WO 03/ 025003 PCT/ EPO2/ 10592 Vaccines Field of the Invention 5 The present
invention relates to nucleic acid constructs, host cells conprising such
const r uctwoana2tob®ei r use in nucleic acid vaccines. The i mreempoymspurt her
relates to vaccine fornmulations conprising such constructs and the use of
such formul ations in nedicine. The invention in 10 particular relates to
DNA vacci nes that are useful in theVageép®gl axis and treatment of HV
infections, nore particularly when adm nistered by particle nediated
delivery. 15 Background to the Invention HV-1 is the primary cause of the

acqui red i pmend ofeftied ansaermyirdy ome (Al DS) which is regarded as one of
the world' s major health problens. Although extensive 20 research
t hroughout the world has been conducted to produce a vaccine, such efforts

thus fas haye pRleheRN i1SMGRESST Welaller: ey ehefle i cididsmisthiiéts have
been descri bed and 25 include for exanple |nternal ructure proteins such

as the pré@?@tsﬁ@ﬂ% [ROTRIG HAYW FBICTy S8 TENE E st SFFudtur al

proteins suchias \blé*ﬁacééﬁeéﬂujfﬁg ﬁﬂaéﬁﬂloﬁﬂfdﬂtheﬁ*ﬂﬂﬂﬁmﬁsam@\J Med,
324, 5, 308 et seq 199:%%and Bryant, et al. (Ed. Plzzq% %g%%ﬁg | nf ect .
Dis. J., lvacage fgomlatieng Crop)isifge LESCEEY fromthe

ful'l-1ength RNA Qo & Sy RISGEHS A H@Wl@i@' n e C:th\}fé"htildﬂﬁa.quent ly
cleaved into 3 = 5 capsid proteins; the matrix proteln Eap5|d rotein

and nudDei aadiidliawdinrlatest dih D vace \Ng = 3/1ps e P@ﬁ
prot ease. (pjroﬂzﬁyhdﬁ@tﬂd Mi Lol OBt Firelesy B £ et R PMmore

particularly when administered by particle mediated

delivery.
15 Background to the Invention

HIV-1 is the primary cause of the acquired immune
deficiency syndrome (AIDS) which is regarded as one of
the world’s major health problems. Although extensive
20 research throughout the world has been conducted to
produce a vaccine, such efforts thus far have not been

successful.

Non-envelope proteins of HIV-1 have been described and
25 include for example internal structure proteins such as
the products of the gag and pol genes and, other non-
structural proteins such as Rev, Nef, Vif and Tat (Green
et al., New England J. Med, 324, 5, 308 et seq (1991) and
Bryant et al. (Ed. Pizzo), Pediatr. Infect. Dis. J., 11,
30 5, 390 et seqg (1992).

The Gag gene is translated from the full-length RNA to
vield a precursor polyprotein which is subsequently
cleaved into 3 - 5 capsid proteins; the matrix protein,

35 capsid protein and nucleic acid binding protein and
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and Howl ey M 1996 2. Fields Virology vol 2 1996). The gag gene gives rise
to the 55-kilodalton (kD) Gag 5 precursor protein, also called p55, which
i s expreswoed3/otioin t he unspliced viral nmRNA. During transiPamiEm/165he N
termnus of p55 is nyristoylated, triggering its association with the

cytoplasm c aspect of cell nenbranes. The nmenbrane-associated Gag
pol ypr ot ei rPEFaRS Ui t 6L ¢ iBedpiertof YiHolMdal Bienbts BRNAEIRMEM t h

ot her viral_apg;geldHhar, p5otein t\f‘iﬂﬂ.ﬁ ther pudding of the viral
particle fraomthe sul};]f ace of an S‘Fln%}’gdcsi edTL ce g.yAfter bu d@ﬁg, p55 is
cleaved by the virally encoded protease (a product of the pol gene) 15

duri th e i t.l i ntg f I

desi gnat od M Grat 50T 0TS b s o o MR L Ur SRS [pey)
and p6. 5(4)pderiagin irprotteln heaBsorajaoll @i otdiivh ald GagreaBqut ecursors
contain severgl QInel, Logi o0 WLhAge gheaved oW and remmin, o the

virion as pep vari ous si zes. ese protei ns have erent roles
e.g. the p2yrictw mthass@a jr oposestaolatady regiggdrng acts vity of the
prot ease and contri.butes to the carrect timng of 2 rofeolytic
processi ng.” Oegl ot %letpk%i%e i & e ?llavséndL? raos%efchte (i\ftcgerfnf nal ,

nmyri st oyl atreghnierscheaf. St dogbrdvife rad el egred ey polatpmastech t o t he | nner

surface,of the viriqn lipid 30 bilagyer,, stabilizin e rticle. A subset
of v 10" At TR IR e SeclE VT ST P i arEn |
beconmes pardtiefr thierado e xcaihiwhe e goortiai tdhehdt adridferd aaHde nucl eus. (5)
These MA mgl ecules facilitate the nucle transport of the viral genone
because a%%rr%&ﬁlqkbe STigrit Wwﬁi%%%gﬁlegeﬂl%%‘f$eo%ér} ular -2 WD
03/ 025003 RGHJIFEH 92 After budding, p55 is cleaved by the

virally encoded protease (a product of the pol gene)

15 during the process of viral maturation into four smaller
proteins designated MA (matrix [pl7]), CA (capsid [p24]),
NC (nucleocapsid [p9]), and pé. (4)

In addition to the 3 major Gag protein, all Gag

20 precursors contain several other regionsg, which are
cleaved out and remain in the virion as peptides of
various sizes. These proteins have different roles e.g.
the p2 protein hasg a proposed role in regulating activity
of the protease and contributes to the correct timing of

25 proteolytic processing.

The MA polypeptide is derived from the N-terminal,
myristoylated end of p55. Most MA molecules remain
attached to the inner surface of the virion lipid

30 bilayer, stabilizing the particle. A subset of MA is
recruited inside the deeper layers of the virion where it
becomes part of the complex which escorts the viral DNA
to the nucleus. (5) These MA molecules facilitate the
nuclear transport of the viral genome because a

35 karyophilic signal on MA is recognized by the cellular
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nucl ear inport machinery. This phenonenon allows H 'V to infect nondividing
cells, an unusual property for a retrovirus. 5 The p24 (CA) protein forns
t he coni cab osoewodf viral particles. Cyclophilin A has beem/mpenonssirat ed
to interact with the p24 region of p55 leading to its incorporation into
H'V particles. The interaction between Gag and cyclophilin A is essential
because t héUKd &% rigarén Wh%e?ﬁ-nt@%m%mwnwblw AEVAGhhi bits

viral repligatd N .o vggi;) iQn 1of Gro drﬁlsg%ﬁp?{i/%p@r%yf ¥oSRkecifically

recogni zing the so-ca ckagi ng signa HrV. “The™ 15 packagi ng si gnal
consi sts ofreto@vistusm | oop structures |located near the 5 end of the viral
RNA, and is sufficient to nediate the incorporation of a heterologous RNA
into HHV-1 virions. NC binds to the packagi ng signal through interactions
medi at el byThen@24 nE&H)i pgat et iffosrms2 INC cains s aflacidriet atfesrimader se

transcripti T 6 L. regi I i f iLons between p55
Gag and thg%ar}ctcleéggeosgy SSJS? g)%%l\}g‘r% ‘AT glfgr%q}oﬁeﬁ%ns&%%&%g%r%?i on of Vpr
i nt o assentlitegadtr ivdrd. thee g28 2egiegi @f g0 leawtiaionsca ig® called | ate

domain which is_required for ffi.ci-ent release. of budding virions
from an i nfeCted cdl lthémlgc(ﬂ %Igﬁéjeaérr?clc? 5y 'tvvohp?r C-)Lt%é.’ler]fséct:{:&n i ni ng the two

30 acti vitiessweedahd wrichewdliogphillnredy liys iexfsecttiion, HdemudE tdoed t he

i ntegrase py.otein .need ar_i,ntegrati.on of viral DNA into .cel.l . . The
ot 30 pr SRS RO P £ e S Ly e R S oFORSn & 1S he
am no t er mwiata IR epdpidadd omhi ch contains activities necessary for DNA 35

synthesis (RNA and DNA directed DNA pol ynerase, ribouclease H and carboxy
term nal integrase protein. -3

The NC region of Gag is responsible for specifically
recognizing the so-called packaging signal of HIV. The
15 packaging signal consists of four stem loop structures
located near the 5! end of the viral RNA, and is
sufficient to mediate the incorporation of a heterologous
RNA into HIV-1 virions. NC binds to the packaging signal
through interactions mediated by two zinc-finger motifs.

20 NC also facilitates reverse transcription.

The p6 polypeptide region mediates interactions between
p55 Gag and the accessory protein Vpr, leading to the
incorporation of Vpr into assembling virions. The pé
25 region also contains a so-called late domain which is
required for the efficient release of budding virions

from an infected cell

The Pol gene encodes two proteins containing the two

30 activities needed by the virus in early infection, the RT
and the integrase protein needed for integration of wviral
DNA into cell DNA. The primary product of Pol is cleaved
by the virion protease to yield the amino terminal RT
peptide which contains activities necessary for DNA

35 synthesis (RNA and DNA directed DNA polymerase,
ribouclease H) and carboxy terminal integrase protein.
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WO 03/ 025003 PCT/ EPO2/ 10592 H 'V RT is a heterodinmer of full-length RT
(p66) and a cleavage product (p51) | acking the carboxy term nal Rnase

i nt egrasewO®@23003 5 RT i s one of the nost highly conservedCprEPEi0532 encoded
by the retroviral genone. Two major activities of RT are the DNA Pol and
Ri bonucl ease H. The DNA Pol activity of RT uses RNA and DNA as tenpl ates

i nt er changd&bV yRanws | ¢ Keetetrdd A pof yiekksksndHowriT | fpaflatsel ta) initiate

DNA 10 synt e Serve as
a primer ﬁ%ééaﬁ? %ﬁ%secg (Efc%l VI a{&él Péekﬁ (TZ%HJ_S&%}F@#} grkﬁel ns p ays t he
essenti al ricteeqeaady domaipl i cation of rermvi ng the 15 RNA genone as DNA
synthesis proceeds. It selectively degrades the RNA fromall RNA - DNA
hybrid nol ecules. Structurally the polynerase and ri bo H occupy separate,
non- ovebl afjil nigs dmmiasvs wihd hmadte l—Fiqjhl;omﬂsrtgrxtdfté ;amtrEund Wmctdﬂie’dis of the
Pol. 20 Th s folded into 5 distin donmai ns.

t t b t
The ami no Sbép%q'hca %X%f{%ts%lﬂenrlhoﬁe t he"® %ﬁ}?%r?%%wtﬁ’le%cqq ﬁﬁretar boxy
termto these iBNA heol Roed eR Hbddamdi ar s 51 Af tHie IDNfzecmcb]orhdﬁlxtm hast cel |,

the retroviral RNA _ geno copied into |inear ythe reverse
transcri pt d@ 1 rT‘gé#‘}fA ar;ttrf’énﬁlrﬁteeﬁ i Y et ﬁ‘rbqeéa lg?frase
(revi ewed ianlsmﬁ&qadn\&m@ﬁam Rribwd rus Resp B9 B2 ﬁ'?lli:l?a?c?é m@pognl ses the

ends of, .the viral trinms _them and acconpani es the viral. DNA to a host
chr omodQmalSYREHES 1% é:%t%ﬂ’%'e R é’ger‘ﬁﬂ%erﬁ AHE SAELINY (IR 9135 DNA  can

be targets dorsdmteHatd oprindt hgugh the integrase is sufficient to
catalyse integration in vitro, it is not
The Rnase H activity inherent in all RT proteins plays
the essential role early in replication of removing the
15 RNA genome as DNA synthesis proceeds. It selectively
degrades the RNA from all RNA - DNA hybrid molecules.
Structurally the polymerase and ribo H occupy separate,
non-overlapping domains with the Pol covering the amino
two thirds of the Pol.

20
The p66 catalytic subunit is folded into 5 distinct
subdomains. The amino terminal 23 of these have the
portion with RT activity. Carboxy term to these is the
Rnase H Domain.

25

After infection of the host cell, the retroviral RNA
genome is copied into linear ds DNA by the reverse
transcriptase that is present in the infecting particle.
The integrase (reviewed in Skalka AM ’99 Adv in Virus Res
30 52 271-273) recognises the ends of the viral DNA, trims
them and accompanies the viral DNA to a host chromosomal
site to catalyse integration. Many sites in the host DNA
can be targets for integration. Although the integrase
is sufficient to catalyse integration in vitro, it is not

35 the only protein associated with the viral DNA in vivo -
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35 the only protein associated with the viral DNA in vivo - -4 WO 03/025003
PCT/ EPO2/ 10592 the large protein - viral DNA conplex isolated fromthe

i nf ect ed wolB®2386s been denoted the pre integration conplPEX/EPINILES92
facilitates the acquisition of the host cell genes by progeny viral
genones. 5 The integrase is made up of 3 distinct domains, the N term na
domai n, thehealakyti proveénandviirel cDNBr ¢oinpdex deghbhedTheowathéytic core

domai n contai.ns, al.l of-th requirenen f t chepi .

pol ynucl eot a5t t%0 ??L%%f@?? $%$nh§?n8%% e?%eiggﬁngﬁﬁgg%gﬁégée the renpval
of CD4, theomplidxtec®hter fatiditbhescehé soghasetibut ofhehbi bbegi cal

i nportance oi this fugction IS debatgd. Additionally Nef 15 interacts with
the si gnal SEALhEEYSBf °F REPPE End FRUugBE°M3R active state, which in turn
may prosmote nore efficient gene expression. Sonme H V isol ates have

mut ati ons | this region, which cause_themnot tq encode ncy.i onal
protein anagﬁréngﬁggﬁ FylﬁoWﬁFSHFgea%iﬁ ?hg%%nFEng@ﬁﬁPﬁn ggﬁ gnd

pat hogenesisrinin¥ivaombNA, vatei pasalgtat| yoeenshdt thk a baetmihal plasm d
vector intqQ which is insertﬁd a strong_pronoter, QQESQSTE ogftkgterest

whi ch encode®iBr ahP&nfRrEenyElfefPraedanaly S8t

pol yadenyl athont-thanssr Epki eRal chemikpayi 68 peuynneesotidipe gene of
interest may encode a full protein or sinply an antigenic peptide sequence
rel ati HY t 6T@RELBAL hogen, tunpur or other agent which is intended to be
protected against. The plasm d can be grown in bacteria, such as 30 for
exanple E.coli and then isolated and prepared in an a propriatehggdiun]

dependi ng ghenNehRePrREERBed ST KBPENOEC gBHFRI ERFatPBRY2bePdr ERe]
adm ni ster gyt 0oLBBLRPSt from the cell surface, but the biological

importance of thisg function is debated. Additionally Nef
15 interacts with the signal pathway of T cells and induces
an active state, which in turn may promote more efficient
gene expression. Some HIV isolates have mutations in
this region, which cause them not to encode functional
protein and are severely compromised in their replication

20 and pathogenesis in vivo.

DNA vaccines usually consist of a bacterial plasmid
vector into which is inserted a strong promoter, the gene
of interest which encodes for an antigenic peptide and a
25 polyadenylation/transcriptional termination sequences.
The gene of interest may encode a full protein or simply
an antigenic peptide sequence relating to the pathogen,
tumour or other agent which is intended to be protected
against. The plasmid can be grown in bacteria, such as
30 for example E.coli and then isolated and prepared in an
appropriate medium, depending upon the intended route of
administration, before being administered to the host.
Following administration the plasmid is taken up by cells
of the host where the encoded peptide is produced. The

35 plasmid vector will preferably be made without an origin
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Foll owi ng adm nistration the plasmd is taken up by cells of the host
where the encoded peptide is produced. The 35 plasmd vector wll

pr ef er ablwolwg/opma®e wit hout an origin -5 WO 03/025003 PCTPEPGPHNAL0BI2 of
replication which is functional in eukaryotic cells, 1in order to prevent
plasmd replication in the manmal i an host and integration within

chr onosomapfDRAPOL cehdoanvhdrh éenferabdongl Ther eulspEyat hanBet 167

advant ages. of vagccl i v : iti opa j i
Feohni ques FPEaET BB P P e e ch are
encoded byhoht 8NA $egeenseianewsyhiheshsenosameheDNbseL thet ABIBELUCt ure
or confornggh?%r?%dthe protein will be simlar to the native protein
associ ated w € disease state. It is also likely that DNA vacci nation
will offer protection against different strains of a virus, by generating

cytot oxi ¢ u%%"p29¥t5 h %BQPSSftgﬁ%aéﬁggggiéﬁ DR 9§EEQH§§%B£°”1C°”56rVEd

prot eins. ernor e, because ds are taken up DBy the host cells
wher e anti gehatipeotei hredntbenpl odacednatibongethsigngsi minestr esponse

G ver o6 | miinGGeREST AT 658, 2061 NG BURF ophr SLF R CberARI PPt B0 EFml { ancous

i Muni sat i eAcbfeiebgat tha DWAasagubereobrdi sgaskestaedsin thkphoktbackgr ound
i ion to DNA. vaccination _js provided i nnelly et al
t T5thg b e

1nfor Ipﬁgirséehahlre a o} r in
DNA vatci hB§" S35UAHRTCRRY FRIHHADI=C1887 B195 898t Ha Cl osure of
which is ipthulled her ehe hatits ppbteehyabyowaytef wiethethacdisSapwary of
the Inventgggte$0 It is also likely that DNA vaccination will offer
protection against different strains of a wvirus, by
generating cytotoxic T lymphcyte response that recognise
15 epitopes from conserved proteins. Furthermore, because
the plasmids are taken up by the host cells where
antigenic protein can be produced, a long-lasting immune
response will be elicited. The technology also offers
the possibility of combing diverse immunogens into a
20 single preparation to facilitate simultaneous

immunisation in relation to a number of disease states.

Helpful background information in relation to DNA

vaccination is provided in Donnelly et al “DNA vaccines”
25 Ann. Rev Immunol. 1997 15: 617-648, the disclosure of

which is included herein in its entirety by way of

reference.

Summary of the Invention

30
The present invention provides novel constructs for use
in nucleic acid vaccines for the prophylaxis and

treatment of HIV infections and AIDS.



The present invention provides novel constructs for use in nucleic acid
vacci nes for the prophylaxis and treatnent of HV infections and AIDS. -6
WO 03/ 0250033P3D0EP02/ 10592 Accordingly, in a first aspe®CI/HPOEI0ES91 S
provided a nucleic acid nolecule conprising a nucleotide sequence
encoding H'V gag protein or fragment thereof linked to a nucleotide
sequence eAcELYg @ vur tifera Hiivsgneispastor themeadrie mravelesof and operably
[ nked 10 4:R8LA0lLA00H o AR BompENS HAUR. 10001 dUicleeld de
sequence W encode an H'V epltopg and typically encode a peptide of at
| east 8 anmemsosdings HIVh@asu@redeide ove drasmerits theafemfallipkedDNR Sequence

and is preterahly . t.al 0 wit . plasm i rigin of
replicati ofﬁl%c%%g\rél%r%ﬂ(ﬁ%e(#%q&]ﬁ (?Wr?%:aelgl | §s ‘are gymn%%%gﬁ\%e?%&l

phar mac&ut ifcaldgmendc céystrayfe agxt iopieeafol yc drimikerds tadid deritegrologoad uvants to
produce phar | cal,co | tiQn i_t.abl qr..t.he t t t / or

pr ophyl axi ?r%ﬁ\%ﬁéy.w T|hr’13f e@(%t%?(gnﬁngngfzgﬁé%bfﬁgaleﬁrte errgt;fE gﬁédi“ﬁgﬁt t he DNA
sequence | erfcodsulaat ¢V @it ddee asudr ftapd cefl liynentcqplr ta gegs idke lofads

suitable faor. .particle_nedi ate% druq,ﬁldeliv r dt.Fgefer%belr%the beads are 20

gold. In aa;gr&fe red &NbOG MENTS6f the FnVertdon t here 15 - 6|’Sovi ded a DNA

sequence t lpate fleirgitlly exmes sedrueodes afndr 1 sgag gffeatadilly wointlaiseguence i s

optim sgd to,.resenble the 25 .codon usage .of. genes in.mm lian _cells. In
par 1 caf ar MLENE Gag IAOCE 1ROt P S5 Crd” s e AT sy G v
expressed huwrdrRigeres.d Tid dohA ecodechadorhuleftiest svith T, C and G and uses

these 30 to spell three_|letter "codons" whi.ch represent the.amn aci ds
the prot o ROSHHESENE 157 Y GrEERIEmiS Ganagi oy Carriers, aillents

or adjuvants to produce pharmaceutical composition
suitable for the treatment and/or prophylaxis of HIV
15 infection and AIDS.

In a preferred embodiment the DNA sequence is formulated

onto the surface of inert particles or beads suitable for

particle mediated drug delivery. Preferably the beads are
20 gold.

In a preferred embodiment of the invention there is
provided a DNA sequence that highly expressed codes for
gag protein which sequence is optimised to resemble the
25 codon usage of genes in mammalian cells. In particular,
the gag protein is optimised to resemble that of highly

expressed human genes.

The DNA code has 4 letters (A, T, C and G) and uses these
30 to spell three letter “codons” which represent the amino
acids the proteins encoded in an organism’s genes. The
linear sequence of codons along the DNA molecule is
translated into the linear sequence of amino acids in the
protein(s) encoded by those genes. The code is highly

35 degenerate, with 61 codons coding for the 20 natural
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| i near sequence of codons along the DNA nolecule is translated into the

| i near sequence of amno acids in the protein(s) encoded by those genes.
The code we opiogtabyy 35 degenerate, with 61 codons codi ng f ®@CTtEPe2/ABF9Nat ur al
-7 WD 03/ 025003 PCT/ EPO2/ 10592 amino acids and 3 codons representing
"stop" signals. Thus, nost am no acids are coded for by nore than one
codon - in dmEgto seviclsalaral € codbthS gredne sfeoddi ngr Yedrae” di fdrerlent codons. 5
Wiere more 4pan %hc% @m‘ S Aval lahl ecot&%af%%% fb%/rfrr?oreglt\{'f‘\a!}x gfdo acid, it
has been observe codon Usage patterns-of organishs are hlghly
non- r andomcodanf f—erlentfas:;tecaes&@hlowraa diddest éotr Biyas£aur tdeimomodon 10

sel ection adpldffefruernt her I &, utilisation of codons may be markedly
different imasi néﬁ speC| ‘es between genes which are expressed at high
and | owsl evels. This bias is different in viruses, plants, bacteria and

mamral i an ells, and. some s eci es show a sh&%g bi as a froma 15
e hiF

r andom coddiT & S5 1 TN Bér %% T 6t her mammal s
are |ess stgiorgl )anhmafs%d:lmammefatsalbfeerbaﬂis@m@d)rthau uges.cddwn t hese
reasons, there is ni ficant probabili iﬂtt a Imemm i an gene
expressed 43I B4 te&rn qfo 1 & Fsed in 20

manal i an el f f radrld ép@\tﬁe:'m sm:a«ppsr Qi ftrend $11rasblitri aheitf ceewens for

ef fici expressi on. i | i eved that _ .the prese ce n a het r ol ogous
P sedlenclr e pady o Sor it 14 g ShiPeh ar e

rarely Obéh%[r\l@@Myn i Hesit 1im w|ﬁm93.@rs®%@-l% |b%tivﬂaé3§@§ned s 25
predi ctive Qf | ow heterol ogous expression levels in that host. In an

embodi ment YEHAhETS SSETESIREMT SHIY GRS 1g¥sls. This bias 1s

different in viruses, plants, bacteria and mammalian
cells, and some species show a stronger bias away from a
15 random codon selection than others. For example, humans
and other mammals are less strongly biased than certain
bacteria or wviruses. For these reasons, there is a
significant probability that a mammalian gene expressed
in E.coli or a foreign or recombinant gene expressed in
20 mammalian cells will have an inappropriate distribution
of codons for efficient expression. It is believed that
the presence in a heterologous DNA sequence of clusters
of codons or an abundance of codons which are rarely
obgerved in the host in which expression is to occur, is
25 predictive of low heterologous expression levels in that

host.

