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Field of the Invention This invention relates to gene delivery using a
viral vecw ov/ooRgkground of the Invention 5 Efficient gengi¢&ghwahsds woul d
be a beneficial tool for the treatnment of vascular diseases, such as

post - angi opl asty restenosi s, post-bypass atherosclerosis, peripheral

at heroscl eroti c di se&felF FAEAYSIIEUSHIVBEERUILAr CPFIoSEFRESYs anast onpses, and
thronbus formation. Various techniques have been devel oped for this

pur pose; see,Fiéldof thednpérdion Yl a-Herttuala et al, J. din. Invest. 95:2692-8
(1995), and Laiti r. 8:1645-50 (1997).
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evrdence of viral gene Xp ressron has been detected using natural viruses.
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propagate in any non-invertebrate host. Although the virions have been shown to

20 enter certain cell lines derived from vertebrate species, no evidence of viral gene
expression has been detected using natural viruses. However, the Autographa
californica multiple nuclear polyhedrosis virus (AcMNPV), containing an appropriate
eukaryotic promoter, is able to transfer and express target genes efficiently in several
mammalian cell types; see, for exalmple, Hofmann et al, PNAS USA 92:10099-10103

25 (1995). In addition, Barsoum et al, Hum. Gene. Ther. 8:2011-8 (1997), has reported
that baculovirus having the vesicular stomatitis virus C glycoprotein in its envelope
significantly increases the efficiency of transduction of human hepatoma cell lines and
broadens the range of mammalian cell types that can be transduced by baculoviruses.
Stable transduction of mammalian cells by baculoviruses has been achieved by either

30 including an expression cassette encoding a dominant selectable marker into
baculovirus genome or by using hybrid baculovirus-adeno-associated virus vector; see
Condreay et al, PNAS USA 96:127-132 (1999), and Palombo ef a/, J. Virol. 72:5025-34
(1998). '

Sandig ef al, Hum. Gene Ther. 7:1937-45 (1996), reported unsuccessful

35 attempts to use baculoviruses for in vivo gene delivery in mice and rats by systemic or
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of exanpl e ombyly sitdeit GeHicty eiereViemoChlBod, or which is essentially free of blood. Thus,

periadventitial or, more specifically, collar-mediated local gene delivery allows gene

transfer essentially in the absence of serum, thus avoiding deleterious effects of serum
20 components. The novel method also avoids two other major problems encountered in

systemic gene delivery, i.e. a rapid redistribution of the virus from the injection site and

a drop in the local concentration of the virus.

Description of the invention ;

Suitable delivery systems, active materials, formulations, dosages etc, are

25 illustrated in WO-A-98/20027 and also WO-A-99/55315 (the contents of which are
incorporated herein by reference). Thus, by way of example only, the delivery vehicle

may be a collar or wrap. By comparison with those publications, the vector for gene

. delivery. is.a baculovirus.

Baculoviruses are of course known, and the skilled person will be able to

30 construct any suitable vector for use in this invention. It will also be evident that the
broad knowledge of baculovirus biology and AcMNPYV genome will aid engineering of

the improved second-generation viruses for gene transfer applications. The ease of
construction, and capacity to accept large foreign DNA-fragments (>20 kbp), allows the
development of baculoviruses having enlarged or targeted cell tropism along with more

35  stable, temporal and cell type-specific control of transgene expression. A recombinant
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fol I owi ng exBERe: HeRERPeWSE efeatRpRICfCRBCE G-t tBR Pra® Exanpl e 1
Preparation of reaakhéatpebRsTHOMiEiRATelates to transplant organs and vessels which

