1 9 OCT 2005 WD 02/ 090558 PCT/ FI 02/ 00379 1 NOVEL EXPRESSI ON VECTORS AND
USES THERECF 1. FIELD OF THE | NVENTI ON The present invention rd &t@3T t2805
novel vectors, to DNA vaccines and gene 5 therapeutics containing said
vectors, to nmethods forthe preparation of the vectors and DNA vacci nes and
gene t hewaptsiss cont ai ni ng the vectors, and to theracTpwenisce uses of said
vectors. Mre specifically, the present invention relates to no- vel
vectors conprising (a) an expression cassette of a gene of a nuclear-
anchoring protein, which contains (1% a DNA bindi ng donmai n capabl e of
binding to 1o a specific DNA sequence and (ii) a functional domain capable
of binding to a NovEl ERPRESIONAECPORS(AND YIRS THEREGFED DNA forning a

bi nding site for the an- choring proteln of a nuclear-anchoring protein,
and optionally (c) one or nore ex- pression cassettes of a DNA sequence of

interest. In particular ' | f ates to vectors that lack a
papi |l l oma virus ori giﬁ' %iﬁr%e%ﬁvr%g% ‘%Nﬁ%\l I nvention also 15 relates to
vectors that |I’ekpresentinventioroielatespioinogtiveotors| e DNAnalccines andgeneal | an cel | .

The invention fyrther relates to t hods  for expressin sequence of
'ne ¢ ePostierapeuties A iaifing SaidaeiRiona RE ogs R S RRERASON 81 VePRi T or o
aut ol ogougnPPNASIARERLS 4RY YehE BRapélites BhBIHiInGtheVedRils, U8 thdrB™ Wi th

e
suitable vectors Is energing as a t.ecl§|n| que W th inmense potential to cure
di seases peutic usegeinsid ediers ddewspecifeallyothemesasnt ingentinrelaiesite 801 ous di s-

eases. Seyear.al Lviral_ a -Vir e r a b evel oped and
tested i n‘yein@r?a%%gﬁ}?%l&ﬂ&h{ﬂa% éﬁm@%@gﬁ cfigée&eeél ﬁtgrg%%géﬁgl @@%‘g t hat IOar e
~defec 25 éﬂlc?lﬁghgprgiﬁiﬁ,t\irmmcmdné {ipa BNgretﬂndm@d{bmamtdapablbofEingnptces_ of such
vectors inclu enovi rus vegtors, . es virus, vecfors, ,Retrovirus

Voot ord, ' 2 spea: DAE oG sR Nk R EL ST BaN SeBRbIb SEPOFBT AU mat | on has

proven t ogRgr @rpdHehy afd Ltﬂs%tﬁ'lﬁﬁn%ﬁge&mrﬁﬁﬁ'g :ﬁsihamg st forth@wANt a di sease

caused by I nfectious agents. Since the introdiuction of the Vac- 30 cinia
virus as ehoriagipeoteintoéd nuelesi-archagng peateinendsmionplys(c)onagr nargekol a) ,

{aken | ne 0eerBTErdhetis bf & DR PaustiFO BRI MBI P BN P *
vacci nat i pes tenectbRehatanak dlpabildata VRRDrigA ¢ 24 K8AEMS The invention also
15 relates to vectors that lack an origin of replication functional in a mammalian cell.

The invention further relates to methods for expressing a DNA sequence of in-
terest in a subject.

2. BACKGROUND OF THE INVENTION
20 Transfer of autologous or heterologous genes into animal or human organ-
isms with suitable vectors is emerging as a technique with immense potential to
cure diseases with a genetic background or to prevent or cure infectious dis~
eases. Several types of viral and non-viral vectors have been developed and
tested in animals afﬁd in human subjects to deliver a gene/genes that are defec-
25 tive by mutations and therefore non-functional. Examples of such vectors include
Adenovirus vectors, Herpes virus vectors, Retrovirus vectors, Lentivirus vectors
and Adeno-associated vectors.
Vaccination has proven to be a highly effective and economical method to
prevent a disease caused by infectious agents. Since the introduction of the Vac-
30 cinia virus as an attenuated vaccine against the smalipox virus (Variola), vaccines
against a multitude of human pathogens have been developed and faken into
routine use. Today small pox has been eradicated by vaccinations and the same




PCT/ FI 02/ 00379 2 is to be expected shortly for the poliovirus. Several
chi l dhood di seases, such as pertussis, diphtheria and tetanus,] gam;bez00h
ef fectively prevented by vaccinations. In general, the nbst successful
viral vaccines are live avirulent nmutants of the di sease-causing viruses.
The key ww @2hgosssuccess of this approach is the fact Sdrirdees7di ving virus
targets the sane organs, the sane type and sim |l ar nunber of cells, and
therefore, by multiplying in the recipient, elicits a |long-Ilasting imune
response without causing the disease2or causing only a mild disease. In
effect, a live attenuated vacci ne produces a subclinical infection, the

nature's ig‘f@b%m%ft%% EW%&W@\?H&%@%_%@HH chigihBHJj biskAERL Sudesponse wil |

be induced, I'nc l'ul’'ar and 1 nnate responses, providing
a | ong | agariusgisadighthenatanddstanus, |cahdel affegtivelypreyepled byckcdnationai nst  t he

pat hogen. Al though |livye attenuated.vaccines are,npst. potent, .they can cause
harn o s de ToBRacak MerRna SUasall VR Geaiher TR Suel ligr 802, 71 o
virul ent gbldiddas8licalifing YRIKS. W‘F@k? {otRe alite3Y af Bk Mpprugch 18 tipRichogenic in
adults it can stil|l cause a dis 15 ease in infants or in disabled persons.
This i § tihabaiiving visusigegetythesamesergans die seme bmeandsimigrawimisref such as
Humanlnn&_)é]d | G ; : ; Vaitsia G 3 PShghef viral and
bacteri al plrgb%;ec# fri?g%g&él’ m&ﬁ%ﬁmé@%% : egntﬁl@cﬂ%&g@ﬁgﬂaﬁﬁlﬁy to égause

unwant ed mispenss withotus céusingiibig disetsder eaispngtaniit a axild tisease. heeffent-a ci nes. Thi s
I's especiglly the gase .wth vacci nes .agaj.nst..m ¢robes causing chronic 20
ot ect 1 ontre dgoHsted BErPe prodiste BESRRE AR e RS abe PRy rhe
strengt h pdiHudiXiRG. RS alrEBHIN @ IR FRVNAES résponBe WAVES indaiked, ifgeg@ngaat  on how
the viral proteins are processed and how they are presented to the im nune

syst erfObymarali epliplap pad dmaiecpspenses. prpiding a ngHastiRgandopaes aind
dendri ti cyege N | | l.gens are taken up by APCs via
endocyto igé?éﬁgzlwngl#%:g@gbecgeﬁgagﬁ%qtﬂsip%?m{dﬁggeni c peptides through an ]
endosomal pat MAtthpughiive gitersiatedordctivesiare ymshpatentpthefy Tag eddss)habmfulHC - ( naj or

hi st oconpat,i bl i ty_com ex).class Il .antigens. [in man H human

| eukocyt eS’QﬁP ﬁgﬁs-ghut‘?l' 3@5{‘?'?%"9‘-1! Wraigﬂc_c!qq;%@r&e\lﬁtiﬁ%ylﬂ@eglﬁh?ﬁle% i"?ed de novo

in APCs OgadeB viteps tHel Rtehba@atviri®ls! dpatiftigedit ih BHlulfincan stifeansea digt | | be

processed thr Olli,;%h a cytoplasm c pathway and presented 30 to T-cells by MAC
ap

cl ass 16 afAsQjBiapiser ndisshied persars; Tihjs is tiye frihecape of Waisgs 63usind t at i on of
o on e TRy M B ARohbrgBic bl 1 AR YRR 2
act i vat i ocine$ cdni®scQ@T vi2dl@hd bacterial proteins orimmunogenic peptides are less
likely to cause unwanted side effects but may not be as potent as the live vac-
cines. This is especially the case with vaccines against microbes causing chronic
20 infections, such as certain viruses and intracellular bacteria.
The strength and typé of immune response is, however, also dependent
on how the viral proteins are processed and how they are preéented to the im-
mune system by antigen presenting cells (APCs), such as macrophages and
dendritic cells. Protein and peptide antigens are taken up by APCs via endocyto-
25 sis, processed to small immunogenic peptides through an endosomal pathway
and presented to T-lymphocytes (T-cells) by MHC {major histocompatibility com-
plex) class Il antigens {in man HLAs (human leukocyte antigens) class I(]. In con-
{rast, proteins synthesized de novo in APCs or in possible target cells for an im-
mune response, will be processed through a cytoplasmic pathway and presented
30 to T-cells by MHC class | antigens (in man HLAs class I). In general, the presen-
tation of immunogenic peptides through the class Il pathway will lead to the acti-
vation of the helperfinducer T-cells, which in turn will lead to the activation of B-



WO 02/ 090558 PCT/ FI1 02/ 00379 3 cells and to anti body response. In contrast,
presentation through class I MHC fa- vors the induction of cytotjoxi(] 2@05
T-1ynphocytes (CTLs), which are capable of rec- ognition and destruction of
virally infected cells. In early 1990's, a nethod to mimc the antigen
processi wg ghsfEr esenta- 5 tion that was normal |y achirevrathloy7s i ve
attenuat ed vaccines was introduced [U - ner, J.B. et al Science 259
(1993)1745-1749]. It was shown that an injection of eukaryotic expression
vectors in the formof circular DNAJ nto the nuscle induced take-up of
this DNA by the nmuscle cells (and probably others) and was able to induce

the expr oSl afl lorii5apRARaALe, INEARESE préfikiBn iAbagh Glid IMHEGa ) esPONSE, T

especially a ce ne response to the protein
enco- dedobythehedudtier of egoipaicd. -1y81phoeytesle(3Tla§)seinialaare)capabmﬂof reguni zati on

has becone .a s d et 0. Lnhdu | mmune responses to foreign

prot ei ns qa'i'w@xa&gﬂd%%@H?%ﬂ"?gﬂF 'Q#eggﬁff %lfan studies with several DNA
vaccines are Wpegty 199Ws, aiefo8 %6 Aliit thé BtiddN brogsdsiigiandyfesdriat hese

vacci ne studies cont ainaclon- ing site for the gene of interest, a strong

viral Brdiepttbat waﬁmmwﬂyﬁﬁf@evedw@dlmaitenuaﬁewawaﬂwaﬁ indrodierd [ virus, in
order to rﬂ%ﬂ,ﬁ% re??l %Sfé]‘!l Y r |§s}‘§) 1728. ﬁﬂ@g Itglfrl]a(f é%b%rtﬁﬁfan Iﬁ]ﬁeﬁéﬁlé‘penyl ation

regi on, an-an ance gen replication
origin fcaukahetlpemrewm vertors i the foofiairctiar DNAlists theknhusale hdnd:&lﬂ’l al 20

cells. the s, des r|b ove le,to o n a

det ect ablt@ 398 R@(W &@s’PB?F %Fg]i)%‘éma@ﬁ%bai‘iﬁ?ﬁ?gé'gg Wit dm ni stering
the vect QRqic tR @ﬁ;ﬁfeaﬁan of e cRAb BRInterBSt, A foUERBSN mnﬁinerreépon@edl rect
injection to nuscle or to skin with a partlcle bonmbar dnent techni que or by

appl yithg especialby:a sellular immysieuespensgiin &g foymiod Clbspiedbe graieifsngeres. However,
0ot sop B Vo HBHae ol RE ey Bh Rty PPt bl oL tone

t o di sappear ecte e and are not
transfer raedstﬁndad@ugbﬂﬂd &elihduden immdng | tisponsesl Ito dopeigratdroteinsTie short-term

ex- pression . of of interest an nunber of c s targeted
are probaBiPgrimental ﬁ’b”’l’ 'E%'%‘HH@" SWﬁ?SHH&VeFEﬁE@MKFCPWﬁﬁ éelr"éi%onses are.
observed g, sub 30 jects inmuni zed with DNA vectors described above. Thus,

for exanpl €, Boyer et al. observed only tenporary inmmune responses to
H V- 11Bnv and GeagraliyotheiDNA vectors uset intiese werans sigdissgontain a clon-

ing site for the gene of interest, a strong viral promoter, such as the immediate
early promoter of the CMV virus, in order to drive the expression of the gene of
interest, a polyadenylation region, and an antibiotic resistance gene and a bacte-
rial replication origin for the propagation of the DNA vector (plasmid) in bacterial

20 cells.
With the vectors described above it is possible to obtain a detectable level
of expression of the gene of interest after administering the vector to experimen-
tal animals or to humans, either by a direct injection to muscle or to skin with a
particle bombardment technique or by applying the vector in a solution directly to
25 mucous membranes. However, the expression obtained by these vectors is short
lived: the vectors tend to disappear from the transfected cells little by litile and are
not transferred to daughter cells in a dividing cell population. The short-term ex-
pression of the gene of interest and limited number of cells targeted are probably
the major reasons, why only temporary immune responses are observed in sub-
30 jects immunized with DNA vectors described above. Thus, for example, Boyer et
| al. observed only temporary immune responses to HIV-1 Env and Rev proteins in




4 PCT/ FI1 02/ 00379 human subjects, who were inmunized several tinmes with a
vector simlar to the those described above [Boyer, J. D., J InfdctQ0d 2005
181 (2000) 476 - 483]. There is a growing interest in devel opi ng novel
products useful in gene therapy and DNA vaccination. For instance

papi | | onwouizioensssvect ors carrying the 5 expression caseetrie/nioy the gene of
I nterest have been suggested to be useful candidates. To date nore than 70
subt ypes of human papillonma viruses (HPVs) and nmany different ani mal

papi | | oma viruses have been identifi®d [zur Hausen, H. and de Villiers E.,
Annu Rev M crobiol 48 (1994) 427 - 447; Bernard, H., et al., Curr 10 Top

M-crobi oly, | prpiggl; e&@%ﬁd‘@g@i dnze%fl&eve?él ltm’fé%%ih' é’?@ct?(ri éir\ﬂl?éﬁo gare a

simlar ‘genone rganlz I'on an 0s1t'1 oni ng all of the

t ransl at i thogé desuzibed @bdvanfBoyer,anBs, {mpts t81r1(2@BO)/4'£ﬁ)ﬂ§§3]ved Papi | | oma
i i nf I theli f f t

body o1 tes. andNeiRiFoR SrvEng bt Brippid avel Brbh el R pfe e caces

15 can prifgrRyandi DNRVasNRoN. FiRsRas: bheitemi Virusvaaewaryngehd epl i cat ed
and maintained in the infected cells as nulticopy nuclear plasmds. The

repl i c&t i @¥pressigi @ﬁ:ﬁ’q‘*ﬁﬁe fenithe eraA o8 inteRpl kaye; nenciuggaeted & Be¢'§ﬂ and virus
assenbl y i &alt Iy coupled to the differentiation of the epithelial

ti ssue: the papi I oma virus DNA episomal replication takes place during
the initial anddtecadredin 70 spbtypes ofdmrmrdpaﬁtlanmv'mmdePVls;)endl atent, and

the third, etat e | i cati ons nth L,kfe e

epi t he: i uW?[‘)LE‘RP anMap'mgv#ﬁ?&iﬂ Ve Hlﬁ%" idg g-deg [%%@ESQHEP%@ repl i -
cation. |de Villle?d EQBAnnE'F@émlcrcﬁ)aol% (1§MW7M4MBerh@‘d Y, et Bl., Gdirr EdS

Li ppi ncott- Raven Publishers, Phijl adelfhla USA, 1996, 2. Ed|t|on p. 2045

) 20761]0 TomMigrekiel Iretine {36994 H94k Y apillama virises¥iare asRg 1 r anes
[] Eﬁ\e/eDNA r@%ﬁﬁ’ {3‘@(%(9'25?0!?5'1{? ﬁ%%ﬂforlfr@'}ﬁaﬁgf teCtAlatibRAl pr@ﬁ rééHh\H ation of

n_trom ma virus origin in the celTs [Ustav,
M and Stfethﬂ@DRRs),tslﬁm@'dons%ﬁ/edel) 449 - 57; Ustav, , et al., EMBOJ
10 (1991) 432 432 A 90 (1993
508~ o0b) - £ panitimyineb g SnuamBia SielElsBfe o ?fﬁ@%sﬁé\éﬁ S cation

have beenfe‘ijé’rrtbgg%&téﬁeéhdflﬁduc@?ﬂéfdr#ﬁh@mfH@mgn@@m@is whlEPl/ﬁQohqel@sééwl) 4321 -
4329], HPVla al akrishnan, V. S, supra] HPV11 Russell J.,

Bot chai3, ¢an p@gmss tp analignana ge panillorsa ajrus senames atesieplicated Bd and Khan,
S.. I VITQbiRanéd PRk ideltedeEn€ 99 multicopy nuclear plasmids. The replication,

episomal maintenance, expression of the late genes and virus assembly are tight~
ly coupled to the differentiation of the epithelial tissue: the papilloma virus DNA
episomal replication takes place during the initial amplificational replication and
20 the second, i.e. latent, and the third, i.e. vegetative, replications in the differ-
entiating epithelium [Howley, P. M.; Papillomavirinae: the viruses and their repli-
cation. In Virclogy, Fields, B. C., Knipe, D. M., Howley, P. M., Eds., Lippincoft-
Raven Publishers, Philadelphia, USA, 1996, 2. Edition, p. 2045 — 2076].
Two viral factors encoded by the E1 and E2 open reading frames have
25 been shown to be necessary and sufficient for the initiation of the DNA replication |
from the papilloma virus origin in the cells [Ustav, M. and Stenlund, A., EMBO J
10 (1991) 449 - 57; Ustav, M., et al., EMBO J 10 (1991) 4321 -~ 4329; Ustav, E.,
et al., Proc Nafl Acad Sci USA 90 (1993) 898 - 902].
Functional origins for the initiation of the DNA replication have been de-
30 fined for BPV1 [Ustav, M., et al., EMBO J 10 (1991) 4321 — 4329], HPV1a
[Gopalakrishnan, V. and Khan, S., supra], HPV11 [Russell, J., Botchan, M., J Vi-
rol 69 (1995) 651 —660], HPV18 [Sverdrup, F. and Khan, 8., J Virol 69 (1995)




WD 02/ 090558 PCT/ FI 02/ 00379 5 1319 - 1323: Sverdrup, F. and Khan, S., J
Virol 68 (1994) 505-509] and many others. Characteristically, 419 g0es805
origin fragments have a high AT content, and they contain several
over | apping individual El protein recognition sequences, which together
constituwe wkms&# binding site [Ustav, M, et al., EVBOTdI2003¢41991) 5 4321
-4329; Holt, S., et al., J Virol 68 (1994) 1094 - 1102; Holt, S. and
Wlson, V., J Virol 69 (1995) 6525 - 3652; Sednan, T., et at. J Virol 71
(1997) 2887 - 2996]. In addition, tHese functional origin fragnents contain
an E2 binding site, which is essential for the initiation of DNA

replicati | t (&Jst The E2
protein f@gﬁ ﬁéaﬁt eés\ldtrﬁrgﬁfﬁaﬁ@@gg, %J'?Jﬁﬁ“'ed gr5 m?%%@c%%???%ﬁ%@ g by El.
Af ter t heotherst Cladrablieristioadly,ail thnmmmm’ fragiherttohavesa bluh@lfﬁcmntmtmndt i merization

of El i nitiated. This l.eads to,.t r ma th th

nel ti ngI thlay #Qrﬁ;pwevqaqipggrlw 5'\51 b‘g‘@ﬂﬁ Qrﬂgfr?nﬁef%ﬁa Oﬁggﬂﬁcgén\éme on tﬁeon
fol I ow nqmﬁ&@%&r@?coﬁdtimtemetmsm@mg@fte U NR, steip] ENI0 H10 (10gsKy, M, et
al ., Proc Natl "Acad Sci 91 12)94)895 8828% 15 The BPVI E2 ORF

encode§ t4324e- $325; &olsSt, ehel. o’erl}‘r 681 904 c1d02; Rt Shapd¥YilsPNysage and
L6 e R O oyl . Al Oty i . 22 (1550

235 -258] el ns cah PO hoo- cand Wi th each
ot her anddg6hdn agditioh) thesé sunchiorml bBgingragments coritaid gnaE2 bindimgisitesequence

5" - ACCNNNNN Apdr.ophy,, .. E. al i Nat.ure 325 (,1987 739]. 20

There ar ¥l % ?SB?WEﬁ ﬁﬁ "é&f‘é@t"?wﬁftw W%HBW AHge ig}ﬁa?%‘)(’r’ %P’ si te]s in

the HPV gengngs ’su?@)cl'hé)ﬂi@brcﬁelﬁ"fétﬁlltéﬂeslﬂﬂé first é’ceb beiHeriginiecegniidn Vi ral  DNA
E., et al., supra) and in the regul ation f viral

| -t

gggel ggpr@gpd‘g@ mlmtlalelvndmgofwon%@iq biedbe prigia e rf'!#g""@’l"%"qy%g and thelr
| t

Edb.© pni F hipdtilatde P8 Blraetd e matin e i with S or oMb Ye % -

2045 - ZQW It h?as beémsmgeatw that Q2 hasiad irdinamgesmthw’o&owm@sbgbedft hr ee

di stinct funcgtional . doggpins in.th |'L . Si t erm nal
part (re ﬂd?ét.’,at'fntocgt@@@}\ rgplg:ﬁtl%ﬁ.‘u‘?%( ¥one WENEW‘F%% M% on and rep-
|i cation.(1bba) gedsoddagmped by the unstructured hinge regl on (residues 211 to
324) and " the carboxy-term nal DNA bi ndi ng-di nerization domain (residues

325 td5410) 3dheddRYhE? ORR encedesithree protging thet origivgie iy selecifis; Haugen,
Fiseg) Sopobtl ol BB R e el iyl o8, Singg020 2.1
510- 514] . GénettAd2d1988)i 23501 258].Adthesamoteins can form homo- and heterodimers
with each other and bind specifically to a 12 bp interrupted palindromic sequence
5-ACCNNNNNNGGT-3’ [Androphy, E., et al., Nature 325 (1987) 70 — 739].
20 There are 17 E2 binding sites in the BPV1 genome and up to four sites in
the HPV genomes, which play a crucial role in the initiation of viral DNA replica-
tion (Ustav, E., et al., supra) and in the regulation of virai gene expression (How-
ley, P. M., Papillomavirinae: the viruses and their replication, in Virology, Fields,
B. C., Knipe, D. M., Howley, P. M., Eds., Philadelphia: Lippincott-Raven Publish-
25 ers, 1996. 2. edition, p. 2045 — 2076). Structurat and mutational analyses have
revealed three distinct functional domains in the full size E2 protein. The N-
terminal part (residues 1 to 210} is an activation domain for transcription and rep-
fication. It is followed by the unstructured hinge region (residues 211 to 324) and
the carboxy-terminal DNA binding-dimerization domain (residues 325 to 410)
30 [Dostatni, N., et al., EMBO J 7 (1988) 3807 — 3816; Haugen, T., etal. EMBO J 7
(1988) 4245 — 4253; McBride, A., et al., EMBO J 7 (1988) 533 — 539; McBride,
A, etal., Proc Natl Acad Sci USA 86 {1989) 510-514]. On the basis of X-ray crys-
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bi ndi ng-di neri zati on domain of E2 has a structure of a dyad- syqngalmj’[c 2005
ei ght-stranded antiparallel beta barrel, nmade up of two identical

"hal f-barrel”™ subunits [Hegde, R, et al., Nature 359 (1992) 505 - 512;
Hegde, Rwo ozdboidsx! Med 36(6 Suppl) (1995) 25S - 27S]. porgidumzbi onal

el enments of the trans 5 activation donain of E2 have a very high structural
integrity as confirmed by nu- tational analysis [Abroi, A, et al., J Virol
70 (1996) 6169 - 6179; Brokaw, J., e al., J Virol 71 (1996) 23 - 29;
Gossel, M, et al., J Virol 70 (1996) 7264 - 7269; Ferguson, M and

Crarr s, Slooripeitetd e BRARIMaterRhid ool Y heatelau 89T A0
g?nét Ql. I ga dpdd-s ym?ﬁu\xm,?lgtﬂ%tretﬁ@ﬂﬂantagfaﬂsnﬁla barrel, anhﬂetﬂparf;twodgeatipatl i forms a
di ?lreri c S&aﬁ’&%rie"su W\'&sr[ga ?‘@E?‘y_ﬁi{ I(IH‘IH ﬁ%‘ga@h{gﬁ %{?Bﬁ P% t mer

formati ony NGatMEN36(6- Supfiﬂ) (@9952 258-- TSP ThelEndtRmalRenenie o theliemspr evi ousl y,
bovi ne papi || omavi rus protein 15 in trans and its nmultiple

bi ndi ng sacttygt@md@mamafﬁmrﬁ aﬂ@aéygfaﬁtyucéwal istaoritycqsgonfifmasd bY ME- chr omat i n
at tachmen,;gf a*ﬁ% é’% S[?:\B 'Ag tLGyiRd) 96‘1'1‘9@6 6%@ LPEEROBRIAW, LS et SUggESt ed
to provide a iec or parti'tioni ng genone during’ V|raI i nfec-
tion in télg JiWioidit {$096)|23s- 29;iGressel) M,, ezh'al .aJ VlroIJ'O\(rl%ﬂ) 7203 (712899)

4404- 4412].. None, of the papi],lo rs disclosed so far
fulfills %W&US% “F%H"‘Q‘dg‘n@ Wﬁd?@ﬁﬂ?ﬁﬁ@ﬁ@ﬂ f’%‘f‘%&?? Tayc %%?CII mal

vacci ne, W?fefﬂhyﬂ‘l@rr‘%"@ §3dBofcREaN, NPNA Stidifde239 (wmb)ﬂevsﬂerwmumnal
vaccines. (It should be noted that these re- qguirenments are preferred but

not nedessemyA.fafralydiaturs 403,2000h803- 8ﬂ9} 4 adﬁwoa,pl(ﬂay geptallagiapie nust
pr oduce pétﬁfv‘?‘s Yﬂ)fé R Rih rﬁeﬂn%‘ﬂt Ul Bing bidifbae sthiitdre, L N vacci ne
shoul d be devo S

conponen oxi ¢ and/or cause synp 25 tons
of the di whemcAry@7tHas anempplrtmﬁtfuncﬂenmﬂmeafomptmmﬂntmél eéalpst i nduce a
pat hogen- SP?CIfIC | mmune response, i.e. it nust elicit a strong and
measur abl B4 mune response to the desired pathogen w thout causing an

| Mune responsgg héé’oé@dtﬁiscﬁ@éﬂ%ﬂ@ﬁﬂhélyﬁovh@%aﬁiﬂémbﬁmstfﬂ@ﬁ@ pitfeif equi rement s
inply that a vector to be used as a DNA vacci ne shou %’[IIT&H y only

expres® t indratesnddis rgelfipledinddug aits io pisiatabplp recsasary ABd sulliglent®e in the
R R R e e L
host s gensugestd topfedde 4 mechariisy ﬁ@tpanbrhonﬁqgtvirel geaomerdunng viral infec-
tion in the dividing cells flives, 1., et al., J Virol. 73 (1999) 4404-4412).
None of the papilloma vectors or other vectors disclosed so far fulfills the
20 criteria and requirements set forth for an optimal vaccine, which are the same for
DNA vaccines and for conventional vaccines. (It should be noted that these re-
quirements are preferred but not necessary for use as a vaccine.) First, an opti-
mal vaccine must produce protective immunity with minimal adverse effects. Thus
the vaccine should be devoid of components, which are toxic and/or cause symp-
25 toms of the disease to the recipient. Second, an optimal vaccine must induce a
pathogen-specific immune response, i.e. it must elicit a strong and measurable
immune responserto the desired pathogen without causing an immune response
to other components of the vaccine. These two requirements imply that a vector
to be used as a DNA vaccine should optimally only express the desired gene(s)
30 and optimally should not replicate in the host or contain any sequences homolo-
gous with those of the recipient, since nucleotide sequences that are homologous

between the vector and the host’s genome may effect the integration of the vector



19 OCT 2005 WO 02/ 090558 PCT/ FI 02/00379 into the host's genone. Third, an
optimal vaccine nmust induce a right type of imune response; |1g oov rzgm
rai se both hunoral and cellular inmune responses in order to act on the

i ntracel lul ar and extracel lul ar pathogen. Finally, an optiml vaccine nust
be stabl wodadogssat nust retain its potency for a suffirgmanileys7bong tine in
5 the body to raise the i mune response in a vaccine fornulation for use in
vari ous demandi ng circunmstances during storage and preparation.

Addi tional Iy, vaccines should be of7 reasonable price. Further, the route
and the nethod of inoculation are inportant considerations for optim zing
a DNA i P4\ d o I of the
express%otﬁgtm P%gg\ﬁﬂesﬁlgé QAB rﬂal%&@? %n%és}q%&dnh% aSP@Hr%%% éfm Thus, the
mai nt enargendnerespansepice. utmmstpa;sesbdh aomeralfand Iuellulmumomnemstpbesesem pi ent

cell has ,bee en a@ﬂ_lt e cost of

Che saf ol ordks 1 gettRiIng el dhbigitrafiituiar adROBER L Findiit BR Blipl T 06 )

325-333] ﬁc@ﬁbmwa@wéheﬁamustrréﬁunf@scﬁd!énm@p@bﬁr@iéntﬁu@:bgﬁmenml gh-1 evel
gene expression, which is suggested for use’in gene therapy. Trans 15

form ng etaebgwdxg@rfa@e@aﬁ lwn%r@apwehaa@a@@@ﬁfqu@u@él@aqué%néfarlwsxector but
it still 16 Vi raI
genes, su%e%ﬂas tq:éirc" %gkggnﬁﬁesagmﬂd @@gfégeﬂngﬁﬂ %igégriepl i cation

of the vighosld ﬂ'élul'sneasd)twbkepﬁcet Gurtbenodmmtesavbﬂmlmethbénf maplillaliama pr ot ei ns,
whi ch may ehmé%ndes r%ﬂ ng}é doé\ﬂi@% and .whi ch induce a risk of the
vector' s FRIBEPERT SQnpifetayans &L opt "@Hn IMIgUNiggHon; o ct or i s replicabl e,

since it contaiyRen a@@e@n@smmMtélnreltﬁélaialb;rtyd;fttheéx;braéa@a ofthedeze and
t herefore subject to bacterial nodification during p@ﬂparatlon
U

| nt er At .sjmgepaﬂsmmetmﬁs Eejos arabiem Biniss heamginiengnesiupalicnor the s ¢l oses
vectors ? aﬁc&@ffﬂe'vg@gr @%é’k{é@h&&%@ﬁ‘ﬂ&&é@ ﬁcmorﬁﬁ ke g;?rfb‘?' get hods us-

ing such vVect ors term productron ene product of
i nt er est h@&feven oﬁenmbrtimlooahoﬂtbs*safem For eaingite,Otp, &s,st al. FHusr@er®2.  These

2oM oy Dirs B AoBb R 2R ud el ond %rb%&ﬁrhggeéﬁbﬁﬁa%ﬁ%ﬂ%‘%éﬁeﬁ! ond 8
gene encqﬂgﬁ-@e@ﬁg&@éﬁ}ﬁesmmdw% is Tsh?‘gé%cﬁfdi‘ ubb/h §emsineldpyoTRinsa DNA

sequence different fromthe natu- | oma virus sequence, and in sone

enboditferfosningeany ggessd=5. &f&irnd BA have aﬁerydelef@étfmsai@mcé@rnb% stith ME
consi stin aﬁgﬂﬁéiéétld% s%ﬁuéﬁéés%%?ﬁégﬂgbfh@r gégﬁe fog?ﬁy ﬁaé g%He%Cé&%%‘% thd) SOMe

exanples ese vecCtors require rese pro- tein either in
t he host Bt andhER genegathich dreinvoived éxtheeslication diths viugp #ihus; thehescr epl i ca

tor produces several other papilloma proteins, which may elicit undesired immune

responses and which induce a risk of the vector’s integration in the recipient. Al-

20 so, the vector is replicable, since it contains the £1 gene. Additionally, itis large in
size and therefore subject to bacterial modification during preparation.

International Patent Application PCT/EE96/00004 (WO 97/24451) dis-

closes vectors capable of a long-term maintenance in a host cell and methods us-

ing such vectors for obtaining long-term production of a gene product of interest

25 in a mammalian host cell, which expresses E1 and E2. These vectors contain a

minimal origin of replication of a papilloma virus (MO), a Minichromosome Main-

tenance Element (MME) of a papilloma virus and a gene encoding said gene

-product, the MO and MME consisting of a DNA sequence different from the natu-

ral papilloma virus sequence, and in some embodiments the E1 gene. Addition-

30 ally, vectors containing an MME consisting essentially of ten E2 binding sites are

disclosed in some examples. These vectors require the presence of the E1 pro-

tein either in the host or in the vector for the expression. This imparts the replica-



1 9 OCT 2005 WD 02/ 090558 PCT/ FI 02/ 00379 8 tion function to the vectors.
These vectors al so express the El protein in addition to the ge@FdfT 2005
interest and the E2 protein and contain sequences, such as rabbi't

(3-gl obin sequences, which are partially honol ogous to human sequences
caus- | ngoazemsisous ri sk of integration to human genomermwhiogdo r educes the
potential of 5 these vectors as DNA vaccines. Additionally, the vectors are
unstabl e due to their size (ca 15 kb): at the preparation stage in a
bacterial cell, the bacterial repIrc&tron machi nery tends to nodify the
vector by randomslicing of the vector, which leads to unsatisfactory

expr essi t

i nt er est %fpm Pﬁ@ﬁﬁé@%ﬁ&? b'Pat e%’?g %Pﬁs?légtérfﬂg%y%%%%gggf B‘gﬁﬁ'g&?@{b 97/ 24451)
further ftitbepesesf intestst Bhd theEZprodein and sopfainsegiendespsuthedsTabbibcessary for
t he episo | ong-termreplicati evetor Addrtronally, t he

mai nt enan@%iopﬂh%‘tq%gﬂ O+ ar%ﬁ@'f'a@téﬁ qg&”%@%’%?%ﬁ & T presence of
m ni mal  ofgaMetioud\heKCdT integratibRicthirhdn %@@%Wrﬁdu@sﬁh@p&@nmwsm ficient,
for the Iong-term persi stence or 15 t stabl e mai ntenance of the vectors

the cebl st ep@ veeensEasdiNA vaecingssAddiiprallystheiveetors arg unsipbie due theibne

Mai nt ena r the

st abl e rQ%? Eatel [Sg{ri:)t) tﬂ%ﬁi&?ﬁa@?&(ﬁma |CU€B§&S%FQI?%H6§§QE§HEPE%P%§ sites
(E2BS) armashinerydends tbmcnhfqétw\aa@orfbryn'amdmn sliciiy of thevedtanahickeleadls t he

vect ors. There |s a clear need for roved no r whi ch woul d be
Usef Ul - as® Eet GG RSO aTodtts LG et of S AN REPE or o t o
provi de ngmMglersgectors, which are capabl e of a Iong term mai nt enance in a
| arge and increasing number of different cel st's body and

ther ot capabllBEIBRARaiPdRpSatan S EIE5PE0000H (WO SHMATINSIIGS
ant i gen( syiscidSes Mgk B andHA8k 186 ohfiGiiaY B edsSsdi) Y MIefRafipy el vectors,

whi ch are nmaln- talne |'ong
ori gi nal | lpngderei replicatios oﬁﬂfmt\@rctoamchddttmaﬁy mamdintenanoefmtimaoﬂ'ghe er cells

after di vi Si not her objgect .of, th \Y; Qn is to

provide n@aﬁ Q?E'Sﬂ?r'&aﬁtﬂ?éﬁde‘%‘ greegesﬁﬂc%hﬁt“t't’@ﬁ' %?ng @BW Br genes of
i nterest ghrkiaddelnecesdaly althengh RECaRficisR, forihe |t>ﬁg-tarnt petSistcpicslonRi Nt enance
in the recipient cells and thus are devoi d of onmponents that are toxic or

cause 1§y nﬁb‘@@?ﬁbl%matﬂi@‘%@@aﬂ'@ vestorsthecells. dﬂ@ﬁdltloﬂs the cieelerpens, ie.
the Minichromosome Maintenance Elements of the BPV1, are stated {o be re-

quired for the stable replication of BPV1. In particular, multimeric E2 binding sites
(E2BS) are stated io be necessary for the stable maintenance of the vectors.

There is a clear need for improved novel veciors, which would be useful as

20 DNA vaccines.

An object of the invention is therefore o provide novel vectors, which are
capable of a long-term maintenance in a large and increasing number of different
cells of the host’s body and thereby capable of providing a stable expression of
the desired antigen(s).

25 Another object of the invention is to provide novel vectors, which are main-
tained for a long period of time in the cells that originally received the vector and
fransferred it to the daughter cells after mitotic cell division.

Yet another object of the invention is to provide novel vectors, which ex-
press in addition to the gene or genes of interest preferably only a gene neces-

30 sary for a long-term mainienance in the recipient cells and thus are devoid of
components that are toxic or cause symptoms of the disease to the recipient.




WO 02/ 090558 PCT/ FI1 02/ 00379 9 A further object of the invention is to
provide novel vectors, which mnc at- tenuated live viral vacciin®@sp{T 2005
especially in their function of nultiplying in the body, wthout inducing
any consi derabl e signs of disease and w t hout expressing unde- sired

~ pr ot ei nswoniogdsssTay | nduce adverse reactions in a hosteammiestmgd wth the 5
DNA vaccine. Still a further object of the invention is to provide novel
vectors, which do not replicate in the recipient. Still another object of
the invention is to provide novel vectors, which in- duce both hunoral and
cellular i mune responses when used as DNA vaccines. 10 Yet another object

of the inventi qurmet@bjéét@vtlﬁqnmveh [s\/cs%va%ndwhfe&o% %,h;cﬁ%uﬁﬁ:;%te for a

| arge-scal e production in bacteri al anot her obj ect
i nvent i on eguatgd liye viral vaeaines, %maﬂy@ thﬁinfmctlan of mutﬁlplwr@sn thepeneiyf i ¢ and

th bl I ddi t.ional object
of utS hgn?nv‘gﬂﬁqugF\rﬂmﬂp%hgregr\‘/é'ac]ergnovg#%vec'[%ggéé ﬁv%&ﬁ‘kxui?)éore gﬁlgglf;ul as J
carrier ve&ltedr;yotems syhinmap indiesexrivefsei robeticdstin ahdstirjdutsd athéss of the

i nventi Egﬁ grow de novel vectors, which are use- tul in gene therapy
and as Sen tD‘I’(@F B%'utlc agents and for t he production of nmacronol ecul ar

drugs in vivo. giff aﬁuﬁﬁbl%%oﬁheﬂhﬁedtﬂﬁ% ﬁ@%a@él%@t‘& s, WhGdd on

di scl oses novel vectors, which neet the require- nents o 'a carrler vector
of a gene Rt replicate ipfthe raciientt or of an optimal .DNA vac- cination vector

and which are fec s af prior art
vectors. 25 Thggtmrzlggr%r%b%%ﬁi;tﬂgﬁﬁveg %q§$z%&$%38§%VSF é} 'ﬁdl ng that a
vector ( rxltmgrlmttb hwaomy ambcdliujar anmeng rmsnm WWQﬂﬁddfas@NRv%eSequence
encodi a nu- .gclear-anc rotejin nu|tiple copies of high
af fi ni By bi ndi 6 fér’?fé'sf?ﬁﬁct E A TS @gqunﬂyebvw@w i gBds i n
prollferatsuagm@erbm:ar sgalé pRdlctiof [MbactiEpeen Of vector-carrying cells

i ncreases even without the replication of the vec 3o tor. Wen the vector

addi tional |y cafétpeathar glinet afithejtaveatiast is |tmpmveiemovehweeamﬁnermch afe such cells
that expr %ﬁ% | e w thout the
replicati gﬁﬁo?s e%{rgc ng%ﬂ@%’%'ﬁgsblé %ﬁﬁr‘é@@;@b’f@é\f%{éq WFE%% | acks a
papi | | oma 19 O&h &MitonAifedt 0 MHeStvdrtion is 10 DOAFY Sovel vectors, which are
15 useful as carrier vectors for a gene or genes of interest,
A further object of the invention is to provide novel vectors, which are use-

ful in gene therapy and as gene therapeutic agents and for the production of
macromolecular drugs in vivo.

20 3. SUMMARY OF THE INVENTION
The present invention discloses novel vectors, which mest the require-
ments of a carrier vector of a gene or genes of interest or of an optimal DNA vac-
cination vector and which are preferably devoid of drawbacks and side effects of
prior art vectors.

25 The present invention is based on the surprising finding that a vector
(plasmid) carrying (i) an expression casseite of a DNA sequence encoding a nu~
clear-anchoring protein, and (i) multiple copies of high affinity binding sites for
said nuclear-anchoring protein spreads in proliferating cells. As a result, the
number of vector-carrying cells increases even without the replication of the vec-

30 tor. When the vector additionally carries a gene or genes of interest, the number
of such cells that express a gene or genes of interest similarly increases without
the replication of the vector. Thus, the vector of the invention lacks a papilloma




10 virus origin of replication. In a preferred enbodi nent, the vector of
the invention lacks an origin of replication that functions inld@ fma00mn
cell. Accordingly, the present invention discloses novel vectors useful as
carrier vectors of a gene or genes of interest, in DNA vaccination and
gene t heMapiz/oa0seB 5 as gene therapeutic agents. | n a Sa@If0e37enbodi ment,
said vectors are capable of spreading and, if desired, of expressing a gene
or genes of interest in an in- creasing nunber of cells for an extended
time. The vectors of the present inv@n- tion preferably express only a

nucl ear-anchoring protein, and, if desired, the gene or genes of interest,

and Op“oﬂﬁis'dﬁgga o?ﬁ’éﬁ‘?;}ég&{eln%ﬂé%rrred@ﬁﬁdﬁhenﬂt'ﬁ_@%e}%%ﬁhéin%nﬁ’éﬁ’ [tick any

redundant, oncdgenically transformng or potentially toxic sequences,
t her eby akeoksiamgrigin oéteplicatindhatfurctisinstin @ mayomelian eelevi ousl y di scl osed or

sug- gested f DNA v LN Ly &0, [ YR reacions

agai nst ot her %ﬁcﬁﬁnﬁié%%rﬁéﬁﬁ@ﬁvq?ﬁ%g'ﬁﬁg?%y@&%@@m‘fsseﬁg%sf ﬁ'@gl} nventi on,
this i s agdutereefla gend orgdrres of fiterebt, IMBNAvREESStRN andgenatheraphand ng protein
in the cells. At the sane tine, the 15 vectors of theiaﬁresent i nvention

i nduce ShoRhOPRFBPERAPEHRIAGRNT-UINF SREFfigRIhadimepotRid KeCigiRAra ceraPijene or
genes of } hSd I3 adadd i ny i - present

i nventi onbgglfgéﬁﬁvgaﬁﬁ%dg%%ésﬁ% bcr)f| %kgé’tﬁsgj[%&lbﬁﬁ?/ﬂ é’%-.e‘é(%effug-éfési@frr]] ét[rﬁg producti on
| evel ) ancreasing humbeeofgells foaanientended jimeTAbe pedowsaf thewresentdivene| ates to

h bj f the | ' ' f Bin hed

cllai . T Fse SarbeongH APk aBholfa psbdu. et oedipl B BT 1S . (o)
a DNA  segusmines ofimtargsnandoptintaiiva selectubld marker.oteweverpaeppieferay | inked to
n e By Sy oL e SRk Sy oG 1, 1) °
funct | onaineflgipivBidih serb RARDAR of (R3S pRATLBNARSof o cignct onal

equi val ent théreof; a mul- tinerized DNA sequence formng a binding
site for gentediiorisaas BNAh@CEings deobypaisensitivily iactiens against oiber visat ks a

bt he 1 npnetEnt. 8B etibghfiOls SPusieRl PiE Aty SERI RS 2 0N o
cel | . 30 Vel of theteRpresesd Aotiemdrichoting proteih iethe e6lisD i ¢ sanse firé,dheé C

chromatin, the _nuclear natrix, nuclear domain 10 &NDlO.)-’ or nucl ear domai n
d cellular immune re-

POD. 16 CYeetars s thopteseob tysnficadnitise bothoairepral an
sponses, where the gene or genes of interest is included in the vector.

The vectors of the present invention are advantageous for use both in vitro
(e.g., in the production level) and in vivo {e.g., vaccination).

The present invention refates to the subject matter of the invention as set

20 forth in the attached claims.

The present invention relates to expression vectors comprising: {a) a DNA
sequence encoding a nuclear-anchoring protein operatively linked to a heterolo-
gous promoter, said nuclear-anchoring protein comprising (i) a DNA binding do-
main which binds to a specific DNA sequence, and (ji) a functional domain that

25  binds to a nuclear component, or a functional equivalent thereof; and (b} a mul-
timerized DNA sequence forming a binding site for the nuclear anchoring lprotein,
wherein said vector lacks a papilloma virus origin of replication. n a preferred
embodiment a vector of the invention facks an origin of replication functional in a
mammalian cell.

30 In certain embodiments, the nuclear component is mitotic chromatin, the
nuclear matrix, nuclear domain 10 (ND10}, or nuclear domain POD.



