Gibbon Ape Leukaemia virus)
envelope protein®. A mixed population of these cells
producing a MoMuLv based vector (pWZLIL2/B7M Fusagene®®
conferring resistance to Blasticidin S Hydrochloride and
subsequently referred to as IL-2/B7) was titred on K562

20 cells using a soft agar colony counting assay. A
representative example of the titre obtained
(1.95x10%fu/ml) from this mixed population can be seen in
Figure 1 (T=0, Control). Though this titre is a
substantial improvement on previous packaging cells this

25 is still not efficient enough for ouxr purposes.

The inventors thus decided to test a hypothesis that
since both Galv pseudotype® retrovirus and Staphylococcus
aureus 3433 are know to adhere to fibronectin then
retrovirus associated with a relatively large and dense

30 bacteria may then be able to settle under gravity in
culture and increase the localized concentration of
retrovirus capable of infecting target K562 cells. A
readily available source of cell culture compatible

Staphylococcus aureus is heat-killed and formaldehyde



15 incubated for 2 hours at 4C with 2.5x109 Streptavidin nmagneSpheres.
After magnetic concentration and washing as described, serial dilutions of
the m x MIdMVB(rw@AEe, BiotinSEconc) were used to infect K56RCT/EBOE012EACH
value represents the nean and standard deviation of triplicate 20 colony
counts. Figure 12 shows freezing and thaw ng preparations. Control
unconcentrated retrovirus was frozen inmr 225l aliquots by placing at -20C
Concentrated PMP captured retrovirus was frozen by the addition of three
vol unes of 25?:3eteamdamzl trieielz i e anfindd U (tHEH2DVEQo20% FCn fital DVBO

concentration: 59 and pl aci at_-20C. rovira reparations were

t hawed as rapﬁucﬁf}? zgs34 i BF8, %ﬁ% %%taﬂafh‘%?ie}b T %/ae%é)fo P1%siThg and the
remai ns returgiettdin a-o?dl&lt&%slzj gure 13. Magnetic field nediated
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targeting whilst 35 Plate c) shovvs efficient_dir Ctﬁ |nfeced40n of target
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Description Rel ati ng to the First Aspect of the Present I nvention 10
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(Pansorbin) ,resence of Pansorbin in the preincubation has a dose-

dependent effect on the cfu/ml titre of the retrovirus.
Thus up to 25ul of Pansorbin preincubated for 2 hours
with a PG13 derived retroviral vector incubation

15 increases the effective cfu/ml titre on K562 cells by as
much as 3-fold.

The effect of Pansorbin/retrovirus preincubation duration
on infectivity

20 Using 25pl1 of Pansorbin/5ml retroviral supernatant
the optimum length of preincubation was investigated
(Figure 2). A plateau of Pansorbin mediated increase in
titre was reached after 2 hours incubation (5.3x10* +
9.5x103cfu/ml) whilst the control cfu/ml titre in the

25 absence of Pansorbin remained stable (T=0, 9x10° +
1.1x103%cfu/ml: 2 hours 8.33x10%+ 1.7x10°cfu/ml) but drops
to 5.4x10% + 1.1x10° cfu/ml after 4 hours. In subsequent
experiments an incubation time of 3 hours and 25pl of
Pansorbin/5ml supernatant was routinely used. It is

30 noticeable that the enhancement in cfu/ml titre after 2
hours in Figure 1 using 25pl of Pansorbin was 3-fold and
under the same conditions in Figure 2 it was more than 7-
fold. This is consistent with other experiments (data not
shown) and an average for this type of experiment is

35 approximately a 5-fold cfu/ml enhancement.



For gene therapeutic purposes we have been using the nmurine fibroblast
deri ved PGL3 packaging cells 15 pseudotyped with the GaLv (G bbon Ape
Leukaem avoor/vgye envel ope protein3. A m xed popul ati on ofPCT/eBsEoel | s
produci ng a MoMiuLv based vector (pWLIL2/B7M Fusagene30 conferring
resistance to Blasticidin S Hydrochl oride and subsequently referred to as
I L-2/B7) was titred on K562 20 cells usbmg-a soft agar col ony counting
assay. A representative exanple of the titre obtained (1.95xlI Xcfu/m)
fromthis m xed popul ation can be seen in Figure 1 (T=O Control). Though
this titre is a substantial inprovenent on previous packaging cells this
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using PG13 derived IL- 5 2/B7 retroviral, supernatant preincubated with

Pansorbi n.  IG9nCR&E tadeiRte 319 BAEOHsiat 1 e 3 <HithP Far Ve st €d super nat ant

has a16f u/ M daichd=ey iy Kab2 cRlde rftank: 9D Wil ot s (TR Conduteded Af t er
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Pansorbin and attempted to concentrate the retrovirus;
Figure 3 shows the results of a typical experiment.
The control titre before incubation is roughly

15 equivalent to the analogous titre in Figures 1 and 2,
(1.4x10% £ 7.5x10%cfu/ml), after 3 hours preincubation at
4°C this has dropped by half to 7.2x10° % 7.3x%x10%cfu/ml
indicating that this may be the upper advisable limit of
incubation time. Once again a 3 hour incubation with

20 Pansorbin enhances the effective cfu/ml from 1.4x10* to
2.3x10° (ie 16-fold). The efficiency of this part of the
process is a compromise between the optimum binding time,
reduced retroviral infectivity, and nonspecific binding
of retrovirus or Pansorbin to the container. This may

25 explain why the preincubation alone is more efficient in
the scaled up version after incubation for only 3 hours.
In order to demonstrate that the virus is physically
complexed with the Pansorbin, 5ml aliquots were removed
from the incubation mix, filtered once again through a

30 .45pm filter, and immediately titred. A second filter of
the retrovirus after 3 hours incubation in the absence of
Pansorbin reduces the titre by 38% (from
7.2x103cfu/ml[T=3] to 4.4x103cfu/ml [2nd Filter]). The
same treatment performed on Pansorbin incubated samples

35 (P) reduces titre by more than 97% (P:P Filter



presence of Pansorbin in the preincubation has a dose- dependent effect on
the cfu/m titre of the retrovirus. Thus up to 25pl of Pansorbin

prei ncubave@edvfuase 2 hours wth a PGL3 derived retroviral pevGasnrineubation
15 increases the effective cfu/m titre on K562 cells by as nuch as
3-fold. The effect of Pansorbin/retrovirus preincubation duration on
infectivity 20 Using 25}1 of Pansorbi n/5mply retroviral supernatant the
optimum | ength of preincubation was investigated (Figure 2). A plateau of
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purification FoviTus 1
striking when the concentrate is compared with

supernatant incubated with Pansorbin and titred without
centrifugation (P conc, 1.1x10%cfu/ml : P, 2.3x10°cfu/ml),

15 though it still achieved a 473 fold increase in titre for
only an 180 fold reduction in volume. An infection
titration performed with the top 25ml of the supernatant
from the centrifuged samples (Pdep) demonstrates that not
all the retroviral infectivity has pelleted alongside the

20 Pansorbin, there still remains a titre in the supernatant
of 2.7x10%fu/ml. This may represent retrovirus that did
not bind to the Pansorbin, or retrovirus associated with
Pansorbin that did not pellet under low speed
centrifugation.

25 As a control, centrifugation of‘retroviral
supernatant was also performed after 3 hours incubation
in the absence of Pansorbin. The invisible pellet was
resuspended in 250ul of slurry without a wash step (Cont
conc), and revealed a surprisingly high titre of 1.6x10°

30 cfu/ml; an enhancement of 115-fold compared to the
control, though >60 fold less than that achieved with
Pansorbin alone. Theoretically a recovery between 68-123%
(depending on comparison either with T=0 or T=3 as the
control) of retrovirus should not be possible under these

35 conditions, as a 2600g for 10 minutes 1s vastly less than



10 packagi ng cell supernatant. The inventors thus incubated 50nl sanples
of retroviral supernatant with 250pl of Pansorbin and attenpted to
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of this part dgratien prskesLaEe conproni se bet ween the opti num bi ndi ng

time, reduced retpy/Rly iy @6idNIdeY tr@%mme_@ﬁzy critndimg  of
retrovirus or Pansorbin to the contai ner his may 25 explain why the

prei ncubat i o xiireselilalesr & ik einmaims dfe Bal ednap RerseRie 2 erd
[ ncubatg on f o, ARl 3hOS o ) PHURA JRIDASIERL 6 hAL /i TUs | S

physical I'y corrpl ex t he Pansorbin, 5m aliquots were renoved from
t he i ncubat i d&ansorbimn [nuntead rodoe téxyauqortqﬁrm@ﬂtlwrgovamat;ﬁﬁﬁqnnm} imnd

| mmedi atel y tJ.br.ad 1A SAGONG J1Jd80: Of (ot (1Pl g Al ter 3 hours

i ncubation in the absence of ansor bi ces t e titre by 38% (from7
.2x1 GBefu/ m S[t'E;ﬂz]yltaca@cmmﬂtﬁuﬂ mMWd@hd! i | tHrq )retithel rsamouleat nent

perfornmed on b|n i ncuhat 2R d ti .nore than
97% (P: P Fil R e

2. 3x| @ef u/ mthmudphl G3cfsu/rdgreskentss norid-tia 917c%em‘ efﬁtcr:’mzricryal (atJistore can
be renoved fromthe gsomcu tlon flltratl Oé’\rlls&

centrifugati &T%F th Ceéqtlfansoqr |lnor} et P65V ruS i x, washi ng
once, and resusgendidgiiim PZﬁmﬁrmJ‘n f rkﬂﬁh gtedi urb & th80: fidiah vol une

reduction) centrifugation alone. This would indicate that the

protein A component of the Pansorbin concentration may

15 make a major contribution to the concentration effect.
However, it is also possible that the Sansorbin (Wood 46)
expresses protein A at a level that is normally
undetectable, or that Wood 46 has a lower affinity for
fibronectin.

20
Retroviral concentration is not target cell specific

To demonstrate that this effect was not specific to

K562 cells alone, the same retroviral preparation was
used in parallel to infect two other human myeloid cell

25 lines, NB4 and U937, these are shown in Fig. 4 alongside
a separate retroviral preparation used to infect human
adherent epithelial HelLa cells. The titre of the control
3 hour incubation of the retroviral supernatant is
extremely low on NB4 cells (46 + 40.4) with a huge

30 standard deviation, this was determined using 100pl of
neat supernatant diluted in 1 ml of cell suspension.
After a reduction in volume of 180 fold, the effective
titre was increased to 1.3x10‘%fu/ml representing an
increased titre of only 282 fold.

35 U937 cells did not infect at all using 100pl of neat



prior to titration results in a cfu/m of 1.1xIO8cfu/mM (Pconc),
representing an increase in cfu/m of 7.8x103- fold. The effective titre
det ect ed Woaot/mas€oncentrate is 10 substantially hi gher thpar/cBer/m2ght

expect when conpared wth the control supernatant alone. This anomaly is

| ess striking when the concentrate is conpared with supernatant incubated
with Pansorbin and titred without centrpkugation (P conc, 1.1xl08cfu/m
P, 2.3xl105cfu/m), 15 though it still achieved a 473 fold increase in titre

for only an sl riidreduqtiten iif Mohimf AR liinfeeibenrsidn,t kaduson
performed with the taop 25nl of the supernatant fraomthe c]%ttrlfuged
sanpl es ( Pdep)Peddisidt Fitles dardtr oo S UPSIRAHRE T §VaNiF & GifécOivity has

pel | eted al ongsi-de’the/AQ Bangokbi Be1lbereigtib) Lemaeascadtbyreson the
supernatant of 2.7x| Xcfu/m. This may represent retrow rus that did not

bind to the B0 ABhcaldisr Goicr 19 £8L6cioRt d9 Wi 8L Pan&Sidiab enat  di d

not peld et undglediQWsSREEH LENHIIIW0ald Ol y 2SR LCAUHTLG , centrifugation
of retroviral supernatant was al so perforned after 3 hours incubation in

the absence srRgidgrEiien THFe domd,silblR&1PerfefmhhsanfesiBEEnERBE in 250pl of

slurry w thout, ;g ; ?‘r’ls"f:ﬁ.lreeo w(ag)r}teroc%%c)evf@&fxfe‘ﬁ%@se%@ SHHS Gl hi gh
titre of 1.6x106 30 cfu/m ; an enhancenment of 115-fold conpared to the

control, thowsn 360 ef&ﬂldlalt@sﬂs ttHave Ulhat fachifeded afilds, Pdies dmbitd-adl one.
Theoreti cal | i PRy Comr %) %ge&%%{oan(td%%em@mmscqmagéa%% ei ther

with T=0 or T=3 as retrovirus shoul'd not be possible under
t hese 135 conathneortélarasfl}doz‘ﬁﬁcgdf oft¢n ai haPesold vasckyptrassonhal WO

01/79456 PCT/ GBQ1/ ql%?fjxlo%%g/mf?y RiPAOLGANLRE Ugatign prebocg bALh 1N

terms of duration n or o exclu e possibiTity that
t he virus (in the case of K562, NB4, and U937 the same viral

preparation on the same day) can vary hugely, the titre
is increased in all cases by incubation and
15 centrifugation with Pansorbin, though not particularly

effectively in the case of NB4.

Retroviral concentration is not vector insert specific
Having shown that concentration of retrovirus was

20 effective (though variably) on other cell targets we
sought to determine whether the retroviral conjugation
with Pansorbin was an effect limited to a specific insert
in the retroviral vector (ie B7-1), or applicable to
other retroviral vectors shed from PGl3. The inventors

25 extended the study to investigate to same retroviral
vector spine (pWZlblast®®) as the pWZLIL2/B7M Fusagene®
but with an alternative insert. This vector, encodes a
truncated gene with no signal peptide, and is referred
to as RaRT (truncated retinoic acid receptor «). Fig. 5

30 shows that this mixed population of PG13 producer cells
sheds retrovirus that can be concentrated in an identical
fashion. Titration on K562 cells immediately after
filtration showed a titre of 1.25x10°cfu/ml (roughly 10
fold higher than IL-2/B7). Pansorbin mediated centrifugal

35 concentration elevated this titre to 7.7x10%cfu/ml (P



extracellular 1g-like domains of B7-135 may be represented 5 on the
surface of the retrovirus36,37 and bind to the Pansorbin protein A the
concentr avoon7aass performed in parallel using Sansorbi n PET/GBei/0M261
negative Staphyl ococcus aureus, Wod 46). The retrovirus could still be
concentrated to 1.15x107cfu/m wusing Sansorbin 10 though this represents a
10-fold |l ower efficiency (also seen in Sansorbin wthout centrifugation)
than that achieved with Pansorbin, but still better than centrifugation

alone. This wd igriLata d hafcddise )pratiain A oopesedt r&fuddigoansor bin

concentration may 15 nmake a major contribution to the concentration effect.

However, it i%l3iNey Fdsiging fHatr e [aisbrd Voot 48} "epr esses

protein A at @dveluddiatod SR MRldi ndIndedest st £se@ra thiptrYod 46 has a
|l ower affinity for fl1bronectin. 20 Retroviral concentration is not target

cel | specifi dMRFedsforist rdttea hdt- @Hi% &f BebK1RASTROPLEpetPFi2 to K562
cells g one, Ihe Sam, 16 K eRAf-Atd QD VRS a Used pioPadgl l el to

i nfect two ot her hu%n lrryel \gid cecﬁ 25 _Iaii{dnes, .NB4a and L%S?,.th)lese are shown
in Fig. 4 al ongsi déc saepacteena@ated regtprebaa htPeePasadien idde® human

adner ent epi thelal, Heha el | o T fdf re alcdhe sontiole dhipugsdacubation
of the retroviral supernatant 1s ‘extrene y?ow on cells (46 40.4)
with a huge 30 fstcanddrd aeMisat (o) : thi GxMEs fdemdr miPhedngsi ng 100pl of neat

supernatant dj | i-n,1 el u ion. . .After raduct:i in
volume-of 160 e cERetalt g2inge pB RRERIRR, LSt S 6
r epr eslént i ng supermadragaseth tU33% iof Wnly 8% fiod . 851 UeTn/0d! hidihd not

infect at all, i ng, 100J4 B3 P03 73436 RSHCRVAL28hs s,
with a starting titre of 3.35x10%fu/ml, show a less

spectacular increase in titre of approximately 2500-fold.

15 Retroviral concentration not specific to PG1l3
Pansorbin mediated concentration works with

different vectors shed from PG1l3 and is not specific to
K562 target cells. A limited survey of other current
packaging cell lines and different inserts is shown in

20 Table 1. PG13 packaging cells appear to concentrate the
most efficiently (3500 fold for 200 fold reduction in
volume, in this case). However, this is closely followed
by that of GP+envAM12* (1500 fold increase in titre when
normalized for 200 fold concentration) and PA3174°(600

25 fold increase when normalized to 20Q fold
concentration). Murine fibroblast derived packaging cells
seem to respond in a completely different manner to the
human sarcoma cell derived FLY® packaging cells for whom
Pansorbin mediated concentration is largely ineffective.