can be perfused with saline ex vivo and subjected to ex vivo baculovirus injection.
The following experimental work illustrates the invention.
20 Example 1
Preparation of recombinant baculoviruses
Viruses were constructed by using the transfer vector pFASTBac1 (pFB) (Gibco
BRL, Life Technologies, Gaithersburg, MD, USA). A nuclear targeted p-galactosidase
(B.+~Gal) cassette with a cytomegalovirus (CMV) promoter was inserted into the Stul site
25 of pFB in reverse orientation with respect to the polyhedrin promoter, generating
plasmid pFBCMV-B,,. '
Recombinant viruses were generated by using a BacTo-Bac™ Baculovirus
Expression System (Gibco BRL). Viruses were amplified in- Spodoptera frugiperda 9. - -
(Sf9) suspension cultures (SF-900 medium, Gibco BRL) for 3 days using cell density
30 of2x10° cells/ml. For 50 mi of culture, 200 i of primary transfection supernatant was
used as an inoculum. To obtain 1 litre of amplified virus, 2 ml of amplified virus stock
was used as an inoculum. The cell culture medium was centrifuged at 16,000 g for 20
min at room temperature to remove cell debris. The clarified supernatant was
transferred to ultracentrifuge tubes underlaid with 1.5 ml of 25% sucrose in phosphate-

35 buffered saline (PBS) and the viruses were concentrated by centrifugation (120,000 g,



Viruses were constructed by using the transfer vector pFASTBacl(pFB) (G bco
BRL, Life Technol ogies, Gaithersburg, MD, USA). A nuclear targeted
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was inserted into the Stul site 25 of pFBsin reverse orientation with
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Nucl ear-targ fanseriicy °ng adenovi ruses (pCWhnl s/ acZAd5) were
constructed and pm&n%n&Sc@lBs(RWMﬁCbYIaLH?erttumeret@V(’EGQ,S)W&) and human

preparations 10 were anal yzed for et ent viruses
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Rabbit aortic cells (RAASMC, Yl a-Herttuala et al (1995), supra% and human

carci nona/ ehEmcREl Gells wase plowaddo pitgetions hiefase ransructgy) in penupireqaasiumm at ed
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Di cki nson, Myl an, France) |ls were allowed to attiach for bef ore
t ransduct i onWere adgeshiormediunnag MQis of 200 or 1000, and cells were mcubated for 90 min at

37°C. After transduction, growth medium containing 10% fetal bovine serum was

20 added either with or without 10 mM n-butyric acid (Sigma, St. Louis, MD, USA). After
18 h incubation, the media were removed and cells were washed three times with PBS.
Cells were fixed with 1.25% glutaraldehyde for 15 min and washed three times with
PBS. X-Gal (MBI Fermentas, Lithuania) staining solution (1 mg/ml, 2 mM MgCl,, 5 mM
K;Fe(CN),, 5 mM K,Fe(CN),, 1 x PBS) was added to the cells and incubated for 3 h at

25 37°C. Cells were then washed with PBS and further fixed with 4% paraformaldehyde
(PFA) for 10 min. After washing with PBS, cells were counter-stained with Mayers
Carmalum for 5 min. Blue X-Gal positive cells were counted and the transduction
efficiencies were expressed as the percentage of positive cells of the total number of - -
cells.

30 ONPG assay

lacZ-encoded B-galactosidase activity in transduced RAASMC cells was

measured using a colorimetric substrate, o-nitrophenyl B-b-galactopyranoside (ONPG,
Sigma), as described by Ruponen et al, Biochim. Biophys. Acta 1415:331-41 (1999).



(DVMEM 100 units/m of penicillin and 100 pg/m of streptonycin, G bco
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survival). experi nme
carefully separated from the surrounding tissue and a 3 cm long silastic collar (see

Laitinen et al (1997), supra) was positioned around it. Rabbits were re-anesthetized for
20 gene transfer, which was performed 5 days after the installation of the collar exactly in
the same way as described by Laitinen ef al (1997), supra, comparing the transfection
efficiency of plasmid/liposomes, pseudotyped retroviruses and adenoviruses. The
collars were opened and filled with 500 pl of the gene transfer solution containing | x
10° pfu of adenovirus or baculovirus. In each animal, the left carotid artery was used
25 for adenovirus and the right carotid artery for baculovirus treatment. Four rabbits were
kiled 3, 7 and 14 days after the gene ftransfer and arteries were removed for
histological analyses. All animal procedures were approved.
Histological-analysis --- -
Collared arteries were divided into three equal parts: the proximal third was
30 immersion-fixed in 4% PFA/15% sucrose (pH 7.4) for 4 h, rinsed in 15% sucrose (pH
7.4) overnight and embedded in paraffin. The medial part was immersion-fixed in 4%
PFA/PBS (pH 7.4) for 30 min, rinsed in PBS (pH 7.2) and embedded in OCT compound
(Miles Scientific, Naperville, IL, USA). The distal part was snap-frozen in liquid nitrogen
and stored at -70°C for mRNA isolation and reverse transcriptase polymerase chain
35 reaction (RT-PCR).
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P-gal actosi d g sitive cells. Gene transfer efficiency was calcul ated as

