PSEUDOTYPED BACULOVI RUS AND I TS USE Field of the Invention This invention
relates to a pseudotyped bacul ovirus and its use. Background of the

| nvent i onwdheoduassedf bacul ovirus for gene therapy is of pgrams20e/domsert ance.
Bacul oviruses do not replicate in mamualian cells, are easy to mani pul ate
and can house large foreign DNA inserts. They have been shown to transduce
various cell types in vitro and in vivo with significant efficiency.
However, efficient gene delivery still remains a challenge for bacul ovirus
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A straightforward method to increase transduction efficiency is viral
15 pseudotyping, which alters viral tropism by modifying, replacing or adding
components to virus surface. These components are often derived from other
viruses and may have specific or wide tropism (Verhoeyen & Cosset, 2004).
One of the most widely used pseudotyping tools is the G glycoprotein of
vesicular stomatitis virus (VSV-G); see, for example, Yun et al., 2003; Tang et
20 al., 2001; Quinonez & Sutton, 2002; Barsoum et al, 1997. VSV-G
pseudotyping is routinely used to enhance the target range and transduction
efficiency of retroviruses (Emi et al., 1991; Burns et al., 1993; Mizuarai et al.,
2001), by conferring augmented resistance to the complement inactivation and
improved viral stability (Ory et al., 1996; Burns et al., 1993). Several reports of
25  VSV-G-pseudotyped baculoviruses provide evidence that VSV-G is able to
enhance transduction efficiency of baculovirus in vertebrate cells in vitro and in
vivo (Barsoum et al., 1997; Park et al., 2001; Tani et al., 2003; Tani et al.,
2001). It has been suggested that the improved transduction efficiency is a
result of increase in the escape of baculovirus nucleocapsids from the

30 endosomes (Barsoum et al., 1997; Park et al., 2001). VSV-G-pseudotyped



endosones (Barsoumet al., 1997, Park et al., 2001 )

VSV- G pseudot ypedbacul ovirus was very recently shown also to exhibit
great er rweisdeang@2t 0 i nactivation by animal sera than the/dBRodmaoutesvi r us
(Tani et al., 2003). It has been shown that a VSV vector expressing a G
protein ectodomain (G stem GS) of 42 am no acids together with the
transnenbrane (TM and cytoplasnmc tail CTD) domains confers efficient
vi rus buddi ng, probably by inducing nmenbrane curvature at sites of virus
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titers. This glBt&REhs. It has also been demonstrated that the GS-region of VSV-G can
15 be used as a membrane anchor in displaying fusion proteins on a baculovirus
surface (Chapple & Jones, 2002; Ojala et al., 2004).
Summary of the Invention
The present invention is based on observations of a baculovirus vector
which displays on its envelope a 21-amino acid ectodomain in addition to the
20  TM and CTD domains of VSV-G, in its effect on the baculovirus infection and
transduction rate in insect and vertebrate cells, respectively. The resulting
virus was efficiently produced in high titers and resulted in several fold higher
transduction efficiency in HeLa, SKOV-3, HepG2, 293T and BT4C cell lines as
compared to control virus. Not only was the number of transduced cells
25 increased but the cells showed higher levels of B-galactosidase activity.
Increased transduction efficiency was also detected in rabbit muscle and rat
brain in vivo.
A construct of the present invention thus provides improved baculovirus-
mediated gene delivery, without compromising high viral titers. This strategy
30  may prove to be useful also with other viral vectors, to aid gene delivery in vitro

and in vivo.



may prove to be useful also with other viral vectors, to aid gene delivery
in vitro and in vivo.Brief Description of the Drawing Fig. 1 is a schematic
r epr esentwi2006/0a866an enbodi ment of the invention. Descr ipptricgBroasiookresf err ed
Enbodi ments The conbi nation of part or all of the ectodonmain, the
transmenbrane and cytoplasm c tail domains represents a truncation of the G
protein. Preferably, the pseudotyping isoqwith those domains only, or with
functional fragnents thereof. It will be understood that the
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be chosen, e.q. to treat a brain-related, or spine-related or other injury.