30 The GP+E-86%' cells being ecotrophic could only be tested
on murine target cells, thus a comparison with those
infecting human cells is not appropriate, but retrovirus

from these cells do not concentrate very effectively.

35 Discussion



supernatant diluted in 1 m of cell suspension, thus identical PGl3
derived supernatant having a titre of 7.2xI03cfu/m on K562 cells (Fig. 3)
is reducadoby7950- fold on NB4 cells and to zero on W37 PeT/GBII/Rbi abl e 5
infection of W37 cells is only achieved after concentration (P conc,
1.3x1 03cfu/m) and since the initial titre was zero no effectiveness of
concentration can be estimated. Finally,ogdar Hela cells, the initial

titre of retroviral supernatant of 41046 is increased 10 nore than

4x103-fol d after arH&Q;dol e concespal i 0N iR GoLud1 &d et u/m ).
Al 't hough the initial titre of the wvirus (in the case of K562, NB4, and

W37 the sansS¥RTEIatHrichar RFUNH il thiel a2t a S8R HugelSe  t he
titre is incqeaseddmalli gasesndye nedibat ivh and 15, Cﬁfﬁéf&d&%&&&ﬂ Wi th

Pansorbin, though not particularly ‘effectively in the case of :
Retroviral comeftireivnos hbtre eeetorovingel tsuRreaiFiant HaViHg sHswn t hat

concentg al | on ofed £& Yk Tigedias: 020 AlLanti e (thoushly var D190 bt her

cell targets we sought to determ ne he retroviral conjugation
wi t h Pansor bitrhafastlm edfierqubdtierd i oret xpeicidl cursaratanty wifd

retrovival veelolo dda, Bad)on®ly APRLICAN &40y OUNRI L S04 gnedors

shed from PGL e 1 nventors e study to investigate to same
retroviral \vestorvispise FpWeiidbseB8)f dsha Nelmp\RtdUFB7IM Rusieagene30, but

wth an alternr%év 1%1” ner#Fir%'Il"(t;i )vsehc&% i:\%e %{dﬁ%&aqﬁewecai[ﬁdai ene with no

e
. . ra H
signal peptide @nd 1S tefe to as runc etinoic acid

receptldr a). FtgerdctBlorshonwsqiiiad tdpsd mxessk popullts orend RELEywdducer
cells sheds rgtrovirus 1%%% &gn be .concentr.at.ed in Al identi.cal fashion.
i d

Titration on ¥562 d&11% B ETT e CHRT A 1 on SHohed Bt tre of
1. 25x] 05cf u/ Mnt{empight yedse fodsh hi ghes ddreondde=a BYg . tRansdrdi n nedi at ed
centrifugal 32 coneenisatlon, &l evat e il S it rdd s ZLORET Wi m (P
percentage of which can then settle under gravity in a
15 static culture and increase the local concentration of
retrovirus associated with the target cells. It is also
apparent that the exposure of K562 cells to Pansorbin is
not toxic, despite the overnight incubation. It could be
argued that rather than promoting infection, the
20 Pansorbin was chelating some inhibitory factor that may
be in the supernatant®??. However, the inventors think
this explanation unlikely as the addition of supernatant
from non infected PG13 producer cells does not inhibit
the effective titre of retrovirus in a standard infection
25 protocol (data not shown), and filtrqtion of
retrovirus/Pansorbin coincubate indicated the cfu
activity separating with the Pansorbin. It is also clear
that retrovirus does not need to be dissociated from the
Pansorbin for it to be infectious, or that overnight
30 culture at 37°C alone is enough to promote its release.
However, this may not be the case in other procedures
using Pansorbin and anti-retroviral envelope antibodies
for mediating complex formation, in this case infectivity
of the retrovirus appears to be compromised®.

35 Using data represented in Fig.l and 2 a rational



WO 01/ 79456 PCT/ GB01/01261 - 27 conc, 6333-fold increase) after a
200-fold reduction in volune. The control retroviral concentration with
centrifugedbom4f@nd washi ng) denonstrated a 50-fold i ncrerap€BONORbLre
(6.6x106 8.6xICbcfu/m), for a 5 reduction in volune of 200-fold (Data not
plotted). The sane concentrated retroviral preparation again shows a
limted (875 fold) increase in titre whepgused to infect NB4 cells (T=O
5.6xl Bcfu/m, P conc 4.9x106cfu/m) cells. The starting titre of this
viral 10 SUp%HW@tOiO"PaLI&:grB:& t%l%n?@%ehd Sk PRt Wl £ Mk Glns rose to
4.65x107cfu/m in P conc (4900 fold). HeLa cells, wth a starting titre of
3. 35x| O4cf u/ Mhossveng e hafdetide Rl T @ERETINeNES & appr oxi mat el y
2500-fold. 1 fcﬁﬂ'f&{g SPES; Pansor bi n

medi at ed con3:eér:Il)\{aciIfailtoﬁlﬂoa{%L wor ks ]{15%1 feq%ennt vecr{/ol%sg%h‘}:%at‘glr om PGL3 and is
not specific inFenBE2ang gate cfélﬂfslcwnﬁw tsé‘df@w\ﬂéy Qﬁr dtlﬁé?roq,(lﬂr rieht

packaging Ce'a{ll'éwetswoaf}{’mﬂ{&sf %@'Her{*{k% ﬂ:t%r? le 1. PGL3
packagi hg cells appear concentrate t nDst e f|C|e tIy 3500 fold for
200 fold redetJjacm'LtteiLy vaolgomnus rashispagesion ivovesesh nddising sbrcﬂqrsétcy

fol |l oned by at GP nvAl M]rﬁ 0 f I t
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PRI i R by i

human sar cong g celqd ansor bi n
medi atled condceardreatdeon iirs ‘dnaimlafssalm‘d ext |K£e£52 weTh@ﬂ%J}:Eat&ﬁgfhariel | s being

ecot rophi ¢ coul be t ted erl e target cells, thus onpari son
with those iHf& eecctqﬁer% %ceef ch a-&Ppropri at%, a]bstﬁ e gtn us from
these cells C&iamtsdh@mgeai ecalersy nﬁj &Q;tve/ezlry affinity for Pansorbln

that can retain retrovirus in the vicinity of the target
cell. Fig. 3 shows that, whatever the mechanism, the

15 effective titre can be increase by up to 7500-fold for a
volume reduction of only 180-fold. It was an additional
surprise that centrifugation of the supernatant in the
absence of Pansorbin was also capable of increasing the
titre, although much less efficiently. This may indicate

20 that PG13 derived retrovirus can become complexed with an
unknown factor in culture resulting in crosslinking and
the condensation of a centrifugable precipitate.

The depletion study in Fig. 3 (Pdep) was not clear;

the inventors interpret the activity of the supernatant

25 to indicate that at these speeds the Pansorbin is not
fully pelleted. A clearer picture emerged in those
samples where the complexed retrovirus was passed through
a 0.45 pym filter, reducing the titre from that of the
pre-filter by as much as 90% (P:P Filter). Once again

30 however the titre did not drop to zero, which may
indicate that much of the available retrovirus remains
unbound to the Pansorbin (even with an optimized
protocol) or that the filtration is sufficient to
dissociate the bound retrovirus from the Pansorbin.

35 In the absence of a negative control for the



35 Di scussion WO 01/79456 PCT/ GB01/01261 - 28 The use of Pansorbin as the
i nsol ubl e dense substrate is a proof of principle that such particles
suppl i ed vad ohrgghs density woul d be able to interact with Pel/aBovel2g | ow
titre retroviral supernatant within the 5 lifetine of infectious
retrovirus. In Fig. 1 it is shown that the co-incubation of retroviral
supernatant with Pansorbin can enhance tige effective titre (in cfu/m) of
retrovirus. Exam nation of the tine course of this interaction (Fig. 2)

shows that alddiugh tdie dhigdlodd) | MtR¥=Acty amrsoriirt evir@pinh best results
were achieved after nore that 60 m nutes incubation. The inventors,

interpret thé&stnavesyials e matiatitig (g ade virtet vititis BF&isires

conpl exed Wt 4h& RANSHIDI b1 R cRRIGEHAG G rt i Luddien settle under
gravity in a 15 static culture and increase the l'ocal concentration of

retrovirus ad¥odldiedd sHRST imentangdh danseriin ishey sdatappr fttadat the
exposurg of :ﬁ%@%ﬁgﬁ%é@ AP0 i o i (X San A8SPid 6 4 hey ovierdy ght

i ncubat 1 on. d be argued that rather than pronoting infection, the
20 Pansor bi n affeahisieattiian siore pridin dr pdsidtiore drintPae ith t he

super nat ant 8' 22. Hgﬂ-;t,v nbing, 1y Y 1S5 X anatd Qn dkely as
the addition %tlelslu er negs'{ a%\%ﬂe? ragn%%%ér?{]fa lgic(?e&dest%w producer lce‘l ﬁsm does not
inhibit the 4 fsdotdive tig meotofa reanaivigalsly rerg istegidd dubfiettinor 25
protocol (data_not -sh fi i f Vi rus/ rbin

coi ncubate in |wca§} efd % sc?%ﬁqla)ct%%%@ydqge%pn%yatérﬁcé{%r% r{y’t hkgﬁ!l;}ﬁsor bin. It is
al so clear tdwatplrestaloyidiust aioest mitrateed tloidel dirssodieatEh raomttche

e A o e T DO Ay B oty I 0TC,
in other proagthgeessells. Attempts to reproduce the concentration with
streptavidin conjugated Paramagnetic beads complexed with
a biotinylated protein A purified from a secreting
15 variant S aureus strain showed only poor retroviral
binding activity (data not shown), which may help to
discount protein A as a ligand.

To determine how widespread the application of this
concentration methodology may be, the inventors wished to

20 determine whether K562 is a unique target cell for this
type of procedure. Fig. 4 shows quite clearly that
adherent Hela cells respond in much the same way but to a
lesser extent than K562 cells. The low titre of the IL-
2/B7 retrovirus infectivity of U937 cells also meant that

25 no estimate of the ratio of concentration could be made
in these cells.

Although the ability of concentrated virus to infect
cell lines was not cell specific it was important to
determine whether the tropism of the retrovirus for the

30 Pansorbin was unique to the IL-2/B7 insert. Therefore,
the inventors repeated the protocol with other vectors,
such as the RaRT insert in pWZLblast. Results detailed in
Fig. 5 show that the ability to concentrate retroviral
vectors is not specific to a given insert/vector

35 construct. However, it is interesting to note that in



usi ng Pansorbin and anti-retroviral envel ope antibodies for nediating
conplex formation, in this case infectivity of the retrovirus appears to
be conprwmdsedR2 35 Using data represented in Fig.l and BPCuHGBat/deal WO
01/ 79456 PCT/ GB01/01261 - 29 choice of Pansorbin volune and co-incubation
time was chosen and used both in scale up experinments and centrifugal
concentration. Pansorbin/retroviral intepractions are sufficiently strong
in our protocol to 5 allow two rounds of centrifugation at 2600g, and

rel atively vigorous,desuspansipn.d dd esdn e N+l rd@eptidd atdon. The
conbi nation of the reduced volunme and the increased infectivity nmediated
by gravity irmtestiion dihaurderdBbheohes exiftehdiavrPe dfue it fiethat 10

increases indidde agayed ondSoy e fH above 4 r@éinfxi@&ﬁ@d:@%}ﬁ@duced
volune alone. It is also possible ™ that sone target cells may have an

affinity for Walssredils, tddtheuah ridtai i vetronl Mmave Pedie WMakHe t§° of the
target - cell.Fig. hoyws, 4 r SRGhANY it £ { bk effective
titre CSan be Sll'lr?c"?ge{g,eslby upl%%éWS%g?%ﬁlg ?%Ar.@a. vol ume r eductriqu% of only
180-fol d. |t thes trresdiusmerdiosuwrerlsaritiats ownte | dddbliom o3f thenan
super nat ant in the e i was. al e i ing the
titre, alt houfg}h jr]mac%a%)otsansés]ecrg?]?%%fen IO%/“Q }%hqﬁsi an%y@nmgﬁ' Zr%%et h@t%rgﬂ%él%
derived r et r oafifiusi eyary bet dh¥3 o @k exhadviNBd ares uhkhowh3% aztdrl®% culture

resulting in crasslinking and., the condensati i bggpj
precipitate. nﬁwséoed:etpll%?]i nl%?tuktljey El’rneﬁlbc?egf%% F?ggspﬁorlc\:/\gsgﬁg%ﬁ c% ear; f? he

i nventlr s i ntelrgirest dthe @teelily/ dfsh helsipearsatsimwn 25 Tlous ndi cate that at
t hese speeds the Pansorbin js full | 1.eted, C r .pictur mer ged
in those sa hteesrr}/é"':]:]r% El‘%ijceo(ﬂgﬁéx%dlgrle ?ov??}ﬁ%cmiéés %@%s%dc J?%Ug}ﬁuga 0. 45
pmfilter, retipilngrdhetpteesisomdédiatirofwihe be required in order to

determine if the presence of de novo intracellular IL-2
is differentially toxic to these cells.

15 Concentration by Pansorbin centrifugation is
performed routinely on 50 ml samples of supernatant, and
scaling up this protocol is primarily dependent on the
amount of supernatant that can be input into the system.
One can centrifuge 400ml of supernatant every 10 minutes

20 using 50 ml centrifuge tubes, making the production of
virus from litres of supernatant relatively easy. This
study was initially performed in response to a problem
with low titres of virus and it is interesting to
speculate on whatAcould be achieved with high titre

25 starting material. Pansorbin is purc@ased as a 10% (w/v)
suspension, but an estimate of the number of particles
can be obtained by haemocytometer counting and indicates
that the concentration is between 1x10%° and 1x10''/ml.
Thus, the standard protocol for concentration of 50 ml of

30 supernatant (250pl Pansorbin) will use around 1.25x10%°
particles, and even assuming that each particle can bind
only one infectious retrovirus particle this gives a
carrying capacity of Pansorbin of 1.25x10' retroviral
particles in 50ml supernatant. It is probable that this

35 method may be equally (or more) efficient with high titre



pre-filter by as nuch as 90% (P:P Filter). Once again 30 however the titre
did not drop to zero, which nmay indicate that nuch of the avail able
retrovir mopenascs unbound to the Pansorbin (even with arCopBonRzed
protocol) or that the filtration is sufficient to dissociate the bound
retrovirus fromthe Pansorbin. 35 In the absence of a negative control for
the WO 01/79456 PCT/ GB01/01261 - 30 congentration protocol (ideally
Pansorbin with no retroviral binding activity) the activity of the protein

A on the Pansrdige&annotl becept iy ety disconky athe Rafaldels expasiments
wi th Sansorbi'n show that the effect 5 may be quite conplex, although the
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concentrati orcetid ¢k g nadeansorbin particle. One might expect that

the retrovirus would be unable to infect target cells

when bound to Pansorbin, and indeed, it may be that when

15 diluted with the target cells at 37°C there is a back
reaction releasing retrovirus gradually into the medium.
However, the inventors believe that the retrovirus
remains complexed to the Pansorbin whilst infecting the
target cells.

20 Although, there is no definitive data regarding the
mechanism for binding, the inventors are confident that
the virus is bound to the Pansorbin, otherwise filtration
of co-incubated supernatant would not reduce titre as
seen in Fig. 3 (P and PFilter).