11 In certain specific enbodi nents, the nuclear anchoring-proteinis a
chro- matin-anchoring protein, and said functional domain bi ndggmgieqt 2605
chromatin. In certain enbodiments, the nucl ear-anchoring protein contains a
hinge or linker region. 5 In certain enbodi nents, the nuclear-anchoring
protei n wWoO®omasaural protein of eukaryotic, prokaryotrca/Fianodreral origin.
In certain specific enbodinents, the natural protein is of viral origin.
In certain enbodi nents, the nuclear-anchoring protein is a natural protein
of eukaryotic origin. 10 In certai nténbodi nents, the nucl ear-anchori ng
protein is that of a papil- loma virus or an Epstein-Barr virus. In

speci fic_enbog BERf spblfic BHEbEHen®] MR RREAGIY-AbdAIR dubr ot ei n of
Bovi ne Papill oma Wi rug ype or Epétel n-Barr Virus Nuclear Antigen 1. In a
speci fi ¢ reatineanchenng prateinnand said funtiboalidegngin binds mitadictcheon®@inpr ot ein - 15 of

nucl oar - anchoi® Rere Breerarts, o Po RS aedA finoe & cor tai

enbodi menfker felfRnnucl ear-anchoring protein is a non-natural protein. 20 In
certain enbodi nents, the nuclear-anchoring protein s a rei:onpi_ nant

protei B, a fudnoertainembodiments,dhepnuniearanshoBngrragtalyisaiialéa! P fbdel i ng

t echni queg. bk Sofrpdi Wﬁ@é‘*‘ ifleftsN thd Usi on
protein, e%reuééﬁoﬁgf@b%%r&%l hegngécuhgerr{a% e |lng tggﬂfrﬁequés cont ai ns any
conbi nat i returaf pateibi$fotiimbonigin.domai n whi ch binds to said specific DNA

sequence and g_functional,. 2 mai 0 whi ch binds, t.o. nponent ,
wher ei n sai d ﬁﬁﬁ%@?‘ﬂﬁm OHW%?ﬁqﬁ%?%ﬂeﬁ{rw Ofid pdromr&s%arﬁ]alflg%ﬁgréﬁilﬁt i s that
of a papidflgaRaryetié Bginan Epstein-Barr- Virus, or a Hgh Mbility Goup
protein. In certain Specific enbodi nents, the reconbjnant protein, fusion
proteilf, or pn&edain aspradimentspifermcieaipaeheradrote) Bebatf @R eont ai ns any
conmbi nat i bpndi ag. domai n whi ch binds to said specific DNA
seqguence ‘Qﬁ‘& @?3’&@&%&&3%@”@?% whi ch binds to a nucl ear conponent,

wherei n sai d finspédificembodiments, thewhictsar-bictusing pradeinisthe B2 padeipohent i s t hat

of E2 pr Oég\}ir?e Bfapiﬁgr\{'lielr\]ﬁrugw&al 1 %19 E[%gin- é)r?v\l/r\i?s %é%%?gﬁﬁgen 1.
In a specific embodiment, the nuclear-anchoring protein is the E2 protein
15 of Bovine Papilloma Virus type 1. |
In specific embodiments, the nuclear-anchoring protein is a High Mobility
Group protein.
In certain embadiments, the nuclear-anchoring protein is a non-natural
protein.
20 in certain embodiments, the nuclear-anchoring protein is a recombinant
protein, a fusion protein, or a protein obtained by molecular modeling techniques.
in specific embodiments, the recombinant protein, fusion protein, or pro-
tein obtained by molecular modeling techniques contains any combination of a
DNA binding domain which binds to said specific DNA sequence and a functional
25 domain which binds to a nuclear component, wherein said functional domain
which binds o a nuclear component is that of a papilioma virus, an Epstein-Barr-
Virus, or a High Mobility Group protein.
In certain specific embodiments, the recombinant protein, fusion protein,
or protein obtained by molecular modeling techniques contains any combination
30 of a DNA binding domain which binds to said specific DNA sequence and a func-
tional domain which binds to a nuclear component, wherein said functional do-
main which binds to a nuclear component is that of E2 protein of Bovine Papil-




12 PCT/FI 02/00379 loma Virus type 1, Epstein-Barr Virus Nuclear Antigen 1,
or a Hgh Mbility Goup protein. In certain enbodinents, the 'EﬁAOCT 2005
vectorfurther conprises one or nore expres- sion cassettes of a

sequence of interest. 5 In certain enbodi nents, the DNA sequence of

I nt er est wiosn2dEss of an i nfec- tious pathogen. In cert @mrebedy nents, the

I nfectious pathogen is a virus. In certain specific enbodinents, the virus
is selected fromthe group consisting of Human | mmunodeficiency Virus
(H'V), Herpex Sinplex Virus (HSV), patitis C Virus, Influenzae Virus,
and Enterovirus. 10 In certain enbodi nents, the DNA sequence of interest is

t hat of Wran e i | RRidet HRMNSHikty Grdp Sel ect ed
fromt he%@%ﬁ@ﬁgt #gﬁg:apbfléhl‘gggﬁ%‘@ﬁ%ggg t #%h%hgg S, l\/yclotgactuebri um
t uber cul ggoejn.and Mycopl asma  pneunopnia. In a specific enbodi ment, the

bacteriumis Sal I la. .l t aj ' ts. f
L, TEROBA bSO A Beed A5 RBEIERS 1
fungal pafilipeieitss 6pa DNIsEdURNB@ BSinterbst. cert ai n enbodi ments, the DNA

sequence of interest is of HV origin. 1In spe_cifiqt,etgboqlri manfts, t he DNA
sequenBe of i Al eedaN egthogiaants, the PN seauenra Pl iptsieatiz 9ALOTANINIEFH of HIV. In

nmor e spegjd |l ﬁmlgéi int ants r!ﬁﬂ% ¥Vt g N of HHVis
Nef, Tat Ct!’:‘o‘;?g;bgr e\F/l'. ﬁ%&galggg@@@ergﬁbfggﬁﬁfég@us nt, &ﬁﬁ;lg non-structural
r egul at orgerfairospecificambddimesisNdie. vinue iseelecied frombibdigne eonsistiag oNA sequence

of interest encodes strucs,tur rotei p. o V. Lt

erboai meriuman oA Y () Bitbek Prbon it D, B8RRI S

gp120/ gph@fss, lriflueszdeVitus HpaddEm@&dlitus.t he vector of the invention conprises
a first ex- 25 pression cassette \cpoNn/gri sing a i nt erest

DNA se f
whi ch 18ncodes Ingertaimgmbagiipeds. the ﬁ%ﬂ%@@@ﬁﬁ‘@?rﬁgtﬁg@ggﬁgﬁggé ette
i Si | B ' ; d/ Rev.
conpri si %ﬂn%r%eﬁﬂ%gﬁﬁ@ﬁghbééaeoéﬂﬁﬁﬁn %!e@&te‘h"ﬁ;d?ﬂ%;eo%‘gﬁp cdidistand/ or Rev

In certain e of the invention rises a first ex-
pressi on ingsé @Hamydiaprachomatis, DBizohsetanignt tibefculosis rangt Migaptesstc odes Nef |

o o o 23S B IE VB AR RSB L 19\ SNy
2005 WO 02/ 09Qf%8rtain embodiments, the DNA sequence of interest is that of a fungal
15 pathogen. In certain embodiments, the fungal pathogen is Candida albigans.

In certain embodiments, the DNA sequence of interest is of HIV origin.

In specific embodiments, the DNA sequence of interest encodes a non-
structural regulatory protein of HIV. In more specific embodiments, the non-
structural regulatory protein of HIV is Nef, Tat andfor Rev. In a specific embodi-

20 ment, the non-structural regulatory protein of HIV is Nef.

In certain embodiments, the DNA sequence of interest encodes a struc-
tural protein of HIV. Ina specific embodiment, the DNA sequence of interest is
the gene encoding HIV gp120/gp160. |

In certain embodiments, the vector of the invention comprises a first ex-

25 presslon cassette comprising a DNA sequence of interest which encodes Nef, Tat
and/or Rev, and a second expression cassette comprising a DNA sequence of in-
terest which encodes Nef, Tat and/or Rev.

In certain embodiments, the vector of the invention comprises a first ex-
pression cassette comprising a DNA sequence of interest which encodes Nef, Tat

30 and/or Rev, and a second expression cassette comprising a DNA sequence of in-

terest which encodes a structural protein of HIV,




PCT/ FI 02/ 00379 13 In certain enbodi nents, the DNA sequence of interest
encodes a protein associated with cancer. In certain enbodinenysy @i 20
sequence of interest encodes a protein associated with imune rraturatlon
regul ati on of imMmune responses, or regula 5 tion of autoi nmune responses.
In a spewdimessbodi mrent, the protein is APE- CED. | n mCTapeons7m cC

enbodi nent, the DNA sequence of interest is the Aire gene. In certain
enbodi ments, the DNA sequence of interest encodes a protein that is
defective in any hereditary single déne disease. 10 In certain enbodi nents,
t he DNA sequence of interest encodes a macro- nolecular drug. In certain

enbodi ent s, ng eﬁﬁf}oﬁﬁ‘ﬁ‘&fﬁs Ghe bNA%&%IEn@é‘Gﬂﬂ%?e(s?eﬁéf&{és algrf@jn | N certain

specific enbomens Kine 1s ah I nter In selected from the
group Cores'sst:lategl\.mth tarter.| L2 I L4, 1L6 and IL12. In certain other speC|f|c

em 15 bodi rre o I nteres ne feron.
certain enbodi Hﬁﬁ'ﬁt@ e{r%gé §§ﬁ%§h@éseﬂuepﬁegft@@{esgﬁﬁ%@gaaor}é@ ogi - cal ly
active R'%sﬂ@ib&ﬂ{hﬂ} urhﬁhri@rhhﬁl'réhoﬁpﬂé@ufdt@n@ﬁiﬁﬁﬁuﬁ@ﬂé&ﬁonééssaoibegjlegl cally ac-
tive RNA nolecule is selected fromthe group consisting Of&#hl bitory

ant i sefs dioneefcautoinayneerasppreas: d8.a sneciisrarabardingpele th BrotaibisiitEnt s, t he

I nhi bi tor an- 20 tisense or ribozynme nol ecul es antagoni ze the funct I on of
an oncoge % A vector of the invention is suitable for the use for the
production of Iaa dpeeifiepmbodimerdche DN seduencagbintergst isthed\irelgeneer t ai n

enmbodi nents, the invention pr.ovid a vector .0 cament. 25
In certain enﬂB&Pﬁ%’Hteé"chﬂEgmﬁvtbﬁﬁ %”80?%8@ %repigp@de?:éﬁg&%l as a car-
rier vectppt EQfefd:tids eanpRéeditary singld Y¢hes@issmace or DNA sequences of
interest, such as a gene, genes, or a DNA sequence or DNA sec1_ uences

encodithg a prdn C@ﬁﬂlﬁ e@mqu@pentaethep%seqwaae@ PUD?"%%@HFOC‘% a'Ra¢peut i c
agent, a rgl I ar drug, or any conbination thereof. 30 In certain
specific , the invention provides a vector for use as a
medi canent f orlntoeﬁah"i arghodiments; 4t DNAsssguenexofjatesesiendedesca sytod 9 OCT 2005
Vo 02/ Ogol?rgg In certain specific embodiments, the cytokine is an interleukin selected from
the group consisting of IL1, IL2, IL4, IL6 and IL12. In certain other specific em-
15 bodiments, the DNA sequence of interest encodes an interferon.
in certain embodiments, the DNA sequence of interest encodes a biologi-
cally active RNA molecule. In certain specific embodiments, the biologically ac-
tive RNA molecule is selected from the group consisting of inhibitory antisense
and ribozyme molecules. In certain specific embodiments, the inhibitory an-
20 tisense or ribozyme molecules antagonize the function of an oncogene.
A vector of the invention Is suitable for the use for the production of a
therapeutic macromolecular agent in vivo.
In certain embodiments, the invention provides a vector for use as a me-
dicament.
25 In certain embodiments, the invention provides a vector for use as a car-
rier vector for a gene, genes, or a DNA sequence or DNA sequences of interest,
such as a gene, genes, or a DNA sequence or DNA sequences encoding a pro-
tein or peptide of an infectious agent, a therapeutic agent, a macromolecular
drug, or any combination thereof.
30  In certain specific embodiments, the invention provides a vector for use as

a medicament for treating inherited or acquired genetic defecis.



PCT/ FI 02/ 00379 14 In certain enbodi nents, the invention provides a vector
for use as a therapeutic DNA vaccine against an infectious ageqtg d@r 2005
certain enbodi nents, the invention provides a vector for use as a
therapeutic agent. 5 The invention further relates to nethods for providing
a protei Waw/ogssub- ject, said nmethod conprising adm racatreiomyoto t he

subj ect a vector of the inven- tion, wherein said vector (i) further
conprises a second DNA sequence encoding the protein to be provided to the
subj ect, which second DNA sequence ' opera- bly linked to a second
pronoter, and (ii) does not encode Bovine Papillom Virus 10 protein El,

and wherei 0 sah Gefih SfbodiRRRts! He FHRNEGT pRANdICa VRBIH s/ ¥ protein

El. The invention tfurther relates to methods for inducing an inmmune
r esponse thempauiic DNA vactine agsinbi acinfedtialisl agenthod conpri si ng admi ni stering

compri ses a sdegriabrabedinehie e WERHUET APEGRA PBoE R Re Locona s

sequence therapeelicident! i nked to a second pronoter, and (ii) does not encode

Bovi ne Papilloma Virus protein El, and wherein said suhject does not
expres8 Bovi nd: hﬁdBVEFﬂt@HﬁUﬂhqrﬁ%'aﬂﬁsé?@?eﬁh@S.foﬁ'H@VM'%%PT‘E‘?#‘E%?tSH T relates to

methods 1igkt, Sig #ehisd gé‘uggﬁn%iﬁéhﬁwﬁstgéi ¢ sBjebt'a Fo@HBIARS ivBnneed of said

treat nent’, “§ail sing admhistering to said subject a
t her apeuttiorgivhgreiri $aid véater (§further compesassz senond DNAsequenegenending wher ei n t he

DA 7 g o PN y g .
epi tope. e ZreiB LB SRS Sufledt B B ERATNR RER M TR, Dot hoas
for treathippnida tb akeebidsioriotetand(l) dnds e egestri BavirtePapiiiomanVaus ubj ect i n

need of said treatnent, said nethod conpris- ing: admnistering to said
3 Bpyediarioma Ve

subj ed® aProtein Ejeand wherajn said sebiegledagsint xpre ma YitU$ nyent i on,

wherein said sequence of interest encodes a protein which is affected
by said inherited or acquired genetic defect. The invention further relates
to met hods f orThexdpvargion figrther Biges tmmethods f@dnduging agimmuse respainge net hod

%Cé;_rprzbggn a%%}%@%%%%h&gct?sgﬁ %Iie%oé) I:O%Blelsili)é" \.fasmriiﬁgrirligoto tﬁé‘isgbjg&bé ect. 19
vector of the invention wherein said vector (i) further comprises a second DNA
15 sequence encoding said protein, which second DNA sequence is operably linked
to a second promoter, and (i) does not encode Bovine Papilloma Virus protein
E1, and wherein said subject does not express Bovine Papilloma Virus protein
E1. |
The invention further relates to methods for treating an infectious disease
20 in a subject in need of said treatment, said method comprising administeting to
said subject a therapeutically effective amount of a vector of the invention,
wherein the DNA sequence of interest encodes a protein compriging an immuno-
genic epitope of an infectious agent.
The invention further relates to methods for treating an inherited or ac-
25 quired genetic defect in a subject in need of said treatment, said method compris-
ing: administering to said subject a therapeutically effective amount of a vector of
the invention, wherein said DNA sequence of interest encodes a protein which is
affected by said inherited or acquired genetic defect.
The invention further relates to methods for expressing a DNA sequence
30 in a subject, said method comprising administering a vector of the invention to

said subject.



PCT/ FI 02/ 00379 15 The invention further relates to nethods for expressing a
DNA sequence in a subject, treating an inherited or acquired qq@q}gp 2005
defect, treating an infectious disease, inducing an immune-response to a
protein, and providing a protein to a subject, wherein the vector of the

I nvent i oWdB&#%wsot encode Bovine Papilloma Vi 5 rus praggioy/oE7? and wherein
sai d subj ect does not express Bovine Papilloma Vi- rus protein EL1. In
certain enbodi nents, a vector of the invention is used for production of a
protei n encoded by sald DNA sequencéd®of interest in a cell or an organi sm
The invention further provides a nethod for the preparation of a vector of

1o claim 1, 2Th%r| tnBRFPm{He?'rélﬁtes(t@he@iﬁdslfupéxw&sawg“@sNA@ Leg@nt ai ni ng

said vector and recoverlng the vector. In specific, enbodlnent t he
net hod f dn asubjeat, tregting avisbede @fa@weﬂ@eé@hqdﬂﬂeﬁtdfﬁtaﬂ@@ alwfﬁﬂflp%ses bef ore

cervan <Haciopr plliaha AT absnotibt 4Bk frat polarpdl ottt 17,
specific ﬁmiiwﬂl\nﬂmémthér@thmh\l'emlen aoeﬁmbacoderﬁwnrred?apmom Mihe i nvention
further relates, to a host cell '

characteri zed. b ntai,n- ing a
vect or 5ofrug REoteimishand whergin @E‘ldtséﬂ H’Cg %ﬁ?@ss{éﬁ&“ﬁ%’?@?‘emvl s ag
bacteri a'rus?ﬁ#:tlamﬁ a certain other enbodinents, the host cell is a
manmal i an ¢ e invention further relates to carrier vectors containing
a vector of tHeceitasinembodimernts, avastonef theinvantipn iz used ferqredudiongf 4
phar maceut i ¢ t on and a
sui tabl e %H?&%ﬁ%ﬁgﬁ@e\*y g@g%&;%@g}am%ﬁ%ﬁﬁ u%%“f%ﬁ%nr&qﬁ[g@ to a DNA
valcc It ne tcont aiTHel”ilV?‘ttMﬁCfQMercpi'mﬁd‘es a mathoatfoothe préymarationsofta \mctdmft her
relates to a gene erapeuti c ent .cont.ai ni a,vec- 25 tor t he
i nvent'Porciaimhb 2, H&i?n??'@ﬁ”?‘ﬂgtﬁ?gg”] "éqtﬁ‘ﬂ@sh%c"gpmﬂﬁ'ﬂgpﬁa Vﬁﬁtgrﬁ?qepar ation of
a_ DNA Vati%ﬂ ?ﬁ%ﬁe%hfb?dlrf:é’ dnﬁi &ﬁb@&ﬁ@hﬂ%ﬁ@m@tﬁbﬁ%pﬁm@énﬁd@ i nvention

with a s arnaceuti c vehicle. Thé invention further relates to
a met hod \f&mrtortdiéh@mpailca‘t fmiheocorapn@gdmfore@éeﬁ t) astep phirgrsterniif@r apy, said

phar naced T PR3 g St GscsFufifents BB UG Al L0 €

prokaryotic cell. In a specific embodiment, the host cell is an Escherichia coli.

15 The invention further relates 1o a host cell that is characterized by contain-
ing a vector of the invention. In certain embodiments, the host cellis a bacterial
cell. In a certain other embodiments, the host cell is a mammalian cell.

The invention further relates to carrier vectors containing a vector of the
invention.

20 ~ Theinvention further relates to a pharmaceutical compasition comprising a
vector of the invention and a suitable pharmaceutical vehicle.

The invention further relates to a DNA vaccine containing a vector of the
invention.

~ The invention further relates to a gene therapeutic agent containing a vec-
25 for of the invention.

The invention further relates to a method for the preparation of & DNA
vaccine, said method comprising combining a vector of the invention with a suit-
able pharmaceutical vehicle.

The invention further relates to a method for the preparation of an agent

30 for use in gene therapy, said method comprising combining a vector of the inven-
tion with a suitable pharmaceutical vehicle.



PCT/ FI 02/ 00379 16 4. DESCRI PTION OF THE FI GURES Figure 1 shows the
schematic map of plasm d superb. Figure 2 shows the SChemth‘l@W 2205

plasmd VI. Figure 3 shows the schematic nap of plasmd I
shows the expression of the Nef and E2 proteins fromthe vectors superb,
super 6wt WOz/090§580t , and |1 in Jurkat cells. Figure 5 Sommsoztobsschematic

map of plasm d productl. Figure 6A shows the schematic map of the plasmds
NNV-1 and NNV-2 and Figure 6B shows the schematic map of plasm d and
NNV-2wt . 10 Figure 7 shows the expré8sion of the Nef protein fromthe

pl asm ds NNV- 1, NNV-2, NNV- Iwmt, NNV-2-wt, superb, and super6wt in Jurkat
cells. Figure he Nef and E2 proteins fromthe
pl as- mds NNV-2-w, ﬁv F@ﬁg Lg{o%uct | in Jurkat cells. Figure 9
shows t he exprl%@sedrsmstthesmmammap op plaswiihsupgerdm t he plas- 15 nids

NNV- 2- wt , uct n P815 . Figure 10 shows the
expr essi on of '% e ﬁhomg(hg @%?@WQPPFB%SF&CE{/LI as- mds NNV-2-w,
NNV-2-wt FS,  armlgire@itaiws the Bckémbiceh Wpofﬁla@umanll shows the expression of
the Nef protein fromthe plasmds N NV-2-wt FS, and product | in

RD cel Ps. 20 f'@ueési@wﬁmﬁxmﬁwwﬁ%yﬁwq)ﬂm@ MSHEGIOEE NNV- 2wt i n
CHO, Jurﬁﬂ%r@%bérﬁl\nﬂr\ﬁ %&t‘sﬁﬁ&hhﬁ‘]'h IB. 13 shows the stability of
Ia S

NNV- 2wt i n"'bacte cells I gure ows the Southern blot analysis of
stability of . tFiguresints the schemat:cemlap@&plasml@pmsiuam el enent in CHO and

Jurkat cell lines. 25 Fiqu e 1 t hat th t Nv2wt FS and
productl are ‘ﬂ%‘é’ﬁé\ F? ‘gﬁh‘?a 0@82 1%%% I cation.
Figure 16arﬁhpigﬁret$®sﬁ©h@mtscheﬁﬁﬂcﬁaﬁcbfqalaﬁlﬁarand NNW-@Ivt. EGFP.  Figure 17

shows the schenmatic map of the plasmd 10bse2  Figure 18 sho t he
schemd@i ¢ map d@urpﬁesfm\@éheaxwﬁwn E@hﬁ&@fp@elﬁl rgmfgefblsswbi,@ p’?\e schemati c

T or RPN MR, ot sy gagand !, sorves ol IR
EGFP or with dédguredd sr[d\Ms thelexpression ©Cthe2letand E2 proteins from the plas-
mids NNV-2-wi, NNV-2-wtFS, and preduct | in Jurkat cells.
Figure 9 shows the expression of the Nef and E2 proteins from the plas-
15 mids NNV-2-wt, NNV-2-wtFS, and product | in P815 cells.
Figure 10 shows the expression of the Nef and E2 proteins from the plas-
mids NNV-2-wt, NNV-2-wiFS, and product | in CHO cells.
Figure 11 shows the expression of the Nef protein from the plasmids NNV-
2-wi, NNV-2-witFS, and product | in RD cells.
20 Figure 12 shows the expression of the RNA molecules NNV-2wt in CHO,
Jutrkat cells, and P815 cells.
Figure 13 shows the stability of NNV-2wt in bacterial cells.
Figure 14 shows the Southern blot analysis of stability of the NNV-2wt as
non-replicating episomal element in CHO and Jurkat cell lines.
25 Figure 15 shows that the vectors NNV2wt, NNV2wtFS and product1 are
unable to HPV-11 replication factor-dependent replication.
Figure 16 shows the schematic map of the plasmid 2wid1EGFP.
Figure 17 shows the schematic map of the plasmid gf10bse2
Figure 18 shows the schematic map of the plasmid 2wid1EGFPFS.
30 Figure 19 shows the schematic map of the plasmid NNVd1EGFP.
Figure 20 shows the growth curves of the Jurkat cells transfected with the
plasmids 2wtd1EGFP, 2wtd1EGFPFS, NNVA1EGFP or with carrier DNA only.



WD 02/ 090558 PCT/ FI 02/ 00379 17 Figure 21 shows the growt h curves of the
Jurkat cells transfected wwth the plasmds 2wt d1EG-P, 2w dli §C§Pd:[ﬁ£ 2005
gf 10bse2 or with carrier DNA only. Figure 22 shows the change'li
percentage of dl EG-P positive cells in a population of Jurkat cells
transf ecW@d2ipask8 t he vectors 2wt d1EGFP, 5 2w dl EGFPFSerhideadFzeFP. Fi gure
23 shows the change in percentage of the dl1 EGFP positive cells in a
popul ati on of Jurkat cells transfected with the vectors 2wt d1EG-P, 2wt dl
EGFPFS or gf 10bse2. Figure 24 shows fhe change in the number of dl EGFP
expressing cells in 1o a population of Jurkat cells transfected with the

vectors, 2ut 1Ry 21 M6 BEFEM ARSI RalcendBuisdaf e change in

t he number of expres a ion of Jurkat cells
t r ansf ect pldsmids PE\MWEEGEEIZJMﬁ EGFBES(EﬁObs@\DMIﬂE@HES)HA apiyiObse2. 15

or s/ wel ), ARG INGYS FeRfOn I PERAREgR o AFRER BB i zea
With 1 ma gémee tl@iﬂﬂ Q:ff FikatNeells Firgnsfectéd - with Cilel veetoroBwtd1 EGRRY ds
r ecomnbi nant Nef ei ns éS ncro- grams/well), neasured by T-cell

prol i féra@W@ﬂlEG FMWY H85Pi muni zed with 20 20 micrograns of GTU Nef.

Figure 28. T- SR m cr o-
grans/wel |), cﬁé\"kﬁr@gﬁﬂgﬂﬁ'ﬂ?ﬁ@% gﬁ)e][rer a%éon [ ndggﬁtargr?eiﬁb@?%%m zed with 1
m- cr ogranpamulaﬁﬁn} néf Jurkae aells ulransfested gwitle nthas vectorau | 2wt tnGFRdex of t he

T-cel | |on say (Nef SI) and as | FN-Gamma secretion to the
super nat aﬁ?’td gé?%% f@ A) plasm d pEBO LPP; (B) plasm d s6E2dl EG-P;

(C) plasmd W@QE@EB\NEtmnP@mﬁb@&mwrmmewl@@llem 31. Vectors
did not interfere with cell prolijferation Figure 32. Vect

i nt 40ned pwqtat@ncan JUTKB PlP | FRNSieRioq i Wik | 16 VEGIOR AW 1BSFPehange of

t he numbes cells intine in transfected total
popul ati on o? cells 1@%@%@%
Figure 25 shows the change in the number of d1EGFP expressing cells in

a population of Jurkat cells iransfected with the vectors 2wid1EGFP,
2wtd1EGFPFS or gf10bse2.

15 Figure 26. T-cell responses towards recombinant Nef proteins (5 micro-
grams/well), measured by T-cell proliferation in five patients immunized with 1 mi-
crogram of GTU-Nef.

Figure 27. T-cell responses towards recombinant Nef proteins (5 micro-
grams/well), measured by T-cell proliferation in five patients immunized with 20

20 micrograms of GTU-Nef.

Figure 28. T-cell responses towards recombinant Nef proteins (5 micro-
grams/well), measured by T-cell proliferation in patient # 1 immunized with 1 mi-
crogram of GTU-Nef. The results are given as stimulation index of the T-cell pro-
liferation assay (Nef SlI) and as IFN-Gamma secretion to the supernatant.

25 Figure 29. (A) plasmid pEBO LPP; (B) plasmid s6E2d1EGFP; {C) plasmid
FRE2d1EGFP

Figure 30. Plasmid FREBNAd1EGFP

Figure 31. Vectors did not intetfere with cell proliferation

Figure 32. Vectors were maintained in the cells with different kinetics

30 Figure 33. Change of the number of d1EGFP expressing cells in time in
transfected fotal population of cells




WD 02/ 090558 PCT/ FI 02/ 00379 18 Figure 34. Change of the nunber of dl EGFP

expressing cells in tinme in transfected total popul ation of cgell (
human enbryonic cell line 293; (B) nouse cell line 3T6 Fi gurg éfﬁﬂ\leaﬁb%nd
E2 anti body response 5 Figure 36. Rev and Tat anti body response Figure
37. Gag wod2@mMsssr esponse Figure 38. (A) GIU-1; (B) Greczheboos€) GTU 3Nef;
(D) su- peréwtdl EGFP; (E) FREBNAdI EGFP; (F) E2BSEBNAdA1EGFP; (G NNV- Rev
Figure 39. (A pNRT; (B) pTRN; (C PpRTN, (D) pTNR; (E) pRNT; (F) 10 p2TRN;
(G Pp2RNT; (H) p3RNT; (1) pTRN-i E2-®&/CSF; (J) pTRN-i MG GMCSF  Figure 40.
(A pMWINTR, (B) pM2NTR, (C pMWINLIITR, (D) pM2NL1TR Figure 41. (A

D2opt bl 71 24 {18 3k FRERG, Of i nuirilor BPBYEGEP Ehpreegihg BRI )
PRNT- CTL ;trapSjectetiRigial gaupulation quTcms (B)Lhutoary enbEjoniRsE m:z@gag%) (F)
PTRN- dga -dgag-CTL; (H) pTRN-optpl 7/24-CTL; (1)

(B)

pTRN- CTL- ?HS&GPﬁ % %

(J) pRNT-CTL-optpl 7/24; (K) p2TRN-optpl 7/24-CTL; (L)

P2RNT- opt pl 7/ & B5. N&aﬁatﬁh&n@w&dwmpbﬂde% (N) p2RNT- CTL- opt pl 7/ 24; (0)
pP2TRN- CTL- opt pl 7/ 24-1 E2- mGVCSF; 20 p2RNT- CTL- opt pl 7/ 24-1 E2- nGMCSF; (Q
PSR gli ont bloyr o4 F{em)angéfmntl@ﬁyrggﬁusg? (tS )I 7/ 24- i E2- mGVCSF:;
(0] - 0 i

PREBNA. RNT- gTﬁgyr'%éh%z? Ei?@h_s ébgwt RNT- CTL- EpltO pl 7/24; (W E2BSEBNA-
RNT- CTL- optpl Hgﬂﬂe 38() F(GM/GTB\IFI' (B).-Gtyer1 1¢) 26T|E|r-3ﬂﬂ’fe( . Snal ysi s of

t t i f
The ol s BB ELERESRAUIEGPP: @%ﬁﬁfﬁﬁ%ﬁ@p@s@@ R o ot ei ns.

Figure 45. Angigisé 390f @R'mat(n(prpnmﬂq E) pRNTY (BNt i gens by

I m munof | uorescence. (A)rﬁNF@fFe(Bbj A sis of pl_ sl gn_of he gag coded
st r uct!or R2THNbHE) ﬁgRHﬂ'd(H)tm%Nﬁ‘lﬂ)rﬂ]'ﬁN (41)79 Hﬁi&%ﬁ@‘é protein

local i zation iy BT angRy PMVANER! [(5) pMVZNTR, (C) pMVINT1TR; (D)
pMV2N11TR

Figure 41. (A) pCTL; (B) pdgag; (C) psynp17/24; (D) poptp17/24; (E)
p2mCTL; (F) p2optp17/24; (G) p3mCTL; (H) p3optp17/24

Figure 42. (A) pTRN-CTL; (B) pRNT-CTL; (C) pTRN-dgag; (D) pTRN-
CTL-dgag; (E) pRNT-CTL-dgag; (F) pTRN-dgag-CTL; (G) pRNT-dgag-CTL,; (H)
pTRN-optp17/24-CTL; (I) pTRN-CTL-optp17/24; (J) pRNT-CTL-opip17/24; (K)
p2TRN-optp17/24-CTL; (L) p2RNT-optp17/24-CTL; (M) p2TRN-CTL-optp17/24,
(N} p2RNT-CTL-optpi7/24; (O) p2TRN-CTL-optp17/24-E2-mGMCSF; (P)
p2RNT-CTL-optp17/24-IE2-mGMCSF; (Q) p3TRN-CTL-optp17/24; (R) p3RNT-
CTL-optp17/24; (S} p3TRN-CTL-optp17/24-IE2-mGMCSF; (T) p3RNT-CTL-
optp17/24-E2-mGMCSF; (U) FREBNA-RNT-CTL-optp17/24; (V) super6wt-RNT-
CTL-opip17/24; (W) E2BSEBNA- RNT-CTL-optp17/24; (X) pCMV- RNT-CTL-
optp17/24

Figure 43. Analysis of expression of the multireg antigens.

15

20

25
Figure 44. Analysis of expression of the multireg antigens comprised of
immunodominant parts of the proteins.
Figure 45. Analysis of intracellular localization of multireg antigens by im-
munofluorescence.
30 Figure 46, Analysis of expression of the gag coded structural proteins and
the CTL multi-epitope.

47. The p17/24 protein localization in membranes of RD cells.




19 OCT 2005 WD 02/ 090558 PCT/ FI 02/ 00379 19 Figure 48. Analysis expression
of the dgag and CTL containing multi- genes in Cos-7 cells. Fi,f;grg fllgzﬂﬁ
Western bl ot anal yses of multi HV anti gens expressed in Jurkatt¥c P S é

Fi gure 50. Analysis of the expression of the TRN CTL-optpl 7/24 and

RNT- CTL- eiotoploquss84 anti gens as well E2 protein from t hec@FuarGTU-2 and
GITU- 3 vector. Figure 51. The mai ntenance of the multi H V antigen expression
fromdif- ferent vectors. 10 Figure 52. Intracellular |ocalization of the
multiHV antigens in RD cells. 5. DE¥AILED DESCRI PTI ON OF THE | NVENTI ON

5.1 VECTORS OF THE | NVENTI ON The present invention is based on the

unexpected fi &gjé'?? &haﬁnaqgsglg)%ﬁo%gé}on %ﬁfﬁée&é%ﬁnd \(‘m_%n@é}ﬁihﬁ - an

expressi on cas e of a a nucl ear choring protéin that binds
both to (genesircPesi/fdelis.DNA sequence and (ii) to a suitable nu- clear

anchori ng pr of ke 29 et ot Bfeiiass ol Y ridRiF RFpsRa iy Rel 7' *
popul at i qajls. Such nucl ear-anchoring proteins include, but are not limted

to, chromatin 20 anchoring proteins, such as the Bovine Papillo Vi rus
type 15E2 profiguie E8r\Analysis ofie expregsionof ’FheTF%Ntﬁﬂ—'BP’iﬁa?&d uences can
be, . but et L i ' ' ; | pdli S t®BJ-2Qhd he basis of
prior ar %ﬁﬁo@tgﬁﬁ%g %@g%&gp%%:wgg%jt é@?elg%ggigﬁ%gg?P?ﬁ/ part %hl oni ng

functi on GfU-Fwectornst ance, the papilloma viruses could be expressed

separately and.that an, addition of .such e 25 tioni | tizoni ng
function to t @W%géi EBQM'?%P%"%Q]:?}&E %Eﬁﬁ‘éaﬁﬁ%ﬁh@@’t’%@bﬁ}aﬁ{wf t he

vect or i fefm@védtOis ferating cell population. Additionally, on the basis of
the prior art, it could not have been expected that func%i :q%ﬁl vectors
act i ng0i ndeperégure f2} ynteacellylar loeplizatien poiedpuitiily auligeps ILBRLS Sict ed. The
term "nucl ear-anchoring protein” as used in the present invention re- 30
fers to a protein, which binds to a specific DNA sequence and capabl e of
provi d- ing asnubETAILED DESCRIBTIGN QRTHEINMIENTIOMN to the vector, i.e., to

2p2(r:io]E ?Ln,nu\é\,m?; VM@JJHEQNQERH'%N”Q or attaching the vector to a

The present invention is based on the unexpected finding that expression

15 vectors, which carry (A) an expression cassette of a gene of a nuclear-anchoring

protein that binds both to (i) a specific DNA sequence and (i) to a suitable nu-

clear component and (B) a multimerized DNA binding sequence for said nuclear-

anchoring protein are capable of spreading in a proliferating cell population.

Such nuclear-anchoring proteins include, but are not limited to, chromatin-

20 anchoring proteins, such as the Bovine Papilloma Virus type 1 E2 protein (BPV1

E2; SEQ ID NO: 50). The DNA binding sequences can be, but are not limited to,

multimerized E2 binding sites. On the basis of prior art, it could not be expected

that a segregation/partitioning function of, for instance, the papilloma viruses

could be expressed separately and that an addition of such segrega-

25 tion/partitioning function to the vaccine vectors would assure the distribution of

the vector in the proliferating cell population. Additionally, on the basis of the

prior art, it could not have been expected that functional vectors acfing independ-
ently of the repiication origin can be constructed.

The term "nuclear-anchoring protein” as used in the present invention re~

30 fersto a protein, which binds to a specific DNA sequence and capable of provid-

ing a nuclear compartmentalization function to the vector, i.e., to a protein, which

is capable of anchoring or attaching the vector to a specific nuclear compartment.
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i nvention, the nuclear-anchoring protein is a natu- ral protein GEﬁ%TphﬁE
of such nucl ear conpartnents are the mtotic chromatin or n1toi
chronosones, the nuclear matrix, nuclear domains |ike ND1O and POD et c.
Exanpl eswof0zfa¥sssear - anchoring proteins are the Bovi ne PRagiziea Virus type
51 (BPV1) E2 protein, EBNA1 (Epstein-Barr Virus NuclearAntigen 1; SEQ ID
NO 52), and High Mbility Goup (HM3 proteins etc. The term "functi onal
equi val ent of a nucl ear-anchoring Potein" as used in the pr esent

i nvention refers to a protein or a polypeptide of natural or non-natural

origin halfLéEr‘ta‘iﬁ‘@mBé@iﬁféhﬁé cﬁ‘%hé)ﬁvéﬁtﬁ:‘mnthe rﬁnbfé@l‘-aﬁélﬁ?iﬂplpi’(ﬁelﬁrﬁ gatd- 10 In
certain other enbodiments of the invention, the nuclear-anchoring pro- tein

of the i rrabprotaim E@reple%@&m@hnaﬁleamqmwkmentﬁa@ethemlt@ﬂ@ﬁ@"@mﬁt"@%rrbodu ment s
O o | B Bmol R 4Ak RANRANAARE. REIBLcbdhd feNDUFLAFPREPL el N, @

chineric or a’protein nodel 1 ng Afus I on
protein, ate. Hxanhplbebﬁnmﬂzeaﬂemchemgnrotmnmttinmm@H’apﬂg)maMmrmbEt ion with

EB& bos " COBMITE prdtein, EoNICT Gopten Birits lteat Refiinck SEQLB WPESI 1y £
I N agpr SR SR HMGE) ;srB@msrét@ntHeqarm %‘ﬁ&iloﬂalé warént protein is

encoded by "a vector of 1he |nvent|on whi ch al so contains t specific DNA
sequence of@ nelast-ankkoringsiroieint a5 Heed i the present invention fef&!&t%ﬂal?rotﬁdfm ponent s

ncl ude, t he ND10 20
nctite, diediotth drbAa b SRR pE i USSR byt e, |

expr essi omeamncgeﬂﬁgptmsmgenous to the host cell, the DNA bi nding domain
and the corre- s | DNA sequenc is f er abl non- epndogenous to the
host d811/ host"'E}gIgg Qﬂ?%ﬁmb@aﬁfﬁ%ﬂ@ ?'h(%e nl\éqﬁaraﬁngﬂ BPhited to,
the DNA bigfyhirige Fﬁ%ﬁﬁdh i®h reddnikit gﬂﬂeﬂalﬁi éért%i'iﬁsﬁéc'iﬂ&en‘ibd@!ﬂnénté BPV1) E2
protein (SEQ I'D NO. 50), Epstein 25 Barr Virus Nuclear Antigen | (EBNAI;

SEQ ID Ndhemntlgmdhwwmchomg @Olﬁfpls a(fusiey) protedn, @mmﬂqmt%x) The

vect or of ri in-
terest”, %gméﬁﬁ%%és"?% %’?H} ee:éﬁ ?I nc né%gﬂgl?agfa}@g Eﬁﬁypept i de), e.g.,
that is aﬂainedrbytm@lgammodelmg@ﬁ eqmawct:on wltntlwreaemmehm isehamcof t he

i nvention,

f interest | |y act
A mibecerigsd 2 th Al A Bl o Sl RUROHBGEN o & 8yt e ae 179 oor

2005 quence-specifically to DNA. In a preferred embodiment of the invention, such a
fusion protein is encoded by a vecior of the invention which also contains the
specific DNA sequence to which the fusion/chimeric protein binds. Nuclear com-
ponents include, but are not limited to chromatin, the nuclear matrix, the ND10

20 domain and POD. In order to reduce the risk of interference with the expression
of genes endogenous to the host cell, the' DNA binding domain and the corre-
sponding DNA sequencs is preferably non-endogenous to the host cell/host or-
ganism. Such domains include, but are not limited to, the DNA binding domain of
the Bovine Papilloma Virus type 1 (BPV1) E2 protein (SEQ 1D NO: 50), Epstein-

25 Barr Virus Nuclear Antigen 1 (EBNA1; SEQ ID NO: 52), and High Mobility Group
(HMG) proteins (HMG box).

The vector of the invention can further comprise a “DNA sequence of in-
terest”, that encodes a protein (including a peptide or polypeptide), e.g., thatis an
immunogen or a therapeutic. In certain embodiments of the invention, the DNA

30 sequence of interest encodes a biologically active RNA molecule, such as an an-
tisense RNA molecule or a ribozyme.




WO 02/ 090558 PCT/ FI1 02/ 00379 21 The expression vectors of the invention
carrying an expression cassette for a gene of a nuclear-anchoring % ob [N
and rmultimerized binding sites for said nu- clear-anchoring prof@iﬂ gp @Ed
in a proliferating host cell population. This neans that a high

copy- nuntway 02@bosssect ors or plasm ds are delivered into Hdrganget cells 5
and the use of the segregation/partitioning function of the

nucl ear -anchoring pro- tein and its nmultimerized binding sites assures the
di stribution of the vector to the dddughter cells during cell division. The
vector of the invention |acks a papilloma virus origin of replication.

Further, in a %f‘ﬂﬂat : r{%@ ' | acks an
origin of 10 %Sé)ﬁ%g%ﬁ% ﬁgﬁjépfé%c ion'gYéﬁﬁnégmﬁigﬁ%ﬁg%g i ?f%&eé)fglﬁ ssion of a
papi | | omea gémesst aomuclegirqanchonimgproteit ardhmaltinerizedrbiatingisites fogsaidofl- r epl i cati on
constitutes an inprovepent over pri.or art vectors r veral reasons. (1)
Qni ssi on ?arfq{g:hgﬁp%pwt%@ sprgﬁpilrb%gqogﬁara%péggelltquué%%ﬁgys Th8"ect or of
the i nvenmbpﬁhrgﬁ%ay-%ﬁnﬂa@rewe%forébﬁ pl§HldeaPe delFefdd into'tRELpGét@BI N Si ze

i ncreases the Stability of the vector and facilitates uptake 15 by the host

celmlj . 62) amhthesise of e segregationfpartidening finctien eidhe nuele@ieanchpdng prek for re-
e > o . . A
conbi ha 'f%g" #ecfuﬁ%&@@p@ﬂé%@ﬁ@hg%ﬂ&&é’&ﬁ?es th{e‘ﬂ{sﬁ@%};&érﬁﬂﬂﬁé(@?ct&%tﬁé SK 0

unwant ed om ssiofn o gin replication

al | ows t odmayhteralelis Herintpeellsdigeioni npl y by adj usting the anount of vector
adm ni stered. n contr

R s or o i cation.
replication of I}en\éeq;gﬁ%é Hﬁ?“p‘&na[?é’kg %ﬁ%&iﬁﬂw V‘ﬁ%’h Lﬁﬁn gf Ef%’ﬁgﬁtiog'ﬁ :Aﬁgn
det er i ni pgrideinAsticnRd disodifient the vetidr BEthEaicPtion facketn aagihefs- tered to

a host organismcontinually, the [ack of an origin of replication allows
the Hést repficationdunationalie amarnmalian egll. The opssion of a papllogieoiiugioNy nor e

control oyer vel ; : ' host

or gani sm éI'EL?F f#@?‘i‘d"?‘ﬁi ajg%m%é@ﬁ?? ﬂ%ﬁ@c&a‘&%?@nﬁ%ﬁ.@ésﬁ e'gg’n?\{%ﬁe%ﬁ? of the
vect or W bveripfioestt setiag dorseveral teaeons. §3) Omissioreofdie odigin vlrepiatios requi red
only during, the course_ of a ther Jbut js undesir- able in heal t hy

i ndi vi duafe%u‘l’%ﬂlfgﬂée@f?hae H%P'éﬁ?- HBWPHQCW%(; P Bg%rf%ﬁ V?%O'Eshe. vectors
of the pr&uciHsfiduchiviemisiZInGBAsdha Bhabliy SR fediVanaqasmaesuparedi ng a
natural or artificial protein, such as ‘a reconbi nant ?I‘OtEI n, a fusion

proteits oby theghasi eelh @)Camiasian bfthecrigi efuaplication treducas thedigkPbfges, havi ng
oot o GoRERTF A s oo Do o T A A ) sl
speci fi c Etdeffectse (BT henissibiofthi origin of ceplicationagiiatys ¢o cdntrbdth@@d- 2005
sage simply by adjusting the amount of vector administered. In contrast, with a
functioning origin of replication, replication of the vecior has to be taken into con-
20 sideration when determining the required dosage. (4) If the vector is not adminis-
tered to a host organism continually, the lack of an origin of replication allows the
host organism fo clear itself of the vector, thus providing more conirol over the
levels of DNA sequences to be expressed in the host organism. Further, the abil-
ity of the organism to clear itself of the vector will be advantageous if the pres-
25 ence of the vector is required only during the course of a therapy but is undesir-
able in a healthy individual.
The gene of a nuclear-anchoring protein useful in the vectors of the pre-
sent invention can be any suitable DNA sequence encoding a natural or arfificial
protein, such as a recombinant protein, a fusion protein or a protein obtained by
30 molecular modeling techniques, having the required properties. Thus the gene of
a natural nuclear-anchoring protein, which contains a DNA binding domain capa-
ble of binding to a specific DNA sequence and a functional domain capable of



WD 02/ 090558 PCT/ FI 02/ 00379 22 bi ndi ng to a nucl ear conponent, can be that

of a viral protein, such as the E2 pro- tein of Bovine Papillo
the EBNAL (Epstein-Barr Virus NuclearAntigen 1) of the Epstei rﬁBqarchf/@Q%

a eukaryotic protein such a one of the H gh Mbility Goup (HM3 proteins
or a |ikwomepwsssn, or a prokaryotic protein. Alternatincmgzobite 5 gene of a
nucl ear - anchori ng protein, which contains a DNA binding domai n ca- pabl e of
binding to a specific DNA sequence and a functional domain capabl e of

bi nding to a nucl ear conponent, can2also be conprised of DNA sequences,

whi ch encode a domain froma cellular protein having the ability to attach

to a sui-phg é%@fﬁ?&i&ﬁfcoﬁ‘fpo%ﬁt“ﬁ& bé%%Po%lﬁ?ﬂ@éiﬁt%‘éQg@ B2 ges, the

nucl ear nmatri ear donai ns atively, the
DNA sequeteinef Bohine Papiliondedrus antive EBINAA dEpsieindBart Ving Miclegrhatigem, such as a

model | ng. DA FeRRr Vi °u5$wa¥fﬁ'apoa%haﬁﬂ%§b§a N

speci fic GhipsA efs.or 81ike profeil aRial r@lfﬂiYéﬂcr oirS WatBrmagvel @heDNA bi ndl ng
15 domai n of thﬂmggﬁ&rotel n ofpthe bu |nmat/h|c the N-‘J{lerm nus of the

nucl eaf- garerRfia mg:lqgfmhwmgeprgtem wdtlcfbwttwas e DA binsing dafaaingaen r epl aced
wi th do o 8f bincﬁﬁa Eosé'éﬁ@cﬂ‘lceqﬂé b&idhcliang @tfon% éiméag\ Bk opxarrpl e,

with the erm nal © donarl n e|n arr VI rus ear ntigen |
sequence, binding lie aunaclcarStompanehy;, caﬁl\wso beqeomnprsed aﬂ{DNA seruentssa

r econbi nant rote a _fusio ot ei,n. .whjch, con.?2 a _f.uncti onal
dorai n ARk entsties Gmdl foa oo et e ObSBRA ST SR s o ni nal
functi Onaﬂablé%ébr%trué‘tu%‘%bh A8%0 Wiitots chfontdsoftes! i fiigurohiinopf the
BPV1, but in which the C-term nal DNA-bi ndi ng dinmerization domain of the

nu- cI1§armm*ﬁﬁfc§iﬂmi?§P%)’H@tW1p0'eP§D that of the E2 protein, has been
| d th
CtFength, e o ARTARERRE DNINRISE fhigh ofbcids bRl altaieB 10 (e
EBNA- 1, cmtdne, susleds alreccmnlpmwft eroteid oe atfusicmpnoteindr a preteimaldainedby t he
T Brua b riolegulap eBRfcmPioh cophitas AR e RBl B sTb AR, g a0 '

functi onah sgedme DW SaleRcOof . %db%pﬂi@mamliu@.t EGcHEHS HEDNA. bidding ef er r ed
exanpl e of such a chromati n-anchorin rotein 30 and its nultinerized

bi ndi rf§ sdersgingétheki2 prataimef the BE¥ butrwwhtchélnﬁ Mrternpings efihepdcleansi n of
R T e e
dual any suitable protein of similar capacity, for example, with the N-terminal domain
of Epstein-Barr Virus Nuclear Antigen 1 sequence, can be used. Simitarly, DNA
sequences, which encode a recombinant protein or a fusion protein, which con-
20 tains a functional domain capable of binding to a nuclear component, e.g., the N-
terminal functional domain of a papilloma virus, such as the £E2 protein of the
BPV1, but in which the C-terminal DNA-binding dimerization domain of the nu-
clear-anchoring protein, e.g., that of the E2 protein, has been replaced with do-
mains of any protein of a sufficient DNA-binding strength, e.g., the DNA binding
25 domain of the BPV-1 E2 protein and the EBNA-1, can be used.
In a preferred embodiment of the invention, the nuclear-anchoting protein
is a chromatin-anchoring protein, which contains a DNA binding domain, which
binds to a specific DNA sequence, and a functional domain capable of binding to
mitotic chromatin. A preferred example of such a chromatin-anchoring protein
30 and its multimerized binding sites useful in the present invention are the E2 pro-~
tein of Bovine Papilloma Virus type 1 and E2 protein muitimerized binding sites.

