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Previously, IN-fusion proteins have been incorporated into lentivirus virions
using a “trans-packaging” strategy (Wu et al., 1995; Fletcher et al., 1997). This
method involves the HIV-1 accessory protein, Vpr, which is packaged into viruses
by interacting with the p6 protein of Gag (Kondo et al, 1995). Co-expression of the
Vpr fusion proteins and a HIV-1 molecular clone, by a producer cell-line, results in
incorporation of the fusion protein into the newly forming virus (see figure 2). After
packaging, Vpr is removed from the IN-fusion protein by HIV-1 protease (PR)
(Fletcher et al., 1997).

The Vpr-mediated trans-packaging method has been used to package IN-

fusion proteins into infectious HIV-1 virions, and also to target therapeutic proteins
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production and have been deleted from packaging constructs. These genes are
critical for the virus replication and pathogenesis in vivo but not crucial for viral
growth or transduction in vitro. Vectors are not designed to replicate in target cells,
but to only carry out the steps up to, and including, transgene integration.
Summary of the Invention

The present invention is a new method for incorporating IN-fusion proteins
into self-inactivating third generation HIV-1 based lentivirus vectors. This is
achieved by the expression of the fusion genes from the virus packaging plasmids
as fusions to the pol gene. It is therefore independent of PR-mediated release of
functional IN fusion proteins from Vpr, unlike the traditional trans-packaging method.
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1) Vector producing plasmids are transfected into the producer cells;

2) Transcription and translation of the structural genes occurs in the
producer cells. The LTR-flanked vector RNA (transfer construct) is also transcribed;

3) Structural proteins and the vector RNA assemble on the plasma
membrane. The Vpr-IN-fusion proteins attach to the p6 region of the Gag protein
(A);

4) Virions release by budding and PR mediated proteolytic maturation takes
place. During maturation, polyproteins are cleaved to their individual fragments to
release functional proteins;

5) A schematic presentation of the composition of the virions after partial
maturation. A part of the Vpr-IN-fusion proteins remains unprocessed and a part of
the functional IN-fusion proteins become released (A). In (B) IN-fusion proteins are
effectively released from the pol-polyprotein:
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particle.

In the method of the invention, foreign proteins are expressed from the
vector packaging plasmid as in-frame fusions in the viral pol-gene. The desired
protein is fused to the C-terminus of the viral integrase, which becomes released
from the Pol polyprotein in the maturing virion. The integrase fusion protein may be
cleaved from the precursor pol polyprotein by the viral protease.

Packaging of correctly sized integrase-fusion proteins into vector particles
may occur without significant unspecific degradation. As integrase fusion proteins
incorporate into new virions as parts of the large Gag-Pol-polyprotein, it may also be
possible to package therapeutic proteins, such as cytotoxic proteins, into the virions.
An additional advantage of this method is that virion-derived IN-fusion proteins are
transported into the cells nucleus, as they form a part of the viral preintegration
complex (PIC). However, if an extra protease cleavage site is introduced between
the 3’ end of the integrase gene and the 5’ end of the foreign protein encoding
gene, the packaged protein may be released into the target cell cytosol after vector
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The following Example illustrates the invention.
Incorporation of IN-fusion proteins into 3" generation LV vectors