While the invention is defined by the claims, and others may be made
15 and used in the same way or as would be evident to one skilled in the art, the
illustrative embodiment, abbreviated herein as VSV-GED, is illustrated in Fig. 1.
This schematic presentation of VSV-GED (indicated by arrow) pseudotyped
baculovirus with numbers corresponding to the aminoacids of the VSV-G. The
abbreviations used in the drawings are GS = G Stem, TM = Transmembrane

20 domain, CTD = Cytoplasmic tail domain.

VSV-GED may be prepared as follows. The sequence encoding the 21
amino acid ectodomain together with TM/CTD of the VSV-GED was introduced
into baculovirus genome under the strong polyhedrin promoter. VSV-GED
display was confirmed from the concentrated viruses by immunoblotting uéing

25 VSV-G antibody, which recognizes the 15 carboxy-terminal aminoacids of the
VSV-GED. In agreement with a previous study (Robison & Whitt, 2000), trimer
of VSV-GED was also detected on the immunoblot.

To examine the ratio of non-infective versus infective virus particles as
compared to control baculovirus, immunoblotting with anti-vp39 and anti-gp64

30 was performed using gradient purified viruses. The result showed that the

quantity of infective particles was consistent with the quantity of total particles.



conpared to control bacul ovirus, inmunoblotting with anti-vp39 and
anti-gp64 was perforned using gradient purified viruses. The result showed
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pseudot yped virus was conparable to that of the control virus. The titer of
the concentrated virus was high (with 30 concentration 2,5*1 OE10), which
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15  difference in marker gene expression level was somewhat cell line-dependent,

possibly reflecting variation in mechanisms associated with viral transduction.

When compared to the control virus, the VSV-GED pseudotyped virus
resulted in higher transduction efficiency in all cell lines except EAHY, where
only a neglible gene expression was detected. BT4C cells showed 75 %

20 transduction efficiency with the VSV-GED virus while the control virus
transduced only 30 % of the cells at MOI 50. Almost 15-fold increase in the
transduction efficiency was observed at MOI 10. In general, the increase in the
transduction efficiency was most prominent with low viral loads, i.e. MOls under
200. With higher MOls, the difference in the transduction efficiency diminished.

25 However, in HepG2 cells, the difference was still notable at higher virus loads,

MOI 200 resulting in an increase in the transduction efficiency from 20 % to
70 % and MOI 1000 from 60 % to almost 100 %.

The improved transduction was also evident when B-galactosidase
enzyme activity was measured in the transduced cell lysates. Enzyme levels

30  were increased almost 40-fold in BT4C cells at MOl 10. This difference was

diminished at higher MOls. However, in HepG2 cells, the difference was still



The inproved transduction was al so evi dent when b-gal act osi dase enzyne
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di m ni shed at higher MJs. However, in Hep& cells, the difference was
stillclearly detectable with MOL 1000, in agreenent with the above results
relating to transduced cells. In 293T ceI5I s, the VSV-GED virus resulted in
a six-fold increase in gene expression asS conpared to the control virus at
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advant ages conpar gl 0,84 rapbit muscle were chosen for targets to study in vivo

15 properties of the VSV-GED-pseudotyped baculovirus. The Rat model has

previously been used to study the tropism of wild-type baculovirus (Lehtolainen
et al., 2002), and the results of VSV-GED-pseudotyped virus were compared to
this study. Interestingly, as the Lac-Z baculovirus transduces efficiently cuboid
epithelium of choroid plexus cell and to some extent epithelial cells in brain
20  microvessels, B-galactosidase staining after VSV-GED virus injection was
mostly detected in the subarachnoid space and epithelial lining of the brain.
Some enhancement in gene delivery was observed also in rabbit M.
semimembranosus after intramuscular injection of VSV-GED-pseudotyped
baculovirus. VSV-GED pseudotyping thus enhances baculovirus-mediated