In an embodiment of the present invention provides a gag
polynucleotide sequence which encodes an amino acid

30 sequence, wherein the codon usage pattern of the
polynucleotide sequence resembles that of highly
expressed mammalian genes. Preferably the polynucleotide
sequence is a DNA sequence. Desirably the codon usage
pattern of the polynucleotide sequence is typical of

35 highly expressed human genes.
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pol ynucl eoti de sequence whi ch encodes an am no acid 30 sequence, wherein
t he codon usage pattern of the polynucleotide sequence resenbl es that of
hi ghly ewpriess®o mammal i an genes. Preferably the pol ynuclP€dtEPd®1058E2quence
is a DNA sequence. Desirably the codon usage pattern of the polynucleotide
sequence is typical of 35 highly expressed human genes. -8 WD 03/025003
PCT/ EPO2/ 10592 In the pol ynucl eotides of the present invention, the codon

/10592 In t des | n,
usage pattern ch AlhereliLhoTuhab el vhlopl b iuTRYamunoded of ency

repréesent the n bias of the target organism
e.g. a mneedon espgei phkyeanhdsanltEred’ fodonthssgeyodehili oifefumans a

measur e of o elA3alY LG Godan Battern of 3.glyen, poluaiic! egl de
sequence résenbles that of a"target species. n"Trequenci es can be
deri ved f r amdont &iatsuoe tlestarges boganhemhi ghby expresséd genes of nany

species (see e..qg.- ,Nakapura et al. ,Nucl eic Acids R r.ch. 1996,
24: 214- 215 ?p?ﬁé%&&gbﬁ gﬁ@ﬁﬁéngﬁgs ggogagﬁagF %ﬁg%éi%lgg on%g(gxpressed as
t he nunber mek soeceuifehoes choseiyenhhe cpeonl@adteedons af gtikensel ected cl ass

of genes) are 15 nornual.sed for each of.the nty_natural amno acids, so
that the vEPIE L6 SPHe R SE PR Gortry heaq ShatntFor CARSRcam no aci d i s
set to 1 aegethed . r egdenctesghenctibe chesdpecdrminedodens adtiecseaed to |ie

bet weep, . zero and 1.. Thus each_of the 61 codons is_assigned a.value of 1 or
20 1w f SPUERESNIEGH! §hex broSsdd SFEres 6 PRECEaPGelaNYpSEFELEe n or der to

cal cul ate gseedengusag&atmoehf eei.ant. Nueledcspecidki Repebyrtcheotsi,de,
relative to the hi expressed %enes of that species, .the scal ed val ue

hl y ,
for each 3&d8ﬁ46@%§ﬁe sPeci FPECPol ¥ REEFEGT Pde faFe SRGTe@ falrd 25 1t he
geonetric pRalknef @kbrlhese ual ¥ge henbakedr(B¥currences occurrence

per 1000 codons of the selected class of genes) are

15 normalised for each of the twenty natural amino acids, so
that the value for the most frequently used codon for
each amino acid is set to 1 and the frequencies for the
less common codons are scaled to lie between zero and 1.
Thus each of the 61 codons is assigned a value of 1 or

20 lower for the highly expressed genes of the target
species. In order to calculate a codon usage coefficient
for a specific polynucleotide, relative to the highly
expressed genes of that species, the scaled value for
each codon of the specific polynucleotide are noted and

25 the geometric mean of all these values is taken (by
dividing the sum of the natural logs of these values by
the total number of codons and take the anti-log). The
coefficient will have a value between zero and 1 and the
higher the coefficient the more codons in the

30 polynucleotide are frequently used codons. If a
polynucleotide sequence has a codon usage coefficient of
1, all of the codons are "most frequent" codons for

highly expressed genes of the target species.



dividing the sumof the natural |ogs of these values by the total nunber
of codons and take the anti-log). The coefficient wll have a val ue

bet ween zwpm3apx0oll and the higher the coefficient the noPeTEPdONSII N t he
30 polynucl eotide are frequently used codons. If a polynucleotide sequence
has a codon usage coefficient of 1, all of the codons are "nost frequent”
codons for AHFYIYIEXE? s PRI ek it gdihs peedas . usapenD 03/ 025003

PCT/ EP02/ 10592 e AF GOF i £01 G- RUIRSRIY Ve d Cegéiq age
pattern of "t he epolynucl eot%dei;wi |l prefera IyrBexc urdekrﬁco ons wth an RSCU

val ue of | exadatmrvily am BiGhlyalusmiesswtr garmss Of2 the hialget or gani sm
Al ternati Veé;ééporﬁé&? %9{5‘ S p@éﬂ{ﬁ%ﬂ? éé%r#einfé‘rﬁl “q@lﬁ&%ga[!:;itx{% esenting

<10% of the ns us or a partic no acid. A 'synonynous
codon uSage&HRIdo alsrge Patizermobysidrly ek alundse reaiorcodmpradiaritdied by t he
nunber expect i f I t 1.00: aci use quag| ly 10
frequentl y.&A(?%o?fyntuc e%%?%ggagﬁoieﬂg&?easg{raﬂﬁn%ﬁq{ \(,)gﬁ{l W IaICQLgdg'ne?s‘al |y have
a codon usagsl aduiefd | eenyriars RGN Usmgehi IBGU)exymlesseids himan genes of
greater th . g@?r bl reater..t ha A4 st_ pref erabl reater
than 0.5 %gbdggen&ﬁesdag{e a%fe%é/fcg?&%usnadnlt\@lao{]ne(glb% t[r)% frblgmrllo Ny )%OQ’ C(t%r?gbank. In
conpari son,ifa dlilghodexprbss echdietaaniact iarvigevetmsused RSEAldfy 0. 747. The

Tabl 6 10 P G [ doprT i BT Ry i (1 RO Mo doNSr 28 of d

[triplet] [Wildgqusreraler Hawssard]ddr] nsdeesr |cge fddd ileh i (@& 683)U)UCU

14. 8( 18941930rUAhU1g]hZ.L'yl(elégﬁéége%m%% Q e%lze?s?%ge greater than 0.3,
preferably greater than 0.4, most preferably greater than
0.5 Codon usage tables for human can also be found in

15 Genebank.

In comparison, a highly expressed beta actin gene has a
RSCU of 0.747. The codon usage table for a homo sapiens
is set out below:

20
Codon Usage Table 1:

Homo sapiens [gbpril: 27143 CDS's (12816923 codons)

25 fields: [triplet] I[frequency: per thousand] ([number])

189419) UAU 12.1(155645) UGU 10.0(127719)
224470) TUAC 15.8(202481) TUGC 12.3(157257)
152074) UAA 0.7( 9195) UGA 1.3( 16025)
57572) UAG 0.5{ 6789) UGG 12.9(165930)

UUU 17.0(217684) UCU 14.8(
UUC 20.5(262753) UCC 17.5¢
UUA 7.3( 93924) UCA 11.9{
30 UuG 12.5(159611) UCG 4.5(
CUU 12.8(163707) CCU 17.3(222146) CAU 10.5(134186) CGU 4.6( 59454)
CUC 19.3(247391) CCC 20.0(256235) CAC 14.92(190928) CGC 10.8(137865)
CUA 7.0{ 89078) CCA 16.7(214583) CAA 12.0(153590) CGA 6.3( 80709)
35 CUG 39.7(509096) CC@ 7.0( 89619) CAG 34.5(441727) CGG 11.6(148666)

AUU 15.8(202844) ACU 12.9(165392) BAAU 17.0(218508) AGU 12.0(154442)
AUC 21.6(277066) ACC 19.3(247805) AAC 19.8(253475) AGC 19.3(247583)
AUA 7.2{ 92133) ACA 14.9(191518) AAA 24.0(308123) AGA 11.5(147264)
40 AUG 22.3(285776) ACG 6.3( 80369) AAG 32.6(418141) AGGE 11.3(145276)
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UUC 20.5(262753) UCC 17.5(224470) UAC 15.8(202481) UGC 12.3(157257) UUA
7.3( 93924) UCA 11.9(152074) UAA 0.7( 9195) UGA 1.3( 16025) 30 UUG
12. 5( 159600)0308603. 5( 57572) UAG 0.5( 6789) UGG 12. 9( 1659 BON/EPCIASS92
12.8(163707) CCU 17.3(222146) CAU 10.5(134186) CGU 4.6( 59454) CUC
19. 3(247391) CCC 20. 0( 256235) CAC 14. 9(190928) CGC 10. 8(137865) CUA 7. 0(
89078) CCA 16. 7(214583 CAA 12 153590) CGA 3( 8070
39. 7( 509096 é@c??l-’* 33”&33)( )‘138 Z%E

90

15. 8( 202844Y¢ é é 6§§§ 6b(f %éﬁ%§ 5&& 3;3
-? 106
21, 8210006020 1% x 2%56( Bt N i%b? ?’é

22.3(285776) ACG 6. 3( 80369) AAG 32.6(418141) AGG 11. 3(145276) -10 WO
03/ 025003 PCT/ EP02/ 10592 (GUU 10.9(139611) GCU 18.5(236639) GAU
22.4(286742pd@EBY €0. 8138606kt GICtes. 6C18%383% @OC 28L3E362086) GAC

26. 1(334158p .GeR 22d7(1280004C GYAL1330( 89644) GCA 15.9(203310) GAA
29.1(373151) GGA 16.4(210643) 5 GUG 28.8(369006) GCG 7.5( 96455) GAG

40. 2(515485) GGG 16.4(209907) Coding GC 52.51% 1st letter GC 56. 04% 2nd
letter GC 42.35%3rd letter GC 59.13% 10 Codon Usage Table 2 (preferred)
Codon L8ag€&oieon Hemam [Thbdkrl ¢ dppedsyagy)genes 1/24/91 (human_hi gh. cod)

AmAci dCod H eg 43 Ehﬁn%' B igh? ey %s%ageggné% i920/24 Gy G
525.00 10. § 241700971770, 15 7567160848570 0 50 20
A u GAG 24 §§ gAA 792. ggoég 4 Qrggtléép GAT 592.00 12.27
0.25 Asp 21° 7 75 5T25 val GIG 1866.00 3568 0.64 Val GTA
134.0072. 7870- 05  @ae 905.00 8.76 0.24
Gly GGA 525.00 10.88 0.14
Gly GGT 441.00 9.14 0.12
Gly GGC 1867.00 38.70 0.50
20 Glu GAG 2420.00 50.16 0.75
Glu GAA 792.00 16.42 0.25
Asp GAT 592.00 12.27 0.25
Asp GAC 1821.00 37.75 0.75
25 Val GTG 1866.00 38.68 0.64
vVal GTA 134.00 2.78 0.05
val GTT 198.00 4.10 0.07
Val GTC 728.00 15.09 0.25
30 Ala GCG 652.00 13.51 0.17
Ala GCA 488.00 10.12 0.13
Ala GCT 654 .00 13.56 0.17
Ala GCcC 2057.00 42 .64 0.53
35 Arg AGG 512.00 10.61 0.18
Arg AGA 298.00 6.18 0.10
Ser AGT 354,00 7.34 0.10
Ser AGC 1171.00 24 .27 0.34
40 Lys ARG 2117.00 43.88 0.82
Lys AQA 471.00 9.76 0.18
Asn AAT 314.00 6.51 0.22
Asn AAC 1120.00 23.22 0.78
45 Met ATG 1077.00 22.32 1.00
Ile ATA 88.00 1.82 0.05
Ile ATT 315.00 6.53 0.18
Ile ATC 1369.00 28.38 0.77
50 Thr ACG 405.00 8.40 0.15



Val GTT 198.00 4.10 0.07 Val GTIC 728.00 15.09 0.25 30 Ala GCG 652.00 13.51
0.17 Ala GCA 488.00 10.12 0.13 Ala GCT 654.00 13.56 0.17 Al a GCC 2057.00
42.64 0.53035/029003 AGG 512. 00 10.61 0.18 Arg AGA 298. 00 6PCS/EPOAD9Ber AGT
354.00 7.34 0.10 Ser AGC 1171.00 24.27 0.34 40 Lys AAG 2117.00 43.88 0.82
Lys AAA 471.00 9.76 0.18 Asn AAT 314.00 6.51 0.22 Asn AAC 1120.00 23.22
0.78 45 MeThATG 10RFAQ00 22.32310060 Ile ATA788.00 1.82-B405 11e ATT 315.00
6.53 0.18 Thire ATCA£369. 00 2883800. 77 50 ThA2ACG 405. 0018.40 0.15 -11 WO
03/ 025003 BT/ EPO2AL6592 FhP2ACA 373.003%-%3 0. 14 ThP-AZT 358.00 7.42 0.14
Thr ACC 1502.00 31.13 0.57 5 Trp TGG 652.00 13.51 1.00 End TGA 109.00 2. 26
0.55 Gys TEP 325. 3GG6. 74 0632-00ys TGC 1665060 14.63 08.68 10 End TAG 42.00
0.87 0.21 EBdd TAAT#6. 00 0.9890023 Tyr TATF2860.00 7.4658.26 Tyr TAC

1042. 00 21Cg8& 0. 74TCS Leu TIZE5328. 00 6. 4960.786 0.32
Cys TGC 706.00 14.63 0.68

10 End TAG 42.00 0.87 0.21
End TAA 46.00 0.95 0.23

Tyr TAT 360.00 7.46 0.26

Tyr TAC 1042.00 21.60 0.74

15 Leu TTG 313.00 6.49 0.06
Leu TTA 76.00 1.58 0.02

Phe TTT 336.00 6.96 0.20

Phe TTC 1377.00 28.54 0.80

20 Ser TCG 325.00 6.74 0.09
Ser TCA 165.00 3.42 0.05

Ser TCT 450.00 9.33 0.13

Ser TCC 958.00 12.86 0.28

25 Arg CGG 611.00 12.67 0.21
Arg CGA 183.00 3.79 0.06

Arg CGT 210.00 4.35 0.07

Arg CGC 1086.00 22.51 0.37

30 Gln CAG 2020.00 41.87 0.88
Gln CAA 283.00 5.87 0.12

His CAT 234.00 4.85 0.21

His CAC 870.00 18.03 0.79

35 Leu CTG 2884.00 59.78 0.58
Leu CTA 166.00 3.44 0.03

Leu CTT 238.00 4.93 0.05

Leu CTC 1276.00 26.45 0.26

40 Pro CCG 482.00 9.99 0.17
Pro CCA 456.00 9.45 0.16

Pro CcCT 568.00 11.77 0.19

Pro CcccC 1410.00 29.23 0.48

45 According to a further aspect of the invention, an
expression vector is provided which comprises and 1is
capable of directing the expression of a polynucleotide
sequence according to the first aspect of the invention,

in particular the codon usage pattern of the gag

-12-



Leu TTA 76.00 1.58 0.02 Phe TTT 336.00 6.96 0.20 Phe TTC 1377.00 28.54
0.80 20 Ser TCG 325.00 6.74 0.09 Ser TCA 165.00 3.42 0.05 Ser TCT 450. 00
9. 33 0. 13W09e/0250€C 958. 00 19.86 0.28 25 Arg CGG 611.00 12PET/EPIR1059Ar g CGA
183.00 3.79 0.06 Arg CGT 210.00 4.35 0.07 Arg CGC 1086.00 22.51 0.37 30
G n CAG 2020.00 41,87 0.88 G n CAA 283.00 5.87 0.12 His CAT 234.00 4.85
0.21 H s EBMEberlsdes waprngs Les CMpixssl. of 58ig8ly. sxpressedrA

100 3. - 23 0 650026, 26 40
Pro 00G 48308 565 0717 b - Crst. 356 0B 3 4% 8756~ P, Lo 05 LL. 77

0.19 Pro (& 1¥EGLO0 29273 be4gus-aidsor doay doiuingr ténprespent off the
| nventli on, I?&ele&(fgn%&?%oﬂNXe‘ihorbdc%vei%\g' gl‘gfsm CBrC%gRFnbiﬁgna%%l'l%

capabl e of directi e expression o ynucl éot i de Sequence adcordi ng
to the Pirsa aplyt héwumarent ¢ehls. i n Jpar t prel aretbed toeion, us dage

rsach _
pattern of ¢ 4ag: -5 12 yg%]PS{Q P@gégP%\#pggg) pol ynucl eoti de
sequence i s typical of %lg y expresse nma I an genes, preferably highly
expressed hunman genes. The vector may be suitable for driving expression
of In a third embodiment there is provided a gag gene under
the control of a heterologous promoter fused to a DNA
10 sequence encoding NEF, a fragment thereof, or HIV Reverse
Transcriptase (RT) or fragment thereof. The gag portion
of the gene may be either the N or C terminal portion of

the fusion.

15 1In a preferred embodiment, the gag gene does not encode
the gag p6é peptide. Preferably the NEF gene is truncated
to remove the sequence encoding the N terminal region
i.e. removal of 30-85, preferably 60-85, typically about
81, preferably the N terminal 65 amino acids.

20
In a further embodiment the RT gene is algo optimised to
resemble a highly expressed human gene. The RT
preferably encodes a mutation to substantially inactivate
any reverse transcriptase activity. A preferred

25 inactivation mutation involves the substitution of W

tryptophan 229 for K (lysine).

According to a further aspect of the invention, a host
cell comprising a polynucleotide sequence according to
30 the invention, or an expression vector according to the
invention is provided. The host cell may be bacterial,
e.g. E.coli, mammalian, e.g. human, or may be an insect
cell. Mammalian cells comprising a vector according to

the present invention may be cultured cellsg transfected

-13 -



het er ol ogous DNA in bacterial insect or manmalian cells, 5 particularly
human cells. In one enbodi nent, the expression vector is p7313 (see figure
1). In a wbimsa2®nbodi nent there is provided a gag gene un@€m/EPbhiedsennt r ol

of a heterol ogous pronoter fused to a DNA 10 sequence encodi ng NEF, a
fragment thereof, or HV Reverse Transcriptase (RT) or fragment thereof.
The gag poriti onitrof drthemgenkenmtyabefeictkdr inheriNOrb admahpnatrpbieiton of

t he fusion.fl%hgn QE%I%BrE%gg%Eggkﬂent, t he gag gene does not encode the

a
gag p6 pepfﬁde. Pygferably géne is truncated to renove the

sequence encoding the Ntermnal region i.e. renoval of 30-85, preferably

60- 85, typically about .81 r.ef erabl.y the o nal 1 cl,ds. 20 In
a further od%ﬁ%%Il hénﬁ?ngéﬁg'iéw% §%po ?%?ggg ?% Sggggégggggb%?ghly
expressgd huwrposdeten Thecdiprpesafer abby eneddesicl anttiaie on bequence

substantially inactivate, , any. reverse transcriptase tivity. A.preferred
25 inactivgf%gﬁgﬁﬂgafﬁbntFﬁVSFV§§EPﬁELSubgFFFﬁEF%EYbﬁ: FP%B?gﬁg%%HZZQ for
K (lysine) cofgeordisngat ona f wether.aspaat mwfefderédvemtbchmemtrosthecel |
conprising a polynycl eoti de sequence accordi ng to

n 30 _the invgmtion, or an
expr essi on SPEELSH “ablor diFF RO 1% i frenti OF 75 pf ovi Ged. PREAGSEScel | may
be bacteri glnefe@a®lyE g8ld , pARAHEBLEAN, DaedUnBih DNATBYoEr BinNSact
cell. Mammalian cells cgnprlsing a ﬁecto ace rdicé?to t he pQgseQE
i nvent 18n MEFTHE cuPPEPeH Cel 1Tt PRAFFECIERT1CE3 WS@4FB25009C e
PCT/ EPO2/ 1Q582ntibBnVi t r erereiapihe thanstaatadel neridodedy aadmmy sgaat i on
of the vector to the manmal . The present invention further grovides a
phar maceut SRR acid sequence, wherein the codon usage pattern of

the polynucleotide sequence is typical of highly
expressed mammalian genes, particularly human genes. In
15 alternative embodiments, the composition comprises a
pharmaceutically acceptable excipient and a DNA vector
according to the second aspect of the present invention.

The composition may also include an adjuvant.

20 Thus it is an embodiment of the invention that the
vectors of the invention be utilised with
immunostimulatory agents. Preferably the
immunostimulatory agent are administered at the same time
as the nucleic acid vector of the invention and in

25 preferred embodiments are formulated together. Such
immunostimulatory agents include, but this list is by no
means exhaustive and does not preclude other agents:
synthetic imidazoguinolines such as imiquimod [S-26308,
R-837], (Harrison, et al. ‘Reduction of recurrent HSV

30 digease using imigquimod alone or combined with a
glycoprotein vaccine’, Vaccine 19: 1820-1826, (2001));
and resiguimod [S-28463, R-848] (Vasilakos, et al. ‘
Adjuvant activites of immune response modifier R-848:
Comparison with CpG ODN’, Cellular immunology 204: 64-74

35 (2000) .), Schiff bases of carbonyls and amines that are

-14 -



5 conposition conprising a polynucl eoti de sequence according to the
i nvention. Preferably the conposition conprises a DNA vector. In preferred
enbodi merwe 0Blesooxonpositi on conprises a plurality of par PCEEP82/10592
preferably gold particles, coated with DNA conprising a 10 vector encoding
a pol ynucl eoti de sequence of the invention. Preferably the _sequence
encodes an SN tgdEt 1aME 1Yo exore sseguenc anbilgsreinresgatéadoreddag@dpat t ern of

t he pol ynugl_eqtyi,d e S i cal, of i ghl %, resse I\i an
genes, parﬁggﬁ%g?%;.ﬁunan'ggggéz¥$% %%K%Fiqfﬁaﬁivg%éﬁﬁo Fn%ﬁ?%?ﬂ?he
conposi t i ofhsopeawds potgharimidom iodalthe dowwmealslyetexciyi ent and a DNA
vector ac I t ol el b resent,_l nt;i-6Nn. ~,The
conpositio%Qﬁg?'a%§§% cf%%%%gﬁbgéghggﬁgﬁ' 0%¥%€§ Vtkﬁg%gﬁ g%@ddﬁ%ent of
the i nvénti7en (U885 )t)he cviteodktiores chermokine emd oo -lsé lovillaitoey wit h

i mmunost i to .. Preferabl vy t i stimyl atory .agent are
adniniste?ﬁ%ﬁ§¥£¥ﬁ%9§§%§ﬂfgﬁ§.%gggf%élEﬁbﬁgggHgg?dtgggtgguéé the i nvention
and in 25 preflerdeepremiodileenias carye cfydrokilnatse éutobg esh€M-CSFch IL-1

| munost | MULSh Y BRSnia e, oL Il s | 8 o reals st ve
i mqui nod [sB263068,intde183Fbn e, sAL,- 26t Tal-12,Raduati emdofiu-asyrrent HSV
Vacei nd0 16 TE 620 BAEE (HOHITE Tlattd MaSiui ol | SoaReR R
(Vasi | akos amgl cdher Adje}rttb&ﬁheaétrﬂd\/@_fce$tdfmdlmm1@f gem@nmcmmdisf MEP -R- 848:
Compar i 2on W 41 HC, RN SR, e TS 88 304, SAcE 05 £390%
PCT/ EP02/ 1@582 1. ,consitHeadt iiweluy oS sed9n talidegefgpresemidsnguesl | and

as CTLA-4 and L-selectin, apoptosis stimulating proteins

15 and peptides such as Fas, (49), synthetic lipid based
adjuvants, such as vaxfectin, (Reyes et al., ‘Vaxfectin
enhances antigen specific antibody titres and maintains
Thl type immune responses to plasmid DNA immunization’,

Vaccine 19: 3778-3786) sgualene, alpha- tocopherol,

20 polysorbate 80, DOPC and cholesterol, endotoxin, [LPS],
Beutler, B., ‘Endotoxin, ‘Toll-like receptor 4, and the
afferent limb of innate immunity’, Current Opinion in
Microbiology 3: 23-30 (2000)) ; CpG oligo- and di-
nucleotides, Sato, Y. et al., ‘Immunostimulatory DNA

25 sequences necessary for effective intradermal gene
immunization’, Scilence 273 (5273): 352-354 (1996). Hemmi,

H. et al., ‘A Toll-like receptor recognizes bacterial
DNA’, Nature 408: 740-745, (2000) and other potential
ligands that trigger Toll receptors to produce Thl-

30 inducing cytokines, such as synthetic Mycobacterial
lipoproteing, Mycobacterial protein pl9, peptidoglycan,

teichoic acid and lipid A.