To evaluate whether functional IN-fusion proteins could be packaged into 3w
generation lentiviral vectors without the need to first fuse the proteins into HIV-1
Vpr, versions of the HIV-1 vector packaging plasmid pMDLg/pRRE that contained
an in-frame fusion of the different IN-fusion protein cDNAs in the pol-polyprotein
gene, were constructed (Figure 1). The natural protease cleavage site (PC)
between the reverse transcriptase and integrase genes was preserved, as the N-
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To assess the possible cytotoxic effects of different IN-fusion protein
containing vectors, human embryonic kidney 293 and Hela cells were transduced,
with a multiplicity of infection (M.O.l.) equal to 1, with the vectors LV-INIPpol, LV-
INN119A, LV-GFP and LV-D64V. The morphology of the cells was followed for 2-5
days. Transfection of cells with MOl = 1 resulted in GFP expression in
approximately 55-95% of the Hela cells at day 2 post infection. At day 2, the cells
infected with LV-GFP, LV-D64V and LV-INN119A looked normal, but the cells
infected with LV-INIPpol had already started to die. At day 3, most of the LV-INIPpol
infected cells had detached from the culture plate and died, confirming the cytotoxic
effects of an intranuclearly delivered active endonuclease |-Ppol. The cells
remaining in the LV-INIPpol plates were GFP negative, and therefore not
transduced with the vector.
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PCR fragments were purified by the Charge Switch ® PCR Clean Up Kit
(Invitrogen) and blunt end ligated/subcloned into the EcoRV site of pBluescript Il to
yield plasmids containing the fusion partners |-Ppol (pBS-IPpol), mCherry (pBS-
mCherry) and the HIV-1 integrase (pBS-IN). pBS-IPpol was digested with Spel and
the resulting fragment was gel extracted by PureLink Quick Gel Extraction Kit
(Invitrogen). pBS-IN was linearised with Xbal and purified. The I-Ppol fragment was
ligated into the Xbal site of pBS-IN to vyield the plasmid pBS-INIPpol. The IN-
mCherry fusion was created as described for I-Ppol. The purified p53 PCR fragment
was digested with Spel and Notl and ligated to pBS-IN digested with the same
enzymes.



days. Transfection of cells with MJ =1 resulted in

GFP expression in approxi mately 55-95% of the HelLa
w@eioB®9ry9 day 2 post infection. At day 2, the P€I/G82008/000465

infected with LV-GFP, LV-D64V and LV-1NN1 19A | ooked

normal, but the cells infected with LV-IN Ppol had

al ready started to die. At @ay 3, nost of the

LV-1 NI Ppol infected cells had detached fromthe

I t h
o1t ot CoatdFmdfied o&ferafitt (Sl Rhdckoy sl BmpLo/pRRE
wﬁl?/dﬂﬁﬂgl Bp@le‘luéloﬁ’lgehe, ﬂB@-IIglﬂpbBwta:elﬁmt riigegtadnwitthAflll and BtspEl

al.e egatl ve no

odl exhBHeB bR PHia DO PRRETRES ptted SR ATAE! Bhfkfy the
réeamhgr;ﬁamd IiptigR@ne IGeRIMaCHibSR 6Pt WINN beduence waisegel sxeacted
anaqisgrafegt?dm%u\tl-g-ﬁ' rl@qﬂejab' ragment s @:afsetﬁt&gff’[ﬂrr WRREE cut with Afl
rr(%g %'G?@eﬁieh}*ietﬂﬂésrhﬁdpMDlL@VpﬂmEJP@@ @nguré ed. et pckaging

erry fusion Iglr ot ei n. t he roduced vect or ,?

p‘é‘é’ﬁ‘tdeﬁ mn%@nwgftng. N“EPSE%@H‘ | R-0E3 Bongifasions warg dened from

’ch'eﬁt ér’ﬁt Bllesthipt PRsHAE Pito bVIOMW/BRRE h$ alrBady Héstribed for IN-I-
&g b clantructs b I\@?usn on cDNAdsy were first

P@vlorT@Q mlﬁsrﬁ@ RMBEg/PRRE- N1 1%eCQW'E'DSJA@'\/\H§ 18hgnitefien imhe |-
PR&ydtel Mas idheatdd bV@ﬁ@-dﬁeétBﬁ Mfagenells u Ekhg; ﬂﬁél@tﬁkoﬁaddélﬂ Il XL

vvas deSigned to delete the stop codon I N and

SiterDireai@deMuingenesis dffe (S(%%tag%mq éau Jallg, G arkthe &@%ﬁnNﬁ%
foﬁ{éu‘aeérﬁj R1 f@@réﬂ‘r@%egTﬁgngl Sl 18 pw&ﬂ_fb O;SF@REIH#QAI )éoﬁtam an H78A

e priner Ppo was d elefe thé start
meiation iafthe hE’PNL@r@eM(@érﬁféatRﬂ tsgnliﬁrhraJs"tgothre -oigRrs AWPA tgrward

