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PRODUCTI ON OF LENTI VI RAL VECTORS Field of the

I nvention The invention relates to nethods for the
w@eedogdison of l[entiviral vectors. Background BET/GB2008/000464

I nvention Lentiviruses, such as Human | nmunodefi ci ency

Virus I, are promsing tools for gene therapy due to

their ability to transduce qnd integrate into the

genome of both dividing and non-dividing cells.

However, the production of rﬁglication-defective

lentiviral v&RQGPYCTION Of HENSVARALNEGTQBS use is

chal l enging. Lentiviral vectors are normally produced
by cotransfecting 293T hunan enbryoni c kidney cells
E@¥¥£ﬂ3%5¥ﬁﬁﬂlhifferent pl asm d constructs. The first

c1 i ireahvérihir el o WRAAGSS o7 BAYFEACAONBPIRARRTBROR,

two-plasm d system (Lu et al., To further

B of the system lentivirus genone

can ReiHRRAE A6 44 HAMRAYMMRaBTidEncy NARUSP], 3RdThREMI&NS tools
a self-inactivating transfer vector; "a packagi ng
foppersiherapndes i Rigrgahiipin trassduse anddsiegeate g thg genome of
J I ) . ) _
oUELARE ) NSO B AT W SiARAR b RERERRproome
lentpirah vectpesntar Jariggsscaleodiniaal gise is tabalignoingy Lentisis evestars are

I e rJ enk b\ :
ey AABRy SORRER R ST AR o Tty B i
seygeah different pasmid cenrstiysisngha fitst blinical derttiviral vieator production was

I . t anghant-.t p '
o88E0P 8 A B 05 D00 oL AR g ey of
the isyetean nentivirng geneome rgan oehseparated rintedfder plasoiseTbop plasmids

B S SR RBSoPACL b1 AT BB oot e
plasidi apd v envae:lme ‘gs'qomotdirm)lqsmidlivﬂiicredxsumtysemﬁqdesmsicular
SRR PP b RS PEPRE T Dol PatS, mapugpn. e
groethr afcadhierend celty haxbgenctanged tr cdl facipriesnientivinpbvenars have
{358 MUY PP BLAET clbRHYF, BRIAT UBRg! B B i
seremtfree comditioest or s can al so be pseudotyped by various

e e, BB GhE sRs PR R 55 b ematc
and tione-doviS\vin@g, dttenautsli Havenbearamares talidevelopnétabley irgpecale
pr%%%%ﬁ rs?/tsteeirﬁ]ss.’ o%e@ezri,sthte I?gﬁgity 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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fromgamma-retroviruses (e.g. feline endogenous
retrovirus RD1 14 env, nodified gi bbon ape | eukaem a
WO 2008599538 V, nol oney murine | eukaem a virus MROT/GB2008/000464
al phavi ruses, |yssaviruses or bacul oviruses had al so
been shown to pseudotype lentiviral
vectors. Pseudot ypi ng broadeps the transduction range
of lentiviruses, and |ong-termtransgene expressi on

B N R e N N

tranegema/|erxpmsmantjasertad@|neebtamwem maanyowifteverti gdlist aherissues

(B0l 20E8" FEpLaRnG Bisd SFoGiierls RERIE RERREaed Wi Bhaples
cohaergeatlonmh@hdm:rabymjtrel(c_enthﬂfgalmlbn)l _and ar evgﬁpabl e of
t ia e i nes, e
| o OB RonsRY BRvera pGvartagsaGr i ashéctelivBn, appiications.
Thequﬂaivbiaolasge( iBeett tcapacigl (>, 1(KD|€H))andl dreasighablieodt, transducmg most
bacul.ovi r':@es are eas oduce in | arge-scal e

to an
ma RIS Col Ihes, oD, Ml SHens e iR iy Saim-free
cohb?yrt'nﬁl(@:dmoét ak)! 2007y, rlrsmdlumage?adutmmeeé lafd eé?} ks produce in
ot oxi ¢ ver rare et ec even W I g
<R ] bl gfertn P P ERRRY OVl PP adie<ah ey are not
able®Rvephcme frofmamnhBiag @ehs. aCotoRIXRig lle@rp/OfdkéN U@t@c’deﬂ even with
t cells and f the production of viral-I
h'%@'ﬂ"ﬁ'@h “é’o(f?ﬂ_f%tm%m) -as hepatitis VLP. Int act VI ruses
hav 8zlpoirkegmavewleaakedSobng I&M@sbﬁieﬁﬂéﬂéﬁrpyﬂowétﬁﬁ] in insect
Ceﬁyacul vi rus-medi at ed _production of reconb