In the case of E2, the mechanism of the spreading function is due to the dual
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capacity of the E2 protein to attach to mtotic chro- nosones through E%ﬁ
N-term nal donmain of the protein and the sequence-specific bi ndith b
capacity of the Cterm nal domain of the E2 protein, which assures the

t et heri ngroofz/ovsst ors, which contain a nultinmerized E2 Hurmalizngsrsite, to
mtotic 5 chronosones. A segregation/partitioning function is thus provided
to the vectors. In another preferred enbodi nent of the invention, the
expression cassette of a gene of tl@ chromatin-anchoring protein conprises
a gene of any suitable protein of cellular, viral or reconbinant origin

navT g arigl ORISR LDBIE ok Safi O id1es BRIGn 1d affroh d AfloBbbrbL Y Lo attach
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of the present invention, the sane principles are a ed. According to

the prigseand tornpoperaivelybind BNAthrough Angthes demaindp eyl aréze@fbuadlng
nucl ear - aﬁf%%'eﬁﬁc%r%ﬁ'mﬂAwm | ns a DNA bi ndi ng domai n capabl e of

bi nd- 25 0 a spec equence and a functional donmain capabl e of
binding to a rtuelspeczf‘cenmodmﬁnt segubnces aintairetbirem 8FM, grasised tdhef a gene of

a chromati n- r rote | i ke BPV1 es._a, het.erol ogous
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ing sites incorporated into the vector as a cluster, where the sites can be as head-

to-tail structures or can be included into the vector by spaced positioning. Both of

these elements are necessary and, surprisingly, sufficient for the function of the

20 vectors to spread in profiferating cells. Similarly, when DNA sequences based of

other suitable sources are used in the vectors of the present invention, the same
principles are appiied.

According to the present invention, the expression cassette of agene of a

nuclear-anchoring protein, which contains a DNA binding domain capable of bind-

25 ing to a specific DNA sequence and a functional domain capabile of binding to a

nuclear component, such as an expression cassette of a gene of a chromatin-

anchoring protein, like BPV1 E2, comprises a heterologous eukaryotic promoter,

the nuclear-anchoring protein coding sequence, such as a chromatin-anchoring

protein coding sequence, for instance the BPV1 E2 protein coding sequence, and

30 apoly A site. Different heterologous, eukaryotic promoters, which control the ex-

pression of the nuclear-anchoring protein, can be used. Nucleotide sequences of

such heterologous, eukaryotic promoters are well known in the art and are readily



such het erol ogous, eukaryotic pronoters are well known in the art and are
readily 1 9 OCT 2005 WD 02/ 090558 PCT/ FI 02/ 00379 24 avail abl e. Such

het er ol ogous eukaryotic pronoters are of different strength and g QCT 2005
ti ssue-specificity. In a preferred enbodi nent, the nuclear anchoring
protein monexpsessed at | ow | evels. The nul timeri zed HMAIdonstd Ng
sequences, i.e., DNA sequences containing 5 nmultineric binding sites, as
defined in the context of the present invention, are the region, to which
the DNA bi ndi ng di nerization donmai n2bi nds. The nultinerized DNA binding
sequences of the vectors of the present invention can contain any suitable

DNA bi ndi ng.siike In a
prof or r e BT SuBh R¥leR0d Huahvol o i arg oA Rl RIS Vet or
of the prisseespedcifietyt |Inra prefercdrerabodiment, dreenotledmanshodiyg piofdivisent affinity
E2 'bi ndi n mtga ?? a, hexamer or a higher oligoner, as a octaner or a

hi gher oi F*PreRSRE AL loygleye Igecamer or higher oligoner. Oigonmers containing

different E2 Wh@@nulinrﬂ@nz%d[ﬁﬁ/\BTnﬂm@'séQum@bIxcéa@bﬁ&s&p@ﬁbésdbatdnmngoreferred E2

bi nding sites useful int vectors of the present jnvention are the BPV1
hi gh aﬁf.muktlmeglpbwlrm siieg, qsodef@ﬁ@iwﬁyontgxtgfﬁpmewwewgtarsm erred. Wen
a hi gher n%gioﬂo{ae\ﬁrhlcﬁ 1159 DR ﬂﬁgmg I rﬁerf‘iaﬁSn 'dEn'Ja'irPBmHé %e%ulﬁm%ﬁzéd“e
constructi®n tircunstances an contain from®6 30 1den- tical

bi ndi ng sDNAdindingéequendes ettherveciofs d)frthe iprasent inventioomaaicontetn 8my- 1 E2

compr | SecSitgpiedh Binsits B, e § Bl b0 SausthfibrD S on Ts

limted only by atfhefeffel eaﬁbdaﬁﬂenﬁfth@@ﬁmﬁmuﬁiedmNArmﬂng:@quﬁhwomey may
contain two or nore different E2 bin-_ ding sites attached to_a series of 6

to 30 mrm\mctqnoétr@mﬁﬁ@ntmenggn BamepHiaingny oge of Wrsb?/ﬂiﬁerﬁﬂaﬁﬁfm%na Vi rus

t I t whi ch
i Prer PrEe REetes ds fflexdes SPEhBRRSoIRomir, dY Poothblordl Migherais, 0%, 117
et f al . Cm‘naer Beu déCaiahe(erﬁ@)erﬁll@bri??]thmtme&nor&taTiﬂgdrffprﬁnaEébmdy 25
reference in its entiret e e

b?ndl ng sBg§isR e Pé@g ge%fdf'ca!hip %%E%B\dmﬁi ”%réﬂa@ t@%em fic

Sequencesy&aqaof ﬂlequesélﬂlﬂﬁleﬂﬁoﬁ &%tﬁ@%ﬁtgh@ﬁnﬂw Sitdisaraf 10, bffiny ot ei n to
the plasm d, such as those of the EBNAL or a suitable HM5 protein. 21x30bp

repeat®$ osites bringmost peterrast. Wbppa higheeoligomer iscancemned s ok 8 B on spanni ng
from nucl gof L HEnPAR! ddnBuditn ot @mBtaREESLAFR R Sbohiafi G 840 86 idehe

tical binding sites. Preferred vectors of the invention contain 10 BPV-1 E2 binding
sites 9 in tandem. When the multimerized DNA binding sequences are comprised
of different E2 binding sites, their size and composition is limited only by the met-
20 hod of construction practice. Thus they may contain two or more different E2 bin-
ding sites attached to a series of 6 to 30, most preferably 10, E2 binding sites.
The Bovine Papilloma Virus type 1 genome (SEQ ID NO: 49) contains 17 E2 pro-
tein binding sites which differ in their affinity to E2. The E2 binding sites are
described in Li et al. [Genes Dev 3(4) (1989) 510-528], which is incorporated by
25 reference in its entirety herein.

Alternatively, the multimerized DNA binding sequences may be composed
of any suitable multimeric specific sequences capable of inducing the cooperative
binding of the protein to the plasmid, such as those of the EBNA1 or a suitable
HMG protein. 21x30bp repeats of binding sites for EBNA-1 are localized in the

30 region spanning from nucieotide position 7421 to nucleotide position 8042 of the
Epstein-Barr virus genome (SEQ 1D NO:51). These EBNA-1 binding sites are de-
scribed in the following references: Rawlins et al., Cell 42(3) (1985) 859-868,;



Epstein-Barr virus genone (SEQ ID NGO 51). These EBNA-1 binding sites are
de- scribed in the followng references: Rawins et al., Cell 42;?) (ﬁ%/%ﬁ[%)
859-868; 1 9 OCT 2005 WD 02/ 090558 PCT/ FI 02/ 00379 25 Reisman et1at 00

Cell Biol 5(8) (1985)1822-1832; and Lupton and Levine, Ml Cell Biol 5(10)
(1985) 29@3nAM4’d, all three of which are incorporated doy/rieberence in
their entireties herein. The position of the multinerized DNA bi nding
sequences relative to the 5 expression cassette for the DNA bi nding

di meri zation domain is not critical 2and can be any position in the

pl asm d. Thus the nultinmerized DNA bi nding se- quences can be positioned

either dGshan BIH0MARIBRABIE) | gHs) 1823 9850 2nA Y BbRY ardi @UngARBPL L [ or the
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i'on. The selectabl a
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t he vect ot'@" 66?35?&8 riRRgeHGR] In g’ﬁ@ pOﬂS’oHﬁEﬁsFEcdttgleé’.m'?ﬁ%?e@ﬁ?gg‘ie of the
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sequences, which are necessary and sufficjent for |ong- term nmaintenance.

Al suier f | uoddesvagtars o dhe ignertionaise rertaibe WaBKR-RRITOPEIR.- 2 BUIBIE such as
[ : | : t f
ooty SGTEFen IO 0 46t ol oty S 1<

the inve sequente i s at1onal analysis so
t hat t hi steeogbrasiditionalrebylaidy seqicaces, polyaderyldtionseque®®s afd indrasE5 sequences

ho tr ansCToIEPUiTe FERPIaIERY ASRATGIeS brgens st BRmatiSREaidat, cctor of
t he i nvenihdshe SIOAGIEWENeE Aitiseidttabld Aot alilitatstheprgparatidn ofeid | cat i on.
Preferably, the vector of ] .
16  vector in a bacterial host and a suitable promoter for the expression the gene for
antibiotic selection,
The selectable marker can be any suitable marker allowable in DNA vac-
cines, such a kanamycin or neomycin, and others. In addition, other positive and
negative selection markers can be included in the vectors of the invention, where
20 applicable.
The vectors of the present invention only comprise the DNA sequences,
for instance BPV1 DNA sequences, which are necessary and sufficient for long-
term maintenance. All superfluous sequences, which may induce adverse reac-
tions, such as oncogenic sequences, have been deleted. Thus in preferred vec-
25 tors of the invention the E2 coding sequence is modified by mutational analysis
so that this expresses only E2 protein and overlapping E3, E4 and E5 sequences
have been inactivated by the introduction of mutations, which inactivate the trans-
lation from Open Reading Frames for E3, E4 and E5. The vector of the invention -
does not contain a papilloma virus origin of replication. Preferably, the vector of
30 the invention further does not contain an origin of replication functional in a

mammalian cell or a mammal.



30 the invention further does not contain an origin of replication
functional in a mammlian cell or a manmmal. 1 9 OCT 2005 WO 02/ 090558

PCT/ FI 02/ 00379 26 Furthernore, the vectors of the present i nventd & brd0hot
host specific, since the expression of the nuclear-anchoring protein, such
as the Ewgmoetess:n, is controlled by non-native or hetreniagers pronoters.
Dependi ng on the particular pronoter chosen, these pronoters may be
functional in a broad range of mam5 malian cells or they can be cell or

ti ssue specific. Exanples of pronoté&fs for the nuclear-anchoring protein,
such as for the E2 protein, useful in the vectors of the present invention

are thym di negihRast B! Q}We%{q?sraﬁg{r%ﬁﬁe%ﬁéﬂ@ﬁibﬂvdré HH%E h8dt dpedingt e Early

Pronot er, Rous Sarconma’ Vi rus the expression of the gene
of i nt er esirice the ekgressidn pf iheviuelear-anehosing nafeinr sumbt @& the &L2quotieing ishi gh 10

| evel s of e ession of,.the,gene of intergst,_ an examl.e for. ch a

or oot e CETBIRS BY R OE BRSSO THIRE Diekenalia dy the BRrieds” 5 2 ThE
VECTORS Glroribter CAVENT ta¥eArobiar ChiaS HeG ERsRRESa 5beragei Bdin SEQUENCE OF
| NTEREST 15 A gene, genes or a DNA sequence_or DNA sequences to be

expr esBednaliaa celis oeibey capbe cplof issea sPemiic: drxaplemgl mRnotessGE e of

I nterest, ' ' ' tain a gene
or genes nodﬁ%? %&Q@@%ﬁ@r’]@g‘ Seflaq #&?g@%Qe%@ﬁn,ﬁgg%Yﬁﬁbggﬁﬁgﬁ?f?Tr]fagr obi al

pat hogensresant mvastion aresthymidirgekinese promotdrs | Hiweam Cytmegaébirusitrod nes or

e est MFBRATETRTRG, RS SBoRRLSL T And e fat He oSt ran ©
| munodefdsehefene M intesedtHhrdlerrddairomistebs BR shond ﬂrﬁﬁxotdré*&é@uring‘gﬁ@i itis C

Virus, Influenzae Virus, Enteroviruses etc.; intracellular bacte- rial,
such 48 develsgidxpressinnmdtha gene aijrienest as exampledersush esengotetig tshl asma

M e R B e PO
vectors contain a gene en- coding early regulatory proteins of HYV, i.e.
another pr ef eradHEntRe aesoBTAETNVENTI A PRI S EORISBRESR.  nvent  on
contai n ggIORs FNAPTNA S FIURKRCEIGE INTERESTS of the HIV. 30 In another
preferred enbodi nent the vectors of the present invention contain two
15 A gene, genes or 3 DNA sequence or DNA sequences to be expressed via
a vector of the invention can be any DNA sequence of interest, whose expression’
is desired. Thus the vectors may contain a gene or genes or a DNA sequence or
DNA sequences from infectious microbial pathogens, such as viruses, against
which live attenuated vaccines or inactivated vaccines cannot be prepared or
20 used. Such DNA sequences of interest include genes or DNA sequences from
viruses, such as Human Immunodeficiency Virus (HIV), Herpex Simplex Virus
(HSV), Hepatitis C Virus, Influenzae Virus, Enteroviruses etc.; intracellular bacte-
rial, such as Chlamydia trachomatis, Mycobacterium tuberculosis, Mycoplasma
pneumonia etc.; exiracellular bacteria, such as Salmonella; or fungi, such as
25 Candida aibigans.
In a preferred embodiment of the invention, the vectors contain a gene en-
coding early reguiatory proteins of HIV, i.e. the nonstructural regulatory profeins
Nef, Tat or Rev, preferably Nef. In another prefetred embodiment of the invention
the vectors of the invention contain genes encoding structural proteins of the HIV.
30 In another preferred embodiment the vectors of the present invention contain two
or more genes encoding any combination of early regulatory proteins andfor

structural proteins of HIV. lllustrative examples of such combinations are a com-



or nore genes encodi ng any conbi nation of early regulatory proteins and/or
structural proteins of HIV. Illustrative exanples of such conbinaéion? ?ﬁ%
a com1l 9 OCT 2005 WD 02/ 090558 PCT/ FI 02/ 00379 27 bination of a g8n8CT 200
encodi ng the Nef protein and a DNA sequence encoding the Tat protein,
possi bl ywoogetdsss Wit h a DNA sequence encodi ng out er anvahpesrgl v-
coprotein of H'V, gpl 20/gpl 60 or a conbination of any immnogenic
epitopes of the proteins of pathogens incorporated into artificial

reconbi nant protein. 5 Alternativel ¢/ the vectors of the invention may
contain genes or DNA se- quences for inherited or acquired genetic defects,

such as Srﬁﬁ%ﬁﬂ%g% I_%elne Hc[)ﬁfn@'{'ﬁe N.bﬁéljogsqn ahh LIRNE sERlen?BlcRRGiRy Hd ke a

Tyr osi nase A codi sequenceé or a coding sequence of beta-catenins. In a

pr ef er r edTatphotcinnpodsindf togbther witle a CiNAsedqusace endaniing aubertenivelope ggne en- 1o
her, nutational .di seases, preferably

di t ei ti .
gios : ngag @pﬁ@g@p@ gﬁ‘?{dpiq %ﬂf&%&gﬁaﬁ:ﬁ%ﬁ%*&%ﬁ%ﬁ W&UWFP%W"%W'EW% RE response

t ovar ds tﬁ@'gf'oté’ﬂg o!riea%péms mdSiRoRfed o éﬁﬁgﬁﬂeﬁﬁﬁﬁinahﬂ%ﬁgé?ﬁ.her preferred
enbodi nent of the invention, the vectors contain any sequence codi ng

for a prot ei nAltemativelydibeetecioreof thednuentien swiyiceniain Dergscordiiid se4s

h dit ' donls f ' o tion, th
vector s P EEERE rengt 2 ftedterelb B o R AR Higeb OFIHEREAT, T, ba
del i ver edizdiod aptigehsclorimelamoriay ke 4 Mgrosittabe A aaldingsequenentn acoding t he

preparation of the vectors of the inven- 20 tion conprises the follow ng
steps: (/CWENET OLRSAGALMFst cel| containing a vector of the invention,

and (B) recovgy bpeefbhsd ¥Ribbaiment Bf 8 ifv&htiors ReSddidrs emamtiagenben- step (A)
is preceded by transformng a host cell with a vector of the invention. The

vect ort§ ofodingepriotaiastalatingdocapeer erraibermutaipnalidiseasas,preferathpdis- bact eri al

Ctabl o artPee EpBR B RANGNS fltafich nd Eafiat G b fin o bdforkp¥linen R1e
vect or ofsdifrend muelf] suthias the ARECHEPYehse.ed in a bacterial hast cell, the
vector of the invention,contains,a ba gllgn of replication.

Nucl eot i de sedB@ReBer el ambodimspy ‘3}*}?61‘%‘“{53?“%{088{“}9 FOGHOARAE| | known to
the skil | gAaEhiERE QRthgBPa pRAslH that RaidrdiRE itshy Hdpeditry ngik gekd on into a
manmal i an host I n high copy nunber, the vector
15 hereditary disease.
in another preferred embodiment of the invention, the vectors contain any
DNA sequence coding for a macromolecular drug to be delivered and produced
in vivo.
The methed of the invention for the preparation of the vectors of the inven-
20 tion comprises the following steps: (A) cultivating a host cell containing a vector
ofthe invention, and (B) recovering the vector. 1n certain specific embodiments,
step (A) is preceded by transforming a host cell with a vector of the invention.
The vectors of the invention are preferably amplified in a suitable bacterial
host cell, such as Escherichia coli. The vectors of the invention are stable and
25 replicate at high copy numbers in bacterial cells. If a vector of the invention is to
be amplified in a bacterial hast cell, the vector of the invention contains a bacte-
rial origin of replication. Nucleotide sequences of bactetial origins of replication
are well known fo the skilled artisan and can readily be obtained.
Upon transfection into a mammalian host in high copy humber, the vector
30 spreads along with cell divisions and the number of cells carrying the vector in-
creases without the replication of the vector, each cell being capable of express-

ing the protein of interest.



30 spreads along with cell divisions and the nunber of cells carrying the
vector in- creases wthout the replication of the vector, each Qil(geg@gé
capabl e of express- ing the protein of interest. 1 9 OCT 2005 02109
PCT/ FI 02/ 00379 28 The vectors of the invention result in high expression of
t he desi waxh2ps058 tein. For instance, as denonstrated iperE@MM€s 4, 7 - 10:
a high expression of the Nef protein of the H'V, green fluorescent protein
(EGFP) and the AIRE protein could be denonstrated in many different cel
lines and the data indicate that no285 only the nunber of positive cells,
but the quantity of the protein encoded by the gene of interest is

I ncreasing i Nt r | 1 Qp: -al ' ﬂ%ﬂ‘% )t h hunor al
and cel [ ul ar Fél?@gﬁtgggfﬂég?'hfeéﬁtﬁ)%@hsgpg%h@ﬁ%?ﬁ%ﬁogs(ﬁ&éan g.pﬂ?’he results
i ndi cat e tbihaFortihstaves,-ast densorstratdadn Exemplds 4, etk iadvigrtenpreddiacofi vel y be

used as vaccines,, 1 he vagcci nes of fhe ent, .1 nv I on. contain a
Voot or - ofie NE RIPLRALG AV, RS GHoBRcon RIPILIEG T 2851 ABEASTEM n &

sui t abl e PRRFRPESHbhSRlted RIhaRY diffdleft ¥Aines bRE tHYath Mdidais tapAst contain a
m xture of vectors containing genes for the three different regulatory

prot ei his anly theaumber oh poeitivesesligchutibe quanditeotibe proteinenapded ytheyacci nes of
the i nventi f j standard net hods of 15 vacci ne

f or mul at .r&?ﬁ‘%?%%&&aﬁ%wf%@ﬁ%g’?rﬁ% be adm ni stered by any conventi onal
route of ?dm'r]rrh_atVe@ter@f the mventidn _alsuSMdcerb'Sdtly,humulralaal'eiru:mlmay rend |ike. The
vectors of the enti.on contain t I stiml at qr ences in

order to s&@f‘?@/ﬁ% agmﬁﬁétﬁ%%’?a@b‘% I %n(gfo-t fﬁ%@@.’“%ﬂ&?@&gﬁsg of ![ he

I nventi Orton%adhtti’@p#é%%ﬁt ihferRioh UK HeLRRA) b 1SUPHS DR vadlingBnner to protect an
i ndividual frominfections, Alternatively, the vaccines of the invention

can bdoused aJheivaceipes of thelpresantinvestioreegriaing vagtorof thapregand it viral in-
fections, - B | ' : ti.aned above, the
vectors of hﬁ%ﬁﬁ@é@%@%%@@&? ¥t§rﬁglh§%?§?!'ﬂggb %’Zﬁéc%\gg%ag%?@%ﬁgp gs\/g"(rileadi ng in

t he host cid inaf fordnstames contain pmhikived ofoestorscordainingeenes &5 thathgeene t her apy,

e G eoRBi e S AR R N e de.
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such d8 tvsssipe formulation to produce vaccines to be administered by any conventional
route of administration, i.e. intramuscularily, intradermally and like.
The vectors of the invention may contain the 1SS stimulatory sequences in
order to activate the immune response of the body.
The vaccines of the invention can be used in a conventional preventive
20 manner to protect an individual from infections, Alternatively, the vaccines of the
invention can be used as therapeutical vaccines, especially in the case of viral in-
fections, together with a conventional medication.
As mentioned above, the vectors of the present invention carrying the
mechanism of spreading in the host cell find numerous applications as vaccines,
25 ingene therapy, ingene transfer and as therapeutic immunogens. The vectors of
the invention can be used to deliver a normal gene to a host having a gene de-
fect, thus leading to a cure or therapy of a genetic disease. Furthermors, the vec-
tors can deliver genes of immunogenic proteins of foreign origin, such as those
from microbes or autologous tumor antigens, to be used in the development of
30 vaccines against microbes or cancer. Furthermore, the vectors of the invention
can deliver suitable genes of marker substances to nucleus, to be used in studies
of cellular function or in diagnostics. Finally, the vectors of the invention can be




from m crobes or autol ogous tunor antigens, to be used in the devel opnment
of 30 vacci nes agai nst m crobes or cancer. Furthernore, the vec rzuﬁf t&f
invention can deliver suitable genes of marker substances to nugh 2

be used in studies of cellular function or in diagnostics. Finally, the
vect ors wipdzhesisnventi on can be 1 9 OCT 2005 WO 02/ 09@g381026H44| 02/ 00379 29
used to specifically deliver a gene of macronol ecular drug to the nucl eus,
thus enabling the devel opnent of novel therapeutic principles to treat and
cure dis- -eases, where the expressiéh of the drug in the site of action,
the cell nucleus, is of inportance. These drugs can be chem cal

| | t i t
curat r?ee%%ﬁﬁeépeﬁﬁﬁ'ﬁ%emn%ﬁfieﬁ‘e i amBlecih YREARIAF Budbld) ey aheut © br
as the regiabfisg thendeveldpneers of hWelfbherapelIﬂmEprmlchEB—torim'at antﬂ csrmd;‘sances to and
fromthe nucl eus Speci ficall ge vect or '{ﬂ&tt res ll nvention can be
used for gafesaxhergtiaexpsRsHion gﬂ@e B&'Pftﬁ‘%s@’y? 'HBS e|cp 3”9?\‘{%?% euki nes
(L1, L2y frlnhéﬁar{éeGT se'e nﬁﬁ@an QQcﬂérh%éﬁ%a%Mdfécﬂéseélﬁh asMirdypréhe ai m of

nodul ati ng e speC| ne responses of the organi sm (i mmunot her apy)
agai ns® fterrelogpobrpeptgmssmﬂﬂhbwsumm@r aulratt\deeeff@Gt Mmiqunteﬁ‘ﬂfﬂ\ﬁ@ amfrune system

e ai so daer bR oA, AR S i EERbR ok B BReRbmeERE. Ot he

| oss of speEtofdubstprasiiandfigmth@augions | eading to the irreversible neu 15
rodegeneration, which is cause fﬁ}ﬁ Par ki nson'.s dis ase ?%/{ Xpressi ng genes
& Upeieny

in- vol ved i ntpesiisaie daventor present; 'R@W‘?PG@F P&&e, as well
as ot herOQrasﬂSﬁoﬂmfe'@eemex kindb) 18 .ﬂt@ﬂénﬂqmvmm.ezswmmwt The

vectors e pre- vention are so useful for the expression of
pr ot eitos ethdrshpepintedfeson, withitha aim of gnadalating therspaciic i meﬂe resRensgs Phni ne

receptors, CCK-A a factors,

e conrme e grppnoiasp B0 BBRB5Froin ol hrSusiy e Aa0Ke T oF P
t he vect osfth@imrhiige jSsﬁémm‘gain@vmﬁtmtﬁatedrselfmﬁ@etis The vactb[smj{het prem expr essi on
of factor I X in hepatocytes and al ffal tantg?éfr\égts n tﬁf Brugcl e.cells wth
the a.mo$er&mv]9nqua+§ou@wé@p?maemleg vBctiqning fdhe PRIMANG, 25 5.3
TARGET DI 354 ﬁaﬁ\%ﬁlﬂ&e ﬁ&irﬂn@lﬂé@ﬂig”@%é,lrré\!eYéiEleerOf the

|nvent|on S used a acci ne certal n enbodi ments, a vector of the
i nvent150nr0degemrabora\nmimlseammfoePam(Insqn sdliscese, Wpr@ﬁwéﬂﬁﬁe%lﬂpr otein or a

pepti de. vcﬁ\?é]d S syntﬁ%seaé 'o?%oggm%lé? ﬁke ty¥§s(fﬁeoﬁy&r8xyiase, as well as other
genes deficiency of which would have the similar effect. The vectors of the pre-
sent invention are also useful for the expression of proteins and peptides regulat-
ing the brain activity, like dopamine receptors, CCK-A and CCK-B receptors, as
20 well as neurotrophic factors, like GDNF, BDNF and other proteins regulating the
brain activity. Further, the vectors of the present invention are useful for a long-
term expression of factor X in hepatocytes and alfa1-antitrypsin in muscle cells
with the aim of complementing respective deficiencies of the organism.

25 5.3 TARGET DISEASES AND DISORDERS
In certain embodiments, a vector of the invention is used as a vaccine. in
certain embodiments, a vector of the invention contains a DNA sequence of in-
terest that encodes a protein or a peptide. Upon administering of such a vector to
a subject, the protein or peptide encoded by the DNA sequence of interest is ex-
30 pressed and stimulates an immune response specific to the protein or peptide
encoded by the DNA sequence of interest.




a subject, the protein or peptide encoded by the DNA sequence of interest
Is ex 30 pressed and stinulates an i nmune response specific to thq/@oé]o 2?]?
or peptide encoded by the DNA sequence of interest. 19 OCT 2004 0
02/ 090558 PCT/ FI1 02/ 00379 30 | n specific enbodi nents, the vector of the

I nvent i owoie/ousssd to treat and/or prevent an infecti cgs/rnsesase and/ or a
condi tion caused by an infectious agent. Such diseases and conditions

i nclude, but are not limted to, infectious diseases caused by bacteria,
viruses, fungi, protozoa, helninths3land the Tike. In a nore 5 specific
enbodi nent of the invention, the infectious disease is Acquired | nmuno-

def 1 ci ency Sy i o HARIFAERL Vne VBB Fotiho Ifo st 6 6ok @ ekaiur prevent

viral diseases se- guences énco es conprising epitopes of
known vi rpusessit anénfactiodis dlmlseandjmpia@pndiioumcmdﬁamremmﬁowa@mtng antigenic

epatt 1 SUEpdboasenapdeDrEns s, bl Prudd by Brectlinffberesl ' ©

vari cel | aquasteppuhétefia, mgeg%ﬁgarmbmoammlntﬁdﬁﬁdlthe nkdwelhramm npl ex type
[T (HSV-11), ri nderpest rhinovirus, echqgvirus, rotavirus resg_l - ratory

syncyt % alsperifiasmbpeimant sfthednvention.dapislastions discaseys AsayRA SO0

echi novir hunt avi rus, coxsacki e virus, munps virus, neasles
Vi rus, %?'F'Ie &(/ggﬂdrﬁht%s polio virus, human i munodef i ci ency virus type |

(HV-1), and l?mﬂferahiynwhamiﬁis desired e reat orysevenpwiraiidigeeses, DIYA sé ef er abl y,
where it is desired.to trea revent .bactecrial infection
sequencedUEAERRIPRTPIRG MolReY Sc?%’gqr ISE19 P! @BF? 8&)5@0"(‘5? Vﬁ“%ﬁﬁrﬁrﬁj'gﬁgr\lﬁa are
used.  Fquorexample. su&H@NDNéq@@%Qmédlﬁ@%ﬂﬂgéch @pnmmnmay @pigrepes may be
pre 20 paredfrombacterla|nclud|n not limt cobacteria

ri cketl® sipared fﬁ?@dﬂ“ﬁ%ﬁ'ﬁduﬁ@ls@émh'"ﬁw 'IOeB‘?Rﬁi@ﬁ Fyri’e pPr‘"@P@WI?H REBwhere it is
et o RerElifietyBTc RITLARS VBHECIRE Bend RS BESaimBls yseAHEEnZ encoodi no

nol ecul es (Porrpr ng ep pges of known protozoa ar exanpl e,
such DI\lAtmpgmmplexéypaﬁ(H@V-amtmgemest épmdnmpeseohraymmerqhawuss'eﬁa-r ed from

Danosonm. APNLIR G REPLoTe Vs, Beaaulit YET BRIy BEORATER asi 1 ¢
infectio fh?rboxﬁm h&ﬂﬂMmC@&saa@i@dm@ nrmh;ﬁ,c\hﬂugslném Visishaibel vimges of known
parasites are used For exanpl e, such DNA sequences encodi ng anti genic
epi t opBs Relip vises, hurman immunodeficiency virus type | (HIV-I) and human immunode-
ficiency virus type Il (HIV-II).
Preferably, where it is desired to treat or prevent bacterial infections, DNA
sequences encoding molecules comprising epitopes of known bacteria are used.
For example, such DNA sequences encoding antigenic epitopes may be pre-
20 pared from bacteria including, but not limited to, mycobacteria rickefisia,
mycoplasma, neisseria and legionella.
Preferably, where it is desired to treat or prevent protozoal infections, DNA
sequences encoding molecules comprising epitopes of known protozoa are used.
For example, such DNA sequences encoding antigenic epitopes may be pre-
25 pared from protozoa including, but not limited to, leishmania, kokzidioa, and try-
panosoma.
Preferably, where it is desired to treat or prevent parasitic infections, DNA
sequences encoding molecules comprising epitopes of known parasites are
used. For example, such DNA sequences encoding antigenic epitopes may be
30 prepared from parasites including, but not limited to, chlamydia and ricketisia.
In other specific embodiments, the vector of the invention is used to treat
andfor prevent a neoplastic disease in a subject. in these embodiments, the DNA




30 prepared from parasites including, but not limted to, chlanmydia and
rickettsia. |In other specific enbodi nents, the vector of the |nvent|on '
used to treat and/or prevent a neoplastic disease in a subject. 18n ﬁﬂe§@5
enbodi ments, the DNA 1 9 OCT 2005 WD 02/ 090558 PCT/ FI 02/ 00379 31 sequence
of inter®sonensesies a protein or peptide that is specifdmrimoom associ at ed
with the neoplastic disease. By way of non-limting exanple, the neoplastic
di s- ease can be a fibrosarcoma, mnyxosarcomm, |iposarcoma, chondrosarcong,
os- teogenic sarconm, chordonmm, angi#¥sarconma, endotheliosarcons, Iyrrphangi o]
5 sarcoma | ynphangi oendot hel i osarcoma, synovi oma, mesothelioma, Ewi ng's
tu- [E) IR DR BB encHFRAOIRSIA bE S RRide Bt R s kit i G RsodiiBg T eat | ¢
cancer ast cancer, ovarian cancer, 'prostate ‘cancer, squanous cell

carci norrawntheophﬂtib dmase.nBwayancﬂeomd:antmgmmplesﬂwm@l@ﬂd dar ci noma,

sebaceous gl and ar noma c r ci nona apill ar
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carci nonatedgenalsae&ima GRbEIoRTATRN l@@a@bmmend&hbmsféﬂﬁna:wmpmm

chori ocarci noma, sem nona, enbr yonal car ci nonm, t unor, cervi cal
cancer 5 t 831CPEa) Mphangipendaihgliosarcemes BEIOVIORa, m@ethelwmagE\reﬂa%tw noma,

bl adder C | e dul -

| obl ast omiz]{r &éggﬂﬁggﬁ'@bhggéﬂgﬁgoﬁ@%ﬁgy %ﬂﬂp&@?rﬂﬁ@ aﬂﬁ%é%gér%ng ‘astoma, 15
acousti ¢ hesasbeemcenlovgtatecaticeg|prastate cancemsyuamgusioel| aasinomanbasalbl ast o,
reti nobl ast | eukem as .g., acute | hocvtic, | eukem a,and. acut e

el oo cy BPLCAEORE SipaicBistick SR dre A ceoe SRR BB Bt e

nonocyt i cnamd pgpluéﬂpr@ir@mbmm aépmmrmscé@mbmacﬁstédmarcma)cyt ic
(granul ocyti cél@yeukem a and chronic |ynphocytic |eukem a); and

pol ycytthemesullary sarcnamh brenchreerjk carckiopm, tﬁ@é@@@%ﬂom@mana@gva,n s

di sease), r{w t M| d heavy
chai n di sggaéjéél?dtg%@! n ggﬁl%}éﬁéﬂg@ﬂége a nl{"@g @%L'e mVﬂ”ﬁ%n t he DNA
sequence afmomtrenicabsancenciedicilar tpmot, dung t:ala:indnsa rsamelif cmﬂdtrmgmaﬂm-or

mal f uncti gni ng to an inheri di sorder ,or an red tion in the
Gone. encotPing- Piddst SeBMomeaRihgal oo Bt AsBRRPERCMEHE hre not
limted tmblmmwraMgm@?ﬁ@@ma &pdhdy nﬂH@ﬁBﬁféﬁlo@r@ﬁbmanéi@bfaew gene:
APCE) ; cancer . i al Adenomat ous_ Pol yposi s Col af- fect ed gene:
APC getfe) acqtﬁtlénﬁm oug@dsé@wiloalagmenaamawmﬁwofm yeu

nopat hy-c I y EN).. di sorders
of the nu?és}@wagiﬁnfqé%%g? é@@%ﬂéﬁp I‘gﬁ&{@%‘ﬁ' yvaCC| nes %ngeoct ed gene:
D\VD) ; cytic leukemia (myeloblastlc promyelocytic, myelomonaocytic, monocytic and

erythroleukemia), chronic leukemia (chronic myelocytic (granulocytic) leukemia
and chronic lymphocytic leukemia); and polycythemia vera, lymphoma (Hodgkin's
20 disease and non-Hodgkin's disease), muitiple myeloma, Waldenstrém's
macroglobulinemia, and heavy chain disease, etc.
in certain other embodimenis of the invention, the DNA sequence of inter-
est encodes a protein that is hon-functional or malfunctioning due to an inherited
disorder or an acquired mutation in the gene encoding the protein. Such genetic
25 diseases include, but are not limited o, metabolic diseases, e.g., Atherosclerosis
(affected gene: APOE); cancer, e.g., Familial Adenomatous Polyposis Coli (af-
fected gene: APC gene); auto-immune diseases, e.g., autoimmune polyendocri-
nopathy-candidosis-ectodermal dysplasia (affected gene: APECED); disorders of
the muscle, e.g., Duchenne muscular dystrophyvaccines (affected gene: DMD);
30 diseases of the nervous system, e.g., Alzheimer's Disease (affected genes: PS1
and PS32).



so di seases of the nervous system e.g., Al zheiner's D sease (affected
genes: PSI and PS2). 1 9 OCT 2005 WD 02/ 090558 PCT/ Fl 02/ 00379 gzglg?ﬁvgm
ot her enmbodi nents, the vectors of the invention are used to treat nd/ J
prevent di seases and di sorders caused by pathologically high activity of a
pr ot ei n. wiorzpsesme enbodi ments of the invention, the D¥&rgequence of

I nterest encodes an antagoni st of the overactive protein. Such antagonists
include, but 5 are not limted to, antisense RNA nol ecul es, ribozynes,
anti bodi es, and domi - nant negative3®roteins. In specific enbodi ments of
the invention, the DNA se- quence of interest encodes an inhibitor of an

oncogene. 10 SFEIGH dnEMaAtARAhS, i oRoRRERRRRoDbrd ki baencodes 2

nole- cule th agoni zes neopfastic gr ecl odi nents of
t he i nverandld prévent diskesdshdsiipudars eauded byt patteslogieallydifhsaciivityotar

suppressor,, such as, but not limted to,. . kN other specific

enbod: mrratett o8 BRse SbhaBients heiieatie® 1 ik Salitnad B Riergft o

apopt osi %nc%&é@aﬁ%nfgagni@%f thé Blé@etiveOproifa8 it antaddifists MeRRfe, bt provi des
nmet hods, whereby a sequence of interest is exgéessed in a subject. In

certai h earpoet imiledio, antisanse RMAMolenules, shezwresrantbodies, apgd degti on
' . i D et
wher oi n et pgatye MERUETIE sBoohd L8 Himdrts B M TREbR nb BAISe 22 1200 L

5. 4 THERAREWES Of IvksreiSiRmchaes bivihWitbHofldicohdddgeNél ON 20 5. 4. 1 RECOVBI NANT

DNA | [ di t f, t | ti h t f the i ti
com pri ses.olRcHRARSBAETprHE<e HIA seuree of FgFrCoTiaest Al Ecquence of

i nt er est . cydihat BNAgSRIgEe ASSHIRticighbwhe 3h s?é‘éiﬁ@ékﬁﬁ@din%nwdﬁtﬁé mvand/ or a
biologically active RNA nolecul’e. In either case, the DNA sequence is

i nser tigd tiom theA seauance 6f inbareslipa coOGRRHIIMAT SERREBSQSr BEBiasPYLAOY econbi nant
cells or | I f f oReD : Xpressi on
cassette,Iingge(aﬁtéé§5%e#ipﬁeprgé%%ﬁé;e@gsgﬁ%'st@%uencge%{bﬁfzﬁw %nétrﬁ'te}gf operably
| i nked t cermode®an sotieatoreddpaptosis, sedi asibutaot Bmited te 2/ Gaspasé.er sequences
whi ch enabl es _expressi on of . the prqtein of t I nvention..in an.appro 30
priate host cﬁ'ﬁ.m%@wmwﬂ% rﬁﬂ@ﬂgs’ @%8@%5%3%58? af! %ﬁeﬁqllf whi ch the
regul at orgxpréRaH S s@Eott tecdrbith SRBSARRALS, A vBStoFedHISAME Gndbembd ned and
positioned'in such a'way as to permt transcription, and in the case of a
pr ot eilf, expeersiant gasaeties of a DNA sequence of interest is administered to ’_che sub-

ject, wherein the subject does not express the Bovine Papilloma Virus E1 protein.

5.4 THERAPEUTIC METHODS FOR USE WITH THE INVENTION
20 5.4.1 RECOMBINANT DNA

In various embodiments of the invention, the vector of the invention com-

prises one or more expression cassettes comprising a DNA sequence of interest.
The DNA sequence of interest can encode a protein and/or a biologically active
RNA molecule. In either case, the DNA sequence is inserted into the vector of

25 the invention for expression in recombinant cells or in cells of the host in the case
of gene therapy.

An exprassion Cassette, as used herein, refers to a DNA sequence of in-
terest operably linked to one or more regulatory regions or enhancer/promoter
sequences which enables expression of the protein of the invention in an appro-

30 priate host cell. "Operably-linked" refers to an association in which the regulatory
regions and the DNA sequence to be expressed are joined and positioned in
such a way as to permit transcription, and in the case of a protein, translation.




1 9 OCT 2005 WO 02/ 090558 PCT/ FI 02/ 00379 33 The regul atory regi ons
necessary for transcription of the DNA sequence of interest ca£ b@ 05
provi ded by the vector of the invention. In a conpatible host 8 PJU@@
system cellular transcriptional factors, such as RNA pol ynmerase, wll

bi nd to Wwiamneessl atory regi ons of the vector to effectectanssrs ption of the
DNA se 5 quence of interest in the host organism The precise nature of the
regul atory re- gions needed for gene expression may vary from host cell to
host cell. Generally, a pronoter i83required which is capable of binding
RNA pol ynmerase and pronot- ing the transcription of an operabl y-associ at ed

DNA sequence. —Such t codi ng
sequences i anFSE%P%e‘?W r%%%b%{g?#e%%él&}arl%?a& @blrﬁ?&eld(;ﬁnﬁg%@ ?%ﬁgl ation,

such az tihtereef Bén lb@q)troﬁtaﬁ@m@%@ea&teﬂcfethecr%ﬁtxoaeqwermapa?m ot | |t ke. IThe
non-codi ng region 3 to the codin ence na ranscrj ptiona

te[ m nat |Q§’ﬁSMl§Nﬁtﬁﬁh ﬁe@éﬁf&é@f@éfﬁp‘%'ﬁ{gécg’gﬁPﬁ\aﬁ%M g0 H’l?ra%l“‘gfadenyljag i on
sites. e used for
expres- qial sl on o%d%bmﬁsgbﬂeng}e é)?tclf nt ertié‘gﬁééﬁp’h@ﬂb}f?!ﬁ%emgﬁe(gl rable to use
i nduci bl equenoe ofintezest m\ztir@rhashergamsm tThewedpe haftire ofdhe easlatoryse- t he host

cells and_.the condi.tions for h Iev sequence of

i nt er est %\?Q\S fb‘?%’P@F‘é&&“%ﬁé&Wﬁ?‘@E emvaagé?rﬁ)ﬁggte%ﬁt(gﬁ%s%el g’g‘?’@%yare provi ded
bel ow ('sefpiofidterid reblired WhCﬁh@Caﬁabl@éﬂmdmmWeeam plkomdgul atory
functions, such as pro- 20 rmt rs, to,th ﬁNAsequenc % l{r]terest or to

i nsert tHBQW"%&U@Wf@P QPR )é-ggsoqem ﬁ‘é%l"%‘l’ﬁ%ﬁ%‘% TRIYPIO vect or,

i nkers g g%éyﬁmraae\t gﬁd@ec%a{) UhbEs I rvBRa Y iRitibA&] bFf Ction sites

may be I|g t he en y tec niques well known in the
art [Wa drartsbnptldvmmbwslatloﬁnaqo’mas e TATR B, Q@@BMQM)JGHC@I &dVdge with a

by di gostTRORGLEngAr KT, K PAVERY cEB0h 1 R3he BRebBsbfmeRylpl, o ™

l'igation. coNtémraﬁécr?ﬁbmt termitRsion eshulesry seqicness,snely ateininatorsand e
I ntroduced into a ragment of DNA by anplification of the DNA by use of

PCR with WY@?&"&"E‘H%F@% ing the desired restriction enzyne site. The
vector conpri %d?ﬁc?n%v@%ﬂ?ﬁﬁﬁ@nb@rebﬂl’a?drﬁﬁ%; d??%a}tﬂé’uéeﬂw fed-a 30

regul atory region ncer/ pronot er “seque be dlrec l'y introduced
i nto 1appsiopof thed i sequarideofinieresk plit owyiberdesirablado DsRIrsidgible@e- of i nt er est
Wi thout fr%ters when the conditions optimal for growth of the host cells and the conditions
for high level expression of the DNA sequence of interest are different. Examples
of useful regulatory regions are provided below (section 5.4.4).
In order to attach DNA sequences with regulatory functions, such as pro-
20 moters, to the DNA sequence of interest or to insert the DNA sequence of interest
into the cloning site of a vedtor, linkers or adapters providing the appropriate
compatible restriction sites may be ligated to the ends of the cDNAs by tech-
niques well known in the art [Wu et al., Methods in Enzymol 152 (1987) 343-
349). Cleavagewitha restriction enzyme can be followed by modification to cre-
25‘ ate blunt ends by digesting back or filling in single-stranded DNA termini before
ligation. Alternatively, a desired restriction enzyme site can be introduced into a
fragment of DNA by amplification of the DNA by use of PCR with primers contain-
ing the desired restriction enzyme site.
The vector comprising a DNA sequence of interest operably linked to a
30 regulatory region (enhancer/promoter sequences) can be directly introduced into
appropriate host cells for expression of the DNA sequence of interest without fur-

ther cloning.




ther cloning. 1 9 OCT 2005 WO 02/ 090558 PCT/ FI 02/ 00379 34 For expression of
the DNA sequence of interest in nmammalian host cells, a vari ehy 3.1 T 2005
regul atory regions can be used, for exanple, the SV40 early an q re
pronoters, the cytonegal ovirus (CW) inmedi ate early pronoter, and the Rous
sar conma wiorpa@oksyng term nal repeat (RSV-LTR) pronoter pcipivehd@ird € pronoters
5 that may be useful in mammalian cells include but are not limted to
those associ- ated with the netallothionein Il gene, nouse mammary
tunorvirus glucocorticoid responsi®e |long termnal repeats (MMIV-LTR),
[3-interferon gene, and hsp70 gene [WIllians et al., Cancer Res. 49 (1989)

advant ageous 08" §0s5rian OB oA seoushe ¢ ruestib e 8tesle A o v ve
expressi qarigly of rsguliidrysegions ean db usaticfopskarmplel the@WI0-eaiyrdndiigiet cells. In

addi tion, the expression vector contain a selectable qgr screenable
mar ker gé’lﬁ%’“@'@Fs |ﬂ?fﬁ ¢ytamegal P%'BJSa(Q%\é immegiiate 139'1'%6"08?0@'} aRk e NiSst cel | s

t hat Confsérdaﬁdﬁﬁrqsws%yrngﬁa?gﬁ%ﬁrmsv E‘rﬂi) BrS Y, ﬁme p@@&srsused for

manmal i an nc t not to t S sinplex virus
t hym dé néhatinmeydee jaaifig iremastmalian, ceﬂ:s:lnbludebu(arem)lmmgtpthqsp@ﬁm-hu ne- guani ne

h hori 1.t f Szybal ski d S Acad. Sci
Usa a5 ( 9oy iEarciatitiionai o ouBh e Bt e Borob®ble "ot ai
Cel | 22 (rdgkiveidhg esifsal Gapodte (MIVPNCLER), I[Fmté?feron @@ﬁéfarfd hegnof cel |'s,
respectively. Also, antinetabolite resistance can USEdMOZ ée(il(t he ba5| S

of sel ecthBﬁ Tilfiamgs 16 @ ogéﬂ‘éqré?@sedi%@g%) Lerd3:, T%‘ﬁréﬂ abo esi st ance
to net ho"B’l@lXé}b‘ﬁé@%H%?% elim%%bg a@ﬁtgg%%%qg g% %’cgﬁﬁc r?ﬁ'@)%?@br 3567,

O Hare et al’ gpt, whi ch
conf el rsassspmméensdo dijve expréssin ofdthaDNA sequendeefinteresbinggcombic. Nat | .
Acad. Sci PE(?A 1981) 2072]; neonycin phosphotransferase (neo), which
confers r&8 5&,?8@ ‘to the am nogl yco 25 side G 418 [Col berre-Garapin et

al., J. Ml. Bladd[tfdrﬁﬂwe(é;&ﬁéésuddvemdnéw@fmglsalecmmwémfser ase (hyg),

whi ch confers resistance to d&m n [Santerre et al zﬁ', Gene 30
(1984) 147par @igeéuef%n@ewg@leﬂm&a J&/mgseréwchrggbeﬁt Gells fhai?ﬁrtf@a & o

2 TSRO SABn geiffT EBRSY5TENE MO
t he host ing buigehlimitediodhe Hatpes sitoplex minys thxmmﬁklnm [\Bbglen@ akapell | oma Virus
Bl proteif. 4 5#4) 23], hypoxanthine-guanine phosphoribosyltransferase [Szybalski and
Szybalski, Proc. Natl, Acad. Sci. USA 48 (1962) 2026], and adenine phosphori-
bosyltransferase [Lowy et al., Cell 22 (1980) 817] genes can be employed in tk,
hgprt” or aprt” cells, respectively. Also, antimetabolite resistance can be used as
20 the basis of selection for dihyd‘rofolate reductase (dhfr}), which confers resistance
to methotrexate [Wigler et al., Natl. Acad. Sci. USA 77 (1980} 3567, O'Hare et al.,
Proc. Natl. Acad. Sci. USA 78 (1981) 1527]; gpt, which confers resistance to my-
cophenolic acid [Mulligan & Berg, Proc. Natl. Acad. Sci. USA 78 (1981) 2072},
neomycin phosphotransferase (neo), which confers resistance to the aminoglyco-
25 side G-418 [Colberre-Garapin et al., J. Mol. Biol. 150 (1981) 1]; and hygromycin
phosphotransferase (hyg), which confers resistance to hygromycin [Santerre et
al., 1984, Gene 30 (1984)147]. Other selectable markers, such as but not limited

to histidinol and Zeocin® can also be used.