<f9RBHe, i 00 B p e PR was gy it e

IN geio was moutatedde gbalish its a@iMbungpRD@%auta@wwas rd00ﬁ§lmllaf|y
P

bg% ngg.rabﬁeaég tgp&g%sﬁéeag.s he dﬁ.gaﬁfc@d% Bﬁﬁ?’; f@?\pgr%a&% D64V

rmw%mweyerifmwwewngau ned the sarre

o ¢
PR&BIrk{iGh of I FHLAUE RS bayeliTendiinda edtold™™ls 01
BspeVesiTOm) stograditisisrds tamvelopei (MpWGe pe@nd@tmedpmdf ganeration

1 BUTLY DESBEESERR IR R l A osonat
meesliated transfedtian- RIS Tagwlls (Ebitanziy & ¥l dinie 200R)ewibh immelifications in
the usage of the plasmid pMDLg/pRRE. For every virus created, three of the four 3
generation LV packaging plasmids were always the same: pRSV-Rev, pMD2G and
pLV-1, containing GFP cDNA as a transgene. The fourth 3 generation core
packaging plasmids used were the modified IN-fusion containing pMDLg/pRRE
plasmids, the wild type IN containing pMDLg/pRRE plasmid or the inactive IN
harboring pMDLg/pRRE-D64V. Vectors were created using one of the three
abovementioned modified pMDLg/pRRE plasmids at a time, or by mixing, in a 1:1
ratio, an IN-fusion containing pMDLg/pRRE plasmid with either wild type
pMDLg/pRRE plasmid or pMDLg/pRRE-D64V. This packages both a fusion protein
integrase and a wild type IN or an inactive integrase mutant into the same virus with
the IN-fusion proteins (see table 5 for different LV vectors created). The virus titers
were estimated by an enzyme-linked immunosorbent assay against the HIV-1



p53( Spel ; NLS) al so introduced an NLS sequence into the

p53 PCR product. digonucl eotides used in PCR were
weersigged from A igonmer Oy, Hel sinki and the BENGBR@®8H00465

are shown in Table 1. PCR fragnents were purified by

the Charge Switch (r) PCR dean Up Kit (Invitrogen)

and blunt end |igated/subcl Ghed into the EcoRV site of

pBl uescript Ht o yield plasm ds containing the fusion

B LT ERIT TIRE A R o I

indLa semel and t he resultl ng fragnment was gel extracted
by PureLl nk Quick Gel Extraction Kit (lnvitrogen).
WesterPBl@hs |inearised with Xbal and purified. The

| - Pp@brréétﬁﬁ@&fﬂbraﬁ@ﬁ dfltB@tdﬁfbrémt ™ thﬁeﬁibahtoSihbeL\wfvectors was
pBS-I N to é he plasmd BS- 'ﬂe Ppol , The
vefmert?wea o 91Giad NE rINAPRLEIDS f fJ%'PmafrBs%fa to HIV-1

mifébeawraﬁﬂr%d apRi3 P8R4l (edIBHle vsm?yil gBirRd WrbligSIeH AIDS
nd Notl and |i gated to pBS-1 N _di %ested wth the sane

Rgﬁ@%fﬁ‘%& "'D‘@feé%“r?@t Rergent ﬁéoqrﬂw d TR §esendaphantiiody ysedgvas the
GBQPK:%QRB%P@(ML) RPLES e \BIdRARS. | N-| - Ppol  fusion

gene, was first digested with Aflll and
CBH&EIth%;eI extract ed and purified. pMDLg/ pRRE was

openﬁgm%téanr@pbﬁ.b k?d?%y%%ﬁl c@ectHékezwﬁw AT ® 'l\ﬁff'r'fﬂéi‘ CRL-

fraqnent I N sequence was

16368 Y- eed Held pﬁh‘ﬁ fAKéC®TN@T1DN IC%BT"" guae W'ﬁ‘gﬁ%t‘n DMEM
o -

oo 5 o RBRT in h8) 61 ANSESLcbanr
hwaiﬂkfi@giieﬁ@opplwm ds containing the I N- nCherry and

I N- 3 t

| PR AR eRLoR Sy B in ot
talbs catudied! $pmcifically Potle. cqm@dmfa% mgen@m@ﬂ_ymm, which are
d6 084 B ghrﬂ&eg% gkﬁ@?ﬁd%@tdc%‘séoﬁé é}?)?elhg Rekh %Er‘ﬁf’ artPVpr. One

