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WO 2008/ 099148PCT/ GB2008/ 000464 1 PRODUCTI ON OF
WOENTSAMREL VECTORS Field of the Invention PCT/GB2008/000464

The invention relates to nethods for the production

of lentiviral vectors. 5 Backoround of the Invention

Lentiviruses, such as Human Inrrunodefl ciency Virus |,

are prom sing tools for gene therapy due to their

ability to transduce and integrate into the genome of

bot h di vi di ngPBRAPUGHON OF LENTIVIRAISVEEYORS:r , the

production of replication-defective lentiviral

f | arge-scale clinical use is challenging.
—F—'@Mtgrs are 10 norrrally produced by

several different p asm
offt vect or productl on vvas based on a

t WO~ (RIS éés%?éf% %#JH}aﬁtlmgwoéo éi?s%% IUISE Lgpéémwgng tools

rove the sa
fog ggneb@'leg@madm &ai theirt abilitp to trahsduredid itlegratb ARBIES g8hdme of

bcﬁh EEIHI %@cﬁ 6|¥ ﬁ{vh@ﬂ%é .Blgﬁfw%\ép\fft@te%&@L@Fl&?é{krgphﬁgnﬁfectwe
Ie@twgl weRors fpcdmgetse:ale ain&emuéevmlmau G VSVF%%%LPI‘S are
ﬂOYﬁéi LHF E.‘lo tlirl fﬁf\é(é{ﬁggqﬁ(co ront eelmrllnryomc kldney cells with
several dlfferent plasmid constructs. The first clinical lentiviral vector production was
based on a two-plasmid system (Lu et al, 2004). To further improve the safety of
the system, lentivirus genome can be separated into four plasmids. The plasmids
are a self-inactivating transfer vector: a packaging plasmid containing gag-pol: a rev
plasmid; and an envelope glycoprotein plasmid which usually encodes vesicular
stomatitis virus glycoprotein G (VSV-G). To upscale lentivirus production, the
growth of adherent cells has been changed to cell factories. Lentiviral vectors have
also been transiently produced in suspension cultures using 3-L bioreactors in
serum-free conditions.

As transient transfection systems for virus production can be problematic
and time-consuming, attempts have been made to develop stable large-scale
production systems. However, the toxicity of lentiviral protease and the fusogenic
envelope protein, VSV-G, has prohibited constitutive vector production. One
production method uses inducible packaging cell lines, controlled either by
tetracycline- or ecdysone-inducible promoter systems. Other production methods
involve replacing the toxic VSV-G protein with less toxic glycoproteins.

Lentiviral vectors can also be pseudotyped by various viral surface proteins.
The most commonly used is the envelope glycoprotein G of the vesicular stomatitis
virus (VSV-G). In addition, various different envelope glycoproteins such as those
from gamma-retroviruses (e.g. feline endogenous retrovirus RD114 env, modified
gibbon ape leukaemia virus GalV, moloney murine leukaemia virus MLV),
alphaviruses, lyssaviruses or baculoviruses had also been shown to pseudotype
lentiviral vectors.
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growm h of adherent cells has been changed to cell
WoOaewsades. Lentiviral vectors have al so been pc1/GB2008/000464

transiently produced in suspension cultures using 3-L

bi oreactors in serumfree conditions. 20As transient

transfection systens for virmrus production can be

probl emati c and ti ne-consum ng, atterrpts have been

dey ble | - scal t]
PRy bl BIGERs B liBnsliolcn odeS) & sk p asdetong-tom
tr@s@en@eeﬂpmsgmnhasehm&i @pmnmdotirelrﬁanwamefienth@als and tissues

(ORI8Ra ePER- FRBRa b ec, SieunEhs tadiey nyvisees and enables

cohcemﬁatlonmhighltlt@d biulthlenbyugtdiohet racycl i ne- or
producti on

ecd F j nduci ronoter systens, O her
ﬁ?&g | %ﬁk&?ﬁsv%°§5§§$ Severgl @H\éa&t%s@%fovwn@ Yeliyewi applications.
Thwtﬁavb%l&@@m's@rt %Métﬂﬁr(gt RIORb) alf%”éfeVdaEQ%aIchﬁct dhsdudify most

al so.be gfiudot by various viral
mypERlian el 'Gdﬁfﬁ?fﬁcﬁ'%@é@fi%loﬂh@“ewﬂurem@ serum-free