25 The first aspect of the present.invention has been
shown herein to work on PGl3 cells for which the
concentration procedure was optimized. However, using an
identical protocol for targeting K562 cells, the
inventors have also found that Pansorbin alone works well

30 for GP+envAM12* and PA317%° (mouse packaging cells,
amphotropic murine leukemia virus envelope), with an
increase in titre of 1500 and 600-fold, respectively,
when normalized to a 200-fold reduction in volume.
Further, the method has been carried out in other

35 packaging cell lines such as FLYA13® (human HT1080



in these cells. Although the ability of concentrated virus to infect cell
lines was not cell specific it was inportant to determ ne whether the
tropi sm ofovh®4set rovi rus for the 30 Pansorbin was uni queP€DGBhEO126E 2/ B7
insert. Therefore, the inventors repeated the protocol with other vectors,
such as the RaRT insert in pWZLblast. Results detailed in Fig. 5 show that
the ability to concentrate retroviral _vegtars is not specific to a given

i nsert/vector 35 construct. However, it is interesting to note that in WO

01/79456 PCT/&BOMOL28na -cl 5t MnbHASR P iNe B3ind ardateres] i AL nore
receptive to 1nfection than he NB4 cells. This may be due an insert

ef fect such a@sﬂ‘teﬂ@ﬁ,@(pre%[s\f@ﬂfbs (HT198 hayhigh tRR1 E4 tEethee eRBTIRRPYS,
al t hough the G#r\)f{f'sntéa{xﬁel § begp gl £d a Sﬁ%rﬁ&yrs il tQmd n sof t

agar cloning e ciency in the three suspension cells with sin Ie41
addi tions of thatarreiiowizus cormermactiamiss @ dlahing o000 GRtE-8the

' the Sor esentls o e e S b TR o G e S T ST iR
data not shovs . Pa‘lfm;s:blxexctmmiimmlhwoﬂﬂﬂ_ -f01d ot a k& fold hese
g:!t la?m Egtl f rt(%g prlg(gneﬁ%e oSfl Cemn\(;\?gtl n r%!celar{ﬁﬁﬁla# %%%ﬂmﬂ?ﬁr entially
toxic to thesegeldslldS5 Concentration by Pansorbin centrifugation is
per or e 1ot nelyp on 0. Mo LSSl uReipeLen, endconalng, 2, (s
i nput imto tf[@rsamﬁkﬂm ma@f\ebeeamed:&rﬁerd flugea mmmomcm@rmm:amdmy 10
rom @ itres oS TEARE IR vy oagre e el s T aily
performed in £/SPONSES tive B Bited membrane bound fibronectin
binding proteins (fnbA3 and fnbB*?), both of which were
cloned from Staphylococcus aureus (though not Cowan I
15 strain). However the fibronectin binding ability of Cowan
I can be blocked by the exogenous application of short
recombinant fnbB peptides® (fnbA not tested). Although
the Wood 46 strain has not been directly tested in this
way, it has been demonstrated that the ability of Cowan I
20 to aggregate in the presence of either fibronectin or
laminin is essentially absent in Wood 46*. It is also of
interest that both these strains adhere identically to
fibronectin-coated tissue culture plasticware! indicating
that Wood 46 may be deficient in either fnbA or fnbB but
25 probably not both. It has also been reported that
retrovirus derived from packaging cell lines GP+E-86,
GP+envAM12, PA317 and PG1l3 all bind a recombinant
fragment of human fibronectin (CH-296'¢3!, otherwise known
as RetroNectin™). Therefore, it is not unreasonable that
30 retrovirus and fibronectin produced from NIH3T3 derived
packaging cells® can become bound to fibronectin in the
course of culture, and such fibronectin/retrovirus
complexes may then bind Pansorbin via fnbA or fnbB. The
level of expression of fibronectin from most packaging

35 cells must be a limiting factor in the determination of



with lowtitres of virus and it is interesting to speculate on what could
be achieved with high titre 25 starting nmaterial. Pansorbin is purchased as
a 10% (wwoQ o1/z4spensi on, but an estimte of the nunber of PORGBOTDIERST can be
obt ai ned by haenocytoneter counting and indicates that the concentration
is between 1x1010 and 1x1011/m . Thus, the standard protocol for
concentration of 50 m of 30 supernatant {2501 Pansorbin) wll use around
1. 25x1010 particles, and even assunm ng that each particle can bind only

one infecti ous &I OM T US; PAL LACASri IS (B VESh&ncEREAY I RGuL@paci ty of
Pansorbin of 1.25x1010 retroviral particles in 50nl supernatant. It is
probabl e t hatoR3fEvesh atdoReayoNrRCeual rsairmnhorey BFfikfemfwith high

t tre VO 01/ 79456 PCT/ GROY h 132 mE OGIOSLc ££5 8y BB aW i gyones

the inventors have studi ed. Assuming a super nat ant” contains 1x106 cfu/m
of retrovirusseniferrm eyl Wsted heonoihml seereieier oot ol fongaihsor bi n

(2.5x108/ M) SR, IRl QY1450 VPLL Lo 8- Ah 2VELPOS 2 o d00PR T8 om I LS

nei ghbour an nsor bl n par nly an average of 16pm apart. Thus,
the retrovirBLYREY amhl FLYRRVR| exli@r0pnobey of €04 % i of ngotal tiheotrioxi mity

of a Pansorbin particle:fherslors, | noleasing o5 redusl g, Lhe,; fetrovirus
content of the superna ant (providing Tt is 10 beflowTheé carrying capacity
of the PansorrimawculghmekiepldidtiodbIasesée &odt hbepFDBRDLBIty of the

oV SN SIS L BEL EL R MO Rt UL e
and i rideed, idelipy, biedihbte whtehl 1510k | tiiedsane hetheptatgien aelbstat 37C
Lfere 15 2,36k oL 8A6L) o0y chesel 10, el oulfus, ofseeal Xodpt e red! ur
the Pansorbi ncovidstrati@ctangayhe target cells.
Pansorbin/fibronectin/retrovirus complexes may also
promote infection in a way analogous to RetroNectin, in
15 that cell binding domains in fibronectin may crosslink to
the target cells'®, this may be less effective in NB4
cells since much of the VLA-4 and VLA-5 they express may
be inactive’®.
The inventors have used four different batches of
20 Pansorbin, two of Sansorbin and one batch of Pansorbin
equivalent from Sigma Aldrich. Whilst they do observed
batch variability of 2-4 fold in the concentrating
ability of Pansorbin (2000-7500 fold increase in titre
after concentration), they find it is always more
25 efficient than Sansorbin, which is in turn always better
than the Sigma Aldrich product. At first sight such batch
variations may be considered a concern. However, the
methods of preparation of Cowan I have been optimized and
quality controlled on the basis of Protein A and not fnb.
30 The poor activity of the Sigma Aldrich product appears to
be related to how well it pellets at 2600g, thus
optimizing for better centrifugation may improve its
activity.
Although the present invention has obvious

35 applicability for in vitro studies, the applicability for



20 Although, there is no definitive data regarding the nechanismfor

bi nding, the inventors are confident that the virus is bound to the
Pansor bi nyoeot/fmasei se filtration of co-incubated supernat B@T/GRBOUIE6NOt
reduce titre as seen in Fig. 3 (P and PFilter). 25 The first aspect of the
present invention has been shown herein to work on PGL3 cells for which
the concentration procedure was opti m=zedt -However, using an identical
protocol for targeting K562 cells, the inventors have al so found that
Pansor bi n al artee wap K mangl he 3o 0F d Ry niAMIZ39 eanks RABAY 40n (wbtuse  packagi ng

cells, anmphotropi¢c nurine ] euke virus envelope), wth an _ increase in
titre of 150&%&%# o‘?%l,isf‘ e“éﬂg}cﬁ?&%/‘éﬁ’ Yt %%‘?fyntoir‘?ﬁal 19 s PEFYET ol d
reduction in y®IKiGh cdnddheratidies et hach s reeroarma edeiouik ithat her 35
packagi ng cell ljnes such as FLYA135 (human HT1080 WD 01/ 79456

PCT/ GB01/ 01267°%1C FBRCEPH} Jaay ckRRCR AT, PatNaR Yoot ThiF i FR1I T Suk¥hi a vi rus
envel opg), FLYREISS(HHT 10804 V\iﬁélsé?ma;ﬁﬂ &l i el @NHPORNEYISI £ VEKdiS sdvshdpe) -
oun

In addition the inventors have f d that retrovirus fromecotropic
packagi ng cel3dhaEE- g i vorattinendjoqsteed bnt mipehelabyi gass

nyel oi d Cel | $,&an ohe, PAASOND) N QADCentiRs £8 hy &R0-f b f ofo@e00- f ol d

reduction in volume, an efficiency in line with FLYA13 on K562 cells. The
i nventors beldeselthathbs nddmy FroedioA reRnReend T n2dn i Py de

medi ated by g,44,bronegtidyi ALeriedi AL Yoy e BrOLAL S OME Su08 i ithud SaST

two bacterial genes appear to be speciallzed nmenbrane bound fibronectin
bi ndi 0 pr ot el Mson{dbAB o ReRll & BB ra, bBIPP bf . whikthhaer efotleweddf r om

5 ey Se o A (Lol e S s T PRI ATE
application ofxstmrerporeal adsorption of patient plasma using only
protein A has reached the stage of clinical trials for
metastatic breast cancer %5 , Kaposi’s sarcoma®® and
15 colon carcinoma®® on the basis of removal of antibody
complexes thought to inhibit anti-tumour immune
responses’®®33, It is however tempting to speculate on the
relative contributions of the Protein A and fnb on Cowan
I in treatment of other malignancies where evidence for
20 the role of retrovirus is more compelling and reduction
in viremia would be dependent upon circulating
retroviral/antibody complexes %%,
The effect of Pansorbin demonstrates that
interactions between retrovirus and a particulate
25 substrate can take place within the half-life of the
retrovirus. This has allowed us to develop a simple
procedure for the concentration of retroviral vectors.
However, the further aspects of the invention are
modifications which use reagents which may be considered
30 more conducive to clinical practice and applicable to a

wide range of packaging cell lines.

Materials and methods relating to the first aspect of the

35 present invention.



reconbi nant fnbB peptides33 (fnbA not tested). Although the Wod 46 strain
has not been directly tested in this way, it has been denonstrated that

t he abil iwgoofy4Sowan | 20 to aggregate in the presence of PETAGBOI/N01261
fibronectin or lamninis essentially absent in Wod 4699. It is also of
interest that both these strains adhere identically to fibronectin-coated
tissue culture plasticware4l indicating Ihat Wod 46 nmay be deficient in
ei ther fnbA or fnbB but 25 probably not both. It has al so been.reported
that retrovigdis damesed from packagi ng cell |ines GP+E-86, GP+envAML2,

PA317 and PGL3 all bind a reconbi nant__fragnent of human fibronectin
(CH 29616' 31, ot hdhipade WA UR%7 RdtIONe@h IUSThetfr £ 1yl bt

unreasonabl e thats 30 gt roud rus and fd ke onectddn pg apueedyfg@m NI H3T3
derived packaging cells95 can become bound to fibronectin in the course

of culture, Ry it FHRIER in/YRAFGV ram! Teoiptiexesnemyl (it ™k nd
Pansorty n Vi St iy I Bind Moon MY pAls SXPTEIS| oM i ddr aneetd n 1 om

nost packagi ng 3 s nmust be a limting factor in the deterrgi nati on of
WO 01/ 79456 RE)/ .GROIIpsion -cgyl s reareViaitained ketkesn sexHb énRancenent

woul d be ob \/ fter t cti r w aktyal e - agt
that, t houghslt le(ﬁ?rﬁl?i kgléggk%ﬂﬁg%ggll}ss%%%\gg%tﬁg’tsatgggr?wgr%xg}(sll?l?ggggg for
t he secretiorerof rfdibrioarered rpe Bow hex @O MHT tO8G Ul Isudsamreosasbel | s at t he

core of FLYA13 ar:lql FLYRD18 %ﬁ%{ szf‘or‘éé’bloet\%“é’@ﬁ]véé’t@%?ﬁ _eééh as

fibronectin conpar ed With Th Yo'dassoci ated W normal  human di pl oi d
fi brollGst s9&GENd:alhe FaRABypenUERGPE 06RY , nob tener dbifndrf itheoAEELC) R97.

GPrenvAML2 PRI S Bt r iR het bBrTS | T e R e Ton assays.
Pansor bi n/ fi 1ofrecd idvd ef T oV T 81Sp £OKE Bx@ Scarblys absoe routinely
cultured in DMEM + 10% FCS, 2mM L-glutamine, 100pg/ml
streptomycin and 100U/ml penicillin. Cells were
15 maintained in 90mm tissue culture dishes, passaged by
trypsinization, and maintained between 5x10° and

7x10%/90mm tissue culture dish.

Reagents

20 Pansorbin (Calbiochem-Novabiochem, Nottingham,
507858) a 10% (w/v) suspension of heat-killed, formalin
fixed, Staphylococcus aureus (Cowan I), lum particles
bearing a high cell-surface density of protein A was
stored at 4°C, and replaced after 4-6 weeks. Sansorbin

25 (Calbiochem-Novabiochem, Nottingham, ,557601) a 10% (w/v)
suspension of heat-killed, formalin fixed,
Staphylococcus aureus (Wood 46), lpm particles with no
cell-surface protein A was stored at 4°C, and replaced
after 4-6 weeks. Insoluble protein A (Sigma, Poole, UK,

30 P-7155) cell suspension approx 10% (wet weight/vol) of
non-viable Cowan strain S. aureus, stored at 4°C, and
replaced after 4-6 weeks. Protein A-biotin labeled
(Sigma, Poole, UK P-2165) purified from culture medium of

a protein A-secreting S. aureus strain (2mg/ml in PBS pH



pronote infection in a way anal ogous to RetroNectin, in 15 that cel

bi ndi ng domains in fibronectin may crosslink to the target cellsl6, this
may be | eé@oefdsecti ve in NB4 cells since nuch of the VLArPdT/&Bd1/M26t5 t hey
express may be inactive48. The inventors have used four different batches
of 20 Pansorbin, tw of Sansorbin and one batch of Pansorbin equival ent
fromSigma Aldrich. Whilst they do obserwsad- batch variability of 2-4 fold
in the concentrating ability of Pansorbin (2000-7500 fold increase in titre
after concents.dt,i aorddhep fHadcht BiaatwaydinoseHgBrethiorede (haN

Sansor bi n, i.ch is in .turn always better an the -Si.gma Al dri r oduct .
At first si gﬁh%ﬁ&aﬁ:%&wlmﬁﬁ%f@f?% #co@cﬁeﬁéd & 5o e&ﬂl.l ver,
the methods sferpriepar-atgegnaef sgyan nhavecbeepuephiyainedsagda, qual ity
controlled on the basis of Protein Acﬁgg_not fnb. 30 Th gorFagtivi y of

I

the Sigma Al diA%R prbtudt ShpEard s T F o Sow af1 2Be( et s at
26009, g hus ioptidieat Nhdar wgiiteer (mhamdd iffagatd iy iy, iDgurbe i USA,
activity. AIthgPh t he present invention has qbviqus 35 licabjlity for
invitro studiée™4Hd)apAaledsians y(Femano kealro4 58 pé )/ @Tgﬁu > 35

therapy may he censddereddehat alle avR@FiRaH tyteritransducedccel I's will
have to spend tine in thebfresence of high concentrations of Pansorbin.

One may t hi niétapRtatigdine Magesinhakap |FedeasiTe P 3BT iSP t he course of

5 infection, @dddese MRy £ LOGE, 175MM0 iy idey herpnsa radheesint a
cell vaccine. However, this possibility has been dism ssed by other

aut horld i n t € st dligmsterema ragespiate @ Waxrtishiap pivtBiSh sk &&fhaterkt of

Pansorbi n has- been |icensed for use in humans (managenent of autoi mune 10
t hr onobocyt openi a purpura, |TPP)50. Further, follow ng

Generation and culture of producer cells
PG13, GP+envAM12 and PA317 packaging cells were

15 trypsinized and plated at 1x10%/90mm dish; after 4 hours
the medium was aspirated and replaced with 10ml of
filtered (0.45mM) GP+E-86 supernatant containing 4pg/ml
polybrene. These calcium phosphate transfected GP+E-86
mixed cell populations produced pWzZLIL-2/B7°° or pWZLRaRT

20 retroviral vectors (conferring resistance to Blasticidin
S) or pBabe.puro vectors (conferring resistance to
Puromycin). This infection was repeated after 24 hours,
the cells cultured for a further 48 hours and the cells
selected in DMEM+10% FCS containing 10pg/ml Blasticidin S

25 or 5ug/ml Puromycin as appropriate fqQr four weeks and a
mixed population of resistant cells cryopreserved.

FLYRD18 and FLYA13 packaging cells were initiated at
7.5x10°/90mm dish, after overnight culture the medium was
aspirated and replaced with 10ml of filtered (0.45pm)

30 PG13.pBabe.puro supernatant containing 8ug/ml polybrene.
After 72 hours the medium was aspirated and replaced with
fresh medium containing 5pg/ml Puromycin. Cells were
culture for a further 7 days at which point all control
cultures were dead and the mixed population of survivors

35 cryopreserved.



promsing results in virus-induced rat malignancy51 extracorporeal
adsorption of patient plasma using only protein A has reached the stage of
clinical wobnatesd or netastatic breast cancer 52,53 , KappeT/GBosar26prma 53
and 15 col on carcinoma53 on the basis of renoval of antibody conplexes

t hought to inhibit anti-tunmour inmmune responses52,53. It is however
tenpting to speculate on the relative_c ributions of the Protein A and
fnb on Cowan | in treatnent of other mallignanci es where evidence for 20
the role of retrovirus is nore conpelling and reduction in virem a would
be dependent upon circulating retroviral/antibody conpl exes 51,51 The
effect of PammaidratidenmSidetimsritfied | nteractions between retrovirus and

a particulate 25 substrate can take place within the half-life of_the
retrovirus. This H& 3 I W8 o’&‘r’gﬂopa S¢Prqu‘_e8e6 PP ottt e ‘F%Jrfﬁ he

concentrati ogafe ratyMiddled eGiPNSLat ddovy erx1 d4ye douid Riarshgspeetesy a2 t he
invention are nodifications which use reagents which may be consi dered 30

more cohduci VOULS Aheninediys 48 deRImEehpl 44 dMPers ot b i e merge i

packagi ng celyad ingsi. r M Lrdrf Seand fed hadsouh al | 094 @t el £ F sin@spect  of
the 35 present invention. WO 01/79456 PCT/ 1/01261 - 36 Cell _ Ilines
Hunan (NB4, Wedken KBe)fusidaio e (S0 4N YA 2| i FeeRPL8 | $91ksS and HelLa

epi thelial celjlserg grows, g@%&iaggﬁ,!@f%%¥|4? LORFGS, ML glout ami ne,
100pg/ M 5 streptonycin and 100U m s)\enl cillin (all Sigm, Poole, UK).