Create nmut a I S USI
adxarkageawgetﬁelmemr)dsﬁt@aaaqemcdair nmoagtsnetlll‘sl-fwslcon proteins are

éo%%@& gﬂ;gachgg%@%tg'thg@ec?d?%aérﬁ]&;?é; lsairﬁgngsw% ]o%t?é% gag-pol gene

orwar rever se.
ppidbciy, pRBEAdSE, otthet Aranedjated ¥a&packaging stratagytmay lead to

iR i8fon Y BLREL Ao Able R B roeins
apracikagedhfyopl the ndarecuresr Iémlqrwlwxdowmeatethematural RT IN interphase by
the viral protease, which may facilitate the correct release of the packaged proteins
from the precursor protein.

Vpr-mediated frans-packaging may not be suitable for packaging toxic
proteins into virions, whereas it has been shown herein that the expression of an
active endonuclease protein, as a Pol fusion, is not detrimental to the vector
producer cells, but efficiently kills vector transduced cells. The present invention
may also be used to package foreign proteins, including cytotoxic or proapoptotic
proteins, into HIV-1 vector particles. For example, the in vivo studying of
meganuclease-assisted homologous recombination (HR) could be facilitated by the
possibility to transduce cells with both the active meganuclease protein and the
desired homology region containing linear transgene cassette. One advantage of
studying meganuclease-assisted HR using the present invention is the nuclear



IN gene was nutated to abolish its activity. This D64V
mut ati on was done simlarly by site-directed

wOoniagendsi s usi ng the ol i gonucl eoti des D64V fPemaB008/000465
and D64V reverse. Clones were verified by sequencing.
Preparation of IN-nodified H V-1 based |entivirus
vectors Vesicular stomatiti® virus envel ope (VSV-QG
pseudotyped third generation H V-1 based LV vectors
wer e generated by the standard cal ci um phosphat e

logatigatianeef hotfaiher protain And theo DA %@ﬁtrgte(mawuth@vwal PIC. The

mdfA! s@f%hewggeréggdimu%l ORste ifdofod? snafatédb% are

pl'asm r every virus create three™o
smarﬁzadrmﬂ'ableg’ener ation LV packagi ng pl asmi ds were

a S g
L% " o, R, INRCYRT IO b, 160 i oy
depene qoabk agiing apidssatugsce skthevioraign h@temm beaackaged. Using

bGP R g B o6 e

byt iNevacioo partigiephiBioyt piRIRE: @6 Hh\parnide faymsitior oevesterdited Usnng the

iRy SR D R RPHE IS T B Rl g o

PTiS was aohidvisdf(Lismkost al,02008)Ni Tigs piehLigfpRREXHilag i thenalility of

fhesashred @gﬁ%?es‘%%[’é%%?ﬁg@” RS, (UEne g aetbp of the

inv@itieg| Ase paseible twinabrborpe 8MNkDa-siediINERS3 fusidnnpretgiessiato LV
tant . ntothe same virus with the IN-fusion proteins
e?% 6% 5 for different LV vectors creat ed). The

vir Uﬁhé pilegest inesrtiopsshomsttad féaellﬂlﬁyemwdmdirigﬂnﬁd;ized IN fusion

mrunosor hent assa lcapsid . p24
el AN Bt FRRH TR veRleTs. e OREI-Sadkgaingithed of
theXeREon @tﬁablﬁs l‘ﬂ&é-@bf 3 h|m9|é)|f ﬂ\fl—fdéﬁﬁ{t @’foﬂauﬁi mtta@vt Itleﬁsgene mtegratlon
i ncoy poration o e differen r ot ei
il Slt ShRASSOER (188 By Pretvdre: B 1S oonEx o sRed digneration
le\ﬁ@ﬁn@s%&ﬁﬁé ed using antisera to HI V- 1 i nt egrase, am no
A\ DS 38 el ks apr S DRV SPor g ¢ TS B QYIS gl I construction

oﬁﬁ@i@ﬂCiﬁbﬁélr%nérhdJﬂﬁé’lté@%&té@ﬁﬂté’@n@@l@t InATAhle Rakbiréstli@fon sites
are un()erlmés \%ﬁr? J’theg ldentlt(y of the res)trlctlon enzyme listed to the right; b: bold
type letters denote the nucleotide substitutions introduced in the I-Ppol and IN
cDNAs; and c¢: the letters in italics denote the nuclear localization signal added to

the 5’ primers of I-Ppol and p53.