conpionSi 1,8 o 182t Gl 4 1t e

iarépfgglﬁraéﬂdehigg tgqgha@g thelyawesau fewmafety problems as they are not
ab&at@m‘éplic%ﬁé foVm&Hlﬁ?aﬁaﬁ %e%b éﬁjof(ﬂ(ﬁﬁltg ﬁg«%ﬁ?gﬂé& ﬁﬁqiéét%,: éylé‘?’\ with

env, on” ape

h'QWB'HBHF'tH@f Infectiog M&dki a virus MLV), al phaviruses,
| ysB@&ﬂ:leﬁ%%s‘?{an%H{n QLG YHET Ief?&%s%éﬁgggﬁﬁrﬁ R8N 59 insect

g}seu Ot¥h l'entiviral vectors
cel & preductionsd viralilike pagiviss (VLP),eoth as rhepamus \_ﬂer Intact

vurué&é% een o ta| ned in
A A T e L
Pfquﬁé elyiscombuasbindyereaginees ddeagiituses ¢DhésHenks e8al, 2001)
en A8t 80261 P ek B osaor
Mﬂb@djﬁ]ﬁmene delivery applications. They have
a l r. C { 100 kb),. and .are capabl e of
Cr aACHRg ! e BRESKE lvbriiarl  MahEE of oo & lentvinus
veqtor; g:@rmr@ee etom;pgarmcbnofcal lenthtusUtrarssiém comdiiitt,f 688 pol, an
00,
em RS BiofT ahd 7 tesBhafbu R Bh sei & Fikorg8l bncatcvingse, and
tramﬂdgnmng.amnducemdu witeyheporesshtbabaroviead. ety probl ens as
Deéé?@ioﬁ%ﬁh@%rawings
The following drawings illustrate embodiments of the invention.
Figure 1 is a schematic diagram and shows cloned baculovirus donor
plasmids, BAC-transfer, BAC-gag-pol, BAC-VSVg and BAC-rev.
Figure 2 is a schematic diagram of baculovirus-mediated ientivirus
production.
Description of the Preferred Embodiments
To perform the method of the invention, the baculovirus(es) must comprise a

lentivirus transfer construct, gag, pol, a suitable envelope protein and rev.

The term “lentivirus transfer construct” will be known to those skilled in the
art. A lentivirus transfer construct is a source of lentiviral RNA genomeflentiviral
vector RNA and transgene cassette. One example of a lentivirus transfer construct
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10 able to replicate in mammalian cells. Cytotoxicity

WO soowesaiag arel y detected, even with high Milt 'l{)ﬂl‘/@hio\?smoo:m
of Infection (M1). Bacul ovi ruses have

used for a large-scale protein production in insect
cells and for the productiog of viral-like particles
(VLP), such as hepatitis VL I ntact viruses have

. al ee roduced using hybrid bacul oviruses.
Is @éﬁ%ﬂ%\n lpla@oﬁ@aqrarwcm IBRibanyE ttiapafep consteistesbwil also be known
to thokk BRI IViheWpeS, adenovi ruses (Cheshenko etal,

2001b and AAV jAu ng eta!, 2007) in manmmali an ceI I's
has TBE 8Mp ey protai W@Lﬁiﬁrﬁngwm)fto tithasel shitksak inothe art. An

t hod of
enfI608 B1In 19 bR R pRbteLE AR oBo BT & sy Ap pamle o
enyeiepe arfotean suitatile/for use tin dresiheentivaris VSVe®, gag, pa| an

20 " ct
20, SRYSHAPS B R S0P R 5 BBl 41 pramoes
of @'pdd@ﬁr@ell@ elitabig fohusdin the [mnﬂorbamm HepG2, CHO, BHK, 5f9,

statessgs Mo 8 gl 19 XEY RRETAC Vo ! RES'Y: B SSis. The

ustrate errbodi
pror«:luged eells may then bleeutitied adi pieeant anmh sRPUSsien.oned

smi d S C— ransf er
bac geg%gl]a% Ri%e \é%n%g d ng éapggfcgiugﬁq;rg ¢f functional
Ientmmsealaccordmggoame mfvebt&wdu@\uldiné‘éj IHE)C&hﬁéeediﬁé:%Hi bdui d’lff"ruses
Mo % ? Descrip og of the Preferred Enbodi nents
VBRI, 17 it Rl Phon cwbngiterbrbaculuirases, -and. most
prefsaabiy o\niey B¢ e)atigtb dh@f“@rﬁglé %aguigﬁbgﬁ THis frf?@ E;é %E@%@éd by