Suspensi on ce&lddsi Uik e sreiiaitlal Rt bt g 15t ekl Ak 196/ ouihi lateHelLa
|1 ; t | JU = i i ! Tx1P64.90
cells pre pacsr%agrgeﬁj-l%eda)@% 12%)‘&&5‘ ?r?c'gdf O &k ned- ek, 7x 196, H0mm

tissue culture di nous ryo robl ast deri ved” GP+envE-8641,
filter and taken for further processing.

Preparation of Staphylococcus aureus.
Pansorbin, Sansorbin or insoluble protein A was
15 diluted 1:20 in RPMI+10%FCS and stored at 4°C for 18
hours. The required amount was centrifuged (2600g, 20
minutes, 4°C) and resuspended to the desired concentration

in RPMI+10% FCS.

20 Preparation and concentration of Pansorbin/Sansorbin :

retrovirus complexes
The indicated volumes of Pansorbin/Sansorbin were

added to the desired volume of retroviral supernatant in
sterile polypropylene tubes and the mix incubated at 4°C

25 under constant motion (Stuart Scientific SRT1 tilting
roller mixer). At the indicated times the mix was either
taken directly for the determination of cfu/ml titre or
concentrated by centrifugation. For concentration: 45 or
50ml of mix were centrifuged (2600g, 10 minutes, 4°C), the

30 supernatant discarded, the pellet resuspended in 10ml of
cold DMEM+10%FCS and centrifuged once again as above. The
supernatant was poured off and the tubes stored inverted
for 60 seconds to drain and the pellet resuspended in

approximately 250pl of cold RPMI+10%FCS. Resuspending the



10 PGL3 GaLv pseudotype3d (CRL-10686, obtained fromthe ATCC), GP+envAML2,
GP+E- 86, PA317 and Human sarcoma derived FLYA13 and FLYRD18 packagi ng
cells weveopouudshely cultured in DVEM + 10% FCS, 2nmM L- gbot/asone261L.00pg/ m
streptomycin and 100U/ m penicillin. Cells were 15 maintained in 90nm
tissue culture dishes, passaged by trypsinization, and maintai ned between
5x105 and 7x106/90mm tissue cul ture dishkhg Reagents 20 Pansorbin

(Cal bi ochem Novabi ochem Nottingham 507858) a 10% (w' v) suspension of

heat - kil | ed, formal idhn fhxesh £ StAPNY | LEOGC USRI aus d1aNRN(ddpediRiMly
particles bearing a high cell-surface density of protein A was stored at
4C, and repl RABAREY) 4-@het kL Fahvok Bl T8 (@b dchediv NGRRSISSthem

Not ti ngham , h@f?@ﬂ;) &ﬂ&%&ﬂ%&v%oﬁ%ﬂ?ﬂﬁﬁ M hapt -ﬂgéér@gneofi%{m'ﬂfﬁ

fixed, Stap ococcus aureus , Ipmparticles wth no
cel | -surface @tsgar\ Wes mivrek atamBe gl seplaceb0af e alleveeks.

| nsol ubl e protein.. | QB I 7 ]%uy&g%lsion appr ox
10% (Wte]i'lt wei g%ﬁl\r}:oﬁégf no‘ﬁlﬁD aﬁ%&&%\ﬁ%{q r%t?ﬁgosg%a%or s, stored glto 4C,
and repl acedcafawialls 6fmeeksordyota@ nige bnd et eel ek i gSighes L wool e, UK
P-2165) puri Hf&é‘ romculture mediumof a protein A-secreting S. aureus
strain (2ng/ i'n PBS pH WO 01/ 79456 PCT/ GB01/01261 37 8.0, stored at
-20C). Blasticidin S Hydrochloride (I CN Pharnaceuticals, Basingstoke, UK

150477), stored filter, .sterile, ; t 5mg/nl in water. Puronycin (Signa,
Pool e, UK, PR R f?#t%ﬁu@%gﬁff‘é’fe- 20C at 5ng/m 5 in water. Agar
Nobl e (@i f co Laborai@sdesiometsPins6SAI93D14ABL 72K .3 A yhy enel (Si g,

Poole, UK, H-9268) nmade up in water to 8ng/m, and . stared filter sterile at
- 20C. StreptW%iW%%%r@%W%%gﬁgd & i 10hEs Sheh

polybrene at 4.4ug/ml. The cells were then plated in 24
well cell culture plates in aliquots of 1Iml and incubated
at 37°C/5%C0O, for 1-3 hours. Retroviral preparations were
15 serially diluted 1:10 in RPMI+10%FCS, 100pl added to
triplicate wells and mixed thoroughly. After 18-24 0.9ml
of cells was mixed with 3.8ml of RPMI+24%FCS+1.3mM sodium
pyruvate and maintained at 37°C followed by an additional
0.3ml of autoclaved 5% w/v Noble Agar in water (final
20 concentration 0.3%) which had been maintained at 60°C.  The
cells were then plated in 60mm tissue culture dishes and,
after allowing the agar to set, placed at 37°C/5%CO,.
After a further 18-24 hours an additional 5ml of
RPMI+20%FCS+1mM sodium pyruvate containing either 20pg/ml
25 Blasticidin S or 10pg/ml Puromycin was carefully added,
resulting in a soft agar selection concentration of 10
and 5pg/ml respectively. The dishes were returned to
culture for a further 2-3 weeks after which soft agar
colony number was determined. The concentration in cfu/ml
30 was calculated as the number of colonies per dish/well
multiplied by the dilution factor. In all cfu/ml
determinations multiple dilutions were initiated although
most would be non-informative, having either too few
colonies, or too many to count accurately (ie more than
35 300/60mm dish).



(Promega, Madi son USA, Z75482) Inmg/m (5x108 particles/m) 10 of fpm

di aneter paranmagnetic particles in PBS stored at 4 O0C Generation and
culture oWopr/odecer cells PGL3, GP+envAML2 and PA317 packpgi/cgovel2bs were
15 trypsini zed and plated at 1x106/90nm di sh; after 4 hours the nedi um was
aspirated and replaced with 10m of filtered (0.45mV) GP+E-86 supernat ant
contai ning 4pg/mM pol ybrene. These calciggm-phosphate transfected GP+E-86
m xed cell popul ati ons produced pWZLI L-2/B730 or pWZLRaRT 20 retroviral

vectors (conferri Rgineesntt 3688 (R 18la%idr@ driypsIh i%ed)BalrRUD arRet or s
(conferring resistance to. Puronyci n% This infection was rep eated after 24

hours, the ésirsted tla?l@a/mérla REMIHEPSHEShalfsthRl Pﬁétegl I8 24¢l ect ed

i n DVEM10% B3 1CeRtai @urlg:dz@%fl@te%] aﬁlt Ialdud s ¥ @. R0/ Mrdyr amycin as
appropriate for four weeks and m xed popul ati on of resistant cells

cryopreser ve@ourISLYRDl@aéﬁdeFL\?ﬂf@/éa@Qa)gl%yﬁ cet} heiere PRHIQY dtd at

7.5x10%/ 90mM;dish., saft er, 1, 1Cy toe &?%éﬁi@iﬂ@d’f@eﬁa ASyy rated and
r epl acgj vvlth 10%1 l(;%fn A %\e&railg:ll?)gl 45pr’r) 30 PGL3. pBabe. purol sﬁ{yernat ant

cont ai ni ng 8p@llmbr]@®lwm8@n@ddeﬁ tter br2 nigo dihse tﬂi@&iedimm%aéslmnr &%®d and
replaced wt medi um cont ai ning 5pg/ M Puronycin. Cells were

culture for a'furgt ér 7 days at which point all control cultures were dead
and the m xed popRedtriconimofs sursyisudrisect3sl dioy gwreisdr Vied.0 WD 10151729Y56

PCT/ GBOl/012§L1 RPM%arlOG%'E%‘r% C{oq:rol 11&Lr %w é}% at%éiglqé}g?cfe ofg%o PA3_17 and

GP+E- 86 pr oducer cells ° wer & 1 rypsi B ze mm di sh,
after 12 5 h@m@p&h@t@«ﬁulmwm rae*dwbetdz, 2hhaoursed atigrh t Hhargdingatnas

aspi rat ed and Lt end Lrough, 5 0 SRS o1 i hed AP r IS
with fresh medium containing 10pg/ml Blasticidin S. The
medium was replaced every 3-4 days for 2 weeks after
which it was aspirated, the plates stained with Z2ml
15 Commasie blue stain (5.35% wt/vol in 45% methanol: 10%
acetic acid), washed in tap water, colonies counted, and

the titre determined.

20 Detailed Description Relating to the Second, Third and

Fourth Aspects of the Present Invention

Paramagnetic particle mediated concentration of
fibronectin associated PGl3 derived retrovirus.

25 In order to determine whether PG13 derived
retrovirus is indeed associated with fibronectin in
packaging cell supernatant the present inventors used a
polyclonal antibody directed against murine fibronectin
coupled to PMPs. The ability of these particles to

30 capture infectious PG1l3 retrovirus as assayed using the
previously described soft agar colony formation assay’®
are detailed in Fig. 7. In the absence of concentration
the initial titre (cfu/ml) on human myeloid K562 cells is

1.4x10% + 9x103%cfu/ml (control), concentration of this



pl ated at 2x106/ 90mm di sh, after 48 and 72 hours the nediumwas replaced,
and after a total of 96 hours later 10 the medi um was aspirated and
filteredwopoowghe a 0. 45pm filter and taken for further prPOTEBSiI/MY61
Preparation of Staphyl ococcus aureus. Pansorbin, Sansorbin or insoluble
protein Awas 15 diluted 1:20 in RPM +10%-CS and stored at 4C for 18
hours. The required anount was centrifuged (2600g, 20 mnutes, 4C) and
resuspended to the desired concentration in RPM +l 0% FCS. 20 Preparation

and concent r gf;itdn 2o tRanS W-y i 33N By a tieet PO UPAB MR exes 2B &old
i ndi cat ed vol unes of Pansorbi n/ Sansorbin were added to the desired volune

of retroviraltSSWsEAeR dft SuPeIEdANte Yiodiusr dIRTERS Sutids Sarfd e W x
i ncubat ed at 4623 Harder canstfnl, Mtdan?( St garkiseientihi ¢ HRhdeddd ting

roller mxer). At the indicated tinmes the m x was either taken dlrectly
f or the det emlrygth%wlofra@mtmaqﬁlt mouge fdbreascitded By ibestisst ugat i on.

For concent r aldQligaA2 Lre g r%t“e‘i’i‘zt 14984 r 260308, 130 am nutes,
4C), the 30 suggr r?gt ant (?I scarde(f théav%é resuspenéled in f&m of cold

DVEM+10%CS &md ibasty icfipgaan or?@é%Bdgmn@r@@S@tsoxt@e THé res fserd®di%ant was

poured off a st d cQrd dth
pel | et resus%gncgigl’ig) EEQ?ﬁlfogléﬁgF(ba?Mﬁ%ég = ?ﬁ %gégRPﬁ/lgﬂéLg‘Egcggﬁal?ggﬁgpend?ng

the WO 01/ 79456 B@'WGGB@E’ (el Volm I@@lllloettloclan Qeenbdinfaftiicmist ofs | t tends
composed of “SOUE Sk R Une SHE e urry A BosY PSR A e
necessdry t h@ptﬂcmﬁuce mmb@eiypwrsﬁnbr@tgeli@g 28t ¢ ialdsowF eefeffifgicemntr ecovery)
32?6: Snnﬁ\é,?:jof_] OF%OE%’ID %XI %in—tefarié;cri%oglaolne f?{ow%tv%r agq:h%n eif%%cei%qlcy of
protein A-biotin alone does not suggest a limited
affinity of protein A for either fibronectin or
retrovirus.

15 Antibodies to murine fibronectin allow infectious
retrovirus from murine fibroblast derived packaging cells
to be captured from retroviral supernatants. Volume
reductions of only 125 fold result in increased titres of
the retrovirus in the order of 2000-3000 fold. The total

20 infectivity (cfu/ml) in a captured retrovirus population
is roughly 20 times that of the control supernatant. This
may reflect increased delivery of virus to cells by
gravity mediated settling of PMPs, rather than brownian
motion alone!®, or increased infectivity of retrovirus

25 after PMP capture. Depletion studies, using the
supernatant from the retrovirus/PMP mixes after magnetic
concentration, also show reductions of some 90% of the
retroviral titre from the supernatant. This data confirms
that PG13 packaging cells secrete murine fibronectin into

30 the supernatant and that either most of the retroviral
particles are associated with it, or, retrovirus in the
absence of fibronectin is not infectious.

The efficiency of this method shows that under these
conditions both the epitopes responsible for binding of

35 retrovirus to fibronectin, and fibronectin to target



Determ nation of cfu/m titre 10 Suspensions of K562, U937, NB4 and 32Dp210
cells were counted and adjusted to 4x105/m in RPM +l O0FCS wth pol ybrene
at 4. 4pgwd 01/™ae6 cel | s were then plated in 24 well cell pOr/GBoBORbAteEs in
aliquots of Im and incubated at 37C/ 50CO2 for 1-3 hours. Retroviral
preparations were 15 serially diluted 1:10 in RPM +10%-CS, 100pl added to
triplicate wells and m xed thoroughly. _Afgoer~- 18-24 0.9m. of cells was

m xed with 3.8ml of RPM +24%-CS+1. 3nM sodi um pyruvate and nai ntai ned at

37C fol | owed dy 180 Addiddonaler 3, of i i acd w&@?ﬁ)aﬁmwe Agar in
water (final 20 concentration 0.3% which had been maintai ned at 60C. The

celI's were t HeH-HIPHAPTH 6bifd t3 etk Lilrezfﬁ’i]%eémé’ﬁd Lo SONEGETEIESR n

the agar to s8fe AL ale 3 DAV LAt Snd Uréd{@itﬂ@ngﬂ hours an
additional 5m of RPM +200FCS+l nM sodi um pyr uvat e cont ai ni ng_either

20pg/ i 25 BirEesnigents gighh |gsIeRd PUEBIgRS P hWaRMRar 88 sitl Y@ dtrd,
resul ting 'n&%ﬁs&@f%ﬁ%—eﬂd]&%&%%\}f@édé&a% 10nc a0t 91/1(5“

respectlvely es were returned to culture Tor a furt 2 3 weeks
after which SRMBs aéﬁhemmmmlwﬁcﬂ@@rwmt%@Q@ﬁc@ﬁt ration in

cfu/m 30 wa LH‘[;FCE‘] [ sh/ v,
mul tiplied b}ﬁﬂ:l E.Jllutloﬁlfactor n a y%@us;}{‘leé eter(%j‘lnatlons mul tiple

di | uti ons weresf fiimiiteratiess adft horigtovinost awudehtbeatiiorn i nf or mati ve, havi ng
either too few colonies, or too many to count accurately (ie nore than 35
300/ 60mm di sh). WD 01/ 79456 PCT/ GB01/01261 - 40 Adherent HelLa cells were
trypsil zed, Imnﬂim-)’d?mdnechickjtad acktixdixal par tip e 10868GSrand t hen pl ated

in 24 well cell cult It | ts of 0.5m. After 18 h
| ncubat [ on (37 S SR 4 Houl & b 1 B IR 6E ¢ OR G GH | onal

0.5nml of nedidumiconiad Ridwy sensitive to inactivation by human serum
and this appears to be dependent on both the packaging
cell and the envelope protein utilized®. The majority of

15 this sensitivity results from terminal Gal(xl-3)Gal
modifications to the envelope proteins of retroviral
particles shed by murine packaging cells. The human
homologue of this murine enzyme possesses ancestrally
acquired mutations that result in little (al-3)

20 galactosyltransferase activity being evident in human
cells’® %, The high levels of antibodies directed against
Gal(al-3)Gal modifications found in human serum ensure
that retroviral vectors derived from murine packaging
cells are rapidly inactivated in vivo®’ The presence of

25 Gal(al-3)Gal modifications on PG 13 derived retrovirus
would offer a second strategy for the capture of PG 13
retrovirus. Figure 8 shows the efficiency of
concentration using PMPs conjugated with either the
Gal(xl-3)Gal binding Isolectin B, (BSI-B4)% or

30 ConcanavalinA (ConA) which primarily binds more
ubiquitous a-mannose modifications®. Using either of
these two lectins conjugated with PMPs a control titre of
4x10% + 5.5x%10* cfu/ml can be elevated to 7x10% + 6.4x107
cfu/ml (1700 fold) with biotin-BSI-B, or 5.4x10® %

35 5x107cfu/ml (1300 fold) with biotin-ConA, after a 125 fold



pol ybrene was added to bring the final concentration to 4.4pg/m.
Retrovirus was subjected to serial 1:10 dilution's in RPM +10%CS and
triplicatveod0®ab6 al i quots of the 10 appropriate dilution pddesot/o26and

m xed with, the target «cells. After 48 hours infection, the nedi umwas
replaced wth fresh nmediumcontaining | Qog/m Blasticidin S. The nedium
was repl aced every 3-4 days for 2 weeks after which it was aspirated, the
pl ates stained with 2ml 15 Conmasie blue stain (5.35% w/vol in 45%

met hanol : 10%e @i $n ach Qupddshechi vdamaetele @M GUNted, and
the titre determ ned. 20 Detalled Description Relating to the6 Second, Third

and Fourth AARtELYe tIRSEHREmD Ihvkritdlsh Mrkartmett Cptt fcl e nedi at ed

concentrat i 0nl)QJTOSCE'ut?EHQWe%%h%n%%%%%‘l%be@hggl§e@%UVYL%Qlr R ¥RL 108D I N
order to determ ne whet her PGL3 derivéd retrovirus is indeed associ ated

wi th fibronectdh dapqrakelyion kettinupatraithames praseniidieitis used a
pol ycl anal angd ﬁweﬂ k%[i ROAL NS JBH p}{%ﬂll@%ﬁ@ 1€op) g to PMVPs.