Cell culture Human enbryonic kidney 293T cells (HEK

293T/ 17 ATCC(r) Nunmber CRL- 11268(tm) and HelLa cells
W@ 2008099139 Nunber: CCL-2(tn)) were cul tivated iPCDUBRI08/000465

suppl enented with 10% Fetal Bovi ne Serum (FBS) at 37C

in a 5% CO2-containing hum di fied atnosphere. In

summary, the present inventildn enables the activity of

I N-fusion proteins to be studied, specifically in the
Tg&r&tﬁxt of 3rd generation LV vectors, which are devoid

unnecessary Hl V-1 derived accessory proteins, such
as Vif and Vpr. One advantage of the nethod is that

gqurnorar anount s of TN fusTomproterms—are-pruoduced

PAMEr Pacsageste Nt 0 the vector particl @sswb®d0 Pnighate ;
ot her gag-pol gene products, whereaseh&mmed tPFER product

Vpr - medi at ed ~f ans- packaging strategy nay lead to
ghpwer i 95T ogous t ei ns. '

this neg%%%é usi on ﬁ%ﬁ@ns are EF‘gaved fI?L(L)J%I'(g’]ﬁ\é
precurs 1f"“qll"gl(S'Exgl“?/fffi"&t)ei n at the natural RT-IN
Mt er ph@SECTAGANTECVCATCCTRTATAGT e(SE@N XAl may faed | ilN,adne
the corpagd of el ease of the packaged proteins fromthe
precursor protein. Vpr-nediated frans-packagi ng may

not be suitable for packaging toxic proteins into
5%pe | onSATTUNMECASIAGT GOBCECARAAAGhown hEpaj MLS hagCNFipes: I-Ppol

expr esspfc®t (st BN ¥e endonucl ease protein, as a Pol

fusion, | rl t vector producer
3%@? s, %ﬁf@%#%ﬁﬁﬁ%ﬁﬁ@%&é@m %Fp%ﬁsduced cel I s.

The pr eSEPACTGRAEGERIR Noed) al so be used to packége-
Ni@hei gNGEGAGPEASTACATEACHORAARREGRGX] C OF  Pr OaRAR GRIRRE-Ppo;

rotgein i = ctor particles. For ex I
fog'haé in éﬁ%fé%%ﬂgﬁé'%ﬁo ganucl ease- assi st eopmg%PRE'

honol ogous reconbi nati on (HR) coul d be facili&aead by
Nifea possGbAtcAGTHrCTECEMSTBSEGTdicyaw th both the. .

RGEd Ve DRI E Eﬁ.lB'N%:tSi n and the desired honol ogy
|

regi on contalnin near 't ransgene cassette. One

HEgf\ ant aefeAGTCAT W&%ﬁﬂ@ﬁgﬁgﬁ assi st ed HMIQISIPRGE-Ppo;

fobed Pr eBRITATT AGAATG G (SER Ib: mucl ear | ocal i zat jMpLgRRRE-H78A
both the protein and the DNA substrate as parts of the
viral PIC. The main features of the different

HT84 f usi SFERH STTEPRAGALMGHFARTHNPCRG at egi es are

reverse ° GATCCCCATCTGTGG (SEQ ID No: 8) S

D64V GCCCAGGAATATGGCAGCTAGTGTGTACA pMDLg/pRRE;
forward ©°  CATTTAGAAGG (SEQ ID No: 9) pMDLg/pRRE-D64V
D64V CCTTCTAAATGTGTACACACTAGCTGCCAT
reverse ©°  ATTCCTGGGC (SEQ ID No: 10) e
p53 TGCAGGCGAAACTAGTGCTCCAAAAAAAAA Spel, NLS  p53pBacCaplRed;
forward®  GCGCAAAGTGGAGGAGCCGCAGTCAG p53

(SEQ ID No: 11)
p53 GATGATGGTGGTGTGCGGCCGCTCCGGAT Notl, BspEl  —-=-"ame-
reverse TAGTCTGAGTCAGGCCC (SEQ ID No: 12)
pRSET AAGGAACTAGTGTGAGCAAGGGCGAGGAG Spel pRSET-B-mCherry;
forward (SEQID No: 13) mCherry