PF‘?J ke piodysiian of yirahle Rasides (MR és%‘?l@@ reqpaatls VLP. Intact
vird98slhaveilsd\oder ﬁé@ﬁébcﬁﬁsu?% ytﬂfWa)culdi}lrméc@Tbvﬁ'%Jrﬁedlated

has al so been describ umar the I nvention
Progualiproh fpceabingst Riflgeza wrw&d&swv'r@s%m@ah@fko et al, 2001)
angguRy e«uarmg & g, 2aby Vnhfrh'eﬁnﬁh@ﬁérpéells%wéosﬁéen%é%ﬁhﬁ& each

a lentivirus transf er construct, gag, pol, an
and rev respectlvely into the same or

di f fResRing & Wﬁ@\ﬁrééé?ﬁﬁnvéiﬁgnt hapethi BO g@n@fa‘ﬂﬁg%rl?]ntivirus

cell with the or each bacul ovirus. Description t he
VeEioanLorgRrisase CIopindo ARHY Ofirdalgnilyisus |t1au1§te|r gansugiodlagemos an
en%lob@%rdt@hﬁ% l%'i}reé:ﬁél:ﬂ\r/éfy tb theé's ngfe?%ﬂg%%lﬁmrl?s'é‘g and

shows cl oned bacul ovi rus” donor plasm trans

tragagucingya perduceneei@iytharmy eapthbacuovirus.

Description of the Drawings
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 lentivirus
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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Figure 2 is a schematic di agram of
bacul ovi rus-nedi ated | entivirus production.

woemsnpqats on of the Preferred Enbodi mnents To peeT/GBR08/000464
the nethod of the invention, the bacul ovirus(es) nust
conprise a lentivirus transfer construct, gag, pol, a
suitabl e envel ope protein agd rev. The term
“lentivirus transfer construct will be known to those

s BRI MR o ST PN LRSS kBowr
toIRWkeaErkdletirimnwne cassette. One exanple of a

| f tructis LV thods f
or odlE (™ EhFAes peoteral B Kiomd: Pubose WAIPS I 408 B An

erkelops pir@tetrhgasprétblri thetprotectdtte ailitleicldvid bE4 Ui NAE brdBple of

nown, t t hose skKi in the art. An
iR PP reie i HHtabls 1P0ss [t Be ST ERLS VP UChet's (e
nUC'TmeCteﬁﬁl“ﬁro@ch@r O8lIT Wil bePRnENRIPING s kkiRe #1 mréeart Examples
of o}eln swtable or use, in the inventionis

V- G
e sl s aie dor sl T benton deh SR + HRGBSHO, BHK, Sio,

stk Izbsd anThhs Brt4, BOBIPNRY3PE, RERIUISO 6|e|lde$06 cells. The
sui t ab for use in the invention are 293T, HepQ&,

pregyged Bﬁlis mgygherche Qulttzgé as gehergnt ¢ ip syspENsNs,
NI "Vlﬂrgféraﬁl’?r %{l h@OéPémEﬁécﬁeé‘d%ld %r khe proadessd ¢ efdnttional

may t hen be cul tured as adherent in suspen5|on
lepipiiseaBeGPrdigg to thednkerdienare clases é’dioftﬁfleet% éerprigeARstavisHses.

M&fe fpwaﬁdbyaﬂheﬁ\néfeVbleé(@S.nﬁﬁ &Rb ddilﬁgre‘hf’ ﬂeléﬁldleM@éét 'éHEi most

are cl one into three different bacul oviruses.
pretesakly. dbey are plepedindo enerfinple kaeulovisisdi Tfmérr@fnt be achieved by

cJP@&thYM fé%ﬁ:"??s %@A@Q%ﬂsﬂr b £ #ég ol [EV- V%r gﬁg—rev into

Into one single bacul ovirus. mey be ac I eve
a gipelsibgicHigVireRe f eat ures of BAC-transfer, BAC gag- pol,