The ability of es to 30 capture infectious PGL3 retrovirus as
assayed usi ngaﬁﬁmctlgr%vf%slrﬁytld@wabéw@mlts aysb ol onye ¥ mat i on assay56

are detail ed flrb@rgacfln“'m thgtC Eeggﬂgﬂiﬁ% g@t{g&ﬁogci %‘é?l{ﬁ@l titre

(cfu/m) on human oi d K56 sl control),
concentrati omaﬁrdWmW@&dﬁ%SﬁlMﬂ@&l/ﬂm it ¥ CW&%Ehl}prot ein

A-biotin conju igat ed £ RAB), by. 1 0 gﬁgg Sﬂp__e at ant
vol une i ncr easeaocijh h@ ‘#rteh E%/he W%D?% %2 nélthC% 0 % %)Tal %@4x106
cfu/m1lo Fbme\aerternmﬂya:lt@r;aiot@hmlllemtflbmms@:tfirbrmem ithe asgdduotli es 5

comugated to the PIES M@ BrotelD APLOLidh (Rietel 1 AsR0ki by Bt in

for ConA, which is one lectin known to inhibit in vitro
infection by HIV-1%, though this may be a special case
reflecting its unique receptor usage®. It is also

15 interesting that a similar ConA capture strategy
virtually eliminated the infective titre of HIV-1
(reduced by more than 95%)%, a marked contrast to the
increase seen with PG13 derived vectors. It is, however,
also possible that lectins bind proteins in the

20 supernatant that act as intermediaries, in a manner
analogous to fibronectin, and thus not directly to the

retrovirus itself.

Lectin/PMP mediated magnetic concentration applied to
25 human HT1080 derived packaging cells.

The lectin strategy has also been tested on FLYAl3
and FLYRD18 derived retrovirus®®, for which the inventors
had previously been unable to design an effective method.
Figure 9 shows the lectin/PMP mediated concentration of

30 FLYRD18 and FLYAl3 derived retrovirus. FLYRD18 cells have
a (Control) titre of 3.5x10* + 1.1x10%%fu/ml, ConA
mediated concentration (125 fold) increased this to
1.2x107 + 3.6x10%fu/ml. A342 fold increase such as this
is far short of the 1300 fold achievable with PG13 and

35 indicates ConA/PMP mediated concentration of FLYRD1S8



9.5x1 0" cfu/mM, representing an increase of 2800 fold for the same 125 fold
vol unme reduction. Conbinations of antibody protein A-biotin resulting in
an orientva®bom43® specific antibody anchorage is 25 ti nesPanGBoebéf2brCi ent
that protein A-biotin alone. However, the efficiency of protein A-biotin
al one does not suggest a limted affinity of protein A for either
fibronectin or retrovirus. 15 Antibodieg4ta nmurine fibronectin allow
infectious retrovirus fromnmurine fibroblast derived packaging cells to

be captured ff&?d@f@"f@'r&}&%&%} it t%%%eé&@@ﬁl@f&to‘ct%y 125
fold result in increased titres of "~ the retrovirus in the order of

2000- 3000 folfPr THOIDtIRr AR ffest iRFY3r (dau/tibrs i fé%ﬁ)tﬁﬁ%‘@d@%’l%w rus

popul ation i Qughlat 20 & idres, tdhati s tﬂ%@nt(zolz}glbmeqnat ant. This may
reflect increased dellvery of virus to cells by gravity nediated settling

of PMPs, rat HerdxIH4R LHv o hannﬁhﬁoﬁoat:@ﬁé 5angr Copéiaasedhenméaimaity of
petrovid us 2% alddlcd M AR D RS a1 4 heﬂfmpsernat ant
/ t ghetl

fromthe retrovirus m Xes a concentrati on so show
reduct i ons ofceddre 0% of tGmntmat)r dvited af t6.@¥40on the s\UPefndmant . This

dataconf 1 m. 1oty PGS paclcads ngy celd:s sogrelie,michBe. i pEPNEELLp nto 30

t he superna e retroviral articles are
associ at ed vaIdnA/tPMR)nnedmtreﬂ/mamlqdehan abslemce of ]fZ?orﬁml@b.t idndss not

infectious. The ef gl f‘E{EC%eg was %n%%?ogﬁ%go""% %fﬁﬁgugﬁ%gg%@%%rus

conditi ons bStAy J’[I}'ne ep spon5| retrovirus to
fibrorgctin, sArdl fidomortectdm deor itverd)eta M O gr DG PCTHEEBOTO IRGINg - 42

coll> are nou st el it sg. by e anl bt I 2 ralorg ee 2
additional lectin mediated concentration is still the most efficient
yet described for the family of HT1080 (FLY) derived
retrovirus®.
15
Biotin succinimide ester/ PMP mediated PGl3 retroviral
particle capture
Both the second aspect of the present invention
(antibody mediated) and the third aspect of the present
20 invention (lectin mediated) may not be universally
applicable or efficient for all enveloped retroviral
packaging cell lines used in gene therapy to date. Thus,
the inventors have designed a fourth and perhaps most
powerful aspect of the invention for the PMP mediated
25 concentration of retrovirus. Using the methodology for
labeling packaging cells®®, PG1l3 packaging cells were
labelled with a succinimide ester derivative that
covalently couple biotin to proteins on the surface of
packaging cells. Fig. 10a shows the results of PMP
30 mediated concentration of retrovirus derived from
biotinylated packaging cells. In the absence of
concentration the biotinylation (BSE) or carrier alone
(DMSO) treatment of packaging cells has no effect on
titre (Control: 4.6x10° * 1.5x10%fu/ml, DMSO: 4.2x10°
35 2.6x10%fu/ml, BSE: 4.2x10° + 3.6x10%%fu/ml). In the

H



experinments wth reduced nunbers of PMPs resulted in 5 extensive
cross-linking as evidenced by the clunping of PMPs. Qther attenpts using
| ower comeent/resé ons of protein A-biotin and anti body al BOT/G8sudR2ed in

| ower efficiencies of retroviral concentration. 10 Lectin/PMP nedi at ed
retroviral particle capture Retroviral particles shed fromnurine
packaging cells are very sensitive to- da&ctd vati on by human serum and
this appears to be dependent on both the packaging cell and the envel ope
protein util istedhcelhef majainyl afidkb (tresatswarsi tafidel Iesulttts MSIM

termnal Gl (al-3)Gl_. nodifigati to the envel ope proteins of retroviral
particles shé:t?rﬂi}erﬁjrallr?é‘ega{clébﬁ r%{bzselalcﬁs?neﬂ?er%dr% FPHSDI Ty (SO S
murine enzynmer{Iassesses aMNssidaldy 4 aaguo’r ed 1gaadtfonsll hat result in
little (al-3)_ .20 galactosyltransferase activity being evident i uman
el 1 558 60 TIREGH Y 10k P 1o o e (I g vt - (H145) o
nodi fi gat i ons AU} edipTBes &8 WREeNSikeptdViadin edh ovi¢ apMmectat s deri ved

frommurine packaging cells are rapidly inactjvated in vivgb h resence
of 25 Gal (al 2GS NI O drP PG i Kforq ekt 6k o rlugxz&g%flap%%fer a

second strategydoredie Gaptdd £)0fa RG AN relreviF3isto Fd gt &t is81ows t he
efficiency of concentration umqr;g: PMPs conjugated with either the

Gal ((xI - 3) GalVHURA PRSI CE] PBA BT &t B0 oncaial¥siA {ConA)

whi ch primaridey Pi nds-¢iGo MI G HOUS: &-JRVIAS &3 dPt  d & ad i iz arkdsi ng
either of these two |lectins conjugated with PMPs ‘a control titre of 4x105
5. 5x104 cf u/ Mhaeh heredustatad to Txdrold ' /Blax167 42400/ ramoeseiH)Iwi th

bi oti n- BSI - .Axd OAetf U/ g o (ééﬁ)&a d)o Wirtd hiptidr ConA,
after a 125%0%&%%1%9%%2“%/ GBOrg/éédlZGl - ];4%!1 roeducti on in supernatant

vol unme. The dt#kmﬁnr;ﬂin11ﬂb shows a FACS profile illustrating the
extent of the surface modification detectable by avidin-

FITC 24 hours after the labeling. Detailed on the profile

15 is the fluorescence of control cells treated with DMSO
alone and stained with Avidin-FITC (DMSO + Av-FITC)
compared to that of cells treated with Biotin N-
Hydroxysuccinimide ester 24 hours previously and stained
with Avidin-FITC (BSE + Av-FITC). Even after 24 hours in

20 culture there is a greater than 2 log shift in the
fluorescence. The biotinylation reaction is not toxic to
the packaging cells and is thought to target NH, termini
on the side chains of the amino acid lysine. Previous
experience with the biotinylation of suspension cells

25 suggests that the surface modificatigns are quite rapidly
endocytosed as a result of protein turnover. Therefore,
little biotinylated protein is secreted into the
supernatant. Envelope protein residing on the surface of
the packaging cells may be biotinylated prior to is

30 association with the retroviral gag and pol during the
budding process. In this way biotin labeled retrovirus
can be secreted from such a biotinylated packaging cell.
Since other cell’s surface proteins may also be
represented.as their biotinylated derivatives on the

35 retrovirus coat, the env protein may not have to be



PMPs al one resulted in a 4 fold increase (1.6x106 4x| Gbefu/ m)
denonstrating that retroviral concentration was dependent on |ectin,

rat her tvemostweptavidin., This 5 strategy nay be nore brordirgBappi2scabl e as
it my be effective for retroviral vectors unable to bind fibronectin47.
It is surprising in this case that the retrovirus remains infectious since
it is closely associated with the PMP_ang not captured via a |arge 10
internediate protein like fibronectin as in the second aspect of the

present invelifn sed s BSPRAA 10h tive s s S i €hpd Skatiend ectin
known to inhibit in vitro infection by H V-163, though this nmay be a

speci al case %% I%It‘lr‘f‘@j |R@’§Rﬂfq%éﬂ?@be]pﬁﬁr L}%eof‘g%%@ asfstocfjsataff%d’llg‘

interesting thal &SidgdAls GRNA GG StE ARy, ﬁ/eif sal fyr elidn nat ed the
infective titre of HHV-1 (reduced by nore than 950) a marked contrast

to the incréistigeaintiiam Fhirelays b vidtttnd. tCPtbfi’ 53091&@0%1(0?6 al so
possi bl thaty |ctins ind e %%ﬁcé o he )?%trxsékpff&at a4 hate act as

internediaries, 1 n a nmanner ogous to f onectin, and thus not
directly to teief L rietraw i o Tist e Swldt 1k § g PR ol 2t 69 Brlgrietyelal to

concentratio 4.84 @1? %@@ g, 68l ls.. The

| ectin strat erlcgkgeoﬁéa a %% eenﬂ%je éc}q F?_QA dﬁ%if%bw lderi ved
retroviruss, 68 tdmactinch dte scnvﬂnltcmcx Tt @Ibﬁ){/l@t@llylcb*é@h epriieEt t o
desi gn an eff |v Qgsfs@ e /

concentrati o 3@“%&3% ‘%6\%33 eri vge% ré@éﬁ%v?rﬁ%@r%w cells
have 0 (Cont roI ) titre of 3.5x104 1.1x104cfu/m, ConA rredi at ed
concentratio 5. fol |ncreased this,to 1.2 CB fu/m A342
fold incr eas&éﬁ% SRE (BiQELR SYGFintmre o?s?%’éflg%% I’f‘e‘? FRBFE i t h
PGL3 and 35 iglimEa¢mss o0 PAMP3 medi at ed concentrati on of FLYRD18 WO

01/ 79456 PCT/ GB01/ 01261
Concanavalin A mediated capture of FLYRD18 and

FLYA13 was not as successful as anticipated. Therefore

15 the present inventors chose to investigate whether
BiotinSE capture efficiently captured retrovirus from
these packaging cells. Fig. 11 shows the result of
experiments to determine the efficiency of biotin
mediated magnetic concentration on FLYRD18 (Fig. 11) and

20 FLYAL3 (Fig. 11). The effect of carrier alone and biotin
modification on starting titre was again examined, for
FLYRD18 (Fig. 11) the Control titre (4.6x10? &
8.7x103cfu/ml) was no different from that of DMSO carrier
(4.7x10% #1.2x10%%fu/ml) or the biotin modification

25 (5.4x10% #3x103cfu/ml). Carrier (DMSO) alone treatment of

cells did not result in concentration of the retrovirus

I+

after a 125 fold reduction in volume, DMSO conc: 4.3x10*
7x10%cfu/ml. Biotinylation of FLYRD18 resulted in a
concentrate titre of 1x10% + 1.8x107cfu/ml, over 2000 fold

30 greater than the starting material after a 125 fold
reduction in volume, an efficiency approaching that of
the PG13. It has also been determined that FLYAl3 cells
are also efficiently concentrated by this fourth aspect
of the invention.

35



- 44 retrovirus is routinely five tinmes less efficient than for those
derived fromPGlLl3. The titre of the BSI-B4/PMP concentrate is only 6 tines
hi gher (3v@xl@B8s6 6. 4xl 04cfu/m ) than the Control, and corp€T/GBe1/01261 m ni nmal
5 presence of a-Gal actosyl groups on human cells. FLYA13 cells have a
(Control) titre of 6.2x10 5.7x102cfu/m, which increases 369 fold to
2.3x106 2x| Cocfu/m after a ConA/ PMP 1megdj ated reduction in volune of 125
fold. Once again the BSI-B4 was ineffective at capturing retrovirus 10

shed from hu@féék_’él'ﬁ’tf‘éh p@EAﬂ?ﬂiﬂSy%'&n%ﬂéﬁdb@éﬁ&né%@fﬁ@ﬁi ve for
FLY than PGL3 derived retrovirus, the Ilectin nediated concentration is

still the noddemivedixstroyiusiescri bed for the famly of HT1080 (FLY)

derived retrovirush., 15 Biptin succinimde ester/_ P i ated, PGL3
ot v o e P TR e R RLIIR SR SR L o P R A Sl
i nvention (aintidyothr nfel atlesl) reodi tdd sdfetdy aspecingfte Hee present 20

invention (lectin nmediated) not be universally applicable or efficient
for all envelltfbdeeé)erl?e(%rg%ﬁ a?r%%ﬁ%?]é%?hg&&ﬁllfivﬁae% A FH yere therapy to
date. Thus, ddiermventwiist hawel Dest poes Bhé otwh de@nck pesiaipsd st the
power ful aspect, of the invention for. t di at ed 25_concentration of

h MP
retrovirus. UEHYSH FetHoddHogs- Y6ty Faa’gié?lf KT ng-EEi T sb7, 68, PGL3

packagi ng celdisowerihatl atred | esk vbdiral sosedan i ges ©sies gerwamty weotdat
covalently couple biotin to proteins on the surface of ackagi ng cells.