cofFbHE et BRb i bR o MAE e B

a singlelbdeaidvirosyn to those skilled in the art. A
construct is a source of

eﬂé‘#'{\?l écgqsf”éﬂrﬁﬁ‘qz’fég@%rq%ﬁﬁﬁ\ﬂ%\msfere&MgwlaB&C-VSVQ and
BAC#éﬂS genedc ﬁ%ﬁf\e%gr%% S4B Huiftab&Bt hdi&éhdlyhedrovirus
(ACM fﬁartve ggrg rcl(JJ(r%tstructed. They encode all the elements needed for
lentivirus vector generation in mammalian cells. By transducting 293T cells with
these baculoviruses, a functional lentivirus has been produced.

Baculovirus technology is an attractive option for scalable virus production
due to ease of production, concentration of baculovirses, efficient transduction of
suspension mammalian cells in serum-free conditions and safety. The lentiviral
vector may also be produced with the baculovirus encoding or displaying viral
protein rev, tat, net, vit or vpu, by, but are not limited to, fusing the viral protein to a
baculovirus protein. The baculovirus protein may be the major envelope protein
gp64 or the capsid proteins, vp39 and p24.

The resulting lentiviruses may be pseutotyped with heterologous proteins or
other ligands, such as VSV-g, gp64, avidin, streptavidin or biotin.

The following Exampie illustrates the invention.

Materials and Methods
Cloning of plasmids for the production of baculoviruses
All the necessary elements for the production of 3 generation lentiviral
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is LV1-G-P. Methods for producing lentivirus transfer

weoshsned s W Il al so be known to those skill eﬂg},&ﬂﬁ&om“
art. The term "envel ope protein" wll

known to those skilled in the art. An envel ope

protein is a protein that pgotects the nucleic acid

of a virus. An exanple of 5envel ope protein suitable

for use, in the invention is VSV-G The term
vestOrs, i aranyepiian \gells werek soploned t intos doaskiovires! danor heector

P o aruet foBh SNt Pacy B, BACPhatigiy BAC-gag-
pol gBACEA$Vanany EBACHev, CdB,IveNI 0BT 3Autographa NStlitamicRe midtipled
nuélﬁbbélthJ}SV;RIs%%R/ﬁ\fb gﬁ:rg% P?;l's raa;gq@iﬁlktgfj F:g Clﬂlgmg multiple

herent or 1 n SuUsp
Cloé{nén”éﬁe% (rff@@fuyaelﬂasﬂlsaﬂwavemmpeummmmlmmpbuwaI/Ascl)

e SR A MR B DAL R B

Waﬁhey are cloned into two di fferent bacul ovi ruses, and

cuI OVI f us@e¢xagﬁ|@T€éRgmqf&%ﬁ@ ARECGTGT

waeam%mesmcmgﬁmm@acmw (PRS- MS\I‘% ARyl The

0 15a bacul ovi r us
Qo TSR Al TR g ndSresken b&ﬁ%‘ﬂé‘i‘afkgmr\jd@swm under
theRABH YR G mmaﬁﬁrﬂr@wmedwr cwRdbriidr BaAbNA A etermination.
cal | fom ca. opol yhedrovirus (Ac M\IP\%

|
hav © FERRAl% ﬁéhf @ Qg'é%fat';"hug? -ERetbhaiing lentiviigs ¥resfeneenstruct,
(LV1e@BRY ANGFP €rinh \Hldgsid VLQPhPGKg&NGFPtWEﬁE @11\{1@15&%@”2006)

cells. ucting 2931 cells
Wa%é%‘ll%‘?HB %lﬁs@@ anwﬁa%nam thenE&F 7 makken geng deAlriven by the
phq&pﬁdgl?@tﬂ‘ate kinase BRGK) Opiohiiterd €CHAG! BBUC.Farilier vector was

ve, option for scal able virus production

00"? “%@é%’ycﬁu B'PB'GG&*E? Eﬁlﬁvaebmwnsafmmi-\b‘f -GFRJotodhe pFestBact
dorek fibetor ab?mmwﬁm étﬁﬂe@fTosﬁéﬁ’@ ;H%t 8 %a{h'e%\gﬁghc%es LV1-