Certain preferred adjuvants for eliciting a predominantly

35 Thl-type response include, for example, a Lipid A

-15-



T-cell surfaces, such as tucaresol (Rhodes, J. et al. Therapeutic
potentiation of the imune system by costinulatory Schiff-base-formng
drugs', NOws@2F¥: 71 5 75 (1995)), cytokine, chenokine &od/Epoz/susp2rul at ory
nol ecul es as either protein or peptide, this would include
pro-inflammtory cytokines such as GWCSF, |IL-1 alpha, IL-1 beta, TG--

al pha and #eFivabave, stkh psdmoepphospbfArys LaP&Ef roRrrgakABSrably, |L-12,

|- 15 and blal8o. 10,10 LNAUGBERoSYAD- 98 Lipda hl-Supkt fajdladdsand 1113

and ot her chenoki ne®and co- st ry geneg such as MCP- M P-1 al pha,
M P-1 bet aarRANVES]abCA- Ero@DE0rigBscoapndrathael (Seabther WAwusesSti mul atory

targeting Ligands _such S =4 d L- ecgtiLn, ,a teshs stinmulating
proteins 1 ogngxsg #Fdeggsggﬁgég Eggj %43?%'25?{h§f?29r5396 based
adj uvani s, 45868, a34vaxftiedt ion2, PReyes €pGakontaVaihgctin enhances antigen

speci fic anti bod itres and.malntain Thl -type. i ne .responses to

pl asmi d DNﬁE?ﬁﬂﬂ FgﬁPFéﬁe? q@ﬁcgﬂﬁghlgbe3eyg-égggfqgéﬁgﬁgngg al pha-

t ocopher ol yunRBthotiyserhate s80,1inBOPE angrelohésbertdl, Teadeteronsel LPS],
Beutl er, . Endot oxi n, " Tal i ke re or 4, and _the . affe t linb of

B. y | _l p ’ g

i nnat e i nmiHFRy 1 8RPPEREC 9ﬁﬁoﬁrﬁnwe;§ck88W8I88§ §F82§?§5r%58§0)) . OpG
ol i go- andrgi- entbeet, i des woSakgp2¥55et wal 99/3Bmsgnasd Wukat BayeBhA 25
sequences necessary for effectl intradecnmal gene inmuni zation', Science
273 (5§§3)N°§52§3§§86f@@G??%Héwésﬁ'4@?'et&QWPP Sﬁl$8hFPPF¥eB$éceptor
recogni zes gbagkakieal arNA1soNakurei1808, 74@- é4amp(l2000) aadoother potenti al
| igands that trigger Toll receptors to rodﬁce Thi 30 i nducgi.ng cytokines,
such as syfAthet BELRPCEhaCCerPal LPPBopr 6TEFRST W§@55§EF AP UBPBtei n p19,
pepti dogl yeampritkekCchoisaaeiish, ardchi REdofi1Cart aivn derakeriedsadj uvants for
eliciting a predomnantly 35 Thl-type response_include, for exanple, a
Lipid A thereof, including QS21 ahd QS7 (Aquila

15 Biopharmaceuticals Inc., Framingham, MA); Escin;

Digitonin; or Gypsophila or Chenopodium quinoa saponins.

Also provided are the use of a polynucleotide according
to the invention, or of a vector according to the
20 invention, in the treatment or prophylaxis of an HIV

infection.

The present invention also provides methods of treating
or preventing HIV infections, any symptoms or diseases
25 associated therewith, comprising administering an
effective amount of a polynucleotide, a vector or a
pharmaceutical composition according to the invention.
Administration of a pharmaceutical composition may take
the form of one or more individual doses, for example as
30 repeat doses of the same DNA plasmid, or in a "prime-
boost" therapeutic vaccination regime. In certain cases
the "prime" vaccination may be via particle mediated DNA
delivery of a polynucleotide according to the present
invention, preferably incorporated into a plasmid-derived

35 vector and the "boost!" by administration of a recombinant
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-15 WO 03/ 025003 PCT/ EPO2/ 10592 derivative such as nonophosphoryl lipid A
or preferably 3-de-O acyl ated nonophosphoryl lipid A MPL(r) adjuvants
are avai Iablog/o2soesn Cori xa Corporation (Seattle, WA, see, PCorEPeXxaspt e, US
Patent Nos. 4,436,727, 4,877,611; 5 4,866,034 and 4,912, 094).

CpG containing oligonucleotides (in which the CpG dinucleotide is

unnet hyl at etiraal $edtedu e pEsdds tientdameT po Livesisdiesd: i deSiggguence,,

ol i gonucl eqt.i ; | e . i f l.e,-in WO

96/ 02555, ol 3395/b§i§‘§ éﬁ&*ﬂ*@@ ater??“ﬁoqu%gjug’%gbt& 20 SR B 6.

| Mmunost i mawiomg DA bse quddtc ddieare xels yegdsar idsedvi tiora exaoipdiey by Sato
et aI.,S'ﬁqﬁg 3.3 : . : j - ises a
saponi n, s(l?c as aéj%n %pdlr g@#ﬁ \;@aﬁrl\}:tgelg{ %ﬁ%ﬁ%%ﬁcﬁ@%@‘%ﬁ{ and Q57
(Aqui | a515 aBidpier mosit iec ANR essgirer afi ridfeamrad®nt Bsoientidd.gi tonin; or
Gypsophi | a opod] i.noa saponi ns S rovi ded -are {he use of a
pol ynucl eotl\ﬁI etqé)gc%o%gﬁglgn#g Hhe'S %\%@ﬁror?ooglrt g}a%’a%veece[mé)rloé’cec%r ding to the
20 invention, in the treatnment or prophylaxis of an H'V infection. The

present invention also prov'%s net hods. ofsftreati reventing HV
i nfections, %r?y”%g;gaﬁﬁe&% 6’;CJ ﬁjseea?%‘%enlﬁbcna 5@&“5“2% toﬁ%r%ﬂ't ﬁj,efcf%pri si ng
adm ni st er IR A tefiec taree camianp laft eal polFpiuexentdlds, = vector or a
pharmacci utical conpo i.t‘% on 2 ordi%to t he i nventi.on. dmi nirﬁérﬁion of a
Phar madBut e EOROR EIo iy B IS G GrACHe &SRBl dual
doses, for saxanm gaas 3T epedT qazesief. t ke ppadgBudVA gy asiwhiddr in a
"prime- boost" therapeutic vaccination rtﬁ%i n&f’ In certain cases , the
"prime" vacti &t TR m e £p&rt iTQ%E Tmldi dP&d SBRAP 1fe |8 Vet PTHR
pol ynucl eotd deisacaorf /Y 20 ,t e prasento, 80, 100, 150 or 200 amino
acids in length i1s considered to fall within the scope of
15 the invention as long as the encoded oligo or polypeptide
demonstrates HIV antigenicity. In particular, but not
exclusively, this aspect of the invention encompasses the
situation when the polynucleotide encodes a fragment of a
complete HIV protein sequence and may represent one or
20 more discrete epitopes of that protein. Such fragments
may be codon optimised such that the fragment has a codon
usage pattern which resembles that of a highly expressed

mammalian gene.

25 Preferred constructs according to the present invention

include:
1. pl7, p24, fused to truncated NEF (devoid of
nucleotides encoding terminal amino-acids 1-65)
30
2. pl7, p24, RT, truncated NEF (devoid of nucleotides
encoding terminal amino-acids 1-65)
3. pl7, p24 (optimised gag) truncated NEF (devoid of
35 nucleotides encoding terminal amino-acids 1-65)
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invention, preferably incorporated into a plasm d-derived 35 vector and the
"boost"” by adm nistration of a reconbinant -16 WO 03/025003 PCT/ EP02/ 10592
viral vecworo3pziops i si ng the sanme pol ynucl eoti de sequence, PCOEPODOESPI ng W t h
the protein in adjuvant. Conversly the primng may be with the viral
vector or with a protein formulation typically a protein fornmulated in
adjuvant 5 and the boost a DNA vaccine of the present invention. Miltiple

doses of pr,jne or 0s ) edyl N ﬁg@l -ig’gqﬂts

i nvention f4r'agrrg:[nlt s’ oPegaggoér%m%%&g%lagﬁot grns( reqrglonterrpltg]thgﬁg%ﬁgr
exanpl e, a 10 pdBhucfientideodf nued copisists csnewddirecodemanst agmeémo-of an
H V gag, nef or algl'l olt_' . A polynucl eotide which encodes a fragnent of
at least 8, for exanple 8-10 am no acids or up to 20, 50, 60, 70, 80, 100,
150 or 200 amino acids in length is considered to fall within the scope of
15 the invention | 0 a he encoded .0l i.,go_or_.poly ti deponstrates
H V anti geni‘ci tﬁlaf’n ngti éﬂf a??pgﬁ?‘lﬁgfiﬁ e c‘frlljcsa}t\pl)eé ygﬁghi géea"é%le%?%f t he

i nventi on enconpassesottities sirtacatiiron twhenitdle spolnovsc] ietd ildencodes a
fragnent of a conplete HV protein sequence and nmay represent one or 20
nore discrete epitopes of that protein. Such fragnents my be codon

opti m sed such thainddted nEgrent (desoad coflonuclsagedpaltebh whksed resenbl es
t hat otl a highly x,pr.essded lian gene. 25 Preferred constructs
accorditfig to the® iTvent<oh 98%cl ude: 1. pl7, p24, fused to
truncated NEF (devoid of nucleotides encoding term nal am no-acids 1-65)
30 2. pl?,s7024, RT, tr ncalt ed NEE (degloi d of nucl eoti desh encodi n% t erm nal
ami no- aci d .1_6§Prtlcu arly preferre constructs of the 1inventlion

include triple fusions RT-NEF-Gag, and RT-Gag-Nef

particularly:
15
8. Optimised RT, truncated NEF and optimised P17, p24
(gag) (RNG)
and
9. Optimised RT, optimised pl7, 24 (gag), Nef truncate
20 (devoid of aa 1-65)RGN

It is preferred that the HIV constructs are derived from

an HIV Clade B or Clade C, particularly clade B.

25 As discussed above, the present invention includes
expression vectors that comprise the nucleotide sequences
of the invention. Such expression vectors are routinely
constructed in the art of molecular biology and may for
example involve the use of plasmid DNA and appropriate

30 initiators, promoters, enhancers and other elements, such
as for example polyadenylation signals which may be
necessary, and which are positioned in the correct
orientation, in order to allow for protein expression.
Other suitable vectors would be apparent to persons

35 skilled in the art. By way of further example in this
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3. pl7, p24 (optimsed gag) truncated NEF (devoid of 35 nucl eotides
encodi ng term nal am no-acids 1-65) -17 WO 03/ 025003 PCT/ EP02/ 10592 4.
pl7, p24 wopsiopdosd gag) RT (optim sed) truncated NEF (dewoirarot/10592

nucl eoti des encoding term nal am no- acids 1-85) 5 5. pl7, p24, RT
(optim sed) truncated NEF (devoid of nucleotides encoding term nal

am no- aci dsetag8) we. rEfenc soedanbrook( @dveild ¥plegellest iCdenings) af used to

10 optims 4 7. Barticul arly f s of the

i nvention %.g‘ﬁgﬁéﬁé’gg’r %ﬁ%#ﬂsizonsé%- (%%E %'aaﬁéd&%:-%g-s%%&'parti cularly:
15 8. Optiril®éd@)RT, truncated NEF and optim sed P17, p24 (gag) (RNG and
9. Optimsed RT, optimsed pl7, 24 (gag), Nef truncate 20 (devoid of as
1-65)RGN It is preferred that the HV constructs are derived from an HV
Cl ade BSor pEeddeablypasnt pollyanicl eGtade BEf 2heAd ndiestlissed cabdwe, uske
present i n\iﬁptc' on i nclél%des .eXpression vectors th cicirﬂ?{reids%ot ge nucl eoti de

t
sequences fie PHVEN .mSL‘?cP(eé:)tfﬁfés&isoﬁp\%fgtbglys are routl nely
const r uct edonBrbhe satiucolcemoihdetl drs bbphbdy afidpreywifddng ecanphe i nvol ve

the use of plasm d DNA_and apprapriate 30 initiators, pro ers, enhancers
and ot her §F‘B§§ﬁtg§f’nsﬁgﬁt s%&ngxgﬁﬁpgnﬁgl ?Xa%?ﬂﬂ il[ol ncgiénalls S%hi ch may
be necessahy, vardowhich sar exposistsionedectorhe ol eelrm Opembdlliyon, in
or der a [ ion. it
appare&& tghog%bdggg%%&%lQoeépg%i 5%%3itg%%e%h%%%&%P%%EY%%%%%%eQ%%ld be
described are in a relationship permitting them to
function in their intended manner. A regulatory
sequence, such as a promoter, “operably linked” to a
coding sequence is positioned in such a way that

15 expression of the coding seguence is achieved under

conditions compatible with the regulatory sequence.

The vectors may be, for example, plasmids, artificial
chromosomes (e.g. BAC, PAC, YAC), virus or phage vectors

20 provided with a origin of replication, optionally a
promoter for the expression of the polynucleotide and
optionally a regulator of the promoter. The vectors may
contain one or more selectable marker genes, for example
an ampicillin or kanamycin resistance gene in the case of

25 a bacterial plasmid or a resistance gene for a fungal
vector. Vectors may be used in vitro, for example for
the production of DNA or RNA or used to transfect or
transform a host cell, for example, a mammalian hosgt cell
e.g. for the production of protein encoded by the vector.

30 The vectors may also be adapted to be used in vivo, for
example in a method of DNA vaccination or of gene

therapy.

Promoters and other expression regulation signals may be

35 selected to be compatible with the host cell for which
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35 skilled in the art. By way of further exanple in this -18 WD 03/025003
PCT/ EPO2/ 10592 regard we refer to Sanbrook et al. Ml ecular Cdoning: a
Labor at oryoNatesab3 2nd Edition. CSH Laboratory Press. (1®83)EP0510592
Preferably, a polynucleotide of the invention, or for use in the invention
in a vector, is operably linked to a control sequence which is capabl e of
provi di ng énpreheloexp$e@sﬁbﬂn©ﬁ t hBotogkagrsequeateabyaphpraBsteEel |, i.e.

the vect or 41,3130 eXRL eRsE 801 ¥el B NG LREML OPRaDYCAA benked: refers to

a j uxtapositron wherei e conponents escribed are in a relationship
pernltt|nglndened01nfuasponﬁe|hOtheaVY|meéﬁbedsu9hnés cadméyul agBey
sequence, such as pr onot er "oper ab

ked" t di i
posi ti onedtPA @u%ﬁténwﬁﬁoTﬂEfr15 X%B? ggyéno§$r§h%u%%d$%g£g8q§§% :nfg e

achi eveyl Um%ge ‘EOQHtig@ﬂspQ@ﬂBﬁékb' Buibhhcibeme gmbamw seguence. The
vectors may be, for exanp ? asmds, artificial chronosones (e.g. BAC,
(0]

PAC, YAQ), ivmediabe 9ﬁﬁbﬁ &é@ P§OﬁetﬁFovFHEE FREROR OV L GHA BFRrepllcatlon

optionally ilomet‘:@i?mt §ae£8{71m§ B¥BREEaL-0ONsof st Hevpglynuekeot i de and
optlonally a regul ator of the pronoter. The vectors may contain one or

more sel ecpabbécHapkey §BReBPVf BPSEXaAP| &29uha kABY cFPELAN0XURRNARFEI n

resistance ?%Bebbnuégﬁ cage]Ofpdned p?éﬁ%@ék@'a?éa§€l@ gesarigshshance gene
for a fungal = vector. Vectors naﬁ be used in vitro, for exanple for the
€0

pr oductQ onrebdblx svaRNAbde usedheoatfansfect or transforma host cell,
for exanple, a mammalian host cell e.g. for the production of protein
encoded by the vector. 30 The vectors may al so be adapted to be used in
vivo, for Aepasfeered prowphed efeDRAtvascihat CYNM émmefligégecathEr apy.

promoter, devoid of intron A but including exon 1. The
promoter element may be the minimal promoter element or
15 the enhanced promoter, the enhanced promoter being
preferred. Accordingly there is provided a vector
comprising a polynucleotide of the invention under the

control of HCMV IE early promoter.

20 Examples of suitable viral vectors include herpes simplex
viral vectors, vaccinia or alpha-virus vectors and
retroviruses, including lentiviruses, adenoviruses and
adeno-associated viruses. Gene transfer techniques using
these viruses are known to those skilled in the art.

25 Retrovirus vectors for example may be used to stably
integrate the polynucleotide of the invention into the
host genome, although such recombination is not
preferred. Replication-defective adenovirus vectors by
contrast remain episomal and therefore allow transient

30 expression. Vectors capable of driving expression in
insect cells (for example baculovirus vectors), in human
cells, in yeast or in bacteria may be employed in order
to produce quantities of the HIV protein encoded by the
polynucleotides of the present invention, for example for

35 use as subunit vaccines or in immunoassays.
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Pronoters and ot her expression regulation signals may be 35 selected to be
conpatible with the host cell for which -19 WO 03/025003 PCT/ EPO2/ 10592
expr essi owoiog/oesess gned. For exanpl e, mammal i an pronoters PCAd@PodesPhe

met al | ot hi onei n pronoter, which can be induced in response to heavy netals
such as cadmum and the (3-actin pronoter. Viral pronoters such as the
SV40 5 large T antigen pronoter, human cytonegal ovirus (CW) i mmedi ate

early (IE) T@lreo[ﬁe@gﬁfnucrl%&ig@scg%o\gd&ﬁg\/tﬁth%r QRRALT 1 AAGRRN T Us pronot er,

or a HPV pronot ~particularly the upstreamregul atory region (URR)
may al so bidsdd N Ithehesedpchoreby @xpnmsisliaied ithed eanvdded readi | y

avail abl e i t. fer pLO I e LS : imredi at e

early pro#%totet%?r%évgf@cg{ %)%tﬁe%%l%nb%gﬁer?a%&d%ﬁggceexg#E&% lgaﬁ;noter

el ement 5 myibe tdre ar niived. Fhenoterl celtdnient ey therefeorentenced pronoter,

t he enhancedvprgfno er_hein referred. A%c%rorllitgl%ltg th%roe isaﬁ\rgei %%d a

vector co iOS:‘Li iy inpoﬁef LE6T déjrgftet e SYAVENt T or aivder Yhe ot rol of

HCW | E earingreaaeotydrel &) bradpldesdomasuiftiall eisd mal thectapresitiinc| ude

her pes sinplex . viyral_,vectors, vaccinia.qr. al pha-virus vectors and

ot T ovi 1 us BSET L it T e Ty (76, Mhdartdiicl dde g 2 C5a8R5- b oci at ed

viruses. GereHmiansfar wheaenittiee palsnng lddiesesvidfuses aredanewn to those

skill eﬁQi n.the art. 25 Retraovi,rus.vectors far ex e réar%&%tee used to stably
e

integrale tHYSHHARUASOHUSEE ofF HHE PRrEMAtarT o enone,

al t hough sughytege@mimatiten oy ROE viRisl fd1a¢, Repl iskakipar- def eehilve
adenovirus vectors by __contrast remain episomal and therefqgre allow

transi ent SOENFesdiidd. Dedeis icsh&n &T6HUHS ity POLYIRSLicor 59% i nsect
cells (for t@‘@@'e@cﬁ%@%ﬂé@’.i WS hY eehaES i nd1IMdRUM Ainsient, or

preferably stable mammalian cell lines. Particular

15 examples of cells which may be modified by insertion of
vectors encoding for a polypeptide according to the
invention include mammalian HEK293T, CHO, Hela, 293 and
COS cells. Preferably the cell line selected will be one
which is not only stable, but also allows for mature

20 glycosylation and cell surface expression of a
polypeptide. Expression may be achieved in transformed
oocyteg. A polypeptide may be expressed from a
polynucleotide of the present invention, in cells of a
transgenic non-human animal, preferably a mouse. A

25 transgenic non-human animal expressing a polypeptide from
a polynucleotide of the invention is included within the

scope of the invention.

The invention further provides a method of vaccinating a
30 mammalian subject which comprises administering thereto
an effective amount of such a vaccine or vaccine
composition. Most preferably, expression vectorg for use
in DNA vaccines, vaccine compositions and
immunotherapeutics will be plasmid vectors.
35
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cells, in yeast or in bacteria nmay be enployed in order to produce
quantities of the H'V protein encoded by the polynucleotides of the
present iwoeabe®ny for exanple for 35 use as subunit vacciPOEEPO2/1G50

i mmunoassays. -20 WO 03/025003 PCT/ EP02/ 10592 The pol ynucl eoti des
according to the invention have wutility in the production by expression of
t he encode®NAprerceilnes waiv beexshesdisteredy inakéepligea iof vineked in 5 vivo
or ex Vi VO-DNEP‘G. sy %%ta'mgﬁ% My A *1%%&% %otiﬁu.l'a'%\é%lnv%q{ﬂi@l 'rs‘%%‘?c@%' hant
protein synthesi s, for exanple to increase yields, or indeed may find use
as therapewmsiiang agenyrsnge ttheibighwpresghte geitl,i sed DNA Didamudeciedat i on
techni ques.,.Wenq (g pal il equides of (Lhe hLesant, 10,lnvenligy are used
in the proaﬁc i on~of the encode proFE|ns in Vvitro or €x vive, cells, for
exanpl e5i nbyepkrtdauleumedivitddd maAnodilfivedyt d PMPH)ude Atlie ofolcheeel eot i de

to be expr ed. _Such cells inclu ransi ent,.or preferably stable

manmmal i an %%Iﬁllvﬁffﬁ’egys arti @lﬁeaﬁveig ttla{%g%ll g? gPeceaIrIts' vmr‘r?lceh}(fr?ncyo e nodified
by inserti aayobe Vettrodnicent adi =g rbomad foly pepiipde &yc aredingg otfoat he

i nvention inclﬂde n%nnagfgn HEK293T,t CHO, HelLa, 293 and COS cells.

Pref er abl y & c &G & Sseivede F Wi "be one which is not only stable,

but also allows for mature 20 gl ycosyl ation and cell surface expression of

a pol ypeptide. Expression e achi eved.in transforne oocytes. A

ol el Qiny ol CE st Gl o R SSe e dENETEAaE Pt 1 pr eent

i nvention, delieehles (ﬁ)fy & rhfnmgl &f ¢oleeshyih a1|r§ flﬁlﬂt,ralﬂﬁl%;cetllabﬂy,a nouse.
A 25 transgeni ¢ _non- human ani mal expressing a po eptide from a
ponnucIeo%W§€u6ﬁnFW€SH%Veﬁﬂgﬁ?ﬂgleﬁeﬁihgd ' ﬁ?ﬁgpﬁ qubGﬁé of the

i nvention. pikesknyention further provides a nethod of vaccinating a

15 1In a preferred embodiment, the composition isg delivered
intradermally. In particular, the composition is
delivered by means of a gene gun particularly particle
bombardment administration techniques which involve
coating the vector on to a bead (eg gold) which are then

20 administered under high pressure into the epidermis; such
as, for example, as described in Haynes et al, J

Biotechnology 44: 37-42 (1996).