Fig. 10a shovit-3the ridstn 5 U SPNEPBE- Qre o WR R 2oteent r'aRT ofPbf 6 1 ovi r us

deriverh fromeduiptidnd aheek packad 0y seltseit ncihec abseneecid first
concentration the biotinylation (BSE) or carrier alone (DVSO treatmnment of

packagi ng Cdﬁ;@qﬁﬁ;qhﬁqﬁf%gg Hepse more than 94% after the sécond. In
the case of the concentrates, most of the activity is

lost after the first thaw (up to 60%), but little
additional infectivity is subsequently lost. Thus PG13
15 derived concentrates can be stored more efficiently than
neat supernatant (in the case of the ConA and BS-IB, after
more than 6 weeks at -20°C). As described below, the
concentrate was frozen in a final concentration of 7.5%
DMSO achieved by a three volume addition of 10% DMSO, 20%
20 FCS (titres of thawed concentrates have therefore been
adjusted to take account of this dilution). Since large
dilutions are required in order to titrate the
concentrate the effect of DMSO is not an issue, it is
also possible to use the PMPs magnetic concentrator to
25 further wash the retroviral preparation after thawing.
However, freezing of control supernatant is not amenable
to freezing in the presence of DMSO since even diluting
the thawed retrovirus 10 fold would still contain
significant DMSO contamination.
30
PMP/retroviral conjugates can be used for in vitro
localization of infection.
It is now possible to produce what are in effect
“infectious, paramagnetic, retroviral vector particles”

35 and these can then be magnetically attracted to the



titre (Control: 4.6x105 1.5xl04cfu/m, DVSO 4.2x105 35 2. 6xl Odcfu/m ,
BSE: 4.2x105 3. 6xl/04cfu/m) . In the WO 01/79456 PCT/ GB01/01261 - 45
absence o¥obi/suuséyl ati on (treatment of cells with DMSO ceReT/GBovad2ene), the
PMPs al one are incapable of capturing retrovirus (DMSO conc: 4.6x105

| xI 05cfu/m ). Biotinylated packaging cells secrete a retrovirus that 5
affinity couples to the streptavidin on yge PMPs and allows concentration
to atitre of 1.8x109 1.8x10ecfu/m (4200 fold increase) after an only

125 fol d redyddiond Mol W APPea S dia Jie. tf)se:_ddm% 1of fardiverstrategy yet
for PGL3. Furthernore the titre of the depl eted supernatant 10 shows a

reduct i on to GXaBRIGA/A 1n WA /mA gnedpre sena ga td e mnd iTaPISISaRdi® t han
80% conpared } ﬁ)extgbqf C&ptﬂﬁlfn% titd %Ofl&iégﬁiﬁ%éﬁ;fAc%ﬁ ofile

illustrating t extent o e surface no ‘ det ect abl e by avi din-
FI TC 24 hour st ldfusgrratiesd |fipge ngd) Detwdli | fetbromadne tpraofdleetimd,s glaced

fl uorescence tr C t i %O I ang st ai W th
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N- Hydr oxysudsith rmtderaest em®4rdimins firee viegusiwi rared 81 gimieehridiyt h

Avidi n-FITC (.BSE + Ay-FITC). Even .after 24 hours.n o ure there is a
greater than VA eocgt st;hef 255 t lecet‘31‘111euOE)rseoslcefa1l cgo.y %hhee l?ﬁ%ﬁelrﬂy%eatofforﬁlreeacti on

i s not toxic ragnedatheackaiengpasdlculand dessitdrouded the tearigetiiNHd2tdsrdn ni

on the side chains of .the .am nqg acid |ysi.ne. Previous erience with the
bi oti nyl at i oﬁcoofsqjsod”sﬁté}?}s]ﬁ on' cel1¥ lsrégg]esstr%ojct ﬁcéie tﬁwees@)t}rpfoaécea Fid
nmodi f i@t | onsiaraaiguidaa gian deat rendodly tasab@as @ restildx afn priet elish

urnover, Thepelgreopllitle bl ol i aled prateln s SRSl s g e
celI's may be hirdduidratecth pidid glades 130 @ss apratimredigdeddied eiff avi r al
gag and pol %%Qﬂé fé“%ield, and that the retrovirus remains captured
by paramagnetic particles when in culture. This magnetic
15 sheeting, though weak, is extremely effective in
directing retroviral infection in vitro, however
efficient in vivo targeting is a three dimensional
problem and would require more intense magnetic fields.
For in vivo environments, small permanent magnets could
20 be used at accessible sites, and ex vivo generated
electromagnetic fields could focus at one particular site
at a time. As with all targeting, the inhibition of .
infection of those sites not targeted is a major problem,
for this reason reversible inactivation of retroviral
25 vectors such as those discussed are an exciting and
complimentary development (28). Localization of
reversibly inactivated retroviral vectors to specific
tissues, organs and metastases followed by localized
reactivation of infection may add a further level of
30 sophistication to in vivo targeting.

In summary, streptavidin PMP technology coupled with
the correct choice of ligand captures retrovirus derived
from both PG13 and FLY packaging cells. This study
examines only three packaging cell types and two target

35 cell lines, it is therefore probable that additional



buddi ng process. In this way biotin | abeled retrovirus can be secreted
fromsuch a biotinylated packaging cell. Since other cell's surface

prot ei ns way1/zd4s® be represented as their biotinylated deeT/sa80i/es1 on t he
35 retrovirus coat, the env protein nmay not have to be WD 01/ 79456

PCT/ GB01/ 01261 - 46 biotinylated. In addition it is possible that
packaging cell derived proteins that |atgey beconme associated with the
retrovirus have been the primary target for the biotinylation. There are

estimated to hg ;300 8nvwsl oRg- S4ml aclb@s: aeine puu face ofudcH&t rovirus,
thus the efficiency of the biotinylation process is not crucial to the

capture as tHeSEaERthofimientiv it rahtde diINCIHERAERT HCER 25 strong
that only oneg iRt} n- £ g6te sty the, RMR Wé’tﬁ@d§bﬁlvé$@ﬂx@@ﬂtt&l GSPLNIT €

retrovirus. 10 Efficient Biotin succinimde ester/ PV nediated capture of
FLYRD18 and ABZge<Cortsaliaviaiie andreeheRriPtdptafe Y FeyROABrawbrusi YAL3 was

not as SSucce%%fn\L,a]aerﬁfeafﬂté} cAlpzfs(%d.ir;@grgé),r &0l t‘f(flzt psesent howventors chose

to investigate ot’l capture efficlent captured retrovirus
from these pdckaw Mpreatdsrorgls Jantshowsd thiea resiamnese pepefiekdnts to

FLYRDLS (Kl g TP i o BAs (B th e g SROEar 3 Ml and
biotin rnodi fizgatdlem dre stsed ity ¢onjegates agdireexandrednsfor  FLYRDLS
(16 10, L0 SR8, (5 900 1 QA FPCLY ) ey e thsngy! fron
(5. 4x1104 3xIBBcfigand . (Xar3der ¢OMSGigk orteain elay meodiHicatedhs of d not
o | VBT AR S d 1L GER (3538 ! STrfe 1RvLRt S-S opugt 190 11
that coupling ligands to an infectious formulation
without individual genetic modifications will introduce
greater flexibility in retroviral targeting and may
15 negate the requirement for both pseudotyping (31, 33,
37), and target cell specific packaging cell design (32,
34, 35, 38). It is also worth noting that paramagnetic
retroviral vectors in the absence of additional ligands
represent a potential strategy for the in vivo targeting
20 of infection to small groups of cells within a background
of otherwise identical cells.
PMP/retroviral technology with modifications to
optimize retrovirus/PMP ratio, reduce polycation enhancer
dependence (39) and capture current lentiviral vector
25 constructs (40) raises the possibiliﬁy of retroviral
infection in vivo applied as a PMP concentrate and either

retained at or directed to the requires sites by magnetic

fields.
30 Materials and methods

Cell lines
Human myeloid suspension (K562) and HeLa adherent
epithelial cells were grown routinely in RPMI + 10% FCS,
35 2mM L-glutamine, 100mg/ml streptomycin and 100U/ml



7x1 03cfu/m . Biotinylation of FLYRD18 resulted in a concentrate titre of
1x108 1.8xl Orcfu/m, over 2000 fold 30 greater than the starting materi al
after a M@of/ml466 reduction in volunme, an efficiency apprpariBagoRbhat of
the PGL3. It has al so been determ ned that FLYA13 cells are also
efficiently concentrated by this fourth aspect of the invention. 35 WO
01/ 79456 PCT/ GB01/01261 - 47 Freeze/thaw stability of control and
concentrates PGL3 derived retrovirus. Retroviral preparations nust be
prepared in gowainciel 1im cadersiqmat heoskeui ). S%liﬂb%f‘oie&hldf@ll@ Wwerd

i ndependent |y ert ak t hus i r r e wh

i npl i cations I?a}‘fenqé (?ew'p‘? RS h orantdhgxt@a?lﬁie‘ﬁ h@%g ]fq] ?nf%%ﬁ?n ty
after freezi gprdighdeaddd shovsypdaiitdie setdmyimalnicohcadtbales are
actual Iy nor contrgl supernatants. The controls 10

le than froze
each | ose rm%exjtézgog‘ﬁ%t&fsstuﬁelctuqttluﬁee dAffer the first freeze thaw and

| oose more than 94% = tedr r@s@w@@@belphckmrcg%@ems% hergenossty, at es,
nost of the activity is lost after the first aw(ugA o 609, but little
addi tional i fRIGINAT yETQm sbs iyt @O%&llerm&%éi N5"HeT | ved

concentrates lﬁ‘cﬂftlt}?éﬁ%oé@ﬂtxﬁ@é& £h foetent | yo4 heaes, neat supeinabamnd, (in the
case of the ConA and BS-1B4after nore than 6 vveeks at 20% As descri bed

bel ow, the COHIEHITELE: FEREFRETEN 330 ol $0HAML GRpREm + Bt oot T 9% DVBO
achi eved by andfyeg ok une aoleh ti 080 d0Pe INEQ1 2096 20, FEnddd tses of

t hawed concentrates have therefore been adjusted to take account” of this

di luti®h) . sSiteeddrgat it aehanatet g et ieepraetltdtrate the

concentrate the & begh %fls%odu%tﬁh% R ssue, it is also possible to use
the PMPs magnetic concentrator

Reagents
Streptavidin MagneSpheres Paramagnetic particles,

15 lmg/ml (5x10% particles/ml) of lpm diameter paramagnetic
particles in PBS stored at 4°C. Polyclonal I Rabbit anti
mouse fibronectin, 10.8mg/ml in PBS, stored at 4°C
(Biogenesis, Poole,UK, 4470-~4339). Protein A-biotin
labelled (Sigma, Poole, UK, P-2165) purified from culture

20 medium of a protein A-secreting S. aureus strain (2mg/ml
in PBS pH 8.0, stored at -20°C). Succinyl-Concanavalin A,
biotin labeled (Sigma, Poole, UK, L0767) stored -20°C at
lmg/ml in PBS pH 8.0. Isolectin B, from Bandeiraea
Simplicifolia BS-I biotin labelled (BS-IB,), stored -20°C

25 at Img/ml in PBS pH 8.0 (Sigma, Poole, UK, L2140).
Biotinamidocaproate N-Hydroxysuccinimide ester) (Sigma,
Poole, UK, B2643) reconstituted to 366mM in DMSO and
stored at -20°C and henceforth referred to as BSE. Avidin-
FITC (Sigma, Poole, UK, A-2901) stored at -20°C

30 reconstituted to 1mg/ml in PBS pH 8.0. Puromycin (Sigma,
Poole, UK, P-8833) stored filter sterile, -20°C at 5mg/ml

in water.

Generation and culture of producer cells

35 PG13 packaging cells were trypsinized and plated at



25 further wash the retroviral preparation after thaw ng. However,
freezing of control supernatant is not anenable to freezing in the
presence vod 0DMBSS si nce even diluting the thawed retrovirpeT/GBof/oi261 woul d

still contain significant DVMSO contam nation. 30 PMP/retroviral conjugates
can be used for in vitro localization of infection. It is now possible to
produce what are in effect "infectious, sqgaramagnetic, retroviral vector

particles" 35 and these can then be magnetically attracted to the WO

01/ 79456 PCT/1GBQ),9baRlaishd8ardes uedoliesathennbah uheet bepirkicgure 13
shows an exanple of in vitro magnetic |ocalization and represents a proof
of principl e 3t namlrgad Holdd ol e £ilgqa9 a&%&@ﬁ%)pem%ﬁ“ﬁ%ut from
magneti c sheetj . uly, Copf t r i JgeLa
cells, can both ﬁaﬂéggf%aoﬁhﬂ%gﬁaﬁaﬁ% nlef/rnz]i %ovi ru%sé}%]) p??gnéa%iﬁ/mlidr??ect t he
area di ct at edhsuipdlait eyt naes fresah @G- thenispdgreall dorwhat sdt i cul ar

desi gn dised here, ] s d niended,, Lo Shw thatod Al 128 0814 A0 difedi0fo the result

of a fluid 1 (fynamc causfgpguretrowra vectors t0 vortex i1 n the dish
during agit atRuenyiairadditioninfect expera rergpehoad afler Ihftidn can

take place | n0Ne SN IAPRG, RLESRNCS, O AndPafetis, dd eldy aldd ddats the
retrovirus renal Ns capture y ‘par amagneti ¢ particles en in culture.
Thi s magnet i cdiecheetimMENOLAh BEhk;orn tsaiaxinensly/ref fRerémecim for
directing retfroviral infection in vitro owever

targeting i s & Thrss ki fEnsi Dkt CPrsBi e e \/\%%I%gérie%%i%?% érr%lr]\'é&l’ ;/(rjlt ense
magneticc fieldsjopdegedvedi vo environnents, small permanent nmagnets coul d
20, be used, at accesaihlfn LSS BIYL G MG SpreL et oo L oct rRANEtd e
7.5%10%/90mm dish after overnight culture the medium was
aspirated and replaced with 10ml of filtered (0.45um)
PGl3.pBabe.puro supernatant containing 8pg/ml polybrene.
15 After 72 hours the medium was aspirated and replaced with
fresh medium containing 5mg/ml Puromycin. Cells were
cultured for a further 7 days at which point all control
cultures were dead and the mixed population of survivors
could be cryopreserved.
20
Generation of retrovirus
PG13 producer cells were trypsinized and plated at
1x10%/ 90mm dish, after 72 hours the medium was replaced;
24 hours later the medium was aspirated and filtered
25 through a 0.45um filter and taken for further processing.
FLYRD18 and FLYA1l3 were plated at 2x10%/90mm dish, after
48 and 72 hours the medium was aspirated and replaced
with fresh. After a further 24 hours the medium
containing disabled retrovirus was aspirated and filtered

30 through a 0.45pm filter and taken for further processing.

Generation of biotin labeled retrovirus

Cells were biotinylated essentially as described
67,68

above with modifications for adherent cells Briefly,

35 after 72 hours culture the medium was thoroughly



at atime. As with all targeting, the inhibition of infection of those
sites not targeted is a major problem for this reason reversible

i nacti vatwoni/of45¢ etroviral 25 vectors such as those di scuBewrdBar/@2an
exciting and conplinmentary devel opnent (28). Localization of reversibly
inactivated retroviral vectors to specific tissues, organs and netastases
foll owed by | ocalized reactivation of -i gbeetion may add a further |evel of
30 sophistication to in vivo targeting. In sunmary, streptavidin PWP

t echnol ogy cmﬂ@i&@wd fand e Gea editcr@sc R . d ivga:nd axapittuiroesa Ir et r ovi r us

derived fro P and FLY packaging cel t ud only
three packagirBhgq5t ICGlQ:}'p §n§nh'€gﬂﬁt]§852%’ ﬁ({:elfefpi] WJr h ]sa(r?alhecf fore
probabl e t hatfraddilty onalutda Glicf9455 RETOEB0 /D B2l pH-8 4D +@pt] mggarion for
each target cell type will further increase the mfe{plwt of the

concent r at eaS e Sh% INGURAYLS & the e rEFREF Akt Wu&ﬁendent

on botly targateGelihtoe BNt d R Qfa U dNyHIRE dRiimddys. 5 _
Concanavalin A, for instance, would not be the best choice for retrovirus

entering via ZEMEuRsh ity Fiesh Jrendit sreslips 2 then aed 15 RSTHIRSYI ng

capaci ty on RWPs., mRy-&al80 P used o acqwr%@tre 3EUr R PR i1 um
introducing the kind of targeting so fa | y achi evable 10 by |igand

(31-34), or siafglagadhnighangatdiqy cfaﬂcqséh@ts# theetgohdis d1eteHEDFE gene
(35-38). The dNMEHUOTS,F e 'r&ﬁlré hate SOl Adgandse410 sadbéﬂ?faeccatdtous

formul ation w thout 1ndividual genetic nodifications wll introduce
great &0 f| exiwdd iagpiinptad r o redll st igegtaied nepelsintegittdr tqperier

requi renment f dgst(lb@%ggq%tﬁ/em Bée%éa)@%]t 7J:)a and target cell specific

packagi ng cel ign ( 34 I'S so worth noting that
paramagnetic retroviral vectors in the absence of addi tional 1igands

Immunofluorescence
Biotinylated packaging cells were cultured
15 overnight. After harvesting retrovirus, cells were
removed from the substratum with gentle pipetting in the
presence of versene and placed in DMEM + 10%FCS. A total
of 1x10°% cells were labeled in 100pl of HBSS+ 1%FCS with
or without 10pg/ml Avidin-FITC. Cells were incubation at
20 room temperature and washed and analysed by flow

cytometry.