ree conditi ons an

GF égf&qsfg E"lfllg}ﬁkﬁ*daw%’b BsdBlanslded cangh wbcdcn@d beiouSwal/Asal-site of the
donen Qé@tbﬂ?ol?!” ink@k. 99’1@¥éc%9d;ﬁaﬁa$f thé %eﬁﬂ&%‘é' \@a# Sl}ﬁn?& By di igesting

are not
LVR-%EPWFMS@ POt Al ﬂ@d ispeiogItos fragnsentriotodhe Asditand Avill sites

oﬂﬁ@ﬁﬂéhm\éu stiaed y be the major envel ope protein
gp64 or tpkdfg cg s:%(fgg{r?;tel ns, vp39 and p24. The

r eslinet w%agleatqovshrm éeBAG b sepreasingedagvand pol driven by
o0 B 8 g AR g o,

200?))13!' gﬂﬁh‘gi@@iiﬁpIaadumbuenedamhsmeh@nﬂasm ot iherdonor vector. Prior
o USRS 0 LS ST B A RRIE o o
Finlgh®nent s for the production of 3rd gener ation

| eRhbVNSR).G envelope construct from the plasmid pCMV-VSVG was
subcloned into the pFastBacl1 vector in two stages. First, pCMV-VSVG was
digested with Notl and blunted using T4 DNA Polymerase prior to digestion with
EcoRl. This fragment was subcloned to the Smil/EcoRl-site of the polylinker. The

second part of the sequence was digested from pCMV-VSVG with EcoRl and

subcloned into the polylinker FcoRl site.
Rev cDNA was obtained by polymerase chain reaction (PCR)} from the
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4 vectors in manmmalian cells were subcloned into

w@aRkhY g Us donor vector pFastBacl to constr B4hos/0
reconbi nant bacul ovi ruses, SAC-transfer, SACL%?;\W(E 1‘% /000464

BAC- VSVg and SAC-rev, der| ved from Aut ographa
califomca nultipled nucl eogol yhedr ovi rus ( AcMNPV)
(Figure 1). First, a polylinhker containing nultiple 5

cloning sites
plaspiigl inRRMERENS (Dullsgt iaf, Ar998) 1eing foppald andiirévRrss IpEowRs.| The

B

3 5SE(AGG'IT@BC2]AGIQ§I' SENECLEBACTITENGET AABTHIARETAGHAASE AN hold,

o N SRR i WS R s

revidrspriraeeists mmmecmMTmTcmawmmmr 3" (SEQ
conveni ent

of a hedr
DG SH-oTne heddT el O udpiBrS BRzs of e T3y g8 fup ol nd the
Ntehitel isgenisritedo nTh?eElampllff@CPCR%roﬂ@ct'vﬁg HgbEtEs with EcoRl and

el B AREER WRBILIPR AR o Tomtae) MRstSoTpl A3, and

sutbnlorﬁf:ﬂntd thet Ebmlm%ﬁél‘b‘f thd bFa@EcﬂBbi‘ﬁm{keG%‘ﬁ)rhﬁpBAc -rev.
X the 15 phos hogl cerate kinaSe K)

R%%@Re\w S ‘HRge, Hxc contelsple they EMVb Prometes owg@h (@searayipusly

summdoau agvmcmﬂ ﬁé{g?ﬁéntaﬁﬂwfﬁk&ﬁcémm\)e&%r g&‘gtbg%@smm the

BFast Bacl donor vector polylinker int
SWPHEE Riwiter9fdhe pFagiBagk polyinkehe” sequence, LV1- GFP was

pr@umﬁﬁp&mﬁ.hr@ﬁg 31 and Ascl and subcloned into
Swal | Ascl -site of the donor vector polylinker. The

sec8Pl (salls were thieted A Bnbeforga ransdustion.bGelsl yese iculjured in
Dul%% 0/d -\t EagReCMedn anMvg?Iw Fiﬁl@l?ﬁ%%l@%ﬁmgupplemented

gmentlntoteAsc sites o
wutpm % i fetal F;;cgglegggrynp|(ﬁg$(} dTransducttorrh@aqoaeﬁa@metg with varying