30 5.4.2 EXPRESSION SYSTEMS AND HOST CELLS
For use with the methods of the invention, the host cell and/or the host or-
ganism preferably does not express the Bovine Papilioma Virus E1 protein. Fur-




1 9 OCT 2005 WD 02/ 090558 PCT/ FI 02/ 00379 35 thernore, preferably the vector
of the invention does not encode the Bovine Papilloma Virus El pgogefn2ons
Preferred manmal i an host cells include but are not limted to those der| ved
from humans, nonkeys and rodents, (see, for exanple, Kriegler M in "Gene
5 Tr ansfwoea/misﬁxpressi on: A Laboratory Manual ", New Yorkwzseeenan & Co.
1990), such. as nonkey kidney cell line transfornmed by Sv40 (COS-7, ATCC CRL
1651); hunman enbryoni c kidney line (293, 293-EBNA, or 293 cells subcl oned
for growth in suspension culture, &ahamet al., J. Gen. Virol., 36 (1977)
59; baby hanster kidney cells (BHK ATCC CCL 10); chi nese hanster

ovary- Ce ﬁegfwﬁgyré%rémﬁ Véét@PP %mmnndoé%rm erddlib thé*%dmeSC' 77

(1980) 4 use s ther Biol. Reprod. 23 (1980)
243- 251] Papiflora ViruerJ‘bba:demcel | s (NI H 3T3), nonkey kidney cells (CvI ATCC

CCL 70); af d : 1587 h
cervi CZBJ 2a; LPF‘?&%& ci&'lgf'g“[)? %RS{%C&%U%'& n%'ﬁ'@ t‘%ﬁ?ﬁ%’%ﬂl S (?\/DCKtman
ATCC CCL 1 hukh§,amenk édd’@fdeﬁi%' (See( ﬁfﬁ'—exb&p%,ané m "Beha) ; human

| ung cells (W38, 'ATCC ; human [iver cells &, HB 8065); and

mouse marﬁms;fertmﬁxe@srs@n( memm\ﬂam@ib @@L\é% FW%@t%ﬁ’s of the

t b
wel |- knowsOP L sich Y oSy ey Rl e By O G B enhancer
el ement s 16ah); bemah embrmmeklylnejhrw(lzgs r293-EBNA, or2S3cells al’mt!cmpdfort hetic. Sonme
host cel | be obt ly. , The t
Cont ai ni SRR ATt Fe, CTRBs Dt otz (6 AL 38 (B B AAEE hoot cer

by a var Ir%hasté}fkudr%‘yméuggm@r(mrm ocerecﬁxnése hamstetovigy-cBls-DHPR |imited to,
for prok otic cells cterial transformat oefcél—lanahan 1985, 25 in DNA

d oni @, [ﬁ%@r seiaye and fhesiva Froc. Natlodcas Spl. 74 (1P8W A24elkmeyse paridlie| | s, cal -
s oao, SRl ivFetfIEe Bt Hephod D3R4 203 284 hthis6 frBplast (s NifilaTE)2 1)

223-232] posSone- ne tra sfectl er et "at Sci ence
215 (1982horil@§ kldr@] cellsl (€W ATIRT SQLOTO) Whicah gereratmonkey idnewcelisacad Sci 84

o0 S BEEESCLEr oA bl s GRER e 209 30
'rrg\rlﬁgt | orpERY); RanpeYidirgcells IMDCK, ATCE GEL 3a); Hulfalo repivisricsits BRiel ect abl e
15 3A, ATCC CRL 1442); human lung cells (W138, ATCC CCL 75); human liver
cells (Hep G2, HB 8065); and mouse mammary tumor cells (MMT 060562, ATCC
CCL51).
The vectors of the invention may be synthesized and assembled from
known DNA sequences by well-known techniques in the art. The regulatory re-
20 gions and enhancer elements can be of a variety of origins, both natural and syn-
thetic. Some host cells may be obtained commercially.
The vectors of the invention containing a DNA sequence of interest can be
introduced into the host cell by a variety of techniques known in the art, including
but not limited to, for prokaryotic cells, bacterial transformation (Hanahan, 1985,
25 in DNA Cloning, A Practical Approach, 1:109-136), and for eukaryotic cells, cal-
cium phosphate mediated transfection [Wigler et al., Cell 11 (1977) 223-232], li-
posome-mediated transfection [Schaefer-Ridder et al., Science 215 (1982) 166-
168], electroporation [Wolif et al., Proc Natl Acad Sci 84 (1987)3344], and micro-
injection [Cappechi, Cell 22 (1980) 479-4889].
30 In a specific embodiment, cell lines that express the DNA sequence of the
invention may be engineered by using a vector that contains a selectable marker.
By way of example but not limitation, following the introduction of the vector, en-




By way of exanple but not |[imtation, follow ng the introduction of the
vector, en 19 OCT 2005 WO 02/090558 PCT/ FI 02/ 00379 36 gi neered cped | gL Te3009e
al | oned t o grow for 1-2 days in an enriched nmedia, and then are 'sw t ched
to a selective nedia. The selectable marker in the vector con- fers

resi st anw® R@90558e sel ection and optinmally all ows only reglHiE/obdTat cont ai n
the vector with the selectable narker to growin culture. 5 5.4.3 VACCI NE
APPROACHES | n certain enbodi nents, a vector of the invention conprising an
expression cassette of a DNA sequeﬁ‘ée of interest is admnistered to a
subject to induce an inmmune response. Specifically, the DNA sequence of

i nterest @Eﬂz&e? el ﬂ%gfb%iaoéqu b gfomﬂfmpi ea LinPEPE ARSI mddRa, YRRPt | de) ,

whi ch i nduces a specific I nmune sponse upon Its expression. Exanples of
such pr ot‘fbﬁ%mareai\netchmmwdcﬂvanm |'6‘neseiet3ablﬁmark¢ren thelviectorgomf a vect or

Chose. knous TehS{ke T HRCadFePn Aoy HIBE Briviils MetdBhBl 6 4 g
THERAPY ABPRDMIHE bolcatableanatkertoayrowdh ogltire. @ vector of the invention

conpri sing an expres- sion cassette conprising DNA sequences of interest is
admniStered to treat, or 20 prevent various di seases. The DNA sequence of

I nterest may SW@WA@CNI‘E%‘F’PR@Q@HES a biologically active RNA nol ecul e.

Gene therapy refers to therapy per- formed by the administration to a
subj ect of anIremmembodimeetmamﬂnm]‘majwentleeqmepmgammxmrrbodl ment of

tnr;fei:3?’2%ﬁg&eﬁ%ﬁ%ﬁ%&aﬁ%&%@ﬂ%ﬁ@déﬁm Qreeflréoﬂ%'%%c&oﬁé&)%taﬁods for gene

therapy dmeiunabegpdnie! Bpedifitallgahe DN efce ofintketdst gnéaick gproteirs ent
Il nventi o

et R e A e esﬁfy%@ndmgﬁée?ﬁ% sepiic, TUBINERET racy 12
1993) 4 Al
( ) %ﬁﬁﬁ@e’au poffit ré@!éwrﬁ %g@i@ e % distussedlhskemev. Ann.

Rev. Pharnmacol .” Toxi gan, Science 30 260
(1993) 9463.932; Mor an and Anderson Ann. Rev Bi ochem 62 (1993)191 217;

May, TI BTECH 5 h onmmonl y_known i.n he art of
Yevonbi nant KR &S %H%?@&il‘&ﬁaeh%ﬁ% R SR Y e od s ubel et
may be selected from ameong those known in the art and/or described in section

15 54.6,

54.4 GENE THERAPY APPROACHES
In a specific embodiment, a vector of the invention comprising an expres-
sion cassette'comprising DNA sequences of interest is administered to treat, or
20 prevent various diseases. The DNA sequence of interest may enhcode a protein
and/or a biologically active RNA molecule. Gene therapy refers o therapy per-
formed by the administration to a subject of an expressed or expressible DNA
sequence. In this embodiment of the invention, the DNA sequences produce
their encoded protein or RNA molecule that mediates a therapedutic effect.
25 Any of the methods for gene therapy available in the art can be used ac-
cording to the present invention. Exemplary methods are described below.
For general reviews of the method of gene therapy, see, Goldspiel et al.,
Clinical Pharmacy 12 (1993) 488-505; Wu and Wu, Biotherapy 3 (1991) 87-95;
Tolstoshev, Ann. Rev. Pharmacol. Toxicol. 32 (1993) 573~596; Mulligan, Science
30 260 (1993) 926-932; Morgan and Anderson, Ann. Rev. Biochem. 62 (1993) 191-
217; May, TIBTECH 1, I(5) (1993)155-215. Methods commonly known in the art
of recombinant DNA technology which can be used are described in Ausubel et




19 OCT 2005 WD 02/ 090558 PCT/ FI 02/ 00379 37 a/. (eds.), Current Protocols in
Mol ecul ar Bi ol ogy, John Wley & Sons, NY (1993); and Kriegler, Cene
Transfer and Expression, A Laboratory Manual, Stockton Press, 15 1359(25]95
The follow ng animal regul atory regions, which exhibit tissue specificity
and 5 h#oeo29enses utilized in transgenic animals, can lEnmedodor expression
of the DNA sequence of interest in a particular tissue type: el astase |
gene control region which is active in pancreatic acinar cells [Swift et
al., Cell 38 (1984) 639-646; O- nifZ et al., Cold Spring Harbor Synp.
Quant. Bi oI 50 (1986) 399-409; MacDonald, Hepatology 7 (1987) 425-515];

i nsul i n §?"(§%|Pégﬂ!3‘?&k8)gc§lsW&Bclflér@%y%ohﬁ VPRl 8o R¥(AGpet a cells

[anahan 115-122 | obul 'n gené control region
whi ch i s andt nglem Genephransfet ahdl Exp@ssione Relbasatory Manaall, Si@siqn1984)

647- 658 dan$$v§g%©§ , Nature 318 (1985) 533-538; Al exander et al., M.
Cell. 1436- 1444], nouse mammary tunor virus control region

whi ch is act rrh@fdaumwi anigel regulal ions |whigh @ihibitalssue@siciiiciey drel [ Leder et
al., Cell 45 1986{) '?485 r@g gﬁggmn gene contr ol ichis

act i vedi havadepn yilzedn Hﬂe?aen&arwnals GM@%{ar@WﬁSIom%@h@ﬁ 268- 276] ,
| pha- f et t
K U aufooop oA B RERES(GA bt NeR0 ME laskentadneudritol iy Y27
Sci ence @Hck seBHye miPpahereatic ptinaricella [Swiftre pk.i CellHd 984xa30046; O on which is
t the | Kel 1-171
ggt :ivgl l)?ﬂtﬁeg@ ;éﬁ%sb % éa%c’Fgw“thb\ﬂGﬁﬁa‘r @&@Eﬁl\f g. %%Q)HA@EI | s [}ngram
et al., Nupsislogyi?d(198¥9425-538Binddkh gdfre donesl r%glowwhlcrﬁelabtw%ﬁn 03R86) 89-94];
nyelin basic protein gene control rﬁ:‘(gl on s acti

ol i god@ndirertintketa selissHanahan Natdiend aaﬁ)aaé 1@121 I@munowﬁpllwwgs7)
703-712

e e L ool s
easi ng amescdal. s u = Xaﬂ er O t hal anus

ther apy dBk 61495 3R AH righBE AT ERATARY vilE IR sl PR 1 sect Pon
5.4.6. 3Qdhivé irbtebidid, B, ANTIHORNS ﬁda@tfézsqzw&et al. c@asuzaa (t986podi nent s of

the invention a vector of the I nventi on cont ai ns uence of
iwg mke

i nt er 48t 485498 nalbuain ganesantrobregionowhieh sagiNg INds etal,
Genes and Devel. 1 (1987) 268-276), alpha-fetoprotein gene control region which

is active in the liver [Krumlauf et al., Mo. Cell. Biol. 5 (1985)1639-1648, Hammer
et al., Science 235 (1987) 53-58; alpha 1-antitrypsin gene control region which is
active in the liver [Kelsey et al., Genes and Devel. 1 (1987) 161-171], beta-globin
20 gene control region which is active in myeloid cells [Mogram et al., Nature 315
(1985) 338-340; Kollias et al., Cell 46 (1986) 89-94]; myelin basic protein gene
control region which is active in oligodendrocyte cells in the brain [Readhead et
al., Cell 48 (1987) 703-712]; myosin light chain-2 gene control region which is ac-
tive in skeletal muscle [Sani, Nature 314 (1985) 283-286], and gonadotropic re-
25 leasing hormone gene control region which is active in the hypothalamus [Mason
et al., Science 234 (1986)1372-1378].
Methods of delivery fro gene therapy approaches are well known in the art
and/or described in section 5.4.6.

30 5.4.5 INHIBITORY ANTISENSE AND RIBOZYME
In certain embodiments of the invention a vector of the invention contains
a DNA sequence of interest that encodes an antisense or ribozyme RNA mole-
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production and use of such nolecules are well known to those of @k¢tt am
the art. Antisense RNA nol ecules act to directly block the tran t 5
MRNA by hybridizing to targeted nRNA and preventing protein translatlon.
Ant i senswoaRAB5%r oaches i nvol ve the design of ol i gonwcirenkioslss t hat are
conplenentary to a tar get gene nRNA. The anti sense oligonucl eotides wll
bind to the conplenentary target gene nRNA transcripts and prevent

transl ati on. Absolute conpl enentar-3§ty, although preferred, is not
required. A sequence "conplenmentary” to a portion of an RNA, as referred to

her ei n, H‘%Qﬁ a[g% ot 0 be able
to hybr| 8?1%9%@[?1%9\95{5&)? SgLﬂ:Zl}Sh%ﬁgiﬁE% Bf&jcﬁﬁ?‘%n 0 ﬁgﬁl@f&m&&qor mng a
stabl e ddmsexqf skill in e athse of doubl e- stranded anti sense nucleic acids, a
single strand,of the t hus ted [ x formation
may be assayeﬁ'I g&% mﬂfﬁw&%d&’eﬁ W&f %@Bé‘ﬁﬁo%ﬂgfﬂ%@ﬁ?}yhe degree of
conpl enemBliditig ' thrgéted |nﬂmbn@brév@ﬂtu?'pﬂoﬁémﬁ@nél&ldwqd\rﬁisénwaml General |y,
t he | onger the % bridi zi ng nucl el c aci he nore base m smatches with an

RNA i t5 nwpowﬁsmvmvgrthe design of eliganuclectides dhalare eamplementarpioadar as the case
b hbﬁg
rrzigmat? 2:h a]ygur@%ho St and%rtr'{fge@#%%l@ﬂy@é&@e&ﬁg?g@%&(ﬁgﬁ pfreérﬁ&ﬂélgepm nt of

t he hybrtargetwheoanlﬁetxansﬁﬁptAthwevsat inarcdiation. &cbsdlstesctmpletnbmta&t | east six
nucl eot i referably oligonucl eotides ranging from®6
S oebupBarsairedi s nobisgubed i i i

to about ! In specific aspects the oligonucl eotide

is at |east 1Q gay Gé@éﬁ"cdﬁ‘%len@éntér?%ta poftidhbf af IR, lad @sferred tolleasih, 25
nucl eotides or at | east 50 nucl eotides. In other enbodi - nents of t he

i nvent® oMeansa seqUPseaBaving guTaientsempleraprianty to B@gblei@bvbrﬁizew@st 250, 25
at | east é%%ﬁtﬁ@%@ﬂ ﬁ?gért.&%f’amﬂ h'ﬁjrgf? hﬁpl gl v‘%}? intRgahgl s of the

choice o get se I S pre erre studies are first
per f or rreaﬂoub!eeaimmdedanbs&me naibleid acjdso strighe sﬂrﬂrﬁsﬁﬂ@duﬂl@«jﬂﬂ&ﬂi@o tide to

i nhi bi t f d th h die | i
cont rol s gk ERIeEE B Gt bpbdidiRahe Favel JhRESTAFOIVPRTRE ity *°
nonspeci fde?ehdi ehowiie fle &S ré@of &ﬁﬁ;ﬁeﬂén@htﬂ@r@ﬁb@@ﬁgtﬁ' ebtheldntisénsd so

preferred that these studies conpare |evels of the target RNA or protein
wi th thathugleieacid.nGaneali yctbﬁtlmer tenhydyridiging Busleic Aglg, the more base

mismaiches with an RNA it may contain and still form a stable duplex (or triplex,
as the case may be). One skilied in the art can ascertain a tolerable degree of
mismatch by use of standard procedures to determine the melting point of the
hybridized complex. |

20 Antisense nucleic acids should be at least six nucleotides in length, and
are preferably oligonucleotides ranging from 6 to about 50 nucleotides in length.
In specific aspects the oligonucleotide is at least 10 nucleotides, at least 17 nu-
cleotides, at least 25 nucleotides or at least 50 nucleotides. In other embodi-
ments of the invention, the antisense nucleic acids are at least 100, at least 250,

25 at least 500, and at least 1000 nucleotides in length.

Regardiess of the choice of target sequence, it is preferred that in vitro
studies are first performed o quantitate the ability of the antisense oligonucleo-
tide fo inhibit gene expression. It is preferred that these studies utilize controls
that distinguish between antisense gene inhibition and nonspecific biological ef-

30 fects of oligonucleotides. It is also preferred that these studies compare levels of
the target RNA or protein with that of an internal control RNA or protein. Addi-
tionally, it is envisioned that resulis obtained using the antisense DNA sequence




tionally, it is envisioned that results obtained using the antisense DNA
sequence 1 9 OCT 2005 WO 02/090558 PCT/ FI 02/ 00379 39 are conpared d\ﬁ]gmﬁ
t hose obtained using a control DNA sequence. It is preferred t1hat

control DNA sequence is of approxinmately the sane |length as the test

ol i gonucMpZ0dEstnd t hat t he DNA sequence of the ol i goraraiiemnide differs
fromthe antisense sequence no nore than is necessary to prevent specific
hybridi zation 5 to the target sequence. Wile anti sense DNA sequences
conpl enentary to the target gene cod¥ng region sequence coul d be used,
those conplenmentary to the transcribed, untranslated region are nost

preferr e%rﬁgﬂﬁpﬁ%ﬁﬁ@ﬁgﬂggf% ’Qﬁt?fn@& uQi'Hg lQinfr8l IbNA%Eﬂ&éé‘ﬁ:eRN’?s préfdired aBNA

anti sense rom-t vector of the 1 nvention the
sequence teatdbeicogtroli2NAisequénng is of Byprasimalely Hidisarné engkheas thedpetr at i vel y

| i nked i | | - . h
const rucOiBaIdEE R tharn@oNBIenlendd FindHighusidotfie iRl ¢ e
transcri pintigehsdf seubhes he Roreframné Refssanyielpieveht erebifit Hpbgizatomt will form

conpl enmentary base pairs with the endogenous target gene transcripts and 15
t hereb§ pp&Relargetsgauents. on of the target gene nRNA. For exanple, a vector

of | the I VeniyRib fiftleh ﬂ)NA%Q%tHafngﬁs%(finﬁlemeﬁté?ﬂottﬁ@fa%géﬁeéo%l'ﬁ@ up by a

cell and directs transcri an anti'sense Suc.h vectors can
be const rragivadsdguence ouiltibaaunsedDifosee chmplamgntamyt toothe aesatibed, in the art.

Expression.of the se: quence.encoding the anti sense RNA can be by any
pr onot er %@\']\'ﬁiaﬁg rtegg)n%}r{e W%tﬁf??%ré?d?i n mamral i an, preferably human cells.

Such pronot er o 2RpRBsioABfThd Ibilcdicallg iisivé RNA Ve g., SncéntisensoRAAs | ncl ude
but are not limted to: the SV40 early pro- noter regi onngBer noi st and

Chanbdf, Meleckie. Hop the vedtsr ofdire iveptiont the QA seguance EHRPENGEE RI- the 3 | ong
term nal T ¥AGH I ldra22 (1980)
787-797] ,‘@E@R’L&e“?ﬁ%s' " E?ﬁqfégﬁ%g?ﬁ'?{éﬁgg%l%'}om?@%%@@%ﬁ@r'fl o'é?‘ggldr? 25 Proc.
Nat | . AcadoteBcThe UsSobsucha ¢are8ust to fransfestiBiget cells indhpipaticnt yillsequences of

erc. | n HBiE 4 TaneB BT S DR R PR s SRR MR L on
cont ai ns farrPbEMPRMEIIGG bavb pairs Wit hdehdagsidiezarget gdietenycrptymicecul es
designed to catalytically cleave target gene nRNA trapscripts can al so be

used 16 phexebliPrevsnt irpasiation pidhe &roet deiegBRNje ﬁ@rmmp&na,veﬁtﬁépﬁf ore,
expr essi Qe HveftibiREAPhe FEBGuced, e.g., such that itis taken up by a cell and directs

the transcription of an antisense RNA. Such vectors can be constructed by re-
combinant DNA technology methods standard in the art. Expression of the se-
quence encoding the antisense RNA can be by any promoter known in the art fo
20 act in mammalian, preferably human cells. Such promoters can be inducible or
constitutive. Such promoters include but are not limited to: the SV40 early pro-
moter region [Beroist and Chambon, Nature 290 (1981) 304-310], the promoter
contained in the 3 long terminal repeat of Rous sarcoma virus [Yamamoto, et al,,
Cell 22 (1980) 787-797], the herpes thymidine kinase promoter [Wagner, et al.,
25 Proc. Natl. Acad. Sci. U.S.A. 78 (1981) 1441-1445], the regulatory sequences of
the metallothionein gene [Brinster, et al., 1982, Nature 296 (1982) 39-42], efc.
In certain embodiments of the invention, a vector of the invention contains
a DNA sequence, which encodes a ribozyme. Ribozyme molecules designed to
catalytically cleave target gene mRNA transcripts can also be used to prevent
30 translation of a target gene mRNA and, therefore, expression of a target gene
product [see, e.g., PCT International Publication WO80/11364, published October
4, 1990; Sarver, et al., Science 247 (1990) 1222-1225].



product [see, e.g., PCT International Publication W?90/11364, published
Cctober 4, 1990; Sarver, et al., Science 247 (1990) 1222-1225] z CE@E
2005 WO 02/ 090558 PCT/ FI 02/ 00379 40 Ri bozynes are enzymati c RNA 1§Dﬁ d
capabl e of catalyzing the spe- cific cleavage of RNA. [For a review, see
Rossi, OC¥0ro@n20s58i ol ogy 4 (1994) 469- 471]. The nmechaniPSHFwRAe37H0ozyMme acti on
I nvol ves sequence specific hybridiza- tion of the ribozyne nolecule to
conpl ementary target RNA, followed gg an en 5 donucl eol ytic cl eavage event.
The conposition of ribozynme nol ecul must in- clude one or nore sequences
conplenmentary to the target gene nRNA, and nust include the well known

catal ytic seq %@,,m Hﬂ:& tRi uence, see,
e.g., US Paﬁgjral’? §§?) Zaﬁgi'\‘NA H?s?ﬁé%@@grfg%tggzhﬁﬁee%%}by ref erence
in its estiicrasayage of RANA. e[Four@n@&emsseeH%@ssclcwmt BielogyaA (194 4Gheci fi c

recogni ti t he use of
namer hedd T B8 PReEigh Bt R RN St S RRE RIS s ot

| ocat i onsiofiof thatribziavie inhsledule tompslementary faeget RNADfolioweldeyent @y base pairs

with the target nRNA. The sole_ re wrerrent s that he tar t MRNA have
the o GRNK 9%‘&%@%‘@9&9"% pogifion of fepzyme Ution and

Sregglrjﬂjle mr?%];e ful n égggéﬁaﬁg?n%ﬁfﬁggaltgé‘%e %ﬁéﬁ%ﬁ Bi o'?elcfmol ogy:
A Conpr ehnmahnc&xd@éh&w%kmvmwaialymeaqaabm rEspoBsibinéay mRHAIc]eaQIe@% especially
Fi 4, 833 ' 8 8 9
whtoh i s FORIES BORITGR Tt iy Do Peret Nt @ 8 M B oo Ly o iy

t he ri boxgsan | bgr@f@ﬂdﬁ@@@di gslentiretypat the cl eavage recognl tion site is
| ocat ed near t ' end of the target ene nRNA, to i ncrease

ef fi ci®ncy awmbpm@s thatcleavam SHe-SReQGiCagiitan SAURRRSSt unct i onal
MRNA t 1 ans g ibbRikSd to &@%@ afqeae%Rm}aﬁ thé @s%%fthah'{&Yé?ﬁééd)H‘bo%&rﬁ@s isncl.ude RNA

endori bonucl e- ases type ribozynmes") suth as the one
t hat occmreferraduHamWerheﬂd #®zyees slepre mkNAsatiagstionzdictateday flgkt he 1 VS, or

L-19 I VS.RNA). an ha xi ens Cech and
col | aboré'?%rre@'o[nfglﬂ@?gr %{ﬁp’gﬁ@e a?yéﬂste a’Mthqﬁéﬁg%aﬁé?iﬂgggﬁ ug and Cech,
Sci ence, r@qdireisi & thalBeddiget ARMNA ha\%tthaﬁoltowwsécﬁenaééf (vbIBRLPs:429- 433;
publ i shed I'nternational patent applicatiagn . 88/ 04300, %Unl versity

Pat enfld [S1HG-3Bebhe gorgtstionrangd PTWCE‘Q@@@)“&WTE?@?I ribegyMase’s M&h- t ype
ri bozym%nta@m%n b &'t 9RY iL8SKriBEY A hilSn Myefs, 1905 Cliolekbiat Blotsyy t O

and Biotechnology: A Comprehensive Desk Reference, VCH Publishers, New
York, (see especially Figure 4, page 833) and in Haseloff & Gerlach, Nature, 334
1988) 585-591, which is incorporaied herein by reference in its entirety.

20 Preferably the ribozyme is engineered so that the cleavage recognition site
is located near the 5' end of the target gene mRNA, i.e., to increase efficiency
and minimize the intracellular accumulation of non-functional mRNA transcripts.

The ribozymes of the present invention also include RNA endoribonucle-
ases (hereinafter "Cech-type ribozymes™)} such as the one that occurs naturally in

25 Tetrahymena thermophila (known as the IVS, or L-19 IVS RNA) and that has
been extensively described by Thomas Cech and collaborators [Zaug, et al., Sci-
ence, 224 (1984) 574-578; Zaug and Cech, Science, 231 {1986) 470-475; Zaug,
et al., Nature, 324 (1986) 429-433; published International patent application No.
WO 88/04300 by University Patents Inc.; Been & Cech, Cell, 47 (1986) 207-216].

30 The Cech-type ribozymes have an eight base pair active site, which hybridizes to
a target RNA sequence whereafter cleavage of the target RNA takes place. The




a target RNA sequence whereafter cleavage of the target RNA takes pl ace.

The 1 9 OCT 2005 WD 02/ 090558 PCT/ FI 02/ 00379 41 invention enconpasses those
Cech-type ribozymes, which target eight base-pair active site kBqubhc

that are present in the target gene. Expression of a ribozyne can be under
t he cont M&1 020990588 strong constitutive pol 111 or pol I|ACTH@ew7er, so that
transfected cells will produce sufficient quantities 5 of the ribozynme to
destroy endogenous target gene messages and inhibit transla tion. Because
ri bozynes unlike antisense nol ecul el are catalytic, a lower intra-

cel lular concentration is required for efficiency. In instances wherein the

ant | Sens%\fé'ﬂﬁ{m%nédnﬁ%\é% tHERE®Gkh ‘i?pe‘#%%gh@g%huéﬁf e@h?oééte' ﬁd zed to

i nhi bit nutan ene ‘expression, I's possible th tech o ni que nay
so effi ciastivd atamhueacmthahanemmsemm thedagjehgena of rrRNA produced by nor nal

tar get  Sloesothat b bi | i
Concent rat | onEXGPeNBNALR bR oLt o Rr e ol ke 1 han i <

necessar yof mroreonp;brommér wm@&a{maé@céum" sRIase stifficientduaatiidsat
substantially normal | evel s of tar get gene activity are_ paintained,

t her ef &r &f theuliogyme 4e destray eagdogepusiange esf7gea snG&RpbE¥anglar get gene
| duced
pol ypept 'tﬂﬁsBSééuéé'riﬂoggupgg{yjﬁmén&aﬁgg%?éseu@ﬁag%légtairélbétg gﬂ%ﬁlg@@rmfgé‘t ro Uce

into cells via gene 'hose el ow,
Section Ezenular tdreenttationois requitedifor efigescices susceptible to whatever

anti sense, boz elix treatnents ar ut.i |Jd zed.

At er nat el v T PatEes Shelsin BaaaliSales e g aie Bibedifslhetited

extracel IHgrdlh aRS @ilREA to inhibkaMutagt GérRf Sipaddstort, & i?Posible eisit festeel- nor nal
target gene protein in orderto maintain the requisite |evel of target gene

act i vil® y niqus: may so i mﬁeéwcaer@rnghibﬁ&&trm@tm QfraRBARredyess BINA nol ecul es

are well 5.4.6
ke S s WL S e b LRSS A A =R
aspect, afphanatdanget gera profiudtipeedemt may iberowenthan esmecassamfors?trmn-t ially

purified v or 0 vent| n bst |aII subst ances
Phat |t mvaiphgnepe.eyeh etk Cersiie e Sipobr BabaRrab Sy 9B o] oot 1o
whom t he g%‘he%ﬁ%t}i%‘é%alﬁtﬁlneusth%?ﬁfb@ pb@sieGcidmbleeulas th@dacede drfte 1 nventi on
is preferably an™ aninmal, including but not limted to animals such as

cows, 1pi Exprassitaigst gens @qdwtldes exhibiting normal target gene activity may, be
introduced into cells via gene therapy methods such as those described, below, in

Section 5.4.4 that do not contain sequences susceptible to whatever antisense,
ribozyme, or triple helix treatments are being utilized. Alternatively, in instances
whereby the target gene encodes an extraceliular protein, it may be preferable to
20 co-administer normal target gene protein in order to maintain the requisite level of
target gene activity.
Methods of administering the ribozyme and antisense RNA molecules are
well known in the art and/or described in section 5.4.6.

25 54.6 PHARMACEUTICAL FORMULATIONS AND MODES OF
ADMINISTRATICON

In a preferred aspect, a pharmaceutical of the invention comprises a sub-
stantially purified vector of the invention (e.g., substantially free from substances
that limit its effect or produce undesired side-effects). The subject to whom the

30 pharmaceutical is administered in the methods of the invention is preferably an
animal, including but not limited fo animals such as cows, pigs, horses, chickens,
cats, dogs, efc., and is preferably a mammal, and most preferably a human.



cats, dogs, etc., and is preferably a mammal, and nost preferably a human.
19 OCT 2005 WO 02/090558 PCT/ FI 02/ 00379 42 In certain enbodi nents, the
vector of the invention is directly admnistered in vivo, whede tHel i
sequence of interest is expressed to produce the encoded product. This can
be acconplo®iedssdry any of numerous net hods known in teT/FaR037d9he vectors
of the invention can be adm nistered so that the nucleic acid se 5 quences
becone intracellular. The vectors of the invention can be adm nistered by
direct injection of naked DNA; use # mcroparticle bonbardnent (e.g., a
gene gun; Biolistic, Dupont); coating with |lipids or cell-surface

recept ors or { AU LRrLEBRn AR (oEREBPRUIAISL g S ARk RS O

mcrocapsul es n’rn age to a I's known to

ent er t hentive, Ivehese tradDNAisstneided interebt ivbggessed tdﬁrodud:e theedcadddj ect to
recept or Chem 262

ted endocyt e.g.. Wi and W, J. Biol.
(1987) 44?2@? tha T'S%@lﬁ@h‘%ﬁﬂﬁf@fﬁﬂﬂoﬁwﬁ%@%#6‘89‘!"@%@\% ically
expressi ng trpg v‘é@fo@é’égﬁ? Inveﬁﬁéh carl s adRistdred 8RR tHERcleid &8d s&mpound or

com position can vered in a vesicle, in particular a |liposonme [see
Langers Spiencesrhasoprtintracdinlar.1 Thg vasas;of thedayension gan pe adginistered. i posones i n

(eds. ). PSRN ek i DN BB SRR b RIS Bl a PR g a2 T 1 €
317-327] guhﬂBﬁﬁéttoaanQﬁtP@damwm ligidesorveitsarfacd rehhﬁtorsmﬁlahsfeotmgs coat ed

with'lipids or cell-surface receptors or transfec g %@1 ? or linked to
a homeob@gents; REC%HW'PFHE"WWW' 88 RIBIF RS WRE: "[“H tratien 18 digky see e.g.

Joliot et etea EdeWﬂfch is to eftbr 8% nudlﬁ& §§m(rﬁs?n%’abn AftadSRBl, etc. In

certain ot odlnents nucl ei ¢ aci d- |gan | exes can be forned in
whi ch 1@ heallgagdsdbjeoin&pre:cze@éoranedlgteg@nd@cmsl&[sep@m ansl Wiusd-Bial. en-

ot ner snisateed S RaAER e ARk ok %p?arge?ﬂé“f N 25 vivo

for cell exprsssingthe picalsreneice kd amm:l‘emﬁudrmemtgmblmmmua@emdmc recept or
(see, e.g.,. PCI Publications WO 92/ 06 18? WD 92/ 22635, W92/ 20316;
W93/ 1413@3"(’8{:\(@%@9@‘2@?@1’)avﬁﬁlﬁ%tﬂ‘s‘)ﬁ"@?’-’ aradingspmedsee LaRasRt$dn i ncl ude,

but are ngjnsloisd 4§ ?btfs:z?' LI 329 Rdat B 19'8@t @%%b%%me%ﬁn tHé‘T!ﬁéera\{f By bt oneal

i nt ravenous, sub neous, | ntranasal’, and or rout es.
Met hods flofectises Disehse IaaleamerllmpettBemﬁelmand Gidter deds. hiliss N&W on by any

conveni enf  f Ul €asd UssCr SR Berbtein iiE! 8. 8i7.397's 1 n ection, by

In certain embodiments, the vector of the invention is coated with lipids or
cell-surface receptors or transfecting agents, or linked to a2 homeobox- like pep-
tide which is known to enter the nucleus [see e.g., Joliot et al., Proc. Natl. Acad.

20 Sci. USA 88 (1991) 1864-1868], efc.

In certain other embodiments, nucleic acid-ligand complexes can be
formed in which the ligand comprises a fusogenic viral peptide to disrupt en-
dosomes, allowing the nucleic acid to avoid lysosomal degradation.

In yet other embodiments, the vector of the invention can be targeted in

25  vivo for cell specific uptake and expression, by targeting a specific receptor (see,
e.g., PCT Publications WO 92/06 180; WO 92/22635; W092/20316;
W093/14188, and WO 93/20221).
Methods for use with the invention include, but are not limited to, intrader-
mal, intramuscular, intraperitoneal, intravenous, subcutaneous, intranasal, epidu-
30 ral, and oral routes. Methods for use with the invention further include admini-
stration by any convenient route, for example by infusion or bolus injection, by
absorption through epithelial or mucocutaneous linings (e.g., oral mucosa, rectal




absorption through epithelial or mucocutaneous linings (e.g., oral nucosa,
rectal 1 9 OCT 2005 WD 02/ 090558 PCT/ FI 02/ 00379 43 and intesti nallt nhlg?S?ﬂ[}s
etc.). In a specific enbodinent, it nay be desirable to admnis %

vector of the invention by injection, by neans of a catheter, by neans of
a supposvt@exg0ses by means of an inplant, said inplantpdreegpos® a po- rous,

non- por ous, or gelatinous material, including a nenbrane, such as a sial as
5 tic nenbrane, or a fiber. Care nust be taken to use materials to which
the vector does not absorb. Admi ni $Bration can be systenmic or local. In

certain enbodi nents, a vector of the I nvention is adm ni stered toget her

with oth o} Sé.l.q%b ents or
agents ﬁh{aggﬁﬁn%qﬁu‘%%e ‘éid ne syste q’?rﬁe et ar?h grgﬁlégrlrjtl)%t ?rent

met hods faﬂmmsmrva véctohef thwmmemtmn by irljection diy meanerqf avcathetet,dnt 1 ol | ed

rel ease system, | n one.enbodi rrent sed see Langer, supra,;
Gt ton ChRSTS o3 SygioSitgoReny Ments S5 SN TRas) sag iBRhLbe g T §R8r L 1P
Surgery &gué %%ar@@oré@lﬁﬂ%sﬁﬁat@h&ﬂ NeluERGk metbrifes! su&?éséé@%@-) 574]. In

anot her enbodi nment , polymeric materi als can be used [ see Medical Ap 15

pl i cat Poriis rBembrane; ol 3 derRbaramEst bedaken toawg Saterials iywhich ayestor cRC Pres.
Boca Rat it Drug Product Desi n
and Per - nan%éé&'?g@%ﬂgﬂ%itﬂgﬁ%gﬁ'{?‘é%gﬁeﬂ?&’ﬁtlb?ﬂ W | gy, Ne\?v Yor k; Rangerg

and Peppas Macertain bmbﬁdlmenm\a velgtor obiimelinvefitiemis azmumusm@i)togethes ee al so
Levy et al 1985 90:, Durjn Ann.. Neuro 25 (1989
5517 Powafth ahechiSioGal SghaagRbS L a5 shieBesebeiti 00K BFREN r of | od

rel ease S[H§{§%né}{t62hél]rﬁﬁu|5§§§lstém the review by Langer, Science 249
(1990) 1527 Phar maceuti cal ositions of the invention conprise a

t her agBut i cal |lwetémpﬂ@rm@odmﬁtm@ ogs {esysewitatheinventian sludsfe- and a
bl | h
sui tabl e I%ﬁf\fﬁﬁ%ﬂﬁﬁr&l@d r}é@gh? g}fSZelﬁ ﬁ-lor{é‘é’mﬁc&ﬁﬁ\bhi % ﬁ?@@%ﬂ?a" sed N€ term

"sui tabl e plhtarnaceut i cal heans approve tory agency of
t he Feder[ake ban@ersstawe Yeftar, GRO CriarRéfi Bibewdi Engt te(1988) 20Ph&uckeopei a or

par t1 col 44719 & AL ofiaRs, S5 bSO BT areR 8l N Epe ¢ 478 R CsBOT 25 Cvant.
exci pi ent 574}rln\éﬁhtl'@¥‘ 6mwoaimem I ;fdlyrﬁ&fb ma@har@%uh b6 us&d peaiNEddAApd. Such 30
sui tabl e pharnmaceutical vehicl'es can be sterile |liquids, such as water and
oi | s, 1Bn-plications of Controlled Release, 1974, Langer and Wlse (eds CRCPres., Boca
Raton, Florida; Controlled Drug Bioavailability, Drug Product Design and Per-
formance, 1984, Smolen and Ball (eds.), Wiley, New York; Ranger and Peppas,
Macromol. Sci. Rev. Macromol. Chem. 23 (1983) 61; see also Levy ef al., Sci-
ence 228 (1985) 190; During et al., Ann. Neurol. 25 (1989) 351; Howard ef al., J.
20 Neurosurg. 71 (1989) 105].
Other controlled release systems are discussed in the review by Langer,
Science 249 (1990)1527-1533.
Pharmaceutical compositions of the invention comprise a therapeutically
effective amount of a vector of the invention, and a suitable pharmaceutical vehi-
25 cle. In a specific embodiment, the term “suitable pharmaceutical vehicle” means
approved by a regulatory agency of the Federal or a state government or listed in
the U.S. Pharmacopeia or other generally recognized pharmacopeia for use in
animals, and more particularly in humans. The term “vehicle” refers to a diluent,
adjuvant, excipient, or vehicle with which the therapeutic is administered. Such
30 suitable pharmaceutical vehicles can be sterile liquids, such as water and oils, in-
cluding those of petroleum, animai, vegetable or synthetic origin, such as peanut
oil, soybean oil, mineral oil, sesame oil and the like. Water is a preferred carrier



cluding those of petroleum animal, vegetable or synthetic origin, such as

peanut oil, soybean oil, mneral oil, sesane oil and the |ike. i
preferred carrier 1 9 OCT 2005 WO 02/ 090558 PCT/ FI 02/ 00379 44 \/\Aﬁt{fm—e 2%[153

pharmaceutical conposition is adm nistered intravenously. Saline sol u-

ti ons anwoagowsiss dextrose and gl ycerol sol utions can parseiearenpl oyed as
liquid carriers, particularly for injectable solutions. Suitable
pharmaceutical excipients include starch, glucose, |actose, sucrose,
gelatin, malt, rice, flour, chalk, ®ilica gel, 5 sodiumstearate, glycero
nmonost earate, talc, sodiumchloride, dried skimmlk, glycerol, propylene,

glycol , \’Wﬁaﬁ the ﬁé?ﬁ\ﬁ%utﬁ:@%&gﬁﬁo&g{ob?snadmﬁisfe?éqf’ﬁszllﬁ'%\%rﬁgslgi Safffesofti-r €d, can

al so contarn mnor anmounts g or emi gents, or pH
buf f er i ngorgawt aquebhs dextrasazodighjcers saativrsake aishdefeomployef] asdituidi ons,

suspen- sions, enulsion, .t.ablets, pills, .capsul es wders.. .

sust ai neS@W@rt’eQQE%P@F'MEH‘%@JP%F@G|SB“@HBSTﬁ‘é‘fﬁ%ﬁ)%ﬁhaf‘r”i?&g@%%g%’zq'ﬂ'?r&ﬁ can be

for nul at ggnRR starsh RARSIsbAb¥tosd suBrdse aidtinomalt, rice] fiude'chanelicadgel,i er s such as
triglycerides. Oral formul ation can i1 nclude standard . carriers such as

phar e e 80¢lioan stearate glyserohmanosisiarate délco sediumy chieride, deghakiinumik.st ear at e,
sodium s [ I ] a : a5 of

201 t abl o OHRERlREN G, MNCGE atdfr SRERO D ARE™THe ol posiidf TR

Phar mac e gired,adanldis®comtamasinobyrBuvis dfawdttimg oSemlsifping @gienisonspMi | | cont ai n

a therapeuticall f-_fective anpunt of the nuclei.c L d or otein of the
i nventio ,'-'}'fﬁrr"& @ﬁl%[ﬁ@yTLﬁsepﬁqrppq)%Qpnsfqﬁnntﬁk? ﬁEe'Ll‘]’HBrOf\ﬁPﬁﬁoﬁs’ssHF‘? 5l e amount  of
carrier sgndSerh@sPhOibiRes, birs, dpsiilel Powders) Bestaindtirélbadd fainndaticne t he

patient, The fornulation should suit the node of ad- mnistration. 20 In a

speci 10 c apdirdikeeThe compopition aatketanpalatestas auPPASIIRY.VEH HaditPBRlnu- | ated in
accor dangg, d 4 %Hiél% B’i?§ﬁﬁ%sﬁ%&§ GraRRh OB EArRRE ﬁ@gﬁéﬂ&érﬁ' on adapted
for intrENote G A SEFAET OB Lo hiiman bel nge.  Typically. conpositions
for intrzaseeisuchdis phissmaedutionl gradesaflmarinitok lactossy sieidhemagoesiwinc aqueous

buffer. ere negcessary, the pharmaceutical of the inventi y al so
i ncl ude §¥%\h36?t§b$°d§§"lsf‘ U Rt Pl%a?rd"%gqeéw C%[h@@%][ﬁe‘?tf"'c )é"’hnyﬁgsd(g@l i gnocai ne
to ease paitAhi@bhbRactutiBal Varridré rd disefibédih “Reaiiggtoh’s Phat&cdutigaledi ent s are
supplied elther se aratelre( or mxed together in unit dosage form for

iy

exanple, Seienged’yy Ed¥pMartin.cdugiueareposiionsaiibeontainasihemmeshealies in a
the quant pe e SFRAEE pOBE LBUEE U B BR LRI RLAE HreefaopARBhifed Nl cat fno
form, together with a suitable amount of carrier so as to provide the form for
proper administration to the patient. The formulation should suit the mode of ad-
ministration.
20 In a specific embodiment, the pharmaceutical of the invention is formu-
lated in accordance with routine procedures as a pharmaceutical composition
adapted for intravenous administration to human beings. Typically, compositions
for intravenous administration are solutions in sterile isotonic aqueous buffer.
Where necessary, the pharmaceutical of the invention may also include a solubi-
25 lizing agent and a local anesthetic such as lignocaine to ease pain at the site of
the injection. Generally, the ingredients are supplied either separately or mixed
together in unit dosage form, for example, as a dry lyophilized powder or water
free concentrate in a hermetically sealed container such as an ampoule or sa-
chette indicating the quantity of active agent. Where the pharmaceutical of the in-
30 vention is to be administered by infusion, it can be dispensed with an infusion hot-
tle containing sterile pharmaceutical grade water or saline. Where the pharma-
ceutical of the invention is administered by injection, an ampoule of sterile water




30 vention is to be adm nistered by infusion, it can be dispensed with an

I nfusion bot- tle containing sterile pharmaceutical grade WaEL I ?ﬁﬁ)ne.
Where the pharma- ceutical of the invention is adm nistered @r@ ,
an anpoul e of sterile water 1 9 OCT 2005 WD 02/ 090558 PCT/ FI 02/ 00379 45 for
I nj ecti owomez/0wass ne can be provided so that the ingredicermomy be m xed
prior to adm nistration. For buccal adm nistration the conpositions may
take the formof tablets or 1o0zenges fornulated in conventional nanner. 5
For adninistration by inhalation, t#e conpounds for use according to the
present invention are conveniently delivered in the formof an aerosol

SPTY. P S5O YA 841 BE BRAICLABI AR Pofluidu fietifea i the use of

a suitable orone
trichl orcbrﬁh(hmm;m{tibane di chI orotetrafl uoro- et hane car bon di oxi de or

ot her suitabl t.he, case, of a ssuriz he dosage unit
may be deterrrF ﬂ'gc&' U’isﬁﬁﬁ@" tge\pgmpgsfgn%@py é@l 1;[s’af?ﬁ)unt

Capsul es l@éﬁgé@f&ﬁhi&&flﬁon@eﬂt{orﬁtﬁhﬁhh& for use in an i nhal er or
insufflator "nay be fornulated containing a powler m x of the conpound and

a sui t@bl e pﬁmmmﬁr@t@mw!rﬁ@lat@atfbgéosmoyﬂ@ﬁt@ﬁuserﬁeccmagmﬂ@f a vector
f the i

Breveﬁt : @xg%éﬁ@g%nq@ cpﬁ\éénd&ﬂ ggfge“?eq%%xﬁ éefbé@?gama ol)%a %dard clini-
cal techreintallea frohnp@dslmzedrp,ackmowa nemzliasrswﬁhtheaqsetqﬂaamntalblbyprml-errpl oyed to
hel tif t I t,0. b I d
the for - TR adnaRRP PR EETenindratopHe BastEng: JRBroPR R o and t he

stage of difiie; céaﬁbﬁaudiic@eﬁt%ﬁwergmlam@@aa dn BR c8ebf@preseiXediabmsbio the
judgment of the practitio 20 ner and each patient's circunstances.