BAC‘F?@ Fecth r%@bé@Mowms%s% %" f?%s@erbg%@ %%HSBAE%VQ and

reco acul ovi ruses transf

BAEACWSUgrivadd fremCAuingrarhe icalfamiceao mumqaogldapmeopolyhedrowrus
(AERINE\' Rinfe? o) tdoﬁgﬂgstgdrh P8R A WL T dlSmEAEMESea for

ave been construc enents
lenfisirde ovefctar q;amfat@hrlnsma@medjan getier ayittamsdmctmmﬁﬂT aells with

th%?é b%cukﬁ)f ru‘séé‘ %STHH&oirr]lgglem-ﬂs G5k Ibli,e %Q@ S€

OoVI1 r us Ientl v as bee
pr ooBﬁQ@lU:wr@(t@ﬂM@Iogués taecattnmtwgyoptlssnafpr acalamletwme production

dL%Dfoi Qéhéz of pﬁ)‘aﬁkt?ow, %om:érﬂrsatigﬁ %?j %%Ebl%irses, 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 Example 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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due to ease of production, concentration of

bacul ovirses, efficient transduction of suspension
worossapdias cells in serumfree conditions and BEF/€B008/000464

The lentiviral vector may al so be produced with the

bacul ovi rus encodi ng or displaying viral protein rev,

tat, net, vit or vpu, by, but are not limted to,

fusing the viral protein to a baculovirus protein. The

t
woBRES! SurBIE el ol RSN Nector
phastidali iogcd)rm’uwct/ faun sresomlmya@ebammwu‘sgqo dBiA@A’rt]itahsfe\r}Sl\B/AC-gag-

s .VSV-g,.
oo EACRIR308T SABLES Ul o SO0 B s
nuesespplybediovings (AdMISPYhEFigureen! i Eirst, a/bbb'yl‘ml@rscoﬁfahng multiple

o BN RSB A ek e SEAp hsvtsc

was doad inbonthefunBne genesitet of pFabdeci Vﬂhé|s‘eq9ér¢lfesofltﬁe polylinker
manmal i an cells were subcl oned into bacul ovirus donor
W&Pect or pFastBad to construct four reconbi nant bacul ovi

5’ CASEH,GBOTAGCO TG CAGGBAGABUTIAAG BARA YBNAAETACBACGEETGT

TRECERar S RaR G EEATT  Relero dRRbtre (LR BC o 0. The

dopot yédtokaso eomamiet ithdradiLi dokdtcBnthratHim thadkdr@ene (DsRed) under

\/
fhé 5@2}@ fN)P ﬂfpp&?‘%@m@mt% facasryenieptRasuioNisys Hitshaieterinagion.
was To garfatierd mhﬁ@eﬁéfﬁtﬁ)ﬁeseﬁ%éétlvﬁhﬁgﬁIéPuftlelFsaﬁ&r%’i‘& construct,

(L R AR B PR BN SN VR RE ST AdTerG72006)

waET%P&@&%T@m%TJ oA Qmarkélsggé 2 Bﬁvenli)y the

The d?nor vector also contained the red or escent
PheERRQAIYFEFRIP k £inagen & (Ids RsaMOtgider ThtePBARtIrasIStest vector was

coRStrYdiedl by @ul&flém'ﬁ?_é He fe%aﬁ%ﬁﬁ@h@é‘ﬁor‘ﬁq_q}"ll GFPWH[% thé hBSstBact

determ nati on enerateat Ir -generalo
doggy yeqiorRa!Vinker WgtWOeﬁ@gQﬁ rascleneatheriisst Rashet thessequence, LV1-

GRP- WasGhEestENGin B&@Paﬁhaﬁéﬂl %nlﬂ d?)%@ﬁ Mﬁswgﬁ%@%% of the

(Maki nen, 2006) was repl ace %/
dopgh¥eGtercRolYIiner. e mpR@ Pageridhe searangenvasycloned by digesting

LW@PPW\Q&'X&‘%%Q\%! BRPRséMm )(hé)fré’qm%(ﬂ mtomg ol and Ayrl sites

C-transfer vector was CORStrU by ~subcl oni ng
Ofﬁ@ modified gEgeiBaetriasmid. LV1- GFP i nto t he pFast Bad donor

vectg ﬂ%féké(élh@‘&%ﬁstk&t ?Wétgﬁgep%i) ég&régsmbegéﬁgné 'proﬂirlven by

part of the sequence
CMV promoter was derlved from the plasmid pMDLg/pRRE (Follenzi and Naldini,

2002) by Apal | digestion and subcloned into the Smil-site of the donor vector. Prior
to ligation Apall ends were blunted with T4 DNA Polymerase (Finnzymes, Helsinki,
Finland).