25 gene-delivery also in vivo.
VSV-GED pseudotyping can offer several advantages compared to the
VSV-G pseudotyping of baculovirus. The small size of VSV-GED (8,6 kDa)
should interfere less with viral infectivity and thus contribute favourably to gene
delivery. The lack of syncytium formation (cytoxicity) of the infected cells
30  during virus preparation should be beneficial for viral titers. VSV-GED infection

resulted in significant syncytia formation only at pH 5.5, indicating that VSV-



VSV- G pseudot ypi ng of bacul ovirus. The small size of VSV-GED (8,6 kDa)
should interfere less with viral infectivity and thus contri bute favourably
to gene dwbiz@vosseethe | ack of syncytium formation (cytorceidBzposafosiche

i nfected cells during virus preparation should be beneficial for viral
titers. VSV-CGED infection resulted in significant syncytia formation only
at pH 5.5, indicating that VSVGED does ng@t share the fusion properties of
VSV-G VSV-G has an extrenely broad host range which is not desirable in
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resulted in two i RHaghIRFhy Bidnssieliltked tyideAtiggduence, enabling its
elimnation. The Pstl site was renoved by a conbination of Pstl partial

di gesti on an®Genexhtidngefsthieoredorhbmand bHaculoyginus.oT oferaowegpbd dndnadin
(ATGCATTT B AAATGCATTGCA) containing a_unique Nsil restriction site. The
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were used to remove this sequence from the vector. The removal of one of the

15 three Pstl sites resulted in two intact Pst/ sites flanking avidin sequence,

enabling its elimination. The Pst/ site was removed by a combination of Pst/

partial digestion and Swal/ digestion followed by ligation of a second linker

(ATGCATTT B AAATGCATTGCA) containing a unique Nsil restriction site. The

gene encoding VSV-G ectodomain (Chapple & Jones, 2002) was amplified with

20 a 5-primer GGGGTGATACTGGGCTATCCAA and a  3'-primer

AGATCTTTACTTTCCAAGTCGGTTCA (Bglli site underlined), and transferred

into the Smal site of vector. All steps were confirmed with restriction enzyme
digestion.

Recombinant viruses were generated by using the Bac-to-Bac™ method

25 according to manufacturer’s instructions (Invitrogen) except for using more

efficient E. coli strain in bacmid preparation (Airenne et al., 2003). Purification,

concentration and titration of the virus particles were performed as described

previously (Airenne et al., 2000). To verify the titer of the stock virus, end-point

dilution was performed several times. Virus preparations were tested for

30 sterility and analyzed for lipopolysaccharide and mycoplasma contamination.



efficient E. coli strain in bacmd preparation (Airenne et al., 2003).
Purification, concentration and titration of the virus particles were

per f or nedweoamassszbed previously (Airenne et al., 2000pcT/GB20&VG0fi263t he
titer of the stock virus, end-point dilution was perfornmed several tines.
Virus preparations were tested for sterility and anal yzed for

| i popol ysacchari de and mycopl asma cont antnati on. | mmunobl ot anal ysi s.
Infected Sf9 cells (ATCC CRL-171 1) and purified viruses were diluted 1:4
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1: 2000) as described previously (Laitinen et al., 2002). Finally, primry

anti bodi es weulphata-polyadryimitesgedlaMalecyaowpight stendashvag stppliedby Bier y
ant i bodi es (Rlagﬁcl 0; IBi 0= Ragjg/f ol l oned by a col our reaction (NBT/ BCl P,
Roche, Basel RASFHFEYIPSnGS UStHcyti um for mation assay. This experinent was

performed accordi Rgnifle£ MR8 trahsrred 83 nifse8INIoé& menitstahBl(FrdrisOBIdk, e,
which was 48 h . Briefly, St9 cells were infected with LacZ (control), full

VSV- G di Zpl aBioviRad, USA)sand tharblots weratpraeed withaaouse antirgped mab (1:2003) or
VSV- GED di i i t f . At 48 h. - j t