Ef f ecti® véhqd%@gmwt payea detsaniace byfnreviding gevalye thdelver auretetedder i ved from

I n V|tro be better
under st oo %r ence q%ﬁﬁgé%'g#f%eié{ﬁgmﬁ%%ﬁ?ﬁn%nb Ql‘é?&ﬁg.( es, which are
provi ded raay Iaa dompiwudatgd afontdining avipovider mmix Hidhe boﬂnpoummgnémsmlabb are

presented in o der tqo nore fully illustrate the preferred 25 enbodi nents of
the i nverﬂowéiﬁ cg’rﬂﬁj'laﬁtoﬁﬁ %t be construed, however, as liniting

the broad SCOFFﬁe‘éf'nddﬁf—‘of AVWRAdroPthe lﬁverﬂ?fﬁ"éﬁhﬁﬁmll@ejef@ﬁ%h Ehéltr@ C oni ng and
anal ysis of the expression properties of the vectors su-
15 ment or prevention of the indicated disease, can be determined by standard clini-

cal techniques. In addition, in vifro assays may optionally be employed fo help
identify optimal dosage ranges. The precise dose to be empioyed in the for-
mulation will also depend on the route of administration, and the stage of indi-
cated disease, and should be decided according fo the judgment of the practitio-
20 nerand each patient’s circumstances. Effective doses may be extrapolated from
dose-response curves derived from in vitro or animal model test systems.

The present invention may be better understood by reference to the follow-
ing non-limiting Examples, which are provided as exemplary of the invention. The
following examples are presented in order to more fully illustrate the preferred

25 embodiments of the invention. They should in no way be construed, however, as
limiting the broad scope of the invention.

6. EXAMPLES
6.1.EXAMPLE 1
30 Cloning and analysis of the expression properties of the vectors su-

peré and superéwt .




per6 and superéwt 1 9 OCT 2005 WD 02/ 090558 PCT/ FI 02/ 00379 46 The vector
pl asm ds super6 (Figure 1) and super6wt were prepared from pr&iﬂ)ﬁﬁze%
generation based gene vaccination vectors VI (Figure 2) and Wi =
spectively. Vectors VI and Viw are principally synthetic bacteri al

pl asm dswdngissgiont ai n a transposon Tn903 derived kanatyEin/oe3zsi st ance
mar kergene [Cka, A, 5 et al., J Ml Biol 147 (1981) 217-226] and a

nodi fied formof pMBl replicon [Ya- nisch-Perron, C., et at., Gene 33
(1985) 103-119] needed for the propa#fation in Escherichia coil cells.
Vectors VI and VIw also contain a Cytonegalovirus Ime- diately Early

P t nb | obi
cequences. _whi T Vet ladnidSkhodtd (FERREH) ROMBRRG e pRAANA fom OO 2
?0 ( 1t9g0pr£];ixlds gia?ﬁralﬁﬁ]bas@dgehavawréat}oemnm ‘dtNé:lgme&éamﬂ thrtequr ais \s/ i ng

rom e ner, C erive r Q. -
strain F%ﬁ@?&ayﬁ&oﬁe\% Gcgi"ﬂ arg\pﬁgmp@ H"r‘?t' é@ﬁ%”ﬂg{flsg&ds 1990)

813- 823] ¢t e?ffansﬂfo%ﬁTﬁ%y@@ﬁv@ﬂ%ﬁﬂhy&ﬁﬂesmﬁncé@zﬁdrker@eh%@(ﬁﬂ ,ten high
affinity E2 binding sites (de- rived OFWP asm d_pUC191 unpubl I shed)
e

j ust upstetalam Mel Elﬁlél‘@wg%T )@174226f80é p mogifiedyara af PM@H@P""W MHntains a
1 o P AP SR 1 BB pamuap 0> 102310

is repla f our - gl'ycrne-a protein of
Epst ei n- E’stheﬁdhiamoh[@&ﬁr\/ecthrsm andYivaglsp chiataim 2 Cgtbtnegaginys Inh@#- 211] . The

protein en this se as, E2d192- 311+ The parent
vect or \fd\’ﬁ( E%f‘)ﬁ%ﬁ@“%?r@?'gg g%ﬁaﬁéﬁﬁ%& ?W\ﬁfflﬁe"{cﬁﬁ@d@bﬂﬁgtel n gf t he
bovi ne p@mdlrk@&?eyéduéﬁcéymdh Mith Brd@éiVed fohd uagnm po@rw@hmdmt or the
elimna- tion E3 and af)en readi ng frame ( codlng capacjty by two

t

stop tbdehal, 5501{199@6)%" s86bRMe laftar @lﬁ@%@c@@ﬁ?@ﬁ@ ELEXPERICINY sequences
I E. O. t

a1 ° Chomtorh P50 P isaciueRsn Hh SRR kAL of iVt faa & O ©

poI yaden;[Saliernmnnetjj etal[, @GBS Mescarch. HIn, ReilrmaB(jQQD)Bﬁﬁaﬁﬂa] TheeXods 193

1996) 17- 27 6 ted b

f:lel et |) ng P¢ g@’éﬁ%h?ﬁ%rsgﬁ‘gﬁ?ma ﬁ’p@ a@m&ﬁﬁﬂ%‘ﬁf S(gét: gl gbl n

Sequence%wee%?ﬁ bRARid pUG1be0BS| us,ﬁmsﬁécgqagt UpaeesmCeitte iGMY gro-of t he

rabbit beta-gl obin gene. The beta 30 gl obin sequences (especially the

f ragmeht mdtet.he exon) show sone honol ogy
The parent vector VI contains a modified E2 coding sequence: the hinge

region.of E2 (amino acids 192-311) is replaced with four glycine-alanine repeats
from EBNA1 protein of Epstein-Barr Virus [Baer, R. J., et al., Nature 310 (1984)
207-211]. The protein encoded by this sequence was named as E2d192-311+4G.

20 The parent vector VIwt contains an expression cassette for wild type E2 protein of
the bovine papilloma virus type 1 with point mutations introduced for the elimina-
tion E3 and E4 open reading frame (ORF) coding capacity by two stop codons
into both these ORFs. In the vectors the E2 coding sequences are cloned be-
tween a Rous sarcoma virus proviral 5’ LTR [Long, E. O., et al., Hum. immunol.

25 31 (1991) 229-235] and bovine growth hormone polyadenylation region [Chesnut,
J. D., et al., J Immunol Methads 193 (1996) 17-27].

Plasmid vectors super6 and superéwt were constructed by deleting from
the respective parent vectors Vi and Viwt all beta-giobin sequences downstream
of the nef gene except the second intron of the rabbit beta-globin gene. The beta-

30 globin sequences (especially the fragment of the exon) show some homology
with sequences in the human beta-globin gene, whereas the intron lacks any sig-
nificant homology to human genomic sequences. The intron was amplified by




wi th sequences in the human beta-gl obin gene, whereas the intron | acks any
sig- nificant honol ogy to hunman genom ¢ sequences. The intro \Igag qrrmi][jfied
by 1 9 OCT 2005 WD 02/090558 PCT/ FI 02/ 00379 47 PCR fromthenL |Eh p

[ Tanaka, M et al., Cell 60 (1990) 375-386] using oli- gonucleotides with
sonme m swexoeq®sssf or nodi fyi ng the sequences of splici grdo/oessy and
acceptor sites of the intron to the perfect match to consensus notifs. The
Herpes Sinplex Virus type | thym di ne ki nase gene pol yadenyl ati on regi on
from5 pHook [Chesnut, J. D., et al# J I'munol Methods 193 (1996) 17-27]
was then cloned just next to the 3'-end of the intron, because in parent

pl asm ds s fiofPihk blasiig ﬁb@{ﬂ'@néﬂ@ W%@QN'@éll'G@'UgQ@WS-%%'] fl. The

siHg 8
expression properties of the Nef 2 proteins exp resseg gé the plasmd

vect ors sgsppldﬁlbomwummlam@eﬁfatmzé&nmeeemlce@lomplmngde— ex- 10
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43|5? 4354femes Bimpienvichotype 1algymlb?ﬁlI@m%@%h@p‘bly&&énm@nlﬁ@gmﬁﬁbﬁi Jur kat
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o ect rbp ANRARIFNESited by Shil -Ecutol Metpadorgs Fedeh s hmen Teny o

superb,  siiiiiGY% nekt 8k STARS of WEDMELS, ﬁcaﬁ&@un%r&t?ﬂ%?s HerabBitM . As a

control ‘an equi nol ar ampunt of ‘vect or Figure 3 cont ai ns an
i dent i calP-glebinceoiyasienylation sigealmwere videdg sequence was used. Carrier DNA

el B nIREIRbkeRiontbbates BF Biar arliSs BIASHY SxBRSEPRT b | TN aoL
ey Thasnd vettore s ere akibAIpdoM viereciralyzol ant E?mpmf'gté‘g?@ta X Lear) using
Fer cullbs, ToRsi PopeRies SR 8l B2 pidielns capiereed oY) ARG oSer o | ysed by

treating W f t | Y9 UEDRG 2% SDS,
0.1% bro%ﬁl@?ﬁpg bl ueﬁg?ldp‘ &bgwlﬁﬁrﬁe}?tol ag{jg@ 5{':3{1',(3/./@\37‘)5@ Viﬁﬁl}cerol The

| ysat es vigerogiangl entikodiamagainst MefsmdES- !ﬁtﬂtyhmkqilceﬂsde g@Rn dn dellsubsequent |y

renbr ane e Befi) vire Bh R B SR SR R BB % b i g
5% dry mi(H891 fta¢9~4$'£]e&|th 0 .ug Shslpers) suﬁQrGWTI‘ 56ean'BlarSadﬂ§ilnt@Uf theb; 150nM

NaCl and ther I ncubat ed for 1 h wt mpnocl onal, anti - Nef
anti séPa R‘ﬁsrﬁ'gé)\/ S’r‘Whﬁis i2.qepirglAn %W@O’@&ameb'ﬁi)f’fVﬁGtPHé(F'%%ék|\"f'&5°hso| ution.

B s R AT A0 AU e SRR Yardh voohi o
DNA was used as a negative cantrol. Briefly, the plasmid and carrier DNA were
mixed with the cell suspension in a 0.4 cm electroporation cuvette (BioRad Labo-
ratories, Hercules, USA) followed an electric pulse (200V; 1mF) using Gene Pul-

20 ser lITM with capacitance extender (BioRad Laboratories, Hercules, USA).
Forty-nine hours post-iransfection the cells were lysed by treating with a
sample buffer containing 50mM Tris-HCI pH 6.8; 2% SDS, 0.1% bromophenoll
blue, 100mM dithiothreitol, and 10% (v/v) glycerol. The Iysates were run on a
10% or 12.5% SDS-polyacrylamide gel and subsequently transferred onto a 0.45
25 um PVDF nitrocellulose membrane (Millipore). The membrane was first blocked
overnight with a blocking solution containing 5% dry milk (fat-free), 0.1% Tween
20 in 50 mM Tris-HC! pH 7.5; 150mM NaCl and thereafter incubated for 1h with
diluted monoclonal anti-Nef antisera (1:100) or anti~-E2-antisera (1:1000} in the
blocking solution. After each incubation step, unbound proteins were removed by
30 washing strips three times with TBS - 0.1 % Tween-20. The binding of primary
immunoglobulins was detected by incubating the strips with horse raddish peroxi-
dase conjugate anti-mouse IgG (Labas, Estonia) followed by visualization using a




I mmunogl obul i ns was detected by incubating the strips with horse raddi sh
peroxi - dase conjugate anti-npouse 1gG (Labas, Estonia) followe @VUCT 2005
visualization using a 1 9 OCT 2005 WD 02/090558 PCT/ FI 02/ 0037
chenol um nesence detection system (Aner sham Phar naci a Bi ot ech, Unlted

Ki ngdom wWOmh&%ssssul ts are shown in Figure 4. The expremsﬁmnmmﬁ9the Net
protein is shown on panel A and the expression of E2 protein on panel B.
The arrows indi- 5 cate the right nol ecular sizes of the Net and E2
proteins. The expression |level of t#é E2d 192-311+4GA is very low and for
this reason cannot be seen on the blot presented in Figure 4. The anounts

of Nef exj §Q1@etdi@e&|oﬂsﬁsf§°m iﬂﬁl%rréhaﬁ 'F’H%Frﬁéf\ﬁi? Qiﬂ)te?ﬁrlgmﬁéd‘"ﬂ (lanes

1-4 in F| gure are quite si ure 4, pane anes | to 10 4).
Much | esHKingdana). n is produced from pI asmd Il (lane 5). The expression

| eomparcd il PANE G BT IRERARE 4r TRT LUSERRT oLRE Gufbipidlas T 1o

accor danagownton [idh@lﬂéﬂdlﬂﬁ@é)ﬂdr@ssldrﬁoﬁzi 1oteifean ﬁﬂﬁbIE(Thé%ﬂ"o%lndMGA proteins
fromthese plasm ds i 15 6. 2. EXAMPLE, 2 Cl onj ng and

anal ys$s C@teWﬁé'QBk@Pf@gﬁ aﬁlze%faae{\lﬁégnd) 2 profeins Jéwqa%pg%sSIon.l@ée gt oduct| and

NNV To 'gﬁlégégg?é Qgﬂ ISP R SHd foPfhid RELSH éa.gwesésé RBA tfpmef 6W in Es-

20 cheri nodi fi1 cati ons were In t ese vectors. The
Tn903 k@i&s&ﬁe@nlﬁgu@t‘hnce gene, pMBl replicon and ten E2 binding sites

- Hi n f th th
Hnd 111/ nnel B et NebRfiratiesiinthe bR Rt B Bonst orn,
J. P. and drandwt aned\lM|lﬁfF@urﬂAﬁéreRﬁﬁ@&ﬁmﬁarlﬁgﬁﬂe%(b)anaﬁﬁﬁanes?»‘B&ﬁ] Thi s
fragrrent d”éont ai ns a nodi f % 25 replicon %@he Tn5, k cin
resi sfl@n Ma%le@ﬁafot@smtwom W@I@W'@Hﬂ?ﬂegg (eXPESSHioR ‘4 of the
pl asm ds dfrt'hé)ﬁéf @P’te?n ard ¥ H&Wrd?h @é&b&%dﬁ@éuﬁn@?ﬁ?ﬂgéslané hRoRfpadrt | (Figure

5), and product respec Ively. An unsucces t enpt to rei nsert the
ten E2 b|WIth lage 2ianddamand koinpatediwith lahed).ddhisNi én asdardansesvitheheest the COwW

Do e bV e BB B R YA el lipect vl v
4, panel B).
15
6.2.EXAMPLE 2
Cloning and analysis of the expression properties of plasmids in se-
ries product1 and NNV |
To increase the copy number of the vectors super 6 and superbwt in Es-
20 cherichia coli further modifications were made in these vectors. The Tn803
kanamycin resistance gene, pMB1 replicon and ten E2 binding sites were re-
moved by HindllI/Nhel digestion followed by replacing with the Hind 1ll/Nhel frag-
ment from retroviral vector pBabe Neo [Morgenstern, J.P. and Land, H., Nucleic
Acids Research 18 (1990) 3587 - 3596]. This fragment contains a modified pMB1
25 replicon and the Tn5 kanamycin resistance gene that allow relaxed high copy-
number replication of the plasmids in bacteria. The new plasmids were named as
the product1 (Figure 5), and product1wt respectively. An unsuccessful attemptto
reinsert the ten E2 binding sites back into the blunted Nhel site upstream of the
CMV promoter of the product? resulted in vector New Vector NNV, respectively,
30 with only two binding sites integrated in the plasmid.
Additional ten E2 binding sites were inserted from plasmid pUC1910BS in-
to the New Vecior in just downstream the E2 expression cassette. These new




Addi tional ten E2 binding sites were inserted fromplasmd puc 91
to the New Vector in just downstreamthe E2 expression cassettél gTﬂﬁgezd{‘gw
1 9 OCT 2005 WD 02/ 090558 PCT/ FI 02/ 00379 49 vectors were named NNV-1 and
NNV-2 (Figure 6A). For replacing the E2d192- 311+4GA with wt E2 (with

del et ed ®® ®uehsB4 ORFs), the E2d192-311+4GA cod- i ng sequranea’gont ai ni ng
Bspl1201 fragnent was replaced with wt E2 contai ning an anal ogous Bspl201
fragnent fromthe superé6wt. Generated plasm ds were 5 naned NNV-1wt and
NNV- 2wt (Figure 6B), respectively. #he numbers | or 2 in vectors of the
NNV series mark the orientation of the 10 E2 binding sites region relative

1 om t he KRR B S e ARG &g o R e T2, s The

transf eclSﬂdM@A withrvike &2 (whldglelb@d E3 and EHéRES)ﬁbeEﬂd&)QQ-éﬂ 1+4G@Anednt rati on of
| ig of the Iasmd a and com D t Si on
properti &8 upngef@} 'B}né’t pﬂéaﬁd B"@PB ﬁ““%@?éﬁ‘sw stern

bl otting a%%ﬁogahs EBépM2@5frd§ﬁ1’éht heeh tHe BeFerBWE GenéFbi@dapIQsmm wefe superb and
super6wt used forthe transfectigon were 0,95 and i g, respectively. The

resul t& deEnasHIM-ivi andNN-2wt (Figunengid)s respectively- 'fh‘%@EF‘B?@ 1n‘é‘b%“"expr essi on
potent i al, gfogé éﬁtﬁﬁ]\m\%@@é? %kstl'lgﬁag@gt-%ﬁoﬁﬁf #H81b éf&ﬁ?ﬁg‘%n@é’ fnl son of

| anes | I gure e sane app S to ectors NNV-1
wt, NNV- Mtlmmbtha;ﬁé}@xmes(mmmsette.anes 3 and 4 with lane 6 on figure 7).

I n accordance_ywith the previous resul t he Ias r ng wt E2
produce nore NBAF %P@?é‘f’ﬁ WWP‘?:SZ@%@%E'PA% Wgwaf%gﬁ‘%cﬁhpare | ane |
Wi th | angyvaneiyN\apeNRIViit tdhdl RRG-24vt] aﬁéﬁmurt@nzﬁecﬁd)mof/umpéeirsmp and since
t he Nef expression from NNV-2wt was_ slightly higher than that from

NNV- | 0, aleatioppratingapacongantiaioeet big qf&he plagmidevere @oalyzedsand ¢OIANVPLE 3 25
Anal ysi s ol U SHE LRARERNBREIE BRI NDNNoRIfs FomiBbipand Bg. expr essi on

properti our eren cel I nes t he Jurkat (human
T-cell | )pqo@wbiyew{espern P iihg(essasi@iiyas desstibeddn Enannpbe1 TttBI@!'r(leﬁtﬁwese Hanst er

o a3l TR eSS RR  TRERRBRARRAL) it e
of and E2;:heT,@sm@g/§1@I shio® ih IFUFE i ption activation and mai ntenance
15 NNV-1 and NNV-2 vectors have expression potential similar to plasmid
superd as evident from the comparison of lanes 1 and 2 on figure 8 with lane 5.
The same applies to vectors NNV-1wt, NNV-2wt and super6wt (compare lanes 3
and 4 with lane 6 on figure 7). In accordance with the previous resulis the plas-
mids expressing wt E2 produce more Nef protein than E2d192-311+4GA vectors
20 do (compare lane 1 with lane 3 and lane 2 with lane 4 in figure 7). In view of this
and since the Nef expression from NNV-2wt was slightly higher than that from
NNV-1wt, vector NNV-2wt was selected for further tests.

6.3 EXAMPLE 3
25 ~ Analysis of the expression properties of NNV-2wt
To analyse the expression properties of NNV-2wt, four different cell lines,
i.e. the Jurkat (human T-cell lymphoblasts), P815 (mouse mastocytoma cells),
CHO (Chinese Hamster Ovary cells) lines and RD (human embryo rhabdomyo-
sarcoma cells), were transfected by electroporation and analyzed for their ex-
30 pression of Nef of and E2. To reveal the transcription activation and maintenance
properties mediated by E2 protein and E2 oligomerized binding sites productiwi,
which lacks the E2 binding sites (Figure 5), was used asa control. An additional




properties nmediated by E2 protein and E2 oligonmerized binding sites
productlwt, which |acks the E2 binding sites (Figure 5), was @@dogq 005
control. An additional 1 9 OCT 2005 WO 02/ 090558 PCT/ FI 02/ 00379 50 “contr ol
plasmi d was plasm d NNV-2wt FS, which differs from NNV-2wm by contain- ing a
f rameshi WO 29¢368luced i nto E2 codi ng sequence, wher ebyPdIFIgHe3T9N0Ot expr ess
functional E2 protein. Each cell line was transfected with different
anounts of the vector DNA by 5 electroporation essentially as described in
Exanple 1. Tinme-points were taken &Bproximately two and five days after
transfection. The results of analyses are presented in figures 8 t0l0. The

Jurkat c I 3 A I (1 anes
1.2, 8, -?#3%8“?%%?;8‘% S e O - 2w £5 10

(1 anes 3,inga frageshifidntraduced ifitg E2sodingsequenceduberchy it doeaneiexpress 12, and13

in Fig ur Ler only (lanes 7 and 14 in Figure 8). Tinme-points
were take n%lfm%[]%gﬁ&%llﬂanes 1-7) and 114 hours (|l anes 8-14)

af t er t r ansf ectaeh:cell vt wapthrassecsd oith diffseeriiemoants dEtheveatariDNA byas anal yzed
by Wsster& bl otting essentjally as %f,—nzgcri[geq-kn Ex le 1.. 15 The P815
cel I's fer@eiropostion esseniially &g dpssgbest imbMpp T A NGRS ere) i 1,2, 8,
and 9 i n Hauhisatly Gslaks aﬂ%@éﬁﬁﬁra%fécﬂﬁﬁ#%ﬁi& oNY=RMEEard | anes 3,

4, 10, an(P 11 |n_F¥gure 9 uct | wt anes 5, 6, 12, and 13 in Figure
9) or caprebentedin fjoureaBidéel0z and 14 in Figure 9). Tinme-points were taken 45

hours (|l anes -7 d 8- t t bon: The

expr essi on of ﬁ?e‘)"ﬁg& %é‘%%&%gﬁﬁﬁgcﬁ‘g‘ﬁ’gﬁﬁl’gﬁﬁb@%@@?m% I ng

ii;ﬁnt i al flahesst ,%t@e_nd lgdﬁlFigtIreEéi)aa;]mi aquhll) ambbetsidf tie wlia:tmi_da:NN\f—EﬂtFleBlt i b?gi gs
post~transfection jis not shown, becayse no egj a cou e

det ect'@d. (Iqgeseh é’t_b f@ma"ﬁh"é g figuse §) ard P@QU&L'{W?U%W‘@ ilgf Sf%re@-dﬁjf'g]nﬁgtor rel at ed

Wi th the &ém)%?%a%rlcwgams Fan@raliRifigird &)ARR-SehisSverhiieh 4pn- firms

the fact that the functibn of the E2 protein is to activate the

transcri phows(iames 23) angd hit ipours angsts v efevtransientiont Enerxaressionaf | onger ti ne

e s B R 22 e wa B G WA BSLSRER T, 0,0 P o
of the plasgitedsn ERdmptES (lanes 3,4, 10, and 11 in Figure 10) and
Bnd 1451 1 Fi goihe RS ool eresGaecteiith Datdsrprea o dre N piaBEs 1. 1) "and |
114 hour sq bl anew PinTgurdich 8hd ehAAHTSINPSF thd PRshIRY RRTLARFS {(lahbe
3,4, 10, and 11 in Figure 9) and productiwt (lanes 5, 6, 12, and 13 in Figure 9) or
carrier only (lanes 7 and 14 in Figure 9). Time-points were taken 45 hours (lanes
1-7) and 119 hours {lanes 8-14) after transfection: The expression of the Nef pro-
20 teins was analyzed by Western blotting essentially as described in Example 1.
The blot with anti-E2 antibodies 119h post-transfection is not shown, because no
special sighal could be detected. Generally, the expression level of the Nef pro-
tein correlated with the expression level of E2 protein in these cells, which con-
firms the fact that the function of the E2 pro’tein is to activate the transcription and
25 to help the plasmid to be maintained for a longer time in the proliferating cells.
The CHO cells were transfected with 0.5 g or 2 g of the NNV-2wt (lanes
1,2, 8, and 9 in Figure 10) and equal amounts of the plasmids NNV-2wtFS (lanes
3,4, 10, and 11 in Figure 10) and productiwt (lanes 5, 6, 12, and 13 in Figure 10)
or carrier only (lanes 7 and 14 in Figure 10). Time-points were taken 48 hours
30 {lanes 1-7) and 114 hours (lanes 8-14) after transfection. The expression of the
Nef and E2 proteins was analyzed by Western blotting essentially as described in
Example 1.



Nef and E2 proteins was anal yzed by Western blotting essentially as
described in Exanple 1. 1 9 OCT 2005 WD 02/ 090558 PCT/ FI 02/ 008890561 286 rRD
cells were transfected with 0.5 pg or 2 pg of the NNV-2wt (lanes 1,2, 8,
and 9 in Figure 11) and equal amounts of the plasm ds NNV-2wt FS (| anes 3,
4, 10, aMD®p9568 Fi gure 11) and productlw (lanes 5, eecuZzo2niel3 in Figure
11) or carrier only (lanes 7 and 14 in Figure 11). Tine-points were taken
39 hours 5 (lanes 1-7) and 110 hours (lanes 8-14) after transfection. The
expression of the Nef protein was &hal yzed by Western blotting essentially
as described in Exam ple 1. In all four cell lines the expression |evel of

the Net proteithe HekaR \ﬁér§‘¥|%hlsfe%fed Wi'tHTﬁ.SlFi.fg' Hpd bRARENNV-Zwt flarfdsgur es 8 - 11)

and at later tine points (lanes 8-14 | g 10 ures 8-11) hours, fromthe
NNV- 2wt via2, &hanth@in Eigeve 1) and egualiamounécefdheplagmisls NNYr@WiRS (Ianesof t he

NNV- 2 i | j - i i h
Nomar sid g a Plrdt Rt Bradylobfiin b8t & g2z L Ghh RS LT
e o B T B B e s e i

X SSI S S.. S us- I r
TR RoBt HiRs i Ansy LI qurs [HIeSR-Ta aflhr TaLIeciarn RSKPToACRR CEHE s A 74
(1977) Er@é"f%-rétéfr@aé al WﬂtbR‘We&kéFn HISEhG BssdnBily 44 deRHbRPMCExat kat and CHO

cells were ‘transtecte 2 pg of the NNV-2wt. For the transfection of
P815 cel I@e10 pg of NNV-2wt were used. The transfections were nmade

tiall d I bed i . F ' . i fecti
Cotal RuA vag ol 1k st SEESRR s e ikeh BBt =" et on
conlt ai nijrtgnéﬁ?iﬁﬁ ((dﬂ%%&)z in_lii'gur@d&-@‘@)ﬁndgt Tater tipe pohts (daﬂclie_s 4 tﬂﬁ%-Rgl\)lé wer e
anal yse ectrophoresis under the denaturi condj tions 1. 3% agarose
Ger LAt airep Rl BORMIERS (oe N s ey o oy PR VSRS oTT) 21t
formal def@ﬂg}ieq@ BBt N2t Wb tiitire 6OVIbAS ASkeH fiRe RIS as MG BAIP except

f or mal deh e sanples were loaded in a buffer contain 25 ing formam de

and f or nethe shpparisianta fanend withdenasoffheré J2dn Figsire 8pandialse FrATAINE wer e
o oo Sl BB O AR BB A1, 2 ot eer, U
codi ng sequenqme@xﬁv&seioa pagteimsf RN/ofers thiase plamidedasalso afdlgzeRBNs- from cel | s
transfected with the carrier was _used ﬁsPr%c %,r{]tArcg(I:| SJG%A%H'QW) of the
Nor t hdfn ipg #he Northern analysis [Alwine, J. G, et al.,
5350-5354] for the NNV-2wt vector. For this purpose, Jurkat and CHO celis were
transfected with 2 g of the NNV-2wt. For the transfection of P815 cells 10 pg of
NNV-2wt were used. The transfections were made essentially as described in
Example 1. Forty-eight hours post-transfection total RNA was extracted using
20 RNAeasy kit (Qiagen) and samples containing 21 pg (P815), 16 ug (CHO) or 10
ug (Jurkat) of the RNA were analysed by electrophoresis under the denaturing
conditions (1.3% agarose gel containing 20mM MOPS pH 7.0; 2mM NaOAg;
1mM EDTA pH 8.0; 2.2M formaldehyde). The running buffer contained the same
components except formaldehyde. The samples were loaded in a buffer contain-
25 ing formamide and formaldehyde. After the elecirophoresis the separated RNAs
were blotted onto the HybondN+ membrane (Amersham Pharmacia Biotech,
United Kingtom) and hybridization with a radio-labeled nef coding sequence, E2
coding sequence or whole vector probes was carried out. The RNA from cells
transfected with the carrier was used as a control. The results of the Northern blot
30 analyses are shown in figure 12.
The results indicate that no other RNA species than complementary
mRNAs for E2 and nef are expressed from the vector, since no additional signals



30 anal yses are shown in figure 12. The results indicate that no other RNA
speci es than conplementary nRNAs for E2 and nef are expressed fgog{Thgilb
vector, since no additional signals 1 9 OCT 2005 WO 02/ 090558

PCT/ FI 02/ 00379 52 can be detected with the whol e vector probe conpared with
nef and WD @®s$sf i ¢ hybridi zati ons (conpare | anes 1- PZTaoziodranes 13-18 in
Figure 12). 6.4 EXAMPLE 4 5 Analysis of the attachnment of the NNV-2wt to
mtotic chronbsones The attachment _of the NNV-2wt to mitotic chronpbsones
in CHO cells was analyzed by fluor®ence in situ hybridisation (FISH)

[ Tucker J.D., et al., In: J.E Celis (ed.), Cell Biology: A Laboratory

Handbook o4 @k détedied ﬁﬁ@tk@ﬁholé@é&@ﬂ%rﬁge %E_)E)%reld: Viigh n&¥RING YO dpeclfé.  1994.]. 10

Thirty-six hours post-transfection. cells by electroporation with |
pg of NNWybdizationgi(edmpareilansgsat-12mihnenresof3-1&in ewier®)- pl asmi ds NNV- 2wt FS
and productlwt (perfornmed essentially as described in Exanple 1) the
cultures were treated with colchicin (G bco) for arresting the cells in

nmet aphase of BlEEXAMPI®&s4s. Briefly, cells were exposed to col chicine added
to mediumat final concen 15 tration of 0,1 E%m for 1-4 h to bl ock the

4
cel | c§cle at Annlysis ef the ai@s@m%mf_ihww%w mitotig ghromospPMeS; 1y ¢ r eat nent
and suspendedj,a gﬁa&rﬂgrﬁ'wfgﬁi\l%{ t&ﬂﬁ%tfd%TQ%rﬁgs RicHOeashmper ature for

15 mn, and fixed rn i1ce-c a_nol aclal ace- tic acid g3: 1,
vol / vol ) .anglyzed foyefubressnce Hn csituskyheigisatiomdEigpt) d3uckerd).Audtal., da: i nt er phase

for fluor ence d.n.si br | di ' I d 20
bihg 1 ho SRR (bl El Bioioa A L bR aREROK G 2 S0 B66 PRABEnY (1 20 2
wer e pre-Prgad, fith. Ndwbyolk Kyt 194, or obes were generated by nick-translation,
using biotin-16- dUTP as a | abel and plasm d Product| wt tenpl ate. A
t ypi gé‘P ni ck- hﬁWsﬁ"é'f“i’léfg Poﬁﬁéﬁ,ﬁﬁfﬁmﬂiﬂ% &f‘@ ee&ﬁtbaief%ér@ac’ﬁ%gmt nsl ation
putfer, iy Sehebutil Wi &iuthor dmbunior the BontRs) ficsnfies NNWAWP® y rer ase.

Chr onoso preparations we enat ure - 1n /0% f or mam de (pH
7.0- 7. 3) andrprédudtiwt (oadarmerhestieatialiyasiddsedbed soExample g thecgulivfesiashes (70%

B0 oo R el e BRI  25 o11
2xSSC ( 1458 Briefly, cells were exposed to coichicine added to medium at final concen-
15 tration of 0.1 pg/mi for 1-4 h fo block the cell cycle at mitosis. Blocked cells were
harvested by a frypsin treatment and suspended in a 0.075M KCl solution, incu-
bated at room temperature for 15 min, and fixed in ice-cold methanol-giacial ace-
tic acid (3:1, volival). The spread-out chromosomes at metaphase and nuclei at
interphase for fluorescence in situ hybridization analyses were prepared by drop-
20 ping the celi suspension on wet slides. Several slides from one culfure were pre-
pared. _

- Hybridization probes were generated by nick-translation, using biotin-16-
dUTP as a label and plasmid Productiwt as template. A typical nick-translation
reaction mixture contained a nick-translation buffer, unlabeled dNTPs, biotin-16-

25 dUTP, and E.coli DNA polymerase.
Chromosome preparations were denatured at 70°C in 70% formamide (pH
7.0-7.3) for 5 min, then immediately dehydrated in a series of washes (70%, 80%,
and 96% ice-cold ethanol washes for 3 min each), and air-dried. The hybridiza-
tion mixture (18 ! per slide} was composed of 50% formamide in 2x85C (1xSSC
30 is 0.15 M NaCl plus 0.015 M sodium citrate), 10% dextran sulfate, 150 ng of
biotinylated plasmid probe DNA and 10 pg of herring sperm carrier DNA, Aiter 5
min of denaturation at 70°C, probe DNA was applied to each slide, sealed under




30 is 0.15 M NaCl plus 0.015 Msodiumcitrate), 10% dextran sulfate, 150 ng
of biotinylated plasm d probe DNA and 10 | ag of herring spermggrgCgr 2009A.
After 5 mn of denaturation at 70C, probe DNA was applied to each slide,
seal ed under 19 OCT 2005 WO 02/ 090558 53 PCT/ FI 02/ 00379 a coverslip, and
hybri di z8® ©209058/er ni ght at 37C in a noi st chanber. TreTsi28ewe were washed
with three changes of 2xSSC, nd 2xSSC containing 0.1% | GEPAL CA-630 (Sigm
Chem cal Co.) at 45C. Prior to the inmmunofl uorescence detec- tion, slides
were preincubated for 5 min in PNM & buffer [PN buffer (25.2 g 5 Na2HPO4. 7
H2O, 083 g NaH2PO4 _EJ H20 and 0.6 ml of I GEPAL CA-630 in 1 li- ter of H2Q

Wt 5% ol e Brbise i ARSI AF IR coHbBeatETidy. e probe

was detecte escein 1sothioc -conj ugat ed extravi din.
The si gnalergveasikapiitti theek chanpebiob2x$§T aidc2kIBA cantaiding 0. H%Ht GRS and a
second raound of extravidi n-Fl TC%&{t ment. . Between each of tcslé lo steps, the

sl i des w&AsO3REHiema; (naspice) (19- bat ¢ BTIoH tR dheymiaunqfiapreecerse #8Cat  room

t enper at ey ; ' ' i di

L oat e o, silesAlerabrRincBABLTIB0 BRAin R PIGOH BURER 1PN bftel (02 o o e
ver e ahalNaHROMT G\ G83gNadRONOT 14,0 P06 DEIDEICERALIGABIRE 1 5 equi pped

W th appropr,i f4lt.er set. . The.resylt re.showa.i\n Table 1. TABLE 1.
Chr onosor‘i?fllo Ofﬁpj%théﬁ n8'f't%§ Hﬂeﬁkﬁk}kf\‘?‘ﬁ.o-@éy?&-gd'gﬁ‘a%@%é)w th epi - Ana-
Cul turesoma) subseducntly,yihethrobé anlzadetadted withnisoressil isofidddybhae NNV- 2wt
0. 5pg01000Q_NNV- 2wt FS 0. 48p_g,01000 productl w _carri erOlP?O .y
(FITC)-conjugated extravidin. The signal was amplified with biotinylated antiavidin
antibody and a second round of extravidin-FITC tretment. Between each of the
10 steps, the slides were washed in PN buffer containing 0.05% IGEPAL CA-630 at
room temperature for 2x5 min. Chromosomes were counterstained with
propidium iodide and mounted in p-phenylenediamine antifade mounting me-
dium.
Slides were analyzed with a Olympus VANOX-S fluorescence microscope
15 equipped with appropriate filter set.

The resuits are shown in Table 1.

TABLE 1. Chromosomal attachment of the NNV-2wi.

Meta-
phases with epi- Ana-
Culture | somal signalon | lyzed metaphases %
chromosomes

0.5ug M 158 7
NNV-2wt .

0.5u9 0 100 0
NNV-2wtFS

0.48ug 0 100 0
productiwt

carrier 0 100 0




19 OCT 2005 WD 02/ 090558 PCT/ FI 02/ 00379 54 The data indicate clearly that
the E2 protein and its binding sites are nee- ded forthe chrom)ﬁgrrgm 2005
attachnment because only the NNV-2wt but not two other vectors have this
ability. 5 6.5 EXAMPLE 5 Stability of NNV-2wt during propagation in

bact eri awgfopesssThe stability of NNV-2wt during propagatmrwe/omitobact eri al
cells was tested. The plasmd NNV-2wt was m xed with conpetent Escherichia
coli cells of the DHoal pha strain Lﬁ_prepar ed as described in Inoue, H, et
al ., Gene 96 (1990) 23 10 28] and i Réubated on ice for 30 m nutes.
Subsequently, the cell suspension was subjected to a heat-shock for 3

m nutes at 37 ' | Jrdrels He G di 1db heédter of LB
medi um was adgg%(aiatk)é)%ﬁgagcr’r%@qgéﬁhgﬁg d%&%!tnfjarﬁg liv?/aq)iﬂdllgﬁgél?beg% ggé-f or 45

m nut es ated3@Cheichtormosporad altactinest hecause palylthye NVt bubwibfoather cel | s was
pl ated ont ngdi Ehes co{%li ning LB mediumw th 50 pg/m of kanamycin. 15 On

the next YGHP'S ﬂ‘éeﬁ'éﬁ Toma single colony were transferred onto the new

di shes containing the sane nedium This procedure was repeated until four
" gen- erations of bacteria had been grown, and the plasm d DNA fromthe
col oni &s of &&kXfMREHEi on was anal yzed. One col ony from each generation

was used for L. \/0 | Lning 50 pg/m of
kananmyci n f ol sg%%'ﬁaﬁy gﬂ%f%%{%&aﬁgpgﬁ‘ﬂgpﬁrggbﬁt h vi gorous
shaki ng. The dklstabikty ef NNMAsitdering pdbpegetion Bddcteriaheellsaas testedact ed from

| ecul ar AmPAgKT NRYEA w5 ettt calbiient ESCRERRE ol sl oo,
Labor at or|y|_.{5§fg|qa§ StraifQprépSiRdi datdsafita in INeW, ¥ordthal., Gbee 9819985 28er e di gest ed

with restric 25 tion endonucl ease Xbal (Fermentas, Lithuania) and anal yzed

by agdP os8lged incabetadraipre fas Sdninkes oRyREcaYBN NG LAl SESRINSAMIAS DNA used
Loor o PRI B0 TSR Y CTRD Bty il ooy, D ocer,
cel I s: ndcg.adminitifiitevidf hBmeediurhargerigot o the semplesatdthd miktere wamin- 30 par ed
with the DNA used for transformation (lane 9). 1.9 OCT 2005 02/ 090558
cubated for 45 minutes at 37°C with vigorous shaking. Finally, a portion of the
cells was plated onto dishes containing LB medium with 50 ug/mi of kanamycin.
15 On the next day, the cells from a single colony were transferred onto the new
dishes containing the same medium. This procedure was repeated until four gen-
erations of bacteria had been grown, and the plasmid DNA from the colonies of
each generation was analyzed.
One colony from each generation was used for an inoculation of 2 ml LB
20 medium containing 50 pg/ml of kanamycin followed by an overnight incubation at
37°C with vigorous shaking. The cells were harvested and the plasmid DNA was
extracted from the cell using classical lysis by boiling. [Sambrook, S., et al., Mo-
lecular Cloning A Laboratory Manual. Second ed. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York]. The samples were digested with restric-
25 tion endonuclease Xbal (Fermentas, Lithuania) and analyzed by agarose gel
electrophoresis in comparison with the original DNA used for transformation. The
resulis are shown in Figure 13.
As can be seen in Figure 13, the vector is stable during the passage in Es-
cherichia coli cells: no colonies with re-arrangements were observed when com-

30 pared with the DNA used for transformation (lane 9).



PCT/ FI 02/ 00379 55 6.6 EXAMPLE 6 Stability of NNV-2wt in eukaryotic cetls0
The stability of the plasmd NNV-2wt as a non-replicating epi sored &6 k&-2005
ment was al so anal yzed in eukaryotic cells. For this purpose the CHO and
Jurkat 5 cells were transfected with 2 pg of NNV-2wt. Total DNAs of the
cell s weW® @T8act ed at 24, 72 or 96 hours post-tranPCaFRo7 Briefly, the
cells were lyzed in 20nM Tris-HCI pH 8.0; 10mM EDTA pH 8.0; 100mM NadCl ;
0.2% SDS; in pres- ence of 200 pg/nm._of proteinase K (Fernentas,

Lithuania). Next, the sanples were®®xtracted sequentially w.th phenol and
wi th chloroformand precipitated with 10 ethanol. The nucleic acids were
resuspended ipglGApipLEdCl pH 8.0; 1 nmM EDTA pH 8.0; 20 pg/m of RNase A
(Fermentas, Lithuania) and incubated for | hour at 37C. Finally the DNA
was re- preci pBfahility ofl NMV-2wtineukagoticaellsand et hanol, washed with 70%

canpl 65 wer e STSTERLY of 1T AP KNP ol b st BP s g it
Eco81 | ' ' j ' nd dugk h

T it G NN AP BTN e "2
DNA a aps’ "DNA

synt hesi apddar 7 961 08 hous Yot EhdBtcRE BEAG A6l BN Wty e ppar at ed on

TAE agar ose el ectro- oresis and anal yzed by ‘Southern blotting [ Southern,

E. (I;/l i] blxalﬁ)lrr(le BiristHClgsH 8.0; {@akEEDTAPHE.0] 100mM NaGlee 28 SBSeir gree
. T . e . byi
f £ om compaer Bt rugmLes bl RiCelhetis Libafd. bl i simbfes 02 0% %n

7in fi gw&egﬂl}amécﬂ geqtﬁhﬂﬁwwmﬂahﬁhb@d dﬁ'ﬂﬂaﬂomfmnarand:pmip'mmdt\mtmf t he
vector were detected in the assay. Neitherwere n rved at a

posi ti'®n Q#ﬂﬁ_“?%rﬁ?ﬁ naclgimaciss VH%T?H%?“W&HQ%‘?M\Q?@HE/@-E‘?%%C? Hgthiﬁ;nﬁ“ﬁ‘_l | (lanes 3,
4 and 8 %ngphlay;rﬁ) éﬁrg{l%f RNbQQW(FéFPﬁé}#taélLatnaénié% alktl RBGbAled Forfti gure 14)

di gestion 1 ndicating I ntegration and/or replication events were not
obser ved.holir 2t E7QVFlRIlY tha BINfewas tf-pregjpitatedtwittnarsmonhin spataand n t he

et r AERN ERGASH ToaeTa FROFERPETIcsBr ariE T SABHED: o i 1 at e
t he repl i GAg T RpHBS. Thelsagpls wirk diestcdiwiinaifereasebmisficromdonny other 1 9
OCT 2005 WO 02/ 090558 : o
15 cleases: with Eco81l (Fermentas, Lithuania) that has two recognition sites on the
plasmid, with Hindlill (Fermentas, Lithuania) that does not cut the NNV-2wi DNA
and with Dpnl (New England Biolabs, USA) that digest only DNA synthesized in
Escherichia coli cells. Restricted DNAs were separated on TAE agarose electro-
phoresis and analyzed by Southern blotting [Southern, E.M. J. Mol. Biol. 98
20 {1975) 503-5171 with a vector specific radiolabeled probe. The results are illus-
trated on figure 14. As obvious from compatrison of the fragment sizes of Eco81l
digestion (lanes 1, 2 and 7 in figure 14) with respective marker lanes no arrange-
ments of the vector were detected in the assay. Neither were signals observed at
a position different from the marker lanes in cases of the Hind Il (lanes 3,4 and 8
25 infigure 14) or Hindill/Dpnl (lanes 5, 6 and 9 in figure 14) digestion indicating that

integration and/or replication events were not observed.