3mCherry TCCGGATTACTTGTACAGCTCGTCCAT BspEl
BspkEl (SEQ ID No: 14) B




summari zed in Tabl e 4. Successf ul

i ncor por at

ion, using the nethod

vect or

of the invention, may

wale@snghian t he ami no acid sequence of the forePQIGB2008/000465
protein to be packaged. Using the nethod of the

i nventi on,
Pol -
w t hout
titer.

| arge fusion proteins
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pol yprotein are toleratd by the vector particle
reduction in particle formati on or vector
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| enti
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nucal ear
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LyriNpeBs of
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INBEQel® NG
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| Crrriasean 1Bipffision' protein

1) 3'I N GCTCTAGAATCC

ey Fos X C e L 68

[ OOHEOY EIIAQTOLEISEQ
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SRR T, Albiesgent
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PB5aVBpe

DeAY idNion + fused o I-
Ppol

Carries an inactive IN fused to
active |-Ppol endonuclease

LV-
D64VN119A

D64V mutation + fused to
N119A mutated I-Ppol

Carries an inactive IN fused to
inactive I-Ppol endonuclease

LV-D64Vp53

D64V mutation + fused to p53

Carries an inactive IN fused to
p53

LV-

D64V mutation + fused to

D64VmCherry

Carries an inactive IN fused to red

mCherry

fluorescent mCherry protein




ID No: 2) 5'Ppo ¢ ATTCACCACTAGT GCTCCA4A4A4 Spel

AAGCGC(SEQ 1 D No: 3) 3' Ppo

WEENOOBEMAT TCCATGTGTTATACCACAAA BspEl
No: 4) NL19A GGGAGTCACTAGACGACGCCAAAGGCAGA

pCNPpo

pMDLg/ pRRE- Ppo;

TS SR RETSRES) 15 Sore] e

| - Ppol

NLS

GTGACT GOEC1/6B2p0BD00465

forward b AACTGGTGCC (SEQ I D No: 5)
pMDLg/ pRREN119A N119A GGCACEAGTTTCTGCCTTTGGECGTCGTCTA
reverse b GIGACTCCC (SEQ I D No: 6) H78A

RRE- P

YIBAR

Er?qqyf e W@ﬁjusnon

prGféﬁiﬁET ThEa IAV-AGBANEEEA6TEOF GiFiEed. EERY, Sﬂu§éﬁvélo§é gidteih; VSV-G,
b S o Al S R e

SiEVDMY!, RRGrUbdeétdp64V CCTTCTAAATGT GTACACACTAGCT GCCAT

reverse ATTCCTGEEC (SEQ ID NO 10) p53
T CTAGTGCTCCA 4A A A Spel ,
p53pBacCapl Red;

NLS

forward ¢ GCGCA AGTGGAGGAGCCGCAGICAG

p53 (SEQ I D No:

rey

hhf!’ BspEl

grcn TA

Vi

SEPEBICPEOGCIEEGROTARAT.Y with

CAGGCCC (SEQ

|yfugion progein

“5@%???( 59%%

Cotransfection of four

T e

| D No: 14) Tabl e 2 (bel ovv) I i st <,mé@ﬁtgg{es corjt ai ni ng

Pabikkgicy enstrdeN O dHIV-il @é@dom@one The HIV-1 genomic

Conditional packaging

(source of structural with Env (and Vpr) clone plasmid pMDLg/pRRE

genes) deletion / substitution expressing only Env
and Pol

Source of IN-fusion A separate Vpr-PC-IN HIV-1 genomic Modified conditionai

protein expression plasmid clone packaging plasmid

pMDLg/pRRE

Ease of IN-fusion
protein sequence
addition into packaging

Good; separate plasmid
encoding for Vpr-IN-
fusion proteins

Poor; overlapping
regulatory and
coding regions in

Good; no overlapping
regulatory and coding
regions in the

construct the genomic packaging plasmid
clone
Source of viral envelope | Separate MLV Env/ HIV-1 genomic Separate VSV-G
(pseudotyping) VSV-G expression clone expression plasmid
plasmid (PMD2G)
PR mediated release of | Partial / imperfect Effective release from
IN-fusion proteins from cleavage from Vpr-PC- Pol-polyprotein
packaging construct construct
The form of IN (~fusion) | Partly in an inactive Full-sized IN-fusion
proteins inside the virion | form if remains fused to protein
Vpr, occurrence of
unspecific IN-protein
degradation
Presence of wt or Yes No No/ Yes if desired
mutated IN protein in the
virion
Source of viral RNA HIV-1 genomic clone HIV-1 genomic pLV-GFP-WPRE-SIN
genome / vector RNA with Env (and Vpr) clone containing self-
(=transfer construct) deletion / substitution inactivating (SIN)
LTR’s and no viral
_genes
Ease of changing the Poor Poor Good
transgene in the transfer
construct
Additional safety Env (and Vpr) deleted None Non-overlapping
features provirus construct production constructs,

no viral gene products
in transfer construct, -
SIN LTR's

Vector / virus generation
and safety

Closest to first
generation, poor safety

Almost wt, poor
safety

Third generation,
safest LVV form to
date




vectors can be used individually or mxed in any

conbi nation. Table 2Table 3 is a conparison of the
walpdoBey®ams approaches to incorporate | N-fusi onP@r/GB2108500465

into H'V-1 derived vectors or viruses. Env, virus

envel ope protein; VSV-G Vesicular stomatitis virus G

protein; PR Lent|V| rus proﬂéase PC, protease

cl eavage site; LVV, lentivirus vector. Table
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thiFraeg3 el 2BAR). blethesisErzy o) 34GAEAB8I ng: (i)

861 B BURLIBe IR ADapla@s T d [ nto @

Ien I VI Tus produc rei'n the vector packaging
pl d@h@smita}d@h@Ng@ﬁ)é dat.othengd:B6@-37 egr asef usi on

pr S e o the po/-polyprotein
ge;Keﬁk %ral aglg;ggs{)ﬁmg@{ %7{; ﬁegrgtgnsl ation of the genes
by Kdvelol el 105U, ded_ﬁ&é?SQr@I?Mt o produce a
e LI ! (2666) RlciBR AddE fes. 322):e16.
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(iii) inside the vector particle, release of the

i ntegrase-fusion protein iromthe poApol yprotein. 2. A
woredokogp1accordi ng to claim 1, wherein the intepCHEB2008/000465

fusion protein conprises a nmeganucl ease protein or

hom ng endonucl ease protein. 3. A nethod according to

claim1l or claim 2, wherei % he int egrase fusion

protein conprises a nmarker protein. 4. A method
cﬂﬁﬁ&rdi ng to claim3, wherein the marker protein
=—conprises nCherry, \-Ppol, NL19A, R61A or H/8A. 5. A

nmet hod according to any preceding claim wherein the

t proAgBanae A iBeRRhS o «iEBEEE orhr) RES i fingraton
lerivirugeectom comprigingr apeuti c or proapoptotic protein is
FefihSaaeETl Sy EoneteBobopBaBioTinr 2XRE e bfucer cel,

wharreih ehe. veStor Apaukhgind plasitddéorgain® aaggngreacedinggheiintegrase-
fusViVqur(l3 rr)r%itéfn,tslﬂé?d 5gr$eet%ir?§’ ?u_s];g %(I) 81% ;g)orl-%%ﬁ/i;apot&(r% 'H%Has es DoaV.

(i) transcription and translation of the genes by the lentivirus producer cell to
produce a lentiviral vector particle; and

(iii) inside the vector particle, release of the integrase-fusion protein from the
pol-polyprotein.

2. A method according to claim 1, wherein the integrase fusion protein
comprises a meganuclease protein or homing endonuclease protein.

3. A method according to claim 1 or claim 2, wherein the integrase fusion
protein comprises a marker protein.

4. A method according to claim 3, wherein the marker protein comprises
mCherry, I-Ppol, N119A, R61A or H78A.

5. A method according to any préceding claim, wherein the integrase fusion

protein comprises a therapeutic or proapoptotic protein.

6. A method according to claim 5, wherein the therapeutic or proapoptotic
protein is p53.

7. A method according to claim 5, wherein the therapeutic or proapoptotic
protein is a cytotoxic protein.

8. A method according to any preceding ciaim, wherein the integrase-fusion
protein comprises D64V.