growth mits irgoHeBatestdes Wepion VRbehsreat- SRS SR & e o
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15  Syncytium formation assay. This experiment was performed according to
Zhang et al. (2003) except for the infection time, which was 48 h. Briefly, Sf9
cells were infected with LacZ (control), full VSV-G displaying virus similar to
that described by Tani et al. (2003) or VSV-GED displaying virus at an MOI of
10. At 48 h post-infection, the growth medium (Insect-Xpress, Bio Whittaker)
20 was removed, and cells were washed once with PBS at pH 7.4. The cells were
then exposed to PBS at pH varying from 5.0 to 7.4 for 20 min. The PBS was
removed and the cells were washed twice with PBS at pH 7.4 and returned to
the growth medium. After 4 hours incubation at 28°C, cells were fixed with 1.25
% glutaraldehyde in PBS for 20 min and examined for syncytia.
25  Transduction experiments. Cells were seeded at 7500 cells per well of 48-
well plates (transduction efficiency) or 15000 cells per well of 24-well plates
(quantitative assay) in their recommended medium. After 24 hours the medium
was removed and fresh complete medium containing virus dilutions was added.
Following 2 hr incubation at 37°C, 5% CO,, 5 mM of sodium butyrate was
30 added to all but HepG2 cells which had 2.5 mM of sodium butyrate. After 48 hr



wel | plates (transduction efficiency) or 15000 cells per well of 24-well
plates (quantitative assay) in their recommended medium After 24 hours the
medi um wasonresmmMses2and fresh conpl et e nmedi um cont ai ni ng peirrapRoes/doydsBons was
added. Following 2 hr incubation at 37C, 5% CO2, 5 nM of sodium butyrate
was added to all but Hep& cells which had 2.5 mM of sodium butyrate. After
48 hrincubation, cells were stained withg{-gal to visualize b-gal
expressing cells (Thyronine et al., 1999) and blue cells were counted.
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et al (2003). Briefly, cells were inc I n msup erted W th

0.5 nM nonengThyradinenehall,a1989) andridle dellsiveomso(@ntedmedi um cont ai ning 0.5 nM

nonensi n) wer dded to . the cell ﬁ' whi ch were then incubated for 24 hours at
t
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anal yze the results wth unpaired t-test ernine w
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b- gal act osi dags zyne assay. Lum nescent beta-gal act osi dase enzyne assay
(d ont ech, B%%PEA;@%/‘E%@% %(ﬁ%e gddadts hgatsliseWhich wetr dheninabajes for

expressed on zhglﬁoedrF afisgipged F‘?ﬁél!)écé‘lfs‘:Wegé M%eliQyit'g %Bé‘@uélﬁ%rgfd%@@? A el |

i nstructi ons. um nescence S neasured Wi th bl um no

pl ates (Bl aclstdinepfartleacPasdlityac, Turku) and Victor 2 |uminometer (Wallac,
Turku). Cytotoxicity assay, totoxicity of Baavi was determ ned by an
MIT- assay, Caitplfstieal amlysisadiiessnd frame CsapPad wasdisedrp@nalyzedhe sesultss ay

(Promega),, agegyr di § 'S ] clion The .neasurenments were
Gone w10 o ol AL ERE] Ebhile Bné 3L BieE iR ioneed WalBaR ShBEFS, "

Survival per awné agatistieall sighificahed by conparing to the absorbance of the no
virus or no butyrate wells (100% survival). Protein concentration anal ysis.

Coomassi e Pl fsgplastesidaseenzyme @sray) lumingseenttbetaqgalactosidake gnzymei n
amounts fr omalsgg)(; PCI%ﬁ{elch,s %'H)é%ssbie‘%ggs rv%sn 85&8 to”S‘rﬁ‘é1§§‘£ Ehljeraer¥1lcnanti o) Setnrzl)J/r(%wteI ons.
expressed on the transduced cells according to the manufacturer’s instructions.
15 The luminescence was méasured with black luminometer 96-well plates (Black
Isoplate TC Wallac, Turku) and Victor 2 luminometer (Wallac, Turku).
Cytotoxicity assay. Cytotoxicity of Baavi was determined by an MTT-assay,
CellTiter 96® Aqueous One Solution Cell Proliferation Assay (Promega),
according to manufacturer’s instructions. The measurements were done with a
20  minimum of five replicates. Absorbance was measured at 492 nm. Survival
percentage was calculated by comparing to the absorbance of the no virus or
no butyrate wells (100% survival).
Protein concentration analysis. Coomassie Plus protein assay (Bio-Rad)
was used to equalise the protein amounts from lysed cell samples, according to
25 manufacturer’s instructions.
Gene delivery into rat brain. Female inbred BDIX rats (200 - 250 g, n=7)
were anaesthetized intraperitoneally with a solution (0.150 ml/100 g) containing
fentanyl-fluanisone (Janssen-Cilag, Hypnorm®, Beerce, Belgium) and
midazolame (Roche, Dormicum®, Basel, Switzerland), and placed into
30  stereotaxic apparatus (Kopf Instruments). 2 x 10° plague-forming units of the