6.7 EXAMPLE7
Analysis of replication of the NNV-2wt in the presence of human
30 papillomaviral replication factors
It has been demonstrated previously that papillomaviral proteins are able
to initiate the replication of heterologous ori-containing plasmids from many other




PCT/ FI 02/ 00379 56 human and ani mal papillomaviruses [Chiang, C M, et al.,
Proc Natl Acad Sci US A 89 (1992) 5799-5803]. Al though NNV-2w] @d@ST n2fils
contain an intact viral origin of replication, it was tested how t he
replication is initiated in the presence of hu- man papillomavirus type |

El and EWQR@psshs. CHO cells were transfected w th 5 raTalemoes7ogr am of
either plasm ds NNV-2wt, NNV-2w FS or product | alone or wth 4.5 pg of
the HPV-11 El expression vector pMI/E1L HPV11l or with same anount of pMI/EL
HPV11l and 4.5 pg HPV-11 E2 protein &%pression vector pMI/E2 HPV 11 as

i ndicated on the top of the figure 15. Transfections were done essentially

as descri | o@ﬁrﬂ@ ; LX) Si 0 scri bed
previ ously :aﬁhang, !ﬁ%drllogfévgtﬁ-g% @éﬂ)érﬁ% ?Se@ﬁleg%‘ijl no Igérﬂ;%%ﬁsndtﬂgg‘l HPV- 11
repl i cat i 489 (199g) 67 ¢HABA3]NAtipugh AR -BwHRvdsInabRnisart intanbirabarigin wi th t he
was. ext r SUTERICBYoatRT Bath T 5 SRR B Mo oite Mefie B st So1)
449- 457] rabn @é’pimgﬁr@q?@e § EAnFideE %r@ﬁain@fdmb lcills wére temistfastedhbitvashed with
PBS were |yzed on ice a ' y_ addi ng al kaline lysis solutions |

5 t
(50mM 8l LRISSBICTOmAN qfr‘?i@BHBirg,S%ﬁegNU:ZVﬂOW S ¢Hpradust 1alene pr( 0. 2m

NaCOH;, 1 9% i rabibo_1Qf=4L; ; | I re
neutrali Z\%@P&E%? pggggth\?gflib‘ggﬁul%‘lllggprﬁﬁl&z 3%"&?@??0?’%9 gsfs%%enﬁsaacn){%t ate and
aceti ¢ acamourg\fvpN TVE1eHPY pt @ndt b5 g HEYF UhE2rpto®in akprassies pedor t o

" sopr oparit AR L SR atiae P edar HEha fB80R. TR BRI T BUbE “on's. o
10mM EDTAsgebinflall); asl@65tMbbE § Ex8mB SIS ahd) E2nsgpedsich wct@8Greden  of
prot ei nase K (Fernentas, Lithuania). Next, the_ sanples \gi‘@&/ﬁx racted

sequerifi asaripediravigusbOhiangsCuiM ot &nslpra) SnARquimelalemowt rblta- tion
with eth fati el el G aci RERAEHS! é(ﬂ‘m}{l, ' ] pH 8.0;
25 1 nM é%@'&’aé‘ang’"gm %ﬁ%giﬁ%pﬂ%ﬁﬁ@g@y‘??e@nent as,S&c |tt uanﬁ%s%g‘ﬁ% [ ﬁcubat ed
for 30 nexpregsid@b@ctdrhassaopysitive coairel. di gested with |ineari zi ng endonucl ease
Ndel ; Fernentas I t huani kL .case,of the vectors. Hindi

gFerment as, L{lﬂ%@ﬂ'ﬁ&}'grwe'@l@g ast%ra‘qﬁhr 'ﬁ;‘g%ﬁﬁﬂ[/ﬁgtuéi%\[ﬁt Engl and

Bi ol abs, MISAMBOrEaksoaMOn49raaT) bt 87 edufNMst-tlaakleetiers] Briefifomelvetle bl ot ting

perfornmed essenti al l|3§ as descripbed 30 earlijer uysi ngga vect or ecific

r adi ol'&bewaghesriie” BRuerplyzed orvice @b miites by agding 2 W'W%ﬁ?“ﬁ%g? opriate
markers ol i \gh2eas; Z6v“RRHACE oot ibihls EBTAYBHFS 858 (Il @.2M O OCT 2005
NaOH; 1% SDS)in a ratio of 1:2 onto the dishes. The lysates were neutralized by
0.5 vol solution 1l (a mixture of potassium acetate and acetic acid, 3M with re-
spect to potassium and 5M with respect to acetate). After centrifugation the su-
20 pernatant was precipitated with isopropanol, resuspended and incubated at 55°C
in 20mM Tris-HCI pH 8.0; 10mM EDTA pH 8.0; 100mM NaCl; 0.2% SDS; in
presence of 200 ug/ml of proteinase K (Fermentas, Lithuania). Nexi, the samples
were extracted sequentially with phenol and with chloroform followed by precipita-
tion with ethanol. The nucleic acids were resuspended in 10mM Tris-HCI pH 8.0;
25 1mM EDTA pH 8.0; 20 ug/ml RNase A (Fermentas, Lithuania) and incubated for
30 min at 65°C. The samples were digested with linearizing endonuclease (Ndel;
Fermentas, Lithuania) in case of the vectors or Hindlll (Fermentas, Lithuania) in
case of the HPV110RI) and Dpni (New England Biolabs, USA) (breaks non-
replicated DNA), followed by Southem blotting performed essentially as described
30 earlier using a vector specific radiolabeled probe. For positive conirol of hybridiza-
tion appropriate markers of the linearized vectors and HPV110RI were used (la-



57 PCT/ FI 02/ 00379 (|l anes marked as Mon figure 15). As seen fron1igﬁcgﬁsgh®§
set forth in figure 15, no replication signal was detected in case

vector plasmds. 6.8 EXAMPLE 8 5 Analysis of the E2 and its binding sites
dependent segregation func- tion of the vectors in dividing cells As has
been des®io &agbsg evi ousl y, bovine papil |l omavirus type PcTER2po®ein in
trans and its nultiple binding sites in cis are both necessary and
sufficient for the chromatin attachnent of the episomal genetic el enents.
The phenonenon is 10 suggested to pPfbvide a mechani smfor partitioning
viral genome during viral infec- tion in the dividing cells [lives, |., et

at., J w(fa@'ga n?aﬁ%écilggﬁl)orfl@ﬁé 14 ﬂs-se@ﬁtﬁﬁgﬁgle r'#%gtg ts%ﬁgﬁﬁ 'isrﬁf}%te gsenments are

al so incl'u 0 our vector system was anal yze

t he i nporrcaeplcatibntsignabE®ap deteeted ingdsabf grunwctaradadmidsli ng si- tes for

mai nt enance of the transcriptionally active vector elenent in popul ati on of
15 dividing cells. For this purpose the Net codi ng sequence of the vectors
NNV- 2wt and sig-8 pEXAMPLWeS repl aced with codi ng sequence of the
destabilized formofgreen_ fluo- rescent protein (dl EG-P) derived from
vect or 5pol EGAmalysis of tha B and s binding sifes fependentsearegationfoci fe of this
protein i r a | oes not accu 20 nmutate in the cells and
the dil Eﬁé&%‘%&éﬁt@ﬁs '(}Jlecpg@g%b%l{/sdf | ow cytonmeter corre- lates with the
presence of taesibeghidesaibed prediousty, bevine papiforhdndsie hypel{lE2 prétedm NNV- 2wt

t he nef codi ng sequenge s rempved and S -Notl fra t, fromthe
pol EGFP- N {88 anf ds rRLPIS RICINGRE 10 618 SFERPD ACBTSANLENT FANEENGIS! owed 1 EGEP

(Fi gure 1@ chidnfltndittatRReACS IR pi¥ERalGedstit SeRRAR. The pherdmdon@m for
generation gf 10bse2 (Figure 17), respectively. The recognition se- quence

for rdet rsuggestedito pravisieronechanisopir pagisioning vl geeeme duinavifal iflesRl site in
t he super - ‘ e 2B f14 .S derived
fromthi s"%‘@f‘é‘ﬁ%aﬁ‘é@fﬂt #%I%}[@%%htj' %}hag’ @royggi qg@?&ﬁ?&h“é‘éz 'ont%é'l'lénelsng

Ndel - Bst | bkl inctions)clemarits aid disainckge® into dungckr gusametheaimaif thisng f r agnent

f 2wt d1 EGFP, t O.out with A . D ti, at r al | i d
| acki g cHuBENas aRaVFARIMaS e ol S C GBNCE F OISR TGRT oo wore
8'2/38 gggggtes?a%iﬁ@ﬂsﬁ&é StthaBandcRbHAHNG 8etve VeltdrBRnfeht igsbplislioel 2005 WO

15  dividing cells.

For this purpose the Nef coding sequence of the vectors NNV-2wt and su-
per6wt was replaced with coding sequence of the destabilized form of green fluo-
rescent protein (d1EGFP) derived from vector pd1EGFP-N1 (Clontech Laborato-
ries). Because the half-life of this protein is as short as 1 hour, it does not accu-

20 mulate in the celfs and the d1EGFP expression detected by flow cytometer corre-
lates with the presence of transcriptionally active vector in these cells.

From NNV-2wt the nef coding sequence was removed and Smal-Nofl
fragment from the pd1EGFP-N1 was inserted instead of it. New vector was
named as 2wtd 1EGFP (Figure 16). Similar replacement was made in case of su-

25 peréwt for generation gf10bse2 (Figure 17), respectively. The recognition se-
quence for restrictional endonuclease Spel was introduced into the EcoRl site in
the superbwt just upstrem the ten E2BS. The vector gf10bse2 is derived from this
plasmid by replacing the Nef coding sequence containing Ndei-Bst11071 frag-
ment with d1EGFP coding sequence containing fragment from 2wtd1EGFP, cut

30 out with same enzymes.

Negative control plasmids lacking either functional E2 coding sequence or
its binding sites were also made: The frameshift was introduced into the E2 cod-




PCT/ F1 02/ 00379 58 ing sequence in context of the 2wtdl EG-P by repl acin |§2
codi ng sequence con- taining Bspl20l-Bspl201 with simlar fragme'hé) rr?[m
pl asmi d NNV-2wt FS. The re- suiting vector was nanmed as 2wt dl EG-PFS (Fi gure
18). For the construction the control plasmd NNvdl EGFP (Figure 19) the
whol e E2waxroessss on cartridge (as 5 well bacterial remdarmweod?oom t he 2wt dl
EG-P was renoved by Bstl 107 and Nhel digestion. The replicon was
reconstituted fromplasmd productl as HindllIl (filled in)-Nhel fragnent.
Jurkat cells were transfected by el é&troporation with 1 pg of the vector
2wt dI EGFP or with equi nol ar anmounts of the pI asm ds 2wt dl EGFPFS, 1o

NNVA1EGFR, ' % I ' anple 1. At
differ entnq %&ueﬁéﬁﬁf@?}&%ﬁ?r ans %S%Fi 0 teﬁ H%Icgaﬁg ok S c%?oﬁengel I
SﬁSpe”?' QBIHIH@?@ﬂQO!{ qu:tﬁ@dh witio sirdiaefrygrnentdiuin plbems:mrwemmlr'réxedﬁi) ut edf )
thereafterwith t res | Yy tine- t tota er of the
cel |'s as SK&IND Ve "W@ﬁﬁ@megﬁsgﬂgﬂﬁﬁ&@%g é‘%’ﬁﬂgﬁ&p %B‘%@P?@u% Ccount ed by
flow cyt Qi p Iéﬁﬁﬁi [@W@IE@FP%H Burk SiAkSWRble Y expYSdsRifcartiligd (dshese dat a,

t he percent ages G-P expréssin ceIIs alterations of total nunbers

of cel Bs vzmbbamtsﬁabr@lmn)dmmz@m@dtﬁ EBiwag removedsby Bstd 40haed Niek e

For backgiormany T el reihotupd AT R T Mol i, C° Gone' T

consi der dhj-Nheidffagmentdi | uti ons made. Finally, the errorvalues were calcul a
20 ted based o ech i cal

of .the cytoneter ct uatlons of speed
of the flow WEHR ﬁf‘safgﬁtﬁgrqyn%‘ﬁ @Rﬁéﬁ‘t@"d‘ﬂaﬂb%&lofgﬂ $HE" nai ntengnce

of dlEG?m@%EGFPS%ﬂ Mrpr&{uhﬁolm aRuliEs 20 HeEGRRmIGVM MEEGFSFand  NNVd1
EGFP wer e anal during the eight days g ost - transfectlon In the sec 25

and eﬂperNN‘édlEGﬁB, gfd Dhsehorvith edrrien descebed indwamde 41 ki ds

2wt dI EGFP r rteen days
post - tran%?é%%’ﬁg:pﬁgr%’ gggtf)%rlgg%ﬁgr o gur g@@gg dﬂ?’ufgﬁ%}stémwas no
di f f er enogerefcollduted for anblysis pad theafaniples weﬂeldsiuteldetherbaﬁemﬂthmefresdny vector or
carrier onlgla | t rreanz 30 t i f ere n the’f’g}],ét EGFP e essmn

d
mai nt enarfR8dige A gvery dinespoiptio %E’Hf‘l‘ @ﬁe ??%W? es t hemsel ves
on the diyjesme e@( résamgq%uh SverécdntedUsy ey cwlameaésmécfoheolbmg@n thmc

growth of the cells wefe detected, excépt the period un 19 OCT 2005

15 FACSCalibur System). With these data, the percentages of d1EGFP expressing
cells, alterations of total numbers of cells and numbers of d1EGFP expressing
cells in samples were calculated using the carrier-only transfected cells as a ne-
gative control for background fluorescence. The calculations of cell numbers were
done in consideration of the dilutions made. Finally, the error values were calcula-

20 ted based on technical data of the cytometer about fluctuations of speed of the
flow.

Two independent experiments were done. First, the maintenance of
d1EGFP expressed from the plasmids 2wid1EGFP, 2wtd1EGFPFS and
NNVdJ1EGFP were analyzed during the eight days post-transfection. In the sec-

25 ond experiment the maintenance of d1EGFP expressed from the plasmids
2wtd1EGFP, 2wtd1EGFPFS and gfi0bse2 were analyzed during the thirteen
days post-transfection.

As is obvious from Figures 20 and 21, there was no difference of the
growth speed of the cells transfected with any vector or carrier only. It means

30 that differences in the d1EGFP expression maintenance are not caused by infiu-
ences of transfected veciors themselves on the dividing of the cells. Also, during
the assay the fogarithmic growth of the cells were detected, except the period un-



WO 02/ 090558 PCT/ FI 02/ 00379 59 til second time-point in the experinent
represented in Figure 20. This lag period of the growmh is pr_f)gaﬁ@z g@gsed
by the el ectroporation shock of the cells, be- cause the first! fi p t
was taken already 19 hours after the transfection. As illustrated in

Fi gures 3D @dos28, t he percentages of green fl uorescemCriGozimei n
expressing cells decrease in all populations transfected with either plas-
m d, because the vectors do not replicate in the cells. However, as is seen
on the charts, the fraction of posi®ive cells declines nore rapidly in
cases of control vec- tors, if conpared wwth the 2wtd | EGFP or gfl Cbse2.

|{ _conpar aikouhidifiagioint il e expblificbpfeRsRediarRuRl BRI THieRgeod 0 2w d 1

EGFP (Figure 23.). There is also a nota 1o b | fference mai nt enance

bet ween cohihegrowihdis mrekabincased bgrbe slrttroppration slapek ¢fithggels, D2y . These
differenc the wu r [ L{ the data are
r epr esent g%"s%gthgﬁfggpé{éf%?{@%%?’hgﬁ%@%wg?d@ﬁﬁeg{ﬁ\éé@%mgﬁ%}‘essi ng cells
in the popul at Astasttéted in Eigué 22rahd228, thelpercontabes of green fleorpscdrtti ve cel |'s
L M L R
eXpr esSi nidBbbsuddtho Se@BRRR bt Féiatelif i doh. MARIeAT® sddirithansf ecti on

becom ng approxinmately five. en tinmes higher than in control sanples
(Fi gur e 2dhartspthedradtinn of posiivemsiis tleclines marenanidly ingases of eudiobere (Fi gure

25). The diff. f . ORI [ | f the
of Lobsez PerGor ety BITEGER T obiobBRP dFconRrtdulNEadfool ooy
dlﬁri ng tlhmeegf'aﬂ)bs]‘ceeénapgbi@dﬁex??ﬁﬂ{ZvE%@?ﬁE%hte2&). Fhbigtalsbbobin- t haﬂ in
t he sanpl e transfect wi t wt an ti, an.in the
popul a0 t Bor PiGs GRTERInERCY PRINESH: Faiol PRSI PYH L EGFP FHE dat
deronst r aN®\eH EYHRY (Fidlak 2bhe vector system of the present inven- 25 tion
has active nechani smof segregati on based on a nucl ear-anchori ng protein,

i .e. bovine paphesedfiierences hafween thevegioss keaomaraush mots alyiows, thees t hat
Promtes. BTk SoGH SeheruBi Y B AR AR M SO MoRELES 357, o
CENE | NTOcélidhir B/ Jopiiitiohd TREGSS QM and@ AN Heubhikdrk AF thelfpokitile dElIslin9 OCT 2005
WO 02/ 090555 PCT/ FI 02/ 00379, ] .
15 cases of the control piasmids are not notable changed during the assay. In con-
trast, in cése of the 2wtd1EGFP the number of d1EGFP expressing cells in-
creases during the first week after the transfection becoming approximately five
to ten times higher than in control samples (Figure 24). After this time-point the
number start o decrease (Figure 25). The difference of maintenance is strongest
20 * in the case of the gf10bse2 vector. The number of positive cells increases con-
tinuously during the analyses period. After two weeks it is 6 times higher than in
the sample transfected with 2wid1EGFP and 45 times higher than in the popula-
~ tion transfected with frameshift mutant (Figure 25).
The data demonstrate clearly that the vector system of the present inven-
25 tion has active mechanism of segregation based on a nuclear-anchoring protein,
i.e. bovine papillomavirus type 1 E2 protein and its binding sites that promotesits
maintenance in a population of proliferating cells as a transcriptionally active ele-
ment.
6.9 EXAMPLE 9:
30 - CLONING OF THE AIRE GENE INTO SUPER6WT AND EXPRESSION

IN AN EPITHELIAL CELL LINE



60 The Al RE gene coding for the AIRE protein (AIRE = autoinnugé QfﬁﬁLﬁE
tor) is nutated in an autosomally heredited syndrone APECED ( W 5po-
| yendocri nopat hy candi di asi s ectodermal dystrophy). AIRE is expressed in
rare epithelial cells in the nmedulla of thynmus and in the dendritic cells
I n peri pWertak905s8pl ood and in peripheral |ynphoid or garSI/FRRBGED coul d t hus
be treated by transferring the non-nutated Al RE gene ex vivo to peripheral
bl ood dendritic cells, followed by the introduction of the corrected
dendritic cells back to the pa- tieff. To test this possibility human Al RE
gene and the honol ogous nurine AIRE gene were transferred to COS-1 cells.

10 For cl oni nan@falRESgeMeRBdijTSr hBIREWRSERIAIRE Miiiphimeiragiign of the

vec- tor was prepared. First "a transfection Wwth Superéw waS done to TOPI

0 -cel |l s toQ)dhmutaied inanssigronmatly hexsdited syidireme APECHP (Awiaimmuge pp- accor di ng

t o manuf ! r L. Brj ef h I el on ice for
30 m nut dtertieBlingbaty Earictesis ZeloBhintl EBom ) ARMER SHREREFEa: n 5 Sazc
for 30 smhd gtial th@ir\clg:ISelomei;ﬁla}Wg%hmag@ lirﬁﬂl@;cgntiﬁﬂc d?elrseintﬁg)ﬁpgéral ce for 2

m nutes a ro i n of SOC- nedium trypt one, 0. east

ext lrjacfs5 , tﬂ?quﬂF '_ pﬁrieh@'aﬁivm@bpsd UGERR Aﬁ/ﬁ b OCC.’L %%@@??eﬂ%gw_sgl ucose)
at +37C V’ﬂ's%rl%fe‘-‘r ‘tl’ﬂ?n{)ﬁ—htﬁa QUURERéHd Qﬂv%stog:@ﬁ héxd) blgod! deindfti!si g
kanamycin (50 pg7 m or selection. For maxiprep, colonies were

t r ansf er reatistfollovea by thefintr®@iuction of e covectediendriticeelis badlaiaibe pat 50 pg/ m )

sing Q At o erbis PR Hrien SRS U s e B b b P AR, oo A
di gest i orgenetvwerBardrisfomed t000S1alisi ction enzymes was used to check the

vector. The reactjon mxtu cont ai ned 500 ng of, Super 6w, Uof BanH , 5 U
25 of 18al | . 2 Kot clopingser AN MOSPRIGWA THRU T SRATRN GEEhANESS and buf f er

from Fer ngpias )pr@;sage&wsit bqra%fe%ﬁ% ith @Txﬁgregglwaﬁdﬂe Grap10 -bags di gestion

was carried out ‘at +37C for one ho I gested vector was checked with
1 % agar dshengisallycompetantizpchenivhia aathby bivitrages) acopgding toinrenufactseryuf fer . 30

Super out g EEL] T GRFe Weké el 3 iFe AN Wifeed HEEM RS on cnoyme
(MBI Ferhigtishéck whs pefformed e watdrfieith aned2Cefor 36 seadimds. Fudedliso a fi nal
vol ume of 20 19 OCT 2005 WD 02/ 090558 .
15  were then transferred directly on ice for 2 minutes and grown in 250 pl of SOC-
medium (2% tryptone, 0.5% yeast extract, 10 mM NaCl, 2.5 mM KCI, 10 mM
MgCl2, 10 mM MgS04, 20 mM glucose) at +37°C with shaking for 1 hour.
Plating was done on LB-plates using kanamycin (50 ug/mi) for selection.
For maxiprep, colonies were transferred to 150 ml of LB-solution containing ka-
20 namycin (50 pg/mi) and grown overnight at +37°C with shaking. Preparation of
maxiprep was done using Qiagen's Plasmid Maxi Kit according to manufaciurer's
- protocol.
A digestion with BamHI and Sall restriction enzymes was used to check
the vector. The reaction mixiure contained 500 ng of Superbw, 5 U of BamHI, 5 U
25 of Sall, 2 i of 2XTANGO buifer (both the restriction enzymes and buffer from
Fermentas) and sterile water in total volume of 10 pl. The digestion was carried
out at +37°C for one hour.
The digested vector was checked with 1% agarose gel containing ethidium
bromide 1 pg/ml in 1X TAE-buffer.
30 For cloning of the PCR amplified AIRE gene and Aire fragments into the
Superbwt, 4 pg of Superbwit was digested with 10 U Nofl restriction enzyme (MBI
Fermentas, in 2 pyl enzyme buffer and sterile water added to a final volume of 20




61 PCT/ FI 02/ 00379 pl. The digestion was carded at +370C for 1.5 hoqurs
after which 1 U of ZIP- enzyne (al kaline phosphatase) was added 16 Bﬁg 2005
reaction m xture and i ncubated furtherfor 30 mi nutes. The ZI P-enzyne
treatmentwas done to facilitate the inser- tion of the AIRE gene into the
vect or byWwopRessst i ng the self-ligation of the vector ZCwawioeasa circul ar
node. Afterthe digestion the vectorwas purified using G-XTM PCR DNA and
Gel Band Purification Kit (Amersham Pharnacia Bi otech) and dis- solved in
to a concentration of 0.2 microgran® mcroliter. Human and nmouse Al RE- gene
PCR- pr oduct s were al so digested with Notl restriction enzyme. To the

i gest] P 7f PlosRliof TRSRERRPLL 379} 11, 8MoBREARF WAL 110 of ARZye buf fer

and | QU est riction enzynme er and enzynme from MBI
Fer nent asnzyms (alkelihe phiospdatgesiwasadded o tiereadtiooumixtatre argiind@bated 2 hour s,

after V\/mc di ed PCl R uct s |f| | ved in sterile
wat ert o fﬁ fgren@t'apu K ﬁ‘g%ﬁﬂsf‘%ﬂ?\ﬂﬁﬁ%ﬁ*f‘ %%?%ﬂ'ﬁ%ﬁ"eﬂm"n and nouse
Al RE genepnwitits AIRE ddndintcthetvecloy pfwenmq(meﬁérf%@ndn &Fahe védiby
Fermentas). The digested insert t a total volune of 10 pl),

1.5 pi 5ofbackgxa sirgiiarrads. pe@ermcmﬁtlaajheV@tg’rmaswﬂﬁ»@uamsg@% Mhd sterile
wat er was was car ded
out at +1ﬁ(§[§?ﬁ§/§l}tﬂ§él§ﬁdﬁ@ﬂféﬁ% a?’?faﬁl%%ﬁ s acl%hﬁ ?Igdn&?eact i on

m xt ure vmwadakw:afconcentmtlshew zaﬁlctognamSMIcrom@PI 0 cel I s according to
manuf act urer’ rot oc bat 0 m nutes,
T tor whi ch o HHEEN SOTRuRAGRPda HER Aol B skl iatl s 0 30
seconds. rEbiich dezyhRY, %Em@tﬂigéétwhszwrcﬁ@ak ﬁl%@hthSQl’bflaﬂ%pbﬁfprla% m nut es and
grown in 260 pl of SOC-ned |um(2/otryptone 5% yeast extract, 10 nmM

19, aewm@uffemmmww@i@ﬂ regiriganverzyme (ﬂm eglaiid 8gymafroms +37+C
vmth sha e I | ated onto
LB- kanany“‘é.ﬁﬁ':%'?f‘a%"é%%%ﬁ TR B B et B 2 "to 2
of ILB- rrmftanwfmc@]d@&stte@@@&cmpduﬁs W%q;;umﬂed and d@eolvedlrcstelm watgrjo wi t h

kananmycin_ a verni ght at +370C. M ni prep DNA preparations from
sel ected %Bqﬂﬁ'gé)g\q@é‘ﬁe purified using 30 Qagen's Plasmd Md! Kit and

di ssol ved to arnéqityﬂ\%mq;fhﬂé@aﬁﬂ ta,s@tderfuln{aﬁh amtrﬁbuseTnmE qér%%wg liand si ze of
the insert was checked with and BanmH digestion. 10 Pl of mniprep

DNA wd§ tgatedis §upar6gé§maaﬁ4 dgase MBLiRermentas). Bagdigesiesyinealt 1 9 ocT
2005 DNA was taken (a fotal volume of 10 pl), 1.5 yi of ligase buffer (MBI Fermentas),

5U of T4 DNA ligase and sterile water was added fo a final concentration of 15 pl.
The ligation was carried out at +17°C ovemnight.
After the ligation 10 pl of ligation reaction mixture was taken for iransfec-
20 tion into TOP10 cells according to manufacturer’s protocol. The cells were incu-
bated on ice for 30 minutes, after which a heat shock was performed in a water
bath at +42°C for 30 seconds. The cells were then transferred directly on ice for
2 minutes and grown in 250 l of SOC-medium (2% tryptone, 0.5% yeast extract,
10 mM NaCl, 2.5 mM KCI, 10 mM MgClz, 10 mM MgSQ4, 20 mM glucose) at
25 +37°C with shaking for 1 hour. |
The transfected bacterial cells were plated onto LB-kanamycin plates and
colonies were picked on the following day to 2 ml of LB-medium (1% tryptone,
0.5% yeast extract, 170 mM NaCl) with kanamycin and grown overnight at +37°C.
Miniprep DNA preparations from selected colonies were purified using
30 Qiagen's Plasmid Midi Kit and dissolved o a volume of 50 pl of sterile water. The
presence and size of the insert was checked with Notl and BamH digestion. 10 ul
of miniprep DNA was taken for digestion, 5U of Notl and 5U of BamH| enzymes,




WO 02/ 090558 PCT/ FI 02/00379 62 2 m of R+ enzyne buffer and ster \fﬁ %6
was added to a final volunme of 20 pl. The digestion was carri ed Q t 005
+37C for 1 hour. The orientation of the insert was anal ysed with BanHl
restriction enzyne. Ten pl of mnprep DNA was taken, 5 U of BanmH , 2 pl of
BanH buwoer/o¢is® Fer- 5 nentas) and sterile water wascadguedotro a final

vol ume of 20 pl. The digestion was carried out for 1 hour at +37C and the
products were checked on al % agarose gel with EtBr in 1XTAE. On the basis
on these results, a plasmd containify a nouse Al RE-gene and a plasnid
contai ning a human Al RE-gene were picked and nmaxi preps were 10 prepared.

Briefly, @l dfiRwénzlﬁmeqsuﬂeraﬁa bteﬁmeswa@aeaéu@'ﬂmvémﬁleraféég]d of inter
est or a m I’]I((Eg:esﬁj culture was ad LB- nedi um cont ai ni ng

kanany- ci'fie BN wap cariedpuah 30 6rfar dount +37' C. Maxi prep. DNAs wer e

d ng the
Pouse. Al Re: gend e SheftElotofthSRRLA Ml thalii b vl Be A BB BH AR % i mg t he
human Al R{i’elgglhefmmgpéi?mnmgﬂsﬁkeﬁﬂﬁd} tgfemalnm @q.ll‘toﬁBammbu?ént{Ma;ﬁgﬁgced for
appr oxi mat e rom bo n 0.V e orientatio
cglrorect%d 53 fjﬁgeril‘?l‘é’@ wasrﬁgd%cﬁt& Qlﬂ‘iée\%%o Befhedigedionyasy t he
di deoxy mebitrd dik idh 1leuPP SIP LB %o'agfs A& ehBLRA G a I pBhibse ! €D

contains the four different termnating di deoxynucletide phosphat es
| abel ed wigehwith EfyrieiXTAEuor escent | abel s. Plasnids containing the AlRE

ene and Al RE ser.t.ed to sel ect el | Ilnes to

gheck t he exprg)gﬂﬁSrt?aggﬁqégﬁm% 'éltsh E\IHI?W'MQP ang Bn‘&usg?’&%ﬁ

transf ect isad a ;ﬂ‘mwa o@ﬁieilrﬂng\a hembAAIRE L RAcWdrd tckd@ﬁh@rrléﬁgﬁ?%sﬁvé?eWI }\/E Ktﬂker
ecco's

Europe%qa 25 so & %eg ?Hfsgended 10x106 cel s/n1 into

(Life cﬁfﬁﬂ%@# iefly.Hael M /Y & 69l selbsysipepsio pntainingshe plasmidefdntetken f or
el oct roporary an i bega G es Bodlo & 150 I EGMEUIRSAREIIM RINEL "D carrier
and 5 pg 6 (&8P pabpl) and grovgcavernightia +87 éhMaaaprem Dblv% mmepremcmzl wg-t h

DO M RGN SHBTKGL PO T PO A R 0 and pON R L4
posi tive nouseThéRiasmitt cohtaimish Swpensyde IASRE-goRB kY ddsatdd @ 9 OCT 2005
15 pS6wtmAIRE and plasmid containing the human AIRE-gene as pS6wthAIRE.
The generated vectors were sequenced for approximately 500 bp from
both ends to verify the orientation and correctedness of the insert. The sequenc-
ing was performed using the dideoxy method with PE Biosystem's Big Dye Ter-
minator RR-mix, which contains the four different terminating dideoxynuclefide
20 - triphosphates labeled with different fluorescent labels.
Plasmids containing the AIRE gene and AIRE gene fragments were in-
seried into selected cell lines to check the expression of the protein with Western
blot aifter the transfection,
Cos-1 cells were harvested with trypsin-EDTA (Bio Whittaker Europe)
25 solution and suspended 10x106 cells/ml into Dulbecco's MEM (Life Technologies)
medium and 250 pi of cell suspension was taken for transfection. The transfec-
tion of Cos-1 cells was performed using electroporation with 2.5x106 ceils, 50 ug
of salmon sperm DNA as a carrier and 5 yg of appropriate vector. The transfec-
tions were made with pS6wthAIRE, pS6wimAIRE, Superéwt, pCAIRE, psiAIRE
30 and pCAIRE §1-4. pCAIRE and psiAIRE are positive human AIRE controls,
pCAIRE S1-4 is a positive mouse AIRE control and Superéwt is a negative con-~
trol.




WO 02/ 090558 PCT/ FI 02/ 00379 63 The el ectroporati on was done using Biorad's
Gene Pul ser with capaci- tance 960 pFd, 240 V and 1 pulse. Aftefqgt Dggpgmﬁe
the cells were kept at room tenperature for 10 minutes and 400 pi o

medi um was added. The cells were transferred to 5 m of nmedium and

- centrifupedogmssss m nutes with 1000 rpm Cells 5 wer eqpiraizecs7eand grown for
3 days at +37C, 5% C02. The cells were harvested with trypsi n- EDTA and
centrifuged. Then Cells were then washed once with 500 m of |XPBS (0. 14
MM NaCl, 2.7 M KCl, 7.9 pM Na2HE4, 1.5 pM KH2PO4). 50 pi of PBS and 100
pi of SDS | oading buffer (5% nercaptoethanol, 16 pM Bronphenol bl ue, 20 pM

Xyl ene Cyanol , &WE b et i I, s . heat ed at
+95C for 10 m—glﬂﬁ gls Edr?raf[n e%s%ogéﬁqﬁﬁéﬁ%ngwﬁ%s! pr epar ed
with 10% &neat80 nfid)i248nHamdd susek Aftgr thel milsenthe BSwemnkepigt bagrher (25 v
Tris, 250, M gl ysi 0.1 % SDS) . | . sanpl es and ,bi atinyl at ed nol ecul ar
wei gh mar FE&HP % e ?%é'c?e'a""u ?WL“%&J %@ea'rligb‘@’?%ﬁﬁfi?%gf@ %/%@ YWiFformed with
150 V f or trhnsfe8d t6 B @ﬁme&ibﬁraﬁldeh&ﬂ@%e&f foP5 i ebeivith 1060 F’bn’&!'deﬂl@ceI l'ul ose
menbrane was perfornmed at 100 V for 1 hours at roomtenperature with a

cool er i nWeraplatest-ans grown forrd daypeainradrie, 8% L PR ocked in 5%nilk in TBS (0. 05
MTris-Cl, 0.1 : AHAL : t A
pri ;nlafy anti bog@%l%rghgﬁgﬁqa%ﬁg{g@%-@%@ %ﬁ@ﬁ%@@?ﬁ%ﬁuz (ramuse)

ant i bodi ewest thenavashed oncetvith 500 énl 201 XRBSY0 11 InkdMiNaCQIBE7 mid KCldded ont o

menbrane a i t | t +4 T nb wa ed two tines
Tenor ane RANGATBE 4R BLBLBN. s af s e ol B DGR BEY o, T
secondar y (5% mdpesbtoethbedl T8/ BR6mpREhoIbINE YRR Xt CYafibll H5 i FRT 1: 500 in
50m Ik in TBS was incubated for hour at roomtenperature. The nenbrane

was wathe8olbHD)vmssaddedi and Gells werelheated at +9% Cdion 1®miputgsdi | uti on of 1: 1000
in 5% mlk in an?s r | t

t enperature fogaﬁh%/g%rs%ﬁglg&%s e(ljg’.T§ ggsﬁﬁ%tglt:‘\r/}%% gré%ﬁg({?ﬁgﬁgg%-segg%pase was

pr epar ed ton Bnab%csthcking gels tira S runninbBSifen 5LV Trid\230 ey mlysér,- oxi de and
added ont 8 aAfter the devel ogment of the color the m, brane was
nashed i P BES Gelarbiies 365 HiEinR sudse drudlh F it SRARY Al Re
(anti-Al REﬁthéQeldﬂﬂ@@cﬁthtfr@siékmas rBfAéElth $5OVISS| P50 nfhutdie TREepar ates
transfected with pSéwt hAl RE, pCAIRE and psi AlRE. The anti body detecting

mur i net8Al Fengfer efqraiginsite awiteceliyesamembsanewasrerigomd at 100 V for 1.5
hours at room temperature with a cooler in transfer buffer.

The membrane was blocked in 5% milk in TBS (0.05 M Tris-Cl, 0.15 M

NaCl, pH 7.5) for 30 minutes at room temperature. A primary antibody mixture,

anti-AIRE6.1 (human) and anti-AIRES8.1 (mouse) antibodies at a dilution of 1:100

20 in 5% milk in TBS, was added onto membrane and incubated overnight at +4°C.

The membrane was washed two times with 0.1% Tween in TBS for 5 minutes

and once with TBS for 5 minutes. The secondary antibody, biotinylated anti-

mouse IgG at a dilution of 1:500 in 5% milk in TBS was incubated for 1 hour at

room temperature. The membrane was washed and horseradish peroxidase avi-

25 din D at a dilution of 1:1000 in 5% milk in TBS was added. The membrane was

incubated at room temperature for 1 hour and washed. A substrate for the per-

oxidase was prepared of 5 mi chloronaphtol, 20 mi TBS and 10 ul hydrogen per-

oxide and added onto membrane. After the development of the color the mem-
brane was washed with TBS and dried.

30 The antibody detecting with human AIRE (anti-AIRES. 1) detected the Al-

RE protein expression in the preparates transfected with pS6withAIRE, pCAIRE

and psiAlRE. The antibady deteciing murine AIRE detected likewise the murine




WD 02/ 090558 PCT/ FI 02/ 00379 64 AIRE in cells transfected with pSéwt mAl RE
and pCAI RE S1-4. The negative con- trol (Superéwt) showed no Al mpﬁ 2005
proteins. 6.10 EXAMPLE 10: DETECTI ON OF CELLULAR AND HUMORAL 5

RESPONSE TOMRD HI V.1 NEF IN M CE | MMUNI ZED W TH THE NNV- NEF CONSTRUCT DNA
| MVUNI ZAWIO@RIS90Fss f urt her study the induction of hunor @crirmouesrey by the
vectors of the in- ventions, 5-8 weeks old both male and femal e BALB/ c
(H2d) mce were used. 10 For the DNA inmunizations, the mce were
anaesthetized with 1,2 nmg of pentd barbital (i.p) and DNA was inocul ated on
shaved abdomi nal skin using plasmd DNA coated gold particles. The

I nocul at i ] ' ' ' . f
300 psi . AE BEPESs 0 bR pSBwRARE Y ACURE SPAITHHeBENE C201 T Fuge.
The m ce indq8upaerbwt) shedetdwiock REMmiredarptédnsand day 7) with a 15 total anount

of DNA of 0,4 or 8 pg/nouse. The control mce were imunized wth 8 pg of
the plain vector without the nef-gene, i.e.NNV-deltanef. A blood sanple was

taken fromth [ i ' ni zati on. The
m ce were sacr ﬁﬁcgﬁ‘@ﬂﬁ@eﬁgwﬁﬁﬁi@ﬁmbﬁmw ELand bl ood
sanpl e$ (100 PgMMUBERECIPONSEOWARD piVNAINEF INIDPHSEJWMIINIZERg 10 pl of 20
0,5 M bl ot'ti ngV{TFH TWHE NNY-NHEBE GONERIET( hi gher OD, nore mce in higher-dose

above cut-off te nunmber of | eukocytes/m of blood was
calcu- |ated fﬁ%@@lm* s for each nouse. The sera were collected for
anti body assapsfupher sthay $e ifductid® 6F hubhéraPRInRERy byievecRi®afane msept i cal 1y,
wei ghted and then honogeni zed to single cell suspensions for use in T, B

and NK ceYentigss, 8 wagks okhbotyaalniang femaled@Al Bl (d12d) icenwris ised.
| munageni:gi Y oiia k@ﬂumﬁﬁﬁ&@h‘é“mk@ﬁm‘r fi étﬁé%&eE%ththmg%trﬁghﬂoQ” of
odi es by St I'n serum sanpFes

Nef -specifric antib ern blo g, rommce
i muni zedbavbitdl (L eandcBNArwasinetulatet ©nathavbe abdoemingl siin using pitisntd | ut ed

L4100 o O opto i P8RS PR TRl e 8 B BB, 1 T
Cont B SO e SRS et s b Py pgarpe e bt
g of DNA/cartridge. The mice were immunized twice (on day 0 and day 7) with a
15 total amount of DNA of 0,4 or 8 yg/mouse. The control mice were immunized with
8 pg of the plain vector without the nef-gene, i.e. NNV-deltanef.

A blood sample was taken from the tail of the mice two weeks after the fast
immunization. The mice were sacrificed four weeks after the last immunization
and blood samples (100 pl) were collected to Eppendorf tubes containing 10 pl of

20 0,5 M blotting (++ vs. +) and in ELISA (higher OD, more mice in higher-dose
above cut-off EDTA. The absolute number of leukocytes/mi of blood was calcu-
lated from these samples for each mouse. The sera were collected for antibody
assays and sfored at —20°C. The spleens were removed aseptically, weighted
and then homogenized to single cell suspensions for use in T, B and NK cell as-

25 says and staining.

Detection of the humoral immunogenicity of the vectors of the inven-~
tion

For the detection of Nef-specific antibodies by Western blotting, serum
samples from mice immunized with the vector constructs of the invention were di-

30 luted 1:100 to 5% milk in TBS and applied on nitroceliulose strips made with re-
combinant HIV-1 Nef protein. For the preparation of the nitrocellulose strips, the
purified recombinant protein was boiled in a sample buffer containing 1% SDS




65 and 1% 2- mer capt oet hanol, then run on a 10 or 12.5 % pol yacryl am de gel
and subsequently transferred onto a 0.45 pmnitrocellul ose pagey.gheos
strips were first blocked with 2% BSA in 5% defatted m | k- TBS and
thereafter incubated with diluted sera (1:100) overnight. After

I ncubat i w9, 02av0583und proteins were renoved 5 by washi ngcrhm2s379 ps t hree
times with TBS - 0.05% Tween-20 and twice with wa- ter. After washings, the
strips were probed with a 1:500 dilution of biotinylated anti-nouse |IgG
(Vector Laboratories, USA) for 28%ur. After further washings, horseradish
per oxi dase-avidin in a dilution of 1:1000 (Vector Laboratories, USA) was

added for 7 4 | r M’ﬁ?ﬁ" | cp_ﬁz?lﬂ Lhodi es were

1o det ect%‘iIj ?mﬁt%ﬁgr%ﬁééggae%@’p@?om d@gga‘gu r?tzfd;%eﬁcmf?c O@S%E%lgghtol

(Si gma, USdsequdily tsansfermst entalas@4b eun ailrocalluiideIrepen. Thet #lrips mere he exact

anti body Lifer I n . nstr. « Nef,, ant i.bady ELI SA was

per f or mdﬁféﬁﬁ@ﬁ%ﬂ%%@/ '”g%aﬁge%ﬂﬁ't i1re thpergﬁhgrlﬁ PTCR%W efly, Nunc

Maxi  Sor pdiflied §sra\en 00 reafightVAfliér indibation,ainbbéhd plotshavercriéilbved! ocked with

2% BSA i n phosphate buffered, saline_15 é%%\%T and the sera in a dilution of
05%Tw

1: 100 o hy wasitng thersiripgdheas timesiwiln TBAt gen-gp and twjce with wat

I ncubati o NEH V& | AV | 5 per oxi dase
conj ugat e s B B B e V¢ b i e er o

i ncubat edantbmouee ¢ (Yectantatidraioriessiigs) foCdl wouri Afienfsither washingsed from t he
substrate, (2 2'-azino-bis(3-ethyl zt hiazal ine-6-sulfonic | ABTS, 20
Si gma) inhéfsﬁ'iﬁ‘}ésﬁrPﬂ@i'@?ﬁer%‘{@"Hﬁ%?' 'Oﬁ/gg?ﬁ@hgﬁf%pgori@lbﬁ@?rmaﬁgﬂhg a Labsys-
tems Ml tivasadddd o8 1 th stipalerepmmed agdineandithé balindigibbotiks (gre of f val ue
for positive antibody reactions was determ ned as follows: cut-off = OD

(xI co ré@teﬁﬁGQQVi@&‘WFVOQeQ PS[Q”@éFéH‘Pﬁt@tﬁ'dme%@'W'@Pmﬂ' eHameaPdlgeni city of
the vectors ofrfdigerhRhabisBRestaintL ISR YERNHRE ¢ bifitRlay s vect or s of
'ul'ar  Tmunity, and B-ce

the invention to I nduce ce -cel | assays as
wel | as ciiducadiby e conatrudtndefiantiboghels L ISAavasgmbrfofmed Bk praviduslyedeat i on assay.

e o R Salioh A4 A0KHS b Bl SO Bl b, 00
peni ci | |1 5O pgrof MNeP Eiate KANRGIGIRLY m@%@wngﬁmpmé%ﬁéwmn@l (Sigm).
Cells were incubated in mcrotitre plates at 200 pl/well wth nmedia only
or witt¥h d(FBx and the para in.a dikdioniaidr1QblecbASO0H Wekesadseddnidyplisalger e: 19 OCT
2005 WO 0g/ofkpaR o%ﬁ(idﬂt BRI Atter extensive washings, the secondary anti-
body, peroxidase conjugated anti-mouse lgG or IgM (DAKO), was added, and the
plates were incubated for two hours and then washed. Color intensity produced
from the substrate (2,2"-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid, ABTS,
20 Sigma) in a phosphate-citrate buffer was measured at 405 nm using a Labsys-
tems Multiscan Plus ELISA-plate reader. The optical density cut-off value for
positive antibody reactions was determined as follows:
cui-off = OD (xI control mice sera) + 3 SD.
Detection of the cellular immunogenicity of the vectors of the invention
25 To analyze the capacity of the vectors of the invention to induce cellular
immunity, T-cell and B-cell assays as well as cell surface staining were per-
formed.
T cell proliferation assay. The spleen cells were suspended to a final
concentration of 1 x 106/mi RPMI-1640 (GibcoBRL) supplemented with 10% FCS
30 (GibcoBRL), 1% penicillin-streptomycin (GibcoBRL) and 50 uM beta-
mercaptoethanol (Sigma). Cells were incubated in microtitre plates at 200 ul/well
with media only or with different stimuli. The final concentrations of stimuli were:




66 Con A5 pg/m, H V-Nef-protein at a concentration of 1 and 10 pg/m, and
a nega- tive control antigen H V-gag at a concentration of | anpglgcq)géms.
Al'l reactions were made in quadruplicates. On the sixth day of the

i ncubation 100 pi of supernatant fromeach well was collected and stored
at -80C warozogsski ne 5 assays. Six hours before harvestirmg2bozpe of

3Ht hym di ne (Amersham Pharnacia Bi otech) was added to each well. The
cells.were harvested and radioactivity incorporated (cpn) was neasured in
a scintillation counter. The stifulation indexes (SI) were cal cul ated as
follows SI = nean experinmental cpm nmean nedia cpm 10 Lynphocyte
activatio L ' i _face
st ai ni ng g;fo n}@%ﬁn@p&??&%&f?ﬁ%ﬂgﬁﬂaﬁﬁbgﬁgﬁt{ C%‘é\%?:? %@d EPHgmgﬁélﬁaé% PE (early
act i vat i otivereerites! pntigen Hiv-gagcati® cenceatrptions obhand ¢OGRYPEAl meadtiots es (al |

from Pham.ingen).. Staini wer nalyzed_ w f to FACScan,
Becton | DNEIA HERk) -G @dRgelt o BROSUA"dayoh dus PRUBREC T Hhlr e rea wi ¢ 1
fixed ant kgssinfant fropNbadower Was EoltcBi 86d lsforbd iz CigoeC vibit bytbAe HI V- nef or
control MVA-F6) for five days after which they were tested in a standard 4

hour 5% cBEBeAYBurRiX chals cbefare Hapvesiing et difdi, of 3H-bymidine (Ameighatel 135
(1995) 53pR9; I i Vicr ol ]*%%7 2309)

agai nst Wﬁgwweﬁ&?ﬁ?)e\g?seghg?@g%%a%lv&%l!éﬁggtégggﬁesré n ésé%drj%%fi assays the
speci fi c radivactivity Ih@dtporatet (epmpawas onsdastiezccih pasintiliation @unbdki Mbeassay.

| FN-gamma_and |.L- 10, wer asured from Il gen- stinmulated cell culture
super nat aﬁﬁ@‘?‘ﬁh%lf@&?‘e% &‘gﬁﬁﬁeﬁzc,u‘%g?ﬁg&fq ni zed nmice develop a Thl
type orTh2 resporsie: méhg expdittharbiadtnd Medemeaialcpdd.ed from anti -
gen-stinulated cells as described above. Pro-inflanmmatory cytokines

TNF- al 1% 25 arla/mphocgteasiivationat and B qell ackivatise was detecied by SpuRie s8d i ce. Al
cyt oki nes F i | QR cl@b il i to ek} R&D

Syst ens) . fg%ﬁﬁ%?@ﬁ?iﬁé%?%‘%& at | on%@%&%ﬂ?@é&é érgf_gﬁgquée({é&ml i feration
was det ectefivatign Jiarker) Andiadti+ QD 19FHICeplas antRAS-PE antibodies (il frothe nedi um
only for

d . 3Q, Ant i - doubl d 1, bdi DNA
ant i bodi eg’ hﬁgﬁéaﬁ@a&a'ﬁ}“éﬁwl%ﬁa ?ﬁ@%%f‘g{%ﬁloﬁwg%% Lmia%;gg'%ﬁpve control

mce (nTi Pigdnsof).generous gift fromDr. Gene Shearer, NH USA) and nor mal

m ce. The antibodies were as 1 9 OCT 2005 WD 02/ 090558 i
- 15 CTL assays. Mouse splenocytes were co-cultured with fixed antigen pre-

senting cells (P-815 cells infected with MVA-HIV-nef or control MVA-FG) for five

days after which they were tested in a standard 4 hour 51chromium release as-

say [Hiserodt, J., et al., J Immunol 135 (1995) 53-59; Lagranderie, M., etal., J Vi-

rol 71 (1997) 2303-2309) against MVA-HIV-nef infected or control target cels. In
20 CTL assays the specific lysis of 10% or more was considered positive.