Preparation of Paramagnetic particles
For 5ml of retroviral supernatant 2.5ml of
25 Paramagentic particles (PMP) (5x10%/ml) were placed in
15ml polypropylene tubes and applied to a Dynal MPC-6
Magentic Particle Concentrator, the supernatant was
aspirated and the PMPs resuspended in 1ml of filter
sterile PBS+0.1%BSA and transferred to a sterile 1.5ml
30 eppendorf tube. The PMPs were then applied to a Dynal
MPC-E Magentic Particle Concentrator, and the supernatant
aspirated and the PMPs resuspended in 0.4ml filter
sterile PBS+0.1%BSA and applied to the MPC-E, and the
supernatant aspirated.

35 For antibody conjugation - PMPs were resuspended in



represent a potential strategy for the in vivo targeting 20 of infection to
smal | groups of cells within a background of otherw se identical cells.
PMP/ r et r WO nab94sechnol ogy with nodifications to optim zererGBovIRGE/ PVP
rati o, reduce polycation enhancer dependence (39) and capture current

| entiviral vector 25 constructs (40) raises the possibility of retroviral
infection in vivo applied as a PVMP concentyrate and either retained at or
directed to the requires sites by nagnetic fields. 30 Materials and

nethods  Cel Isghiings Hamn myeal@ish ssPesiion { Keg2)mans:dedanmdhesent .
epithelial cells were grown routinely in RPM + 10% FCS, 35 2nM

L- gl ut ani ne, AFGGH)AM TENUESS0 MG adRP™M GOULA OIS T T 5E P sl 91261

- 50 penicildn (Aldhed P PRs UK pEEHSPENEND a8l 15y Wei& Mpiimt ai ned
bet ween 1x105 and 1x106/m whilst HeLa cells were passaged by

trypsi ni zat i émcangsvaparaiated APl DELFErDTHmM R keekonal 116 RabH: 5 PGL3

Galv P%eUdO%%%'p CKAY N9 1GR3 5(CRLy HHe86) 1 ahial ned from the ATCC,
Rockvi I'l e, ) USA) Wer € — Foutine y cultured 1n DVEM + 10% FCS, 2mM

L-gl utamine, 100pgmiLestirigptapmycion tareh :tORYRA vRIe cFesusreigd sither e

and i nt ai ned BBTWAO o 105 S L7 08 SOA T Sete LUl THr S o Sh Rengent s

St r ept avi di n Ivkgrie SghetdParlamdgreatiirc Jpdrdliledsisolect /Bl (BSxIBS) -

par oSt gl BT AIFLS AR ATSANSL ARGl 40 FRE Sloced 1 4G
( Bi ogarntesi s, uPaaingudét ol THRE33PMP Prvatred neesusmtndied in 100pl of
PBS+0.1%BSA.
After 30 minutes incubation at room temperature
(with periodic agitation) all PMP conjugations were
washed three times in 500pl of PBS+0.1%BSA using the
15 MPC-E. After the final wash the PMPs were resuspended in

the desired volume of retroviral supernatant.

Preparation and concentration of PMP: retrovirus
complexes

20 Routinely 1.25x10° prepared PMPs are resuspended in
5ml of retroviral supernatant in sterile polypropylene
tubes and the mix incubated at 4°C under constant motion
(Stuart Scientific SRT1 tilting roller mixer). After 2.5
hours the mix was applied to the Dynal MPC-6, the

25 supernatant aspirated and the PMPs resuspended in 1lml of
either PBS+0.1%BSA or RPMI+10%FCS (Lectin concentration).
The PMPs were then washed a further 3 times using the
MPC-E, and the PMPs resuspended in the minimum volume of
RPMI+10%FCS. A packed volume from 1.25x10° PMPs can be

30 resuspended in 20ul of RPMI+10%FCS giving a final volume
of 40pl (5ml : 40pl, 125 fold volume) which is then

further processed.

Determination of cfu/ml titre

35 Suspensions of K562 cells were counted and adjusted



| abel  ed (Sigma, Poole, UK, P-2165) purified fromculture 20 nediumof a
protein A-secreting S. aureus strain (2ng/m in PBS pH 8.0, stored at
-200). Swebpnyd4ss€Concanaval in A, biotin | abeled (Signma, PPOT/EBIMK261.0767)
stored -20C at Ing/m in PBS pH . 8.0. Isolectin B4 from Bandeiraea
Sinplicifolia BS-1 biotin | abelled (BS-1B4)1 stored -20C 25 at 1ng/m in
PBS pH 8.0 (Sigma, Poole, UK, L2140). -Bisati-nam docaproate

N-Hydr oxysucci ni m de ester) (Sigma, Poole, UK, B2643) reconstituted to
366mMM i n DVMS@angk1syanednaRrm20Coardshencafl potlhbireher ned 4t dpggmBSEThe

Avidin- FITC (Sigma, Poole, UK, A-2901) stored at. -20C 30 reconstituted to
Img/m in PB§eﬂl458.vfﬁrqDLfrk§ﬁﬂ/cﬁlrﬁat(€S42d%,24 ﬁk?&%e,c% Cﬂ%@’ﬁ) RIS i1 | ter
sterile, -20GuaEtqii@ddrior iThMalrRd -ifRleradd et @wcgektore fok producer cells

35 PG13 packaging cells were trypsinized and pl ated at. WO 01/ 794
PCT/ GBO1/ 0126PULs 5 ReHEoHe o ecﬁas?ﬁtlaﬁrt%rw% ot e rfgé{"tﬁﬁ%gs 10

aspirated and, rgpacetmid h 10071 faddd tey ad (D AR s 8hd supgidqat ant
containing 4 pg/n polybrene. These cal cium _phosphate tr,ansCI ected GP+E-86
m xed cell pdg%RUBHY 5 Mrtgrucet BdboHurdt vt ot S"&o Mt ets tre}bsi st ance

to Puronyciny ghhi &4 n{meti o Mes: 1 epgated afd gy Rdvforgnd dditcaldes
cultured for a further 48 hours and the cells "selected in DVEM-10% FCS

cont ai ni ng 5p M7°Pufedyerrdt by apoaddiktérgadnd -am R&d ABSPGILEYPEN 61
resistant Ce'b@sljeo %’Ppmf%n@n@@i&p%ﬂgﬁ%mm ne&el ls were

initiated at . 5x105/ 90 sh after overnight culture the nmedium was
aspi r dt®ed andraieplaicet it HXOr Toe Fellier #§XE0 thspnplaper3 1pB&SE pur o
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Cells were set, placed at 37°C/5%CO,. After a further 48 hours an
additional 5ml of RPMI+20%FCS+1mM sodium pyruvate
(containing either 10pg/ml Puromycin) was carefully

15 added, resulting in a soft agar selection concentration
of 5ug/ml Puromycin. The dishes were returned to culture
for a further 2-3 weeks after which soft agar colony
number was determined. The concentration in cfu/ml was
calculated as the number of colonies per dish/well

20 multiplied by the dilution factor. In all cfu/ml
determinations multiple dilutions were initiated although
most would be non-informative, having either too few
colonies, or too many to count accurately (i.e. more than
300/60mm dish).

25 Adherent Hela cells were trypsiqized, counted and
adjusted 1x10°/ml (RPMI+10%FCS or DMEM+10%FCS as required)
and then plated in 24 well cell culture plates in
aliquots of 0.5ml. After 18 hours incubation (37°C/5%CO0,)
and 1-3 hours prior to infection an additional 0.5ml of

30 medium containing polybrene was added to bring the final
concentration to 4.4mg/ml.

Retrovirus was subjected to serial 1:10 dilution’s
in RPMI+10%FCS and triplicate 100ul aliquots of the
appropriate dilution added to, and mixed with, the target

35 cells. After 48 hours infection, the medium was replaced



cultured for a further 7 days at which point all control cultures were
dead and the m xed popul ation of survivors could be cryopreserved. 20
Gener at i mO of/79464 r ovi rus PGL3 producer cells were trypsi nPer@Band2pl at ed at
1x106/ 90mm di sh, after 72 hours the nmediumwas replaced; 24 hours |ater
the nediumwas aspirated and filtered 25 through a 0.45pm filter and taken
for further processing. FLYRD18 and FLYAE3 were plated at 2x106/90mm di sh,
after 48 and 72 hours the nediumwas aspirated and replaced wth fresh.
After a furt hart24 vesir snddiesmmmedinimiciony ding Mgl dihwsadshyedi n et Troy imadsi wims

aspirated and filtered 30 throu . 45 fidter .and taken for, further
processi ng. V@Sné:reﬁjia&? ¢ 51 ot ?j;_ljlaacgaéfsegggrret ov(/eﬁ]fjss ﬁ?% V\V/\}/%alrceh it

bidﬁti nyl at efjlm@égs%gﬁé};iiaiduecf,ls ttesplidiess sdxvedvvit ot | @atrasis: foue
adherent ce 7' 68, ie 35 after 72 hours Jure the nmedium was

t hor oughl y V@%@ﬂ“?d%g%ﬂ%(éﬁ df?bdfa% S“fzdé?srb‘?]r'af];ﬂdﬁ A s HEE Wit h PBS
pHB. 0 v t h ad@idreanaln i S G0 abiand & MGl nanche epltaced with

| O of fres I%/ﬁdi,l uted BiotinSE (500pMin PBS pH8.0 +Ca2+, Myt+) . Cells
wer e i ncubat I t enperature for 30 minutes 5 after which the
reagent was thoroughly aspirated, replaced with fresh growth nmedi um and the

cells returned to culture at 3C. After a further 3-4 hours the nmedium was
agai n changeddegnzinesndiharinge atdttrawinghararprationg e for 18 hours

ft whi ch t i t i.I. ) |
arter 1chre ro%k&lréyqﬁﬁgﬁﬁéﬁﬁﬁf%kf S%éﬁﬁ%Jfgéﬁn%éékﬁéﬁ?%féﬁ§Zggytro

| abeling with carrier re processe
| mmundadfd uor esclerde dBiadts riyyt atledt ipar kayi1#P°Cel Conwend retieduPd® caéptured

overni ght. AfJ_Ie rror{fairrvuesStvgansg frecgzreoryibrﬁ}]stheceauéiéﬁecgr? of three volumes of
standard freezing mixture (10% DMSO, 20%FCS, final DMSO
concentration: 7.5%) and placing at -20°C. Retroviral
preparations were thawed as rapidly as possible, and an
15 aliquot removed for testing and the remains returned to
-20°C.

Magnetic enhancement of retroviral infection
Hela cells were plated at 2x10° cells/90mm dish and

20 cultured overnight at 37°C. Prior to infection the
magnetic shape required (cut from Bisiflex II sheets) was
taped to the underside of the culture dish, the culture
medium was also adjusted to 4pg/ml Polybrene and 2-4
hours later 7.5x10° magnetic particles loaded with

25 biotinylated PG13 derived retrovirus was added in 5ml of
fresh medium. The cultures were then agitated (40
cycles/minute) for 30 minutes at room temperature (The
Belly Dancer, Stovall Life Sciences Inc, Greenboro, NC,
USA) after which the cultures were placed at 37°C. After

30 24 hours the magnet was removed, the medium changed and
the culture returned to 37°C. After a total of 48 hours
infection the medium was adjusted to 5pg/ml puromycin and
after daily medium changes (maintained drug selection)
the cultures were stained (72 hours after initiation of

35 selection) with Commasie blue stain (5.35% wt/vol in 45%



removed fromthe substratumw th gentle pipetting in the presence of
versene and placed in DVEM + 100FCS. A total of 1x106 cells were | abel ed
in 100pl vob oHBBS+ 1%4-CS with or w thout 10pg/ m Avi di n- FPAUGBCEI1261 wer e

i ncubation at 20 roomtenperature and washed and anal ysed by fl ow
cytonetry. Preparation of Paramagnetic particles For 5m of retroviral
supernatant 2.5m of 25 Paramagentic pargicles (PMP) (5x1 08/ m ) were placed
in 15ml pol ypropyl ene tubes and applied to a Dynal MPC-6 Magentic
Particle Congemhhaabir:, 1ke ssupeinaiaat .was aspirated and the PMPs
resuspended in Im of filter sterile PBS+0.1%BSA and transferred to a
sterile 1.5m 30 eppendorf tube. The PMPs were then applied to a Dynal
MPC-E Magentic Particle Concentrator, and the supernatant aspirated and
the PMPs resuspended in 0.4m filter sterile PBS+0.1%BSA and applied to
the MPC-E, and the supernatant aspirated. 35 For antibody conjugation -
PMPs were resuspended in WO 01/ 79456 PCT/ GB01/01261 - 53 501 of PBS +

0. 19%BSA and 501 of 2nmg/m ProteinA-biotin. After 30 mnutes incubation at
roomtenperature the PMPs were washed three tinmes in PBS+O 1%8SA using the
MPC-E and resuspended in 250nl of 5ng/m Polyclonal Ig Rabbit 5 anti
nmouse fibronectin in PBS+0. 1%BSA. For Lectin conjugation:- PMPs were
resuspended in either 1001 of Inmg/m biotin Succinyl-Concanavalin A, 100l
of 500pg/ M biotin |abelled Isolectin B4 (BS-1B4). For Biotin succinimde
ester concentration and Control 10 unconjugated PWMPs -PMPs were resuspended
in 100l of PBS+0O 198BSA. After 30 m nutes incubation at roomtenperature
(with periodic agitation) all PMP conjugations were



washed three tinmes in 5001 of PBS+0.1%BSA using the 15 MPC-E. After the
final wash the PMPs were resuspended in the desired volune of retroviral
super nat ano 01/7RBsepar ati on and concentrati on of PMP: retr oRCT/GBOI/ERAP] exes
20 Routinely 1.25x109 prepared PMPs are resuspended in 5m of retroviral
supernatant in sterile polypropylene tubes and the m x incubated at 4C
under constant notion (Stuart Scientiftig7SRT1 tilting roller mxer). After
2.5 hours the mx was applied to the Dynal MPC-6, the 25 supernat ant
aspirated and the PMPs resuspended in Im of either PBS+0. 1%8BSA or

RPM +10%-CS éLecti n concentration). The PMPs were then washed a further 3
ti mes using € . and the PMPs resuspended in the m ni num vol une of
RPM +100FCS. A pagk fr . 0% P Qﬂr& pejded in
201 of RPM +10%=cg' g@vl.”i%'glu E‘E\%’i r%@nf%f gj(rr% gBo A\%TIH%S :3151)90%?’5[5'5 fold

vol unme) whi c®90s then further processed. Determ nation of cfu/m titre 35
Suspensi ons of K562 cells were counted and adjusted WO 01/ 79456

PCT/ GB0O1/ 01261 - 54 to 4x105/m in RPM +100FCS with pol ybrene at

4. 4pg/ M. The Rdelilxendre Brivere W, atved liigaid Reel |Prost.| Natd urdecgd at$siin
aliquotes of | i ncubated at 37C/5%02 for 1-3 hours. Retroviral

pr epar ations L(%’&%%gr i%’l ﬁ(ﬁ%"ﬁegci *1:10 5 in RPM +10%-CS, 100pl added to
triplicate wells and m xed thoroughly. After 18-24 0.9nl of cells was
mxed with 3.8nl of RPM +240FCS+1. 3nM sodi um pyruvat e and mai ntai ned at
37C fol | oned 3bylidAdeaddi isohall 0. BmlVigiolautldt lav &P 5%2 Aot & %Agar (fi nal
concentyation 0.3% which had been 10 maintained at 60C. The cells were
then plated in 60nm tissue culture dishes and, after allowing the agar to
set, placed dt GBFCOBUONEugAftoerera HAyr tMerl i4@rhdi@rs Birpc. Natl. Acad.

Sci. USA 1996; 93: 11400-11406.

5 Cosset F-L et al. J. Virol. 1995; 69: 7430-7436.

15
6 Rurns JC et al. Proc. Natl. Acad. Sci. USA 1993; 90:
8033-8037.
7 Kozak SL, Kabat D. J. Virol. 1990; 64: 3500-3508

20
8 Parente MK, Wolfe JH. Gene Therapy 1996; 3: 756-760.
9 Kotani H et al. Hum. Gene Ther. 1994; 5: 15-28

25 10 Bunnell BA et al. Proc. Natl. Acad. Sci. USA 1995; 92:
7739-7743.
11 Olsen JC, Sechelski J. Hum. Gene Ther. 1995; 6: 1195-
1202.