In one illustrative example, gas-driven particle

25 acceleration can be achieved with devices such as those
manufactured by Powderject Pharmaceuticals PLC (Oxford,
UK) and Powderject Vaccines Inc. (Madison, WI), some
examples of which are described in U.S. Patent Nos.
5,846,796; 6,010,478; 5,865,796; 5,584,807; and EP Patent

30 No. 0500 799. This approach offers a needle-free
delivery approach wherein a dry powder formulation of
microscopic particles, such as polynucleotide, are
accelerated to high speed within a helium gas jet
generated by a hand held device, propelling the particles

35 into a target tissue of interest, typically the skin.
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30 manmal i an subj ect which conprises adm nistering thereto an effective
anmount of such a vaccine or vacci ne conposition. Mst preferably,

expressi owowaoerxs for use in DNA vaccines, vacci ne conp@®sirtEPonsosand

i mmunot her apeutics will be plasmd vectors. 35 -21 WO 03/025003

PCT/ EPO2/ 10592 DNA vaccines may be adm nistered. in the formof "naked
DNA", for &rampleatiieles| pgei predemabde avladwenidst efed Ousi ng4aOsyringe or

hi gh | at ed th I t
U anshecti R oRiicBre br 281y tpdr (1 2 HurdPeR CBRAGE Py PCPVOD) . Al

of these Geinj\RfateSy¥shess @E’l(toV\@HesJén@\Md |tmlehh%n@létsedﬂ1@1 wect or may be
introduced to a manmal for exanple by neans of a viral vector delivery
system 1OC?H§I€§WEO§FtF8ﬁ§GGFetﬁ@rpr 10O BRO dhecad e & i-vered by a
nunber ¢f routes such as intramuscularly, subcutaneously,

intraperitonally, .intravenously or nucosally. 15 In a preferred

enbodlnentIftﬁbx@éﬁﬁéélFW@ﬁdﬂ§e@§h|@§P@§ qeﬁﬂF§§e@ﬁ€IW@tWQ¢Sp§P@Fcular t he

conposi ti omghys hedelskened by JaRARSE iYer? gl cJuR sRakhewWaldy JFarticl e
bonbar dnment admi ni stration téchni ques which involve Ccoating the vector on

to a bead COFPPSIFLoRRI Ok &he PresSPG daviemtdrsr dacdnder thogle pr essure into
the epi der ;g %‘é@i%y%ao?%tex%@i@ e, (rRs-tdeser | BRY i R bRy ReSfh & |

Bi ot echnol 6gy 44: 3742 (19 . inone illTustrative exanple, gas- drlven
particl@ 2Biaeddicdr areodesaribedadh &vEd Wiatikngelioses 4s 7@ .824those

manuf act ur gd 0%341 Elg\gderg §§t2 Bhar, macayhi %%'15 BLSobOsards, 5’{9{'@ 6aid Poyder | ect

Vacci nes | nc. 7 "Some " “exanpl és Tof “which ‘aré scribed in U S.
Pat ent Nos.5, 993 4l2.

The vectors which comprise the nucleotide sequences

15 encoding antigenic peptides are administered in such
amount as will be prophylactically or therapeutically
effective. The quantity to be administered, is generally
in the range of one picogram to 1 milligram, preferably 1
picogram to 10 micrograms for particle-mediated delivery,

20 and 100 nanograms to 1 milligram, preferably 10
microgramsg to 1 milligram, for other routes, of
nucleotide per dose. The exact quantity may vary
considerably depending on the weight of the patient being
immunised and the route of administration,

25
It is possible for the immunogen component comprising the
nucleotide sequence encoding the antigenic peptide, to be
administered on a once off basis or to be administered
repeatedly, for example, between 1 and 7 times,

30 preferably between 1 and 4 times, at intervals between
about 1 day and about 18 months. However, this treatment
regime will be significantly varied depending upon the
size the patient concerned, the amount of nucleotide
sequence administered, the route of administration, and

35 other factors which would be apparent to a skilled
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5, 846, 796; 6, 010, 478; 5, 865, 796; 5,584,807, and EP Patent 30 No. 0500 799.
Thi s approach offers a needle-free delivery approach wherein a dry powder
f ormul at iwo 08025003 cr oscopi ¢ particles, such as pol ynucl eotPCaEPOATLE92
accelerated to high speed within a heliumgas jet generated by a hand held
device, propelling the particles 35 into a target tissue of interest,
typically vkeesknary o22ma0i0310256081PCTHERG2/ THEIRatThatpaeyicl es are

preferably_gold _beads of a 0.4 gL ggr% E&%ngg?Léﬁggg 352- 0 m

: 0
di amet er afd -the DRAS 85nF8§St8t%§§t889 8sE an ncased in a

cartri dge partassetheifrobvplratingrieatoehherégeme.guAddibibnadlyekated
enbodi nent her devi.ces and nethods, t hat Ry, be se&gh for gas-driven
i nigtered w a

0 d
needle-IesEuFEFéEta&ﬁdoﬁmm€88%8§iPﬁgngeoﬁdgﬁe presént inventi on i ncl ude

t hose %rowddettaby .Bi oj ect, Inc. (Portland, OR), sone exanples 10 of which
are described in U S. Patent Nos. 4,790,824; 5,064,413; 5,312, 335;

5, 383, 851; 5,399, 163; 5,520,639 and 5,993,412. The vectors which conprise
t he nucl eotrhdeasigguantesombonencodpagisntidgbrireipepbindesmaleragnbri st er ed

in such amunt .as will he prophyl actically _or therapeuticall effective.
The quantig§mﬂﬁlﬁ§e£8ﬁiHF?tgrggfxﬁgYQQ eﬁ&%ﬁﬁrepﬁ Fﬁ TPAf 5a5¥08ne pi cogr am
to 1 mlligbamespr elenably fbr pkemglam eal@hel etegr,amsskar,

partic] e-nediated delivery, 20 and 100 nanograns tq 1 nillggﬁanl pref erably
10 i K} ogPHABEORETY it GFERC UL BF - oFHBF UL ATEEY S / of RERAREFEBRILdE T per dose.
The exact guaAtiklly roRYearypregashBelabknedepgndi-ng ebmpbacwei gt of the

pat i ent begg%inaggggg%?%i%n%héhgnEQg%gr%glag? @E%EE%Higght%g. Most

preferably by the topical route. This administration may
take place between about 14 days prior to and about 14

15 days post administration of the nucleotide sequence,
preferably between about lday prior to and about 3 days
post administration of the nucleotide sequence. The
adjuvant component is, in an embodiment, administered
substantially simultaneously with the administration of

20 the nucleotide sequence. By “substantially simultaneous”
what is meant is that administration of the adjuvant
component is preferably at the same time as
administration of the nucleotide sequence, or if not, at
least within a few hours either side of nucleotide

25 sequence administration. In the most preferred treatment
protocol, the adjuvant component will be administered
substantially simultaneously to administration of the
nucleotide sequence. Obviously, this protocol can be
varied as necessary, in accordance with the type of

30 +variables referred to above. It is preferred that the
adjuvant is a 1H - imidazo [4,5c] quinoline - 4 - amine
derivative such as imiguimod. Typically imiquimod will
be presented as a topical cream formulation and will be
administered according to the above protocol.

35
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It is possible for the i mmunogen conponent conprising the nucleotide
sequence encoding the antigenic peptide, to be admnistered on a once off
basi s or WO ob®2zadiri ni stered repeatedly, for exanple, betReEEPL2/HFR 7
times, 30 preferably between 1 and 4 tinmes, at intervals between about 1
day and about 18 nonths. However, this treatment reginme will be

si gni f i cant Pyce argedndepenanggnapononheucki veriablpat i the domseevfied, the

amount of n i uemnc dr.ni , e adm. ni stration,
ona 35 ot horSpERteCear POt SRCERATILEL SLEL 00 v LE B PYaLY P B EES] 098003
PCT/ EP02/ 10692 exameté¢nargnge hetliveah @pawgti @i bmgr peThkgphati ebdumy

recei ve one of her L Kk retroyi dr ug S rt _of, theLr
overal | tre%?%%ﬁ?ﬁggg%ﬁé.W%ﬁ%%tr%%élF@ t%%fgnﬁcfgighchaggn%%ﬁ%%%no%ay be
adni ni ster ethei mamaal Scadfavaat. ThHeladjdivant scoapboendfspeeifiied herein

can simlar}y. 1 Nj K via,a_varie of different .adm nistration
routes, suc MH§§ %fggiééiégfsg%épf%éa%%%.,én5§%?€lY6 Potndnary,
i nt ramuscul prefeodioly apeouspeanédadetredach stiopégaent ovtresooFref er abl y,

t he adjuvantdr%lo]rl Qgegt.ég Ogdﬁ%niste%edtv'a the intraderma] or topica
routes. MsToTPref efabt §EbYT t heSt BPreart 3t BTHRESE adn!RFSt rati on may
t ake pl ace petfwesbhpputhddadaysipriratrido ddee aboul B4 Botdays HOSHt

adm ni styatjon of the nucleotjde.sequence preferably between about lday
prior t%{an Qddut %gdgﬁsab%Bttggﬁ%ﬁ%?Et$%lio o?h?hggﬁ%c?ﬁg??H%r%%ﬁuence.

The adj uvantoconpesientei ss dasanileshogirent, adei thsgeirdd suhstwati ally

simul taneously, wth t dmnistration of, 20 the, nucl eoti de sequence. By
"substantiaf#&l@ﬁ$ﬁﬁ?gﬁeghglqu%ﬂﬁ ngey € LThuet JuRi AR%tPati on of the

adj uvant codminentetsd preterabtNeattidepsan® ¢+ NBhd@Sboost or with

both the prime and the boost.

15
While it is possible for the adjuvant component to
comprise only 1H-imidazo[4,5-c]lguinolin-4-amine
derivatives to be administered in the raw chemical state,
it is preferable for administration to be in the form of

20 a pharmaceutical formulation. That is, the adjuvant
component will preferably comprise the 1H-imidazol[4,5-
clguinolin-4-amine combined with one or more
pharmaceutically acceptable carriers, and optionally
other therapeutic ingredients. The carrier(s) must be

25 “acceptable” in the sense of being compatible with other
ingredients within the formulation, and not deleterious
to the recipient thereof. The nature of the formulations
will naturally vary according to the intended
administration route, and may be prepared by methods well

30 known in the pharmaceutical art. All methods include the
step of bringing into association a 1H-imidazo[4,5-
clquinolin-4-amine derivative with an appropriate carrier
or carriers. In general, the formulations are prepared
by uniformly and intimately bringing into association the

35 derivative with liquid carriers or finely divided solid
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adm ni stration of the nucl eotide sequence, or if not, at least within a
few hours either side of nucleotide 25 sequence adm nistration. In the nopst
pr ef er r edwOro@meveht protocol, the adjuvant conmponent wi | PChEPa2Inisot st er ed
substantially sinmultaneously to adm nistration of the nucleotide sequence.
Cbviously, this protocol can be _varied as necessary, in accordance with
the type ofc@BUriasd alitedatdt el therhboile Ngaess@ i efBraadis Hate t he

adj want g gdfe A LG AUAGKING ol - AR 2 dRLIYal Ve such as

i m quinod. “Typical l'y 1 mqui mo _ be presented as_a topical cream
f or nul at i ortTendnedenthe nvadyh A teHddlbe draft myatlo adwel relstvea trast ocol . 35

-24 WO 03/ P : [ 4 j h i abl
L, UL g aan, Una e e v b

t he dose of "a I'stration of t ‘out may, for

exanpl ey r awghdist weerkadiiaits Gably gt ddgning @baute -dE0GmRipwd kg, where
"per kg" r b el 5 the rgw‘%! I S..

adm ni st ragr@%&o% Q%%g%%%?&n% a%g{gf?%qlcﬁrg"{}i r?or%a in- ﬁ%’lﬁg{%gﬁa\;ﬁl‘e}é woul d
pr ef er abl y dre a eppslattddnnictrh e astsrirsiegquent zor dopestuer 1igdnidhicet raat i on of

t he nucl eoti de sequence.. Mast. preferably,. t.he adm ni-stration dose wll be
bet ween ab&%n_f@‘%n%uspgrl%(%’o og:noau% r%llpelr:rl Q"g&e]rn ]I%‘r%uaicdaseén "0 Sslao t prim
boost" schene asvadescrirbed lhemeillgidrhe iTHeguiamdreorimgreetient may

1H i m dazo[ 4, 5- ¢] qui_nol i n-4: am ne .derivative may be _adm.nistered with
ei t her q?he aéﬁ%georpliar?eer%oeéistasora v]\?cf%hus’boeilhec“ttﬁl r i e Pt S he boost. 15

VWiile it is possible for the adjuvant conponent to conprise only

1 i i dazold, S.clqui ol i 4200 i, SNl ves Lo he i stered in the

optionally with one or more accessory ingredients.
Compressed tablets may be prepared by compressing in a

15 suitable machine the active ingredient in a free-flowing
form such as a powder or granules, optionally mixed with
a binder, lubricant, inert diluent, lubricating, surface
active or dispersing agent. Moulded tablets may be made
by moulding in a suitable machine a mixture of the

20 powdered compound moistened with an inert liquid diluent.

The tablets may optionally be coated or scored and may be
formulated so as to provide slow or controlled release of
the active ingredient.

25
Formulations for injection via, for example, the
intramuscular, intraperitoneal, or subcutaneous
administration routes include agqueous and non-agqueous
sterile injection solutions which may contain

30 antioxidants, buffers, bacteriostats and solutes which
render the formulation isotonic with the blood of the
intended recipient; and agueous and non-agqueous sterile
suspensions which may include suspending agents and
thickening agents. The formulations may be presented in

35 unit-dose or multi-dose containers, for example, sealed
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it is preferable for adm nistration to be in the formof 20 a

phar maceutical formulation. That is, the adjuvant conponent wl|

pr ef er ablwomanpidse t he 1H i m dazo[ 4, 5- c]quinoli n-4-am n@Cemeb/msg2 Wi t h
one or nore pharmaceutically acceptable carriers, and optionally other
t herapeutic ingredients. The carrier(s) nust be 25 "acceptable"” in the
sense of beimrpWerpandleladah agchery |hﬁ;r%‘m1@ﬂ simia Higeazse dwadul at i on,

and not del gt ]ﬁ‘lsj t i t 1y, f
formul ati on@ﬁ% Séétcg)r a y&i\el\tgroy gt[cgc lg&r?toon t hgd{ll%t en Cﬁetg' o g’%ﬂ nistration
route, and they Sﬁelp?ﬂeﬁpalrwm qestrhics, vrh:m SEnlown watetheéqehar maceut i cal
art. Al it . .St i i nt t| a

o e L Ji 4 ng.'l[ g_h}_aatselﬁp P erl va KL | é%{tae%goo%a% AUk

1H i m dazo| Ive with an appropriate carrier
or carrber jnjlattgmrerwluttm:a‘ @ndjlaalspmssmres pmaapatreedarelganﬁd fforom y and

intimtely n iafion the .3 ri th|IC]UId carriers
or finely C#q{ll 3&06 gpéwéder§ %U&ﬁ%fgﬁgf qﬁ:’ﬁ 1%*:;69\3\é arriers, or
bot h, and mlodsmmmeahamd@luMmMSJMtahﬁa) fihe desired
formul ati on Forrru atl ns_.of eser&ﬁg}entl on suitahle far oral
C

adni ni st r ath BCTRSY B8 nblrré Setrﬁat& “di% Hitits Qudisss Sysiites,
cachets or atmblpaie%eaﬂﬂd condlaithiang pefirielted exariteeichi gl seft itke actl ve

01 el 485 S PEI oL SRR oglalion,ous suspension | an
emul sion .3 tAtEmidraid, emd siddnvekkal aotid/ el @redigiitalmyrek) al so be
present 0 %5 RSyl ol vy ot maste, o ALat] o b mde by
i ngredi ent sire GoMEY assed dabliet $HRE 6 PRmERd p-Geiprassi ng in a 15
suitable n%ﬁﬂ&fe th%uctlag§lé1Iyzﬁfggtfg]ngéfgéggéggIélther in a
15 piercable capsule, suitably of, for example, gelatine,
for use in an inhalation device, or alternatively, as a
self-propelling formulation comprising active ingredient,
a suitable liquid propellant and optionally, other
ingredients such as surfactant and/or a solid diluent.
20 Self-propelling formulations may also be employed wherein
the active ingredient is dispensed in the form of
droplets of a solution or suspension. Such self-
propelling formulations are analogous to those known in
the art and may be prepared by established procedures.
25 They are suitably provided with either a manually-
operable or automatically functioning wvalve having the
desired spray characteristics; advantageously the valve
is of a metered type delivering a fixed volume, for
example, 50 to 100 pL, upon each operation thereof.
30
In a further possibility, the adjuvant component may be
in the form of a solution for use in an atomiser or
nebuliser whereby an accelerated airstream or ultrasonic
agitation is employed to produce a find droplet mist for

35 inhalation.
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form such as a powder or granules, optionally mxed with a binder,

| ubricant, inert diluent, lubricating, surface active or dispersing agent.
Moul ded twibloanssonmy be made by noul ding in a suitabl e na®eoTEPoA108Xt ur e of
the 20 powdered conpound noi stened with an inert liquid diluent. The
tablets may optionally be coated or scored and may be fornulated so as to
provide slow or controlled release of the active ingredient. 25

Fornulation?o&&ﬁlbﬁﬁ@ﬁbi@ﬂi%b%&éfQbreﬁﬁﬁﬂhﬁaséﬁeadhﬁ%ﬁ%@&%%ﬂbgr’
intraperitoneal, or subcutaneous admnistration routes Include aqueous and

non- aqueous I8EERI ¥ LRAFEEAFORTESFRLPEASIAhPERiARY Eonthiose30 anti oxi dant s,
buff ers, back@ciastal aoatd sehliatmilbe) abRIAEs LIS LAT TUhahibagy g8t onic

with the_blood of the intended recipient; and aqueous and non-aqueou
sterile °sudfeREPERETRAI ERTnEychnéPualabspaadiaghayenes pamtiiclhi ckeni ng

agents. Thegfaraubatignsg PL§S [ it-d d i -dose
containers, for exanple,hgggﬁgge|?§6§%%§g3;82ggoggéé¥/E@gzﬁiﬁgébg’anpoules
and vials, &RdeRaplBersterédonnwathivebednphedl ¢hydpli.li §adp wepmdbei on
requi ri ng oghky;thegagdi tian er) kqui rrier, for exanple,
wat er for inléctigngg'i%%egpgfgpgggﬁ%brh%g égeg ggﬁgﬁ%oggngous 5 injection
sol uti ons afdlsabpenshohschaysbeepr epackditeont shemppbeopewdees, granul es

and tabjgt s 9fthe Kind, gﬁ§¥gﬁggL§Ogﬁﬁf££98gs FREQHIations §uitable for

pul ronary admnistration viat ccal or nasa cangyC8?£S resented such
that particbesdevat himing ehpaatticle di8meéngretlhenhe deageabFyabawtng a

br onchi &l {706 o FRE P88 BreRE o poser bf i 8t BF -S0chYY BrHafat i ons

inhalation through the nasal passage from a container
held close up to the nose, and nasal drops comprising

15 about 0.2 to 5% w/w of the active ingredient in aqueous
or oily solutions. In one embodiment of the invention, it
is possible for the vector which comprises the nucleotide
sequence encoding the antigenic peptide to be
administered within thé same formulation as the 1H-

20 imidazo[4,5-c]lqguinolin-4-amine derivative. Hence in this
embodiment, the immunogenic and the adjuvant component

are found within the same formulation.

In an embodiment the adjuvant component is prepared in a

25 form suitable for gene-gun administration, and is
administered via that route substantially simultaneous to
administration of the nucleotide sequence. For
preparation of formulations suitable for use in this
manner, it may be necessary for the 1H-imidazo[4,5-

30 clquinolin-4-amine derivative to be lyophilised and
adhered onto, for example, gold beads which are suited

for gene-gun administration.
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are that they are in the formof finely comm nuted powders which may
conveniently be presented either in a 15 piercable capsule, suitably of,
for exanpwe,03gzioat i ne, for use in an inhalation device, @CcTalPVBI®Li Vvely,
as a self-propelling fornulation conprising active ingredient, a suitable
liquid propellant and optionally, other ingredients such as surfactant

and/ or a sdliti crdidfe@nnatiyesamgskiomait i idie @dnuvagitormommsnedlts e

enpl oyed ijeer | 422 14 i i i i 1.Sp i of
droplets o aea!sd(gﬁ\ld%ll%?nea%id \éﬁsségsrﬁgrﬁwgfcﬁ S}e%f %S’?gﬁié%ﬁt%gféf ga{rgul ations
are anal ogeupwigimse known in the art and may be prepared by established
procedures. 25 They are suitably provided with either a manually- operable
or automatically functioning valve having the desired spray

char act &ri stvars;ifachantfagealsited heogalhes, iis ofaya beetagnecbpryipgalel i veri ng
a fixed volune,, .for_ ..ex | e 0.t0.100 plL, _upan .each oper.ati reof. 30
In a furt hefrjorpotshsel baiqji v%, ﬁjéjm}é)jnl?\%lé:n?wc%r?p@nerﬁmnsﬁ%f eéjo a}tn %’%e%]#(%lﬁ:m of a
sol uti on f atheusenen aaimiatiGtirsericor sitebuld sére wherlenyr: iate acoplara ed
airstreamor ultrasonic agitation is enployed to produce a find droplet

m st for 35 inhalation. -27 WO 03/025003 PCT/ EP02/ 10592 Formul ati ons

sui t abl e f @tHeat ratasidls admotast=add i caje pereadana tirelu dearpries eiduaid ons

simlar to thqose . descr,i bed above for pul monary adn nistrati.on,. although it
2 e piBt o« S . R P P el | n ot b
rangF of a@jﬂpaﬁgf,t mmb , %@ﬁl&f@b ia t@@®b| eneetEHdIgswd M t he
nasal cavity., is nma e i eved by, as appropriate, use of a powder of
a suitabl idée ]ijé%edgﬁ"e(?ﬁdirbel fl‘%?nei&%rr yi'agbé’ way S

reference.

15 Suitable techniques for introducing the naked
polynucleotide oxr vector into a patient also include
topical application with an appropriate vehicle. The
nucleic acid may be administered topically to the skin,
or to mucosal surfaces for example by intranasal, oral,

20 intravaginal or intrarectal administration. The naked
polynucleotide or vector may be present together with a
pharmaceutically acceptable excipient, such as phosphate
buffered saline (PBS). DNA uptake may be further
facilitated by use of facilitating agents such as

25 Dbupivacaine, either separately or included in the DNA
formulation. Other methods of administering the nucleic
acid directly to a recipient include ultrasound,
electrical stimulation, electroporation and microseeding

which is described in US-5,697,901.

30
Uptake of nucleic acid constructs may be enhanced by

several known transfection techniques, for example those
including the use of transfection agents. Examples of
these agents includes cationic agents, for example,

35 calcium phosphate and DEAE-Dextran and lipofectants, for

-29 .



10 valve. O her suitable formulations include coarse powders having a
particle dianmeter in the range of about 20 to about 500 m crons, for
adm ni st re0ios23993 r api d i nhal ati on through the nasal pas®ag&pPi2/OIFPR
container held close up to the nose, and nasal drops conprising 15 about
0.2 to 5% ww of the active ingredient in aqueous or oily solutions. In
one enbodi resampde /t Hd podesteinopnd transfpedsinhl e Ther dosedee©@foth@hi ch

comprises Lieidudl ealidle sRauaRGR aRedingiheAnigera peptide to be

adm nistered wthin the sane formulation as the 1H
i m dazo[ 4, 5-c] qui nolin-4-am ne derivative. Hence in this enbodinent, the

i nmmunogeni nd-t.he j.uvant onen a f d .wi thi h
formul at i o%‘. u%lgrqce%%olgll %e%ﬁtu%?’%g %%j t&\l/lgn?%gg%l%néméﬁggqgﬁleggxggisﬁ a 25
f or m suf t ablee atiori njextergun badmeninst dt ispreciaidsesl dedmiveiryt eeedorisa t hat

route substantiall.y sinmultaneous t adm ni_stration of .the cl eoti de
sequence. I’ilgrefu ré arganieortf%gfra}p r'm%' A g:}k]lserséyﬁgﬁ%ero grlle%sgl}:én this
manner, it disyubeeade dessaxaniple blye VEmenedazd],4 Nat3Grec L@@i7nol i n- 4- am ne

derivative_tq be lyophilis and _adhered ont,o, .for exanple, gold beads
Wb char o 3E0¢aq 9 HOP geROto N Sah ARG Pty gt R RYPE60S Can

PCT/ EP02/ 18392 selin aniglshierRateav e verled mertuddacadicimant  conponent may
be adm nistered as a dry powder, via high pressure gas _propulsion. 5 Even

i f not 19 or MeN&L¥d Tedge BREROVilr 2ty 2HENRpBESRG RS Faralhe DeaPEFant
conponent Q. he ag i StRnedal vabcabQut vitha IR PRI at Nep-site as
t he nucl eotide sequencé. O her details of pharmaceutical preparations can
be found 10irRlREFSRG Gy PRaipadeds ddiresdi et swrdk IPgbOitshi ng
Company, Eagi-aRi Perivsy! ¥arid «phe8e) enldie Hi1sd el @hology
(poly (lactide-co-glycolide) and, liposome-based systems.
15 vViral and non-viral delivery systems may be combined
where it is desirable to provide booster injections after
an initial wvaccination, for example an initial "prime"
DNA vaccination using a non-viral wvector such as a
plasmid followed by one or more "boost" vaccinations
20 using a viral vector or non-viral based system.
Similarly the invention contemplates prime boot systems
with the polynucleotide of the invention, followed by

boosting with protein in adjuvant or vice versa.