Cytokine assay. IFN-gamma and IL-10 were measured from antigen-
stimulated cell culture supematants in order to analyze, whether immunized mice
develop a Th1 type or Th2 response. The supernatants were collected from anti-
gen-stimuiated cells as described above. Pro-inflammatory cytokines TNF-alfa

25 and IL-10 were measured in the sera of the immunized mice. All cytokines were
measured with commercial ELISA kits (Quantikine, R&D Systems).

Spontaneous proliferation. Spontaneous splenocyte proliferation was
detected by 3H-thymidine uptake of the cells cultured in the medium only for 6

‘days.
30 Anti-double strand (ds) DNA antibodies. dsDNA antibodies were meas-
ured in the sera of immunized mice, positive contro! mice (mrl/lpr, a generous gift
from Dr. Gene Shearer, NiH, USA) and normal mice. The antibodies were as-




PCT/ FI 02/ 00379 67 sayed with ELI SA on pol y-L-Lysi ne bounded | anbda phage
dsDNA. The results are shown in Tables 2 and 3. Table 2 shows IcHnpl Bt 2005

i mmunol ogi cal results of the mce inmunized with H V-Nef plasm d DNA

Al t hough HI V-1 Nef reconbinant protein, which was used 5 for in vitro T
cell stiwgmwpwsss, i nduced some non-Hl V-specific proli feenatozomrof the cells
i n each i nmuni zed group, there was a significant increase in the nean Sl of
mce imunized with 0,4 pg of the plasmd (nmean Sl =72,2) conpared to
others. Furthernore, negative cBhtrol protein H V-gag did not induce anyT
cell response. Only the T cells of the mce in the group that had

nef - specid,| ' LAka - InNA ama. None of
The 1 murtryas R B B B N o R T e T cel |
r esponse drashtwn imhablez2dndile was of Thl type and not of Th2 type. In
contrast to t T cell res se, mgce . i,muniz wi.t h. t he . hi gher

concent rat | on g QYRR BAmpRS giralrERiny of O MU HE] g ponse
conpar ed HQ-NbiRadnTHNA. PdthbhghHR-4 Wiecbh@idﬁhﬂ?fo@éin,%iéﬁ@@m in mce

i mmuni zed with the higher dose was detectabl e already three weeks after

the | a8t formmire hoebalimulatiomdnduced seme nr-dbt-sppaificspoliferige of Bt h i n
West ern-)

¢ . I
was. det o folg SRR RS e e RS oA el e e R B o B T o
i mruni z ecdniok irnmOniep gvithf0,4uy-ohiie phésasidi{te@NBIHVR2R )aenpared® aherased nunber

f leuk t 6. 38x1Q6/ M ), i,n th | . bl ood £ th
o Ko ReAEA e bR B L BRP P IRE RS %11 e
m ce had @mg’ @R Tl 6NthaGhics M 816 drogs that had helspsdiicrsiofiRrgtionangtar ed to

other mce (9% and 10% . This finding is in correlation with the positive T
cel | re- Mp pef-spepifigelr N-gamma. Nonesphihe imaunized wicenhad S8 tive T cel

response §6bt 05 el AR PRSFLORLILER tBimAGhE MRk dagel | S 10

t hei r . spleens. so show that none of the imunized
m ce devedfoplet typat and sohaf a2 typboth esntaast dorthbarBdell geppisei wiceontrol sera

D 2o st R od el st Hafrel HROH (©h) B! amum zat Fon
stronger B cell response compared to mice immunized with 0,4 pg: the humoral
15 response in mice immunized with the higher dose was detectable already three
weeks after the last immunization and the response detected was stronger both
in Western-). The antibodies detected belonged to IgG-class, no igM response
was detected. None of the mice developed E2 specific antibody.
The mice immunized with 0.4 pg of HIV-nef plasmid DNA had an in-
20 creased number of leukocytes (6.38x106/ml) in the peripheral blood compared to
other groups of immunized mice and normal mice (3.8x106/ml) (Table 3). The
same mice had twice as much activated T cells (21%, CD3+CD69+) compared to
other mice (9% and 10%). This finding is in correlation with the positive T 'cell re-
sponse to HIV-Nef (Table 2), since the mice with a positive T cell response to Nef
25 also had an increased number of activated T cells in their spleens. The resuits of
Table 3 also show that none of the immunized mice developed anti-dsDNA anti-
bodies as compared to positive control sera (0D=1,208) indicating that there is
no adverse effect of the immunization,




H V-1H V-1 | FN-g IL-10H V-1 E2 M ce net gag nef Si*Sl

Thl Th2Ab Ab NNV- Nef
8 61 - -++ - 1 281 - -++ - 3132 - -++ - 4151 - -++ - 571 - -++1-9 NHaZhQ004. 2
NNV-NEF 0.4 241 + -+ 1 21121 + -+ 3831 + -+ 4731 + -+ 5691 + -+ Mean72. 21
NNV- ANef 8 61 1 2ntnt 3111 4232 5121 Meanl131.25 . Sl =stinulation inde)

nt =not teXt@o0sssegati ve PCT/FIOZ/00379
68
Table 2
Mice Hiv- Hiv-1 IFNg IL<10  HIV-1 E2
nef gag nef
s S| Thi Th2  Ab Ab
NNV-Nef 8
1 6 1 - - o -
2 8 1 - - ++ -
3 13 2 - - + -
4 15 1 - - ++ -
5 7 1 - - ++ -
Mean 9.8 1.2
NNV-NEF 0.4
1 24 1 + - + -
2 112 1 + - + -
3 83 1 + - + -
4 73 1 + - + -
5 69 1 + - + -
Mean 72.2 1
NNV-ANef 8
1 6 1 - - - -
2 nt nt - - - -
3 11 1 - - - -
4 23 2 - - - -
5 12 1 - - - -
Mean 13 1.25

"Sl=stimulation inde
nt=not tested

-, negative

+, postitive

++, strong positive




+', postitive +'+', strong positive 1 9 OCT 2005 WD 02/ 090558

PCT/ FI 02/ 00379 69 Table 3 M ceWBCCD3CD3+CD69+ CD19CD19+CD69+ a—pgi 0%%5%?/%
% b x1061m spl een spl eenspl een spleenOD (1:10 dil) NM 0.355 1 20.255

30. 231 MeanO. 280 NNV- Nef 8 5ntntntnt0.387 1 24.35041130. 457 34.95741540. 514
44. 3556 1040286%5855. 1545700. 478 neand. 72544. 75 (9% 122 p¢a@idAds7NNV- Nef 0. 4
3.9ntntntnt0.418 1 284191850. 263 37.53982590. 375 454691660. 285

57.543101370. 396 nmean6. 3842. 259(21% 486. 750. 347 NNV- A Nef 8 4.5614920. 413

Table 3
Mice WBC CD3 CD3+CD69+ CD19 CD19+CD69+ anfi-dsDNA
% % % % ab
x10%mi spleen spleen spleen spleen OD (1:10 dil}
NM
1 0.355
2 0.255
3 0.231
Mean 0.280
NNV-Nef 8
1 5 nt nt - nt nt 0.387
2 4.3 50 4 11 3 0.457
3 4.9 57 4 15 4 0.514
4 4.3 55 6 15 4 0.367
5 5.1 54 5 7 0 0.478
. mean 472 54 4.75 (9%) 12 2.75 0.441
NNV-Nef 0.4
1 3.9 nt nt nt nt 0.418
2 8 41 9 18 5 0.263
3 7.5 39 8 25 9 0.375
4 5 46 9 16 6 0.285
5 7.5 43 10 13 7 0.396
mean 6.38 42.25 9 (21%) 18 6.75 0.347
NNV-A Nef 8
1 4.5 81 4 9 2 0.413
2 4.6 59 4 15 1 0.3563
3 3.8 50 6 17 5 0.382
4 3.1 46 7 25 8 0.448
5 3.5 nt nt nt nt 0.501
mean 3.9 54 525(10%) 165 4 0.419

Normal mouse mean WBC=3.8x10%ml.

- nt, not tested
a-dsDNA positive control sera OD was 1.208
(1:10 dil)




1 24.65941510. 353 33.85061750. 382 43.14672580. 448 53. 5nt nt nt nt 0. 501

mean3. 9545. 25 (109 16. 540. 419 Normal nouse nmean WBC=3.8x10 /ml 1 8t JCHoRl05
tested a-dsDNA positive control sera OD was 1.208 (1:10 dil) 1 9 OCT 2005
WO 02/ 090558 PCT/ FI 02/ 00379 70 6.11. EXAMPLE 11: SAFETY AND | MMUNOGENI CI TY
OF A PRoDORMRESH V VACCI NE GTU-NEF I N H V | NFECTED PACTFIEMNIZS 5 Producti on
of the NNV-2-Nef vaccine (CHECK whether NNV-2 or NNVw -2 was used) The

i nvesti gati onal vacci ne NNV-2-Nef was prepared according to Exanple 2 with
t he Manufacturing License No. LLDnr@0756/30/2000 (issued by the Finnish
Nati onal Agency for Medicines on 21.12.2000). 10 The rmanufacturing
processes perforned fulfilled the current Good Manufacturing Practices

(cGWP) requirenents and provided plasm reparati ons suitable for use
in clinical phase | a@d1i IEXANBLERIT: WE@YI&!*&@NMUNQ%EMH%@E consi st ed

of four steps: a}gRgs]s %EHESH@Q{/ABEH%S%U l\(r‘EHITI\Paf-I'WSI -il%[gk bRy Cel | Banks

15 b) Ferrrenta on~c uri 1 on eptic Til1l'ing o vaccine In
detail, NNV-2-MENT®as produced in E. coil bacteria. The Master Cell Banks
(MCB5) and Working Cell Banks (WCB5) containing E. coli DH5 al- 20 pha T1
phage Besi st ant cdrbductian of ter NNVE2-Nuifivalceihe (CHERK vdatiber NNVE2 t he

specific ) g Procedure frompure cultured and rel eased Re-
search Ceﬁtﬂ WQ‘W?uEE?EbI i shment of Master Cell Banks and Working Cell
The'investigational vaccine NNV-2-Nef was prepared according to

Example 2 with the Manufacturing License No. LLDnro 756/30/2000 (issued by
the Finnish National Agency for Medicines on 21.12.2000).

10 The manufacturing processes performed fulfilled the current Good
Manufacturing Practices (cGMP) requirements and provided plasmid DNA
preparations suitable for use in clinical phase | and tl studies. The manufactur-
ing process consisted of four steps:

a) Establishment of Master Cell Banks and Working Cell Banks

15 b) Fermentation

¢) Purification

d) Aseptic filling of the vaccine

In detail, NNV-2-Nef was produced in E. coli bacteria. The Master
Cell Banks (MCBs) and Working Cell Banks (WCBs) containing E. coli DH5 al-

20 pha T1 phage resistant cell strain were established in accordance with the
specific Standard Operating Procedure from pure cultured and reieased Re-
search Cell Banks.

a) Establishment of Master Cell Banks and Working Cell
Banks

25 The schematic procedure for establishing the cell bank system is
illustrated below:

Thaw of one vial of Research Cell Bank [E. coli DH5 alpha T1
phage resistant cell strain (Gibco RBL) transformed with the NNV-2-Nef plas-
mid.

30 Inocuiate of the culture on modified Luria Bertani medium plate
(containing 25 ng/ml of kanamycin)

Incubate overnight {(14-16h) at 37°C

Select of a single colony from the plate and inoculation into 50 mi
of modified Luria Bertani medium (containing 25 pg/mi of kanamycin)

35 Incubate overnight (14-16h) at 37°C

Measure optical density of the bacterial culture (ODgy= 2.0 - 6.0)




Banks 25 The schematic procedure for establishing the cell bank systemis
il lustrated bel ow. Thaw of one vial of Research Cell Bank [E. ﬁngl ECEPH%UDS
al pha T1 phage resistant cell strain (G bco RBL) transfornmed wth'th
NNV- 2- Nef plas- md. 30 Inoculate of the culture on nodified Luria Bertani
medi um pha®/evissont ai ni ng 25 pg/ M of kananyci n) | nculpatrgrieermi ght
(14-16h) at 37C Select of a single colony fromthe plate and inocul ation
into 50 mM of nodified Luria Bertani medium (containing 25 pg/m of
kanamyci n) 35 | ncubate overnight (1%4416h) at 37C Measure optical density of
the bacterial culture (OD6oo= 2.0 - 6.0) 1 9 OCT 2005 WD 02/ 090558

PCT/ FI 02/ 00379 71 Add gl ycerol to bacterial culture D vide the

cul ture-glycerol Mdd diysesolitebaeterialichliéle and store the Master Cell Banks

Fol | owi ng the sampfiatHerditufdIglydbkinido GBflotBank was estab- 5 |ished using
one vial of the Nﬁg%@ellr I Ir Eaé\%ég};@eg-gt%rtl ng material. The rou- tine
tests perforned o & ¢ PAFEr obi ol ogi cal characteriza-
tion, absence of Folidwingrthéisame dizgesms nbetWofkindEeplBeski wasestabt i ty by
cquengi et @Qﬂaidﬁ%eﬁ%‘iqfﬁ'ﬁ,%ﬂ%%%‘%@%%Sﬁ%é??%f%ﬁé e e 00 hage
10 resi stinettests pasiormed paithe MEB and BEEB werg: miceriglegirdl Fharaderidi- 2- Nef
ol at e B, B B B et at | on
i the. f chintih ahd B8 Pty e et imB Sickioh 2 BRI T 5
fermentor (B. Brai) Reértiendation.dn theffednentation dys DD blpbasl1 ghege whi ch
o SiloA AN LA i (GRS WAL BRI MO AT (RO [
800nt of was 8ist puliured joeonfaf@nF(anﬁ)Q plate austngle ¢alpnyywes ¥%§H§ﬁ%€°r@ 50ny/ m
(Sigma), 40 in§diuRhpre-t@tume Defagant ddi dsimertafionKitPthe {eimeklation aker) .
reactor. The fermentation was carried out in a 5 | fermentor (B. Braun Medical)
on a fed-batch system basis, after which cells were harvesied. The culture
15 medium composition for one litre contained 7g of yeast extract, 8g of peptone
from soy meal, 10g of NaCl, 800ml of water for injection (WF), 1N NaOH, pH
7.0, kanamycin 50mg/ml (Sigma), silicon anti-foaming agent (Merck), 1M
KoPO4 (BioWhittaker).
In the beginning of the fermentation run, a 1 ml sample was taken
20 through the harvesting tube to determine the initiai cell density (ODego}. The
pre-culture was used to inoculate the fermentation medium. During the fermen-
tation, fresh culture medium and 1M potassium phosphate buffer, pH 6.5~ 7.3,
were fed to the reactor with the purﬁps. Addition of the medium allows replen-
ishment of essential nutrients before they run out and phosphate buffer main-
25 tains the pH constant. When the fermentation process had continued for ap-
proximately 5 hours and at the end of the fermentation run (after approximately
10 hours of fermentation), samples of 1 ml were taken as above and the cell
density was measured. After the fermentation, the culture medium was centri-
fuged (10,000 rpm, 30 minutes, +4 C) and the bacterial pellet (50-60g) was re-
30 covered.
¢) Purification. The methodology used for the purification of DNA
was based on the QIAGEN process scale technology {Qiagen Plasmid Purifi-
cation Handbook 11/98). The NN2-Nef was purified using the following steps:
Resuspend the bacterial pellet in the resuspension buffer (100-
35 150ml, RT)
Lyse with the lysis buffer (100-150mi, 5 minutes, RT)




In the beginning of the fermentation run, a 1 m sanple was taken 20
through the harvesting tube to determne the initial cell densitlyg (HPBO&p5
The pre-culture was used to inoculate the fernmentation nmedium During the
fermen- tation, fresh culture nediumand 1 M potassi um phosphate buffer, pH
6.5 - 7. @oo0znmss fed to the reactor with the punps. Addgirtrieneed the medi um
allows replen- ishnent of essential nutrients before they run out and
phosphate buffer main 25 tains the pH constant. Wien the fernentation
process had continued for ap- proxim&ely 5 hours and at the end of the
fermentation run (after approximately 10 hours of fernentation), sanples
of I mM were taken as above and the cell density was neasured. After the

fernentation, the Neutlizewikthensukalization:hufiers (1§ed 50mb *d0®) r pm 30 ni nut es,
+4C) and the bact Qﬁd;@at@@ohﬁ,ﬁuté@&ﬁ@ ) was re- 30 covered. c) Purification.

brocess. scal o 1t eomrilrdapate &g e »’Zér'vﬁw”%%’é ) cati on randbook 11/°98)
The NN2- Nef was plﬁﬂlrhteesnpemamn(ﬁé%mbﬂmte@)steps Resuspend the bacteri al
pellet in the res th the lysis
buf f er °( 100- 150m 'E%’iﬁﬁnﬂﬁm'ﬁ'ﬁégg%ﬁgﬁ%@@% %Q@Q%@@Q PCT/ FI 02/ 00379
72 Neutralize wit HEQUiibrate Mirapyre colusan With iEaudibration -butfer{350ml.cjow | ncubat e
(30m nut emgte fem[;%"{}entrl fugate (10,000 rpm 30 mnutes, +4 C) Filtrate

supernatant (0. 22 Rempve end W|th Endot oxi n renoval
buffer (60-90m) ‘éﬁnﬁ?g’ttégﬁf}lﬂ" N@Pw f@%%hﬂ’ﬁwqh Equi l i brati on buffer
(350, flow rat éNaslmthencanrrubatzthl‘gklsaahe!auﬁert(ale avetnight, (6w owte dt e

4- 6L/ g Ngm the colum with Wash buffer (31, overnight, flowrate 4 10

_ M) !
o) U G LS LA LR MR o, T
i sopr opan®Mmi/min})
Filtrate the eluate (0.22 micrometer)
| Precipitate DNA with isopropanol
15 Centrifuge (20000g, 30 minutes, 4 C)
Purified plasmid DNA

Buffers used within the purification were as follows. The resuspen-
sion buffer contained 50mM Tris-Cl, pH 8.0, plus RNase A (50mg); the lysis
20 buffer was 200mM NaOH; the neutralization buffer was 3M potassium acetate,
pH 5.5; the endotoxin removal buffer contained 750mM NaCl, 10% Triton X-
100; 50mM MOPS, pH7.0; the equilibration buffer contained 750mM NaCl,
50mM MOPS, pH 7.0; the wash buffer contained 1 M NaCl, 50mM MOPS, pH
7.0, 15% isopropanol; and elution bufier contained 1.6 M NaCl, 50mM MOPS,
25 pH 7.0, 15% isopropanol.
d) Aseptic filling
The purified DNA representing the final bulk was dissolved in 0.9%
sterile physiological saline to a final concentration of 1 mg/mi and sterile fil-
tered (0.22 micrometer) during the same day. The purified bulk was filled
30 manually (filling volume 0.5 ml} in Schott Type 1 plus glass vials using a steam
sterilized Finnpipette® and sterile endotoxin-free tips. The vials filled with the
NN2-Nef vaccine were closed immediately, labelled and packed in accordance
to the specific Standard Operating Procedure (SOP).
2. Administration of the test vaccine to the patients
35 Ten HIV-1 infected patients undergoing Highly Active Anti-
Retroviral therapy (HAART) were immunized with the experimental DNA vac-




15 Centrifuge (200009, 30 minutes, 4 C) Purified plasmd DNA Buffers used
within the purification were as fol l ows. The resuspen- sion buf{§ gCT 2005
contai ned 50nM Tris-Cl, pH 8.0, plus RNase A (50nmg); the lysis 20 buffer
was 200mM NaCH; the neutral i zation buffer was 3M potassium acetate, pH
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50mM MOPS, pH7.0; the equilibration buffer contained 750mM NaCl, 50nmM
MOPS, pH 7.0; the wash buffer contained I M NaC , 50mM MOPS, pH 7.0, 15%
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iéLl gAmL adisculiatiGn and pb?cu&@i@hsthe Bdltﬁ)cﬁﬁﬁ'ﬁélﬁé anBHRaR Mg rfa&fr?%ﬂmolr)al t5 T
medi response subset s -

cel | prol\/\%?"iﬁé‘?mgh%?éﬁggﬁ?%eﬁ'yqvgkFHQ?M%'HE@%W‘*“? tedpiRed Gy al-cyt oki nes) .
A cl i ni calpatigtami nati on was performed to each patient participating the
study. The clinica @df%hn v ammesi s)
and wei gh determ nal %Irté)ﬂ) b&&ihé}g%ﬂ?%gg?&# ofrﬁ%ct | %‘ﬁ'ie \k@%eggﬂecked by 1o
auscul tat| YHed 7 636 (‘,’lﬂtsﬂ&ﬁﬁe tepis "lﬂltﬂ%‘ pressure and heart rate were
recordesi.  Enl ar geHematodqy: yreRiblobddRs colihty RaerAdglobiRy foRil 4ng rsker e
det er m negPyRAlGIatelet count, prothrombin time and activated partial thromboplastin

time at baseline; mean erythrocyte corpuscular volume and hemoglobin con-

tent has been calculated.

Immunology: nuclear and ds-DNA antibodies.
20 Serum _ chemistries: total bilirubin, alkaline phosphatase,

SGOT/SLT or SGPT/ALT, serum creatinine, protein electrophoresis, total se-

rum cholesterol, triglycerides, glucose (at baseline), sodium, potassium, and

calcium.

Urine analysis: dipstick protein, glucose, ketones, occult blood,

25 bile pigments, pH, specific gravity and microscopic examination of urinary
sediment (RBC, WBC, epithelial cells, bacteria, casts), when dipstick determi-
nation showed one or more abnormal values.

Viral load: Increases of more than one log 10 should be foliowed
by a confirmatory viral load estimate after two weeks.

30 None of the patients experienced subjective or objective adverse
reactions to the vaccination. No adverse laboratory abnormalities were ob-
served in the panel of clinical chemistry fests (see material and methods for
details) performed repeatedly during the vaccination period.

The following immunological studies were performed:

35




pation. Laboratory tests to evaluate the safety of the vacci ne were per-
formed at each visit. These tests included: 15 Hematol ogy: red Iﬂ(ﬁﬁ czﬁadl
count, haenogl obin, total and differen- tial WBC, platelet cou%g 5
prothronbin tine and activated partial thronboplastin time at baseline;
mean er yworeoyisss cor puscul ar vol une and henogl obi n comcrirfdias been

cal cul at ed. | munol ogy: nucl ear and ds-DNA anti bodi es. 20 Serum

chem stries: total bilirubin, alkaline phosphatase, SGOI/SLT er SGPT/ALT,
serum creatinine, protein electropht¥esis, total se- rum chol esterol,
triglycerides, glucose (at baseline), sodium potassium and calcium
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Technologies). For the last 6 h of the incubation period *H-thymidine (1
pCiiwell; Amersham) was added to the cultures and the cells were harvested
15 onto glass fiber filters and incorporated radioactivity was measured in a y-
counter. Results are expresses as delta cpm (epm in the presence of antigen-
cpm without antigen) or as stimulation index (cpm in the presence of antigen/
cpm without antigen).
The results are shown in Figures 26 and 27. None of the vac-
20 cinees showed significant T-cell proliferative response to the test antigen, HIV-
1 Nef before the vaccination. In contrast, 2 out of 5 vaccinees in the group that
had received 1 microgram dose of the test vaccine (patients 1 and 3) (Figure
26) and 2 out of 5 in the group receiving 20 micrograms of the test vaccine
(patients 9 and 10) (Figure 27) showed a strong T-ceil proliferative response
25 after the first vaccination. After the second vaccination, one (patient 2) vac-
cinee responded in the 1-microgram group.
IFN-y assays
The type of immune response (Th1/Th2) induced by the vaccine
was evaluated by measuring interferon-gamma (IFN- y) released in 6 days old
30 culture supernatant after antigen (rNef, rGST, PPD) or mitogen (PHA) stimula-
tion of PBMC. For determinations, commercial ELISA kits (R&D Quantikine)
were used. The assay employ the quantitative sandwich enzyme immunoas-
say technique where a monoclonal antibody specific for IFN- y has been
coated onto a micropiate. Standards and samples are pipetted into the wells
35 and any IFN- y present is bound by the immobilized antibody. After washing
away any unbound substances, an enzyme-finked polycional antibody specific

H




flat-bottonmed mcro titer plates (1x105 PBMZ well) and the cells were incu-
bated for 6 days in the presence or absence of the follow ng sty rﬂjl[lj'F :zggg\lef
(0.2, 10 1 and 5 pg/m), GST (0.2, 1 and 5 pg/m), purified protéin
derivative of tubercu- lin (PPD, 12.5 pg/m; Statens Serum nstitut),

Candi da #sdbizmensss antigen (20 pg/ m; G eer Laboratori ei/rngosre

Phyt ohaemaggl utinin (PHA; 5 pglm; Life Technologies). For the last 6 h of
the incubation period 3Hthymdine (1 pGC/well; Anersham was added to the
cultures and the cells were harvest&& 15 onto glass fiber filters and
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Foll owi ng a wash to renove any unbound an- tibody-enzyne reagent, a

substrate solution is added to the wells and col or
6.12 EXAMPLE 12: CONSTRUCTION OF THE PLASMID EXPRESS-

ING EPSTEIN-BARR VIRUS (EBV) EBNA-1 PROTEIN AND CONTAINING 20
BINDING SITES FCR EBNA-1 (FR ELEMENT)

20 To construct'a plasmid expressing Epstein-Barr virus (EBV) EBNA-1
protein and containing 20 binding sites for EBNA-1 (FR element), BPV-1 E2
binding sites were first replaced by EBV EBNA-~1 binding sites (oriP without DS
element). Plasmid FRE2d1EGFP (Figure 29) was constructed by isolating the
Xmil{Accl)Eco32i{EcoRY) DNA fragment (blunt-ended with Klenow enzyme)

25 of pEBO LPP plasmid (Figure 29A) (the fragment contains 20 binding sites for
EBNA-1) and Inserting it by blunt end ligation into the Spel/Nhel site of
s6E2d1EGFP (Figure 29B) (blunt-ended with Kienow enzyme). The con-
structed plasmid FRE2d1EGFP (Figure 29) was used as a negative control in
further experiments, It contains binding sites for EBNA-1 protein instead of the

30 BPV1 E2 10 binding sites, expressing E2, but not EBNA-1.

Next, the sequence encoding BPV-1 E2 protein in FRE2d1EGFP plas-
mid was replaced by a sequence encoding EBV EBNA-1 protein as follows.
The Xmil(Accl)/EcoRI fragment of pEBO LPP plasmid was isolated and blunt-
ended with Klenow enzyme and inserted into the Xbal/Xbal site of




devel ops in proportion to the amount of the cytokine bound in the initial
step. The col or devel opnent is stopped and the intensity of Q)elgf@l% és
neasured. 5 | FN-y response data frompatient # 1 is shown in Fig 0

can be seen, the vaccinee responded to the rNef antigen by marked | FN-y
re- spons® wasessd ated with the T-cell proliferation, ipedisealoosrg that the
response seen in the vaccinee is in fact of the Thl type. H V-1 infection
is characterized by low or totally lacking cell-mediated 10 inmune
response towards all H 'V proteins. The results showthat it is possible to
i nduce a robust CM in such patients with exceptionally |ow doses of the
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cently goRREZGEEGER wad praviveisly @wswarih nEsthatichit \boli atrainnBHbtladkirey doses
required _15 were from 1000 to 5000 m crograns. (1 AVI report, 2002). 6.12
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15 sperm DNA) and 1 pg (in the case of Jurkat and 3T6) or 5 pg (in the case of

293) of plasmid DNA and electroporated at 200 V and 1000 pfF for Jurkat cells,

170 V and 950 uF for 293 cells and 230 V and 975 pF for 3T6 cells. The trans-
fected Jurkat cells were plated on 6-cm dishes with 5 ml of medium; 1/3 of
transfected 293 and 3T6 cells were plated on a 6-cm dishes with & mi of me-

20 dium and 2/3 of the cells were plated on a 10-cm dishes with 10 ml of medium.
The transfected cells were analysed for the expression of d1EGFP pro-

tein (modified enhanced green fluorescent protein). Ail of the constructed
plasmids expressed d1EGFP profein, which was detected by measuring the
fluorescence using a flow cylometer. Because of the short half-life of the

25 d1EGFP protein, it does not accumulate, and the expression of this protein re-
flects the presence of franscriptionally active plasmids in the cells. Becton-
Dickinson FACSCalibur system was used. The volume of the Jurkat cell sus-
pension was measured before each time-point (approximately after every 24
hour) and if the volume was less than 5 ml, the missing volume of medium was

30 added. Depending on the cell suspension density the appropriate volume was




FRE2dI EGFP was previously grown in Escherichia coli strain DH5a | acking
Dam met hyl ati on, because one Xbal site is sensitive for methylaty @n@g’[hg%
constructed plasm d FREBNAdI EGFP (Figure 30) expresses EBNA-1 protein

and contains 20 binding sites for EBNA-1. For expression, Jurkat, human
enbr yoni evkexeoeys cel | |1ine 293 (ATCC CRL 1573) and rrmmézitobjwbl ast cell
line 3T6 cells (ATCC CCL 96) were nmaintained in Iscove's nodified

Dul becco's nedium (1 MDM suppl enented with 10%fetal calf serum (FCS).
Four mllion cells (Jurkat), 75% corid uent 1o dishes (293) or'/4 of 75%
confluent dishes (3T6) were used for each transfec- tion, which were
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pro- tein (nodified enhanced green fluorescent protein). of the
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used. Thew\%laaa%d Wgste?ftﬁglsu%qsmglu @F XL GR t fore each

time- poi nthe( fRRADANH RN diatalyt BEfoRY SRy rﬁéasdﬂéhﬂléﬂt aryé 'ab%ﬁgbﬁaféoﬁéwe was | ess
than 5 m, the m ssing volume of nediumwas 30 added endi ng on the cell

suspensi ofPerchE00y1 Q0Rcallsisealivasteierainadbeloe each mmysm 5090558
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same anoun I's was | aken Into C eration when the

di | utith ueed waheaduat site, snfacetrutiures and flusrepesnce of #3cedlsl | s from the 6-cm

dish were SUSplel'rn]éj Fesults are presented as graphs in Figure 31. Cells transfected oniy
with carrier DNA were used to measure the auto-fluorescence of the cell-line.
1% of this auto-fluorescence was considered as background fluorescence and
was subtracted later from the d1EGFP fluorescence. The received data was

20 analyzed using Microsoft Excel program.

Percentages of the d1EGFP expressing cells were calculated using
cells transfected with the carrier only as a negative control for background fluo-
rescence. As shown in Figure 33, the two veciors were maintained in the cells
with different kinetics.

25 The number of the d1EGFP expressing cells was calculated taking the
dilutions into consideration using cellis transfected with the carrier only as a
negative control for background fluorescence. As seen from figure 53, the
plasmids expressing EBNA-1 and carrying EBNA-1 specific multimeric binding
sites are maintained very efficiently in the fransfected cells. At day 1 after

30 transfection approximately 8 x 10 cells' expressed EGFP. At day 8, in the case
of maintenance vector (FREBNAd1EGFP), the number of the plasmid positive
d1EGFP expressing cells had increased ten times o 8 x 10°. With the plasmid



5 mM of nmediumfor neasuring. In every followng time-point half of the
cells 5 were taken fromthe 10-cm di sh, suspended in 5 m of nﬁgl O0T apebs

t hen measured. An appropriate volunme was added to the rest of the cell
suspen- sion. For the first tinme-point, 3T6 cells fromthe 6-cm di sh wer e
suspendewd my/odosssri of trypsine, which was then inacti watrgthwoiét 100 gl of
FCS. For every follow ing tinme-point, cells fromthe 10-cm di sh were
suspended in 2 mM of trypsin. I 1o m of this suspension was treated as
descri bed previously. 9 ml of nedi umd was added to the rest of the

suspensi on. The anal yzed cells were taken out of the incubat or imredi ately
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taking the dISMﬁIhpfbisuthMr@QlﬁtélnéGraﬁd ;ﬁ%uﬁﬁin@nﬁ@bhi& del ansbegbag with the
carrier only as a %atlve control for bacmgéound | uor escence. As seen

from f1OguF@U§%09|é H@e 3P 4EigHees3Bx Hsaseanty! fomihe maintanange for 298 rpMiA- 1

specific t d very efficiently in the
transfectg};ét(‘f%lﬁe%ﬁ ggha%\m@ r@é% t@g;g%@%%{ ?gn approximately 8 x 104
cells expr esse&ﬂE@GﬁMRLEdh%z gHE IMVUNQGENICIFY Ok GTERADLEIGENE or

(FREBNAdl\/E?jB the nunber of the plasm d positive dlI EGFP expressing
cells had &%ed ten times to 8 x 105. Wth the plasmd 1 9 OCT 2005 WO

having no EBNA. 1‘*@45‘3@?%@@%@@**??&%?&% TEETEENENEERTS L ve cel 1 5 vas
retai néd or in ndie amesogesicity rof abe differernt sniltiglene efdceine scanstsustechani sm f or
segregat i bR il BEnie BRI "GTU-1-RNT, GTU-1-TRN, GTU-1-RNT-CTL,
GTU-1-TRN-CTL, GTU-1-TRN-optgag-CTL, and GTU-1-TRN-CTL-optgag vec-
tors were tested in mice. The vectors were fransformed into TOP10 or
DHbalpha cells, and the MegaPreps were prepared using commercial Qiagen
20 columns. Endotoxins were removed with Pierce Endotoxin Removal Gel.
The test arficles were coated on 1 pm gold particles according fo
the instructions given by the manufacturer (Bio-Rad) with slight modifications.
Balb/c mice were immunized with a Helios Gene Gun using a pressure of 400
psi and 0.5 mg gold/cartridge. Mice were immunized three times at weeks 0, 1,
25 and 3. Mice were sacrificed two weeks after the last immunization.
Mice were divided into six test groups (5 mice/group), which re-
ceived 3 x 1 ug DNA as follows:
Group 1. GTU-1-RNT
Group 2. GTU-1-TRN
30 Group 3. GTU-1-RNT-CTL
Group 4. GTU-1-TRN-CTL
Group 5. GTU-1-TRN-optgag-CTL
Group 6. GTU-1-TRN-CTL-optgag




Barr virus. Maintenance and segregation function by EBNAI and EBNA-1 5

bi ndi ng sites provides mai ntenance function to the plasmd if ngﬁyi i ﬂ%ex
pressed and plasmd carries EBNA-1 binding sites. The sane nec ;

t he sane conponents actually provide the segregation function to Epstein-
Barr Virwemookssse | atent phase of life-cycle. Simlar presubbgrsver e obt ai ned
al so in human enbryonic cell line 293 and 10 nouse cell line 3T6 (Figure
34). Asa control for the naintenance for 293 and 3T6 cells, s6HPVI | and
2wt FS, respectively, were used. 6.1F%EXAMPLE 13: THE | MMUNOGENI CI TY OF

GTU- MULTI GENE  VECTORS 15 20 25 THE | MMUNOGENI CI TY OF GIU-1- MJLTI GENE
VECTORS The i mmunogenicity of six different nmulti-gene vaccine constructs
prepared i n Exanppeup2/. ©oatrolanige: imepmizesiwith- smity apid- partisies amt,

GTU- 1- TRNiogdkd withbNA TRN- opt gag- CTL, and GIU- 1- TRN- CTL- opt gag vec- tors
were tested in m.ge.

The yvectors were,transf.or Lhto TOP] O or DH5al pha
ool s Cand-tho NeEHhUBEr EtstRe SHC IR oD TS sAEPleS M c ot ang.
Endot oxi néagtemeuse rfursé grexmrhumzationsample was itakeRdrow ahestbetizetipice est
articl es : td | iAstructions
gi ven g)y Eﬁg&nu rgg{@?h erﬁzi[{%P%PAng%{)?é{wst%b[ﬁ isgﬁf? %rrr‘g%?%k%ﬂtf riogﬂgr.lééqBal b/c mce
wer e i nu iee, baforp they ird dpenunization ﬁtgswlﬁ%s\glam@ dg3MP!Bsi and 0.5

my gol d/ camt used dor White blwetiecelirasuniing; ridrsepemtwae solictadelok duforal,  and 3.
M ce wer e, x| *)I d two weeks after the last immunization. six test groups
RS

(5 rn'ce/gI € were divided into ceived 3 x 1 ;L)Eg DNA as foll ows:
G oup 1. GTU 1- RNhesblogd sapples \@ste- testeriNor @ntibgsliss WlTUELISRNIBIGT2  Group 4.

GTU- 1-{bRNsghbiard SdBedure CNdmb- MERIFSUh Phitedliere E8AEE vith 180Lhd of RBE CTL- opt gag
Rev, Taf, Gag, CTL or E2 proteins, blocked and sera at a dilution of 1:100
were added in duplicate wells for an overnight incubation. After washing, the
plates were incubated for 2 hours with a diluted (1:500) secondary antibody,
peroxidase conjugated anti-mouse 1gG (DAKO). Color intensity produced from

15 the substrate (2,2’-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) in
phosphate-citrate buffer was measured at 405 nm using Labsystems ELISA~
plate reader. )

All vectors induced Nef antibodies in all mice, whereas none of the
mice showed E2, CTL or Rev antibodies (Fig. 35, 36, and Table 4). Some of

20 the mice immunized with GTU-1-RNT or GTU-1-RNT-CTL also developed Tat
antibodies (Fig. 36 and Table 4). Furthermore, mice immunized with vectors
containing the optgag sequence developed also Gag antibodies, but the con-
struct GTU-1-TRN-optgag-CTL was a better antibody inducer that the con-
struct GTU-1-TRN-CTL-optgag {Figure 37 and Table 4). The antibodies in-

25 duced were mainly of the IgG1 class indicating a Th2 type of response usually
seen with gene gun immunization. The antibody assays shown below were
done from the sera collected when mice were sacrificed. :

The results show that a multigene construct, expressing several HIV
genes as a fusion protein, can induce an immune response to most of the

30 gene products. The orientation and order of the genes in the multigene and
corresponding proteins in the fusion proteins affects the resuits, however,
dramatically. Thus, a response against Tat was seen only when the Tat gene
was placed inside the fusion protein (vectors with RNT motif) and not when Tat
was the amino terminal protein (vectors with the TRN motif). Response to the

35 Gag proteins was seen only with the vector, where Gag was placed before the
CTL containing a stretch of Th and CTL epitopes.




which re .1 9 OCT 2005 WO 02/090558 PCT/ FI 02/ 00379 79 G oup 7. Control
m ce i nmuni zed with enpty gold particles not |oaded with QTI@%Th?ﬁ@r al
response was followed fromtail-blood sanples from each nouse® Fi*'s
pre-inmuni zati on sanple was taken from anesthetized mce 5 before the
first i mmimizagssson was gi ven. Second sanpl e was taken #gmm»nes thetized
m ce before the third imuni zation. At sacrifice, whole blood sanple was
used for white blood cell counting,.and serum was col |l ected for hunoral
immunity tests. The bl ood sanpl es \ﬁgre tested for antibodies with ELISA

using a lo standard procedure. Nunc Maxi Sorp plates were coated with 100
ng of N@Ple4.Rev, Tat, Gag, CTL or E2 proteins, blocked and sera at a
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incuba11pl'5ﬁ".\n°fb1\1]IK&“%@HS@‘?&?' %ﬂd%ﬁtaét%gsoqmge H}cubat ed for 2 hoursiwith a
di luted@ (1I:500) secondary antibody, peroxi dase conjugated anti-nmpuse |gG
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t he cofs,struct GIU-1- TRN- CTL-optgag (Figure 37 and Table 4). The
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as a f iisi-on—preterh—eca—tnadueean—i-pme—+espanrse—to—-agst—of—t 30 gene
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GTU-1-TRN- 6 0.547| 0.225 0.322 0.228 0.43

CTL-optgag

Controls 7 0.316] 0.226 0.282 0.16 0.405

Immunogen Group |[Percent of |Tat Rev Gag CTL

Nef respon iresponse [response  [response
response |se '

GTU-1-RNT 1 100 80 0 0 0

GTU-1-TRN 2 100 0 0 20 0

GTU-1-RNT- 3 100 40 0 0 0

CTL

GTU-1-TRN- 4 100 0 0 0 0

CTL

GTU-1-TRN- 5 80 0 0 60 0

optgag-CTL

GTU-1-TRN- 6 100 0 0 20 0

CTL-optgag




dramatically. Thus, a response agai nst Tat was seen only when the Tat .gene
was placed inside the fusion protein (vectors with RNT notif)] @ngi{hadllwhen
Tat was the amino termnal protein (vectors with the TRN notif). Response
to the 35 Gag proteins was seen only with the vector, where Gag was pl aced
bef ore tweo20Missscontaining a stretch of Th and CTL epipcopasmnozyd9 OCT 2005
WD 02/ 090558 PCT/ FI 02/ 00379 80 Table 4. Inmmuno IIl A mce ELISA results (OD
nmean of five mce) G oup Nef (own |nmunogennunbe prot) Tat RevGagCTL r

GTU- 1- RNT12. 1941. 3910. 310. 1550. 36 GI&f 1- TRN21. 8490. 1970. 2520. 3020. 38

GTU 1- RNT- 31.9220. 5550. 2950. 1540. 439 CTL GTU 1- TR\

1, 5770, 2410, 2800 Ll Tk T PSR, o hadth OB e
Cont r ol s7PRESBIINE OIER, 8RBV 18HNDATAT [ReDieFERENT COMBINATIONS (MUL-
TIREG) |

For the production of HIV multi-gene vectors, GTU-1 vector with a multi-

5 cloning site (Figure 38A) was used as a backbone. Intact Nef, Rev and Tat
coding sequences were amplified by the polymerase chain reaction (PCR) and
attached to each other in various orders to multi-regulatory (multireg) antigen
coding reading frames (Nef-Tat-Rev, Tat-Rev-Nef, Rev-Tat-Nef, Tat-Nef-Rev
and Rev-Nef-Tat; Sequences Id. No. 1 10 5, respectively). These sequences

10 were cloned to the Bsp119l and Notl sites of the GTU-1 vector.

Similarly, Nef protein expressing GTU-2 and GTU-3 vectors (Figure 388
and 38C,; see also Figure 6B for NNV-2wt)) were also used as backbones for
the production of HIV multigene vectors. Additionally, the vector superéwt ex-
pressing destabilized enhanced green ﬂuoreécent protein or d1EGFP (su-

15 peréwtd1EGFP; Figure 17 and Figure 38D) and plasmid utilizing the EBNA-1
protein and its binding sites (FREBNAd1EGFP; Figure 38E) were used as a
Gene Transfer Unit (GTU) platform. For control “non-GTU"vectors, a regular
cytomegalovirus (CMV) vector NNV-Rev expressing Rev and a plasmid EBNA-
1 and E2BS containing d1EGFP plasmid (NNV-Rev and E2BSEBNAJ1EGFP,

20 respectively; Figures 38G and F) were used as backbones.

For the preparation of different GTU-2 and GTU-3 vectors (pNRT,
pTRN, pRTN, pTNR and pRNT; and p2TRN and p2RNT; and p3RNT, Figures
39A-E, 39F-G and 39H, respectively), the Nef gene in vectors GTU-2Nef and
GTU-3Nef was substituted by the respective multireg antigen using Ndel and

25 Pag ! sites. The sequence of the letiers N(ef), R(ev) and T(at) in the name
shows the position of respective coding sequences of the protein in the multi-
gene. Also two vectors, which contain the IRES element placed into the Sall
sites following either the multi-antigen or E2 coding sequences, were pre-
pared (pTRN-IE2-GMCSF and pTRN-iIMG-GMCSF, respectively; Figures 391

30 and J}. The latter sequence, which controls the translation of the coding se-
quence of the mouse granulocyte-magrophage colony stimulating factor (GM-
CSF), was cloned into the single BspTI site introduced with IRES.




Tat Rev Gag CTL | mmunogenG oupNef respon responseresponseresponse
responsese GIU 1- RNT110080000 GTU- 1- TRN210000200 GTU- 1- RNT- 31

GTU- 1- TRN- 41000000 CTL GTU- 1- TRN- 58000600 optgag-CTL GIU- 1- TRN- 610000200
CTL-optgag 1 9 OCT 2005 WD 02/090558 PCT/ FI 02/ 00379 81 6.14. EXAMPLE 14:
EXPRESSI @iy 0&ko0kh6BRI D PROTEI N EX- PRESSI NG NEF, REV ANPcTAR2h08879! FFERENT
COMVBI NATI ONS (MJL- TIREG For the production of H'V nulti-gene vectors,
GTU-1 vector with a multi- 5 cloning site (Figure 38A) was used as a
backbone. Intact Nef, Rev and Tat cé&ing sequences were anplified by the
pol ynerase chain reaction (PCR) and attached to each other in various

(Nt - Tat o, - LRRRHER, & Yot tht YbaRs, WA o R G inal et T
Sequences dfdthe Negulsidry moteinespest iisee ft)r bulligeus el pobpioteihs, Wefe cl oned to
the Bspl c?oneadnmto'\ﬁlte[ Bsp1t 137 an Ii I&OQI sites oflthe G'}'81 (PMVINTR, pMV2NTR,
PMVINT1TR and pMV2N11TR; Figures 40A-D). In case of the pMV2 con-
5 structs, linkers that could be digested by intracellular proteases separate the
regions of the mutti-antigene derived from different regulatory proteins.

Further, GTU-1, GTU-2 and GTU-3 vectors, which express the struc-
tural proteins encoded by the gag gene or an artificial polyprotein composed
by previously described CTL epitopes, were prepared. The coding sequences

10 were cloned as Bsp119l and Not | digested PCR fragments into the GTU-1
vector (pCTL = BNmCTL, pdgag = pBNdgag, psynp17/24 = pBNsynp17+24,
poptp17/24= pBNopip17/24; Figures 41A-D), and transferred in a Nde I-Pac |
fragment to the GTU-2 (p2mCTL and p2optp17/24; Figures 41E and F) and
GTU-3 (p3mCTL and p3optp17/24; Figures 41G and H).