The VSV-G envelope construct from the plasmid pCMV-VSVG was
subcloned into the pFastBaci vector in two stages. First, pCMV-VSVG was
digested with Nofl 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 EcoRI and
subcloned into the polylinker EcoRl site.

Rev cDNA was obtained by polymerase chain reaction (PCR) from the
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GFP was digested with Bs3\ and Asc\ and subcloned into

Swa\/ Asc\-s\te of the donor vector polylinker. The
waewsngipart of the sequence was cl oned by di geGT/GBV08/000464

LV1-G-P with Asc\ and Av \ and inserting the fragnment

into the Asc\ and Avi\ \ sites of the nodified

pFast Bad -plasm d. The packggi ng construct

( pBAC- gag- pol ) expressi ng gag and pol driven by cw

RSy (R o 192 (A P TP BR s The

fosnerd lpine is I5l’ @GAWGGWTQGE@CCH@EMCAG&ANGAAGCGGA—

on ApaU e re b wth T
3 RS Rot, o Sicer il BroiRhtted; A 2Rt tddpeysan boid
théﬁ’«ﬁaﬂnﬁ)n@@ﬁwsr y@zjuehb@nstnlnetamb agmd thep BURVENSS underlined. The

ropaing piMgcino\ Ao AR T el af Thirtendae oAtk iamo sea

IDUSO:rE). TheldSAuEiadeyive haa@otWesmsatgzsobfqnéte\pgbn@ it B61ERAINd the

Nielistds rfned:” Fhe ABaBng o pragtict Has SEnstiwitheoR! and
Nﬁélggamd us”@gnaOW&érHSM@aW ddﬂ kEC(PRimégwl MHEisbeNed, usto@ and

DNA was obt ai ned

susBlop AR e foR NBgesiieon! the@RASIBash ROMPREEI @i PBAC-rev.
R@R%MT\RE\(/a%%dereﬁweaéontr%ia%)théls(bmg Bﬁfn*{@érd\nﬁi% Wﬁc&tiﬁously

prl nmers. f or war d prl mer
é@ﬁﬁ@@&m&@w f@gwxesttgomdhﬁd)c%% w@ors@@;\a@wmip the
smu%&ﬁmsﬁ@%f el RiBdcADolyfiMkgiene is in bold, the Kozak

concensus sequence is in’italic, and the EcoRl site
Prgelyetion of ientiviaisesver se prinmer is 5

AGCHGF @éﬁ@%@@%@@ﬁ%@%@%@% ibi\ ($Qt k@re’r\ggltured in

The sequence for nucl eotides 3

Dl@iz@ﬁm% Mq‘ii isgl Baglasl MetiurnHBMEM) er IRPMIn#e4Q baddsuppiemented

£
wﬂﬂﬁb% 'fﬁrgll Eggnggsfégb'ﬁl - d&%ﬁﬂgﬂorﬁ“ﬁ% F@r?@hle@ngnth varying
mBliosy @f lrwctlowséMPl) bﬁwegu (56 ande‘cmomfu peh eelEnostiher serum-free

or%eruﬁh %ﬁ&ﬁéﬁgﬂﬁeﬁﬁﬁ?ﬁmgw ?ﬂg &P Iﬁ{ ltnEHb OhTh Q%ﬁ% fr&& medium
onit® fcin seagmpuepicoested BUMEM orhlaalvkhat a7 Re the Eedlsmvere washed and

o ETERL B PACLYR M) AR B8 0

h posttransdugdtion sud centrifuged at 1500 rpm for 10 min at room temperature.

r—IP'

As controls, batches were made where each of the three baculoviruses were
missing (BAC-gag-pol, BAC-Rev or BAC-VSVg). Lentiviruses were also prepared
by conventional four plasmid transient transfection method in 293T cells (Follenzi
and Naldini, 2002). To improve the attachment of the cells to the bottom of the
plates, the plates were coated with poly-L-lysine, according to the manufacturer's
instructions.