30

12 Manning JS, Hackett AJ, Darby-Jr NB. Appl. Microbiol.
1971; 22: 1162-1163.

13 Toyoshima K, Vogt PK. Virology 1969; 38: 414-426



additional 5m of RPM +200FCS+l mM sodi um pyruvate (contai ning either
10pg/ M Puronycin) was carefully 15 added, resulting in a soft agar

sel ecti owa@onrand rati on of 5pg/m Puronycin. The di shes meT/€Bogozshed to
culture for a further 2-3 weeks after which soft agar colony nunber was
determ ned. The concentration in cfu/m was calculated as the nunber of
col oni es per dish/well 20 nmultiplied by gge_dilution factor. In all cfu/m
determ nations nmultiple dilutions were initiated although nost woul d be
non-i nf or mat hve pohawingreidher; top figw o, coleniges 7201 4ig32 mmay) .t 0 count
accurately (i.e. nore than 300/60nm dish). 25 Adherent HelLa cells were
trypsini zed, counted and adjusted 1x105/m (RPM +10%-CS or DVEM+10%-CS as
required) a plat ed..i 4 | I t pl i al4i ts of
0.5nml. After Q%8EE§%#SA%MUlﬁ%%n%?&aé%f%b)%w'a%f 1- getsjrzis%{égr'i (%rg@tég

i nfection an7addibRizenal34Q. 5nil of 30 nedi um cont ai ni ng pol ybrene was added
to bring the final concentration to 4.4ng/mM. Retrovirus was subjected to
serial °1:10 dilution's in RPM +10%CS and tri plicate 100pl aliquots of the
appropri ate digl ubnemrdded t; And yEpied Wdd, 1tdves;t anga7e3Bscel |s. After
48 hours infection, the nmediumwas replaced WO 01/ 79456 PCT/ GB01/ 01261 -
55 wth fresh nedium containing 5pg/m Puronycin. The nmedium was repl aced
every 3-4 da 2 ft [ jt 1S . af.eq,od-ha spl ates

st ai ned V\AtthmfP%E%m%ﬁiee};tsb de%us%i%%(éa%%é%?m%@?%: ?n %50% met hanol : 10%
acetic acid), 5 washed in tap water, colonies counted, and the titre

det er mined. gre i a t\r}\lgwi retraqviral e i .Cg)r}{)ersol 1996
unconrc{‘gnt r at § E’lzétlﬁ%\lfl ;bus’ eslkfrl%oz@tﬁ in %SDglO Cala'l i%qlﬁlo s by ‘pl'aci ng at
-20C. Concentuat ed7RMR sciapt ur ed
19 Chu T-HT, Dornburg R. J. Virol. 1997; 71: 720-725.
15 20 Olsen JC, Johnson LG, Yankaskas JR. In: Robbins P
(ed) . Gene Therapy Protocols. Humana Press:New Jersey,

1997, ppl53-168

21 Morling FJ, Russell SJ. Gene Therapy 1995; 2: 504-508.

20
22 LeDoux JM, Morgan JR, Snow RG, Yarmush ML. J. Virol.
1996; 70: 0468-6473.
23 Russell SJ. In: Collins MKL (ed). Methods in Molecular
25 Biology: Vol 8 Practical Molecular Vfrology. Humana
Press:New Jersey, 1991, pp29-48
24 Bowles NE et al. Hum. Gene Ther. 1996; 7: 1735-1742.
30 25 Seppen J, Kimmel RJ, Osborne WRA. Biotechniques. 1997;

23: 788-790.

26 McNeish IA et al. Gene Therapy 1998; 5: 1061-1069.



retrovirus was frozen by the addition of three volunes of standard
freezing mxture (10% DVSO, 20%CS, final DMSO concentration: 7.5% and
pl aci ng av0eR@®356 Retroviral preparations were thawed as papG#byorsi

possi ble, and an 15 aliquot renoved for testing and the remains returned to
-20C. Magnetic enhancenent of retroviral infection HeLa cells were plated
at 2x106 cell s/90mm di sh and 20 cul turedgovernight at 37C. Prior to
infection the magnetic shape required (cut fromBisiflex Il sheets) was
taped to thejyndarside, ofyitheGUIREUr & 8. The vGWldiur @ 9 ggpdinem.yas 7al so
adjusted to 4pg/ M Pol ybr ene and 2-4 ours later 7.5x106 magnetic
particles | o@%€@&-with 25 biotinylated PGL3 derived retrovirus was added in
5ml of fresh nedium The cultures were then agitated (40 cycles/m nute)
for 30 mnutes at roomtenperature (The Belly Dancer, Stovall Life

Sci ences | nc 28GPedsioor B, MOdreddds &f.t dixpahiHgent-hd 5%t &5es Merld 2pl aced at
37C. Afiiter 30 24 hours the magnet was renoved, the nmedi um changed and the
cultur® returned to 37C. After a total of 48 hours infection the medium
was adj ust ed 2too Map@lam JRUr€HMECH . ANnd/i rafit.er odai;| \6 ote di agr-Cltages

(rmai ntai ned drug selection) the cultures were stained (72 hours after
initiation of 35 selection) with Comrasie blue stain (5.35% w/vol in 45%
VO 01/ 79456 BGTEEHA G201 a1, 5§ sumRtihanel rol0fhanatdat asid) . VIO 01/79456
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.. K ' .
1. A nethod o]T I nCr énaestlhnog ViTa oma ‘sa conprising viral

particles, saghprEtdiony comel P iClord actd iny nsetittbds anpipe- vd ity a bi ndi ng
menber capable of binding to the viral particles to forma cwl ex; and
concent r at i nG¥HiAF e ISBLd FRMP LA HdtthGd AT MLl 854 ei n

sai d conpl ex iRy iGRNGERNIHAL &0 oy GRIMT IS INGA P Eorm a complex; and

concentrating said complex.

10 2. A method according to claim 1 wherein said complex

is concentrated by centrifugation.

3. A method according to claim 1 or claim 2 further

comprising the step of determining the viral titre.
15

4. A method according to any one of the preceding

claims wherein said viral particles are retroviral

particles.

20 5. A method according to any one of the preceding
claims wherein said binding member is a particulate and

dense substrate.

6. A method according to claim 3 wherein the

25 particulate and dense substrate is pansorbin.

7. A method according to any one of claims 1 to 4
wherein the method further comprises adding a capture
agent capable of capturing the complex.

30
8. A method according to claim 7 wherein said capture

agent 1s paramagnetic particles.



3. A nethod according to claiml1l or claim2 further conprising the step of
determning the viral titre. 15 4. A nethod according to any one of the
precedi ngvOool/z46 wherein said viral particles are retrovP€BGBOpersi cl es.

20 S. A nethod according to any one of the preceding clainms wherein said
bi ndi ng nenber is a particulate and dense substrate. 6. A nethod according
to claim3 wherein the 25 particul ate argh dense substrate is pansorbin. 7.
A nmet hod according to any one of clains 1 to 4 wherein the nethod further
conprises addi-ng & cepthak agyemtincapgablelafn capruréhyinn® compeax. tl3® 8. A

met hod accordi.ng,.t o cl ai.m 7 wherein said, captur gent. | s, par netic
particles. V\%lﬁ%]‘f’éhg?n}?@ﬁ éB?)ﬁrbﬁgilab% .lﬁecne?cﬁo%g%%%%% d?éﬁ?%eﬂ aim7
or claim8 wheerididthel Widilidige nenher peradcia) i oty shtBcdeyd Bgangst a
protein associated with the viral particle, said antibody being

associ at ed wiassosiFtest widupla g Py t3RIP EIpaRE LD cRPPIAgE? 0 a second

coupl i par 3 i ate 1 t t | & ot hody, agcor di ng
to cl ai%?n 7 o%’%c pall rﬁrﬁggcdvaﬁear cejslérll&%%e &ﬁ‘l‘pnlgﬁ%%n% er ieésa lect?% capaﬁ?e of
bi nding to 1@agityoesyorad proteins on the surface of the viral particles,

said lectin being associated with a first coupling partner capabl e of
coupling to a second coupling partner associated with the capture agent.

15 11. A nethed agcefedin@ txdAliNd G ohereim 1 her lecdim 8 swhésdl ecths B4
or Succinyl-Concanavalin A 12. A nethod according to any one of claim9 to
11 binding member is a lectin capable of binding to
10 glycosylated proteins on the surface of the viral
particles, said lectin being associated with a first
coupling partner capable of coupling to a second coupling

partner associated with the capture agent.

15 11. A method according to claim 10 wherein the lectin is

isolectin By or Succinyl-Concanavalin A.

12. A method according to any one of claim 9 to 11
wherein the coupling partners are selected from the group
20 consisting of biotin/biocytin - avidin/streptavidin,

receptor—-ligand, and antibody-antigen.

13. A method of modifying a viral particle so as to ease
its capture from a sample comprising.said modified viral
25 particles so as to increase their titre, said method
comprising the steps of incorporating a coupling partner
on the surface of a viral packaging cell so that wviral
particles derived from the packaging cell display said
coupling partner on their surface.
30
14. A method according to claim 13 wherein said coupling
partner is biotin co-valently coupled to proteins on the

surface of the packaging cell.



wherein the coupling partners are selected fromthe group 20 consisting of
biotin/biocytin - avidin/streptavidin, receptor-I|igand, and

anti bodyveoavi/gase 13. A nethod of nodifying a viral partiBCEGBOVER6t 0 ease
its capture froma sanple conprising.said nodified viral 25 particles so
as to increase their titre, said nethod conprising the steps of

i ncorporating a coupling partner on the®%urface of a viral packaging cell
so that viral particles derived fromthe packaging cell display said
coupling partner on their surface. 30 14. A nmethod according to claim 13

wherein sai d 1pUplA Rget R taedoddidy ald reicomy al et erSiaup £08 toidariat ei ns on
the surface of the packaging cell. WO 01/79456 PCT/GB01/01261 65 15. A
met hod accor dishFa v I N L perd it MR ¥ 9at ently coupled to

t he proteins | NG 3,; pUCeiim de ester. 5 16. A method according to any
one of clains %%oﬁ‘i f?cjér 1‘Ie]]r conprising the steps of concentrating said

nodi fied viral particles using a capture agent conprising a second
coupling partner capable of coupling to the 10 couplin er

i ncor por at ed ]Oqu té ﬂ‘??etfﬁi?faof'c%o lrf%eto VAl OFartt ot J%Bsp?%% 3}% ol ex;
and concent raédf&e%alébmﬁﬂ@ilrﬁ%-tﬂe? sthgPtdhodareaidingid® g one of _
clainse 1 to 12 and 15 claim 16 wherein said conplex is isolated for use in
the prepar atiasht foifedh vieeH l araritlidlers usslni areidalr e rag e iQmp IIgs 119

conpl ex conprising a viral, particl.e and a ra netic, particl.e coupled
together via % FEF acnodlpall% R ccoaLPp‘%alneg n%%rfondé)?l,lpff%rﬂous%el nin vivo
targetiong. IbupkihPfpar ol mcagearaiaty dro to aihm 18if fcalsef ithe

viral particle to form a complex; and concentrating said

complex.

17. A method according to any one of claims 1 to 12 and
i5 claim 16 wherein said complex is isolated for use in the

preparation of a medicament for use in medical treatment.

18. A complex comprising a viral particle and a
paramagnetic particle coupled together via a first and a

20 second coupling partner, for use in in vivo targeting.

19. Use of a complex according to claim 18 for use in

the preparation of a medicament for in vivo targeting.

25 20. A method of targeting a complex according to claim
18 to a tissue within a human or animal body, said method
comprising the stéps of administering the complex to the
human or animal body, and drawing the complex to the
tissue using a magnetic field.

30
21. A method according to claim 20 wherein said virus is

a retrovirus.



the preparation of a nedicanment for in vivo targeting. 25 20. A nethod of
targeting a conplex according to claim 18 to a tissue within a human or

ani mal bodg p/s|se nmet hod conprising the steps of adm ni sPeT/GBg1/01261 conpl ex
to the human or animal body, and drawi ng the conplex to the tissue using a
magnetic field. 30 21. A nethod according to claim20 wherein said virus
is aretrovirus. WO 01/79456 PCT/ GB01/0%261 66 22. A nethod according to
claim20 or claim2l1 wherein said virus conprises an exogenous nucleic

aci d sequence&2.f oA mﬁﬁl@sﬂslmqndmlge toargetied 20 ssueslaimpR ]l ahsdif ed

viral particle produced had accordl Q jany. ane fod gl m 13 to
15 for use ifn? Jt rvglgtuisné:délﬁ lssseuse anséalx It ufsg élv%rqa parofi c‘ﬁeua% urt her

conpri sing aFanitd:pedysdloranitd hody ttarrgbt@gi ddmue. specific for said
ti ssue, said antibody or antibody 10 bi ndi ng domai n being coupled to the
particle via the coupling partner on the viral particle surface. 24. A

modi fi ed vi r%z%pa” ‘m%' Of?%%frvfl's attp Q411 ?ﬁ: c}MEeQP gy & rﬁéaér{&i“ r al

particle. I'ng a Vi roma sanple, said nethod
conpri si ng ccamicaxrtdlm@ S chrsanplee ofi tdiaan’m Adi rig rgnberr caq:fatnlre of

specifically binding said V|rus SQ hat |d V|ru 20 and n nenber
forma corrplé@g&i}ﬁ‘?’&c re%fe cg

Cﬁpturl ngI sald&@yﬂyl% aéi{‘(llaritsﬂioi‘iy e %&WI%@% CRqtale agent from
the sanple.
spec1flc for said tissue, said antibody or antibody
10 binding domain being coupled to the particle via the

coupling partner on the viral particle surface.

24. A modified viral particle according to claim 23

which is a retroviral particle.

15
25. A method of isolating a virus from a sample, said
method comprising
contacting said sample with a binding member capable
of specifically binding said virus, so that said virus
20 and binding member form a complex;
contacting said complex with a capture agent capable
of capturing said complex; and
isolating said complex and capture agent from the
sample.
25
26. A method according to claim 25 wherein said binding
member is associated with a first coupling partner
capable of coupling to a second coupling partner
associated with the capture agent.
30

27. A method according to claim 26 wherein the coupling

partners are biotin and streptavidin.



26. A nethod according to claim25 wherein said binding nenber is
associated with a first coupling partner capable of coupling to a second
coupl i ng want/mase associated with the capture agent. 30 2FCT/&Borot2ed
according to claim 26 wherein the coupling partners are biotin and
streptavidin. WD 01/ 79456 PCT/ GB01/01261 67 28. A method according to
claim26 or claim27 wherein the binding7renber is an anti body and the
capture agent is a paramagnetic particle. 5 29. A nethod according to

claim28 mhe@ﬁrlﬂhQWﬁdwﬁi@xm@mﬁb%hﬁKUﬁdaﬂyﬂﬁ6aﬁEQ¥ﬁﬂmn%%jWhQﬁﬁWhe _
sanpl e UfSI ngic%xet bl%rclf’t' memef‘JI 1330 anAa % Eetel dﬂth? éa %ﬁ@aﬁ%@ﬁ?r claim
r S i e

27 wherein he ca el agent Is ona so |d sSuppo

sanple is pas&e@Ipaxamuyddﬂidxyaﬂﬁ®CE§mlcapture agent isolated on the
solid support. 31. A nethod according to any one of clains 25 to 27 15
wherein the binding nenber is a lectin. 32. A nethod according to any one

of claigrs 25 3% phelgy %éd?ﬁ:&"i{?fo't% IS DPo Hd NS SEIBRpIRsMEN. 20

33. A nethod accordlng to any one claims 25 to 32 wherein the virus is
H V. 34. A kiand @amamqlawmutarae netdied eat doradi e camplonsingf xlains 1
to 12 conpr|5| biegﬁglnding menber capable of binding to a virus to
forma conpl &¢ i Ily (ii) a capture agent capable of capturing
the conpl ex via a coupling partner. 30

30. A method according to claim 26 or claim 27 wherein
10 the capture agent is on a solid support over which the
sample is passed leaving the complex and capture agent

isolated on the solid support.

31. A method according to any one of claims 25 to 27

15 wherein the binding member is a lectin.

32. A method according to any one of claims 25 to 31

wherein the sample is blood, urine, serum Or semen.

20 33. A method according to any one of claims 25 to 32

wherein the virus is HIV.

34. A kit for carrying out a method according to any one
of claims 1 to 12 comprising
25 (1) a binding member capable of binding to a virus
to form a complex; and optionally
(ii) a capture agent capable of capturing the

complex via a coupling partner.
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