mug%ﬂéféy’ dﬁ‘?ﬁfew z gﬁrfge)n W%ﬁfﬁ@%@ B o Eﬁjn Qllﬂlier serum-free
or SAVBINGEUP PMEEN onREMUaAitEr+ h ircabatjorbin sApth-l‘ree medium

o BASFRAER AROGHORLADRIGI S YT 1 e an

megiurmwesl changedT Thorell Reyleymatanstsenidining ntiesysebietasi aokegted 48

kBl gyl R SRR BT 5 SRR

vecAfchoriltmls watchieageese medestherp @Rbh VRS thves baicglesinests were

iR b 0, ASE) o S IVEYSP S BRARS 126 B Yropara

by somtandmml foor plaemightramdiend Rianstdcdomimdthed mo293T oéley (Follenzi

T c pat. of se nce di gested from
and RRIAFCRR0RF T et TodSBiR0an i B € he b8Bm o ne
plates| {Hd plrtes ereRicased with Rely-lcBisivenascartingito dbe manufacturer's
insQ4AEr ase chain reaction (PCR) fromthe 5 plasmd
-REV (Dull et al, 1998) using forward and reverse
Titgringref entiViraséorward prinmer is 5

o) YifPRIOGA s of 5rlises ST ere igimiph by apaiyeia the

numlserloﬁ viras Particles dWWtramﬂa@élEleEa 6N/ em:@ay 6nd Rela cells were

t he Eco Slt erl.ined
seedeg in 8 we?l plates at Er %5 or m we plates at 5 x 10% cells per well. The

lentivirus transduction was carried out on day two with serial dilution. On day five
the cells were visualized with fluorescent microscopy and analyzed by flow
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5 reverse priner is 5
WOAHIBAIIFAGCGTALTCTCCTGACTCCAATATTGT- 3" ( SEQ | BUNGB2008/000464

3). The sequence for nucl eotides 349-325 of the rev

gene is in bold and the Nhel site is underlined. The

anplified PCR product was diégest ed wth EcoRl and

Nhel , purifed using a Wzard Cean up kit (Pronega,

Madi so g"ﬁ)o and subcl| oned into the
CYIUBRIY &ﬂefe‘@?'t Perqentagen of mella Whirk | weree frapsduced nby GFP
exXpPAGingentivhiDs 68 VTiEdPbUvere 8 alHME R éﬂf‘esﬁﬂﬁone Crcﬁ!enﬁlt?ﬁ]d Naldini,

pronoter which was previously subc
20dRul / EcoRl fragnent fromthe pcDNA3 vector

Ldﬂyt@rﬁfﬁgﬁ‘ﬂémbﬂtdhtdrﬁ% Eﬁgl /| EcoRl -site of the

ast B [ duction of lentiviruses 293T
ceI |!zl,ehﬁe¢€é'8;65 aﬂ@d) werersaeded 0o the 96 sl plates. trabBstilced next day

If
R s L 8050 Sl SR EREER Ao
eXPIRASIND Wag mnn@cwg@weemmygmeytmnem Apearrfamicifm@almdﬂtrol Hela
vveen
col YERBAEIAL o thghBHTELEAC R B4R 5 ana o
expiassloanas raniRivehMnoa sikflst wapf ter 4 h i ncubation in
h I ted DVEM
DAEHatiof o FH dARe8hiraiaR ' *vached and 20 medi um
was Tileaargeuht of hentiviedll capsideprotdira pR4 g Was determined bg p24
cUISH G GEIER S SRl TSP e, DR S e
replieaper ompetent lentivirdsesC (RCL)OWas dimeCHE P2UWEEIBSERGStermination
fFO}‘Vg e ég "B oé t he thrteeli_P cul Qvi ruses were m Ssi &)é
 GRlGeplre surnatapts Vipre trapsgycedrwilelenfdrus and
thatramdmc&@aemdlehay Waﬁmﬁﬁtbmady o Eytemaen @eltsr\@él'é'(ﬁﬂﬁred for
transfectlon 1 cells (Follenzi 25 and

foyga Vg ntsrow?rﬁpFé{%@t%énﬁtq‘ﬁc%ﬁﬂt@mr‘t RE P24 in the
sup@’nh&nts) \Atabembéédr@m r@f)eétb@lypé@taeﬁ)arﬁéﬂ CofPRBLEThEWRs further
Hﬁated Wlthé) r?/ % accor di to the
CORAALLRY (TRBSAUSGRYE Helanas STty cpkRpiast StRaTaatants ansh GFP
expressioh Wag rﬁksmltebféd sy Miorbsudht Ni[dré‘é‘t,%‘én% GAYKBW cyh&er.
eter m ned anal yzing the 30 nunber of virus
St%ﬁthag]? ﬁ#e to transduce HelLa cells. On day one
Hel Sta{ti%hd:éi ﬂﬁél%e%ewg b&rdtmeRl |bP/pt¥i‘é;?rﬁ° némx 41Qéré}5hPad