Titering of lentiviruses

Transforming units of lentiviruses (TU/ml) were determined by analyzing the
number of virus particles able to transduce HelLa cells. On day one Hela cells were
seeded in 6-well plates at 1 x 10° or in 96-well 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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293T cells were plated 24 h before transduction. Cells
were cultured in Dul becco 's Mddified Eagl es Medi um
wQ@ DvEMY91as RPM 1640 bot h suppl emented wit h 10B6T/€B2a008/000464
bovi ne serum (FBS). Transduction was perfornmed with
varying multiplicity of infection (MJ) between 50 and
1000 pfu per cell in either zserumfree or serum
suppl enent ed DVEM or RPM . ther 4 h incubation in
serumfree nediumor 18 h in serum suppl emented DVEM
Cypmeipvito alevedt the PRECestades ofvsels el dverrd traperugad weys GFP
O s A e Ly e
2002. 1500 rpmfor 10 min at roomtenperature. As

L&r@{érﬁ-] éxprgegish%?tm,_rs efgde where each of the three

bacul oviruses were m Ssi ng (BAC- gag-pol, BAC-Rev or
BAC-Nahaggells (8 pt i0V) wereessepled endhe 86 pradpiates, transduced next day

. 5 . . ; :
VEPBIEISIERRS BT OSSR oo, o
exprgstnnevahmoatiorad weekty yf flavheytomietes. s arhaddiitanabeoendfol, Hela
cetllg%vé?% %ﬁs%st’trar{sﬁﬁcéﬁ &hh DB GnfCBAB NSt} &gLé/ss}nPl Qg{ép 9d the
according to the manufacturer s rnstructions. Fitering
expredsim was mopikyediraa singlamimay. units of |entiviruses

Détje—%ma)ﬁowe&%ﬁe&g{ﬁ%“%§° y anal yzi ng the nunber of

virus particles ransduce HelLa cells. On day
one THel amoenhtl of lewtiviak esgbitt pioteit p2d| (pgfohipivas deteriinedlBp p24

i 0., 985 vl 0 I I Th
= RyFEe LALSSERedl Fatid @) 8L, ol o e
repj_iddﬁols grdngietqzﬁtt Ihle?tr‘\musemRG:ay xag\r/gorg ey q!ﬂr:ﬂd ELlnﬂaﬂx ejete‘;mtianation
W upr es S Z .
froth 08 S8 Rl ' LpbinBRss ke SURLESE dRbsBced PR YEHF i an
thmasduclaioa ;étf':ciiill;ctayva@ﬁﬁ’od myogeagsyﬂmgz clkr?métqﬂ. Oﬁﬂ@&l\glreg?mmr@d for
cul at e S escr I N enzi ’e
0Bt FhTAn B PR Sy el e EREcuBiBton ! b2 in e
supetiriziantpenss améb adaldoreﬁeb’@dﬁﬁagﬁi |rré@’|ka|t tefB,BGL[.aﬂlﬁéuﬁaﬁi further
t t acul OVvI r.us- pr uc e I VI ruse
oopfifed By tinstvOaF Bae Feta Belio Bt colispey SypBteRaie qad GFP
expeatsiar eat meakdrgd by filibecentintioRsespy Al #dw aftbiketednal

scgnﬁr%I la cells were al so transduced with
BUStFAANAMSEBAC t r ansfer expressing GFP and t he

expratdtionl \wmalygesi Woree perforrmed | ) | @faphR¥dPrism 4 (GraphPad
Software Inc., San Diego, CA, USA).
Results

Construction of baculoviruses

The key 3" generation elements 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 to control MOI
in lentivirus production.
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Det ermi nati on of p24 concentrati on The anount of

lentiviral capsid protein p24 (pg/m) was determ ned
whgoopAdo1E | SA kit (NEN(tnm) Life Science ProducPGT/EBYW%/000464

p24 ELISA). Testing of the replication conpetent _

l entiviruses (RCL) was done by p24 ELI SA determ nation

fromthe cell culture supernatants. HelLa cells were

transduced with lentivirus and the transduction

jency was, nonitored by flow cytoneter. Cells were

PE‘Eﬁ‘!“& IgptiyigigeSeeks, supernatants were col | ect ed

and Léivirossentdrat bﬂjaiu@éd PBy ﬂréh%b&n&ﬂﬁﬁr QQ&?”E@IS‘A@\ﬁth four
sured repeatedly as a mark .