virus vector in PBS/0.1% sucrose were injected by Hamilton syringe with a 27-



Gene delivery into rat brain. Female inbred BDI X rats (200 - 250 g, n=7)
wer e anaesthetized intraperitoneal with a solution (0. 150 m/1 00 g)

cont ai ni ngofeesiasgsk- f | uani sone (Janssen-Cil ag, Hypnor n{ prI/d2essm4s26Bel gi um
and m dazol ane (Roche, Dorm cunm(r), Basel, Switzerland), and placed into
stereotaxi c apparatus (Kopf Instrunents). 2 x 108 plaque-formng units of
the virus vector in PBS/ 0. 1% sucrose werge I njected by Ham I ton syringe
with a 27-gauge needle either into the right ventricle (coordinates: 1.0 mm

) o1 Pl ST e G AL IO B e R B
caudal to bregagmal1® mm Figabio émusalbygmaﬁggérﬁdﬁié%epm@fecs mnelapid), 6f 2. 5
nm n=4). Rats were sacrificed on day and perfused with PBS

i nt racar di al ligtodhe tamgedof gliomarbearing rats{cawdinaies: A0 emm xagdal tpibregmaai ns
were rinsed for 2 hours in PBS after which_ the r£-1 nhedd g or

| ater use. T.r1a. é'&ﬂ]cqqlggi? &tqrgbsagﬂﬁ%sgpgio ﬁa%%éltp\gﬁ(ﬁgﬂngvﬁr_ggaﬁggsgﬁg I zed
wi t h nedetomgdicAficé®bAddye3 GRY PetREed withPBS -iftraddrtikily S filed IR0 fix

Finl and and Ketalar 0.9 m s.c; Pfizer, NY, USA). A total dose of 109 pfu
of either coror30 niiacuAfter Xga) fiwi brainsawgrertingad fayehboursr in\PRE @fer which

bacul ovi rus, was in%ecée& 1(5). t'gﬁsf ali ta volunme of 50 m per M
sem menbr anod0eY Wese BRgdded i) QG T ToR 1atehuse-apbi t s were sacrificed 6 days
after gene traRakelchon BFFabBISAIINEE RASLIlY pFed) WBrd PBBSIHRAZeE apted

with liquid nitrogen and stored at -700C. The rnuscles were X-gal fixed (4%
PFA i n phospha¢detboiidiae-ketaniheDdnaitor®07 mil s,c; Gaiohdtharmaphssyh kirdamd@dder f or

2 h d ' d; X.gal | Qj | i ' [

2 oL n0 iar L0 5% Bl b ST La R BBR HEdC KL AL Aler Sorfe
statisti cal %é%hYcﬁlir%s \%ﬁpihif,ﬁﬁa%} peﬁé‘!cbrtvwi&é%‘ébhm&u’s,rwé’@ﬁ ciad fig vere
prepared fromeach anl mal. | positive cells were counted, areas were

equal i zed andinmesaisa vedumeoafl5Oullistee M. s€emirmeatbranosusimakalegerémjeetin. ofhef
VSV- GED pseudot%ped bacul qyi rcrg Successful bacul ovirus pr?ducti