25 A nucleic acid sequence of the present invention may also
be administered by means of transformed cells. Such
cells include cells harvested from a subject. The naked
polynucleotide or vector of the present invention can be
introduced into such cells in vitro and the transformed

30 cells can later be returned to the subject. The
polynucleotide of the invention may integrate into
nucleic acid already present in a cell by homologous
recombination events. A transformed cell may, if
desired, be grown up in vitro and one or more of the

35 resultant cells may be used in the present invention.
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which is included herein in its entirety, by way of reference. 15 Suitable
techni ques for introducing the naked polynucleotide or vector into a

pati ent aWwewm3iopwbiuide topical application with an appropriPar@&rPorhiset e. The
nucleic acid nmay be adm nistered topically to the skin, or to nucosal
surfaces for exanple by intranasal, oral, 20 intravagi naI or intrarectal
admi ni str atdedds Taa M@d‘ome}h@@l @t |a@®r@rpr\:l@(§temslm§y ize ppedasiitt oget her

with a phar al c ient sphate buffered
sal i ne (PBWUM lJl?XC%EL %Brte urtotié)l(l(il ac%'lril |tt at glgcgh%sgg% “facilitating
agents sucrgzasftz_ﬁgbumlmmime,ecmudmr esgparately or included in the DNA
formul ati on. O her nmethods of administering the nucleic acid directly to a
reci pient include ultrasound, electrical stimulation, electroporation and
m cr osegdi rrgle Miacrhmaiaewésxaﬂj rechpos IHS-oms6 OF, S0k, p’i@astdpttaldmvrdntri@@l eic acid
constructs be e nced b sever al éil;?nown ty %nsf ec n technl ques, for
exanpl e th&a A HNE s € TP IFENr &5 °6n a&g a Oé’xa(m:(ﬂ es of these
agents i nclouﬂﬁs: @;albls(mlm:ea,gammh frary exavel eo aﬁoa@lasajm osrmhaaatee and

DEAE- Dextran and i pof ec for - 25003 P 2/
exanpl e, | FEPEOEEM A Cte%a:?é’% rﬂro%ﬁéndyg’éﬁ teﬁ]eco#E&P%é’it cid to be
admi ni st er egiacamrheecahi=gr eb e@ud‘dﬂé&u@ atied Dw@qu@ime(ﬁ stdjmr@mgnt

i nventign al so 5 be adm ni st by nmeans of specialised.d ery

vect oré8 n aFefe M5 é@éb)}"’”&%g‘e[ ﬁ&téﬁfnapﬁrroéﬂﬁye}ear’él 161’1 Sussed for

exanpl e by a\éerﬂ&l -eiNAdle] Ninbe SO %he f%ﬁ%u&%&aw mBeintpdg @lf and non-viral

vector systens can be used. Viral base ne |n(il léde retr%w ral,
adjuvant-type substances whic e inc ed

formulations of the present invention include ubiquitin,

lysogomal associated membrane protein (LAMP), hepatitis B
15 virus core antigen, FLT3-ligand (a cytokine important in

the generation of professional antigen presenting cells,

particularly dentritic cells) and other cytokines such as

IFN-y and GMCSF. Other preferred adjuvants include
Imigquimod and Resimguimod and Tucarasol. Imiquimod being

20 particularly preferred.

The present invention in a preferred embodiments of the
invention provides the use of a nucleic acid molecule as
herein described for the treatment or prophylaxis of HIV

25 infection. The nucleic acid molecule is preferably
administered with Imigquimod. The Imiquimod is preferably
administered topically, whereas the nucleic acid molecule
is preferably administered by means of the particle

mediated delivery.

30
Accordingly the present invention provides a method of
treating a subject suffering from or susceptible to HIV
infection, comprising administering a nucleic acid
molecule as herein described and Imiquimod.

35
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10 lentiviral, adenoviral, adeno-associated viral, herpes viral, Canarypox
and vaccinia-viral based systens. Non- viral based systens include direct
adm ni st reDIoa230H3 nucl ei ¢ aci ds, m crosphere encapsul ati @cTIEPONNBGIDgY

(pol y(l actide-co-glycolide) and, |iposone-based systens. 15 Viral and
non-viral delivery systens may be conmbined where it is desirable to
provi de bodSiemuafesdt ilgwvendfitasy widd inew ik descEiibed &y, Hedrerstsspl e an
initial "primm" i i jng a non-viral vector such as a

pl asni d foI(gagﬁaE%%%%gﬁgﬁp%%$@ﬂﬂ%%%st" vacci nations 20 using a viral

vector or non-viral based system Simlarly the invention contenplates
prime boot ﬁﬂﬁé with the polynucleotide of the invention, foll owed by
boosting w protein in adjuvant or vice versa. 25 A nucleic acid sequence
of the Ppresent invention nay also be adm nistered by neans of transforned

cells. Such «cells _.include cells harvested om a ject. The naked
pol ynucl eot§XARRe et or &P THE SRS ©F rﬂfg]tqaé’n @ﬁ'bé’zﬁ'nt% ud&d into

such cel | s ddsenibled vibr Resdgea R origHl 13 Qxldss et hunire Igdieg.et urned to
the subject. The polynucleotide of the invention may integrate into
nucleic acid already present in a cell by honol ogous reconbination events.
A transfornmed cell may, if desired, be grown up in vitro and one or nore
of the 35 rrsid tantif@ldes:tmay be used in the present invention. -30 WO

03/ 025003 PCT/ EP02/ 10592 Cells can be provided at an appropriate site in a
pati enf0 by known surgical or mcrosurgical techniques (e.g. grafting,

Inventi on- iy AR e e A e P G her
subst ances HiVi-¢h atmdes & we ried i B ERas@arifarnkmamtey K03455) ,
optimised for expression in mammalian cells was assembled
from overlapping oligonucleotides by PCR.
15
Optimisation involved changing the codon usage pattern of
the viral gene to give a codon frequency closer to that
found in highly expressed human genes. Codons were
asgigned using a statistical Visual Basic program called
20 Syngene (an updated version of Calcgene, written by R.S.
Hale and G. Thompson, Protein Expression and Purification

Vol. 12 pp 185-188, 1998)

Cloning:

25
The 1528bp gag PCR product was gel purified, cut with
restriction endonucleases NotI and Bam HI and ligated
into NotI/BamHI cut vector WRG7077. This places the gene
between the CMV promoter/intron A and the Bovine growth

30 hormone polyadenylation signal.

Clones were sequenced and checked for errors. No gingle
clone was 100% correct. Regions of correct sequence from

two clones were therefore combined by overlapping PCR
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response induced by the protein which is encoded by the DNA. These may be
encoded by the DNA, either separately 10 fromor as a fusion with the

anti gen, woogmgsobe i ncl uded as non-DNA el enents of the f@CEHPat/105m

Exanpl es of adjuvant-type substances which nay be included in the

formul ati ons of the present invention include ubiquitin, [|ysosomnal

associ at ed usdmer apPyGtigite (donvPnatiepat iofi £ PPuimdigatdene odhticgen,
FLT3-1i gan a i i rt N ratl f f esgi I
antigen pr %se(étntt%&qié}ee{]%s,fm%arl%lrhtg&fharcloya e% r ?Ltn??egf;lqgg) I%;e%g'o?ﬁlgr@a

cyt oki nes duictalas ldreN-wa s miib@dasen tAvhdoumce fer s tadjinuvamtisiglec! ude

I m qui nod an I.nui . asal_. -l.m gui md i Q. partd cularly
preferred. %']%e:@%f%rsgéént&gli%v%%q} -(g,rill&%% z%pspé#:regfﬂeiémé)inb%n{r%gﬁthé%gf %t tde

i nventi 6n preniades < hewmsioadgficn miclteiansdeitd ool §he eledstiloer eias descri bed

for the treatnent or_pr yl axi s of ,HYVY i nfection, Th l.ei. cid
nol ecul e i S raefreerdgt]ﬂl}; cgg:nhc‘llrﬂgstoerte hv(\3,1 trﬁgl%%nq&fﬁgt = BES %Oglﬁl%r%%&?ﬁgg
pr ef er abl y t hed nindicatrerced deapiccald wndwedoedsd her el elcrreeitd nol ecule is

preferably adm ni st ?ed means _of thoe ar.t incl %nrre%i :}Hteerdc %I iever y. 30
Accor di ngl ¥EHENFeddit™ i e on Pesti d89 8 heth6d GF % Fe8fiSig a subj ect
suffering fotam gavausteptiile towddnV optifrEeiddoms5c ey icdiang :adm ni stering a
nucl ei 8Baci d nol ecul e as §1ere'.n des%tr)i bed and I m quinpod. 35 -31 WO

03/ 025083 FEFABSER 0592 e&Sentt invention will now be described by
reference to the follow ng exanpl es: EXAMPLES 5

Example 2: Production of a pl7/p24 truncated Nef

fusion gene

15 Gene of interest

The pl7 and p24 portions of the p55gag gene derived from
the HIV-1 clade B strain HXB2 was PCR amplified from the
plasmid pHXB?Pr (B.Maschera, E Furfine and E.D. Blair

20 1995 J.Virol 69 5431-5436). pHXB?Pr. 426bp from the 3’
end of the HXB2 nef gene were amplified from the same
plasmid. Since the HXB2 nef gene contains a premature
termination codon two overlapping PCRs were used to
repair the codon (TGA [stop] to TGG [Trpl)

25
The pl7/p24linker and trNEFlinker PCR products were
joined to form the pl7p24trNEF fusion gene (figure 3) in

a PCR reaction (antisense)

30 The 1542bp product was gel purified, cut with restriction
endonucleases NotI and BamHI and cloned into the NotI
BamHI sites of vector WRG7077. This places the gene
between the CMV promoter/intron A and the Bovine growth

hormone polyadenylation signal.
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Exanple 1: Optim sation of p55 gag (pl7, p24, pl3) to resenble codon usage
of highly expressed hunman genes. Gene of interest 10 A synthetic gene

codi ng f owotohe2pbbgag antigen of the H V-1 d ade B strai mRCHYBA2/(0GenBank
entry KO03455), optimsed for expression in manmalian cells was assenbl ed
from overl appi ng oligonucl eotides by PCR 15 Optim sation involved changi ng
t he codon usage pattern of +the viral gene to give a codon frequency cl oser
to that found in highly expressed human genes. Codons were assigned using
a statistical Visual Basic programcalled 20 Syngene (an updated version of
Cal cgene, vExdmgele (B R S. Padaductdwh Gf Forgspml A dtepty/ 2 #ssi on and
Purificati o VoI A\%@g 1%&188 1998) Cloning: 25 The 1528bp gag PCR

pr oduct vvas 1M t9FPFestricti on endonucl eases Not| and Bam
H and Is5i gat ed into Notl/BanmH cut vector WRG/077. This places the gene
bet ween the CW pronoter/intron A and the Bovine growh 30 hornone

pol yadenyl ati on signal. C ones were sequenced and checked for errors. No
single cl dfRPSwRE FOIRTRT ect . Regions of correct sequence from two

cl ones were therefore conbined by overl appi ng PCR -32 WD 03/025003

PCT/ EPO2/ 10592 usi ng appropriate conbinations of the optimsation oligo
set to gi vél“lm fRNW/HQéngldrt@wa)rpii)mhemCSEibrga;g)tglewesedl'm@SQa‘g rgenec| one was

subsequent | y, s% £ ar%%grgogﬁeal va fl&gg&e I{ q&éjzelvg%é olpbé/\lm ch resulted

ina franme prema termnalono translation. The deletion
was 10 amplified from the plasmld pGagOPTrpr2. The truncated

HXB2 Nef gene with the premature termination codon

repaired (TGA [stop] to TGG [Trp]) was amplified by PCR
from the plasmid 7077txrNef20. The two PCR products were
designed to have overlapping ends so that the two genes

15 could be joined in a second PCR.

The 1544bp product was gel purified, cut with restriction

endonucleases NotI and BamHI and cloned (see figures)

into the NotI BamHI sites of vector WRG7077. This places
20 the gene between the CMV promoter/intron A and the Bovine

growth hormone polyadenylation signal.

Example 4: Plasmid: p7077-RT3 Clone #A
25 Gene of interest:

A synthetic gene coding for the RT portion of the pol
gene of HIV-1 clade B strain HXB2, optimised for
expression in mammalian cells assembled from overlapping
30 oligonucleotides by PCR. The sequence cloned is
equivalent to positions 2550-4222 of the HXB2 reference
sequence (GenBank entry K03455). To ensure expression the
cloned sequence has two additional codons at the 5’ end

not present in the original gene — AUG GGC (Met Gly).
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repaired by cutting out the region of the gene containing the incorrect
sequence and cloning in the correct sequence fromthe equival ent regi on of
anot her cWwomg/02500hi s gave the final codon optim sed p55 gagT@EPONE59210
Gagoptrpr2. (See figure 2) Exanple 2: Production of a pl7/p24 truncated Nef
fusion gene 15 Gene of interest The pl7 and p24 portions of the p55gag gene
derived froptimigakivnl igvadeed sheapaneExBRewasdPCRugAPE PREE SOt he

plasm d p 2P (B era, E Eucfi n aj 1995 irol 69
5431-5436?§§SH&é%%}w%%§EbégfggxgtﬁeEQQOEeggggPepﬁg E&%%gﬁeﬁgggﬁgy;ere
anpl i fied foomdt hea ddgblypkapmedsesi homarnhgerXB2 het gardudéntai ns a

premature _termihation t r i P sed to repair the
codon (TGAr[aé:te(%]] Bes ééaﬁg{rgp] %?d%gﬂlﬁ’%%%l%%&%ﬁ\ﬁg%ﬁg 35t r NEFI | nker PCR
products wetetijsained VastielnBtkecpbZp2damNERlfledi pngene ((Bhgure 3) in a
PCR reaction nti sense) 30.The.1542bp pr s_gel rified, ~cut with
restrictiode%%&gnﬁgfgé gsoﬁo Flgﬁgn%anEFgg#%EC ngdgrn othg%%OFT BanHi
sites of veabhbapsWRG/@ForeThi Explraced ohhengeParifiétweénnt FelCMi¥2 pp
pronoter/intron A %%% éhe Bovi ne growt h hornone pol yadenyl ati on signal .
~33 WO 03/ 635008 BpCTFER)2/ 10592 Exanpl e 3: Production of an Gag

pl7/ 24opt/trNefl (' Gagopt/Nef') fusion gene. 5 Gene of interest The

pl7/ p24 portion of the codon optim sed p55gag gene derived fromthe H V-1
d ade B) st raen fHXB2 wdsnBCRas constructed from two intermediate

clones, # 16 and #21.
Cloning:

15 The 1.7kb PCR products were gel purified, cut with NotI
and BamHI and PCR cleaned, before being ligated with NotI
/ BamHI cut pWRG7077. This places the gene between the
CMV promoter and bovine growth hormone polyadenylation
signal. Clones were sequenced. No clone was 100% correct,

20 but clone #16 was corrected by replacing the 403bp KpnI-
BamHI fragment containing 3 errors with a correct Kpnl-
BamHI fragment from clone#21. The final clone was

verified by sequencing. (see figure 5)

25
Example 5: Optimised RT

Gene of interest

The synthetic gene coding for the RT portion of the pol
30 gene of HIV-1 clade B strain HXB2, optimised for
expression in mammalian cells was excised from plasmid
P7077-RT3 as a 1697bp NotI / BamHI fragment, gel
purified, and cloned into the NotI & BamHI sites of
p7313-ie (derived from pspC3l) to place the gene
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10 anplified fromthe plasmd pGagOPTrpr2. The truncated HXB2 Nef gene
with the premature term nation codon repaired (TGA [stop] to TGG [Trp])
was anpl iwoed/opoPCR fromthe plasm d 7077t r Nef 20. The t wWOTHER/prseruct s
were designed to have overlapping ends so that the two genes 15 coul d be
joined in a second PCR The 1544bp product was gel purified, cut with
restricti odowestvrenl edses Novwk drdgBAnHCMANBroroRed (se&onilgupas) into

the Notl B Lt es cof K §$gz 7 ' : ne between the
cw pronntg #ﬁ%#@th ghé%%%gtB vingI71 Bfggiﬁdﬁggﬁgﬁé%%o%3§3%§y|ation

si gnal . ExdRpELE44p2P) adiiigune7@/7- RT3 Cl one #A 25 Gene of interest: A
synthetic gene coding for the RT portion of the pol gene of HV-1 3 ade B
strain HXB2, optimsed for expression in mamualian cells assenbl ed from
over |l appi ng 30 ol igonucl eoti des by PCR The sequence cloned is equival ent
to posiii oEzatple- 4222 of the HXB2 reference sequence (CGenBank entry
KO03455). To ensure expression the cloned sequence has two additional

codons at e 5, end nt in the original gene - AUG GGC (Met Q).
-34 WO 03/%335@%dPCT7@g8%f¥%§§§ Optimi sation invol ved changing the codon

usage pattern of the viral gene to give a codon frequency closer to that
found i n higghky o®#xpheesedthuman genes, but excluding rarely used codons.

Codons were_ assigned using a 5 statistical Visual Basic programcalled
Syngene (aRPeupdzfed &%ngﬁﬁeﬁfpé§Fc8§nE%ewNF%t@Fnﬁyfkﬁgftﬁglglgﬁ& G

Thonpson, PBrngtei B Bxprmassinxmoand oBupi bhireabieoBt¥el frbh phe 585eh880£1998) 10
The final clone was constructed fromtwo internedi ate clones, #.16 and
#21. 10 the gene removing the codons for the first 65 amino acids
of Nef. In addition the premature termination codon in
the published HXB2 nef sequence has been repaired (TAG to
TGG [Trpl) as has been described for plasmid
pl7/24trNEF1. The truncated nef sequence was PCR
15 amplified from the plasmid pl7/24trNefl. The sequence
cloned is equivalent to positions 8992-9417 of the HXB2
reference sequence (GenBank entry KO03455). To ensure
expression the cloned sequence has an additional codon at
the 5’ end not present in the original gene -~ AUG (Met).
20
Primers:
StrNef (sense) ATAAGAATGCGGCCGCCATGGTGGGTTTTCCAGTCACACCTT
[SEQ ID NO: 1]
AStrNef (antisense)
25 CGCGGATCCTCAGCAGTTCTTGAAGTACTCC [SEQ ID NO: 2]

PCR: 94° C 2min, then 25 cycles: 94° C 30sec, 50° C
30sec, 72° C 2min, ending 72° C 5min

30 Cloning:
The 455bp RT PCR product was gel purified, cut with
restriction endonucleases NotI and Bam HI and ligated

into NotI/BamHI cut vector WRG7077. This places the gene
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Cloning: 15 The 1.7kb PCR products were gel purified, cut wwth Notl and
BamH and PCR cl eaned, before being |ligated with Notl / BanmH cut
PpWRG/077.WwOhB®29baaces t he gene between the CW pronoter &Qd/HPOVi05e2 gr owt h
hor nrone pol yadenyl ati on signal. C ones were sequenced. No clone was 100%
correct, 20 but clone #16 was corrected by replacing the 403bp Kpnl- BanH
fragment céResmME® SMFbmyramaten/ cdrract? 1Ignd -tiRamqvinea@ranth rom

cl one#21. i.nal. Gl verifi by sequencing. (see figure 5) 25
Exanpl e 5%@51{%&5&#&% nzatoc(}:ﬁngti eslt' The synthetic gene coding for the
RT portion of the pol 30 gene of H V-1 dade B strain HXB2, optim sed for
expression in mamualian cells was excised fromplasmd p7077-RT3 as a
1697bp Notl / BanmH fragnent, gel purified, and cloned into the Notl &
BanH st eExdmplE/FL3-ie (derived frompspC3l) to place the gene -35 WO

03/ 025003 PCT/ EP02/ 10592 downstream of an lowa | ength HCW pronoter +

exonl, and _.upst.ream_qf bit globin poly-adenylation signal. (R7004
p27) (figw%}%%m ’Exgﬁai}#i | asmi d: 7077trNef20 GCene of interest The
insert conprises part of the Nef gene fromthe HV-1 d ade B strain HXB2.
195bp are d=wdmd &F fimeddyx 5° end of 10 the gene renoving the codons for
the first 65 amno acids of Nef. In addition the premature termnm nation

codon in e RIbPCHEPHAD the Ry EsHS s dsddivsbdaivedherdBYd  Tas
[Trp]) as hasdeen desGr e S orrPplasdnmbr amplified from the

10 plasmid p7077Poll4.

The sequence cloned is equivalent to positions 2550-4234
of the HXB2 reference sequence (GenBank entry K03455). To
ensure expression the cloned sequence has two additional

15 codons at the 5’ end not present in the original gene -
AUG GGC (Met Gly).

Primers:

SRT (sense) ATAAGAATGCGGCCGCCATGGGCCCCATTAGCCCTATIGAGACT
20 [SEQ ID NO: 3]

ASRT (antisense)

CGCGGATCCTTAATCTAAAAATAGTACTTTCCTGATT [SEQ ID NO: 4]

PCR: 94° C 2min, then 25 cycles: 84° C 30sec, 50° C
25 30sec, 72° C 4min, ending 72° C 5min

Cloning:
The 1720bp RT PCR product was gel purified, cut with
restriction endonucleases NotI and Bam HI and ligated

30 into NotI/BamHI cut vector WRG7077. This places the gene
between the CMV promoter/intron A and the Bovine growth

hormone polyadenylation signal.
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pl7/ 24t r NEF1. The truncated nef sequence was PCR 15 anplified fromthe
plasm d pl7/24trNefl. The sequence cloned is equivalent to positions

8992- 941 wofo3nkwoiHXB2 ref erence sequence (GenBank entry RO3APEY/105ID ensure
expression the cloned sequence has an additional codon at the 5 end not
present in the original gene - AUG (Met). 20 Priners: StrNef (sense)
ATAAGAAT GCEBEBBIEABGGTGGGTTTTCCAGTCACACCTT [SEQ I D NO 1] AStr Nef
(antisense) 25 CGCGGATCCTCAGCAGITCTTGAAGTACTCC [SEQ ID NO 2] PCR 94 C

30 O oni noP HE R R BEk Sy G0 SRR IS i ea ot withe

restriction endonucleases hbtl and Bam H and ligated into Notl/BanmH cut
vector WRG/Q77. Thi ces ene -36 03/ 025003 PCT/EP02/10592

et ween t hAPER SRSILEY CREEOITR. Bnd T 8o LRESEPoREN . 56 HofEL A0

pol yadefny! aldien =gl .. 5 Exanple 7 Plasmd: 7077RT 8 GCene of interest The
RT portion of the pol gene was derived fromthe HV-1 d ade B strain HXB2.
It was PCR anplifjed fromthe 10 plasm d p7077Pol14. The sequence cloned is
equi val ent €8 &S dPH9Ee#530- 4234 of the HXB2 reference sequence (GenBank

igtry KO3495). E@/;QQS%I t@%Rr 8Fs ko E@@d%l%@%@nﬁ%@ﬂﬁ@@@gﬁ%saéﬁ% addi tional
codons at the 5 not resent in the original gene - GEC ( Met
ay). derived from the HIV-1 clade B strain HXB2 was PCR

amplified from the plasmid pGagOPTrpr2. The RT coding

10 sequence was PCR amplified from the plasmid 7077RT 8. The

truncated HXB2 Nef gene with the premature termination

codon repaired (TGA [stop] to TGG [Trpl) was amplified by

PCR from the plasmid 7077trNef20. The three PCR products

were designed to have overlapping ends so that the three

15 genes could be joined in a second PCR.