b%ﬁ W@Fe%Jﬁﬁm%EP%va% Pﬁﬂ%fmﬁﬁ H*@ngw@wférqqé Lr@dwns @nd/unphbatlon

tipes.| Faé Gt?’ar%@@@cfdhaéﬁeééil #ad R t&é@rﬁ?ﬂ Q?t‘?r"‘@r% transduction by

nmoni tored by fluorescent m croscop
flygressant éwcmg?%w s#efav'ruan%q%@@gawr@ardmwqﬁanqugeted 48 h

i}ﬂ@rrtﬁe RahsQUdtBH 2Ry t@ré‘%?@@gfe'nﬁmeﬁ it e RlBERS a§9rfa5¥¥?fcﬁwg units

San Di ego, CA, . Results Construction
TMEU} ovi ruses The key 3rd generation el enents were

cl oneglri giciol RidesRA MO PYOE é'a%?‘?yualﬁ%& IQ‘@]&FUQW@H’I&HW an average

| asm d constructs were veri
0 @rﬁl&ll@ sTWivl whenrtransduction was esrfwm@i 4briersaturotfier conditions.

ﬁjscséﬂc%ntra— n f”M@Ir 7868 bib ChigRbr 'ié}ﬁlw s_titers with an
SRk IR O 730 Prodndsd”Hidter 1gtivius

oVi rus
a‘tﬁﬁﬂ@ﬁlcqfeaj 20¥ &CHTUk‘J’at oh dmreatseam |tnqusageteclsﬁ whemrhigher

o NEHARSoREOIEn pPR RIS 0L RO b e Four
baguovitoaes ah MQIs2ix yieldet ghe Higjtest _tltees svith>dr0aGerhgl f 2.5 x 10°
YR BRHSL AL B EE KRR B0 HED bhen rew
medinm wias wsed lm_h’an$duct|u$etbe\lmgr@sptltem1 ek by average of 5.9 x 10°

FATAAMEY B01RS S5STTE Wds b el BB, B Ry wir
corwel]lhmtal tour plased tra'mmiubmammétmxil (Bolieizt amﬁNaIdMQOOZ).

o D80 Rl bbbt b7 e D A e brcton.
Wiheh | tbe tsached Batio aff hamulavirasds amwuomnmmwaugbc_t Wit rslaseits were
us%%t, %éqerﬁﬁ%rdsntitlépsl‘v%e%eb.lﬁi fgl%i |to€v%P %dal#\cciafp%c%w. t gAC-transfer virus
was also doubled, to see if higher lentivirus titers could be obtained. However,
there was no significant difference in the titers compared to the production with
similar 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/ml) of
lentiviruses measures p24 concentration (pg/ml) by ELISA. The p24 concentrations
in the medium were 191 + 105 ng/ml which corresponds the values for the
representative virus preparations. However, p24 concentration does not separate
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105 ng/ M which corresponds the val ues for
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seV ReplicAioRRBIHetdHl Ferftl RUEEEGR M) Wierd 154186 )t p24 ELISA assay.
Hela cells were transduced with lentivirus containing mediums. Transduction
efficiencies were verified by flow cytometer. Cells were cultured for four weeks and
concentration of p24 in the supernatant was repeatedly measured. An increasing
concentration of p24 would indicate an ongoing viral replication, but no such
increase was detected. Mediums collected from transduced Hela cells after 2.5
weeks were further used to transduce naive Hela cells but no GFP expression was
detected neither with fluorescent microscopy nor flow cytometer.
In summary, successful generation of functional lentiviruses using hybrid
baculoviruses has been demonstrated. Lentivirus titers produced by baculoviruses
were comparable to those produced using the conventional four plasmid
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with fluorescent microscopy nor flow cytoneter.
probability of generating pathogenic human viruses. To avoid this, the lentivirus
genome was separated into four different production plasmids in order to minimize
the risk of RCL formation by recombination. No RCL was detected fin the
baculovirus-generated lentivirus preparations. p24 levels were not increased after
prolonged cultures and no GFP expression was detected in 2.5 weeks after
transduction.

The scalability of virus production for clinical studies remains difficult in
adherent cells. Thus, adaptation of lentivirus production to suspension cell cultures
would be advantageous. Preliminary results in suspension adapted HEK293 cells
in serum-free conditions showed very efficient baculovirus transduction efficacy
(95.1% GFP positive cells).
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