X-Gal posstive celtbgal RNAwageﬁfao@éh/ﬁ@hmtahgdwed\daﬂiﬁa a@t@heéél\ge éI«ﬁéhs.h@Tﬁtcght
random y sel ected sections by two i ndependent observers an val ues

standard er r B8NS BRL) 2B tiegted with pxeess RO T &sediee ﬁé‘ﬁéﬁf(Pm% i ons

were used f Madls'@iﬁU\NPQ)SA)C Wﬁmﬂﬁﬂevé@b%ﬁé@%’céﬁe (I@IBIjlﬁérhﬁJn't Ssetilfor coNR
dilution; Dako, Hanbur Cer macr ophages 100 dilution;

Dako), smoot AYHiRYSe P &@PISS(2PIRIFD'39§ChZLf°SdaQ§ Wﬁ'tei 'Q@&'k*@)dlsmlsh etween
(MCA-805;  1: 1Q8bddinoUt ARG trabediREd @®nes by selecting the 5 primers from the CMV promoter

20  andthe 3’ primers from the coding region. Dynazyme polymerase (Finnzymes, Espoo,
Finland) was used for amplification.

For JlacZ ampilification, the primers were SEQ ID NO:1 for adenovirus (A) and
SEQ ID NO:2 for baculovirus (B) as forward primers, and SEQ ID'NO:3 for both as a
reverse primer. Hot start (95°C 5 min; 58°C 3 min) was followed by 39 cycles, each

25 consisting of 95°C 1 min, 58°C 2 min, 72°C 3 min with the final extension of 10 min at
72°C. 5 pl of the first PCR product was used for the second PCR with forward primers
SEQID NO:4 (A) and SEQ ID NO:5 (B). The reverse primer for both was SEQ ID NO:6.
The first PCR cycle was.95°C for 5 min followed by 20 cycles as in the first. PCR. .
Gene transfer in vitro .

30 In order to test the baculovirus stock, RAASMC and ECV-304 cells were
transduced at a multiplicity of infection (MOI) of 200 or 1000 pfu per cell in the absence
or presence of 10 mM sodium butyrate and the percentage of X-Gal positive cells were
counted. The results were compared to cells transduced with /acZ-adenovirus under
identical conditions (Table 1). In agreement with published results, (Condreay et al,

35  supra) addition of butyrate to cell cultures increased remarkably the expression of the
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butyrate150 @RtdptGhdting eﬁotda@d ensas mreeéraéﬂeaﬂéawot b@cmmfu3§§ irothe Greddiee\WP
01/ 090390 PCT/ GIfOl/ 02383 transgen ecially with bacul oviruses. The
RAASMC cel | s é'ié’éﬁ‘?é@t?d\"@bo‘cn’(ﬂo@( §ig§'§?9é|§m"[’)’ﬁ)e to bacul ovirus transduction (91
% infected algdfdtrdPS¥y id o8 ECV-304 cells (21%infected at MJ 1000).

Level s of (3-gal actosidase activity in the RAASMC cel | s
In order to determine whether baculoviruses can be used for in vivo gene

transfer, NZW rabbits were killed 3, 7 and 14 days after gene transfer. Due to the

20 nucleartargeting of the B-galactosidase expression, intense X-Gal staining was located

in the nuclei of the transduced cells. The number of cells positive for B-galactosidase

activity was calculated from the baculovirus-transduced (1 x 10° pfu per artery) carotid

arteries and was compared with similarly treated adenovirus-transduced arteries. Both

viruses mediated delivery of the marker gene to the vessel wall. The numbers of

25 transgene positive cells for baculovirus- and adenovirus-treated arteries at day 3 were

12 + 5 and 23 + 7 B-galactosidase positive cells/mm? of adventitia (11 = 4 and 19 %

6/mm? of the whole artery wall), respectively. Atday 7, the corresponding values were

17+6and 22 +7 (155 and 18 £6). Atday 14, the values were 0.1:0and 0.2 +0.1

(0.1 £0and 0.1 £0.1). The baculovirus-mediated gene expression was thus transient

30 with a similar efficiency and time pattern as that of the adenovirus-mediated gene
transfer. Transgene expression in the arterial wall was also verified with RT-PCR.