Primers:

(P17/24)

20 Spl7p24opt (sense)
ATAAGAATGCGGCCGCCATGGGTGCCCGAGCTTCGGT [SEQ ID NO: 5]
ASpl7p24optRTlinker (antisense)
TGGGGCCCATCAACACTCTGGCTTTGTGTC [SEQ ID NO: 6]

25 PCR: 94° C 1lmin, then 20 cycles: 94° C 30sec, 50° C
30sec, 72° C 2min, ending 72° C 4min

The 1114bp pl7/24opt product was gel purified.
30 (RT)
Spl7p24optRTlinker (sense)

CAGAGTGTTGATCGGEECCCCATTAGCCCTAT [SEQ ID NO: 7]
ASRTtrNeflinker (antisense)
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Primers: SRT (sense) ATAAGAATGCGGCCGCCATGGGCCCCATTAGCCCTATTGAGACT 20 [ SEQ
I D NO 3] ASRT (antisense) CGCGGATCCTTAATCTAA. AAATAGTACTTTCCTGATT [SEQ I D
NO 4] PEgBR030450@3 2min, then 25 cycles: 94 C 30sec, 50 C PETAPSBENS9Y2 C
4mn, ending 72 C 5mn doning: The 1720bp RT PCR product was gel

purified, cut with restriction endonucl eases Notl and Bam H and |igated
30 i nt o NoRACBEAAICATRT CTAMAGMA TARGACTTICThi [SEQ ddedlG:hé@lgene between the
CW pronoter/intron A and the Bovine growh hornone pol yadenyl ati on

signal . -37 WD 03/ 025003 PCT/ EP02/ 10592 Exanple 8 pl7/24opt/RT/trNefl3

(" Gagopt / RECRef 'as Hivesreconstruct contains a PCR that causes an Rto H amino
5 acid change. CGene of interest: The pl7/p24 portion of the codon optim sed
p55gag gene derived fromthe H V-1 dade B strain HXB2 was PCR anplified
fromthg pltasnid 1pGag@RTHIR? pridecRT weediged plrieduence was PCR anplified
fromthe plasmd 7077RT 8. The truncated HXB2 Nef gene with the premature
termnation codon repaired (TGA [stop] to TGG [Trp]) was anplified by PCR
fromthe pl@smcadui@étigdNeis). The three PCR products were designed to have
over | appi ng ends so that the three 15 genes could be joined in a second

PCR  Priners: (P17/24) 20 Spl7p24opt (sense)

ATAAGAA. TOSREBELNEEAT FaRECAEENI) TCCGT [ SEQ ID NO 5]
10 CTATTTTTAGATATGGTGGGTTTTCCAGTCAC [SEQ ID NO: 2]
AStrNef (antisense)
CGCGGATCCTCAGCAGTTCTTGAAGTACTCC [SEQ ID NO: 10]

PCR as above.

15 The 448bp product was gel purified.

The three PCR products were then stitched together in a
second PCR with primers Spl7/24opt and AstrNef.

20  PCR: 94° C 1lmin, then 30 cycles: 94° C 30sec, 50° C
30sec, 72° C 4min, ending 72° C 4min

The 3253bp product was gel purified, cut with restriction
endonucleases NotI and BamHI and cloned into the NotI

25 BamHI sites of vector WRG7077. This places the gene
between the CMV promoter/intron A and the Bovine growth

hormone polyadenylation signal.

Example 9

30 Plasmid: pGRN#16 (pl7/p24opt corr /RT/trNef.)

Gene of interest:
The polyprotein generated by pl7/240pt/RT/trNefl3
(‘Gagopt/RT/Nef’) was observed to express a truncated

35 product of ~30kDa due to a cluster of unfavourable codons
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ASpl7p24opt RTl i nker (antisense) TGGGGECCCATCAACACTCTGECTTTGIGIC [SEQ I D NO
6] 25 PCR 94 C 1mn, then 20 cycles: 94 C 30sec, 50 C 30sec, 72 C 2mn,
endi ng 72wWG 0d/023003The 1114bp pl7/240pt product was gel puriPCirgP02/1382 ( RT)
Spl7p24o0pt RTl i nker (sense) CAGAGTGTTGATGGGCCCCATTAGCCCTAT [SEQ I D NO 7]
ASRTt r Nef I i nker (antisense) -38 WO 03/025003 PCT/ EP02/ 10592

AACCCACCAT ATICTAAASRFAGTEACTERT GO r8EQ 1D NO . ShdeERweas amB/Jeact'ed]'heitjl'Vllbp RT

PCR produM t | i nker (sense) 10
CTATTTTTA c&ip&é&% si‘iﬁé%}l%}f%“{%gen%g f (anti sense)
CGCGGAT CCT QAGUAGTORET REXAGTVEETICC WSBEQddd I‘d@ al&]empB@%eas:catm;éLlﬁ&S The 448bp

pr oduct vvagj%elpcﬁ;{:rll fi e%:2 The hree PCR d‘z‘ were then stitched

together in’a Second cJch pri—’lorretrlplse hd PASYYNEY. 20 PCR 94 C

1m n, then S TAxd4esat %CCGHEG@C, Esitl (EheBQ&&aglo?Q dE i3 erd nche/r2 C 4min
The 3253bp 0 uct wa purifi ut th.restricti ndonuygl eases
Not| and Bé‘ﬁﬁ o eé”ﬂﬂeorsth “%Apéé’rﬁll/ss%‘*té’st@%}ﬁﬁ 7077.
Thi s pl aceswdel agenrnsf thet weerdudiss (H\Nltmrmfmi ahd rioduh Alrandhdde aBQi/i ne
growm h hornone pol yadenyl ati on. signal . 0 PI smd: pGRN#16
(p17/ p24opttrptjeor9r I%J/Iilffn .)prO&‘}‘Fé"gsof ﬁl?ﬁ S%C%ed ?%Oget er using

the Spl7/p24opt and Aspl7/p24optRTlinker primers. The

10 product was cut with NotI and Agel and inserted into
similarly cut pl17/24o0pt/RT/trNefl3, to generate pGRN.

Clone #16 was verified and progressed.

Primers:
15
5' PCR:
Spl7p24opt (sense)
ATAAGAATGCGGCCGCCATGGGTGCCCGAGCTTCGET [SEQ ID NO: 11]
20
GTR-A (Antisense)
GCGCACGATCTTGTTCAGGCCCAGGATGATCCACCGTTTATAGATTITCTCC [SEQ
ID NO: 12]
25 3" PCR

Sense: GTR-S (Sense)
ATCCTGGGCCTGAACAAGATCGTGCGCATGTACTCTCCGACATCCATCC [SEQ ID
NO: 13]

30 ASpl7p24optRTlinker (antisense)
TGGGGCCCATCAACACTCTGGCTTTGTETC [SEQ ID NO: 14]

PCR conditions for individual products and stitch, using
PWO DNA polymerase (Roche):
35
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The pol yprotein generated by pl7/24opt/ RT/trNefl3 ( Gagopt/RT/Nef') was
observed to express a truncated 35 product of -30kDa due to a cluster of
unf avour alwbaspzdohs -39 WO 03/ 025003 PCT/ EP02/ 10592 wi t IrcCa/Epazii@sDUNd

am noacid 270. These were replaced with optinmal codons by PCR stitching
mut agenesi s. pl7/24opt/ RT/trNefl 3 was used as a tenplate to anplify the
portion of 963§ 3mimge thenmidlatyehew OB °Br i3Msnrs 55 ‘SpBPep248pC aB8ESGTR-A, and
the portio . 3t h tat i with primers GIR-S and
Aspl?/p24o%F§%P§ﬁ3§r? %g% %98?Pa§ égﬂgﬁe products contai ned the codon
changes, and the gel purified products were stitched together using the

Spl7/ p24o0pt,, an | 7/ o] Linker pr.imes.s. p C S t with
Not 1 and AGEE SAd EReSReSHtnie® Sek Buriridd ot Fosose PR et Re AT E. fo
gener at®e pBBNI td aedchbe wasocvebof ifedgarttpwbdices sved. gBli persfieth 5° PCR
Spl7p24opt ense TAA g%éé%?;?%%%ﬁg T [SEQ I D NO 11]
20 GTR-A (ﬁ%"?i géﬁé&)eé é@% TGPT m% CCGTTTATAGATTTCTCC
[ SEQ | D Np17Y2kods /BT /RERefanseo GEReBaSenpeRNH#16.
ATCCTGGGCCTGAACAAGATCGTGCGCATGTACTCTCCGACATCCATCC [SEQ ID NO  13] 30

ASpl7p24opt RTl i nker (antisense) TGGGGECCCATCAACACTCTGECTTTGIGIC [SEQ I D NO
14] PCR copghnbaes 1foer i ndi vi dual products and stitch, using

10 Plasmid: p73i-GRN2 Clone #19
(pl7/p24 (opt) /RT (opt) trNef) - repaired

Gene of interest:
The pl7/p24 portion of the codon optimised gag, codon

15 optimised RT and truncated Nef gene from the HIV-1 clade
B strain HXB2 downstream of an Iowa length HCMV promoter
+ exonl, and upstream of a rabbit Pp-globin poly-

adenylation signal.

20 Plasmids containing the trNef gene derived from plasmid
pl7/24trNefl contain a PCR error that gives an R to H
amino acid change 192 amino acids from the end of nef.
This was corrected by PCR mutagenesis, the corrected nef
PCR stitched to codon optimised RT from p7077-RT3, and

25 the stitched fragment cut with Apal and BamHI, and cloned
into Apal/BamHI cut p73i-GRN.

Primers:
PCR coRT from p7077-RT3 using primers:
30 (Polymerase = PWO (Roche) throughout.

Sense: Ul
GAATTCGCGGCCCCCGATGGGECCCCATCAGTCCCATCGAGACCETGECCGETGAAGCTE
AAACCCGGGAT [SEQ ID NO: 15]
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PWO DNA pol ynerase (Roche): 35 -40 WD 03/ 025003 PCT/ EP02/ 10592 95C 1m n,
then 20 cycles 95C 30s, 55C 30s, 72C 180s, ending 72C 120s and 4C hol d.
The 1114byopsoetiwes was gel purified and cut with Notl andPCI/ERGBIOSHD
rel ease a 6647bp fragnment which was gel purified and ligated into Notl /
Agel cut gel ((E])(lsll‘i fi eigl pl7/ 240pt/ RT/trNefl 3 to generate pGRN#16. Exanpl e
10: 10 Pl astfPRPPELGRN2 C one #19 (pl7/p24 (opt) /RT (opt) trNef) -

repaired GuecrdadntesssiccdhecRidiAeedcerrtiomnofctbec cosden optiei sed gag,
codon 15 optim sed RT and truncated Nef gene fromthe HV-1 dade B strain

HXB2 downstt®ham of an | owa | ength HOW pronoter + exonl, and upstream of a
rabbit 3-globin poly- adenylation signal. 20 Plasm ds contai ning the trNef

gene derjved fromplasmd gl?/ 24trNefl contaip a PCR error that gives an R
to H am nd¥et®F chamde(19s ankpon atf deve et S heCedes bf ne?.C (385 ks was

corrected by, RER a4 pgenesh s72the £y ech@hhed PR gtitched to codon
optimsed RT from p7077-RT3, and 25 the stitched fragnent cut with Apal and

BarHl , and Bt®ned’kh nReR AperdBamtas @ebBir GRd Priners:  PCR coRT from
p7077- RT3 using prinmers: 30 (Polynmerase = PW (Roche) throughout. Sense:

Ul GAATTCGCGGECCGCGATGGEGECCCCAT CAGT CCCATCGAGACCGTGCCGGTGAAGCTG  AAACCCGGGAT
[ SEQ | D NOPCAK15- Mef from pl7/24trNefl using primers:

10
Sense: S-Nef
ATGGTGGGTTTTCCAGTCACACC [SEQ ID NO: 17]
Antisense: ASNef-G:
GATGAAATGCTAGGCGGCTGTCAAACCTC ([SEQ ID NO: 18]
15 Cycle: 95°C(30s) then 15 cycles 95°C(30s), 55°C(30s),
72°C(60s), then 72°C(120s) and hold at 4°C

PCR 3’ Nef from pl7/24trNefl using primers:

20 Sense: SNEF-G
GAGGTTTGACAGCCGCCTAGCATTTCATC [SEQ ID NO: 19]
Antisense:
AStrNef (antisense)
CGCGGATCCTCAGCAGTTCTTGAAGTACTCC [SEQ ID NO: 20]

25 Cycle: 95°C(30s) then 15 cycles 95°C(30s), 55°C(30s),
72°C(60s), then 72°C(120s) and hold at 4°C

The PCR products were gel purified. Initially the two Nef
products were stitched using the 5 (S-Nef) and 3’

30 (AstrNef) primers.
Cycle: 95°C(30s) then 15 cycles 95°C(30s), 55°C(30s),
72°C(60s), then 72°C(180s) and hold at 4°C .
The PCR product was PCR cleaned, and stitched to the RT

product using the Ul and AstrNef primers:
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WD 03/ 025003 PCT/ EP02/ 10592 AScoRT- Nef
GGTGTGACTGGAAAACCCACCATCAGCACCTTTCTAATCCCCGC [SEQ ID NO  16] 5 Cycle:

95C( 30s) whaen/o20oxycl es 95C(30s), 55C(30s), 72C(180s), t irem/EPRINWBZDS) and
hold at 4C The 1.7kb PCR product was gel purified. PCR5 Nef from
pl7/24trNefl using priners: 10 Sense: S-Nef ATGGTGGGTTTTCCAGICACACC [ SEQ
I D NO 17] Cymtsi:sedSeC (RENef therGRIGEASTEET AGGCHEERETCARRCETGOS3EQ | D NO

18] 15 Cyclge (gﬁﬁégﬁ)ﬁ%gggﬁégﬁgﬁ%kgﬁ %§§X§@ﬁb,a§5gb%ps), 72C(60s), then

72C(120s) and Nef from pl7/24trNefl using priners: 20
Sense: SNEF- G GAGGTTTGACAGCCGCCTAGCATTTCATC [SEQ I D NGO 19] Antisense:

ASt r Nef ' T M . 25
e e e e e

72C( 12?5) &achHIo| That pd@sttie RPCR pitkiucks weise gelt purdtlf ifgal lemictial ly the
two Ne pro ts [ i.tch F t ' f \ Nef
primers. Q)/?’cgrgﬁ @?%?Qg‘g)ﬁtfltlﬁgn ?;/l gg%gggfggg}qlge%é??}%g% R%%f%?\%(tji) %hen
72C(180s) and regletheats t4&CtheTlpd 7PER 4picpdl R TWap tPERNeIfeayeed. and stitched to

the RT product using the U and AstrNef prinmers: -42 W 03/025003

PCT/ EPO2/ 10592 Cycle: 95C(30s) then 20 cycles 95C(30s), 55C(30s),
Example 11

10 p73i-GN2 Clone #2 (pl7/p24opt/trNef) - repaired

Gene of interest:

The pl7/p24 portion of the codon optimised gag and

truncated Nef genes from the HIV-1 clade B strain HXB2
15 downstream of an Iowa length HCMV promoter + exonl, and

upstream of a rabbit P-globin poly-adenylation signal.

Plasmids containing the trNef gene derived from plasmid
pl7/24txNefl contain a PCR error that gives an R to H

20 amino acid change 19 amino acids from the end of Nef.
This was corrected by PCR mutagenesis and the corrected
fragment cut with BglII and BamHI, and cloned into
BglII/BamHI cut p73I-GN. (Figure 12) regenerate the
corrected pl7/p24opt/txrNef fusion gene downstream of the

25 Iowa length HCMV promoter + exonl, and upstream of the
rabbit P-globin polyadenylation signal.

PCR 5’/ Nef from pl7/24trNefl using primers:
Polymerase = PWO (Roche) throughout.

30
Sense: S-Nef
ATGGTGGGTTTTCCAGTCACACC [SEQ ID NO: 21]
Antisense: ASNef-G:
GATGAAATGCTAGGCGGCTGTCAAACCTC [SEQ ID NO: 22]
35
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72C(180s), then 72C(180s) and hold at 4C The 2. 1kb product was gel

purified, and cut with Apal and 5 BanHl . The plasm d p731-GRN was al so cut
wi t h Apalward/io2BesHl gel purified and ligated with the Ap&iCTHa?/R531 r Nef

to regenerate the pl7/p24(opt)/ RT(opt)trNef gene. Exanple 11 10 p73i-G\2

Cl one #2 (pl?/p24opt/trhbf) - repaired Gene of interest: The pl7/p24
portion of thelecodc% 6ht30a)s ddhegad Samy cltersudatCelB ONet, g&Res (B0, t he HI V- 1
G ade B straj f I |_engtoh, HCOW pronot er + exon
and upstreanlo a rdbé?}qh-glo ﬁ%%k Ifgg%éﬁ§ atﬁb% gﬁgnal Pl asm ds
containing the trNef gene derived fromplasmd pl7/24trNefl contain a PCR
error that v |d chan e .19 amno acids fromthe end
of Net. Tﬁ?%{%gs%PorréEF%éa%/aggﬁ' éﬁﬁrﬁhe corrected fragnent
cut with BgddseandNgadd , and cl oned |nto Bgl I1/BanH cut p731-GN. (Figure

12) regenera corrected pl t/trNef fusion_gene downstream of
thb 2501 owi GRS GoIBebR (HiCAdn | (B Thpdriegilof the. rabbi 1

P- gl obi n palyrademdaat |mrsaegnal PCR 5 Nef from pl7/ 24t r Nefl using
prinmers: ner ase Roche) throughout. 30 Sense: S Nef

AT GOT GRT T FOERG FRRERBE P T BORBC TAET A eriDe NOASRAE- G
GATGAAATGCTAGGCGGECTGTCAAACCTC [SEQ I D NGO 22] 35 -43 WO 03/025003

PCT/ EPO2/ 10592 Cycle: 9 30s) then 15 cycl es 95C(30s), 303)
72C( 60£§ Cwed e?2C(9P2(§s)30§|(%dtll?§F1d 1%t cyeles 95°C(30s), ' 55° ch

72°C(60s), then 72°C(120s) and hold at 4°C

The PCR products were gel purified, and stitched using
the 5’ (S-Nef) and 3’ (AstrNef) primers.

15 Cycle: 95°C(30s) then 15 cycles 95°C(30s), 55°C(30s),
72°C(60s), then 72°C(180s) and hold at 4°C .
The PCR product was PCR cleaned, cut with BglII / BamHI ,
and the 367bp fragment gel purified and cloned into
BglII/BamHI cut gel purified p73i-GN.

20

Example 12

Plasmid: p73I-RT w229k (Inactivated RT)

Gene of Interest:
25 Generation of an inactivated RT gene downstream of an

Towa length HCMV promoter + exon 1, and upstream of a

rabbit P-globin poly-adenylation signal.

Due to concerns over the use of an active HIV RT species

30 in a therapeutic vaccine inactivation of the gene was
desirable. This was achieved by PCR mutagenesis of the
RT (derived from P73I-GRN2) amino acid position 229 from
Trp to Lys (R7271 pl-28).
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PCR 3' Nef from pl7/24trNefl using primers: 5 Sense: SNEF-G
GAGGTTTGACAGCCGCCTAGCATTTCATC [ SEQ I D NO 23] Antisense: AStr Nef
CCCGGATCOVOAGTAGIT CTTGAAGTACTCC [ SEQ I D NO. 24] 10 Cycl e: Pes@EP8O®)91 hen 15
cycles 95C(30s), 55C(30s), 72C(60s), then 72C(120s) and hold at 4C The PCR
products were gel purified, and stitched using the 5 (S-Nef) and 3
(AstrNef) Primenss: 15 Cycle: 95C(30s) then 15 cycles 95C(30s), 55C(30s),
72C(60s), n532§§1§p%?t%§g hol d .at 4C.. The PCR product was PCR cl eaned,
cut with BglY Y Banhl "hrrd tHe 65 PFragmsit gel purified and cloned into

Bgl I I/ BamHl (pedtyngelageurs fAwd ®E3he(®ENth20ughanpl)le 12 Plasm d: p731- RT w229k
(I'nactivated RT) Gene of Interest: 25 Generation of an inactivated RT gene
downstream of an lowa | ength HCOW pronoter + exon 1, and upstream of a
rabbit §3- ge@hien :p@lmBr--adanyl ati on signal. Due to concerns over the use of
an active HV RT species 30 in a therapeutic vaccine inactivation of the
gene was  GRECHE R A e T Ca T R AR L PR C IR
(derived fnemdet3tcaRN) sy Naci gsposi tion 229 from Trp to Lys (R7271
pl-28). -44 WO 03/025003 PCT/ EP02/10592 Primers: PCR 5 RT + nutation

using prinmers: (polynerase = PWD (Roche) throughout) 5 Sense : RT3-u:l
GAAT T CCCCGERGEEEA TEEFCREA RGAGLEREAT GEAGACCGT GCCGGT GAAGCTG

10 GGAGCTCGTAGCCCATCTTCAGGAATGGCGGCTCCTTCT [SEQ ID NO: 26]

Cycle:

1 x [94°C (308)]

15 x [94°C (30s)/55°C (30s)/72°C (60s)]
15 1 x [72°C (180s)]

PCR gel purify

PCR 3’ RT + mutation using primers:

20 Antiense: RT3- 1:1
GAATTCGGATCCTTACAGCACCTTTCTAATCCCCGCACTCACCAGCTTETCGACCTG
CTCGTTGCCGEC [SEQ ID NO: 27]

Sense: ScoRT-Trp229Lys
25 CCTGAAGATGGGCTACGAGCTCCATG [SEQ ID NO: 28]

Cycle:

1x [94°C (308)]

15 x [94°C (30s)/55°C (30s)/72°C (60s)]
30 1 x [72°C (180s)]

PCR gel purify

The PCR products were gel purified and the 5’ and 3’ ends
of RT were stitched using the 5’ (RT3-Ul1) and 3’ (RT3-L1)

35 primers.
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AAACCCGGEGAT [ SEQ I D NO 25] Antisense: ASCORT-Trp229Lys 10
GGAGCTCGTAGCCCATCTTCAGGAATGGECGECTCCTTCT [SEQ I D NO 26] Cycle: 1 x [94C
(30s) ] MwOX3joe4@ (30s) /55C (30s) /72C (60s) ] 15 1 x [ PRUEPA8OsY2] PCR
gel purify PCR 3 RT + nutation using prinmers: 20 Antiense: RT3- 1:1
GAATTCGGATCCTTACAGCACCTTTCTAATCCCCGCACTCACCAGCTTGTCGACCTG  CTCGITGCCGC [ SEQ
I D NO 27] S&Hse: ScoRT- Tr p229Lys 25 CCTGAAGATGGGCTACGAGCTCCATG [ SEQ | D NO

28] Cycle: X ( 15 x [94C (30s) /55C (30s) /72C (60s) ] 301
x [72C (18015)% (%%GC %Qﬁ%l The PCR products were gel purified and the 5

and 3' endsl5 of [RE Wer(éosﬁ /Eé%d(h@ﬂ;h@z‘?@é (8:206RT3-tJ1) and 3' (RT3-L1) 35

priners. 5%\0 0[3/(3 5 ?g P /EP02/10592 Cycle: 1 x [94C (30s) ] 15 x [94C
(30s) /550( s) 1 ? 8 1 x [72C (180s) ] 5 The PCR product was gel

purified, and cloned into p7313ie utilising Not|l and BanHl restriction

sites, to genesal %r%é%%'t% WZZ%‘& p@%%ef dAULe A3 1y into

p7313ie, utilising NotI and BamHI restriction sites, to

generate p73I-RT w229k. (See figure 13)

10
Example 13:

Plasmid: p73i-Tgrn (#3)

Gene of interest:

1S The pl7/p24 portion of the codon optimised gag, codon
optimised RT and truncated Nef gene from the HIV-1 clade
B strain HXB2 downstream of an Iowa length HCMV promoter
+ exonl, and upstream of a rabbit PB-globin poly-

adenylation signal.

20
Triple fusion constructs which contain an active form of
RT, may not be acceptable to regulatory authorities for
human use thus inactivation of RT was achieved by
Insertion of a Nhel and Apal cut fragment from p73i-RT

25 w229k, into NheI/Apal cut p73i-GRN2#19 (Figure 14). This

results in a W —» K change at position 229 in RT.