studi ed by i FRBRIEHMGTS SAETHEA] OIdRYaRIEr AeeclhRdat ABE QHSA'e §3MR FOVEE usi ng
%’.ﬁg“ m‘;%'r gﬁgﬁonzg@; i@ﬁ%&pﬁ@@% B5ALE \MH Ti§didRErohbRSar P bRIrE§ Gt !-P0%t! FHP! es.
15 muscles were X-gal fixed (4% PFA in phosphate buffer, pH 7,2) for 30 min,
washed in phosphate buffer for 2 hours and cryosectioned; X-gal staining was
applied overnight in a humidified chamber at +37°C, followed by hematoxylin-
eosin staining. For statistical analysis, 25 slides with two tissue sections in
each slide were prepared from each animal. All positive cells were counted,
20 areas were equalized and means were calculated.
Generation and characterization of VSV-GED pseudotyped baculovirus
Successful baculovirus production was studied by immunoblotting cell
lysates and concentrated virus samples using gp64 antibody. Correct sized
protein (~64 kDa )was detected in all samples. The membrane incorporation of
25 the VSV-GED was studied by immunoblotting using VSV-G antibody against
the 15 carboxy-terminal amino acids (497-511) of VSV-G. The predicted size of
the VSV-GED was 8.6 kDa and that sized protein was observed with VSV-G
antibody in cell lysates and gradient purified concentrated virus samples. The
amount of VSV-GED was comparable to gp64.
30 In order to determine the ratio of total particles to infective particles

(tp/ip), immunoblotting with vp39 and gp64 antibody was performed and the



t he VSV- GED was studi ed by i nmunoblotting using VSV-G anti body agai nst the
15 carboxy-term nal am no acids (497-51 1) of VSV-G The predicted size of
t he VSV- GED 20@2048668 kDa and that sized protein was obsercedBwisnoyEy- G
antibody in cell lysates and gradient purified concentrated virus sanples.
The amount of VSV-CGED was conparable to gp64. In order to determ ne the
ratio of total particles to infective pagbicles (tp/ip), inmmunoblotting

wi th vp39 and gp64 anti body was perfornmed~and theresults showed simlar
tp/ipratioin VSV-GED to. a, wt-virys s I he titers of the VWVSV-,GED
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i nsect cells. To determne the pH requirenment for viral ‘menbrane fusion, a
syncyt i um f orcoatentnators)iaguggsstipey fio adeerse\V@ffabt of MSU-EED tmdiraluiepliva@iorG
pseudot yped bac%ul ovi ruses wer? used as controls. No fusion activity was
detected at parecton iningect el ontrol virus or the VSV-GED virus. 1Infection

wh virus contal id\etbhfirRhb o nealirimRin i viral Riitlrfle RicH BRIALYRm
syncytia formation during virus preparation in norml ned um e pH of the
i nsect cell rednationassdy.was pytfotnaed. cWild-tgpe Va7 Grd fad MB8\6:3 pseudegped
determ ned by Pronega's MIT assay accordi ngfto, t he manuf acturer'

i PfSt ruct i ons.baylaWises were tpedas caatrals IO fusigh activty wap detratedat PH >
Fepco. Aty i Wihed SEntioPIRRSheUsY-GED B ShrettioBi i rtarid)

virus using ek entienySVIGiproteid feduttetiln @xtansiad syeioytia dorseatidned uringyines

applied after transduction and the blue cells were counted to cal cul ate the
t r ansductliPon Rsepargtiendy notkral meHiunEDTpsaltiet thedasestcell adimEHWAS $hér

L ansguet L on =T LT TABENAD YR bR SR B BN cer
virus whil e cghyohcotriing tdé anedueedfauiliner3istrictiohs cdd sytdtokiEity Sbas Over
10-fold increase in the transduction
detected.
Improved transduction efficiency in vitro
15 The transduction efficiencies of HeLa, SKOV-3, Bt4C, HepG2, EAHY
and 293T cells were determined with the VSV-GED and control virus using
MOls ranging from 10 to 1000. B-galactosidase staining was applied after
transduction and the blue cells were counted to calculate the transduction
efficiency.
20 The VSV-GED pseudotyped virus showed higher transduction efficiency
in all cell lines except EAHY as compared to control virus. BT4C cells showed
75% transduction efficiency with VSV-GED virus while control virus transduced
only 30% of the cells at MOI 50. Over 10-fold increase in the transduction
efficiency was observed at MOI1 10. In general, the increase in the transduction
25  efficiency was most prominent with low viral load, i.e. MOl under 200. With
higher MOls, the difference in the transduction efficiency was diminished in
BT4C and 293T. However, in HepG2, the difference was still detectable at MOI
1000, while MOI 200 resulted in a transduction increase from 20 % to almost
70 %.
30 In order to determine if the observed increase in transduction efficiency

was also associated to an increase in the level of gene expression, B-



efficiency was observed at MOL 10. In general, the increase in the
transduction efficiency was nost promnent with lowviral load, i.e. M
under 200woWhddmnsbisgher MO's, the difference in the tranedwais20es/mif3ci ency
was di m ni shed in BT4C and 293T. However, in Hep&, the difference was
still detectable at MJ 1000, while MJ 200 resulted in a transduction