}n 96-wel | pl ates at X 103 cell's per we

Softwate WFv@é“tQ'%%HQﬁf) was carried out on day tvvo

ReWuft® serial dilution. On day five the cells were
visualized with fluorescent m croscopy and anal yzed

ogﬁrppgwm of baculoviruses
The key 3" generation elemenis were cloned into four baculoviruses. The

baculovirus plasmid constructs were verified by restriction analysis and four
baculoviruses were generated in Insect cells. To monitor consistency of the
baculovirus production, immunoblot analysis was conducted on each batch, with
anti-gp64 against major envelope protein of baculovirus. End point titer
determination (IU/ml) for concentrated baculoviruses was done in insect cells. High
titers (>10"° IU/ml) were measured for all produced viruses and used 1o control MO
in lentivirus production,
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cytometry to reveal the percentage of cells which

qﬁf sduced by GFP expressing lentivi M US 851/ B2008/000464
W Og@sﬁ%re cal cul at ed as described in Foll enzi ano?

Nal di ni, 2002. Long term expression of transgene
5HeLa cells (5 x 103) were seeded on the 96 well

pl at es, transduced next day.7 W th
bacul ovi rus-produced lentiviruses and cells were

Pmddctlbabeumtﬁ\ﬂnﬁse\seeks GFP expressi on was nonitored

fl t t As addi ti onal control,
Hor Sl ehpusesoerd| B0 sach Ay, dBMS b ationb et 29 raes. with four

ba%&@vtrﬂ@égs fr%nsﬂﬁ&roﬁs\ﬁasﬂﬂerﬁ?ﬁeanlﬁlﬁgnﬁﬂ@réﬁf PGl d%jﬂcubatnon

a simlar way term nati on

t‘@ltnﬂ ?gf'lﬁ&‘?non eﬁ‘caFHeW%ﬁrMﬁ'tOCﬁd 128nk i after dhe dm‘sddctlon by
fiuereceht niicsddpy! N antivRas ¢Bhes rﬁx@%gpé})ézﬁéé @k&eSAollféc'ied 48 h

NENTm Li fe Science Products
anpE g kgnssiuctioeandiiferscweredietemined EhlrlelLaemliS\asrttmEducmg units
(TURGRH) was done by p24 ELI SA determination fromthe
cell_culture supernatants. HelLa cells were transduced

wi t Houe hasuleyiuses aMOS 500each yieldritientivirus fitérs melhcan average
of ‘8963 x %ﬁ‘ "I*U?r'h?ﬂ:hgﬁ( trfathg’ch\ﬂcﬁ t@égogﬁgg ﬁs’ré\ﬁf%egurgln 16§ ﬁcg]dltlons

for four wee supern a
Bagblayisus rcancenration p;z4MDh Iﬂﬂe pragdoeed digher Sembdrugeasis’ @ih an

hj.s was_ fu
=vEBRBELE 2 £ 91 Beefike Tl S LI when igher
baggpvisss eancsotpationa (ot baandw @sBs eXM(HSI&DOleaM)Swere used. Four

o2 Mol QO FRFRLIne AT 05Y el Pitaos:otcap x 10
TLumawms bagravime rtfarsdectiday m@sapéTRﬂmBﬂl @m rﬂgrﬁtGr PhetABPMI