Example 14

30 p73I-Tnrg (#16)

Gene of interest:
The truncated Nef , inactivated codon optimised RT and

p17/p24 portion of the codon optimised gag gene from the
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Exampl e 13: Plasm d: p73i-Tgrn (#3) GCene of interest: 15 The pl7/p24
portion of the codon optim sed gag, codon optimsed RT and truncated Nef
gene fromvODlg/iotdond3 1 G ade B strain HXB2 downstream of anPComRoy/ersgt h HCW
pronoter + exonl, and upstream of a rabbit [i-globin poly adenyl ation
signal. 20 Triple fusion constructs which contain an active formof RT
may not beHa¥cépcdbide EostegdhaHKBQ dowvhstirepas offoen Rowan lesgthhus

i nactivati f 4N of N d ;A t
fragment { FSH pTa T35 WEobee | AP RRETFRSH Cduf BISPieRIOITSELH gur e
14). This pbésubﬁsnwﬂaalwmrszg&a&hange at position 229 in RT. Exanple 14 30
p731-Tnrg (#16) Cene of interest: The truncated Nef , inactivated codon

optim sed RT and pl7/p24 portion of the codon optim sed gag gene fromthe
-46 WO D3/ @2B00RdARCTEP@2L10582 HthheGbadngo$EﬁaianHMEéddbwnstrean1of an

| owa | engt H ronot er +_exonl st ream of b|t gl obin

pol y- adenypgéﬁcﬁggggﬁgFe ge?ﬁgaggggr P#%eaagng?%iﬁ%ﬁ 689y§?otein
encoded bygeﬂé&bt@g@W3WeﬂargeaFﬁgnged1by PCEa&hngﬁ: whst@bRng to generate
p731-Tnrg ure 5). .Fac ene _was PCR _anpl ed and rified prior
to PCR sti 3# g gErﬂéngrﬁF&o ﬁ&|§cﬁ F§6F8 .g¥h§ r oduct
was gel 10g|éw’elsf iced folvet b/ Banbl edibgesbedtand .| mpat edodnte Nakl FBamH  cut
p7313|ﬁ) P%bggfied NotI/BamHI digested and ligated into NotI/BamHI

cut p7313ie.

Primers:
trNef PCR
15
S-Nef (Not I)
CATTAGAGCGGCCGCGATGGTGGGTTTTCCAC [SEQ ID NO: 29]

AS-Nef-coRT linker
20 CATGCCACTGATGGEGECCCATECAGTTCTTGAACTACTCCGE [SEQ ID NO:

30]

RTw229k PCR

25 S-coRT
ATGGGCCCCATCAGTCCCATCGAG [SEQ ID NO: 31]

AS-coRT-pl7p24 linker
CAGTACCGAAGCTCGGGCACCCATCAGCACCTTTCTAATCCCCGC [SEQ ID NO:

30 32]

pl7p24o0pt PCR

S-pl7p24opt
35 ATGGGTGCCCGAGCTTCGGTACTG [SEQ ID NO: 33]
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trNef PCR 15 S-Nef (Not |) CATTAGAGCGGCCGOGATGGTGGGTTTTCCAC [ SEQ | D NO
29] AS- Nef-coRT |inker 20 GATGGGACTGATGGGGCCCATGCAGTTCTTGAACTACTCOGG [ SEQ
ID NO 30D 0B0@89k PCR 25 S-cORT ATGGGCCCCATCAGTCCCATCGAGI[EBEQIISE: NO  31]
AS- CORT- p17p24 | i nker CAGTACCGAAGCT CGGGCACCCATCAGCACCTTTCTAATCCCCGE [ SEQ
ID NO. 30 32] pl 7p24opt PCR S-pl 7p24opt 35 ATGGGTGOCCGAGCTTCGGTACTG [ SEQ
ID NO 33] -47 WD 03/ 025003 PCT/ EP02/ 10592 AS-pl 7p24opt (BarH! )

GATGGGGGAT T CREEQE;TGWGWCC [SEQ ID NO 34] 5 PCR conditions for
i ndi vi dual %ﬁﬁg%%d S |tcﬂi ng using VENT DNA pol ynerase (NEB): 1 x

[ 94C (30s) GATHEGEHAIACTCFEAGARBICT@RUS)T ICIRTCL2AGE] ply gt ¢4 1RT] or 10
60s [trNef])] 1 x [72C (240s) ] The PCR products were gel purified and used

in a PCR stitching utilising the primers S-trNef (Notl) and AS- 15
pl 7p24opt (FERrdonditliond FE (BOE)V}iREIX frdtud30gnd G HA03)g / 72C (210s)

I 1 x 172G {380kt T polymerase (NEB) :

1 x [94°C (30s)]

25 x [94°C (30s)/55°C (30s8)/72°C (120s [pl7p24 or RT] or
10 60s [trNefl)]

1 x [72°C (2408s)]

The PCR products were gel purified and used in a PCR
stitching utilising the primers S-trNef (NotlI) and AS-
15 pl7p24opt (BamHI) :

1 x  [94°C (308)]
25 x [94°C (30s)/55°C (308)/72°C (210s)]
1 x [72°C (2408s)]

20
The 3000bp product was gel purified and cut with NotI and
BamHI which was PCR cleaned and ligated into NotI/BamHI
digested gel purified p7313ie to generate p73i-Tnrg.

25 Example 15:

1. Plasmid: P73i-Tngr (#3)

Gene of Interest:
The truncated Nef , pl7/p24 portion of the codon

30 optimised gag and inactivated codon optimised RT gene
from the HIV-1 clade B strain HXB2 downstream of an Iowa
length HCMV promoter + exonl, and upstream of a rabbit B-
globin poly-adenylation signal.
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The 3000bp product was gel purified and cut with Notl and BanH which was
PCR cl eaned and ligated into Notl/BanH digested gel purified p7313ie to
gener at e WoO3IBATFMY. 25 Exanple 15: 1.Plasm d: P73i-Tngr (#8)Y/EPGNSIDF
Interest: The truncated Nef , pl7/p24 portion of the codon 30 optim sed gag
and inactivated codon optim sed RT gene fromthe H V-1 G ade B strain HXB2
downst r eam &ReafTEBRaCL| ERgt BeFEIVLPr bhet BPlypERbaln endodedt bgam of a
rabbit R- ghoebiorgehys n ' o8l 4 0 C 02/ 10592
The order o'{fD t he ggiﬁegé?ﬁ %((1?1%%%%:??/%?0?& ﬁcgngg\c{l%dg %%/Qg%é??ﬁgéggere
rearranged BYiPeret 6yencfaden p7iimhged pEVdn24 48). RCodencoptim sed

pl7/ p24 and ner .ngl e o} t titched to 5
anplified t?%e};?%ﬁrﬁg %%o u%%ﬁ%égs%fg?a%ggff?gg,ggﬁo???ﬁgmlggested and

| i gat ed 3 ntempbifisdntiNefit PISIBreduPtiwessgel PuPlfiel4 - RT 3' PCR

Spl 7p24opt yjeceijcee: X oTG I r .35] 15 RT3 1:1
(anti sense)ﬁé%gZ?% T T&%@@(ﬁ%@i CGACCTG
CTCGITGCCGPY3EELeD NO 36] TrNef 5 PCR 20 S-Nef (Notl)
CATTAGAGCGGCCGCGATGGTGEGITTTCCAC [SEQ I D NO 37]  AS- Nef-pl7p24 25
CAGTACCGAAGCTCGEEGECACCCATGCAGT TCTTGAACTACTCCGG [ SEQ |1 D NGO

Primers:

10 P17/p24 - RT 3’PCR:

Spl7p24opt (sense)
ATGGGTGCCCGAGCTTCGGTACTG [SEQ ID NO: 35]

15 RT3 1:1 (antisense)
GAATTCGGATCCTTACAGCACCTTTCTAATCCCCECACTCACCAGCTTETCRACCTC

CTCGTTGCCGC [SEQ ID NO: 36]

TrNef 57 PCR

20
S-Nef (NotI)
CATTAGAGCGGCCGCGATGGETGGGTTTTCCAC [SEQ ID NO: 37]

AS-Nef-pl7p24
25  CAGTACCGAAGCTCGGGCACCCATGCAGTTCTTGAACTACTCCGG [SEQ ID NO:
38]

PCR conditions for individual products and stitching

using VENT DNA polymerase (NEB) :

30
1 x [94°C (308)]
25 x [94°C (30s)/55°C (30s)/72°C (180s [pl7p24+RT] or 60s
[txNef] or 210s [stitching])]
1 x [72°C (240s)]
35
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38] PCR conditions for individual products and stitching using VENT DNA
pol ynerase (NEB): 30 1 x [94C (30s) ] 25 x [94C (30s) /55C (30s) /72C (180s
[ p1l7p24+RVD 0310203 [trNef] or 210s [stitching]) ] 1 x [ 72PCT(ePd4Ds)9] 35
-49 WO 03/ 025003 PCT/ EP02/ 10592 The 3000bp product was gel purified and
cut with Notl and BanmH which was PCR cl eaned and ligated into Notl/BanH
di gest ed g&hep Py PERiBite woE gerde Patrd fiEY ansycuts vEkdnpiod I1160dP| asni d:
P73l -Trgn @it Rl NRIEHieaHle IHRCHIAlRY q%%nmgf&tzv@'aa@q RT,

pl7/ p24 portion of 10 the codon optim sed gag and truncated Nef gene from
the H V-1ddossder stalaipvidBE2zddowddtiearrhcoigemetadsa d78iglrarHCW pr onot er
+ exonl, and upstream of a rabbit P-globin poly-adenylation signal. 15 The
order of the genes within the construct was achieved by PCR anplification
of pl7p24-trNef and RTw229k fromthe plasmds p731-G\2 and p731- RTw229k
respect pveBxamedrR st6:t chi ng was perforned and the product gel purified and
Not I /BanmH cut prior to ligation with Notl/BanH digested 20 p7313ie.

Sequenci ng | ed _ s not fully optim sed a 700bp fragnent
SRR drh-ale e e

was then Ag e ‘coding region and replaced with Mnl/Age
fragment from p73i-Tgrn#3 containing the correct coding sequence. (See
figure 17)Gé§2 of interest:
The inactivated codon optimised RT, pl7/p24 portion of
10 the codon optimiged gag and truncated Nef gene from the
HIV-1 clade B strain HXB2 downstream of an Iowa length
HCMV promoter + exonl, and upstream of a rabbit B-globin

poly-adenylation signal.

15 The order of the genes within the construct was achieved
by PCR amplification of pl7p24-trNef and RTw229%k from the
plasmids p73I-GN2 and p73I-RTw229k respectively. PCR
stitching was performed and the product gel purified and
NotI/BamHI cut prior to ligation with NotI/BamHI digested

20 p7313ie. Sequencing revealed that pl7p24 was not fully
optimised a 700bp fragment was then AgeI/Munl cut from
the coding region and replaced with MunI/Age fragment
from p73i-Tgrn#3 containing the correct coding sequence.
(See figure 17).

25
Primers:

pl7p24-trNef PCR

S-pl7p24o0pt
30 ATGGGTGCCCGAGCTTCGGTACTG [SEQ ID NO: 39]

AstrNef (BamHI)
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Primers: pl7p24-trNef PCR S-pl7p24opt 30 ATGGGTGCCCGAGCTTCGGTACTG [SEQ ID
NO 39] AstrNef (BanmH) -50 WO 03/ 025003 PCT/ EP02/ 10592 RTw229k RT3-U: 1
GAAT T CCCOBOGHIEAMTIECECCCCAT CAGT CCCAT CGAGACCGT GCCGGT GAAGCT GPCH/ERANOBRISCGAT

[ SEQ I D NO. 40] AS-coRT-pl 7p24opt |inker
CAGTACCGAAGCTCEEGCACCCATCAGCACCTTTCTAATCCCCGC [ SEQ I D NGO 41] 10 PCR

condi ti ons BE¥23%48li vi dual products and stitching using VENT DNA pol yrmerase
(NEB): 1 x [94C (30s) ] 15 25 x [94C (30s) /55C (30s) /72C (120s (PCR) or
180s (stitching) 1 x [72C (240s) ] The 3000bp product fromthe PCR stitch
was gel purkR¥3€d:1 20 and cut with Notl and BamH whi ch was PCR cl eaned and

:o|7g?t '?‘ﬁ irbt%ze%ér%e ana(fy5| S (ﬁ&%q{%{#éq@%}? sequence %ﬁ%ﬁ%rom

p731- GN2 WaRAAKICAGEAT LHHDNID R i M &Gled and that this had been carried over
into the 25 new plasmd. This was rectified by cutting a 700bp fragnent
fromp73i-Tngr cut wwth Munl and Agel, and replacing it by ligation with a
700bp Munl /2gretoRil geElsStpstt oy odudtex rom p73i - Tgrn to generate the construct

P73l - Tngr #8 e 3 ceAAGCTCEEECACCCATCAGCACCTTTCTAATCCCCGE [SEQ ID NO:
41]
10
PCR conditions for individual products and stitching

using VENT DNA polymerase (NEB):

1 x [94°C (308)]

15 25 x [94°C (30s)/55°C (30s)/72°C (120s (PCR) or 180s
(stitching)
1x [72°C (2408s)]

The 3000bp product from the PCR stitch was gel purified

20  and cut with NotI and BamHI which was PCR cleaned and
ligated into NotI/BamHI digested gel purified p7313ie to
generate p73i-Tngr. Sequence analysis showed that pl7p24
sequence obtained from p73I-GN2 was not fully codon
optimised and that this had been carried over into the

25 new plasmid. This was rectified by cutting a 700bp
fragment from p73i-Tngr cut with MunI and AgeI, and
replacing it by ligation with a 700bp MunI/Agel digested
product from p73i-Tgrn to generate the construct p73I-
Tngr#6.

30

Example 17:

Plasmid: p73i-Trng (#11)

Gene of Interest:
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Example 17: Plasm d: p73i-Trng (#11) Gene of Interest: -51 WO 03/025003
PCT/ EPO2/ 10592 The inactivated codon optim sed RT, truncated Nef and

pl7/ p24 paotodoesoos t he codon optim sed gag gene fromthe PHINPL2/@Sorie B
strain HXB2 downstream of an lowa | ength HCW pronoter + exoni, and
upstream of a rabbit P-globin 5 poly-adenylation signal. The order of the
genes wit hiThe Heastrisatest Cwal@namtem@edb%mcmralmlaltﬁﬁcébfom@f t he

RT-trNef a o r t Ofe .t
fragnents %{7\%} gjogetq% gngiﬂeﬁé%ﬂo%lgp g E%gegle gh:‘f’%?l 5 and t1"}%((;tI/Barr1—ll
cut prior #3V-lg alhaﬁe W st rianl EE@2Hdcdingégteed of7313ilewaaddngitél ded p731

EXR%MM%%@@&%&B&?&%E PARACBABGAT [ SEQ

| D NO 42] p20 yASdeefy-lpitip24epgnailnker
CAGTACCGAAGCTCGGGCACCCATGCAGTTCTTGAACTACTCCGG [SEQ I D NO  43] 25 Pl7p24
S-pl7p24opt ATGGGTGCCCGAGCTTCGGTACTG [SEQ ID NO 44] 30

AS- pl 7p24orIth(eBa1rHe)r CBATGEECGEAESCWIAGAACACECEGESTITGEIGHEE hSEQavBANO  45]

PCR Condltkpn%(; anp %E%b%%lon o%d%% R%Q%r%%ktgghn%17p24 genes
from p73i-Tgrn. PCR stitching of the two DNA fragments
10 was performed and the 3kb product gel purified and
NotI/BamHI cut prior to ligation with NotI/BamHI digested
p7313ie, and yielded p73I Trng (#1i1).

Primers:

15 RTw229k-trNef

RT3-u:1l
GAATTCGCGGCCGCGATGGGCCCCATCAGTCCCATCGAGACCGTGCCGGTGAAGCTG
AAACCCGGGAT [SEQ ID NO: 42]

20
AS-Nef-pl7p24opt linker
CAGTACCGAAGCTCGGGCACCCATGCAGTTCTTGAACTACTCCGGE [SEQ ID NO:
43]

25
P17p24
S-pl7p24opt
ATGGGTGCCCGAGCTTCGGTACTG [SEQ ID NO: 44]

30

AS-pl7p24opt (BamHTI)
GATGGGGGATCCTCACAACACTCTGGCTTTGTGTCC [SEQ ID NO: 45]

PCR conditions for individual products and stitching

35 using VENT DNA polymerase (NEB) :
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35 using VENT DNA polynerase (NEB): -52 WD 03/025003 PCT/ EP02/10592 1 x
[94C (30s)] 25 x [94C (30s) /55C (30s) /72C (120s (PCR of genes) or 180s
(stitchingPo3/02s083 [ 72C (240s)] The 3000bp product from t h@CPEROFIGSPTh was
gel purified and cut with Notl and BamH which was PCR cl eaned and
ligated into Notl/BanH digested gel purified p7313ie to 10 generate
p73i -Tngr. Exanple 18: p73i-Tgnr (#fl) 15 CGene of interest: The pl7/p24

portion of _the c opt i sed gag, truncated Nef and codon optim sed
i nactivated RT ggggq¥r§%¢$%g H V-1 d ade B strain HXB2 downstream of an

| owa | engths HOWADE ot =) /35%Xdrl0s) d7@°dpét2eam(BERacEa@BNeSR-gFobin 20

pol y- adeny i0 ignal.. The order of the genes within the construct was
achi eved %égﬁcgggﬁgFﬁﬁngtion of pl7p24-trNef and RTw229k fromthe

plasm ds p73%- G\272fm p¥8ds RTwW229k respectively. PCR 25 stitching was
performed and the product gel purified and Notl/BanH cut prior to
ligation with Notl/BanH digested p7313ie. Two seguence errors were
spotted i nThhessequenpeod(ipt7p2émande RPYRWAL chchewessgbdequentligdr epaired

by replacenment with corre ortions_of th ene tihLsi restriction
sites withPRAt ﬁétpUHrE‘r BIPg&ngn@SE@m}FS{Fg‘dPéCEI% S %F#rr%pgzgh-ggsa 03/ 025003
PCT/ EP02/ 19583teB11p24- Nobef/BRGRI digested gel purified p7313ie to

10 generate p73i-Tngr.

Example 18:

p73i-Tgnr (#£1)

15 Gene of interest:
The pl7/p24 portion of the codon optimised gag, truncated
Nef and codon optimised inactivated RT gene from the
HIV-1 clade B strain HXB2 downstream of an Iowa length
HCMV promoter + exonl, and upstream of a rabbit B-globin

20 poly-adenylation signal.

The order of the genes within the construct was achieved
by PCR amplification of pl7p24-trNef and RTw229 from the
plasmids p73I-GN2 and p73I-RTw229k regpectively. PCR

25 stitching was performed and the product gel purified and
NotI/BamHI cut prior to ligation with NotI/BamHI digested
p7313ie. Two sequence errors were spotted in the sequence
(p17p24 and RT) which were subsequently repaired by
replacement with correct portions of the genes utilising

30 restriction sites within the polyprotein. (See figure

19) .

Primers:
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S-pl 7p24o0pt  ATGGGTGCCCGAGCTTCGGTACTG [ SEQ I D NO. 46] 5 AS- Nef - coRTI i nker
GATGGGACTGATGGGGCCCATGCAGT TCTTGAACTACTCCGG [ SEQ I D NO 47] 10 RTw229k

S- cORT AVOGHOEUCATCAGICCCATCGAG [ SEQ | D NO 481 15 RT3- 1PCT/EP02/10592
GAATTCGGATCCTTACAGCACCTTTCTAATCCCCGCACTCACCAGCTTGTCGACCTG  CTCGTTGCCCC [ SEQ
ID NO 49] PCR conditions for individual products and stitching 20 using
VENT DNA pplype4aseNEfNEBIR 1 x [94C (30s) ] 25 x [94C (30s) /55C (30s) /72C
(120s (PCR) or 180s (stitching) 25 1 x [72C (240s)] The 3000bp product was
gel purified and cut with Notl and BanmH which was PCR cl eaned and |i gated
into Notl/Baptip2dogested gel purified p7313ie to generate p73i-Tngr. 30

vas SuibsogDEET CAG SR CEREAr Gl TR TS Ao Pbgi on and repl ced i th

Munl / Age fragnment from p73i-Tgrn#3 containing the correct codi ng sequence.
The polyprote| al s tained a single point nutation 35 (G2609A)

resul ting fPR-HA aﬁ?ﬁﬁl Pﬁ Tsubstitution of Thr -54 WD 03/025003

PCT/ EP02/ 18292cchoTAhBCEAGteARECROrTCTNGARCTAETOGREGPI6EQ AD ¥Re nut ati on
was corrected by Apal/BanmH digestion of the construct and PCR clean up to
renove t he4riit at ed sequence, which was replaced by ligation with an

10 RTw229k

S-coRT
ATGCGCCCCATCAGTCCCATCGAG [SEQ ID NO: 48]

15 RT3-1:1
GAATTCGGATCCTTACAGCACCTTTCTAATCCCCGCACTCACCAGCTTGTCGACCTG

CTCGTTGCCGC [SEQ ID NO: 49]

PCR conditiong for individual products and stitching

20 wusing VENT DNA polymerase (NEB):

1x [94°C (30s)]
25 x [94°C (30s)/55°C (30s)/72°C (120s (PCR) or 180s
(stitching)

25 1 x [72°C (240s)]

The 3000bp product was gel purified and cut with NotI and
BamHI which was PCR cleaned and ligated into NotI/BamHI
digested gel purified p7313ie to generate p73i-Tngr.

30 Sequencing revealed that pl7p24 was not fully optimised a
700bp fragment was subsequently AgeI/MunI cut from the
coding region and replaced with MunI/Age fragment from
p73i-Tgrn#3 containing the correct coding sequence. The
polyprotein also contained a single point mutation

35 (@G2609A) resulting in an amino acid substitution of Thr
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5 Apal /BanmH digested portion of RT from p73i-Tgnr. Exanple 19:
Preparation of plasm d-coated "gold slurry' for "gene gun' DNA cartridges
10 Pl asmwoDBW230approxi mately | pg/pl), eg. 100 ug, and 2} iPGT/EPOL/th592
particles, eg. 50 ny, (PowderJect), were suspended in 0.05M sperm dine,
eg. 100 ul, (Sigma). The DNA was precipitated on to the_gold particles by
addi tion eb MWal5rCaBle? RTegortiom ofArde E YPRtRECeut ik Partners, Inc.,
USA). The DNA/ gol. d comp i 1Q{Hdautiesn oF theom
t enper atuf"él,t%g%&'af télo%se\gl%%dab% o?’%{agqlgaﬁrg{goﬁl@ eg. 3 x. 1 m, (previously
dried on rRieaithart sireVeCRAclEBDbHUD. tSamsmeyande ms@diehded in absol ute
et hanol 20 cont ai ni ng .0..05my/ f | Ryl Q] i dn PVP, Sigma), and
split int @W%qd&flcﬁ iwcril%’o?sepﬁr?c%gs)bm rlylr%(%:{{locgiuag%?ﬁbes, ( Eppendorf).
The al 5quolss e Drdigesdes ippmfidra)ot g ErmumAgL-THr el uate- pl asmid
eluted from(a) and (c) for preparation of gold/ plasm d 25 coated Tef zel
cartridges for the "gene gun', (see Exanple 3 below). For preparation of
sanpl es (@ dblg: the tubes containing plasmd DNA/ “gold slurry' in
ethanol / PVP were spun for 2 mnutes_at to eed ,i endorf 5418
WSt S0

mi cr of uge, Preraraipteh A hR1aHs R arfP Yol ry’ dried for
10 m nutes Al r & due. Sanple (a) was resuspended to 0.5 - 1.0 ug
/ ul of pl%sm' In pH 8.0, assum ng approx. 50 o coating. For

elutiqo, sanple (b) was resuspended to 0.5 - 1.0 ug / ul of plasmd DNA
L ToBh R SohOR Bl sl Rl P00, 1 Gyt emo Stk e ousl
in an EprﬁﬂDdfpéﬁﬁBchésroé@g65@ndgxhéPowderJect), were suspended
in 0.05M spermidine, eg. 100 ul, (Sigma). The DNA was
precipitated on to the gold particles by addition of 1M
15 cCaCl,, eg. 100ul (American Pharmaceutical Partners, Inc.,
UsA) . The DNA/gold complex was incubated for 10 minutes
at room temperature, washed 3 times in absolute ethanol,
eg. 3 x 1 ml, (previously dried on molecular sieve 3A
(BDH) ) . Samples were resuspended in absolute ethanol
20 containing 0.05mg/ml of polyvinylpyrrolidone ( PVP,
Sigma), and split into three equal aliguots in 1.5 ml
microfuge tubes, (Eppendorf). The aliquots were for
analysis of (a) ‘gold slurry’, (b) eluate- plasmid
eluted from (a) and (c) for preparation of gold/ plasmid
75  coated Tefzel cartridges for the ‘gene gun’, (see Example
3 below). For preparation of samples (a) and (b), the
tubes containing plasmid DNA / ‘gold slurry’ in ethanol /
PVP were spun for 2 minutes at top speed in an Eppendorf
5418 microfuge, the supernatant was removed and the ‘gold
30 slurry’ dried for 10 minutes at room temperature. Sample
(a) was resuspended to 0.5 - 1.0 ug / ul of plasmid DNA
in TE pH 8.0, assuming approx. 50 % coating. For elution,
sample (b) was resuspended to 0.5 - 1.0 ug / ul of
plasmid DNA in TE pH 8.0 and incubated at 37°C for 30

35 minutes, shaking vigorously, and then spun for 2 minutes
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supernat ant, eluate, was renoved and stored at -20C. The exact DNA
concentration eluted was determ ned by spectrophotonetric quantitation
using a GEpego2¥903 11 5 (Pharmacia Bi otech). Exanple 20: PCcEgRoziisens of
Cartridges for DNA i nmmuni sation 10 Preparation of cartridges for the Accell
gene transfer device was as previously described (Ei senbraun et al DNA
and Cel | Biwltagy,sf998 Molarl Epweriquyf 74187 g cmirdgrerand tha ). Briefly,

pl asm d DNA was coat.ed to I ! HD STE I Pc,. Soet h

Pl ai nf i el SUREFETER) ‘iogu%%gd’ {Qé%%e%n?%{%d 'I%eﬁes(lj t ubi ﬁ& C\ailhi ch was
subsequentdya@UtDNA dandeRTrani derefized ovaserdet eenigzgd r'f¥iges and st ored

desiccated at 4C until use. In a typi vacol [ gash cartridge
cont ai ned TP HPRE okt £ %?%t%to%%%rf o§ %a% %éhe cartridge. 20
Exanpl & 21{phdmmdei Respovsent o H V antigens fol | owi ng DNA vacci nation

utilising the gene gun. 25 Mce (n=3/group) were vaccinated with antigens
encoded by nucleic acid and located in tw vectors. P7077 utilises the

HCW | E prgpgphsiei gl uding Intron A and exon 1 (fcnv pronoter). P731
delivers the sane antigen, but contains the HCW |E pr orot er (icnv

pronot er) Pheparatiensi dfofasbridgedntor PR PHEYLHRER“ES®Bn 1. plasnmid was
delivered to the shaved target site of abdom nal skin of F1 (C3H x Bal b/ c)

35 Dokt cqPHEPR3TAE0, 8L pHeDRA-SC Ay So hndSaT F ol 37 © - BEiZ 0%/ 025003
PCT/ EP02/ 1§592cer gapoasepvereocdel pciiedconbady (Bhsesbrgun FRE -ahabith

and Cell Biology, 1993 Vol 12 No 9 pp 791-737; Pertner et

al). Briefly, plasmid DNA was coated onto 2 pm gold

particles (DeGussa Corp., South Plainfield, N.J., USA)

15 and loaded into Tefzel tubing, which was subsequently cut
into 1.27 cm lengths to serve as cartridges and stored
desiccated at 4°C until use. In a typical vaccination,
each cartridge contained 0.5 mg gold coated with a total
of 0.5 pg DNA/cartridge.