The mean value of intima/media ratio (all arteries) was 0.18 + 0.03 for

baculovirus and 0.12 * 0.01 for adenovirus-treated arteries, which indicates that the

procedures did not damage the vessel wall. Histology of the arteries, 7 days after gene

35 transfer, detected no B-galactosidase activity outside adventitia.  For both viruses,
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25 +s.em.



WO 01/ 090390 PCT/ GB01/02383 8 macrophage infiltrates and sone T cells were
detected in the transduced arteries by RAM 11 and MCA-805 i mrunost ai ni ngs,
respecti WeDW1/09U3e0 arteri al structure and endot hel i um r emRCRABOI1023RG t

t hroughout the experinents. Hi stological dindings at all time-points are
summari zed in Table 3. 5. Table 1 Transduction of RAASMC and ECV- 304 cell

lines with b rat ive
cel s (o 10°0IGF MITCRuoY Ter AgEREY ¢ usa%ts%i deqiie SanaitdsTh RARSHE )
A7n0 I\neel3VllJ GW V- |1.U_V.JI.! %W.% 15 10 52.50.8 42.1 1.1
1000 0 5.3 1.3 48.0 5.8 10 90.61.6 87.62.3 ECV-304 200 0 0 44.2 2.9 20
10 2.6 1.7 89.4 1.9 1000 0 0.3 0.3 87.51 4.0 10 20.8 7.7 97.6 1.4
25 s.e.ng Wy&l/ 090390 B/r5€01/ 0238RacHolinlRl € 2 Midqapsiys T OF
cytotoxicity of bacul oviruses and adenoviruses i n RAASMC cel ls 5 M

But yrat e Bacul ovi rus Aden&0M) us (mV) (‘(/3(0’)* (%* 200 O(B2 3 98 4 10 10

782 101 2 1666681 — 1995 —1—16—65196S3

200 0 82+3 98+ 4

10 10 78 +2 101+2
1000 0 81+ 1 99 +1

10 65+ 1 90+3

15  * Survival percentage of RAASMC cells as compared with-mock-transduced cells.

+s.em.

Table 3 Summary of histological findings in transduced arteries 3, 7 and 14 days after

20 gene transfer

Time-point Virus Macrophages PMN cells Endothelium
intact
25
ad adeno ++ + Yes
baculo ++ ++ Yes
30 7d adeno + + Yes
baculo + + Yes
14d " T &gdeno 7 ++ T T - Yes
baculo ++ - Yes
35

-, absent; + mild; ++ moderate and +++ severe infiltrates as compared with control
arteries.
PMN, polymorphonuclear.



15 * Survival percentage of RAASMC cells as conpared with nock-transduced
cells. s.e.m Table 3 Summary of histological findings in transduced
arteries 80 o07/020380 14 days after 20 gene transfer Ti me- poiPCT/CBMOS383
Macr ophages PWN cel | s Endot hel i um i ntact O25 3d adeno ++ + Yes baculo ++
++ Yes 30 7d adeno + + Yes baculo + + Ye% 14'd adeno ++ - Yes'' baculo

++ - Yes 35 EI aqsglnt; + mld; ++ noderate and +++ severe infiltrates as
conpared wt arteries. PMN, pol ynorphonucl ear. WO 01/090390

PCT/ GB01/ 02383  1QUsifrx 8¢8¥in@alfs tHe isameqsocitiurahs i ExenSe Nt RADSRMLRWASthED
Example 1, it has been shown that baculovirus gene transfer works also in
brain and skdlasHigvirgg qane gty WeHSURERI fudraiBc 2nd, gkelgiakimusdfows Using

posi tive trangaplindlat?, bl Shdwdpssitie tRiraFdEi6Rin %r.&lsﬁﬁ&%f%@m dens
choroid plexus cells in ventricles and endot hel i al rofile of

transfect & c,eépe@alixs'nccphsmlri;pl@mﬁf eallerin veplgples ipad estdothedinbeslisuskns pofilet ofer |

b I t t skel et I I
Bacul ovi rus dpamcRel (e oalPas CRTRAD MA@ eds ol ARRL" DiCered i nto the
adduct or nuscl e ofFuNiw, rasiavirus dranszstiah ieeddeen dersonsijaded irorabbil skatetalas
0.5 m. 10 Ti | |

ot oste gs\%aggul \ért}@eér?coﬁ% q BEZ ﬁ?s ‘F&V%P’H ths %ngtpyeﬁj%gﬁ Hfon@iecat .