15 The coding segment designated as CTL (Sequence Id. No.10) contains
fragrhents from pol and env regions involving many previously identified CTL
epitopes. The codon usage is optimized so that only codons used frequently in
human cells are involved. This coding sequence also contains a well-
characterized mouse CTL epitope used in potency assay and an epitope for

20  recognition by anti-mouse CD43 antibody. Also, a dominant SIV p27 epitope
was included for use in potency studies in macaques.

The dgag contains fruncated p17 (start at 13 aa ) +p24+p2+p7 (p1 and
pé are excluded) (Sequence Id. No. 11) of gag region of the Han2 isolate. The
synp17/24 (Sequence Id. No. 12) codes for the p17+p24 polypeptide of the

25 Han2 HIV-1. The codon usage is modified to be optimal in human cells. Also,
previously identified AU rich RNA instability elements were removed by this
way. The opip17/24 coding (Sequence Id. No. 13) region is very similar to the
synp17/24 with the exception that the two synonymous mutations made
therein do not change the protein composition but remove a potential splicing

30 donor site. _

Further, a set of the multi-HIV vectors, which contain both a multireg an-
tigen and structural antigens as a single polyprotein, were created: pTRN-CTL,




Simlarly, Nef protein expressing GIU-2 and GTU-3 vectors (Figure 38B and
38C, see also Figure 6B for NNV-2wt)) were al so used as backbolngs[)tz\rl\%gushe
production of H'V nultigene vectors. Additionally, the vector super ex-
pressi ng destabilized enhanced green fluorescent protein or d1EGFP (su 15
per 6w dl &@Rodsssgur e 17 and Fi gure 38D) and pl asm d utpiclrirfoziogs7é he EBNA- 1
protein and its binding sites (FREBNAA1EG-P; Figure 38E) were used as a
Gene Transfer Unit (GIU) platform For control "non-GIU'vectors, a regular
cyt onegal ovi rus (CW) vector NNV-Rev &kpressing Rev and a plasmid EBNA- 1
and E2BS contai ni ng d1EG-P pl asm d (NNV- Rev and E2BSEBNAJ1EGFP, 20
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optp17/24-CTL antigen was built up directly in GTU-2 vector.
The HIV multi-antigen was cloned to the vectors super6wtd1EGFP and
FREBNAJ1EGFP instead of the d1EGFP using sites for Eco105! and Notl (su-
perowt-RNT-CTL-optp17/24 and FREBNA-RNT-CTL-optp17/24; Figures 43V
20 and 42 U, respectively). If indicated, the IRES and mouse mGM-CSF were
cloned into the GTU-2 and GTU-3 vectors behind the 2 coding sequence into
the sites Mph1103l and Eco91l from pTRN-iE2-mGMCSF (cut out using same
restrictases).
Finally, "non-GTU” control vector E2BSEBNA-RNT-CTL-optp17/24
25 (Figure 42W) for the system utilizing EBNA-1 (contains EBNA-1 expression
cassetite with E2 binding sites) was made in a similar way as the FREBNA-
RNT-CTL-optp17/24. The regular CMV vector pCMV-RNT-CTL-optp17/24 ex-
pressing the multi HIV antigen (Figure 42D) was made by cloning the multi-HIV

coding fragment from respective GTU-1 vector using sites for Ndel and Pag ).
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vector (pCTL = BNnCTL, pdgag = pBNdgag, psynpl 7/24 = pBNsynpl 7+24,

popt pl 7/ 24= pBNopt pl 7/ 24; Figures 41A-D), and transferred in a INieDQT R85
fragnent to the GIU-2 (p2nCTL and p2opt pl7/24; Figures 41E and F) and
GIU-3 (p3nCTL and p3optpl 7/24; Figures 41 G and H). 15 The codi ng segnent
desi gnat w@ ®@®90833. ( Sequence 1 d. No.10) contains fragmentszisgm pol and env
regions involving nmany previously identified CITL epitopes. The codon usage
is optimzed so that only codons usegsfrequently in human cells are

i nvol ved. This codi ng sequence al so contains a well- characterized nouse
CTL epitope used in potency assay and an epitope for 20 recognition by

anti - mouse CD48.1&nEXAMBLE Ab.deXPRESBSHYNAROMENTES/OE diFbollkL TWaisGi ncl uded

(srart - ar ASAGENS ChHRXHG: BT M edoRuRailh SRS GEREE Ta. "o,
11) of gaggpegisnoel pReTHaRg, i sol ate. The synpl7/24 (Sequence Id. No. 12)
codes for the pl7+p24 pol ypeptide of the 25 Han2 H V-1. The codon usage is

modi fied to be optimal in human cells. Also, previously identified AU rich

RNA i nst abj, linfrycetiutardbtalizetion sfereWdtiREG ditigensay. The opt pl 7/ 24 codi ng
(Sequence 1d. No._13) regmis very simlar to 4 with the
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CrL- opt pl A0 R EFLEERE Soa BARE IR EG A REERS CofinaRaffteted
opt pl 7/ 24-segRrend@acsithe ragyiatey protaine wereroaslized ggyteplasin.fln s casesp the STOP
codon vas JigHey efudtined kB eincRBibn Bohidd” \vdtt ifidquantly aierardTRe saRfences.
Then the structural a%,ntl erh_codl n% se- )

ntigens, whi d the protease sites expressed from pMV2

15 was true for a ch carri
vectors. However in these cases the proteins in nucleus were also detected
(Figure 45).




ta quences were added by cloning into the Notl site at the end of the frane
so that a Notl site was reconstituted. If both CTL and gag wer ¢ @c{?@p,zg{]ge
first antigen coding sequence was without the STOP codon. Genérally, the
clon- ings were nmade in context of GIU-1 and for naking the respective
GIU-2 (pdo2odossend GTU-3 (p3...) vectors, the Nef genedrwkhe®l asm ds

GIU- 2Nef and 15 GTU 2Nef was repl aced using sites for Ndel and Pag |I.
However, the RNT- optpl 7/ 24-CTL am®d gen was built up directly in GTU2
vector. The HIV multi-antigen was cloned to the vectors superéwd 1 EG-P
and FREBNAd1 EGFP instead of the dl EGFP using sites for Ecol051 and Not |
(su- per 6w - RNT- CTL- opt pl 7/ 24 and FREBNA- RNT- CTL- opt pl 7/ 24; Fi gures 43V 20
and 42 Yapesnaghdanglay ocaliZzatbAGh faltesy ahtiensRES and nmouse nGM CSF wer e
cloned into the GIU-2 and GIU-3 vectors behind the E2 codi ng sequence into
the siCeasfvhed afBNefind Eco9l | famikRelRN-i E2- nGMEBFal cut out using sane
restrictases). Finally, "non-GIU' control vector E2BSEBNA- RNT- CTL- optpl 7/ 24
25 (Figure 42W for the systemutilizing EBNA-1 (contains EBNA-1 expression
cassette with E2 binding sites) was nade in a simlar way as the FREBNA-
RNT- CTempft pl  7h@dhtivdhe regul ar Chbgatiwet or pCOW-idBHIGTL- opt pl 7/ 24 ex-
pressing the nmulti HV antigen (Figure 42D) was nmade by cloning the

mul ti -HY-1 codi ng fragnent fromrespective GIU-1 vector using sites for

Ndel and Pag |I. 30 19 OCT 2005 WO 02/090558, PCT/ Fl 02/ 00379 84 6. 15. EXAMPLE
15: EXPRENS| ON BFRHSERFNIDG 'oF THE SRRCrPIRINT IANTI CRNEVEARRTHE ONLY

| MMUNODOM NANT s OF THE REGUEAZGRY PROTEI Ngppidam | nt racel | ul ar

| ocalization of the Miulti REG antigens 5 The intracellular |ocalization of
Mul ti ANt i geggo R RERARAH bY thRegRet Ors of thasitivawenkihgth was studi ed by
in situ inmunofluorescence in RD ce?l s using nonocl onal anti bodi es agai nst
Nef, Rev and Tabugeus eugleokissentially as descri®édeusn Exanple 4. The
results are summarized in Table 5 and illustrated in figure 45. Al

ant i gepBNfThat apltongstpiningdd of i npeed siRiing Rev agrPATHEINBOR ei ns 10 showed

S gned 26 Neer) HERFRPey) . Vi o FERPRSR e, <t MHSBETErC e Rov Sequence.

pNRT strong, cytoplasmic good staining in good staining in
cytoplasm cytoplasm

pRTN strong, cytoplasmic good staining in positive staining in
cytoplasm cytoplasm

pPTNR strong, cytoplasmic goaod staining in good staining in
cytoplasm cytoplasm

PMVINTR strong, cytoplasmic cyloplasmic+inclusi cytoplasmic+inclusion
ons S

pPMVIN11  strong cytoplasmic+inclusi  cytoplasmic+inclusion

TR cytoplasmict+inclusions ons 5

pMVZNTR inclusions in nuclei and  inclusions in nuclei  inclusions in nuclei
in cytopi. and cytoplasm and cytoplasm

pMV2N11  only inclusions, in nuclei only inclusionsin  only inclusions in
TR and in cytopi nuclei and in cytopi nuclel and in-cytopi.




showed only the nuclear |ocalization. MiltiREG antigens carryin truncated
sequences of the regul atory protelns were |l ocalized in cytopla%%toﬁﬁ

cases distinct structures like "inclusion bodies" were frequently
observed. The sanme 15 was true for antigens, which carried the protease
sites expwagsedss rom pMW2 vectors. However in these oegasezibsee proteins in
nucl eus were al so detected (Figure 45). 1 9 OCT 2005 WD 02/090558 85 Tabl e
5. Intracellular localization in tlreg antigens Construct anti- Nef
anti-Rev enpty negative GIU-1 pTR strong staining in cytoplasm pNIR
strong staining in nucleus, nucleolus pRNT strong staining in cytoplasm

PNRT strong, cyt
cyt opl asmi ¢ ‘jﬁﬁ%ﬁ@%&r&%@%'&‘alﬁ% @gfn%i@é'gt é’rwt)% rp?&%ﬁs%ésoé?&
cytopl as rramal}yzedl luéRlar@iiszlmwan!@lp[@p@m@ wﬁh rﬁmﬂog[onahagtl PA4 Ao i PW2NL1

onl'y i ncl ysdigngn dc@oﬂ&l‘éﬁb@'\mth-rtﬁeaﬁésﬂefh Biot @éﬁult@ﬁmawmecgtsoﬁh@tlga@l ng in
cyt opl asm negat | ve

t
could not be getectea ﬂor\}\}er\]/gr tpne p'l%féf) prosceln showed localization in
5 plasma membranes (Figure 45). The localization of CTL protein was not ana-
lyzed, because no suitable antibody was available.

8.2 EXAMPLE 15: ANALYSIS OF VECTORS ENCODING RECOM-
10 BINANT GAG ANTIGENS AND CYTOTOXIC T-CELL EPITOPES (CTL)

FROM POL
6.2.1. EXPRESSION

Analysis of expression of the vectors expressing CTL cds or proteins
irom the gag region were performed by western blot. As seen on Figure 46A
45 and 46B, the CTL and dgag expression was clearly demonstrated in Cos-7
cells as predicted size proteins (25kD and 47kD, respectively). The co-
transfection of the Nef, Rev and Tat significantly enhanced the expression of
the dgag protein. We interpret this as a result of REV protein action on the
GAG mRNA expression We also tried to express the dgag protein from GTU-1
20 vector in Jurkat cells, but we failed to detect any signal (Figure 46C). The
analysis of the codon usage showed that wt GAG sequence had not optimal
codon usage for human cells. When the codon usage was optimized (con-
structs psynp17/24 and poptp17/24), strong p17+p24 (40kD) protein expres-
sion was detected in Jurkat cells (Figure 46C and 46D).
25 6.2.2. INTRACELLULAR LOCALIZATION
For dgag and p17+p24 proteins, the intraceliular localization was also
analyzed in RD cells by immunofluorescence with anti p24 Mab. Similar to the
western blot results in Jurkat cells, the dgag could not be detected. The p17/24
protein showed localization in plasma membranes (Figure 47). The localization
30 of CTL protein was not analyzed caused by lacking of suitable antibody.




good staining in cytoplasmgood staining in cytoplasm good staining in
cytopl asm cytopl asm c+i nclusi ons cytoplasm c+inclusi ons inclgsj O 12005
nucl ei and cytoplasm only inclusions in nuclei and in cytopi o
PCT/ FI1 02/ 00379 anti-Tat negative positive staining in cytoplasmpositive
st ai ni ngwiguz/eswesy eus good staining in cytoplasm googcsiraiziésng N

cytopl asm positive staining in cytoplasmgood staining in cytoplasm
cytopl asm c+i nclusion s cytoplasm c+inclusion s inclusions in nuclei and
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6.16 EXAMPLE 16: MULTIREG+STRUCTURAL PROTEINS AS MUL-

TIHIV ANTIGEN EXPRESSION

5 As next step, the expression of the MultiHIV antigenes consisting of
both, regular multigene together with gag encoded protein andfor CTL
multiepitope as single polypeptide was analysed. On Figure 48, the Western
blot shows the expression of several multiHiV-antigenes expressing vectors
transfected to the Cos-7 cells. It is clearly seen that the expression levels of all

10 regulatory+structural multi-antigenes are significantly lower than of the RNT or
TRN proteins. All tested MultiHIV antigenes migrate in the gel as distinct bands
near the position of predicted size (73kD for multii'eg+CTL; 95kD for mul-
tireg+dgag and 120kD for multireg+CTL+dgag). Similar to the RNT and TRN,
the RNT-CTL migrates more slowly than TRN-CTL. Also, in cases of both TRN

15 and RNT constructs, the MultiREG-CTL-dgag combination showed higher ex-
pression level than MultiREG-dgag-CTL.

More detailed analysis of the multiHIV antigenes was performed in Jur-
kat cells. For this reason, most of the constructed MultiHIV antigenes (mul-
tireg+structural), included the MUutiREG+CTL+optp17/24 (with predicted size

20 113kD) were analyzed by Western blotting using antibodies against different
parts of the antigene. The results are presented on Figure 49 are principiaily
similar to those were reported in previous section in case of Cos-7 cells. As it
was seen in the previous experiments, the dgag containing multi-antigenes
"express véry low levels of the hybrid protein in Jurkat cells. The expression

25 from the vector pTRNdgag was undetectable on all biots. In lanes loaded ma-
terial from cells transfected with other dgag containing antigene expression
vectors, very faint signals only on the Nef Mab hybridized blot were detected at
positions of predicted sizes. In contrast, if the dgag part is replaced with the
codon optimizéd p17/24, the expression level increase was observed. Be-

30 cause the TRN-CTL-optp17/24 and RNT-optp17/24 were initially chosen for
further analysis, the expression of the antigenes was analyzed from all GTU
vectors bontaining these expression cassettes. Also, the E2 protein expression




only inclusions in nuclei and in cytopi. 1 9 OCT 2005 WD 02/ 090558

PCT/ FI1 02/ 00379 86 The intracellular |ocalization of dgag and pl13+@%4 2005
proteins was also analyzed in RD cells by inmunofl uorescence with

nmonocl onal anti p24 anti- bodies. In accordance with the Western bl ot
results woodusdkst cells, the dgag could not be det ectpe@rigdovpyer, the
pl7/24 protein showed localization in 5 plasnma menbranes (Figure 45). The

| ocalization of CTL protein was not ana- |yzed, because no suitable

anti body was avail able. 6.2 EXAMPLE 8%: ANALYSI S OF VECTORS ENCODI NG RECOM

10 BlI NANT GAG ANTI GENS AND CYTOTOXI C T- CELL EPI TOPES (CTL) FROM POL 6. 2. 1.
EXPRESSI ON S tQrs..e CIL_cds or
prot ei ns ffmlt%%b %Q%m]r%ggﬂ(’%sﬁaf\}é e perhf@o e%@lgs gﬁﬁ {HB%&F%? OB gurepl.seen on
Fi gure 46AThes aiednalbig, dlffeiencé's_bemgaedghg vembfsaﬁsdxpfés‘é@ﬁ(lé\lvtf@bf b’%ith "
denonstr at o re si ze proteins (25kD and 47kD,
respecti vel d' g?‘%&‘? fh@n@f@'ﬁcﬁ?'ﬂnﬁ- %@@pmslond@veiamot@gmﬁwﬁmf icantly
enhanced t Inefluenpsbp prsente of IRESIaRPE BiBed niisb R Pheh L Sngs 2 result
&

of REV protein actlon on_ the expr essi on 0 express
the dgag® pP&sels transkatesriom th@sﬁ@gﬁﬁRNAmst Eat cells, but we failed to
detect any signal (Figure 46C). The analysis of the codon usage showed
that Wt GAG sequence had not optimal codon usage for human cells. Wen the

codon usage was64ist IENARLE dBnMANTENANCESSR IR RESSITN RRPARTIEEY) . strong
- pl7+p24 (40kD) protein expres- sion was detected in Jurkat cells (Figure

46C and 46D). 25 6lNE PainfeTERACEE thel MROTAR IZATIED Em;vzdmg@eﬁél%slﬂpm
P Lo AR 680 EBALLACHR 4, o X e, o
e s et st rnat
ocal i zat i frami ASGRUrRMNaETES vEEoBNSs 418 an iédlhy! & 0
868‘359' n vag, RAT-BFRlHESSAUTEY). By(pkaﬁhjrr@l‘boptp*}/ﬁ (tﬁng&%@B;%og 19 et
CTL-optp17/24), superéwt (super6wt-RNT-CTL-optp17/24) vectors each utilize
the E2 protein and its binding sites for the plasmid maintenance activity. In this
15 experiment, also EBNA-1 and its binding site utilizing GTU vector FREBNA-
RNT-CTL-optp17/24 was included. As negative controls, "non-GTU" plasmid
-containing a mixed pair of the EBNA-1 expression cassette together with E2
binding sites (E2BSEBNA- RNT-CTL-optp17/24) was used. Also, regular MV
expression vector pCMV- RNT-CTL-optp17/24 was used.
20 Jurkat cells were transfected with equimolar amounts of the plas-
mids and the antigen expression was studied at 2 and 5 days post-transfection
using a monoclonal anti-Nef antibodies. Transfection with carrier DNA only
was used as a negative control. The resuits are presented in Figure 51.
As it seen from figure 51, the expression Is detectable oniy from
25 GTU vectors at the second time-point. The antigen expression from the
FREBNA- RNT-CTL-optp17/24 was lower at both time-points, because, unlike
E2, the EBNA-1 does not have transcription activation ability.
Also the intracellular localization of the multireg+structural polypro-
teins was studied by in sty immunofiuorescence analysis in RD cells essen-
30 tially as described in Example 4. The results are presented in figure 52,
In all cases localization only in cytoplasm was detected using either
monocional anti-Nef or anti-p24 antibodies. In accordance with Western blot
data, the expression level of optp17/24 containing proteins was much stronger
than dgag fragment containing antigens.
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PROTEI NS AS MJL- TIH V ANTI GEN EXPRESSI ON 5 As next step, the exﬁ} s@ﬂénz%ﬁ
the Multi H 'V anti genes consisting of both, regular nultigene together with
gag encoded protein and/or CTL nultiepitope as single polypeptide was

anal ysedwo/ostsgpur e 48, the Western blot shows the ewyorssgicee of several
mul ti H V-anti genes expressing vectors transfected to the Cos-7 cells. It
is clearly seen that the expression |levels of all 1o regul atory+structural
mul ti-antigenes are significantly kgwer than of the RNT or TRN proteins.
Al tested MultiH V antigenes migrate in the gel as distinct bands near
the position of predicted size (73kD for nultireg+CTL; 95kD for nul -
tireg+dgag and 120kBidrencesudited riegsiGTiredyeyporatsidniaraln Borafeienedi and TRN,

the RNT-CJL. m gr r hiimdigasapubf both TRN
15 and el{c?ﬁ@ﬁﬁéﬁds%ﬁﬁe@ﬁ%ﬁé@%@%&%@tﬁﬁct :' n q\;ﬁ%_hi gher ex-
pressi on liatieh artzateniuon patedd @I@fﬁ@a@ﬂ_.\’vaﬁb‘%@ ties i?r&glr&ﬁ\’éﬁi@?s f the

mul ti HV antlLgens hctforaed borelekrica id its enfiraty forbll purpbees.t hi s reason, nost

of the constructed MiltiH V. antigenes | - & u I kb ncl uded t he
Mul t i RBG+CTL+opt EPUVZWO@@C?W'P% %@fé’?%“c’g\%z%f @fr @?gﬁ " %fgéaﬁ%?gzed by

Vest ern blyghbitnizpasingdran its Ispilit esd agape sas will bEapgAten ﬁhﬁl%_e&f“ Bhe anti gene.
The resul ts,are Pgﬁg@%&ﬁc QPhHhIERs 4 iR dRidrBiaipk dffbted 19} Wayaf to those
vere repoft B Fh i n_ case

ous” sectron | se, of ﬁ:o -7 cglls. ié _ Wwas seen
in the prexample entpearidibatisvention igdagedbmies ‘?ﬁ)ﬁgyrjr]ﬂﬁ’ ‘?rm?n?fiotggr)@s expr ess
very | ow Leyel s 8fmd BRGWAH thedfulitstope iof eduiveientsciel Wwhich Bueh elgimessi on 25
fromthe vector, pTRNdgag was undetectable on all blots. In |anes | oaded ma-
terial 1¢ r &ff @@tﬁhea- transfected with other dgag containing antigene
expression vectors, very faint signals only on the Net Mab hybridi zed bl ot
were detected at positions of predicted sizes. In contrast, if the dgag
part is replaced with the codon optinized pl7/24, the expression |evel
i ncrease was observed. Be 30 cause the TRN- CTL-optpl 7/ 24 and RNT-optpl 7/ 24
were initially chosen for further analysis, the expression of the
anti genes was analyzed fromall GIU vectors containing these expression
cassettes. Also, the E2 protein expression 1 9 OCT 2005 WO 02/ 090558
PCT/ FI 02/ 00379




.88 fromthese plasm ds was anal yzed. The results are illustrated on
Figure 50. There are no big differences between the vectors IZSQEW% |on
| evel s of both nulti-antigene and the E2 protein. The E2 expressi

is not significantly influenced by presence of IRES el enment followed m)use
GW CSF gene in the 5 plasmd, translated fromthe same nRNA as the E2.
6.17. EXAVPLE 17: MAI NTENANCE OF EXPREESI ON OF ANTI GEN The nmai ntenance of
the plasmid in a population of dividing cells was proved using the green
fluorescent protein and Nef protein as markers. The 10 nmai ntenance of the
expr essi oncgmmge RNT- CTL- opt pl 7/ 24 antigen produced fromdifferent GIU or
non- GTU vect:ors was al so anal yzed. Specifically, GIU-1 (p

RNT- CTL- opt pl- 7/ 24), GTU-2 (p2 RNT-CTL-optpl 7/24), GIU-3 (p3 RNT-

CTL- opt pl 7/ 24) , A8 Y RAEEEN (eottP 8b@MksiAgNT- CTL- opt pl 7/ 24) vectors each utilize
the E2 protein an%eh?“i bi nding sites for the plasm d mai ntenance activity.

In this 15 expe®i E!flq%"‘@BP\WGf'narﬁi "P?’%a"rﬁﬂ?a?fﬁ@ Rictedn gt 71 RapiliRgaGTU

vect or FREBNA- RNUirGs Lopepitibiy/ %eﬁam | Hetkpeidgoids pfﬁiﬂﬁéﬂ V@ldiqmcka@i' s,
"non- GTU' plasm d__containi.n air. of the EBNA-1 %r essi on

cassette together a\ﬂf’?%“ﬁ?"’iﬁﬁrﬂ?ms@?t@gﬁ QN sinding comap whi B®® 24) was
used. Also, regul aFeﬁd/anwmwnaﬁéﬁqi}q furiclidhal Whhﬁpbzﬁd@to?ﬁ was

used. 20 Jurkat ce ls were transfected V\1 é& E{m ¥ HDunts of the plas-
mds and the anti GURCRGEMIRODARL0RRLINCHANG] eqyivaIenbtngrRen ang _
post - t r ansf ect i bn a meitimgrizedri binding lsequrince Il‘dﬂ'fthamidldwdnﬂmnng'pm;i ection
with carrier DNA onl negatlve ont e ts are
presented in Fi gu(re‘g‘ \gai V%id L{{%%g)éa%c% Pﬁ%‘ﬂr °?{’l%p '?ﬁﬂggé n s

detectabl e only fmammaiBnGEll vectors at the second ti me-point. The antigen
expression fromthe FREBNA- RNT-CTL-optpl 7/24 was |ower at both

ti me-points, because, unlike E2, the EBNA-1 does not have transcri.ption
activation atd-| Fog verlps of whaimi ht wherelnl saicmuciesminichating pra¢intindhe E2

mul tireg+struct, %‘“B@meq:aﬁ"ﬁm}gg%{ esdi ed by in situ

i mmunof | uor escence analysis I'n sen- 30 tially as described in
Exanple 4. The results are presented in figure 52. In all cases

|ocallzatlonsmwewacﬁytd?ri&a WV\@rSzd%@Fe%f?‘iafdsht'i@e 'Wﬁeﬁpﬁ‘oot data t he

anti-Nef or anti-p24 antib I N accordance wt
expressi on | evthrémafybttbﬂ_*MﬂQ@adeﬂéler gorpeiai 1RSNRAS), pneucleandoma®t  t han
dgag fragnment cppai ning antigens. 1 9 OCT 2005

4. The vector of claim 1 or 2, wherein said nuclear anchoring-protein is a
chromatin-anchoring protein, and said functiona! domain binds mitotic
chromatin,

S. The vector of claim 1 or 2, wherein sa:cs nuclear-anchoring protem contains a
hinge or linker region.

6. The vector of claim 1 or 2, wherein said nuclear-anchoring protein is a natural
protein of eukaryotic, prokaryotic, or viral origin.

7. The vector of claim 6, wherein said natural protein is of viral origin.

8. The vector of claim 6, wherein said nuclear-anchoring protein is a namrai
protem of eukaryotic origin.




WO 02/ 090558 89 PCT/ FI 02/ 00379 All references cited herein are incorporated
herein by reference in their entirety and for all purposes tothejghnilh
extent as if each individual pub- lication or patent or patent application
was specifically and individually indi- cated to be incorporated by
reference in its entirety for all purposes. 5 Many nodifications and
variations of this invention can be negle w thout departing fromits spirit
and scope, as will be apparent to those skilled in the art. The specific
enbodi nents described herein are offered by way of exanple only, and the
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with the full scope of equi valent Io"are entitl ed.
19 OCT 2005 o@titisim@ein. An expression vector conprising: a. a DNA sequence
encodi ng a nucl ear-anchoring protein of a papilloma virus operatively

i nked to a heterol ogous pronoter, said nuclear- anchoring protein

conpri si ng 101 Thea ®@dforbiohdetaiy dynaihersihi séidbinodeart-anchorirp egrfeire IDNA
sequence, and_(]i). ] 0 nai t hat binds . a cl ear  conponent,
or a functi on%%b@élﬁgogﬁe%%'ht %2#"3%3; prgﬂé'g!,nteﬁ ?i?{g{]@f@@%%ﬁ% %rmﬁ?%cé’legequence
for the nucl emodelingtechnkguesr ot ei n, wherein said vector |acks an origin of

replication functional in a mammlian cell. 2. The vector of claiml1,
wherein said nucl ear-anchoring protein is the E2 protein of Bovine

Papi | | orr? \Miir Tise U?ﬁer 8f cldim T?,@vh@?khﬂsaiﬂfnle@irﬁbimfzt préted, ﬁwml ﬁﬂo(tjeiﬁ,adxrd 2 gcl ear
conmponent is mtotigc .chromatin, e.nuclear .matrix, .nucl ear domnmin
(NBEO), or nuidPH ?Og{ﬁfﬁg@g,{)y TpeipLUigr Wﬁ%ﬂ\%@? quEs QONLAInG aMGFEMRINGYOD: oi n sai d
nucl ear anchogii APNA BiEing doPnzin WHthOSAdS > 8416 RPELIAGO DRIRCiR]LRNcABAd %ai d
f unct ! onal _ do%é? bi nds m t%_lﬁ _cBr onatin. 5. The vector of claim1 or 2,
wher ei n said N - Br VRigh pPiBeRi 10 comugies comagnagle Wheeimgald 1 egi on.
functional domain which binds to a nuclear component is that of a papilloma
Vitus,

12. The vector of claim 11, wherein said recombinant protein, fusion protein, or
protein obtained by molecular modeling fechniques contains any combination
of a DNA binding domain which binds to said specific DNA sequence and a
functional domain which binds to a nuclear component, wherein said
functional domain which binds to a nuclear component is that of E2 protein of
Bovine Papilloma Virus type 1.

13. The vector of claim 1 or 2, wherein said vector further comprises one or more
expression cassettes of a DNA sequence of interest.

14. The vector of claim 13, wherein said DNA sequence of interest is that of a
gene obtained from an infectious pathogen.

18. The vector of claim 14, wherein said infectious pathogen is a virus.
16. The vector of claim 15, wherein said virus is selected from the group

consisting of Human Immunodeficiency Virus (HIV), Herpex Simplex Virus
(HSV), Hepatitis C Virus, Influenzae Virus, and Enterovirus,




6. The vector of claim1l1l or 2, wherein said nuclear-anchoring proteinis a
natural protein of eukaryotic, prokaryotic, or viral origin. é_Pme g tor
of claim®6, wherein said natural protein is of viral origin. g& \; or
of claim®6, wherein said nuclear-anchoring protein is a natural protein of
eukaryotic origin. 19 OCT 2005 9t 9. The vector of claim1l or 2, wherein
sai d nucl ear-anchoring protein is an @tificial protein. 10. The vector of
claim9, wherein said nuclear-anchoring protein is a reconbinant protein,

a fusion protein, or a protein obtained by nol ecul ar nodeling techniques.
11. The ve i L0, I i e i ; j i on
protein, oﬁ§%¢%9ﬁ%%&%ﬁn%%%ﬁlségu g?‘ {%@%ﬁéﬁp@é@%?ﬁq@gg&é%m ai ns any
conmbi nati on @fnephbpedireniadmetiviven. n whi ch binds to said specific DNA
sequence and a functional domain which binds to a nucl ear conponent,
wherein said functional domain which binds to a nuclear conponent is that
of a papi | I"énEhe vestorsof daim Thewbaeinosaid bactedimid selenied rfetinm theagrdup econbi nant
protein, fusi QL ej Q£ ai del.iing

t echni ques co%glg?&@é a?}#;cg;gimdﬁ%“ onemgpé’a%gb%%{er{anﬁ orgn@f’%gv\h%h binds to
sai d speci fi cMproRlasstpRnesencaisd a  functional domain which binds to a

nucl ear conponent, wherein said functional domain which binds to a nuclear
conponent is that of E2 protein of Bovine Papilloma Virus type 1. 13. The
vector of dPalhg vedgr of clajn a7 avhereiaisaid kastesiunt ia Sakeonelanpri ses one or nore
expression cassettes of a DNA sequence of interest. 14. The vector of claim
13, wherein said DNA sequence of interest is .that of a gene obtained from
an i nf ecti ddsTiavederes caim 13 Hehareiotssid BNAcseguenoeof intrsestiin thediofial nf ect i ous

pat hogen i s agaid ditaind®irorh ¥ S claim15, wherein said virus is
sel ected froﬁ?t he ga?“gup mcons?{%’}pngag%n'Hurmn | mmunodeficiency Virus (H V),

Her pex Sinplex Virus (HSV), Hepatitis C Virus, | nfluenzae Virus, and
Ent e1 ovi 1 USy, Fvédidr Hain 98, wereHBidHGAIA haftogbh A Carkita digar. 1 Sai d DNA

sequence of interest 1s that o
22, The vector of claim 13, wherein said DNA sequence of interest is of HIV

origin.

23. The vector of claim 22, wherein said DNA sequence of interest encodes a
non-structural regulatory protein of HIV,

24. The vector of claim 23, wherein said non-structural requlatory protein of HIV
is Nef, Tat or Rev.

25. The vector of claim 24, wherein said nonstructural regulatory protein of HiV is
Nef.

26. The vector of claim 13, wherein said DNA sequence of interest encodes a
structural protein of HIV.

27. The vector of claim 26, wherein said DNA sequence of interest is the gene
encoding HIV gp120/gp160.

28. The vector of claim 13, wherein a first said expression cassette comprises a
DNA sequence of interest which encodes Nef, Tat or Rev, and wherein a




gene obtained froma bacterium 18, The vector of claim17, wherein said
bacteriumis selected fromthe group consisting of Chlanydia tr@ghg@qt?mm
Mycobact eri um tubercul osis, and Mcoplasma pneunonia. 19. The vector o
claim 17, wherein said bacteriumls Salnonella. 20. The vector of claim 13,
wherein said DNA sequence of interest is that of a gene obtained froma
fungal pathogen. 21. The vector of cla®$¥n 20, wherein said fungal pathogen

i s Candi da al bi gans. 22. The vector of claim 13, wherein said DNA seguence
of interest is of HV origin. 23. The vector of claim22, wherein said DNA

sequence of isabm&shide@qwe@mﬁaam&es&dﬁﬁs&aé D18 Wegli@iae of giteest of HI V.
24. The veCtorh*cR‘]%{fl gi rrhze? é\/neéei n said non-structural regulatory protein
of HIV is NEfMCHEBHRCCEPS REY 186 "o vector of claim 24, wherein said
nonstructural regulatory protein of HHVis Net. 26. The vector of claim
13, wherei id equence of interest, encodes a structural protein of
v oy Tectesior of Sl wherejha 'atﬁagiawrwns@aa@%mow%&ﬁ@erest i s
the gene en@NA reqidnéeOsFliRRiaH iiich 8codBReN¥E AP bor MevC had WhbdinWherein a

first said expres |0ﬁ cassette conprises a DNA sequence of interest which
encodes Nef, SPEPNGSBRGIPrEfRinGassalts sompriseeTa JH9A spguenceo At indaest

expressi on cagfdi érodedBstrEabralpfin oeANENCe of interest which encodes
Nef, Tat or Rev. 29. The vector of claim13, wherein a first said

expressi on cassette conprises a DNA sequence of interest which encodes

Nef, Tat og0.Rge vethsh S @4 13 2wh&RAPIHE BRIIsEIRNES BF Mlere8P 8RdddRs GPITPI | Ses a
. DNA sequence of jnterest which encodes a structural protein of H V. 30.

The vector ofPrRiFiyapsegatedmithganceme DNA sequence of interest encodes a
protein associated with cancer. 31. The vector of claim 13, wherein the DNA
sequence of interest encodes a protein _associated with i mmune maturation,

regul at i on3bfThenyRAte oledpianddswhergin thegDNA senvesee £f inteiestiaRCIMBS Ponses.

protein agsociated with immune maturation, regulation of immune responses,
or regulation of autoimmune responses.

32. The vector of claim 31, wherein said protein is APECED.

33. The vector of claim 13, wherein the DNA sequence of interest is the Aire
gene,

34. The vector of claim 13, wherein the DNA sequence of interest encodes a
protein that is defective in any hereditary single gene disease.

35. The vector of claim 13, wherein the DNA sequence of interest encodes a
macromolecular drug.

36, The vector of claim 13, wherein the DNA sequence of interest encodes a
cytokine.

37. The vector of claim 36, wherein said cytokine is an interleukin selected from
the group consisting of IL1, IL2, iL4, IL6 and IL12.

38. The vector of claim 36, wherein the DNA sequence of interest encodes an
interferon.,




32. The vector of claim31l, wherein said protein is APECE 33. The vector of
claim 13, wherein the DNA sequence of interest is the Aire g?g}m&tg The
vector of claim 13, wherein the DNA sequence of interest encodes a 9 tein
that is defective in any hereditary single gene disease. 35. The vector of
claim 13, wherein the DNA sequence of interest encodes a nacronol ecul ar
drug. e vector of claim 13, wherein th#® DNA sequence of interest encodes a
cytokine. 37. The vector of claim 36, wherein said cytokine is an
interleukin selected from the group consisting of IL1,1L2, 114, 11-6 and

LI 2. 38. V. i Lwherehn .t , of J.nterest
encodes anag'?ﬁ!teer eﬁﬁpél?%qwgwgﬁeggﬁl %%?g%g@%gﬁgﬁgohd‘e% , Wherein
sai d DNA sequiviogically dative RNA mefexaltes a  bi ol ogical |y active RNA nol ecul e.
40. The vector of claim 39, wherein said biologically active RNA nol ecul e
is selected fromthe group consisting of inhibitory antisense and ribozyne

molb ecul es. 4@.|I{heT:aectme'@!r‘] @fairaf 3%I w?ene#ﬂ‘ sawhﬁ?@igmaaﬁia@éiwfﬂm trmief%mtié sense ?r
ri bozyme nol ecules  inhibit the function of oncogene. 42. The vector o
any of cl ai meeEad M 68 ooU GAbastag R innibloryTRRTESEE ALADIARE | cl ai ms
1-41 for use m@sledulegrrier vector for a gene, genes, or a DNA sequence or
DNA sequences of interest, such as a gene, genes, or a DNA sequence or DNA
sequences encoding a protein or peptide of an infectious agent, a

t her apeut i 41 20N vecr NSIC LRI 46U Wherdhi Ushid GhhRRY _éﬁﬁ@ngétbuor:‘ib&ﬂﬁﬁé’og - 44

The vector of any of clains 1-4.1%5 use as a nedicanment for treatin
i nherited or 'Helgavlpsinhifitibeifencion of 8 onasgenehe vector of any of clainms 1-41
for use as a therapeutic DNA vaccine against an infectious agent. 46. The
vector of any of clains 1-41 for use as a therapeutic agent. 47. The vector
of any of #Rafhesvertarioffapy of nleines #-4fl for yseoalianieslicasierd. protein  encoded by
sai d DNA sequence of interest in a cell or an organism
43. The vector of any of claims 1-41 for use as a carmier vector for a gene, genes,

or a DNA sequence or DNA sequences of interest, such as a gene, genes, or

a DNA sequence or DNA sequences encoding a protein or peptide of an

infectious agent, a therapeutic agent, a macromolecular drug, or any

combination thereof.

44. The vector of any of claims 1-41 for use as a medicament for treating
inherited or acquired genetic defects.

45. The vector of any of claims 1-41 for use as a therapeutic DNA vaccine
against an infectious agent.

48. The vector of any of claims 1-41 for use as a therapeutic agent,

47. The vector of any of claims 1-41 for the use for production of a protein
encoded by said DNA sequence of interest in a cell or an organism.

48, The vector of any of claims 1-41 for the use for production of a therapeutic
macromolecular agent in vivo.




48. The vector of any of clains 1-41 for the use for production of a

t herapeutic macronol ecular agent in vivo. 1 9 OCT 2005 95 49. ﬂS%C%fzhmf
vector of any of clains 1-12, for nmanufacturing a pharnaceutic&l
conposition for providing a protein to a subject, wherein said vector (i)
further conprises a second DNA sequence encoding the protein to be
provided to a subject, which second A sequence is operably linked to a
second pronoter, and (ii) does not encode Bovine Papilloma Virus protein
Ell, and wherein said subject does not express Bovine Papillonma Virus

protei n El 4930se bb@cOfectdf\eRgicdicidihs 40Y2, 3br fMafiifdBtuting & pHiddmabBiidbRCt uri ng
a pharmaceutical conposition for inducing an inmune response to a protein

- H .a » . 1
in a subject,“OMpRSHON{oLROMdEA Brotein o A sHbiset Whers pald yeelos BhwRbeDNA
sequence encoginfiihiseSd $bcBhQTNA sedil He\Srotil d rabl y
linked to a se(!:ﬁc,)uﬁd pronot er, aﬁd (irﬁé)éegagggﬂggt encogg?g%?{ r\llidelgggiaﬁl ona
Virus protei rsubjectawiichysesanch D gsesiisnes tis deperabiyt linkegr s @ Baeonse
Papilloma Vir t g %08 Eg;njgﬁv : _ «Ci Al 1-12,
for manuf act ul?}i&r]l%?éa}’ ghgrfﬁejgge%hoéa corrposFt?%ﬁ#n(‘)ér?fvtirragé@%g %ﬁ‘ I nf ecti ous
di sease in a WipEceaid subjecidioes nobexpress Barine Rapiliovha Mirus prcdéic EINA sequence
of interest encodes a protein conprising an i nmunogeni c epitope of an
i nfectious agent. 52. Use of the vector of any of clainms 1-12, for
manuf act ur idfglse phiheneestert dfcatly of olaimesi-12,dor frmnufackeing egpleariscbaticat ed or

acqui red genetj Ct i, . ject in need of, sai rea nt.,. erein
sa?d DNA gequéem&ﬁkﬁi f?{éﬁﬂ@?ﬁ%%@oﬁ@gm&e rﬁ?anV\ﬂi&H{ql% "i\% &lﬁsﬁbby sai d
ilnh_eri tidltz)r wizereirrmi? yedet (i} fulthee cbmphiSes dzecaid DN sepleace eheaiyy of A
clains 1-12, [ n tyrin rma. _conposition far expressing a
sequence in aéag%ﬁr@@t’!‘f %&‘A& ﬁeﬁgﬁh@ ' %?‘*‘ieﬁﬁggﬁ" @Bﬁﬁz‘m Iﬁfﬂ‘egf 023\75&8?'5? of any
of clainms 1 tprofibteroamdi(s) dess nét. eriode iBAineBagilidras ikl groenEa] smdg sai d
vector; and b, r‘e?ovagrir&g t?{f vec%or. 55. The maihhodéﬂf cl ai {ncé4 further
conpri si ng beVBFETLTAY siikject togs a6t g¥press Bodpe Fapligma Miwspeendel | with said
vector. 1 9 OCT 2005 96 56. The nethod of claimb54, wherein said host cell

I s a prokaryot.ic 1. 57. The nethod of claim54, wherein said host, cell
i s an Eschédi Hp8 gf (ﬁﬁ yector of any of claims 1-12, for manufacturing a pharmaceutical

composition for treating an infectious disease in a subject in need of said
freatment, wherein said DNA sequence of interest encodes a protein
comprising an immunogenic epitope of an infectious agent.

52. Use of the vector of any of claims 1-12, for manufacturing a pharmaceudical
composition for treating an inherited or acquired genetic defect in a subject in
need of said treatment, wherein said DNA sequence of interest encodes a
protein which is affected by said inherited or acquired genetic defect.

53. Use of the vector of any of claims 1-12, for manufacturing a pharmaceutical
composition for expressing a DNA sequence in a subject.

54. A method for the preparaticn of a vector of any of claims 1 to 41 comprising:
a. cultivating a host cell containing said vector; and
b. recovering the vector.

55. The method of claim 54, further comprising before step (2) a step of
transforming sald host call with said vector.




58. A host cell, characterized by con ring the v ny of clains 1-41. 59. A
host cell, char acteri zed by containing the vector of claim13. @CU[;TH'@[)Qost

cell of cI aim58 or 59, wherein said host cell is a bacterial cell.
The host cell of claim58 or 59, wherein said host cell is a mamml i an
cell. 62. Acarrier vector containing the vector of any of clains 1 to 41.

63. A pharmaceutical conposition conpr$sing the vector of any of clains |
to 41 and a suitable pharmaceutical carrier, 64. A DNA vacci ne contai ning
the vector of any of claims 1 to 41. 65. A DNA vaccine containing the

vector of &6aIHe rhéthoB6f cAindHA, wmm:&aaét%eals@spﬁdaﬁwsb@ﬂ of claim 15.
67. A DNA vacci ne containing the vector of claim 17. . A DNA vacci ne

containing the vector of claim20. 69. A gene therapeutl c agent contai ning

the vect or spITIReRlodek 8l 54, hilert schd hodt Y FIELGHerkth diiepar alfon of

the DNA vaccine of any of clainms 64 to 68, sal conpri sing
conbi ning said vector wiwth a suitable pharmaceutical vehicle. 1 9 OCT 2005

97 71. Usesgfp ABstsll! @afadsi?ead n%%m%er e@%&éﬁglﬁﬁﬂg msa,{_gt@ar maceut i cal

conposition for expreSS|ng a gene
popul ation, said vector conpr|5|ng a. a DNA sequence encodlng a

nucl ear - angg Abeﬁ &EIO&E %%Ité‘“é’ﬁyf??d& of%@ﬁt & ol ogous pronoter,

sai d nucl ear-anchori ng protein conpri si bi"hdi ng domai n whi ch
binds to a specific DNA sequence, and (ii) a functional domain that binds

il 1 mor | 60 SRR aeL At Bhinfos BRES.yifeim Rl ol o8l A SR B ES, anchor i ng

protein, wherein said vector lacks an origin of replication functional in a

i di 71,
wher ei n_safh Mg cel 8o S8 oPR8 ereR sl hed e l§ ravrassg Bl ot oi n to o
subject. 73. Use of an expression vector according to claim 71, wherein

sai d . -
62. A carrier vector containing the vector of any of claims 1 to 41.

63. A pharmaceutical composition comprising the vector of any of claims 1 to 41
and a suitable pharmaceutical camier.

84. A DNA vaccine containing the vector of any of ciaims;» 1 to 41.

65. A DNA vaccine containing the vector of claim 14,

66. A DNA vaccine containing the vector of claim 15.

67. A DNA vaccine containing the vector of claim 17.

88. A DNA vaccine containing the vector of claim 20.

69. A gene therapsutic agent containing the vector of any of claims 110 41,

70. A method for the preparation of the DNA vaccine of any of claims 64 to 68,

said method comprising combining said vector with a suitable pharmaceutical
vehicle.




phar maceuti cal conposition is used for inducing an i mune response to a
protein in a subject. 74. Use of an expression vector according 3 &0 208k
71, wherein said pharnmaceutical conposition is used for treating an

i nfectious disease in a subject in need of said treatnent, and wherein
sai d DNA sequence of interest encodes_a protein conprising an imunogenic
epi tope of an infectious agent. 75. USE of an expression vector according
to claim71l, wherein said pharmaceutical conposition is used for treating
an inherited or acquired genetic defect in a subject in need of said
treat nent, 7Tandsevodr an nexpeestiddNAecioe Joenhe wbnifatieressf £nsiedeacaidtipsiot ei n

which is aff egl gshatibn Rl Sxbriashy '€ Jete of $5dihsl Fa%50 itnjgcce ege%ﬁ}ation,

said vector comprising:

a. a DNA sequence encoding a nuclear-anchoring protein operatively linked
to a heterologous promoter, said nuclear-anchoring protein comprising (i)
a DNA binding domain which birds to a specific DNA sequence, and (i) a
functional domain that binds to a nuclear compenent, or a functional
equivalent thereof; and

b. a multimerized DNA sequence forming a binding site for the nuclear
anchoring protein, |

wherein said vector lacks an origin of replication functional in a mammaiian
cell.

72, Use of an expression vector according to claim 71, wherein said
pharmaceutical composition is used to provide a protein to a subject.

73.Use of an expression vector according to claim 71, wherein said

pharmaceutical composition is used for inducing an immune response to a
protein in a subject.

74.Use of an sxpression vector according to claim 71, wherein said
pharmaceutical composition is used for freating an infectious disease in a
subject in need of said {reatment, and wherein said DNA sequence of interest
e_eneodes & protein comprising an immunogenic epitope of an infectious agent.

75.Use of an expression vector according to claim 71, whetein said
pharmaceutical composition is used for freating an inherited or acquired
genetic defact in a subject in need of said treatment, and wherein said DNA
sequence of interest encodes a protein which is affected by said inherited or
acquired genetic defect.