20
Example 21:

Immune Response to HIV antigens following DNA vaccination

utilising the gene gun.

25 Mice (n=3/group) were vaccinated with antigens encoded by
nucleic acid and located in two vectors. P7077 utilises
the HCMV IE promoter including Intron A and exon 1 (fcmv
promoter). P73 delivers the same antigen, but contains
the HCMV IE promoter (icmv promoter) that is devoid of

30 Intron A, but includes exon 1.

plasmid was delivered to the shaved target site of
abdominal skin of F1 (C3H x Balb/c) mice. Mice were
given a primary immunisation of 2 x 0.5 pg DNA on day O,

35 Dpoosted with 2 x 0.5 pg DNA on day 35 and cellular
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Elispot. P731 - enpty vector 5 P7077 - enpty vector P7077 GRN - (f CW
pronoter) Gag, RT, Nef P731 GRN - (i CW pronoter) Gag, RT, Nef P731
GR3N - (Ovwoptoaaent er) Optimsed Gag, Optim sed RT, Nef 1®@CTEPOYZTSEN - (f
CW pronoter) Gag, Nef P731 GN - (i CW pronoter) Gag, Nef Cytotoxic T
Cell Responses 15 The cytotoxic T cell response was assessed by CD38+ T

cel | -restrietpohs&ENgrELISRATEadsay &y spHP ewvieyd e5EN col $28Rad 5 days | ater.
Mce were killed by cervical dislocation and spleens were collected into

i ce-col d 1SP} enocyt es were teased out into phosphate buffered 20
saline (PBS) followed by lysis of red blood cells (1 mnute in buffer
consisting of 155nM NH4C1, 10 mM KHCO3, 0. 1nM EDTA). After two washes in
PBS to rendv@73articul ate matTEPEYhESSFAGl e cel | suspension was al i quot ed

i nto ELJ SPOT S previously wih 25 capture IFN-y antibody and
stinulg{ed°mﬂ£#P%§B-restrictedeﬁﬁggﬁg?e peptide (Gag, Nef or RT). After

over ni ght ocwtose, & y-prodygi ogvcekbrovere @aguakiselleby application
of anti-nurine IFN-y-biotin |abelled antibody (Pharm ngen) followed by
strept avi d# n R130nj ug@®¥d -30 allkafVHePpaBepRat adad and® qullRti t at ed usi ng

i mage analysis. The result of 1.S_experinen . i.n figures 20,
21, and 22° -B72Mo d§$%§5003 Pé#QEPBE?gaéﬁg? é&g%ﬁfégggga?hnunogenicity of
Vaccine Constdptitsised RT, Nef

10 e P7077 GN - (£ CMV promoter)Gag, Nef

e P73I GN - (i CMV promoter) Gag, Nef
Cytotoxic T Cell Responses

15 The cytotoxic T cell response was assessed by CD8+ T
cell-restricted IFN-y ELISPOT assay of splenocytes
collected 5 days later. Mice were killed by cervical
dislocation and spleens were collected into ice-cold PBS.
Splenocytes were teased out into phosphate buffered

20 saline (PBS) followed by lysis of red blood cells (1
minute in buffer consisting of 155mM NH,Cl, 10 mM KHCO;,
0.1lmM EDTA) . After two washes in PBS to remove
particulate matter the single cell suspension was
aliquoted into ELISPOT plates previously coated with

25 capture IFN-y antibody and stimulated with CD8-restricted
cognate peptide (Gag, Nef or RT). After overnight

culture, IFN-y producing cells were visualised by

application of anti-murine IFN-y-biotin labelled antibody
(Pharmingen) followed by streptavidin -conjugated
30 alkaline phosphatase and quantitated using image

analysis.

The result of this experiment are shown in figures 20,

21, and 22.
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5 1. Cellular Assays The cellular imune response conprises cytotoxic CD8
cells and helper C4 cells. A sensitive nmethod to detect specific CD8 and
CD4 cel | swp93pb0ELl spot assay which can be used to quantCiEPVhessunber of
cells capable of 10 secreting interferon-y or IL-2. The ELI spot assay
relies on the capture of cytokines secreted fromindividual cells.
Briefly, specialised mcrotitre plates are coated wth anti-cytokine
antibodies.igol nogétes isolated from inmunised animals are incubated
over ni ght FFPRESpfédence 15 of specific peptides representing known

epi topes (£RInOenPéotPi 88 (4d¥ine | foketitctse stinul ated to rel ease
cytokines they wll bind to the antibodies on the surface of the plate
surrounding the locality of the individual producing cells. Cytokines
remai n 5at tachedcéblubarchasang 20 anti body after the cells have been |ysed
and plates_. washed. The,assay is developed in a simlar y an ELI SA
assay usi ng™% %?igP%?ﬁv?ﬂWHn%hﬁ????%%?i ATRYET M Y éb%%%b%égof spot s
equat es t océ¢hesnyAbenhebpeeytDKi B€ll Bl oduséngitelré sme@hodDBoréspenses to the

following K2 d,_ restricted nurine._ epitopes: KETI Nef
(NWYKAAM%L?P%ﬁHfP? C?%Nﬁﬁ%KﬁEﬁ)c%%ﬁsp %@p%ﬁiggééba Y N B 578t ei ns
were recopdedséartal Hubneopst tet sumdde o6esdblisotaphiese 3D assays were
anal ysed statistically and constructs re__ranked according_to.their

i munoldeni BEEYStTRE FBEGFESFR¥hotnltn fiEB?eEkgsB‘Ptt%%s?}’gﬁ?gé‘?sz.
Hunor al  As§ayghe38apBBr¥s03£P25R03e FCILEPEREA05D3m Bhaodigaapl es were

collected for_ anti body_analysis at 7 , ,
cells. Briefly, specialised microtitre plates are coated

with anti-cytokine antibodies. Splenocytes isolated from
immunised animals are incubated overnight in the presence

15 of specific peptides representing known epitopes (CD8) or
proteins (CD4). If cells are stimulated to release
cytokines they will bind to the antibodies on the surface
of the plate surrounding the locality of the individual
producing cells. Cytokines remain attached to the coating

20 antibody after the cells have been lysed and plates
washed. The assay is developed in a similar way to an
ELISA assay using a biotin/avidin amplification system.
The number of spots equates to the number of cytokine
producing cells.

25
CD8 responses to the following K2%-restricted murine
epitopes: Gag (AMQMLKETI), Nef (MTYKAAVDL) and RT
(YYDPSKDLI) and CD4 responses to Gag and RT proteins were
recorded for all 6 constructs. The results of these

30 assays were analysed statistically and constructs were
ranked according to their immunogenicity. The result is

shown in figure 23 of the figures.

2. Humoral Assays
35
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and 14 days post-boost fromtwo experinments. Serum was separated and
stored frozen until antibody titres could be neasured using specific ELISA
assays. AVDosanpbes were 5 tested for antibodies to Gag, Ref/EROU1RR
Briefly, ELISA plates were coated with the relevant protein. Excess
protein was washed off before diluted serumsanples were incubated in the
wells. TheBB@mdwsammbéﬁswmeeecmbkh@ue®fﬁ0ra@@F%ﬁ@@Yn%%%%Y%h¥|%%rﬂn1

conj ugated t t T at weyel oped and
j ug %?gt@g $%% te.Lag %?s are ¢ riif&nPkat Ee¥as wWeyel op

read on a he resu own in flgure 24. 3._ Anti body
Data 15 Angep@ﬂatédtamé seoeedefsoren dmeihl #nsiRodwnsiEEes sCPRLAf our

experi nments. nstru /31 - I er ds B8R 80% | hody
responses bo @%@Sﬁﬁﬁg 1Ed® pec§9£8d§£f%%p%%%92§ gi@ *The reason for
this iss upekead, fas ahtEbbdmespbos@sgmemefo@@@r&@d Br@ﬁfiwrs%¥é%%cytes

isolated fromthe sane catin prgteLgswas bei ng
expressed P aB?%owe#ﬁec?ﬁﬁEPn g% 9%%99%%%2%% 9E;aggss{pec?flc
antlbOdleSpr&@éln25aBNﬁa§RHéNBE§RﬁbﬁbﬁﬁbdiEuté@aSysUm gemphkar weHeUNnol ogy

data 30 The objective constr o L§ oPE spot
count dat alPf¥ §eﬁnﬁﬂn5ﬁ89ve ﬁer&ﬁ%n?%xu$hre@gﬁastge%e nggéns%s wer e
assessed: CH8 LBEPOASESet AnCagerdef canguddcatl Daya? GPpdapsipbsttags

i -59 WD 03/ 025003 _PCT/ EP02/,10592 geand RT at

oy 35107 tagsaRest. BABSE}n-CDB=FelnORLER o o  CREL Chnd RYAT Day 35 (7

days post ,cader. The results are shown in figure 24.
3. Antibody Data

15 Antibody titres were measured for all six constructs in
four experiments. Construct p731i-GNR consistently
generated no antibody responses to Gag and limited
antibody responses to Nef. The reason for this is
unclear, as T-cell responses were observed from

20 splenocytes isolated from the same mice, indicating that

the Gag protein was being expressed in vivo.

The ranking for the generation of Gag specific antibodies

was:
25
RNG>GRN>NRG>RGN>NGR>GNR

Analysis cellular immunology data

30 The objective was to rank the 6 constructs on the basis
of spot count data from 3 immunology experiments. Three

sets of responses were assessed:

CD8 responses to Gag, Nef and RT at Day 7 (7 days post

35 primary),
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boost). 5 Each response (e.g. CD8 response to Gag) was nodel ed wusing a

| i near m xed effect nodel in SAS version 8. The nodel included fixed

ef fects oWowmeMsipiict, whether the particular antigen (GagCTNPP2/OSIRT) was
present or 10 absent, and whether IL-2 was present or absent. In addition,
for CD8 responses, where data were available from each individual nouse,
subj ect wasDinckegedsas ho BagdendeRffeat PaAYt RE KBdERYSTRESKodel incl uded
interactio&oteQ?B to allow for a different effect of 15 construct for each
combi nat i on°of t ke antigen (present/absent) and IL-2 (present/absent).
From t he nobel resbendetf epefeg, i Neddpudt 88 mtaRavedpondedaljét WeER each
const ruct ﬁnd g 313 (the control group) was 20 estimted separately for
each conbi REEEON “of antigen (present/absent) and IL-2 (present/absent),
togethes with a p-value indicating whether the difference was

statistical]y,significant. Bas on._t i.ffer S d - ues in the
presence oﬁafﬁergﬁppagﬁ éﬁdgfhgggbggﬁggngg %ﬁ ﬁ%gg,w%%ngfgﬁﬁgg'mere ranked,
by assi gni Rgiagseornénebr fiikedt bé featsmodefl vint BAShwelrsigest .di fher ence, 5

to the next |argest, .etc,.but. 0_to any construc wh i.fference

was not stgﬂd§?ig§F Vdgﬁgﬁ??@éaﬁ?fgf%th%Sﬁ?nﬁ§§éﬁF’3%%$ﬁég%é§%ﬁptions of

the nodel patfaiulhe seskdeal Jcwer e NafoorBIRTY dbst preseed wirt h const ant

vari ance, were assesse Uﬁ%nglgr%phica neth%ds ang sensitiyvity analyses,
a-sq

I
where t9rs@bgendg and ¥8egs al"@Sr 55555 PAnSPSFNGti o of t he
response wagigmedeed forhepgaméispensct() Wi<l3d/ 25608 cPETaRRA2/210892

from each individual mouse, subject was included as a

random effect in the model. The model included

interaction terms to allow for a different effect of
15 construct for each combination of the antigen

(present/absent) and IL-2 (present/absent) .

From the model, the difference in adjusted mean response
between each construct and p7313 (the control group) was

20 estimated separately for each combination of antigen
(present/absent) and IL-2 (present/absent), together with
a p-value indicating whether the difference was
statistically significant. Based on the differences and
p-values in the presence of the antigen and the absence

25 of IL-2, constructs were ranked, by assigning a score of
6 to the congtruct with the largest difference, 5 to the
next largest, etc, but 0 to any constructs where the
difference was not statistically significant at the 5%
level.

30
The assumptions of the model - that the residuals were
normally distributed with constant variance, were
assessed using graphical methods and sensitivity
analyses, where first a log and second a sguare root

35 transformation of the response was modeled. The ranking
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of the constructs was not sensitive to departures from the assunptions of
the nodel. Having cal cul ated the ranks for each response in each 5

experi merwoggpaiat el y, total ranks for the 3 sets of respPCHgPo2/WSHE

cal cul ated across all 3 experiments. The follow ng table shows the total
rankings across the 3 experinents. 10 Total rankings of constructs for
each of 3 @etinefconssponsesyasomi MRS B i RRAHSTYRE &Gt i ment s.
Const ruct 7 (7. days pos 7 days post primary) boost) CD8 CD4
CD8 GRN 5%% %Séltﬁlﬁ]{oingfézs"%%&gﬁ%z 23 33 RNG 25 27 37 NRG 25 19 0 NGR
4 14 10 RNG has the highest ranking for both sets of responses at Day 35,
and the second hi st. ranki behi RN Jde RONAN$0 receives
hi gh ranki%‘élrr%rg%ﬁ?ﬁl%%?‘g s rraeljé]g%nses %Cﬁ%ess%é"-eef WO 03/ 025003

PCT/ EPG2/ 10592r1 kAt Mepardtellie) entialk seguenter thee 2rRdesChn H V-1 gag
protein or fragment containjn g.epitop her anbnSs a sgeond HV
anti gen orr%SE?%ﬁﬁ%nWeE%cﬁﬁiﬁ%h%ﬁgip??§%%90$1isgi%%%%conJlHlV anti gen,
operabl y | igkeswifgat el er shegousheriooms brrazkingnauateots dhsefuence as

clainmed in claiml wherein 10 the second antigen is selected fromthe
group consf¥PEHEHCBES- Nef or a fragment thereof containing a nef epitope,

10 Total rankings of constructs for each of 3 sets of
responses, combined across 3 immunology experiments.

Construct Day 7 (7 days post Day 35 (7 days post
primary) boost)

CD8 CD4 CD8
GRN 5 18 3
GNR 17 24 28
RGN 28 23 33
RNG 25 27 37
NRG 25 19 0
NGR 4 14 10

RNG has the highest ranking for both sets of responses at
Day 35, and the second highest ranking behind RGN at Day
15 7. RGN also receives high rankings for both sets of

responses at Day 35.
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or reverse transcriptase (RT) or a fragnent thereof containing an RT
epitope. 15 3. A nucleotide sequence as clained in claim1 or 2 wherein

t he gag pweotodlozsoednpri ses pl7. 4. A nucl eotide sequence aPCEIERIMEEII N claim
3 wherein the gag protein additionally conprises p24. 20 5. A nucl eotide
sequence as clainmed in any one of clains 1 to 4 wherein the gag sequence
is codon optinmised to resenble the €bdOASusage in a highly expressed human
gene. 25 6. A nucleotide sequence as clained in any one of <clains 1-5
wherein the sequence encodes an H V-1 gag -62 WO 03/025003 PCT/ EP02/ 10592
protein or fragment containing a gag epitope, a nef rotein or a fragnent
cont ai ni ng1a neh apbﬂepéidadsaquﬁmceptbaéiﬁn@©d98fﬁagﬁéﬁf1c6ﬁ9aining an RT
epitope, preferably in the order RT, Gag, Nef or RT, Nef, Ga%. 57. A

nucl eot i depseguencerasrebaenedcontanyiof sl ghe epétomretiriePhedRF sequence
or fragment thereof is codon optimsed to resenble a highly expressed
human genea @c8ndAHmvcheotibea seqaeficegmsnt| enpeding anyepfiteraias 1 to 7
wherei n the nucl eoti de sequence encodes a nef protein or epitope thereof.
9. A nucl eghiide sseaguengagvsenediged ,f torrbhéyglonpedlBocansi sting of:  Gag
(pl7,p24), Nef truncate Gag (pl7,p24) (codon optimsed), Nef (truncate)
Gag (pl7, p2ékerBloghek ptrowntatre) Gag (pl7, p24) codon optimi sed, RT, Nef
(truncate)

2. A nucleotide sequence as claimed in claim 1 wherein
10 the second antigen is selected from the group consisting
of: Nef or a fragment thereof containing a nef epitope,

or reverse transcriptase (RT) or a fragment thereof

containing an RT epitope.

15 3. A nucleotide sequence as claimed in claim 1 or 2

wherein the gag protein comprises pl7.

4, A nucleotide sequence as claimed in claim 3 wherein

the gag protein additionally comprises p24.

20
5. A nucleotide sequence as claimed in any one of
claims 1 to 4 wherein the gag sequence is codon optimised
to resemble the codon usage in a highly expressed human
gene.

25
6. A nucleotide sequence as claimed in any one of

claims 1-5 wherein the sequence encodes an HIV-1 gag
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20 Gag (pl7,p24) codon optimsed, RT codon optim sed, Nef truncate RT
(codon optimsed), Gag (pl7, p24) codon optimsed, Nef truncate RT (codon
opti m sedywp oBe25003 uncat e, gag pl7, p24 25 codon opti m sedCTEPOIND98/ 025003
PCT/ EPO2/ 10592 10. A nucl eotide sequence as clained in any of clains 1 to
9 wherein the heterol ogous pronoter is the pronoter fromHCW |E gene. 5
11. A nucleopbdtdensequénsgnast cta@nipeining ch agagy 1€pvihepei ne 1de 5 of the
pronoter conprises exon 1. 12. A vector conprising a nucleotide sequence as
claimed iprevyinnerod fragmentl tantddinify 1. néf vewrtiorpasand admelin cl aim
12 which is a double stranded DNA plasm d. 14. A pharnaceuti cal
conposi ti opreoaphi stng framadeot coetaldisgquenRe eficdpem 1 to 11 or a
vector of claim 12 or 13 and a pharmaceutically acceptabl e exci pi ent,
diluent, paefeeabdy adjtiv@andrddb.RA, phag nedefitox kT cAiebsi ®agn as cl ai med
in claim14 20 adapted for intra-nuscular or intra-dermal delivery. 16. A
phar mageuti cal conposition as clained in claim14 or 15 wherein the
carrier is a gold bead. 25 17. An intra-dermal delivery device conprising a
phar maceut 7¢cal goAPEBESE Dile Ofcghahd’ 14s dbabnedbin afd MO OBA0R5008

PCT/ EPO2/ 10592 18. A nethod of treating a patient suffering from or

suscepti bl ghtpedndineage sofReEhsSE NGr agdihghsht athoreof 8s sadenand effective
anount of a pharnaceutical conposition

optimised to resemble a highly expressed human gene.

10 8. A nucleotide sequence as claimed in any of claims 1
to 7 wherein the nucleotide sequence encodes a nef

protein or epitope thereof.

9. A nucleotide sequence selected from the group
15 consisting of:
e Gag (pl7,p24), Nef truncate
e Cag (pl7,p24) (codon optimised), Nef (truncate)
e Gag (pl7,p24), RT, Nef (truncate)
e Gag (pl7,p24) codon optimised, RT, Nef (truncate)
20 e Gag (pl7,p24) codon optimised, RT codon optimised,
Nef truncate

e RT (codon optimised), Gag (pl7, p24) codon

optimised, Nef truncate

e RT (codon optimised), Nef truncate, gag pl7, p24

25 codon optimised
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as claimed in any of clains 14 to 16. 5 19. A nucleotide sequence of any of
claims 1 to 11, a vector of claim12 or 13, or a conposition of any of
cl ai ms 14WD®3408003 or use in nedicine. 10 20. Use of a nuclP€dtEPdB168UENCE
of any of claims 1 to 11 in the nmanufacture of a nedicanment for the
treatment of disease. 21. A process for the production of a nucleotide as
15 cl ai medibn amynoflebaifs $egoendecampeisingdoper abyyol| FhRing &
nucl eoti de sequence encoding an HI V-1 gag protein or fragnment thereof and
a second Ht¥ preherainr thér hgerenlogheseptomotarhéserbEog6a8CREENDL er
sequence. -65

from HCMV IE gene.

5 11. A nucleotide sequence as claimed in claim 10 wherein

the 5’ of the promoter comprises exon 1.

12. A vector comprising a nucleotide sequence as claimed
in any one of claims 1 to 11.

10
13. A vector as claimed in claim 12 which is a double

stranded DNA plasmid.

14. A pharmaceutical composition comprising a nucleotide
15 sequence of claim 1 to 11 or a vector of claim 12 or 13
and a pharmaceutically acceptable excipient, diluent,

carrier or adjuvant.

15. A pharmaceutical composition as claimed in claim 14

20 adapted for intra-muscular or intra-dermal delivery.

16. A pharmaceutical composition as claimed in claim 14

or 15 wherein the carrier is a gold bead.

25 17. An intra-dermal delivery device comprising a

pharmaceutical composition of claim 14, 15 or 16.
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18. A method of treating a patient suffering from or
susceptible to a disease comprising administration of a
safe and effective amount of a pharmaceutical composition

as claimed in any of claims 14 to 16.

19. A nucleotide sequence of any of claims 1 to 11, a
vector of claim 12 or 13, or a composition of any of

claims 14 to 16, for use in medicine.

20. Use of a nucleotide seguence of any of claims 1 to
11 in the manufacture of a medicament for the treatment

of disease.

21. A process for the production of a nucleotide as
claimed in any of claims 1 to 11 comprising operably
linking a nucleotide sequence encoding an HIV-1 gag
protein or fragment thereof and a second HIV protein or

fragement thereof to a heterologous promoter sequence.
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