and X- Gl erformed>over Thes resu

t hat bacul owarduactoamubelemﬁNIWwbettwaa%e@heeweoﬁmelvecﬁﬁn Wwilrhe w;apers il
manmal | "’”IS’ iTises'uensganp e l\A\//er%rcE) éclztgcli 7 dalyé after the gene transfer, and X-Gal staining was
performed overnight. These results clearly indicate that baculovirus can be used for

transfection of several cell types in mammalians, i.e. not only arterial cells.
The accompanying drawing illustrates the construction of a nuclear-targeted
B-galactosidase-encoding baculovirus transfection cassette. In principle, this is a
15  standard public domain baculovirus with polyhedrin promoter, into which have been
cloned restriction sites and the CMV-NT /acZ expression cassette. The lacZ expression
cassette is oriented opposite to the polyhedrin promoter. The sequence of the CMV-nt

lacZ expression cassette is in SEQ ID NO:7.



The acconpanying drawing illustrates the construction of a nuclear-targeted
(3-gal act osi dase-encodi ng bacul ovirus transfection cassette. In principle,
this i s avobdosisandard public donmai n bacul ovirus w th pol yeadsBon/opssenot er,

i nto which have been cloned restriction sites and the CW-NT | acZ
expression cassette. The lacZ expression assette is oriented opposite to
the polyhedrin pronoter. The sequence of the CW-nt |acZ expression
cassette is i@-AM8 |D NO 7. WO 01/090390 PCT/ GB01/02383 11 CLAIMS 1. A
method for the del kefnodthr fediifecPdfehe Srm EWheldif 1RE5hd S pRIRMAIRG | 1

a bacul ovirus vector an e vec IS ap to a bo y~ conp rtrrent
or usually frb@sulovmsmcmandswemecmrmmb@d@mdmcn@ptadm@nﬁreﬁ, or usuady see,
delivery is Q)(?rllo%qlventl tial. 3. A nethod according to claimor claim 2,
wherein the gene product is an agonist of a VEGF receptor. 4. A nethod
accordi ng5t o2any p@¥ me&uhdrﬁgpcotmgmo diam t, hmaeiEHEImu isqferindventitial.
hyperplasia. 10 5., A thod cC t .cI 1 .or. claim

conpart et Gonpr FsDeToLAREpRER%G Bt o daify wliete g %%}%ﬁfﬁ&t%s A o
claim 2, V\heroelar\/EmErmpsnart ment conprises brain cel ls. 7. A rret hod
according to cl ai aim 2, erein the co t co

skel et al rrusc e. ggn)@?la%qcnagtéorfiag @n%é?f?%ﬁﬂ@nf: m’a OFd@falR/%?qE‘

pr oduct, rhgpapggea gene is provided in a bacul ovirus vector from whi ch

t he gene may e expressed. 9. A device according to claim8, in the form of
a collarl0 18: A Mﬁ@@déeewmgﬁgw&%mfw WﬁEFFWéhPGPWPBFmSHWOJﬁO”% 11.
A devi ce accofdlificeli® any of clains 8 to 10, wherein the gene product -is an

agoni st of a VEGF receptor.
6. A method accordlng to clalm 1 or claim 2, wherein the compartment comprises

brain cells.
7. A method according to claim 1 or claim 2, wherein the compartment comprises
15  skeletal muscle.
8. A device for the periadventitial delivery of a gene product, wherein the gene is
provided in a baculovirus vector from which the gene may be expressed.
9. A device accérding to claim 8, in the form of a collar.
10. A device according to claim 8, in the form of a wrap.
20 11 A device according to any of claims 8 to 10, wherein the gene product is an
agonist of a VEGF receptor.