I ncrease from20 %to alnost 70 % In oricr to determine if the observed

i ncrease in transduction efficiency was also associated to an increase in
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as neasured bygsultechin agix-fiokd imlcmseahI@nev&mrmoh/ﬁéte@ﬁldmmmduotcontrohas
partly retained in all the cell lines tested at the sane tinmepo
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epi t hel i al rain mcrovesse expression a\{ter

the VSV- GED \mmmrarmdecﬂmmaswmsat@d)byieomtr&ﬂherblméneemlwmreés VBY-GEer al
ventricl es, subarachnoi dal space and epithelial lining of the brain. The
obser ved 1@harﬁ@?é‘5ﬂHCt"Pfé was el dataiegd dniall the |quellw~°z festedugt e semaed

usi ng VSV-G %&ﬁﬁtyped Antiviruses (Burns et al, 1993; Watson et al, 2002)
and may i ndi cat hat VSV-GED fragment results in a transduction pattern

simlar to thﬁiproi/eauyénémngv&n ¥PVive i n vivo. Viruses were injected al so
into New Zeal and Wiite rabbit M sem nenbranosus and transduction was
vi sual i zed by b- gdletaldagéddaculovirus transduced efficiently cuboid epithelium of the
choroid plexus and to some extent epithelial cells in brain microvessels. B-
15 galactosidase expression after the VSV-GED virus injection was also detected
in the walls of the lateral ventricles, subarachnoidal space and epithelial lining
of the brain. The observed change in the transduced cells is in line with results
obtained using VSV-G pseudotyped lentiviruses (Burns et al, 1993; Watson et
al, 2002) and may indicate that VSV-GED fragment results in a transduction
20  pattern similar to that of full-length VSV-G in vivo.

Viruses were injected also into New Zealand White rabbit M.
semimembranosus and transduction was visualized by B-galactosidase
staining. The control virus expression was concentrated near the injection site,
while the VSV-GED displaying virus resulted in broader distribution of positive

25 cells in muscle tissue. Modest transduction efficiency was detected in the
rabbit skeletal muscle. Altogether, these results suggest that VSV-GED
pseudotyping provides a simple mean to increase baculovirus transduction

efficiency in vivo.



staining. The control virus expression was concentrated near the injection
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pr ot ei n- pseudot yped bacul ovirus, in which the G protein is truncated and
conpri ses the ectodomain, transnmenbrane domain and cytoplasmc tail domain.
2 . A baculovirus according to claim1, erein the ectodonmain conprises 14
to 25 nenbrane-proxi mal residues. 3. A bafulovirus according to claim1l or
claim2 , Zéleln the G proteinis fromvesicular stomatitis virus. 4 . A
bacul ovi rus 28Pdi ng to any preceding claim which conprises a foreign

gene. 5 . A nethods Lat) bRGHYGIN peUERINE BElIbERSEURLARNGhe QIBteig & | S

vmthaforelgn gene, ovirus Is according to claim4
Use of a bacuhuncateds amcd;omaﬂnprgs&so tbé aectodomainr trehemeamrbaet domairi and

medi cament C)crytogp‘?asmlc tallacPoymaln

5 2 A baculovirus according to claim 1, wherein the ectodomain comprises
14 to 25 membrane-prokimal residues.
3. A baculovirus according to claim 1 or claim 2, wherein the G protein is
from vesicular stomatitis virus.
4. A baculovirus according to any preceding claim, which comprises a

10 foreign gene.
5. A method for baculovirus-mediated transduction of target cells with a
foreign gene, wherein the baculovirus is according to claim 4.
6. Use of a baculovirus according to claim 4, for the manufacture of a
medicament for gene therapy.

15