g 5
meh i I4sCcddin b fluciono e Sahesy s vt Wt agcfavg@ﬁg@r @t 5-8rx 10
TUShk miraady \akMeOL lSOnem‘he nitersf aty chapaiapy fdJ%%e Hﬂa;@uced with
onst ructs re veri
cof bl fﬁ%ﬁ'iﬁﬁ%{ﬁ SR Pithou, BRliSesd Ane Matinica02).
gen@hatdiftbrem ﬂaﬂeeﬁtplam?dn% caKQnﬂUEﬂb%QﬁFt}rQ QH%IMH Q@gfectlon
acul ovirus uction, imunobl ot anal ysis
WG ST B AN 0as11S RrTIoeys ook hsplasiaids were
useh)\thd dgraivhootirid wefe DBAUCRY iones thar ExRiddt  BAESFarmfer virus
a]tl 0 for concentrated bacul oviruses
Wa%a?i glﬂgb é"& r%&quéenfpﬁ"gﬁ titgrs cgoyld, ba @btpinadi/ Aowever,
theve mwmstgjnﬁ@aﬁtoﬂrﬁéiehc@ NRAKE etkr¥ | doHﬁﬁ?e@ﬂij e Brbdltion with
'Y%l n lentiyirus production.
s;mclar doses of baculoviruses. Titers obtained with the doubled amount of the BAC-
transfer were at on an average of 1.4 x 10° TU/ml.

As negative controls, lentivirus production was performed, omitting one of
the baculoviruses (BAC-gag-pol, BAC-Rev or BAC-VSVg) at a time. Collected
mediums were used to transduce Hela cells and the number of GFP positive cells
(%) was analyzed four days after the transduction by flow cytometer. No GFP
positive cells could be determined in these experiments.

A frequently used titration method alongside with a biological titer {TU/mi) of
lentiviruses measures p24 concentration (pg/ml) by ELISA. The p24 concentrations
in the medium were 191 = 105 ng/mi which corresponds the values for the

representative virus preparations. However, p24 concentration does not separate
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Production of lentiviruses Lentiviruses were
wprs/uges by transduction of 2931 cells wi th fRufigB2008/000464

bacul ovi ruses. Transduction was perforned using

different nmediuns and incubation tinmes. The

transduction efficacy was nitored 20 h after the

transduction by 5 fluorescent m croscopy. Lentivirus

cont ai ni ng supernatants were collected 48 h after the
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. t 4 ower_ thap expecte
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weeks were further used to transduce naive Hel a cells but no GFP expression was
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in summary, successful generation of functional lentiviruses using hybrid
baculoviruses has been demonstrated. Lentivirus fiters produced by baculoviruses
were comparable to those produced using the conventional four plasmid
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Al t hough bacul oviruses are safe, contam nation of the
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desirabl e. The anpunt of residual bacul oviruses in
the lentivirus preparations was only 0.1-0.5% of the
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11 CLAIM5 1. A nethod of generating a lentivirus
vector, conprising cloning each of a lentivirus

Wotzgﬂg;agg‘lgg construct, gag, pol, an envel ope @'Eﬁ’kﬁhﬁbsﬁﬂqm
rev respectively i nto the same or different

bacul ovi ruses, and transducing a producer cell wth
the or 5each bacul ovirus. 2. A nethod according to
claim1, wherein the envdl ope proteinis VSV-G 3. A
nmet hod according to claim2, wherein the lentivirus
1 ansfer construct, gag, pol, VSV-G and rev are

into. SAC tr nsfer
DB b < By PR S Sl BA R 5B o
lentl\lrusvuws@r condirict, gag, pal,ramsertvetaps foesteio @ndtrev edspe@ivgly into
t € r ach c| oned
o ¥t of Aefehi Bty st Ak AdRaliile A foBRE ) i ipe o
eacwubwmdl ng claim wherein the producer cel I i's
298 hatity : X BTI. B
2. ! y
L L

3. ned nwﬁwqﬁcamar@ingqotctaimﬂywmremawe fegtidtusitransfehesrstractt ey,

/ {/ ! -
pol, §V (? é{n‘é 3@/ %{egﬁ%eﬁw&cfg gtﬁ{wédj ﬁltto BACGrdnler ds 48! '2}29-%5 BAc
VSVg and BAC-rev.
4, A method according to claim 1, wherein the lentivirus transfer construct, gag,
pol, the envelope protein and rev are each cloned into the same baculovirus.
5. A method according to any preceding claim, wherein the producer celf is
293T, HepG2, CHO, BHK, Sf9, Sf21, 293, BTI-Tn 5 B 1-4, COS, NIH/3T3, Vero,
NSO or PerCs celis.
6. A method according to any preceding claim, wherein the lentivirus transfer
construct is a third-generation lentivirus transfer construct,



